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Foreword

1:2023(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally
through ISO technical committees. Each member body interested in a subject for whom

carried out
a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

amd oSe inmtended fo 0
ticular, the different approval criterianeq

editgrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO firaws attention to the possibility that the implementation of this docupmignt may inv
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of i
patent rights in respect thereof. As of the date of publication of this decument, ISO had 1
noti¢e of (a) patent(s) which may be required to implement this docunient. However, imple}

iimenance are

bded for the
ce with the

Ive the use
iny claimed
ot received
menters are

cautjoned that this may not represent the latest information, which«may be obtained from the patent

data
such

base available at www.iso.org/patents. ISO shall not be held responsible for identifyin
patent rights.

Any
cong

trade name used in this document is information given.for the convenience of users a
titute an endorsement.

For
expr
the
WWY

an explanation of the voluntary nature of standards, the meaning of ISO specific
essions related to conformity assessmentsias well as information about ISO's ag
World Trade Organization (WTO) principles in the Technical Barriers to Trade
v.iso.org/iso/foreword.html.

This
in th
Eurg
of b

bety

document was prepared by Technical Committee ISO/TC 163, Thermal performance an
e built environment, Subcommitfee SC1, Test and measurement methods, in collaborati
pean Committee for Standardization (CEN) Technical Committee CEN/TC 89, Thermal p
Lildings and building compenents, in accordance with the Agreement on technical
een [SO and CEN (Vienpa Agreement).

This|first edition cancels‘and replaces ISO 6781:1983, which has been technically revised.

The main changes ar¢eas follows:

how comprises the first part ofthe [ISO 6781 series, which addresses the general user of thg
hnd provides general requirements pertinent to thermography;

[
»

NOT Further parts of the ISO 6781 series provide specific thermographic requirements

g any or all

nd does not

terms and
herence to
(TBT), see

] energy use
bn with the
erformance
Cooperation

rmography

pertinent to

therllnographic practitioners, and the technical requirement for thermography of specific types of b

hildings.

thermographic methods, in addition to thermal anomalies;

in thermography since ISO 6781:1983 was published;

provides general information and specific constraints concerning qualitative thermo
quantitative thermography;

provides general information and requirements regarding the qualification of the
operators and report writers.

Alist of all parts in the ISO 6781 series can be found on the ISO website.
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thoroughly updates the thermographic requirements resulting from the vast technological upgrades
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Infrared building thermography provides a tool to qualitatively identify the presence of energy-
wasting defects and anomalies within building structures. These defects and anomalies can include,
for example, thermal insulation defects, moisture content, and / or unwanted air movement or leakage
within the building enclosure.

Building thermography is carried out by means of an infrared thermography camera, which produces
an image based on the apparent radiance temperature of the target surface area. The thermal radiation
(infrared radiation density) from the target area is converted by the infrared thermography camera to

prod
ther
relaf

a)
b)
‘)
d)
Asa

uce a thermat inmage ({thermogram)- T his image (thermogram) TeEPTesents the Tetative
mal radiation from different parts of the surface. The radiation intensity indicated byt
ed directly to

Lhe surface temperature distribution,

the characteristics of the surface,

the ambient conditions, and

the sensor itself.

result, surface temperature distribution can be a key parameter for monitoring the per

buil
tem
com
can

or th

buildling.

To 1
tech
inclu
bu
hu

Infr:

quallity control applicatigns-or in existing buildings as ongoing condition monitoring for

sped
sym

i

il
rrTidity (RH) sensors.

ing components, building enclosure and the diagnostics'ef problems. In use, via analys
erature distributions, irregularities in the heat and moisture properties of building end
bonents, and air movement within the building enclosure, can be indicated. These ir
be due to, for example, thermal insulation defects{moisture content, air leakage within

rough assemblies, or incorrect installation of.components which comprise the constry

ealize its full utility as an initial quéalitative screening technique, or an in-depth
hique, thermography must often be sipported and/or validated by other methods. The
de, but are not limited to, infrared-photosensitive tracer gas methods, fan pressuriz
ing enclosure, heat-flow metres; smoke diffusion, anemometry, moisture metres

q

ired building thermography inspection methodologies can be used for either new-c

ific building-condition reporting. The latter applications may be accompanied with
pbtoms, while theformer may not necessarily present symptoms via visual faults.

intensity of
he image is

formance of
s of surface
losures and
regularities
omponents
ction of the

diagnostic
se methods
htion of the
nd relative

pnstruction
periodic or
visual fault
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INTERNATIONAL STANDARD ISO 6781-1:2023(E)

Performance of buildings — Detection of heat, air and
moisture irregularities in buildings by infrared methods —

Part 1:
General procedures

1 Bcope

This| document specifies requirements and methodologies for infrared thermographic gervices for
detection of heat, air and moisture irregularities in buildings that help users to,specify and understand

a) rhe extent of thermographic services required,
b) the type and condition of equipment available for use,

c) the qualifications of equipment operators, image analysts, and’report authors and thpse making
recommendations, and

d) thereporting of results.

It prjovides guidance to understanding and utilizing the final results stemming from proylision of the
thermographic services.

This| document is applicable to the general procedures for infrared thermographic methods as can be
appljed to residential, commercial, and institutional and special use buildings.

2 Normative references

The [following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latestledition of the referenced document (including any amendments) applies.

ISO $781-3, Performan¢e of buildings — Detection of heat, air and moisture irregularities in puildings by
infrqred methods — Part 3: Qualifications of equipment operators, data analysts and report writers

ISO Y345, Thermal performance of buildings and building components — Physical quantities anfl definitions
ISO 9288, Thermal insulation — Heat transfer by radiation — Vocabulary

[SO P869-1, Thermal insulation — Building elements — In-situ measurement of thermal registance and

thermaltransmittance — Part 1: Hpnf-f]nul meter-method

ISO 9972, Thermal performance of buildings — Determination of air permeability of buildings — Fan
pressurization method

ISO 10878, Non-destructive testing — Infrared thermography — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 9288, ISO 10878
and the following apply.

©1S0 2023 - All rights reserved 1
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 General terms

3.1.1

system
regularly interacting or interdependent group of associated entities (e.g. components, factors, members,
parts) formIng an integrated whole and delineated by its spatial and temporal boundaries

Note 1 to enflry: One or more of the associated entities define the boundary of the system.

3.1.2
analysis
careful scrytiny of constituent parts of a system (3.1.1) in order to thoroughly understand the whole

3.1.3
function
functional purpose of the building, building component or building system (3:1.1)

Note 1 to enfry: The function is the activity assigned to, required of, or expected of the system.

3.14
residential building
building mgeting the parameters defined in local building:€odes as small/residential building and as
agreed with the customer receiving thermographic serviees

3.1.5

parameter;
numerical dr other measurable factor forming one of a set that sets the conditions for measuremert, or
defines the system and its operation

3.1.6
performanice
behaviour, ¢haracteristics and efficiency of a building, building component or building system (3.1.1)

3.1.7
sign
characteristic parameter,ofa signal, which shows information about a state

3.1.8

symptom
perception,| made™by means of human observations and measurements (descriptors), which |may
indicate thg presence of one or more faults (3.1.12) with a certain probability

3.19

syndrome

group of signs (3.1.7) or symptoms (3.1.8) that collectively indicate or characterize an abnormal
condition

3.1.10

anomaly

something that deviates from what is standard, normal or expected, and an irregularity (3.1.12) or
abnormality (3.1.11) in a system (3.1.1)

3.1.11
abnormality
deviation from a standard condition

2 © IS0 2023 - All rights reserved
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3.1.12
irregularity
condition which significantly departs from the operational norm

3.1.13

fault

condition that occurs when a building or one of its components or assemblies degrades or exhibits
abnormal behaviour, which may lead to the failure (3.1.14) to perform in accordance with its design
intent

Note 1 to entry: A fault can be the result of a failure, but can exist without a failure.

Note|2 to entry: Planned actions or lack of external resources are not a fault.

3.1.14
faulf propogation
charfacterization of the change in severity of a fault (3.1.12) over time

3.1.15
failyre
ternjination of the ability of an item to perform a required function (3:1.4)

Note|1 to entry: Failure is an event as distinguished from fault (3.1.12){which is a state.

3.1.16
failyre mode
effe¢t by which a failure (3.1.14) is observed

3.1.17

diagnostics
exarphination of symptoms (3.1.8) and syndromes (3.1.9) to determine the nature of faultd (3.1.12) or
failufes (3.1.14) (i.e. kind, situation, extent)

3.1.18

roof cause
eithgr a set of conditions or actiens, or both, that occur at the beginning of a sequence of| events and
resullt in the initiation of a failure-mode (3.1.15)

3.1.19

root cause failure analysis
RCF

aftef a failure, the)logical systematic examination of an item, its construction, appljcation and
docymentationinorder to identify the failure mode (3.1.15) and determine the failure mechanism and
its bpsic cause

Note|1 to-entry: Root cause failure analysis is often used to provide a solution to chronic problems.

3.1.20
prognostics
analysis of the symptoms of faults (3.1.12) to predict a future condition and remaining useful life

3.1.21
prognosis
result of the prognostics process

3.1.22
qualitative
relating to measuring, or measured by the quality of something, rather than its quantity

3.1.23
quantitative
relating to measuring, or measured by the quantity of something, rather than its general qualities

©1S0 2023 - All rights reserved 3
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3.2 Thermography terms

3.21

infrared

IR

portion of the electromagnetic spectrum extending from the red visible wavelength, 0,75 pm to 1 mm

Note 1 to entry: Because of instrument design and infrared transmission characteristics of the atmosphere, most
infrared measurements are made between 0,75 pm and 15 pm wavelengths.

3.2.2

thermography

representation of the temperature distribution of a surface, in a thermal image

3.2.3

thermographic analysis

interpretation and determination of the casual mechanisms producing variations and.irregularitigs in
the thermal image

3.2.4

quantitatiye thermographic examination

examinatiop of whole buildings, structures or components using thermographic methods with the
objective off providing quantitative (3.1.22) output

Note 1 to erjtry: Reporting requirements for both qualitative and quantitative examinations are specified in
Clause 19.

3.2.5

infrared thermography camera

IRT camera

instrument|that collects the infrared radiant energy from a target surface and produces a monochijome
(black and white) or colour image, where the greyshades (monochrome) or colour hues are related to
the target sprface apparent temperature

3.2.6

thermal image

image whidh is produced by an infrared thermography camera and which represents the appgqrent
radiance tenperature distribution ©ver the target surfaces

Note 1 to enfry: Such images are Senietimes called "infrared thermograms".

3.2.7

temperatufe isothernt

enhancemept featureapplied to an image, which marks an interval of equal apparent temperature
3.2.8

radiation density isotherm

region on ah-iafraredRH32-display-consisting-of points-ines-orareashavingthe-sameinfrared

radiation density

3.29

isotherm image
output from an infrared thermography camera showing temperature isotherms (3.2.7) and radiation
density isotherms (3.2.8)

3.2.10

ironbow palette image

image comprising a colour palette running from black through blue, magenta, orange, yellow to white
that creates best contrast, in particular regarding edges and shapes

© IS0 2023 - All rights reserved
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3.2.11
image interpretation

processing and comparing apparent surface temperatures and thermal patterns against those

representative of the ideal design, construction, installation and maintenance criteria

Note 1 to entry: In the case of a thermal image or thermogram this can include temperature scaling, spot

temperature measurements, thermal profiles, image manipulation, subtraction and storage.

3.2.12
apparent temperature

uncompensated reading from an infrared thermography camera containing all radiation incidents on

h 1o " 11 £ap
the CLCLLUL, TTE54TUITSS O ILS SOUTLT

3.2.13

attepuating media
windlows, filters, atmospheres, external optics, materials or other media that attenuate t
radiation emitted from a source

3.2.14
black body
idea| perfect emitter and absorber of thermal radiation at all wavelengths

Note|1 to entry: The emissivity (3.2.15) of a black bodyis 1...e = 1.
Note|2 to entry: This is described by Planck's law.

3.2.15

emissivity
£
ratiq of a target surface’s radiance to that of a blgck body (3.2.14) at the same temperature 3
same spectral interval

3.2.16

total radiance
radiant heat flow rate divided by the.sblid angle around the direction A and the projected 3
to tHis direction

he infrared

nd over the

irea normal

Note|1 to entry: Radiance includes-€émitted radiation from a surface as well as reflected and transmitted radiation.

3.2.17
apparent radiance temperature
temperature determined from the measured total radiance

Note| 1 to entry: This temperature is the equivalent black body (3.2.14) temperature which would
samg total radiance.

3.2.18

produce the

reflectivity

ratio of the total reflected energy from a surface to total incident energy on that surface

Note 1 to entry: p =1 - € - t; for a mirror, reflectivity approaches 1,0; for a black body, p = 0.

Note 2 to entry: Technically, reflectivity is the ratio of the intensity of the reflected radiation to the total radiation;
reflectance is the ratio of the reflected flux to the incident flux. In infrared thermography (IRT), the two terms

are often used interchangeably.

3.2.19
reflected apparent temperature
T,

refl

apparent temperature of other objects that are reflected by the target into the thermography camera

© IS0 2023 - All rights reserved
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3.2.20

repeatability
capability of an instrument to repeat exactly a reading on a fixed target over a short- or long-term

interval

Note 1 to entry: Repeatability is expressed in + degrees or a percentage of full scale.

3.2.21

spatial measurement resolution
measurement-spot size in terms of working distance

EXAMPLE

spot size (cq

scanners, ca

3.2.22

instantane

IFOV

measureme

scanning m

Note 1 to ent]
given instant.

3.2.23
target
object surfg

3.2.24

working distance

distance frg

3.2.25
diffuse surn

surface fromn which light or other electromagnetic radiation is scattered, rather than reflected

3.2.26
specular s
surface fro
scattered

3.2.27
transmissi
T
proportion
that is tran;

Note 1 to enflry:Transmissivity: t=1-g-p

rface
Il which light or other-electromagnetic radiation is strongly reflected, rather than rand

Inaninfrared radiation fhnvmnmnfnr’ this is nvprnccnd inmilliradians orasaraticoogfthet

ntaining 95 % of the radiant energy, according to common usage) to the working distang
neras and imagers it is most often expressed in milliradian.

ous field of view

nt of a sensor's intrinsic field of view, as distinct from what the sensor'€an perceive wh
ption is incorporated into the imaging system

ry: The instantaneous field of view corresponds to the solid angle thatadmits light to a sensor a

ce to be measured

m the target to the instrument, usually to.the primary optic

face

ity / transmiittance

of infrared radiant energy impinging on an object surface, for any given spectral inte
mitted-through the object

rget.
e. In

en a

t any

mly

rval,

where
T istransmissivity;
€ 1s emissivity;
p isreflectivity.

Note 2 to entry: For a black body, 7 = 0. Transmissivity is that fraction of incident radiation transmitted by matter.

© IS0 2023 - All rights reserved
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3.2.28

thermal index

TI

ratio of temperature drop across the building enclosure, to the total temperature drop between inside
and outside environmental temperatures

Note 1 to entry: Thermal index is calculated as follows: TI= [(T tace=Toutside) / (Tinside=Toutside)] X 100 %

where
T.urface 1S the surface temperature of a part of the building enclosure;
[utside 1S the localized outside air temperature measured by the user;
[side is the air temperature inside the structure measured by the user.

Note|2 to entry: Example: Ty f.ce = 60 °C; T gige = 70 °C; T isige = 30 °C.

Thergfore TI = [(60 - 30) / (70 - 30)] x 100 = 75 %.

4 Symbols and abbreviated terms

L, Radiance

e(A) Spectral emissivity

p(A) Spectral reflectivity

T(A) Spectral transmissivity

a(A) Spectral absorptivity

AT Differential temperature

FOV Field of view

Hz Hertz

[FOY Instantaneous field of view for detection (3.2.22)

IRT Infrared¢Theérmography

MDT Minimum detectable temperature

MRTD  Minimum resolvable temperature difference

NETD Noise equivalent temperature difference

NUC Non-uniformity correction
MIFOV  Instantaneous field of view for measurement
mrad milliradian

TI Thermal index

©1S0 2023 - All rights reserved 7
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5 Example applications of use of thermography in building assessments

The following list gives examples of where thermography may be applied as an initial or screening tool
in the context of building examinations. These examinations can be conducted from inside or outside of
the building. The list given below is not exhaustive:

temperature variations;

uniformity of building component installation;

|l anomalies, e.g. thermal bridges, thermal insulation deficiencies, variances, or misfits;

locatioi(s) of air movement;

fair movement through (i) a wall (ii) single component (iii) inter-component (iv)inters
nd determination of volumes of air movement when pressure differentials aré\known;

e transport due to temperature or pressure differentials;
re ingress and egress;

ent and phase of moisture present during inspection;

delamipating of coatings or renderings;

location of under-floor heating;

comfort;

dard for training personnel;
a basis / set a performance standard / level of qualification for certifying thermograp]

efficient renovation of buildings;

b condition assessments of existingstructures;

control assessments of rengvations to existing buildings;

control assessments of hew construction, part of building enclosure commissioning;
control assessmentefrepairs to new construction;

issioning of bujlding enclosure;

bn of structural components within masonry wall assemblies;

bn of structural reinforcing in poured concrete assemblies;

location efroof leaks, severity of leak and path of drainage through structural components;

fitial

ners;

a) surface
b)
c) therma
d)
e) extent
space, ¢
f) moistu
g) moistu
h) the ext
i) therm
j)
k) asast
1) providg
m) energy
n)
o) buildin
p) quality
q) quality
r) quality
s) re-com
t) detecti
u) detecti
v)
w) moulds
NOTE
fungus.

and fungus.

6 Customer preparation

The customer of an infrared thermography (IRT) service shall, as applicable:

a) provide access to the building / facility to be inspected;

The presence of moisture in materials can lead to formation of surface or interstitial mould and

b) provide the thermographer with details of any potential safety hazards related to the building /

facility

use;

© IS0 2023 - All rights reserved
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c) disclose the history of any prior problems;

d) provide or help develop an inventory of building enclosure, architectural & structural assemblies,
building components, etc., to be inspected, in a logical and efficient route with "line of sight"
viewing;

e) make available any building, architectural and structural shop drawings;
f) make available any building equipment operating manuals and building "as built" drawings;

g) identify fire zones;

h) provide qualified guide(s) knowledgeable in the operation and maintenance history ef the building
facility to be inspected. This person(s) shall accompany the infrared thermographer during the
examination and shall be qualified and authorized to:

— gainaccess to the inner and outer parts of the buildings to be inspected and‘to notify the building
owner, occupants, operating and maintenance personnel, etc. of the IRT)examination activities;

— open and make accessible any requested areas immediately beforejexamination by the infrared
thermographer;

— either close or secure these areas, or both, immediately‘after examination by the infrared
thermographer;

— operate, as possible, any building architecturaly structural, mechanical and/or electrical
equipment;

— assure that building systems are operating<normally, or placed in a state as requgsted by the
infrared thermographer and allow sufficient time for stable thermal patterns to be|attained

— take full responsibility for consequences resulting from actions taken, or not taken, as a result
of information provided by an infrared examination;

— provide information on the results of follow up examination and repair activities.

7 Qualification of personnel

7.1 | Personnel — General guidance

The [requirements _fof-operator competence and qualifications vary with the type of structure being
inveptigated and methodologies employed. The building thermographer's qualification classification
shall| be agreed\apon by the customer and service provider. The thermographer shall provide evidence
of qualification’to that classification prior to the commencement of any work. Building thermographers
shall| possess knowledge, skills and abilities assessed in accordance with the classification requirements
of I1S0,6781-3.

The following provides an outline summary of classification levels:

Class I: Conversant and capable in knowledge, skills and abilities regarding camera operation, heat
transfer basics, infrared basics, applications basics, baseline imaging, thermal signatures, problem
identification, recognition of special (atypical) problems, fundamental analysis and reporting, safety
considerations, and the ability to think and conceptualize ‘thermally’.

Class II: All Class I requirements plus knowledge, skills, abilities, baseline experience in building
physics and technology, building materials and construction methods, thermographic methodologies,
building thermographic procedures, infrared radiometrics, diagnostic imaging, thermographic infrared
measurement, and basic Infrared thermography program management.

Class III: All Class II requirements plus knowledge, skills, abilities, experience and advanced
knowledge in building physics, building technology, materials and construction methods plus advanced
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thermographic methodologies in thermographic program management, cost / benefit accounting,

specialized

diagnostics, advanced radiometry, technology planning, and training and certification.

7.2 Application specific requirements

7.2.1 Residential buildings — Qualification requirements

7.2.1.1 Thermographic inspections

Personnel operating equipment performing thermographic inspections / investigations on residential

buildings, ¥
qualificatio

7.2.1.2 R

Personnel g
investigatig
building-th

7.2.2 Cor

7.2.2.1 Iy

Personnel s
of wall asse

a)
b)

qualifie

Alterng
the dir
prepars
develop

7.2.2.2 Iy

Personnel ¢

vhere standard construction is employed, shall be qualified to building-thermogr
h Class I or higher in accordance with ISO 6781-3.

pport author / Data analyst

nalysing thermographic data / results or writing reports of thermogrdphic inspectid
ns on residential buildings, where standard construction is employed,‘shall be qualifig
ermography qualification Class I or higher in accordance with ISO 6781-3.

hmercial buildings — Qualification requirements

spections — Wall assemblies

upervising or operating equipment performing thermographic inspections / investigat
mblies, of conventional construction, on commereial buildings, shall be:

d to building-thermography qualification Class'lI (or higher) in accordance with ISO 67

tively, a Class I thermographer may he, the field investigator, but shall either be u
bct supervision of a Class II thermographer, or follow a written procedural methodd
bd by a Class II thermographer. The' procedural methodology for the field investigd
ed by the Class Il thermographer shall be for the specific structure being investigated.

spections — Roof assemblies

perating equipment performing thermographic inspections / investigations of low-3

roof assemblies, of conventional,construction, on commercial buildings, shall be qualified to builg

thermograp

7.2.23 R

Personnel 3
/ investigat
qualified to

hy qualification@Glass I (or higher) in accordance with ISO 6781-3.

pport author/ Data analyst — Wall assemblies

nalysifig' thermographic data / results or writing reports of thermographic inspect
ions_6n wall assemblies, of conventional construction of commercial buildings, sha

building-thermography qualification Class II (or higher) in accordance with ISO 6781-3|.

Aphy

ns /
bd to

ions

B1-3.

nder

logy
ition

lope
ling-

ions
1 be

7.2.2.4 Report author / Data analyst — Roof assemblies

Personnel analysing thermographic data / results or writing reports of thermographic inspections
/ investigations on roof assemblies, of conventional construction, of commercial buildings, shall be
qualified to building-thermography qualification Class I (or higher) in accordance with ISO 6781-3.

7.2.3 Institutional / Industrial buildings — Qualification requirements

7.2.3.1 Inspections — Wall assemblies

Personnel supervising or operating equipment performing thermographic inspections / investigations
of wall assemblies, of conventional construction, on institutional / industrial buildings, shall be
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qualified to building-thermography qualification Class II (or higher) in accordance with Clause 7 of this
document.

A Class I thermographer may be the field investigator in this case, but shall either be under the direct
supervision of a Class II thermographer, or follow a written procedural methodology. The procedural
methodology for the field investigation shall be developed by a Class Il thermographer for the specific
structure being investigated.

7.2.3.2 Inspections — Roof assemblies

Personnel operating equipment performing thermographic inspections / investigations of low-slope

roofjassemblies, of conventional construction, on institutional / industrial buildings, shall
ilding-thermography qualification Class I (or higher) in accordance with Clause 7 of thi

7.2.3.3 Report author / Data analyst — Wall assemblies

Perspnnel analysing thermographic data / results or writing reports of thermographic
/ inyestigations on wall assemblies, of conventional construction, of on-institutional

buildlings, shall be qualified to building-thermography qualification Class’II (or higher) in
witH Clause 7 of this document.

7.2.3.4 Report author / Data analyst — Roof assemblies

Perspnnel analysing thermographic data / results or writing reports of thermographic
/ inpestigations on roof assemblies, of conventional &drstruction, of on institutional

buildlings, shall be qualified to building-thermography’qualification Class I (or higher) in
with Clause 7 of this document.

quipment requirements for thermographic examination of residenti
comimercial and institutional buildings

8.1 | Equipment — General requirements

Infr:
perf]

ired cameras vary widely. Berformance factors to be considered shall include variancg

For basic interior therniegraphic investigations related to heat and air-leakage detection, a ¢
minjmum specifications of 3 mrad, 20 ° minimum fixed lens FOV and 0,08 °C sensitivity at
suitgble given appropriate environmental conditions. For detection of moisture in the same
highler sensitivigysuch as 0,05 °C sensitivity at 30 °C can be required.

For thermogedphic investigators examining a broad range of residential, commercial and i

be qualified
- document.

inspections
industrial
accordance

inspections
industrial
accordance

al,

in thermal

brmance, spatial detection capabilities, measurement capabilities, and field of view (FOV).

amera with
B0°C can be
situation, a

hstitutional

appljcations for detection of heat, air and moisture irregularities, the following shall be the minimum

equiptrent requirements:

thermal sensitivity of 0,05 °C at 30 °C object temperature;

interchangeable or optical zoom lens with IFOV capability ranging from approximately
45 ° FOV;

corresponding [FOV spatial detection capabilities as great as 0,5 mrad;

of 300 pixels x 300 pixels;

spatial resolution of defects due to air leakage or thermal or structural irregularitie
minimum of 1 pixel per 150 mm?2 of wall or surface area;
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for visible resolution in building enclosure examinations: the minimum digital image size for visible

s shall be a
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— for visible moisture in roof examinations: the minimum digital image size for visible spatial
resolution of defects due to moisture shall be a minimum of 1 pixel per 645 mm? of roof area.

For outdoor investigation of building enclosures of large commercial buildings at cold temperatures,
the spatial and thermal characteristics demands will be significantly higher.

8.2 Calibration and checking of equipment

— Calibrations: Thermographers shall have IRT cameras calibrated to original equipment
manufacturers' established specifications, using traceable standards. Records of calibration shall
be maintained.

— Equipnjent check: Quick equipment checks are recommended prior to each examination orsutjvey.

NOTE A quick check can be made by using the human face tear duct, melting ice, or a target of knnown
temperdture and emissivity.

— Documgnted equipment checks shall be carried out using a traceable blagkbody referende in
accorddnce with manufacturer's recommendations or any agreed upon, applicable indystry
standaryd.

9 Safety

Prior to thg commencement of work, minimum safety rules and guidelines shall be reviewed|and
established| where hazardous environments can exist. Minimum safety rules and guidelines| are
contained if Annex A.

The thermdgrapher shall immediately report any unsafeiconditions encountered during the courge of
thermographic examinations.

10 Thermography techniques

10.1 Gendral

Consideratipn shall be given to the technique(s) selected for use. There are three separate skills within
the scope of building thermography:

a) data collgction;
b) data prog¢essing and analysis;
c) data repdrting.

Personnel eixereising these skills shall be qualified in accordance with ISO 6781-3.

10.2 Comparative thermography

10.2.1 General

Thermography provides a representation of the temperature distribution of a surface by means of
a thermal image. Illustrative thermograms and examples of surface-temperature distribution and
thermal anomalies are presented in Annex C of this document.

Thermography can be either quantitative or qualitative. Evaluation criteria for each should be based on
building physics.

Comparative thermography is commonly used to provide the best available information in lieu of ideal
or absolute thermal measurements. It provides useful information for detection of heat, air and moisture
irregularities under sometimes less-than-ideal field circumstances. Comparative thermography relies
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on comparing data from building surfaces with suspect performance against buildings surfaces with
known good performance.

An application of comparative quantitative thermography would entail two or more similar building
surfaces, components or assemblies operating in the same environment, under the same conditions, but
one is exhibiting a dissimilar surface temperature. This can indicate a potential deteriorating condition.

The subsequent quantitative determination of surface temperature difference(s) assists in establishing
the severity of the condition. Good thermographic judgment is required to assess if the temperature

differentials are to be considered minor, or to be considered as critical.

ke capability

g a building

l apparent

Whl a q!!ﬂ“f’f\f;vvn maoaacuramantc can datast dafisianinc qnnni—u—qh' nnnnnnnnnnnnnn tcehaunt

A UAIILALIVUO TIICAdOoUT CITIVIILO CAdIT UL LU U U u\,ll\,l\/ll\.’l\ao’ UAITILILALIVUO TIICAdOUTI CITICIILO TIAavV e U
of d¢termining severity.

In applications where close quantitative data are not required for monitoring or didgnosin
assembly or building component problem, qualitative techniques can be more than ‘adequatg.
10.24.2 Technique

The| comparative measurement technique relies on emissivity estimates, reflecte
temperature and target distance measurements. Emissivity estimates of materials a1

through experience or via assigning default emissivity values frof’the most commonly &
buildling materials.

In eifher instance, the ability to perform emissivity estimates‘and to distinguish emissivity
in byilding surfaces under changing conditions is key to assessing suspected failure conditig
cauge failure analysis.

The
ther
and
deci

confidence level of the information obtained will therefore be dependent on t]
mography equipment used, the training, kHowledge, skills and abilities of the thery
the detection methods applied. These factors shall be considered in subsequent data
bion making, conclusions and assignment of priorities.

10.3
Qua

com

b Comparative qualitative thermography
itative thermographic examination is the examination of whole buildings, sty
n it is not practicalto-determine the exact temperatures or emissivity's of each buildin

omponent surface; the use of comparative qualitative thermography becomes th
oach.

parative qualitative thermographic assessment compares the thermal pattern or pr]

e obtained
ncountered

differences
ns and root

he infrared
mographer,
hssessment,

uctures or

ponents using thermographic methods with the objective of providing qualitative inforgnation only.

o, structure
e practical

pofile of one
ating under
ntials).

d d dN0MmMa d d
patterns between any two or more similar objects operating in the same environme

rmographic

nt. It is not

necessary to assign temperature values to the thermal patterns to discern potential anomalies. This
technique does not require any adjustments to the infrared instrument to compensate for atmospheric
or environmental conditions, or surface emissivities.

Comparative qualitative thermography is particularly effective when a significant change to a single
operating or environmental parameter can be made. Examples would be examination of a residential
building for air leakage when neutral or positive pressure is first maintained on the structure, then
the pressure quickly changed to a negative pressure. Comparative thermograms with the neutral or
positive pressure condition versus the negative pressure condition would reveal the thermal response
to the changing pressure condition in the structure, indicating air leakage pathways.
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A further example highlights detection of interstitial moisture: Interior temperature is raised to
a higher temperature than normal for an extended period of time. The temperature is then dropped
quickly creating a transient condition. The presence of moisture is detected through the difference in
thermal capacitance of water-laden materials versus dry materials (see 13.2).

10.4 Comparative quantitative thermography

10.4.1 General

Quantitative thermographic examination is the examination of whole buildings, structures or

component

Comparativ
or assembl
differential
condition s¢

To deploy t
emissivity i
loading, te
Surface ter

determined
baseline da

For high em
as reliable g

With these
temperatur
temperatur
in a buildin

This approd
useful infon

10.4.2 Cor
Limitations|
under

variabl
temper

Il a building operating under the same or similar environmental cenditions (e.g. wind, ¢
p

Difficulty in precise-determination of actual temperature(s) T of a surface, component or assel

using thermographic methods withrtheobjective of providing quantitative output:
e quantitative thermography is used for evaluating the condition of a building, compo

temperature values, AT. These values are used as the basis to discern either faults or fai
verity, or both.

his approach, emissivity values, €;,¢,, are determined compared with-surfaces of sin

erature and pressure differentials).

nperatures 'T" are determined using &y, Differentialstemperature values, AT,
by comparing the target’s temperature to a similar surface of known status or kn
fa.

issivity surfaces, values of both temperature T, and-temperature difference AT, are rega
rovided good measurement techniques are follewed.

b parameters considered, estimated emissivity, distances, and reflected appd

e. This, when interpreted, is usually sufficient to determine the severity of a fault cond
b surface, building assembly or building component.

ch is effective when surveying many building components or surface locations and proy
mation for determining the severity of faults.

hparative quantitative:thermography — Limitations
of quantitative thermography include:
ictual IRT<field conditions. This is attributable to the physics of IRT, and the mul

b parameéters (emissivity, reflectivity and transmissivity) required to allow a true abs
hture.measurement to be determined.

Low-e

qlissivity-surface observed temperature (T), and differential temperature (AT) values

nent

/ by determining approximate surface temperatures 'T' over an area, then determining

ure-

hilar
olar

are
own

rded

rent

es shall be entered into the IRT camera to indicate a building surface approximate

tion

ides

mbly
iple
lute

are

unrelia

Dle due to surrace and environmental variations.

The measurement uncertainty of thermography in determining in-situ thermal resistance,
transmittance and anomalies is approximately +/- 25 %.

If exact determination of thermal resistance and transmittance are required, then it shall be according

to ISO 9869

14

-1.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e4e59f4cb80361f9a5f3a0736fa3240d

ISO 6781-1:2023(E)

11 Non-contact infrared radiometry (spot radiometry) using infrared
thermography cameras

Non-contact, spot radiometry measurements shall be made only by Class II or higher qualified
thermographers, or Class I thermographers following a documented procedural methodology developed
for the particular application by a Class II qualified thermographer.

Absolute infrared thermography IRT measurements shall only be performed if very precise temperature
values, or small temperature differentials, are deemed critical. These determinations shall be made
under controlled environmental conditions.

NOT The determination of the corrected temperature of a target using infrared thermography, to arrive at
an absolute temperature, can be difficult because of the many technical and environmental factors-ipvolved.

12 Air leakage and mass transfer

12.1 Air leakage

[llusftrative thermograms and examples of air leakage and mass {ransfer anomalies detected by
thermography are presented in Annex C of this document.

Testing for air leakage shall be undertaken with a minimum<o£+10 °C differential temperpture and a
minimum of 10 Pa differential pressure across the building enclosure.

Diffgrential pressure shall be created using either
a) blpwer door equipment in accordance with ISO 99%2, or
b) operation and manipulation of the building me¢hanical systems.

Testlng for air leakage shall include a means’to vary the differential pressure under the tyvo separate
conditions of positive and negative presstre.

Calihrated instrumentation shall be-available to measure pressures, pressure differentials air flow,
tempperatures, moisture and RH.

NOTE Thermography willngtcalculate infiltration leakage flow.

12.2 Mass transfer— Moisture

Lealage of warmmair through a wall structure is coupled to mass transfer of the air-entrained water
vapqur along theleakage path. In instances where the exterior temperature and humidity i§ lower than
the interior space, moisture condensation will occur within the wall and is discernible by thefmographic
techniques described in Clause 13.

The |driving forces for exfiltration air leakage can include building pressurization due to|mechanical
ventilation, wind direction and speed, and 'stack effect’ in multi-storey buildings.

These conditions can be simulated by air leakage testing techniques and shall be undertaken in
accordance with 12.1.

Unexplainable thermal anomalies not attributable to conductive sources or air movement shall be
considered as possible moisture anomalies warranting further investigation.

There are no easily definable physical environmental conditions for conducting moisture evaluations. If
moisture evaluations are to be conducted by a thermographer, evaluations shall require the competence
level of a Class Il thermographer or higher with a background in building physics and technology.

Three techniques are available for detection of moisture anomalies: conductive, capacitive and
phase change. Optimized environmental and operating conditions are not the same for each of these
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techniques. Also, a clear distinction shall be made between interstitial moisture within a building
enclosure, and surface moisture.

13 Moisture detection

13.1 Conductivity test method — Moisture detection

[llustrative thermograms and examples of air leakage and moisture anomalies detected by
thermography are presented in Annex C of this document.

Moisture-s4
over dry mg

Increased {
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anomaly.

Moisture d¢
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has been es
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between t{e outdoor surface temperature and outdoor ambiént temperature remain constant

several rea

13.2 Capacitance test method — Moisture detection

Fully moist
capacitancg

A noticeable increase in thermal capacitancée of building assemblies shall be regarded as pos

moisture af

Capacitive
transfer. Cd

detection sfirrounding heat transfer.

NOTE T
static and is

13.3 Phas

As water ch

turated hydroscopic building materials exhibit significantly increased thermal conduct
terials.

hermal conductivity in similar enclosure assemblies, where consistent full, insulati
terial thickness has been determined to exist, shall be regarded as a possible moig

ptection can be determined in interior finish assemblies, interstitialinsulation layers
' cladding assemblies through conductive thermographic inspectigns.

thermographic testing for moisture shall be performed oncé)steady state heat tra
tablished, and with a minimum differential temperature fAT) of 15 °C across the bui
teady state conditions shall be judged by the responsible thermographer. Given a cons
erature, steady state conditions are generally indicated when the temperature differe

ings under no-wind conditions with absence of selar loading.

lire-saturated hydroscopic building magerials will exhibit a significant increase in the
(the ability to retain heat) of up to IN900 times more than dry materials.

omalies warranting further investigation.

hermographic testing for-moisture requires the test area be in a state of transient
mpared to dry materials, water-laden areas will lag in time to response to changg
hot subject to‘drdinage movements.

e change test method — Moisture detection

afges state, latent heat is absorbed or released due to vaporization, condensation, free

;rding

jvity

pn /
ture

and

sfer

tant
ntial
over

rmal

sible

heat
bS in

he capacitance test'method works best on horizontal surfaces where the moisture content renpains

ring,

melting or sublimmatiom:

Condensation and freezing phase changes release (latent) heat. These are exothermic processes.

Vaporization, melting and sublimation phase changes absorb (latent) heat. These are endothermic
processes.

Areas of building enclosures, building assemblies or building components exhibiting suspected
latent endothermic or exothermic characteristics shall be regarded as possible moisture anomalies
warranting further investigation.

Each of the five phase-changes phenomena are driven by specific environmental conditions. The
thermographer shall develop and report on the individual test method procedures applicable to each
situation.
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Detection of moisture via a phase-change method is extremely transient in nature and requires
constant monitoring of environmental conditions during inspections. Phase-change induced thermal
patterns can also be present with capacitance or conductive induced thermal patterns.

NOTE

There can be more than one phase change phenomenon occurring at the same time

building assembly.

in the same

14 Baseline measurements for building maintenance and condition monitoring

For both comparatlve and absolute thermographlc techmques baseline 1n1tlal measurements of

ejnparison of

sub equent IRT surveys w1th prev1ous thermograms of bulldmg structures operatlng under the same

or similar environmental conditions. This assists in monitoring of unstable or deteriorating conditions

and |identifies developing problems early preventing major maintenance operations or datastrophic
failufres.
15 Pata collection
Datd collection shall be carried out in accordance with the following parameters:
a) [nfrared inspections shall be performed when environmentaland physical conditions sfich as solar,
wind, surface and atmospheric conditions and heat transfer are favourable to gatheripg accurate
Hata.
b) [[he operating and environmental conditions under, which data are acquired shall be npted so that
Lhe tests may be repeatable.
c) [The thermographer shall ensure that .all®emissivity and reflected apparent tpmperature
Heterminations are carried out in accordance with Annex B.
d) For qualitative investigative work, the thermographer and data analyst shall ensure th¢ target size
s within the spatial resolution of.thé camera. The thermographer shall ensure that the minimum
spot size for all investigative wark shall not be less than 150 mm?2 (0.25 in2) unles$ otherwise
specified in a written procedural methodology developed for the task by a Class Il therfnographer.
— The minimum digital image size for visible resolution of defects due to air leakage| thermal or
structural irregularities; for building enclosure examinations shall be a minimum of 1 pixel per
150 mm? of target’surface area.

— The mininguy digital image size for visible spatial resolution of moisture for rooffinspections
shall be @minimum of 1 pixel per 645 mm? of roof area.

e) [Thethermographer and data analyst shall have sufficient knowledge, skills and abilitiesconcerning
building materials, assemblies, finishes and technology. Sufficient knowledge will endqompass the
hbility to interpret data associated with building materials and finishes and building|technology,

nd rncn]fing thermal anomalies rnprncnnfnﬂ hy the observed patterns of radiation

f) For qualitative investigative work, the thermographer shall use infrared thermography and

g)

h)

measurement equipment with sufficient capability to meet the building examination requirements.

Following repair, or when requested by the end user, it is recommended that each anomaly be
re-inspected to ensure that the resultant thermal patterns are normal and the assessed problem

corrected.

The thermographer shall ensure that all items of interest are within focus, and do not exceed the
depth of field limitations of the camera and lens. Where imagery is taken at an angle to an examined

surface, or where part of the area under examination is in focus, and part out of focus
depth of field, multiple images shall be taken such that all areas are within focus.
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i) All image data shall be recorded using a ‘high-bit’ depth (e.g. 12 bit, 14 bit or 16 bit) to allow the
imagery to be manipulated and adjusted with post-analysis software. Data shall be preserved in a

form that allows independent review.

16 Field measurements of reflected temperature and emissivity, and attenuating
media

In many instances, field measurements of reflected apparent temperature and emissivity need to be
carried out in order to obtain estimated absolute temperatures. These measurements shall be carried
out in accordance with Annex B as well as in accordance with established industry standards and
practices, nprmative references and manufacturers’ guidelines.

Reflected tq bd to

validate poj

mperatures and emissivity are also relevant in qualitative inspections and shall e 1ot
sible thermal anomalies created by these factors.

17 Compprative assessment criteria — Severity

Comparativle assessment is a process of comparing temperature differences”and patterns adross
a surface. s in any severity assessment process the absolute and differential temperatures|and
condition pfofiles need to be determined under two key longitudinal conditions, one being the “as new”,
or “known §tatus”, and the “failed” conditions. Typical instances of thesé'conditions include:

— before pccupancy condition survey;

— annual post-occupancy condition survey;

— before fenovation survey;

— postrepovation survey;

— pre-salg¢ audits and inspections;

— reclamitions warranty survey;

— known|other ‘typical’ conditions.

Severity as§essment is the subsequent process of determining the condition of the building comporjents

and assembllies between any two_or more previously determined conditions.

The key arg
localized di

fferences, ahsplute temperatures, thermal pattern configurations, and location of anom

or profile characteristicrelative to the item.

18 Diagn

as of profile asseSsment are temperature gradients, changes in profile, historical changes,

hlies

rsis and prognosis

18.1 Survey intervals

Survey intervals shall be determined. The determination of survey interval is necessary for confirming
prognosis accuracy rather than fault identification.

Determine building survey intervals accounting for perceived rate of deterioration and spread
of potential faults (from perceived variances in thermal patterns) over time as indicators of fault
propagation.

18.2 Image interpretation
Image interpretation is a process of comparing apparent surface temperatures and thermal patterns

against those representative of the ideal design, construction, installation and maintenance criteria.
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When using IRT for building monitoring, the environmental conditions at the time of each survey
shall be determined in detail. Many changes in thermal patterns occur when measured under varying
prevailing environmental conditions. These are not just limited to temperature, but RH, wind speed
and direction, building pressurization, and solar loading also.

The design of a building and its enclosure assemblies and structural systems is essential to
understanding the thermal performance of a building and any faults present during thermographic
examination. When using IRT to assess a building, the building and its enclosure assemblies and
structural systems shall be considered as a whole. Each image shall be analysed as part of a series
rather than an individual representation of a localized condition.

18.3 Fault identification process
A typical fault identification process is as follows:

a) fetermine temperature and thermographic patterns expected when the\Building i operating
linder “as-designed” normal conditions;

b) Hevelop severity assessment criteria associated with the building de§ign, and that of ity structures,
enclosure assemblies and components;

c) perform thermographic survey;

d) pssess severity criteria associated with anomalies and fatlts’discovered in the “as-found” operating
condition” versus comparative previous “as new” or prévious “as known” condition;

e) Hetermine whether the temperature and pattern anomalies are caused by the operating condition
pr a fault condition;

f) Hevelop fault diagnosis;
g) Hevelop prognosis if required;

h) |ssue report with recommendations;

19 [lest report

19.1 General information

The [thermographer.shall provide reports for infrared inspections unless otherwise agregd with the
custpmer. The report and format shall contain, but not be limited to, the following informatjon:

a) the namé, address and contact information of the customer;

b) the«ndme, address and contact information of the organization providing the thefmographic
KErvices;

c) the name and qualifications of each thermographer, data analyst, and person making
recommendations and writing the report;

d) the name of each guide or assistant accompanying the infrared thermographer during examination;

e) thetype, model and serial number, lens FOV; the range of distances to target surfaces the equipment
will be operated at, and verification that they comply with IFOV requirements for spatial resolution
of captured IRT images;

f) date of calibration for the infrared equipment used;

g) the objective(s) of the thermographic investigation / tests and any exclusions;
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h) a list of all building, building assembly and building components planned to be inspected and
subsequently inspected. Also, notations on the same list of those buildings, building assemblies and
components not inspected;

i) details of the operating and environmental conditions for each building, building assembly and
building component at and prior to the time of examination;

j)  sketches or photographs identifying the parts of the building, building enclosure assemblies and /
or building components examined;

k) sketches, photographs or camera data of the building showing the positions of thermograms
obtaingd-durinsthethermesraphicexanrination:

1) details| of any methods employed to support thermographic measurements and results /
measurements obtained from the methods;

m) the datg(s) and time(s) of the thermographic examination(s);

n) if quanftitative thermographic methods are used, a statement of the measurement uncertginty
/ possible causes of error shall be included. Statistical measurement uncertainty shall be
estimafed using standard statistical techniques such as ANOVA in conjuniction with the published
measulement accuracies of the equipment used;

0) the datg when the report was prepared.

19.2 Building-specific information

The report ghall include the following building-specific inforination if applicable:

a) A briefdescription of the construction of the buildingbased on field observations.

NOTE This can be supported by drawings or gther construction documents when available.

b) Type(s) of surface material(s) used in the:structure and the estimated value(s) of emissivity off this
(these) material(s).

c) Geographical orientation of the building with respect to the points of the compass (plan), disthnce
to and dlescription of the surrounding (e.g. buildings, vegetation, landscape).

d) The opprational status of the/building mechanical systems according to building occupancy|and
other cpnsiderations.

e) The pr¢ssure differential profiles of the building during
— all fimes ofthe'IRT inspection, and
— thegduration of time each pressure differential was present prior to and during inspection

f) Outside-envirenmentalconditionsincludingasaminmuns
— air temperature at the start of the examination and during the thermographic examination;

— RH;

— Any precipitation events prior to and during the thermographic examination;

— Direction of the wind, and wind velocity during the thermographic examination;

— General information about sky conditions including, clear sky or cloud conditions observed
during the 12 h period prior to commencement and during the thermographic investigation;

— Minimum and maximum air-temperature values observed during the 24 h period prior to the
commencement of the thermographic examination;
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— General information about solar radiation conditions observed during the 12 h period prior to
commencement and during the thermographic examination.

NOTE General information concerning prevailing weather conditions prior to the thermographic
inspection can be obtained from local weather stations and internet sources.

g) Inside environmental conditions, including air temperature, RH, dew point.

h) Where reasonably practicable, air pressure differential over the leeward and windward side of the
building or structure, and for each applicable storey.

i) Quantitative statement of building pressure at points of moisture leakage.

i) RH, where moisture detection is encountered.

19.3 Qualitative inspections

Whdn performing a qualitative infrared examination, the thermographer shall provide the following
information for each anomaly identified:

a) rhe exactlocation and description of each anomaly;

b) the spotsize resolution based on the distance to the object and spatial resolution of the IRT cameras
1sed in the specific inspection;

c) Fopies of thermograms of the anomalies and corresponding visible-light image(s) identifying the
ocations of the thermograms and details of any attehirating media;

d) (etails of any filters or external optics used;

e) fhermograms obtained from the thermogrdphic examination with a detailed analysis and an
pxplanation of the causal mechanismsof the anomaly, Class Il or Il thermographets, qualified
hccording to ISO 6781-3, capable of determining the causes of anomalies;

f) hnevaluation rating, or a statement of the importance of the anomaly vis-a-vis the durability of the
structural or architectural assembly;

g) reference to, or statement of,’any assessment criteria used;

h) hotation of any unsafe' conditions or practices observed during the course of thefmographic
nvestigations.

19.4 Quantitative’inspections

Whdn performing a quantitative infrared examination, the thermographer shall provide the following
additionalinformation:

a) thedistance from the IRT camera to the anomaly;

b) the emissivity, reflected apparent temperature and transmission values used to calculate
temperatures;

c) the spotsize resolution based on the distance to object and spatial resolution of IRT camera used in
the specific inspection;

d) note of unsteady environmental conditions, both inside and outside of the building, e.g. large
temperature swings, differences in solar loading, variations in wind speed, pressure differential
changes, precipitation;

e) any other information / conditions that can affect the results, repeatability or interpretation of the
anomaly.
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19.5 Reporting of unsafe conditions

The thermographer shall immediately report any unsafe conditions encountered during the course of
thermographic investigations.
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Annex A
(normative)

Pro-forma safety rules and guidelines

A.1_General

Thi

(see|Clause 9).

A.2| Requirements for safety

The [thermographer shall take into consideration the safety guidelines; jules and regula

cus

Priof to commencement of work, the following minimum safety guidelines and rules should |

a)
b)
‘)
d)

e)
f)

IMPPRTANT — Unless the necessary qualifications, licenses, or other training

dis

normally done by qualified-personnel including:

The [thermographer shall not alter or modify any building system, guards, enclosures or
defept any Safety devices, or building or equipment interlock systems in any way. Modificat

out
of t

slannex gives pro-forma safety rules and guidelines that shall be observed by all partie

tpmer at all times.

h site safety induction shall be completed where deemed/appropriate by the customer;
personal protective equipment (PPE) shall be worn to site standards;
carrying out a job hazard risk assessment shall bé'completed;

ensure a site standby person shall be present;at all times, within clear sight, where apj
the customer;

fan injury occurs, the standby persen.shall notify the site safety response services;

hny incidents shall be reported via an appropriate incident report system.

pensation by the customer granted, the thermographer shall not perform any tas

pperating of any building equipment;

ppening or elosing cabinets containing electrical or mechanical equipment.

5 concerned

tions of the

be followed:

ropriate by

is held, or
ks that are

barriers, or
ons carried
ded as part

y thefbuilding operational staff or their qualified contractors shall be noted and recof
e‘operational procedures prior to and during the IRT examinations.
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Annex B
(normative)

Field measurements of reflected apparent temperature and

emissivity

B.1 How

B.1.1 Equ

To measurd
which allow

to measure reflected apparent temperature

jlipment requirements

target reflected apparent temperature a calibrated quantitative IRT camera is reqy

s the thermographer to input reflected apparent temperature, T,

B.1.2 Su

The technique for obtaining reflected apparent temperature varies with’the type of surface b

1face texture considerations

ired

of andiemissivity, €, values.

eing

examined: §pecular or diffuse.

On examining a diffuse surface, the background is essentially thé.area-weighted average of the entire

hemispherq facing the surface. Small hot surface areas make*only a very small contribution tq the

overall ared weighted average.

Conversely,|small, hot areas reflecting from smooth and'specular surfaces at an equal and oppgpsite

angle potentially make a significant contribution to thé\IR signal from the surface. This is an impoitant

consideratipn if undertaking spot radiometric measurements local to that area.

B.1.3 Dirpect method

The procedpire for determining the reflected apparent temperature, T, using the direct method $hall

be as follows.

a) Setthel|lRT camera's emissivity-eontrol to 1,00.

b) Place the IRT camera at.the desired location and distance from the target. Estimate the angle of
reflectipn, a, and thesangle of incidence, 5, when viewing the target with the camera from|this
location (see FigureB-1).

c) Positiop the IRT\¢amera so that it is at the angle of reflection from the target. View the soyrces
reflectg¢d by ¢he target (see Figure B.2).

d) Measulje“the average apparent temperature of these sources with the camera. Use any camera
features available (such as area averaging) which average these reflected apparent temperatures.
Record this temperature. It is the reflected apparent temperature, T, of the target.

Highly diffuse surface: Observe and measure the average entire hemispherical background with
extreme out of focus.

Semi-diffuse surfaces: At an approximate equal and opposite angle to the angle created between
the surface and the lens centreline, observe and measure the average temperature of a limited
hemispherical background; ~ 2 times lens-angle FOV with lens slightly out of focus.

Specular surfaces: Obtain area average by moving so the background is uniform within the lens
angle. If warmer/cooler area reflection cannot be obtained from the surface(s), change angle and
make precise in-focus measurement of the reflecting background which is in the area of interest.
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For optimal measurement, the background should be shielded and measurement angle moved to avoid
intense or extreme backgrounds, e.g. extremely cold or warm window surfaces, stoves, furnaces,
incandescent lights.

e) For greater accuracy, repeat procedures b) to d) a minimum of three times and average the

temperatures.
\\\2
\Q)<\\
s N N/

T e P SV £

Figure B.1 — Direct method step b)
Key
1 RT camera
2 reflected heat source
3  farget
a  pngle of reflection
B hngle of incidence
a=f

Figure B.2 — Direct method step c)
Comjpertsation for the reflected apparent temperature can be made by entering the average¢d reflected
appdrent temperature in the IRT camera under the T, 4 input (sometimes referred to as “TAM”, “amb.

v

temp.”, “reflected apparent temperature”, or “background temperature”).

Thermographers shall test for the significance of reflected apparent temperatures by shielding the
target from various angles and observing any visual or temperature changes shown in the thermal
image. Errors caused by hot or cold sources of reflected radiation shall also be reduced by shielding the
target from these sources.

Reflections produced by a point source (such as the sun) can be avoided by moving the camera position
and angle relative to the target. Take into consideration also that reflected apparent temperatures can
be lower than ambient temperatures.

Thermographers should be aware that the direct method usually does not include the heat from the
thermographer's body as a source of reflected radiation. In some cases, this can create a significant
error.
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B.2 How to measure the emissivity of a target

B.2.1 Equipment requirements

In order to measure target emissivity, the following equipment is required:

a)

b)

‘)
d)

B.2.2 Contact method

The procedpire for determining the emissivity, €, using the contact method shall be as follows:

a)
b)

‘)
d)

e)

f)

g)

h)

B.2.3 Reflerence emissivity material method

The referenjce-emissivity material method is as follows:

a)

b)
‘)

d)

26

a calibrated quantitative IRT camera that allows the thermographer to input reflected apparent
temperature, T, and emissivity, ¢, values; and

a natural or induced means of heating the target at least 10 °C above the reflected apparent
temperature such that the target temperature is stable and close to the temperature of the target(s)
to be mgasured; and

a calibrated contact or mirrored thermometer; or

a surfage-modifying material such as paint or tape with a known high emissivity in the wavelpand
of the IRT camera being used and at a temperature close to that of the target

Place the IRT camera at the desired location and distance from the.tdrget to be measured.
Measuile and compensate for the target’s reflected apparent temperature.
Aim ang focus the IRT camera on the target and, if possible, freeze the image.

Use an| appropriate camera measurement function (stich as spot temperature, cross hairs or
isotherms) to define a measurement point or area.inthe centre of the camera’s image.

Use a ¢ontact or mirrored thermometer to measure the temperature of the point or area|just
defined by the camera’s measurement function. Note this temperature.

Without moving the camera, adjust thé emissivity control until the indicated temperature i§ the
same a$ the contact temperature just taken. The indicated emissivity value is the emissivity of this
temperpture target measured witlithis waveband camera.

For grgater accuracy, repeat procedures b) to f) a minimum of three times and averagg the
emissiyjity values.

Compensate for emissivity by entering the averaged emissivity value in the IRT camera under the
emissiyfity input (commonly referred to as “¢”, “emissivity”).

Place the IRT camera at the desired location and distance from the target to be measured. Aim and
focus the IRT camera on the target.

Measure and compensate for the target’s reflected apparent temperature.

Apply the surface-modifying material on or immediately adjacent to the target you are measuring.
Make sure the surface modifying material is either dry or in good contact with the target, or both.

Enter the known emissivity of the surface-modifying material in the emissivity input.

Aim and focus the IRT camera on the surface-modifying material. Allow enough time for the
temperatures to stabilize, freeze the image, and measure and note the indicated temperature.
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f) Aim and focus the IRT camera on the target immediately adjacent to the surface-modifying
material, or remove the surface-modifying material and aim and focus the camera on the previously
modified surface.

Be sure to allow enough time for the temperature to stabilize, freeze the image, and measure and
note the indicated temperature.

g) Using the frozen image, adjust the emissivity control until the indicated temperature is the same
as the just taken, non-contact temperature of the surface-modifying material. The indicated
emissivity value is the emissivity of this temperature target measured with this waveband camera.

h nnnnnn far ooy man o 4 ranoondl )+ ) 1ninaing £ ¢+
\v gy 5! cAale1l acuiur MLJ, l\/y\/u‘r lJl \VAwrwpvavy 5 A\

emissivity values.

hree—times—and—qverage the

i) [ompensate for emissivity by entering the averaged emissivity value in the IRT camerna under the

«_n «

emissivity input (commonly referred to as “€”, “emissivity”).

B.3| General
BotH methods of measuring emissivity require contact with the targetSurface.
Whednever possible, temperature measurements shall be verified’with other thermometers.

Thege methods are valid only for opaque target surfaces within'the waveband of the IRT camera.
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Annex C
(informative)

Examples of buildings heat, air and moisture faults, failures and
anomalies detected by infrared thermography (IRT)

C.1 Heat
IRT

The thermd

and the importance of utilizing adequate temperature differentials across walls a

for clear thd

Figure C.

and thermal transmittance faults, failures and anomalies detectedl/‘hl'

o

grams in Figures C.1 to C.5 provide qualitative illustrations of thermal h t/%s:s and |gain

g@ellings in g
rmograms to be obtained. ©

| — Wall — Insulated sttg&all with good construction — Qualitative illustration
heat loss

- - g ) 3
PMBUS NISC 12062007 Mot Distenos OMC E 094 DNt 060 Taim 24.0°C Mum X2 %

: - - _;_-‘—-___‘_“-“g

1653 1 175 [ 185 1 195 o
g abrw °C
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Figure C.2 — Wall — Insulated stud wall with good construction — Qualitative illustration of

28

heat loss with histogram
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thermal heat

Q

Figure C.3 — Wall — Insulated stud wall with good g&s ruction — Qualitative illusfration of
n

Figure C.4 — Wall — Insulated stud wall — Qualitative illustration of thermal insulation fault
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£,

Figure C.p — Insulated stud wall / ceiling — Qualitative illustration 0\@9 thermal bridging

and air infiltration \

o)
X

C.2 Heat and air infiltration faults, failures and anmgﬁies detected by infrare

thermogiaphy (IRT) QO
%

C.2.1 Wall penetrations - The thermograms in Figure s%'\to C.9 provide a qualitative illustratipn of
detecting ajr infiltration anomalies at wall penetration\ d the importance of utilizing

a) adequage pressure differentials (e.g. by blower\@)or) across the wall,

b) temperpture differential across the wall

c) sufficiegnt time lapse for air infilt&tion to be established in order for clear thermograms tpo be

obtaingd.

50 Pa negatjive pressure for 15 .

Note the flgred pattern of air le?kggb (infiltration) at 3 Pa negative pressure following applicati¢n of

17

=5

Figure C.6 — Greyscale palette image — Insulated stud wall with 5 °C temperature differential

and 3 Pa negative pressure — Qualitative illustration of air infiltration
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