Chapter 8
RESNET Standards

800 RESNET Standard for Performance Testing

801 Pressure Diagnostics

Purpose
This standard is to present an expanded curriculum for the testing of the air leakage of the
building envelope on new and existing homes and the duct leakage associated with

HVAC system(s).

Relationship to Other Standards
This chapter complements the previous chg
National Home Energy Rating System S

Relationship to State Law
This Standard recognizes that fed@ra

Scope
This section will present

recommendatiqns.

e Duct leakage testig angr'training shall be performed according to the RESNET
Mortgage Industry Nafional Home Energy Rating System Standards, the
Appendix, pages A-28 and A-29 and operation of the device according to
manufacturer’s recommendations.

¢ In addition to the above, training in stack pressure readings, room to house
pressures, and air barrier testing of inaccessible locations, house to garage and

house to attic shall be addressed.

801.4 Definitions To be determined.

802 General Provisions for Thermographic Inspections of Buildings
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Purpose

This standard provides guidance on the use of infrared thermography for the inspection of
low rise, three stories or less, wood or steel frame, residential and light commercial
buildings. The three-fold purpose of this standard is to

® Provide for the means by which those wishing to obtain a RESNET advanced
certification in infrared thermography will have a means to do so.

® Provide inspection guidance in using infrared thermography for air intrusion and
insulation inspections.

® Provide a possible substitute for an insulation inspection on a new building where
viewing of the insulation installation was not agcomplished before the drywall
was applied.
This Standard also includes information for:
1. Using an infrared imaging system to detérmine radiation differences associated

SN kW

Relationship to Q
This chapter comple s
National Hon 1€

Envelopes and AirBarrier Systems.

e ISO 6781: Thernal Insylation---Qualitative Detection of Thermal Irregularities
in Building Envelopgs~-Infrared Method.

e (Canadian General Standards Board, Document 149-GP-2MP, Manual for
Thermographic Analysis of Building Enclosures.

e British Standard: Thermal performance of buildings. Qualitative detection of
thermal irregularities in building envelopes. Infrared method. ISO6781:1983
modified.

e Canadian National Master Specifications (NMS), Section 02 27 13,

Thermographic Assessment; Building Envelope

Relationship to State Law.
This Standard recognizes that federal or state laws take precedent over this Standard.
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Scope

These standards are RESNET requirements for inspecting a building enclosure using an
infrared imaging system to locate defective insulation installations, framing issues, air
leakage, moisture intrusion, or thermal bypasses.

802.1 Certification for Infrared Inspections of Buildings

The person applying to RESNET for the Infrared Inspection of Buildings Certification
will have two possible courses of action:

Method 1

1. The candidate must have a minimum of Ho
certification and should be able to demonstfate suf
knowledge and understandmg of the effe cts of stos

ergy Survey Professional

pient building science

ed heat, stack and wind effect,
(lon and surface moisture.

ience Thermography

Method 2
Without the training as indicated in Method 1 above, four courses of action must be met
to obtain a certification through RESNET:

1. The candidate must have a minimum of Home Energy Survey Professional
certification and should be able to demonstrate sufficient building science
knowledge and understanding of the effects of stored heat, stack and wind effect,
solar heating, reflectivity, emissivity, material saturation and surface moisture.

2. A RESNET APPROVED training course with designated field and classroom
course work equaling 24 hours, which will include passing a RESNET online
thermography test.
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3. Documenting 1 year of thermal imaging experience, including submission of ten
thermography reports that conform to these guidelines for review by the RESNET
Infrared Certification Committee.

4. The candidate must submit documentation of steps 1 through 3 above to the
RESNET Infrared Certification Committee and must provide to the Committee
upon request, further documentation through written or video means of the
following knowledge and abilities: a thorough knowledge of the operation of
his/her particular infrared imaging system, the ability to interpret thermographs
and other data, and the ability to confirm that test conditions are within set limits
and are consistent with assumptions that support the interpretation.

5. The RESNET Infrared Certification Committee will provide a certification
number to the individual once all criteria have’besq achieved.

802.2 Thermographic Imaging Requirements

Infrared Imaging System Performance

distinguish a framing member from the ities under the
prevailing thermal conditions with hich permits the
recognition of thermal anomalig$ 9 0 insure any
defects or anomalies won’t appaar in eitheg saturation taximum brightness or white) or
in suppression (minimum brightna e di or on the thermographic

images. This require ction have been met. A

radiometric camera j ‘ 4
measured, you mugt also aves, the erissiyity and set background
reflected temperatursg; this be ddne in the car R by using software.)

Resolutig

86°F).

Field of View (FOV)

This is defined as the picture size or total field of view, which is normally expressed in
angular degrees or radians per side if rectangular and angular degrees or radians if
circular. The FOV should be capable of showing at least two wall-framing cavities
across while still being able to resolve an individual framing member. In order to
accomplish this prerequisite, a FOV of approximately 20 degrees is suggested.

Recorded Images

The imaging system must have a means of recording images seen on the camera’s screen.
The images may either be in a video format or in individual still frame images.
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Instantaneous Field of View and Detector

The detector and lens combination of the infrared imaging system must have sufficient
resolution to resolve framing members and the small void areas or wall cavities. A
3mRad IFOV is sufficient for this purpose. For practical purposes, the camera’s detector
array must have no less than 120 x 120 pixels.

802.3 General Inspection and Thermography Requirements

Observe the following general requirements for any infrared investigation of a building:
1. Sample thermal images must be taken of represgntative parts of the building being

3. Note any anomalies on
locating the defect for cort
stated in #7 belp

details clearly. If framing images can’t be resolved, and inspection conditions
can’t be altered artificially, then reschedule the inspection for a time when
temperature difference conditions are achieved. If the temperature is within range
and no studs are visible, confirm the presence of continuous foam insulation or
atypical framing in the wall assembly before aborting the test. Document the
conditions and complete sections of the house that scan “normally”. False
negatives are possible with details that have reduced thermal bridges; for
example, flat roof sections with all the insulation above the deck may not show
framing issues.

7. Investigate any anomalies through the use of
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e Physical examination of the building details at “best” and “worst” or other
representative locations to calibrate the range of variation under these specific
conditions,

e Other means of investigations (e.g. moisture meters, surface temperature
devices, air exhaust devices),

e Experience, or

e By comparing to thermal images of normal building surfaces or with reference
thermographs of known defects.

8. Exterior examination of a building

a. Verify that no direct solar radiation has heated the surfaces to be examined for

a period of approximately 3 hours for framg.construction and for

determined to be minimal.
Verify that wind speed is less t

hold air ata tenfperatuge different from interior and exterior.

d. Chases and ingerior sytface coverings open to the exterior or between buffer
zones such as drqpped soffits, plumbing walls, plumbing wall edges, floor
joists open to porch roofs may show extensive IR contrast under wind or
blower door operation, but appear without defect under as found conditions.

e. Ductwork, plumbing, electrical lines, and radiant heating components built
into soffits, ceilings and floors may appear as anomalies but also obscure
details of the construction assembly that holds them.

f. Additional interior cavities such as furring spaces behind interior finish
materials found in back-plaster and some remodeling can obscure the
conditions in the main building cavity. This construction detail can provide
either false negatives or false positives if not confirmed.

g. Interior scans of hollow spaces such as interior cavities of Concrete Masonry

Unit (CMU) walls below grade and between units can show convective loops
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where insulation is not continuous over the entire surface. This should be
documented.

h. Listed high performance windows sometimes fail and lose gas fill, which can
show up as anomalies in the glass away from the frame. Repeat the scan at
night and check surface temperatures if possible. Drapes, curtains, and solar
heating obscure viewing this effect.

802.4 Insulation Inspection

802.4.1 Procedures for Infrared Insulation Inspections

1. Qualitative analysis of installed insulatigr. Ihgpection used for determining

a.

during or two heurs before this specific insulation inspection procedure.

For quantitative grading of insulation, the above stated minimum
temperature difference at the time of the inspection must be achieved.
Otherwise grading of the insulation cannot be achieved using this
standard.

b. Recognized anomalies may be used to grade the insulation by the
guidelines in the 2006 Mortgage Industry National HERS Accreditation
Standards (Appendix A, pp. A-11 through A-16).

c. An insulation inspection demonstrating more than 5% anomalies must be

followed either by physical inspections to determine whether there is

missing insulation that must be documented or modeled as uninsulated
wall cavities.
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d. Under these specified testing parameters, the IR imaging system can also
be used to locate thermal bridging areas. Thermal bridging is defined as
heat conduction through building components, typically framing, that are

more conductive than the insulated envelope.

e. Ifthe RESNET Rating Provider for the HERS Rater allows for a more
stringent inspection protocol for insulation inspections, then this Infrared
Standard should be used as a referenced Standard for performing an
infrared evaluation of onsite installed insulation. This Infrared Standard
may therefore be used for the grading of insulation in any home in which a

visual inspection of the insulation was not conducted.

802.4.2 Insulation Grading Standards

Grade |

Grade I insulation installation cannot be ver]

Grade Il

d

Grade II must\be indylatio
all inspected wa

Grade 111

~

installed with>anomalies found to be between
cellings 6t the building.

’

]

T

|
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Grade Il must be an insulation installation having between 2% and 5% anomalies found
for all inspected walls, ceilings and floors of the building enclosure.

802.4.3 Quantitative Grading of Wall Insulation

For determining the percentage of insulation anomalies, the inspector must use the
following method to comply with the quantitative insulation inspection.

Method for converting infrared insulation inspection to grading: Measure the walls,
ceilings, and framed floors to be inspected to the nearegt square foot or scaled from the
building blueprints. Measure each insulation anomaly toxthe nearest inch (see examples

802.5

1.

inside andk\the ongsidg of the building to be a minimum of 1.7°C / 3°F. This
temperature differerice wil) allow for surveying of building surfaces to find air
leakage sites and\the temperature difference must be maintained during the entire
inspection.

2. Buffer zone air temperature is more important for this test. Attic air can be at a
higher temperature than interior air and very clearly show location and severity of
any existing bypasses when the IR scan is done before and during blower door
operation. Similarly, in weather with a 10°C/18°F or greater inside/outside wall
surface temperature difference, attic air can be the same as interior air; then all the
potential bypasses disappear from the scan when the blower door is operated. In
some homes both effects can occur with separate attics or with slow scanning
procedures as solar heated attic air is replaced by cooler outside air. Brick finger
space air temperatures can reach over 100°F on the sunny side, which can aid in
determining wall details and floor joist connections on that side, but obscure
results on the shaded sides. Large openings inside joist and partition wall volumes
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to adjacent buildings/units at the same temperature will not be visible — these may
dominate blower door leakage numbers and provide odor and smoke transfer risk
without a temperature signal.

3. Because air leakage sites may be difficult to locate under natural conditions, air
must be artificially forced across the building enclosure by use of a fan such as a
blower door or by using the mechanical and/or ventilation system(s) in the
building. Building depressurization and inside inspection are preferred because of
less interference of solar radiation and wind. The outside air is at a different
temperature than the inside air and will therefore leave a thermal signature for the
infrared imaging system to capture. The largest volumes that change the fastest
correlate with the biggest gaps. Confirm the physical details of the largest framing
volumes at the edge that changes the most.

4. The thermal image for air leakage will appéar as “fipgers” or “streaking” showing
as dark when cold air is observed and lighter colots when warm air is viewed.

Ontrast. But pressurization or depressurization, when

¢ temperatures outside, can also result in a change to the

interior temperature of the building and consequent loss of conditions over
time for adequate and reliable imaging by equalizing the Delta T.

c. Construction detail knowledge of the investigated structure is more
important than the actual surface temperature change. The airflow required
to slightly cool (0.2°C) 30 lineal feet of 2x10 ceiling joist above a first
story room that is open to a porch roof is hundreds of times greater than
the amount of air required to get a 1/4” wide 3” long high contrast finger
of air infiltration from an outlet or attic access weather strip corner.
Cooling or heating an entire joist cavity between floors with air infiltration
will take longer than finding an air leak around an electrical box.
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d. For the procedure, normal pressure differences across the building
envelope must be between 10 and 20 Pascals. The higher pressure
readings intensify surface temperature differences and further aid in the
discovery of air leakage sites.

e. Pressure readings must be taken separately on both the leeward and
windward side of the building and whenever possible in the same areas on
each floor of a multi-story building.

6. When depressurizing a structure, turn off or switch to pilot any combustion
appliances in the conditioned space. Close fireplace dampers and cover ashes to
prevent ashes from becoming airborne.

7. Although the primary air leakage sites viewed will be at the building enclosure,
interior walls and floor/ceiling cavities must 2lsoke viewed since air leakage from
the attic and basement are also a possibility”

then be viewed a second time with the infrared imaging system and any changes
documented visually and by location.

4. 1If the RESNET Rating Provider for the HERS Rater allows for a more stringent
inspection protocol for thermal bypass and thermal bridging inspections, then this
Infrared Standard should be used as a referenced Standard for performing an
infrared evaluation of onsite thermal bypasses (air intrusion) and thermal bridging
(insulation) as found in Sections 802.4 and 802.5. This Infrared Standard, with
the associated requirements for thermal imaging, may therefore be used for the
evaluation of the presence of thermal bypasses and thermal bridging in any home
in which a visual inspection for these thermal bypasses and thermal bridging was
not accomplished.
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5. A sample report can be found in Appendix B.

802.7 THERMOGRAPH INTERPRETATION

The following guidelines are to help you in the interpretation of thermal images.

1. As the thermographer, you should routinely select a familiar display palette for
ease of identifying hot and cold areas. A gray scale or monochromatic color
palette is generally recommended for on site use because of the ease of
interpretation of the images seen.

2. Typical building investigations of insulation, air leakage, framing, moisture
intrusion and thermal bypasses do not requirg/theNdentification of specific
temperatures. These readings may be inforfnative, Powever, when comparing
actual surface wall or ceiling temperatur€s with th¢ thermostat set point.

report. A sample repQqrt cari be found in Appendix A.

1. A brief descriptiqn of theAvay the building has been constructed.

2. Types of interior and exterior surface materials used in the building.

3. The geographical orientation of the building with a description of the exterior
surroundings including other buildings, vegetation, landscaping, and surface
water drainage.

Camera brand, model and serial number.

The name of thermographers and inspectors present.
Date and hour of tests.

Inside air temperature(s).

Ambient (outdoor) air temperature.

Temperatures of buffer zones and attics.

0 Indoor and outdoor relative humidity.

S e v
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11. General information for the last 12 hours on the solar radiation conditions in the
geographic area where the test is being performed.

12. Ambient conditions such as precipitation and wind direction and speed occurring
within the last 24 hours, as applicable. Refer to specific requirements in each
section of each inspection type for requirements in each specific area.

13. Records of the portions of the building, which were not within, test conditions
when the scan was performed and which portions were obstructed by adjacent
structures, interior cabinets, intervening cavities or reflective surfaces.

14. Other relevant information, which may have influenced the test results.

15. Drawings, sketches and/or photographs detailing the locations in the building
where thermograms were taken detailing possible irregularities in the components
being tested.

Thermal images taken during the inspectig

16.

17. K a.building being examined.
18. sJairis the type\and the extent of each

19. \ ations\ Identify additional

802.9

if any, that may be
thermographer or user of this
ént, tofollow any applicable

diagnostic equipment, and to be

fons for those involved with any of the
- The thermographer is held accountable

Abnormal: Some defectexisgg’in the construction and operation of the building
enclosure.

Air barrier: Any solid material installed to control air leakage either into or out of the
building envelope.

Air exfiltration: Air from the conditioned space leaking outside of the thermal boundary
of a structure.

Air infiltration: Air from outside the thermal boundary of a structure, which enters the
conditioned space.
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Air leakage site: A specific location in a structure where the air barrier has irregularities
in it allowing both air infiltration and exfiltration depending on the interior pressures of
the building.

Air wash: The movement of air through insulation.

Anomaly (defect): An area of a building where the temperature distribution seen with an
infrared imaging system differs by more than 4°F from the temperature distribution
expected for the type of construction being viewed, denoting a possible problem area; an
inconsistency.

ANSI: American National Standards Institute
ASNT: American Society for Nondestructive

ASTM: ASTM International, originally
Materials (ASTM)

Defect: See Anowmaly

Emissivity: The abilitkof a surface to emit radiation, measured as the ratio of the energy
radiated within a specific specyral band by a surface to that radiated within that same
specific spectral band by a blackbody at the same temperature.

Field-of-view (FOV): The total area of height by width, normally expressed in either
degrees or radians, in which an infrared imaging system is capable of displaying,

imaging, and recording objects.

Framing spacing: The distance from center to center of wall studs, ceiling joists, floor
joists and roof rafters.
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Gaps (insulation): An insulation defect where installed insulation does not completely
fill areas of the building enclosure, which allows for conductive and convective heat loss
and a reduced R-value of the overall building enclosure.

Infrared imaging system: An instrument that converts radiation differences associated
with surface temperature variations into a two dimensional image by assigning specific
colors or tones to the differing temperatures.

Infrared thermography: The process of using an infrared imaging system to generate
thermal images of the surfaces of objects, which can be viewed electronically or printed.

signifying satsfact
e Recpive instructiqns or supervision

compromises theeffectivendss of\the ifisulation in framed buildings.

Normal: The buildingshell is fufictioning as designed.

Qualitative: In relation to insulation inspections, determining general areas of anomalies
without assigning temperature values to the patterns.

Quantitative: In relation to insulation inspections, determining the total square footage
of anomalies of a structure as a percentage of the total surface area of the structure in

square feet.

Spectral Wavelength: The electromagnetic wavelength interval or equivalent over
which observations are made when using an infrared imaging system.

DRAFT 1/20/2009 Page 15 of 29



Thermal boundary: The line or boundary where the air barrier and insulation are
installed in a building assembly. The air barrier and insulation should be adjacent to one
another in a building assembly to prevent airflow from circumventing insulation.

Thermal bridging: Heat conduction through building components, typically framing,
that are more conductive than the insulated envelope.

Thermal bypass: Air movement, air leakage or convection “cell”, that circumvents the
thermal barrier, is usually hidden and is the result of an incomplete or compromised air
barrier.

Centigrade, an infrared imaging syste
points on a thermal image.

Thermogram: An infrared pi
system or other means of recordy

Thermography: The proce

Wind Wash(ig):
compromises thexgffect
exfiltration on the cvo
the building assembly.

siom\between the insulation and the air barrier seriously
3ss of\the msulation in framed buildings. The long path
ide/of insylation allows moisture from the air to be deposited in

803 Training Requirements for the Comprehensive Home Energy
Auditor

Purpose

This section will present a program of study and field training for the testing of
combustion appliances and for providing a prioritized work scope in order to achieve the
designation of Comprehensive Home Energy Auditor (CHEA).

Relationship to Other Standards

This chapter complements the previous chapters of the RESNET Mortgage Industry
National Home Energy Rating System Standards.
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Relationship to State Law
This Standard recognizes that federal or state laws take precedent over this Standard.

Scope
This section will present training requirements for obtaining the CHEA certification for
HERS Certified Raters.

Required Areas of Training

Field training will focus on the dangers associated with carbon monoxide, back drafting,

and flame rollout along with combustion analysis to equip the inspector with an in depth

knowledge of the combustion processes and problems assqciated with many combustion
¢ 2ctor the ability to develop a

prioritized work scope, enabling the client to pJan the enegy improvements to be made

803.3 Required Areas of Tra

803.4 Definitions To b
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802 Appendix A (Informative)
Sample Report

(The following report can be customized to the needs of the
thermographer and the type of investigation performed.)

Date

Name
Address
Address

Re: Name
Address
Address
Insurance Company:
Policy #:
Claim #:

Name
COMPANY A is sthmit y aging Inspection Report for your
approval. The \ CTe ) acility. We hope the information
included ig’self-explanatory. Howge have questions, please do not hesitate

to contadt us.

Sincerely,

Thermographer/Certificaty
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HISTORY

COMPANY A was authorized by NAME to conduct a limited infrared investigation on

DAY at TIME of the AREA OF THE INVESTIGATION of the HOME OR BUSINESS
at ADDRESS in CITY, STATE, ZIP. The investigation was conducted due to concerns
about MOISTURE, INSULATION, AIR LEAKAGE, and THERMAL BYPASSES due
to REASON.

The scope of work included the following components:

e A visual inspection of the damage and posgtkle investigation of component
failures contributing to the damage
e Thermal imaging of any areas of the sfructure p€cessary to complete the
investigation.

e Moisture readings using moistur€ detegtors, eoth tyasive and noninvasive,

The FACILITY, HOUSE, DWEL LI was inspected with the use of an infrared
1M\ 1deQ and/or digital pictures for

microclimate

Inspection Personnel ahd Qualifications

The visual inspection, field notes, thermal imaging, video and/or digital photos for
documentation were completed by (NAME).

Equipment

Infrared Camera (make, model #, serial #, calibration date)
Blower Door (make, model #)

Digital Manometer (make, model #, calibration date)
Moisture Meter (make, model #, calibration date)

Other
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Investigation Conditions

Date and hour of test
Ambient air temperature and relative humidity
Conditioned space temperature and relative humidity
Solar radiation conditions

Precipitation

Wind speed and direction

Air pressure measurements and location

Delta T

Other relevant conditions

Standards and References
e RESNET 2006 National Mortgage Ingd

Accreditation Standards, Chgpter 8, K ESNE dagd for Thermographic
Inspections”

INSPECTION RESU TS

color and cooler sqrfaces r da

The following are a series of Thermograms and visual pictures and an explanation of the
anomaly present, why is has occurred, and necessary steps to correct the problem.

1. Picture #1

2.

3.
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Picture #1

Company A Customer B
Just Around the Corner Address
Any Town, USA City, State Zip Code

Comments: NN\
<O N\ \ /
) 1 K
NI
N V4
NG
PROBLEM N\
RECOMMENDATION \ /
INSPECTOR )\
ASSISTANT )
CORRECTIVE ACTION TAKEN /

CONCLUSIONS

The following recommended repairs are given in order from high priority to low priority.
1.
2.
3.
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The above observations and recommendations by this inspection are based solely on the
limited data collected at the time of the inspection of the property. The purpose of the
thermal imaging for the inspection performed on your property is to determine if
problems were present concerning air infiltration, insulation, and possibly moisture
intrusion. Company A offers its opinions in accordance with recognized building
practices concerning air intrusion and insulation anomalies. It is up to the owner or
other designee to review the enclosed data and recommendations and make prudent
judgments based on feasibility. All conclusions and recommendations are based on the
data taken at the time of the inspection and no guarantee regarding additional issues of
air infiltration or insulation anomalies found as a result of any other source present or
not present at the time of the investigation are made. Gompany A hereby certifies the

Sincerely,

Thermographer
Certifications
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802 Appendix B (Informative)
Inspection Form for Thermal Bridging
and Thermal Bypass Investigations

Thermal Bridging (Insulation) Inspection
Time of Inspection: Delta T: Date:

Camera make and model: | Square feet of anomalies:
Percent anomalies (square feet divided by surface area of insulated walls):
Comments:

Thermal Bypass (Air Leakage) Inspection

Initial IR scan performed: Yes [X_ No¢l]

Blower door used? Yes [ _No [\_| Delta P:\ N

Time of inspection: /S NDelta T,/

Initial blower door run time bsfore start.of inspectivq:

Thermal changes to building coOmpYRENtS™_

1. Dropped ceilings” Yes [ \NO\Q\Z. \Pu(rb‘qwn§ Yes [  No []

Walls around ,s«ﬁowers/tub&on e\)gteﬁe/walls: \@3/ 1 No [

Walls aroundireplaGes) Yes I\ No "\~

Attic knee walls: YesA ] Ne\ G\Attic hotwalls: Yes [1 No []

Skyllgh{shafts ?ﬁeg, 1 No [ Staircase walls:  Yes [ No [/

Cell{ﬁgs bopelat;ng\n\and B‘a(h\}QLsts >/Yes 1 No [

10 Ceﬁ}gs b\or\derl caﬁ\(\ex(er ﬁwr%as Yes [  No []

11 Duct ch\aﬁe Yes O\Q > \12 Flue shafts: Yes (1 No [!
Interior w MWetra\ggns\fn top plates (attic air) or bottom plates (over

uncondltloned crawl space or basement):  Yes [1 No [J

14. Attic access panEL\ Yes No [ \ 15. Recessed lighting: Yes 1 No [

16. Attic dropped- -down'stafrs:  Yes [ No [

17. Whole house fan:  Yes [J No [J

Further investigation recommended: Yes OO No O
Comments:

© N Is W

Signed Date
RESNET Certification Number
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802 Appendix C (Normative)

Method for Converting Anomalies to Insulation Grading

(Section 805.4, measurements converted to square feet.)

Grade Il Example

Area A Area B
]
<___.\‘\.
Grade 11 Examp

Areas: A B C
[ —_—

J Area F

D e | S | Ry
T Area G
U —rAreaH

(1
' < Areal
4
, .- ||
/ //
Areas: J K
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Area L

Wall section is 8 ft x 8 ft.

0 %27x 967=0.33 sqft
: 127x 807=0.28 sqft
: 17x 127=0.08 sqft
0 127x 127=0.04 sqft
: %27x 167=0.06 sqft
: ¥27x 87=0.03 sqft

37x 67=0.13 sqft

N ’x 27=0.014 sqft

Total anomalies: 0.96 sqft
0.96 sqft /96 =0.016 or

6%

Wall section is 8 ft x 8 ft.

Area A:
Area B:
Area C:
Area D:
Area E:
Area F:
Area G:
Area H:

17x96”= 0.67 sqft
37x16”=0.33 sqft
17x16”7=0.11 sqft
1”x167=0.11 sqft
17x 87=0.06 sqft

1”x 67=0.04 sqft

17x14”=0.10 sqft
17x10”=0.07 sqft

Areal: 2”x18” =0.25 sqft
Area J: 27x127=0.04 sqft

Area K:
Area L:

¥27x127=0.04 sqft
727x647=0.22 sqft

Total: 2.04 sqft

Total anomalies: 2.04 sqft



2.04 sqft / 64 sqft=0.0375
or 3.75%

802 Appendix D (Informative)

Moisture Intrusion

Because of the complexity of dealing with moisture intrusion within buildings, the
following is offered only as general guidelines for the identification of moisture using an
infrared imaging system.

Very often, moisture intrusion is found secondaridy during4n insulation or air leakage
inspection. Care should be taken to understand the conditiqns that may affect the

poisture. Also, areas highlighted may not be
x¢ entry point or to buildup locations.
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802 Appendix E (Informative)

Thermal Patterns

This section guide

s the thermographer in conducting thermal inspections on the insulated

wall, ceiling, and framed floor cavities in new and existing frame construction. The
emphasis will be on insulation in the building cavities that is either malfunctioning or
completely missing. The anomaly locations must be designated on a drawing, a video, on
visual and thermal images, or with a removable marking device for ease in locating the
area for correction.
1. Different thermal patterns occur as a result of differing wall conditions, which
must be identified for proper interpretationef the thermographic images.

<

<

Uninsulated,
Insulated,

b. The Wall low ith darker (cooler) wall cavity areas and warmer (lighter)
framing mateerals could be one of the following:

Insulated, when viewed from the outside during the heating season.
Uninsulated, when viewed from the inside during the heating season.
Uninsulated, when viewed from the outside during the cooling season.
Insulated, when viewed from the inside during the cooling season.
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C.

4. Missing insulatiofi within an insulated wall will produce well-defined shapes
that will be inconsistent with the type of insulation filling the wall cavity and
the building envelope construction features and the anomaly will have a
relatively consistent temperature variation.

Gaps/Misalignments are areas where insulation is partially missing or not
installed in contact with the intended interior finish.

a.

In addition, all patterns can be reversed when solar loading has affected
the cavity.
Interior partition walls will normal

exterior walls. But anomaliesa isible&\when attic or exterior air is
allowed to enter the wall cg

These areas where insulation is missing will appear as cooler areas on the
normally warm wall cavities when viewed from the inside during the
heating season and as warmer areas on the normally cool wall cavities
when viewed from the inside during the cooling season.
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b. On the cool side of the wall inadequate insulation will appear as a warm
area when viewed from the outside during the heating season and as a cool
area on the normally warm wall cavities when viewed from the outside
during the cooling season..

6. There are several other possible causes for irregular variations of the thermal
patterns found on a wall including moisture, convection, varying densities of
installed insulation, air washing (especially with fiberglass insulation) and
thermal bridging. Note that warm or cold air exfiltrating from the conditioned
space can hide or mask insulation defects when viewed from the interior.

7. The contrast between the stud and insulation should be consistent with the
rated R-value. Studs will show closer to thg insulation shade in a low-density
application but will be consistent throughgut the wall.

8. Direct sun on siding can make an interiOr scan of a void wall appear the same
as a properly insulated wall. Const a{ls and conditions for the test
must be confirmed.
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802 Appendix F (Informative)

A further visual evaluation of the following areas of the structure may be helpful in
verifying the causes and cures of problems.

1. Is the insulation installed in the building per manufacturer’s

recommendations?

2. Is there an air barrier or a moisture permeable material on the cold in winter
side of the wall and is there a possibility of subsequent condensation and
damage to wall components at this location?

Is the air barrier aligned with the thermal barrier throughout the building?
4. TIs there an air barrier at floor joists meetingthe attic or garage or where there
are exposed insulation edges?
Is there slab perimeter insulation when required/by code or program?
6. Are there air and thermal barriers ag
determine)?

[98)

N

8. Are knee walls, hot walls, 2
applied?

10.
11.

12.

13. Are rebessed K Q
14. Is there anninsula

15. K 0

DRAFT 1/20/2009 Page 29 of 29



