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EXECUTIVE. SUMMARY.

HOUSING THROUGHOUT THE ARCTIC HAS EXPERIENCED SEVERE PROELEMS WITH WINTER FROST
BEUILO-UF AND ITS SUEBSERUENT DAMAGE TO CEILINGS AND ROOF INSULATION. IN MANY
COMMUNITIES IT HAS EECOME "NORMAL" TO REFLACE THE INSULATION EVERY YEARs AND TO LIVE
WITH BADLY STAINED AND DAMAGED CEILINGS.

THIS STUDY LODOKS AT TWO PROFPOSED RETRO-FIT SYSTEMSs TO ELIMINATE OR MINIMIZE ATTIC
MOISTURE ACCUMULATION AND THE ASSOCIATED DAMAGE. TEST HOUSES IN THE COMMUNITIES OF
YELLOWKNIFE, CAMBRIDGE BaYs ESKIMO FOINT AND EaKER Lakes, N.W.T. WERE TYFICAL TEN YEAR
OLDy FOUR BEDROOM STICK-BUILT EUNGALOMS, WITH ASPHALT SHINGLE SLOPED ROOFS, MWOOD
TRUSS ROOF FRAMING AND AN UNINSULATED ATTIC SPACE.

1 Vapour. BARRIER RETRO-FIT - YELLOWKNIFE, N.W.T.
EXISTING CEILING INSULATION WAS REMOVED AND A NEW VAFOUR EARKRIER WAS FITTED
EETMEEN THE EXISTING ROOF TRUSSESs THE INSULATION WAS REFLACEDs AND THE GAELE
VENTS WERE BLOCKED OFF.

A HUMIDISTAT CONTROLLED STACK VENT WAS INSTALLED TO CONTROL HUMIDITY IN THE
HOUSE AND MODIFY THE FOSITION OF THE NEUTRAL PRESSURE FLANE.

2) METAL. BOOE RETRO-FIT. - CAMBRIDGE. BAY. ESKIMO. FOINT. N.N.I.

73 MM OF RIGID INSULATION WAS ADDED OVER THE EXISTING ROOF AND GAELES AND HAS
COVERED MITH A NEM METAL ROOF.

ALTHOUGH NOT FPART OF THE ORIGINAL DESIGN INTENTIONSs THE ORIGINAL VAFOUR
EARRIER AND CEILING INSULATION WERE LEFT IN FLACE.

» MopIEIED. METAL KOOF. REIRO-EIT. - BAKER. LAKE. N.W.T.

EASED ON PRELIMINARY FINDINGS OF THIS STUDY, THE METAL ROOF SUFFORT SYSTEM WAS
MODIFIED TO 150 DEEF SHEET METAL GIRTS WITH BATT INSULATION EBETWEEN.

To DETERMINE THE RELATIVE PERFORMANCE OF THE THO SYSTEMSs VISUAL INSPECTIONS
WERE MADE IN THE WINTER AND GSUMMER AND AIR PRESSUREs RELATIVE HUMIDITYy
TEMFERATUREs AND TIMBER MOISTURE CONTENT READINGS WERE TAKEN FERIODNICALLY.
Varour. HarrIER. KETRO-FEITS
) EXCESS HUMIDITY 15 NOT A PROBLEM IN TYPICAL ARCTIC HOUSING.  THE STACK VENTS
WERE COMPLICATED AND EXPENSIVE, PRODUCED ND BENEFICIAL CHANGE TO THE UNITS, AND
DETRACTED FROM THE OCCUPANTS COMFORT. STACK VENTS ARE NOT RECOMMENDED.

) IMPROVEMENT OF THE CEILING VAFOUR BARRIER DID NOT SIGNIFICANTLY CHANGE THE AIR
TIGHTNESS OF THE UNITS.
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UAPOUR EBARRIER RETRO-FIT SYSTEM DEMANDED METICULOUS ATTENTION TO DETAIL, AND
ABOVE AVERAGE SUPERVISION.

HUALITY OF WORKMANSHIP AND SUPERVISION SUFFLIED FOR THIS TEST WAS EETTER THAN
COULDr BE EXPECTED IN A LARGE S5CALE PROGRAMME, ESPECIALLY IN REMOTE COMMUNITIES.

TEST HOUSES DID NOT HAVE MOISTURE DAMAGE AFTER ONE WINTER SEASON. HOMEVER,
LARGE AREAS OF SLIGHTLY MOIST INSULATION MERE NOTED, AND MOISTURE WAS ENTERING
THE ATTICS.

THE VAFOUR BARRIER TEST HOUSES WERE LOCATED IN YELLOWKNIFEs WHERE THE CLIMATE
IS LESS SEVERE THAN IN OTHER TEST LOCATIONS.

EASED ON OESERVED PERFORMANCE, IT IS DOUBTFUL THAT THE VAFOUR RARRIER RETRO-FIT
SYSTEM COULD BE USED SUCCESSFULLY IN A LARGE SCALE PROGRAMME TO PREVENT
MOISTURE ACCUMULATION AND DAMGE IN ARCTIC HOUSING.

A

Rooe. RETRO-EITS

THE METAL ROOF RETRO-FITS WERE RELATIVELY SUCCESSFUL IN MINIMIZING ATTIC FROST
ACCUMULATION WITH THE EXCEPTION OF SOME ORVIOUS THERMAL BRIDGES.

THE HETAL ROOF SYSTEM IS AIR TIGHT. THIS PREVENTS MOISTURE TRANSFER THROUGH
EXFILTRATING MOIST AIR.

WITH THE MODIFIED METAL ROOF SYSTEMy THE COSTS OF THE THWO AFPROACHES WERE
ESSENTIALLY SIMILAR (BASED ON YELLOWKNIFE C0STS). THE METAL RDOF SYSTEM COSTS
INCLUDE FOR A NEW LONG-LIFE ROOF COVERING.

THERE ARE SOME RESERVATIONS AROUT DETAILED CONSTRUCTION PRACTICES WITH THE
METAL ROOF SYSTEM. HE RECOMMEND THAT THERMAL BRIDGES BE MINIMIZED, THAT THE
EAVES BE HMORE AIR TIGHT AND THAT THE FROOF FASTENING SYSTEM BE UPGRADED TO
FREVENT FOSSIELE FASTEMER WITHORAWL AND SUBSERUENT STRUCTURAL FAILURE.

EaSED ON THE (LIMITED) OBSERVATIONS 1IN THIS STUDY, WE RECOMMEND THAT, WITH

RESERVATIONS, THE METALROOF RETRO-FIT AS THE BETTER OF THE TWO AFPROACHES TO
MINIMIZING MOISTURE ACCUMULATION AND DAMGE IN ARCTIC HOUSING.
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2.1

L.M.H.C. MONITORING. AND. EVALUATION
OE.ATTIC. MOISTURE CONTROL. IN ARCTIC HOUSING

MAY..1382

OUERVIEY

FROELEMS MWITH MOISTURE CONTROL IN ATTIC SPACES OF ARCTIC HOUSING
HAVE BEEN  MWELL KNOMN SINCE THE EBEGINNING OF  CONVENTIONAL
CONSTRUCTION NORTH oF 60. OVER THE YEARSs THERE HAVE EEEN NUMEROUS
ATTEMPTS AT RESOLVING THE FPROBLEMs ATTEMPTS WHICH HAVE MET MWITH
VARYING DEGREES OF SUCCESS ON AN INDIVIDUAL UNIT BASIS: BUT HAVE
RESULTED IN SHORTCOMINGS IN A GLORAL AFPPLICATION.

THis sTunDY Was INITIATED &Y C.M.H.C. TO TAKE AN OBJECTIVE,
SCIENTIFIC LOOK AT THO FOSSIELE RETRO-FIT SOLUTIONS TO ATTIC
MOISTURE CONTROL.

MONITORING AND EVALUATION WERE CONDUCTED BY FERGUSONs, SIMEKs, CLARK»
AN ARCHITECTURAL AND ENGINEERING FIRM SPECIALIZING 1IN ARCTIC
CONSTRUCTION AND INFRASTRUCTURE. INCLUDING HOUSING AND HOUSING
RETRO-FIT PROGRAMS.

SEE APPENDIX ‘A° FOR TERMS OF REFERENCE.
SIUDY. OUTLINE

THO POTENTIAL MOISTURE CONTROL SOLUTIONS WERE INVESTIGATED. A NEW
VAFOUR BARRIER RETRO-FITs AND THE ADDITION OF AN INSULATED METAL
ROOF OVER THE EXISTING ROOF.  IDENTICAL HOUSES WERE USED FOR EOTH
SOLUTIONSy WITH 5 VAPOUR EARRIER RETRO-FITS IN CAMBRIDGE BEaY,
N.M.T.s U METAL RDOF RETRD-FITS IN ESKiMo Foints N.W.T., 2 MODIFIED
METAL ROOF RETRO-FITS WERE EXAMINED IN BAKER LaKE, N.W.T.

TEST HOUSES  MWERE; AFPROXIMATELY 6 YEAR  OLDs, FOUR EEDROOMs
STICK-EUILT HOUSES WITH WOOD TRUSS ROOF FRAMING, CEILING INSULATION,
AND AN ATTIC SPACE VENTED TO THE OUTDOORS.

VapoUR. HARRIER KETRO-FIT

THE FIVE YELLOWKNIFE UNITS WERE MODIFIED IN ACCORCANCE WITH PLANS
FPROVIODED BY SOLARARCTIC ENErRGY Conscious HousIng INC., OF OTTAMA,
OnTARIO. WOKK INCLUDED THE REMOVAL OF THE EXISTING CEILING
INSULATIONy FITTING A NEW VAFOUR BARRIER ABOVE THE CEILINGy BETWEEN
THE EXISTING TRUSSESsy CAULKING THE VAPOUR EARRIER ALONG THE TRUSSES,
AND BLOCKING OFF THE GAELE VENTS. A HUMIDISTAT CONTROLLED STACK
VENT WAS INSTALLED TO CONTROL HUMIDITY AND MODIFY THE NEUTRAL
FPRESSURE FLANE.
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2.2

2.4

THE CAMERIDGE Bay aNo ESKIMO FOINT UNITS MWERE MODIFIED EY THE
NORTHMEST TERRITORIES HousING CorrOoraTION (N.W.T.H.C.0s THE OWNERS
OF UNITSs TO THEIR OWN FLANS. WORK INCLUDED THE ARDDITION OF 79 MM
(7 INCHES) OF FOIL FACED RIGID URETHANE INSULATION AND A GALVANIZED
METAL ROOF AROVE THE EXISTING ROOF. CEILING INSULATION WAS TO EE
REMOVEDy AND CEILING VENTS WERE TO BE INSTALLED.

THE MODIFIED METAL ROOF SYSTEMS IN BAKER LAKE CONSISTED OF A METAL
ROOF ON METAL Z-GIRTS, WITH BATT INSULATION BETHEEN THE GIRTS.

THIS AFFROACH PROVIDES A WARM ATTIC SPACE AND ATTEMPTS TO ELIMINATE
MOISTURE BUILD-UFP BY MOVING THE DEW POINT OUTSIDE THE OLD ROOF
SHINGLES.

FrOJECT. MEIHOOOLOGY.
AS ORIGINALLY CONCEIVED, TESTS TO EBE CONODUCTED WERE.

AIR FLOW CONTINUOUSLY IN ONE STACK VENT IN YELLOWKNIFE.
KELATIVE HUMIDITY AND TEMPERATURE CONTINUOUSLY.

NEUTRAL FRESSURE FLANE PERIODICALLY.

WATER USAGE IN THE YELLOWKNIFE UNITS.

UIsuAL INSPECTIONS OF THE ATTIC SPACES IN ALL UNITS.
KECORD OF OIL DELIVERIES OVER THE HEATING SEASON.

forg B R el AN O § g
s = = w

a =

TEST ERUIPMENT
THE FOLLOMING TEST ERUIFMENT WAS USED TO EVALUATE AND MONITOR

MOSITURE CONTROL PERFORMANCE OF THE LATERNATE SOLUTIONS. (COMPLETE
TEST EQUIPMENT DATA IS INCLUDED IN AFFENDIX ‘B7).

DiGITaL. FSYCHROMETIER - MEASURES WET AND DRY BULB TEMPERATURES IN
HOUSE AND IN WALLS VIA PRESSURE TUEBES.

ERESSURE.SENSOR/ZELECTRICAL MANOMETER
- MEASURE AIR PRESSURE IN WALLS AND CEILING
RELATIVE TO ROOM AIRK PRESSURE ALLOWING
CALCULATION OF NEUTRAL PRESSURE FLANE AND
QUANTIFICATION OF STACK VENT EFFECTS.
TEMPERATURE/ZHUMIDITY. RECORDER

- [ONTINUDUS RECORDING OF TEMPERATURE AND
RELATIVE HUMIDITY IN HOUSE.
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4.1

THERMOMETER -~ MEASURE EXTERIOR TEMPERATURE AND TEMPERA-
TURE VARIATION ACROSS BOTTOM CHORD OF

TRUSS.
Winn. METER -~ MEASURE EXTERIOR WIND SPEED.
TIMEER. MOISIURE. METER - T0O MEASURE ERUILIERIUM MDISTURE CONTENT IN

Woon FRAMINGs FROM WHICH AVERAGE RELATIVE
HUMIDITY IN AIK CAN BE DETERMINED.

STATMENT. OF. LIMITATIONS

THE ORIGINAL TERMS OF REFERENCE FOR THIS STUDY OUTLINED AN EXTENSIVE
TESTING PROGRAM INCLUDING CONTINUOUS TESTING THROUGHOUT AN ENTIRE
HEATING SEASONs WITH TEN MONITORING TRIPS TO EOTH CAMERIDGE EAY AND
EskiMo POINT, THE MONITORING PROGRAM STARTED MUCH LATER IN THE
SEASON THAN HAD ORIGINALLY BEEN ANTICIPATED, AND FOR THIS REASONy
THE MONITORING ASPECTS OF THIS STUDY MWERE OF A LIMITED NATURE.

THE CONCLUSIONS OF THIS REPORT ARE EASED ON LIMITED ORSERVATIONS.
TESTING. EROGRAM

THE FOLLOMING TESTING PROGRAM WAS CARRIED OQUT ON THE UNITS AS
LISTED. APPENDIX "C" TO THIS REPORT CONTAINS STANDARD SITE
MONITORING FROCEDURES AND FIELD WORK SHEETS FOR THE COLLECTION OF
RAM DATA.

Varour BARRIER. . KETRO-FIT. - YELLOWKNIFE

1. AIR INFILTRATION TESTS MERE CONDUCTED BEFORE AND AFTER THE
VAFOUR BARRIER RETRO-FIT.

2. FRESSURE TUBES WERE INSERTED IN FOUR WALLS OF FOUR HOUSES, AT
THE BASEEOARD, ONE METRE AROVE FINISHED FLOOR. AND CEILING
LEVELS.

2. CHART RECORDERS WERE INSTALLED TO CONTINUOUSLY MONITOR
TEMPERATURE AND RELATIVE HUMIDITY.

FaGge 3



4.2

4.4

V1suaL INSFECTIONS WERE PERIODICALLY MADE OF THE ATTIC
SPACES. MOISTURE CONTENT READINGS WERE TAKEN OF THE
woon TRUSS MEMEERS.

FERIODIC TEMPERATURE, RELATIVE HUMIDITY, AND PRESSURE
READINGS IN THE WALLS WERE OBTAINED THROUGH THE FRESSURE
TURES.

FUEL CONSUMPTION STATISTICS AVAILABLE, BASED ON OIL
DELIVERY RECORDS, MERE NOT ACCURATE OR WERE UNAVAILABLEs
AND HAVE THEREFORE NOT BEEN INCLUDER.

THE FIECES OF TEST EQUIPMENT FOR THE AIR FLOW TESTING IN THE
STACK VENT ARRIVED LATE AND PROVED TO BE INCOMPATIBLE. SINCE
FRELIMINARY OBSERVATIONS HAD SHOWN THE INEFFECTIVENESS OF THE
STACK VENT» THIS TESTING WAS NOT CARRIED OUT.

MexaL RooE RETRO-EIT. - LAMBRIDGE. EAY

1.
Z.

4.

1.

~
Lo

NO AIR INFILTRATION TESTS WERE CONDUCTED.

FRESSURE TUBES WERE INSTALLED 1IN FOUR HOUSESy 1IN SIMILAR
LOCATIONS 7O YELLOWKNIFE UNITSs AND ONE SET OF TEMPERATURE,
RELATIVE HUMIDITY, AND PRESSURE READINGS WAS OBTAINED.

ONE CHART RECORDER WAS INSTALLED TO RECORD TEMPERATURE AND
RELATIVE HUMIDITY.

UISuaL INSPECTIONS MWERE CONDUCTED IN FOUR ATTICS. COMPLETE
MOISTURE READINGS WERE OETAINED IN TWO ATTICS.

No AIR INFILTRATION TESTS WERE CONDUCTED.
NO PRESSURE TUBES WERE INSTALLED.
NO CHART RECORDERS WERE INSTALLED.

A VISUAL INSPECTION WAS CARRIED O0OUT IN FOUR ATTICS, AND
MOISTURE CONTENT READINGS WERE OBRTAINED.

FUEL USE STATISTICS WERE UNAVAILABLE.

Honie1en. ROQE RETRO-EIT. - RAKER. LAKE

1.
2.

3.

UISuAL INSPECTION OF THREE ATTICS WAS CARRIED OUT.
MOISTURE CONTENT READINGS WERE TAKEN OF THE TRUSS MEMBERS.

TEMPERATURE READINGS WERE TAKEN IN THE ATTICS.
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ORSERVATIONS ON VAROUK. BAKRIER RETRO-EIT.UNIIS
CONSTRUCTION LONIRACT

THE PHYSICAL CONSTRUCTION CONTRACT WAS SET UP WITH THE NORTHWEST
TERRITORIES HOUSING CORPORATION OVERSEEING THE CONSTRUCTION PORTION.
AS PROJECT MANAGERS, THE WRITER’S ROLE WAS LIMITED TO ORSERVING THE
CONSTRUCTION PROCESS. MWE REFRAINED FROM INFLUENCING THE CONTRACTOR
IN ORDER TO MORE ACCURATELY REFLECT THE LEVEL OF INSTALLATION AND
SUPERVISION WHICH WOULD ACTUALLY BE FOUND IN THE FIELD IN A FULL
SCALE FROGRAN.

VARIANCES. EROM. FLANS

THE YELLOWKNIFE RETROFITTED HOUSES HAD THE FOLLOWING VARIANCES FROM
THE DRAWINGS FREPARED BY SOLARCTIC:

1. DrawIing No. H2: GSOFFIT SECTION E: 6 MIL. VAPOUR EARRIER WAS
ELIMINATED AT THE SOFFIT AND ACOUSTICAL SEALANT WAS NOT USED ON
THE STYROFOAM RIGID INSULATION.

2. bGaeLE SEcTION EL: INSULATION AND 6 MIL. POLYETHYLENE. AIR
EARRIERS WERE NOT INSTALLED ON THE GARLE ENDS.

INEILTRATION.JESIS

INFILTRATION TESTS MWERE CARRIED OUT ON THE YELLOWKNIFE UNITS EBEFORE
AND  AFTER  CONSTRUCTION. THESE  TESTS MERE  CARRIED OUT  BY
NoR-SASK-AIR  LEAKAGE CONTROL OF SASKATOONs SASKATCHEMAN.  THE
RESULTS ARE INCLUDED aS APPENGIX 'D°. NOTE THAT THE INFILTRATION
INTO THE HOUSES DID NOT  DECREASE SIGNIFICANTLY  AFTER THE
INSTALLATION OF THE NEM CEILING VAFOUR EARRIER. 1IN FACTs ONE UNIT
SHOWED A 507 INCREASE IN INFILTRATION AFTER THE WORK WAS CARRIED
ouT.

Qur OWN EXPERIENCE INDICATES THAT THIS RESULT IS TO BE EXFECTED. IN
UNITS ME HAVE ASSESSED THROUGH THERMOGRAPHY, THE MAJORITY OF
INFILTRATION  AND EXFILTRATION OCCURS AT THE FLOOR/WALL/ AND
MALL/CEILING INTERFACES. THE INCREASED INFILTRATION IN ONE UNIT MWAS
FROBABLY CAUSED BY RACKING OF THE HOUSE A5 IT SHIFTED ON ITS FADSy A
"NORMAL" PHENOMENON ASSOCIATED WITH SEASONAL GROUND FLUCTUATIONS.

TESTING. FROGRAM
FRESSUREs TEMFERATURE AND RELATIVE HUMIDITY READINGS WERE ORTAINED
PERIODICALLY IN YELLOWKNIFE FroM 1 MarcH 1982 10 12 AprIL 1983.

FIELD DATA COLLECTED IS CONTAINED IN APPENDIX "F'. SEE 4.1 TESTING
PROGRAN.
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9.6

NEUTRAL. FLANE [RSERVATIONS

FRESSURE READING TAKEN THROUGH WALL TUBES WAS USED TO CALCULATE
HEIGHT OF THE  NEUTRAL PRESSURE FPLANE (THE HEIGHT AT  WHICH
INFILTRATION CHANGES TO EXFILTRATION). FRESSURE READINGS WERE TAKEN
WITH THE STACK VENT BOTH OPEN AND CLOSED.

THE NEUTRAL FRESSURE FLANE WAS APPROXIMATELY 2,000 MM AROVE THE

FLOOR WITH THE STACK VENT CLOSED, AND 2,400 MM AEOVE THE FLOOR WITH
IT OFENM.

SEE 5.9 FOR DISCUSSION ON OPERATION AND EFFECTIVENESS OF STACK
VENTS.

Eerarive HuMinIry. OESERVATIONS.

VERY LITTLE CHANGE HAS BEEN NOTED IN THE RELATIVE HUMIDITY CHARTS,
WITH MINOR EXCEPTIONS AT BATH TIME, LAUNDRY TIME, ETC.

KELATIVE HUMIDITIES CHARTED REMAINED AT APFROXIMATELY 287.

R.H. MEASUREMENTS TAKEN THROUGH TUBES INDICATE THERE IS A FOTENTIAL
FOR ROTTING OF STUDS OR JOISTS IN SOME LOCATIONS (I.E.r» Y40Z R.H. AT
20 C). THESE ARE WINTER MEASUREMENTS. OSFRING AND SUMMER CONDITIONS
MAY EE WORSE.

(QBSERVATIONS. WITHIN THE AITIC SEACE

OBSERVATIONS REVEALED THAT SOME LEAKAGE IS DCCURING INTOD THE ATTIC
SPACE IN SFPITE OF THE NEW VAPOUR BARRIER INSTALLATION. VAPOUR
LEAKAGE OCCURRED WHERE  THE VAPOUR BARRIER IS [DISCONTINUOUS,
ESPECIALLY WHERE THE TRUSS CHORDS JOINED.

HEAVISET FROST BUILD-UF WAS ON THE GABLE ENDS, WITH A UNIFORM HOAR
FROST ON THE SHADED SIDE OF THE HOUSE.

AT THE TIME OF INSPECTION THERE WAS APPROXIMATELY 200 MM OF SNOW
COVER ON THE ROOFS. THE SNOW'S INSULATING VALUE RAISES THE
TEMPERATURE OF THE UNDERSIDE OF THE ROOF SHEATHING A SMALL AMOUNT
ABEOVE THAT EXFERIENCED ON THE GAELE ENDS. MNOISTURE ENTERING THE
ATTIC CONDENSES ON THE COLDEST SURFACE AVAILABLE. THE END GAEBLES
ACT AS COLLECTOR PLATES FOR THIS WMOISTUREs AND AREs IN A SENSEs
SACRIFICAL ANODES. (THIS IS SIMILAR TO THE FAMILY AUTOMOBILE WHERE
FORST SHIELDS, WHICH ARE SLIGHTLY MWARMER THAN THE WINDOWSs STAY
FROST FREE WHILOE THE WINDOWS FROST UP).

TIMBEER MOISTURE READINGS MWERE IN THE 18 7O 257 MOISTURE CONTENT
KANGEs INDICATING A RELATIVE HUMIDITY IN THE ATTICS oF 80 TO 95%.
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A SIGNIFICANT MOISTURE DIFFERENCE WAS NOTED BETWEEN THE SHADED AND
SUNNY SIDES OF THE HOUSES. AS WELL», DAMPNESS WAS DETECTED IN THE
INSULATION ON THE SHADED SIDE. INDICATIVE OF MELTED FROST.

(pERATION. AND. EFFECTIVENESS. OE. STACK VENIS

THE TEMPERATURE ANDI HUMIDITY CHART RECORDERS INDICATED VARY LITTLE
CHANGE IN RELATIVE HUMIDITY REMAINED AT APFROXIMATELY 287 1IN ALL
UNITS. IN TESTS WHERE THE STACK VENTS WERE DELIRERATELY OFENED.
THERE WAS NO NOTICEAELE CHANGE IN RELATIVE HUMIDITY READING OVER THE
CLOSED STACK CASE.

STACK  VENTS  GENERALLY RAISED THE  NEUTRAL  PRESSURE FPLANE
AFFROXIMATELY 0.4 METRE. COMMENTS BY THE TENANTS GENERALLY INDICATE
THAT THE UNITS AFPEAR TO BE COLDER THAN THEY WERE BEFORE RETRO-FIT.
THIS IS CONSISTENT WITH THE FACT THAT THE HOUSES ARE VIRTUALLY AS
"LEAKY" AS BEFORE, AGGRAVATED BY OUTSIDE AIR DRAWN INTO THE BUILDING
AT TH§ FLOOR/WALL JUNCTION. (THE LOWEST POINT IN THE STACK PRESSURE
FLANE).

IT I5 OUR OPINION THAT THE STACK VENT APPROACH TO DE-HUMDIFICATION
ANDY PRESSURE PLANE WOVEMENT IS CONTRARY TO THE DESIGN OBJECTIVES FOR
ARCTIC HOUSING. IN THE PAST, THE ARCHITECTURAL COMMUNITY HAS TAKEN
GREAT PAINS TO DELIVER A MWARM FLOOR SYSTEM MWITH AN EVOLUTION AS
FOLLOKWS.

1. INCREASING THE FLOOR INSULATION VALUES IN AN ATTEMPT TO
ELIMINATE THE COLD FLOOR SYNDROME NOTICED BY OCCUPANTS MITH
COLD FEET AND ROASTING HANDS.

2. MODIFICATION TO INCREASED INSULATION WITH A FALSE SUEB-FLOOR
WARMED BY FORCED AIR. THIS APPROACH PROVED VERY COSTLY TO
CONSTRUCT » AND IN GBOME  CASES  PROVED DISASTROUS MHEN
INFILTRATION OCCURRED AT THE WALL PLATE LEVEL, ABOVE THE
INSULATION BUT BELOM THE FLOORING.

1. REFLECTIVE FOIL WAS INCLUDED ON THE BOTTOM OF THE FALSE SUB-
FLOORy TO REFLECT HEAT FROM LOMER LEVEL BAKC INTO THE SFACE»
ELIMINATING THE COLD FLOOR. THIS SYSTEM DID NOT PERFORM ANY
BETTER THAN THE ORIGINAL FALSE FLOODT SYSTEM AND ADDED EVEN
FURTHER COST.

4. FLACEMENT OF AN AIR EARRIER ON THE COLD SIDE OF THE FLOOR
INSULATION. THIS APFROACH FROVED TO WORK VERY MELL. HOWEVER:
THE USE OF G MIL. POLYETHYLENE, THE BEST MATERIAL AVAILAELE
AT THE TIME, VIOLATED THE BUILDING CODE. TESTS ON THE SYSTEM
REVEALED THAT NONE OF THE PROEBLEMS OF WET INSULATION Ok CONDEN-
SATION OCCURRED IN THIS BOTTOM PLANE, SINCE AIR MOVEMENT IS
STRICTLY INFILTRATING AT THIS LEVEL. COLD OUTSIDE AIR BEING
ORAWN INTO THE HOUSE DE-HUMDIFIES AS IT WARMS UP.

THE LATEST VARIATION ON THIS APPROACH USES A "TYVEK"™ AIR
EARRIER AS AN ALTERNATE TO POLYETHYLENE FILM.
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Ta STACK DAMPERS WERE INSTALLED ON HEATING APPLIANCES TO LOWER THE
NEUTRAL PRESSURE PLANE AND REDUCE FLOOR LEVEL INFILTRATION
PRESSURES. STACK DAMPERS GSHUT OFF EXHAUSTING OF AIR WHICH
NORMALLY OCCURS AT THE DRAFT REGULATOR.

AS CAN BE SEENs, THE STACK VENT APPROACH TAKEN IN THIS PROJECT
15 180 DEGREWS TO PREVIOUS EFFORTSs MWHICH EVOLVED 0UT OF
NECESSITY FOR COMFORT AND IN THE INTERESTS OF REDUCING BUILDING
FUEL CONSUMPTION.

ALONG MWITH THE AEOVE AFFROACHES, BETTER DETAILING IN CEILING
AIR/VAPOUR EARRIERS HAS RESULTED IN ROOF SYSTEMS WHICH TO DATE
D0 NOT AFFEAR TO GIVE GSIGNIFICANT FROELEMS.  HOMEVERs THESE
HOUSES HAVE NOT REACHED THE END OF THEIR USEFUL LIFE AND MANY
MORE YEARS OF OBRSERVATION WILL BE REQUIRED TO ENSURE THAT THE
CEILING BARRIERS ARE IN EFFECT EFFECTIVE.

SUMMER. (IRSERVATIONS. - YELL OWKNIFE

THE YELLOWKNIFE VAPOUR BARRIER UNITS WERE VISITED o 14 & 15 Jury
1987 70 DETERMINE ATTIC MOISTURE LEVELS IN THE SUMMER TIMEs AND THE
FOTENTIAL FOR ROT IN THE STRUCTURAL MEMEERS.

On 14 JuLYs THE EXTERIOR Wa5 27 Cs  SUNNYs WITH A RELATIVE HUMIDITY
oF 38%, THE TEMPERATURE IN THE INSULATED AND NON-VENTED ATTICS WERE
APFROXIMATELY 50 Cy AT THE PEAK AND 26 [ IN THE CEILING INSULATION.
TRUSS MOISTURE CONTENT WAS LESS THAN 97 IN THE UPFER CHORDS (EXPOSED
TO THE AIR) AND 12 - 14Z IN THE LOWER CHORDS (BURIED IN THE CEILING
INSULATION).

On 15 JuLY THE WEATHER HAD CHANGED TO 16.7 Cr 827 RELATIVE HUMIDITY,
OVERCAST TO RAIN. TEMPERATURES IN THE INSULATED, NON-VENTED ATTICS
WERE 19-22 C AT THE PEAK AND 21-22 C IN THE INSULATION. TrRUSS
MOISTURE CONTENT IN THE EXFOSED UPFER CHORDS (EXFOSED TO ATTIC AIR)
WAS LESS THaN 97 ann 11-127 IN THE LOMER CHORD (BURIED IN THE
CEILING INSULATION).

THE RECORDED TIMBER MOISTURE CONTENTS INDICATE A LONG TERM RELATIVE
HUMIODITY IN THE ATTIC AIR OF APFROXIMATELY 55 70 707 R.H. AT THE
INSULATION LEVELs AND LESS THaN 507 R.H. IN THE AIR.

Eskimo Foinr "E.OM" UnIT $227

Ay InsTaLtarIon. - Eskimo Foint E.0.M.. #2227

EskiMo FOINT UNIT $#222s WHICH HAD BEEN UPGRADED UNDER THE LOCAL
HOUSING  AUTHORITIE’S ‘"EXTRAORDINARY  MAINTENANCE" (E.D.H.)
FROGRAMME MAS EXAMINED.
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E)

THIS UNIT DID NOT HAVE A NEW METAL ROOF. THERE HAD, HOWEVER,
EEEN A RADICAL UPGRADING.  THE ENTIRE CEILINGs VAPOUR BARRIER,
AND CEILING INSULATION MERE REMOVED AND REFPLACED. ALTHOUGH THE
KOOF VENTILATION FPIPES WERE STILL IN FLACEs THE INLET PIFES
FROM EBELOM THE HOUSE WERE ELOCKED BY THE INSULATION. (THIS
UNIT IS TEN ESSENTIALLY A "YELLOWKNIFE SOLUTION"))

FROM ALL VISIBLE INDICATIONS, AND IN [DISCUSSIONS WITH WORKMEN
INVOLVEDs THE WORKMANSHIF ON THIS UNIT AFPEARS VERY GOOD. THE
VAPOUR BARRIER AFPPEARED TO BE LAPPED AND WAS REFORTEDLY CAULKED
AT THE JOINTS. HOWEVERs THE VAFOUR BARRIER WAS NOT SEALED AT
THE ELECTRICAL FIXTURES, AND IT WAS NOT DETERMINED HOM THE
VAFOUR BARRIER HAD BEEN INSTALLED AT THE TOP OF EXISTING
FARTITIONS.

(QBSERVATIONS - UNIT $#222 - FEskiwa PDINT

EVERYHHERE IN THIS ATTIC MWE FOIUND EXTREME FAILURE TO CONTROL
FROST AND MOSITURE BUILD-UP. ALL SHEATHING AND TRUSS MEMRERS
WERE COVERED WITH HOAR FROST. THE INSULATION WAS WET, WITH THE
TOF THIRD FROZEN. FROST WAS ESPECIALLY HEAVY NEAR THE HATCH
OFENING.

TEMPERATURE GRADIENT RECORDED IN THIS ATTIC uWaS FroM -4 C 10 0
Cy SLIGHTLY COLDER THAN THE OTHER AVERAGE TEMPERATURES.

TIMEER MOISTURE CONTENT READINGS INDICATE AN ATTIC RELATIVE
HUMIDITY OF AFPROXIMATELY B0-90%Z. 1IN AREASs HOWEVER THE WOOD
WAS SATURATED.

CEILING PIPE VENTS 1IN THIS HOUSE WERE COVERED BY THE
INSULATION.

METAL.ROOE. RETRO-EITS

MeTal Epge InSTaLLATION. - LCAMERIOGE. Hay - SITE VISIT

A)

E)

Four Houses (No. 118, 121, 122, 124> MITH THE METAL ROOF
RETRO-FIT PACKAGE INSTALLED WERE INSFECTED IN CAMERIDGE BAY
FroM 17 10 19 MARCH, 1983,

THE MATERIAL FACKAGES FOR THE CAMBRIDGE BAY ROOF RETRO-FITS
WERE SUPFLIED BY THE NORTHWEST TERRITORIES HOUSING CORPORATION,
VIA A MATERIALS ONLY TENDER. INSTALLATION OF THE MATERIALS WAS
SUPERVISED BY A LOCAL ARCHITECT: ACTING ON BEWALF OF THE
N.W.T.H.C. THEREFORE, THE AMOUNT OF SUPERVISIONs, AND FOSSIBILY
LABOURy WHICH MWENT INTO THE CAMVBRIDGE FHAY RETRO-FITS IS
SOMEMHAT HIGHER THAN THAT MWHICH WOULD BE EXFERIENCED WITH A
GENERAL CONTRACTOR.
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c)

0

E)

THE COMPLETE RETRO-FITTING OF THE CAMBVRIDGE EaY UNITS IS5 EBEING
STAGED OVER THO OR MORE YEARS. THE MONITORING DONE TO DATE HAS
BEEEN ON PARTIALLY COMPLETED UNITS. CONTRARY TO THE DRAWINGS,
THE CEILING INSULATION HAS NOT BEEN REMOVED, AND NO CEILING
VENTS WERE INSTALLED. THE ATTIC SPACES ARE THEREFORE FLOATING
AT AN INTERMEDIATE TEMPERATURE BETWEEN THAT OF THE HOUSE AND
THE %675§IBR. (OBESERVED ATTIC TEMPERATURES WERE BETWEEN - 0.5
AND .

FREMEDIAL WORK TO THE FPAD BEARING STRUCTURE OF THE HOUSE,
UPGRADING OF THE INTERIOR FINISHESy AND "TIGHTENEING' OF THE
HOUSE ARE TO BE [DONE AS PHASE TWO OF THE RETRO-FIT PROGRAMs IN
THE SUMMER OF 1983.

WALL AND CEILING VENT TURES WERE INSTALLED IN THE FOUR UNITS IN
CAMERIDGE EAYs, WITH ONE AT THE PRASEROARD LEVEL, ONE AT WAIST
LEVELy AND ONE IN THE CEILING ON EACH OF THE FOUR WALLS OF
THREE UNITS. (BASEEOARD AND HIGH LEVEL WALL UNITS ONLY IN UNIT
122). DRY AND WET BULE TEMPERATURE READINGS WERE TAKEN MITH
THE DIGITAL PSYCHROMETERs AND FPRESSURE READINGS WERE OBTAINED
WITH THE PRESSURE GSENSOR AND THE ELECTRONIC MANOMETER. A
VISUAL INSPECTION FOR FROST BUILD-UP WAS CARRIED OUT IN ALL
FOUR ATTICS. THE TIMEER MOISTURE METER MAS USED TO MEASURE THE
MOISTURE CONTENT IN THE TRUSSES IN TWO OF THE UNITS.

GENERAL. DRBSERVATIONS. - LAMERIDGE. BAY

THE CAMBRIDGE BaY UNITS, MITH ONE EXCEPTIONs WERE IN WORSE
SHAPE THAN THEIR YELLOWKNIFE COUNTERPARTS. HIGHER INFILTRATION
LEVELS MWERE NOTED, ESPECIALLY IN HIGH WINDS. ALL CEILINGS
SHOWED EXTENSIVE MWATER DAMAGE FROM FROST MELTING IN PREVIOUS
YEARS. WOOD WINDOWS WERE DETERIORATING FROM CONDENSATION.

THE AIR IN THE ATTIC SPACE WAS AT THE GAME TEMPERATURE AS THE
HOUSE AIR.

THE wALL TEMPERATURE READINGS SHOMED A CONSISTENT TEMPERATURE
GRADIENT, DROPPING FROM THE CEILING TOWARDS THE FLOOR.

ATTIC. OBSERVATIONS. . .LAMBRIDGE. EaY
THE READER IS REMINDED THAT THE CEILING INSULATION IN THESE
ATTICS WAS NOT REMOVED, AND THAT THE ATTIC TEMPERATURE MAS

AFPROXIMATELY 4 To 6 CELSIUS WITH A MEASURED RANGE oOF -0.5 TO
10 RANGE.
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F)

G}

CEILING INSULATION WAS REPORTEDLY MET FROM PREVIOUS YEARS.
THIS MAY ACCOUNT FOR SOME OF THE MOISTURE FOUND IN THE ATTIC
SPACES.

FROST ACCUMULATION MAS NOTED IN THE DEAD AIR SPACE AT THE
EAVESy ALONG THE UPPER TRUSS CHORD AT THE  GABLE ENOs ON THE
SCREM HEADS WHICH FENETRATED THE FROOF SHEATHING AND AT THE
ELECTRICAL  SERVICE  ENTRANCE. FROST AT THE EAVES WAS
CONTINUOUSs AFPPROXIMATELY 200 7O 400 wIpes anp 10 17O 15 MM
THICK. (VISUAL ESTIMATE ONLY).

NOTED FROST DOES NOT APPEAR TO BE HEAVY ENOUGH TO CAUSE DAMAGE,
WITH THE FOSSIBLE EXCEFTION OF ALONG THE EAVES.

A TEMPERATURE DIFFERENTIAL BETWEEN THE UNDERSIDE OF THE ROOF
DECK AND THE TOP OF THE INSULATION OF APPROXIMATELY 2 TO Y
DEGREES WAS NOTED. A TEMPERATURE DIFFERENTIAL OF APPROXIMATELY
17 DEGREES WAS NOTED ACROSS THE CEILING INSULATION.

Truss MoISTURE. CONTENT. - CAMERIDGE. EAY

MOSITURE CONTENT READINGS WERE TAKEN IN THE WOOD TRUSSES AT
THREE POINTS. THE UPPER CHORDs THE TOP OF THE LOWER CHORD AND
THE EOTTOM OF THE LOWER CHORD. MOSITURE CONTENT IN THE TOF
CHORD WAS AFPROXIMATELY 187 70 207%Z. THE TOP OF THE LOWER CHORD
WAS APFROXIMATELY 8% TO 17%s AND THE EOTTOM OF THE LOWER CHORD
MAS LESS THAN 97, THE LOWEST READING ON THE METER. THIS IS A
SIGNIFICANT MOISTURE GRADIENT ACRDSS THE ROTTOM CHORD OF THE
TRUSSs A SUSPECTED CAUSE OF TRUSS UPLIFT.

READINGS OBTAINED ON THE TOP OF THE LOWER CHORD WERE VARIAELE,
AND  SEEMED DEPENDENT ON THE LEVEL OF THE INSULATION ADJACENT
TOI THE CHORD. IN CASES WHERE THE INSULAITON COVERED THE LOMWER
CHORDYy THERE WAS NO MOISTURE GRADNIENT, MITH A READING OF LESS
THAN 9% OBTAINED BOTH AT THE TOF AND THE BOTTOM OF THE CHORD,
INDICATING A POTENTIAL SOLUTION TO TRUSS UPLIFT PROBLEMS.

PrRESSURE. JESIS. - LaMRRIDGE. BAY

IT 15 SIGNIFICANT THAT THERE WAS NO FRESSURE GRADIENT ACROSS
THE ORIGINAL CEILING AND VAPOUR BARRIER. THIS COULD ONLY BE
ACCOMFLISHED BY THE METAL ROOF RETRO-FIT BEING ESSENTIALLY AIR
TIGHT, STOPFING INFILTRATION.

CONVERSION OF TEMPERATURES AND RELATIVE HIMIDITIES ACROSS THE
CEILING INDICATE THAT THE ATTIC AND HOUSE ARE IN A MOISTURE
ERUILLIERIUN.

WITH NOR FRESSURE GRADIENT TO MOVE AIR THROUGH THE CEILING»
MOISTURE IS ONLY TRANSMITTED BY THERMALLY INDUCED MOISTURE
TRANFUSIONy WHICH WOULD ACCOUNT FOR THE LOW MOISTURE LEVEL IN
THE ATTICS.

MOISTURE CONTENT IN THE ATTIC WOULD REMAIN IN BALANCE WITH THE
HOUSE AIR, WITH SOME TIME LAG BETWEEN EQUILIBRIUM FOINTS.
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6.2
6.8

6.9

6.10

6.11

6.12

ESKIM0. EOINL

METAL.RODE. INSTALLATION. - ESKIHO. EOINT

Al

THE MATERIAL PACKAGES SUPPLIED BY N.W.T. Housing CORPORATION
FOR THE METAL ROOF INSTALLATIONS IN ESKIMO POINT WERE SIMILAR
To THOSE 1IN CaMERIDGE Bay.  HOWEVER: THE INSTALLATION HWAS
CARRIED OUT EY A LOCAL CONTRACTOR, UNDER "NORMAL" INSPECTION
FROCEDURES BY N.W.T. HousING CORPORATION.

IesrinG. FROCEQURES. - ESKIMO. FOINT

A)

NO WALL MONITORS MWERE INSTALLED IN ESKIMO POINT. A VISUAL
INSFECTION FOR EVIDENCE OF FROST Ok MOISTURE WAS CARRIED OUT IN
EACH ATTIC. TEMPERATURE READINGS WERE TAKEN AT THE TOF AND
EOTTOM OF THE ATTIC SPACE WITH THE DIGITAL PSYCHROMETER. THE
TIMBER MOISTURE METER WAS USED TO MEASURE THE MOISTURE CONTENT
IN VARIOUS PARTS OF THE WOOD ROOF TRUSSES.

Srre.Misir.- EskiMo FoINT

Al

E)

THE COMMUNITY OF ESKIMO FOINT WAS VISITED ON 7 & B APrRIL 1983.
THE ATTICS OF FOUR METAL ROOF RETRO-FITS WERE EXAMINRD (UNITS
No. 230, 239, 243, aND Z214). THESE UNITS WERE ESSENTIALLY
SIMILAR TO THE CAMBRIDGE BAY UNITS.

TWO UNITS WHICH HAD REEN UPGRADED UNDE THE LDCAL HOUSING
AUTHORITY’S "EXTRAORDINARY MAINTENANCE" (E.0.M.) FPROGRAM WERE
ALS0 EXAMINED. THESE HOUSES DI NOT HAVE A NEW METAL ROOF.
HOWEVERy UNIT 227 HAD BEEN RETROFITTED WITH A COMPLETELY NEM
CEILING» VAPOUR BARRIERy AND INSULATIONs (A VARIATION ON THE
YELLOWKNIFE VAFOUR BARRIER RETRO-FITS). THE OTHER UNIT (NO.
208) HAD BATT INSULATION INSTALLED ON THE UNDERSIDE OF THE
KOOF SHEATHING.

GENERAL. LONDITIONS. - ESKIMO. EOINT

A)

a)

THE WORKMANSHIFP ON THE ESKIMO FOINT METAL ROOF INSTALLATION
AFFEARED VERY GOODs ERUAL TO THAT FOUND IN CAMBRIODGE Bay. THE
EskiMo POINT UNITS WERE GENERALLY IN RETTER SHAPE THAN THEIR
CAMBRIDGE BAY COUNTERPARTS.

As IN CAMERIDGE BAYs THERE MAS A VAFOUR BARRIER AND INSULATION
AT THE CEILING LINEy AN UNVENTED ATTIC SFACE AND RIGID
INSULATION ON TOFP OF THE ORIGINAL ROOF DECK, (A& NEW METAL
ROOF). IT APPEARED THAT THE CEILING INSULATION HAD EEEN
REFLACED AT THE TIME OF THE METAL ROOF RETRO-FIT.
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G.

3

A TEMEPRATURE DIFFERENTIAL OF APPROXIMATELY 5 C WAS RECORDED
BETWEEN THE UNDERSIDE OF THE ROOF DECK AND THE TOP OF THE
INSULATION. RECORDED ATTIC TEMPERATURES WERE SOMEMHAT LOMWER IN
EskiMo FOINT THaN IN CaMerIDGE Bay (-4 C 10 +5 [), PROBABLY A
FUNCTION OF THICKER AND ORIER CEILING INSULATION.

OF THE FOUR UNITSs THO HAD NO VISIBLE FROST BUILD-UPy ONE HAD
VERY SLIGHT BUILD-UPs AND ONE UNIT (#239) HAD EVIDENCE OF GABLE
AND  EAVE FROSTING SIMILAR TO THAT FOUND IN CAMERIDGE Bay. THE
EskIMn FOINT VISIT WAS THREE WEEKS LATER THAN THE CaMERIOGE Bay
VISIT AND THE ATTIC FROST SHOMED NOTICEABLE DEGRADATION,
POSSIELY DUE TO THE HIGHER SOLAR LOADING ON THE ROOFS.

MOISTURE CONTENT READINGS WERE TAKEN IN THE WOOD TRUSSES AT
THREE PODINTS. THE UPPER CHORDs THE TOP OF THE LOWER CHORDs AND
THE EOTTOM OF THE LOWER CHOD. THREE OF THE UNITS RECORDED LES
THAN 97 MOISTURE CONTENT AT ALL LOCATIONS INGDICATING LESS THAN
407 RELATIVE HUMIDITY IN THE ATTIC AIR. THE FOURTH UNIT (#239)
HaD MOISTURE CONTENT READINGS oOF 20 To 23%Zy A RESULT OF
RELATIVE HUMIDITY OF APPROXIMATELY 907 1IN THE ATTIC AIR.
ENCLOSED FPHOTOGRAFHS SHOM SATURATED PLYWOOD  AND  FPOSSIBLE
FLYWOOD DELAMINATION. THE RELATIVE HUMIDITY 1IN THIS HOUSE
($2719) was 19%Z, SIGNIFICANTLY LOMER THAN OTHER THREE HOUSES AT
31 10 377 R.H.

OBSERVED SOMWHAT PERFORMANCE OF THE ESKIMO FOINT METAL ROOF
RETRO-FIT WAS BETTER THAN IN CAMBRIDGE BAY, WITH THREE OUT OF
THE FOUR HOUSES SHOWING NO FROST» AND ORY ATTICS.

UARIATIONS BETWEEN THE TWO LOCATIONS INCLUDE:

1> CLIMATIC DIFFERENCESs AND INCREASED SOLAR LOAD AT TIME OF
INSPECTION

2} AMOUNT OF CEILING INSULATION - (200 MM IN ESKIMO POINT V.5.
100 MM IN CAMBRIDGE Bay). CEILING INSULATION MAY HAVE EBEEN
ORIER IN ESKIMO FOINT.

3} THE ESKIMO FOINT HOUSES WERE IN BETTER CONDITION THAN THE
CaMERIDGE BAY HOUSES.

4> CaAMBRIDGE EAY HOUSES HaD WOOD FIBRE TILE (300 x Z00) WHILE
EskimMo FOINT HOUSES HAD 600 x 1200 HARDEDARD TILE SHEETS.

5) FPOSSIELE DIFFERENCES IN USE FATTERNS BETWEEN THE THO
COMMUNITIES.

EAKER. LAKE

Al

SITE. VI51T. - HaKER. LAKE

THE COMMUNITY OF BAKER LAKE WAS VISITED oN 19 January 1984,
DUE TO WEATHER CONSTRAINTSy ONLY THREE UNITS (#148, 149 anD
150> WERE COMPLETED AND AVAILARLE FOR TESTING AT THE TIME OF
THIS REFORT.
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B)

c)

o

E)

SUBSERUENT TO THE OBSERVATIONS IN A FRELIMINARY VERSION OF THIS
REFORTy REVISIONS WERE MADE TO THE METAL ROOF CONSTRUCTION
SYSTEM.

DEEP METAL Z-BAR GIRTS AT 1500 ON CENTRE WERE SCREWED (TO THE
FLYWOOD SHEATHING) ON TOP OF THE EXISTING SHINGLESs THE VOID
WAS FILLED MITH EATT INSULATIONs AND THE METAL ROOF MAS
INSTALLED ON THE Z-BARS.

THESE REVISIONS WERE MADE TO DECREASE THE COST OF THE
INSTALLATION AND INCREASE THE THERMAL RESISTANCE OF THE ROOF
ASSENMEBLY.

JESTING. PROCEDURES. - BAKER. L AKE

UISUAL INSPECTIONS FOR FROST BUILD-UF AND TRUSS MOISTURE
READINGS MWERE TAKEN IN THE ATTICS OF THREE UNITS. ATTIC
TEMPERATURE READINGS MWERE TAKEN AT THE BOTTOM OF THE ATTIC
SPACE WITH THE THERMOMETER.

GENERAL. OBSERVATIONS. . BAKER.LAKE

THE THREE UNITS IN FEAKER LAKE WERE IN SIMILAR SHAPE TO THE
CaMERIDGE BAY AND ESKIMO POINT UNITS. THERE WAS EVIDENCE OF
EXTENSIVE MOISTURE DAMAGE TOD THE 300 x 300 w000 FIBRE CEILING
TILES.

OF THE THREE UNITS INSPECTEDs ONLY ONE UNIT HAD THE ORIGINAL
CEILING INSULATION FARTIALLY REMOVED, AND THE OTHER UNIT HAD IT
COMPLETELY REMOVED.

Ar1ic. OBSERVATIONS. - BAKER. .LAKE
L1 Unrr 148 (Cexi ing. Insutarion. INTACTY

ATTIC TEMPERATURE WAS 0 C. FROST BUILD-UF NOTED WAS CONSISTENT
MITH UNITS IN CAMBRIDGE EAY anND ESKIMO FOINT, E.G. ALONG THE
EAVESy AND AT COACH SCREMS.

THERE WAS AN OBVIDUS THERMAL BRIDGE AT THE METAL Z-GIRTS, WITH
A CONTINUOUS FRSOT LINE BENEATH EACH GIRT, BOTH ON THE ROOF
SHEATHING AND THE GABLE ENDS.

THE KITCHEN AND WASHROOM VENTS WERE AN OBVIOUS THERMAL BRIDGE,
WITH FROST ACCUMULATING ON THEIR EXTERIOR. A SERIOUS LOCALIZED
PROBLEM WAS NOTED WHERE CONDENSATION FROM THE KITCHEN EXHAUST
HADY MELTED, SATURATED THE INSULATION, AND FORMED AN ICICLE
BENEATH THE VENT.
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6.4

en

.2 Unirs 148 & 149 - (CEILING.INSULATION. REMOVED).

AS EXPECTEOs THE TEMPERATURES IN THESE ATTICS WITH CEILING
INSULATION REMOVED WERE MUCH HIGHER (14 T10 10 [).

A SLIGHT FROST BUILD-UP WAS NOTED ALONG THE EAVES. EXPOSED
SCREWS WERE MET.

In UnIT #149, FROST WAS NOTED ON THE GABLE METAL GIRTs BETWEEN
THE GIRT AND THE POLUYETHYLENE HATCH COVER.

HALL. EEACH.
Hatt BeacH MeTar. Kooe RETRO-EIIS

INCLUDED IN THIS REFORT ARE PHOTOGRAFHS TAKEN BY N.W.T. HOUSING
CORFORATION OF ATTICS 1IN UniTs 118, 121, aND 122 1IN HaLb BeEaCH,
N.W.T. THESE UNITS HAD METAL ROOF RETRO-FITS SIMILAR TO CAMERIDGE
Bay anD ESKIMO FOINT, BUT CEILING VENTS WERE REPORTEDLY INSTALLED.
THUSs THE ATTIC SPACE SHOULD RE AT THE SAME HUMIDITY AND NEARLY THE
SAME TEMFERATURE AS THE HOUSE BELOM.

NGO TEMPERATURE, MOISTURE CONTENT, OR RELATIVE HUMIDITY DATA IS
AVAILABLE FOR THESE HOUSES.

FROM THE PHOTODGRAFPHSs IT APPEARS THAT UNIT 118 IS FREE OF ANY FROST
BUILD-UPy WHILE UNITS 121 aND 122 HAVE FROST ON THE EXPOSED SCREWS,
DN THE GABLE AND TRUSSESs AND ALONG THE EAVES. THIS IS CONSISTENT
WITH OBSERVATIONS IN CaAMERIGE EaY, ESKIMO POINT AND BaKER LAKE.

FURTHER STUDY ON TEMPERATURE, MOISTURE CONTENT, EXISTENCE OF CEILING
ACCESS HATCHESs, SIZE AND LOCATION OF CEILING VENTS, ETC.», WOULD EBE
NEEDED TO EXPLAIN DIFFERENCES BETHMEEN THE TWO SLIGHTLY FROSTED
ATTICS AND THE DRY ONE.

Eskimp. FoInr. B 0.M.5.. UnIT. $208

A) INgTaLLaTION: THE LocaL EskIMo  FOINT HOUSING AUTHORITY
UPGRADED TWO HOUSESs WHICH ARE ESSENTIALLY VARIATIONS OF THE METAL
ROOF AND YELLOWKNIFE SOLUTIONS.

UniT #208 Hap 100 MM BATT INSULATION ADDED TO THE UNDERSIDE OF THE
ROOF INSULATION» HELD IN PLACE WITH WOOD STRAPPINGs IN ADDITION TO
THE EXISTING 150 MM OF CEILING INSULATION. NO ADDITIONAL VAFOUR
BARRIER MAS ADDED. THE ATTIC SPACE MWAS STILL VENTILATED vIA Two 150
DIAMETER PIPE VENTSs WITH AIR SUPPLIED FROM BENEATH THE HOUSE VIA
Two 150 [DIAMTER FIPES. (SEE FHOTOGRAFHS). THE INSULAITON USED
EENEATH THE SHEATHING REFPORTEDLY HAD EEEN REMOVED FROM ANOTHER HOUSE
WHICH HAD MOISTURE FROELEMSs AND HAD EREEN DRIED OUT OVER THE SUMMER.

B}  [(BRSERVATIONS.-.UNIT #208. - Eskimp FOINT

KECORDEDN ATTIC TEMFERATURE GRADIENT WaS FrROM 3 70 7 C AFPROXIMATELY
% DEGREES WARMER THAN IN THE METAL ROOF INSTALLATIONS.
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6.6

THERE WAS NO FROST VISIELE IN THE ATTIC SPACEy EUT THE SHINGLE NAIL
HEADS IN THE SHEATHING INSULATION HAD' A FROST COVERING.

MOISTURE CONTENT READINGS OF THE TRUSS INDICATE A RELATIVE HUMIDITY
OF 60% 1IN THE ATTIC AIR. A MOISTURE GRADIENT OF APPROXIMATELY 10%
MOISTURE CONTENT WAS FOUND ACROSS THE UPPER CHORDy MWITH THE TOF OF
THE CHORD NEAR THE FIBRE SATURATION FOINT. THE EBOTTOM CHORD, WHICH
WAS COVERED WITH INSULATION MAS ORY (LESS THAN 97 MOISTURE CONTENT).

AIR FLOW WAS DETECTED THROUGH THE CEILING LEVEL PIPE VENT,
INDICATING THAT THE VENTILATION SYSTEM IS WORKINGs AND THAT THE
ATTIC SFACE IS VENTILATED.

SUMMEE. (OBSERVATIONS.... CAMRRIDGE. HAY

Four CAMERIDGE BAY UNITS WERE RE-EXAMINED ON 7 AND 8 Jury 1983, 71O
MEASURE MOISTURE CONTENT OF THE TRUSSES AND DETERMINE THE POTENTIAL
FOR WOOD ROT AND STRUCTURAL DAMAGE.

4}  [EBESERVAIIONS

ExTERIOR WAS 16 Cy MEDIUM OVERCASTs 107 K.H.» WITH A& 10 TO 14 K.P.H.
EREEZE. THE TEMFERATURE IN THE ATTIC SPACE WAS APPROXIMATELY 19 C»
WITH TEMPERATURES ON THE UNDERSIDE OF THE CEILING INSULATION WAS
20-21 [ APPROXIMATELY THE SAME AS THE HOUSE INTERIOR.

TIMEER  MOISTURE CONTENTS ~ IN THE  EXFOSED UFFER CHORDS WERE
APPROXIMATELY LESS THAN 12 Z MOISTURE CONTENT, AND LESS THAN 97 IN
THE CHORDS BURIED IN THE CEILING INSULATION.

B) AIR..INEILTRATION.

IN THE FOUR HOUSES INSPECTED IN THE SUMMER» LIGHT LEAKS WERE VISIELE
ABOVE THE RIGID INSULATION ALONG THE EAVES. IN ONE HOUSEs LIGHT MAS
ALS0 VISTIRLE AT THE GABLE EAVE AND AROUND THE ELOCKED OFF VENTS.

THE FRESENCE OF LIGHT LEAKS IS AN INDICATION OF  WHERE AIR
INFILTRATION IS TAKING PLACE. AS NOTED IN THE WINTER OBSERVATIONS,
THE EAVES WERE WHERE THE HEAVIEST FROST BUILD-UP OCCURED.

IT HAS BEEN NOTED THROUGHOUT THE ARCTIC, ESPECIALLY IN MOBILE HOMES,
THAT SHMALL CRACKS IN AREAS OF EXFILTRATION MWILL EVENTUALLY SEAL
THEMSELVES ¥i7H +ROST. MOBILE “n#ES BECOME no1iCFEAELY WARMER AS THE
INFILTRATION/EXFILTRATION IS CUT LOWN BY THE FROST.

THE HETAL ROOF SYSTEM AFPEARS TO BE WORKING WELL: Faw7TIiALLY BECAUSE
THE SYSTEHW BECOMES AIR TIGHT THROUGH SELF-SEALING.
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7.1

A)  LOSTING. LIMITATIONS

ALL €OST DATA  EELOM WAS ORTAINEDE FrROM THE N.N.T. Housing
CORFORATIONs EBASED ON THEIR ACTUAL CONTRACT PRICES FOR THE WORK
CARRIED OUT.

THE CONTRACTS LET MWERE RELATIVELY SMALL» AND INCURRED SOMEWHAT
HIGHER COSTS DUE TO THE CONTRACTOR’S LACK OF FAMILIARIZATION
(LEARNING CURVE) AND THE RELATIVELY HIGH PERCENTAGE OF SUPERVISION
REQUIRED., WITH A LARGER NUMBER OF UNITS, SAVIUNGS SHOULD BE
REALIZED DUE TO ECONOMICS OF SCALE AND MORE COMPETTITIVE BIDDING.

CaMerIDGE FEAY AND ESKIMO FOINT FRICES ARE FROM 1982 CONSTUCTION
SEASON. BAKER LAKE PRICES ARE FROM 1987 seasoN. DUE TO STAGNATION
IN THE ECONOMY AND THE RESULTANT COMPETITIVE EIDDINGs THESE COSTS
CAN BE CONSIDERED AS COMPARABLEs WITH NO INFLATION FACTOR RERUIRED
EETHEEN THE TWO YEARS.

VENT STACK COSTS ARE FROM THE CONTRACTOR  INVOLVED WITH THE WORK.
YELLOWKNIFE LABOUR COSTS ESTIMATED AT 257 LESS THAN IN BAKER LAKE OF

 EskimMo FoINT.

NOTE THAT COSTING IN THE ARCTIC IS HIGHLY VARIAELEy SINCE FREIGHT

AIR TRAVEL, ACCOMMODATION, AND LOCAL LAEBOUR COSTS AND AVAILABILITY
VARY SIGNIFICANTLY FROM COMMUNIYT TO COMMUNITY.

g) Cos1s.0F. Varour. BARRIER RETRO-FIT

THE COST TO UPGRADE THE CEILING VAPOUR RARRIER» AND TO INSTALL NEMW
CEILING INSULATIONy GAELE ACCESS HATCHES, AND VENT STACKS WAS $9,060
PER UNITy BASED ON 5 UNITS.

AFPFROXIMATELY $1,127 OF THIS COST IS ATTRIBUTED TO THE VENT STACKs
WHICH WE FEEL IS UNNECESSARY.

THEREFOREs THE COST FOR THE VAPOUR BARRIER AND INSULATION RETRO-FIT
waS $7,937 PER UNIT (1982 - YK).

cy Cosis.Eor MEral. Roof RETRO-EIT

MATERIAL SUPPLY PACKAGES FOR THE ESKIMO FOINT ROOFS, (METAL ROOF,
AND RIGID INSULATION) WERE AFPROXIMATELY $8,000. AIR FREIGHT FROM
CHURCHILL, MANITOEA AND MARSHALLING AND  OFFLODADING ADDED AN
ADDITIONAL $2,500.

CAMBRIDGE EAY MATERIAL PACKAGES WERE $9,100 F.O.BE. YELLOWKNIFEy WITH
AN AVERAGE FREIGHT co0ST TO CaMerIDGE FEay oF $2,700, (A MIXTURE OF
AIR AND RARGE). THE DIFFERENCE EBETWEEN MATERIAL PRICES IN CHURCHILL
AND YELLOWKNIFE SHOULD BE NOTEDs AN INDICATION OF THE SHIFPING COSTS
T0 YELLOWKNIFE.
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MATERIAL SUPPLY PACKAGES FOR THE (MODIFIED) BAKER LAKE METAL ROOF
PACKAGES WERE $5,715 PER UNIT (A SAVING OF APPROXIMATELY $Z,700 OVER
THE ESKIMO FOINT ROOFS). BARGE FREIGHT COSTS TO BAKER LAKE WERE
$1,700 FER UNIT.

LAEDUR COSTS FOR THE METAL ROOF INSTALLATIONS WERE $3,300 PER UNIT
IN EskiMo FoINTs $3,200 PER UNIT INCAMEBRIDGE BaAYs aND $3,200 PER
UNIT 1IN BAKER LAKE. SINCE LOCAL CONTRACTORS WERE USEDs THERE WERE
NO TRANSFORTATION OR ACCOMMODATION COSTS IN THESE PRICES.

THE THEORETICAL PRICE FOR SUFPLY AND INSTALLATION OF THE MODIEIED
METAL ROOF RETRO-FIT SYSTEM IN YELLOWKNIFE, FOR COMFARISON PURPOSES
WOULD BE $5,315 FOR MATERIALSs %1,000 FREIGHT, $Z,400 FOR LARDUR,
FOR A TOTAL PRICE OF $8,715.

0y  Lost. LOMBARISON

THE VAFOUR BARRIER RETRO-FIT COST LESS MONEY THAN THE INITIAL METAL
ROOF SYSTEM.

1. MATERIALS REPRESENT 707 OF THE METAL ROOF COST (EXCLUSIVE OF
SHIFPING). SINCE THIS IS A CAPITAL INVESTMENT RESULTING IN
EXTENDED LIFE TO THE BUILDINGs THE ENTIRE COST SHOULD NOT EE
ASSESSED AGAINST THE MOISTURE CONTROL FPROGRAMs ESFECIALLY IN
THOSE INSTANCES WHERE THE HOUSE RERQUIRES RE-SHINGLING ANYMWAY.

2. THE LABDUR CONTENT IN THE VAPOUR BARRIER SOLUTION IS
APPROXIMATELY 677 HIGHER THAN IN THE METAL ROOF SOLUTION. THE
VAPOUR EARRIER SOLUTION WILL THUS INCUR GREATER COSTS IN THOSE
COMMUNITIES WHERE LAROUR MUST BE  FLOWN IN ACCOMMODATED.
(RETURN AIR FLIGHTS OF $400 10 $1200 FER PERSON AND HOTEL BILLS
oF $110 1o $130 PER DAY ARE COMMON IN THE ARCTIC).

THEREFORE» 1IN MORE REMOTE COMMUNITIES, THE METAL ROOF SYSTEM
WOULD RECOME RELATIVELY CHEAPER. CONVERSELYs WHERE LOCAL
LABOUR IS AVAILABLE, THE VAPOUR BARRIER APPROACH SUPPLIES MORE
LOCAL EMPLOYMENT.

3. THE GREATER MATERIAL WEIGHT IN THE METAL ROOF RETRO-FITS RESULT
IN SOMMHAT HIGHER SHIFPING COSTS TO THE REMOTE COMMUNITIES.

4. THE RELATIVE COSTS MUST BE EXAMINED IN LIGHT OF THEIR RELATIVE
PERFORMANCES, TO DETERMINE LOWEST COST/BENEFIT RATIO.

THE MODIFIED METAL ROOF SYSTEM 15 SIGNIFICANTLY LESS EXPENSIVE (33%)
THAN THE ORIGINAL SYSTEMs AND BASED ON YELLOWKNIFE PRICES, IS
ESSENTIALLY THE SAME PRICE AS THE VAPOUR BARRIER RETRO-FIT.

THE FOLLOWING FACTORS MUST EE CONSIDERED IN COMPARING THE THWO
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COST COMPARISON CHART

LocATION/CONSTRUCT ION

TYPE MATERIALS LABOUR
UAPOUR BARRIER RETRO-EIT
+ +

. YELLOWKNIFE -24323 - 5500

METAL. ROQE.
9100-1100

CaMerRIDGE Bay = 8000 $3200
EskiMo PoINT 8000 $3200
YELLOWKNIFEC(ESTIMATED) 8000 $2475
MODIEIED. METAL. ROOE.
BaKER LaKE 9315 $3200
YELLOWKNIFECESTIMATED) 9315 $2400

ToTaL

(EXCLUDING
FREIGHT TotaL  FREIGHT)
INCL. IN

MATERIALS 7933 7933

1100+2700

= 3800 15000 11200
2500C¢aIrR) 13800 11300
1100 11575 10475

1700(rarGe) 10215 8515

- 1000 8716 7715
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7.2

LAROUR. SKILLS KERUIRED.

FERFORMANCE OESERVATIONS AEOVE HAVE SHOWN THAT MOISTURE ENTERS THE
ATTICS WHERE METICULOUS ATTENTION HAS NOT BEEN PAID TO THE DETAILED
EXECUTION OF THE WORK.

IN THIS RESPECT, THE VAPOUR BARRIER SOLUTION IS MORE SUSCEPTIELE TO
FAILURE. THE VAPOUR BARRIER MUST BE FIT BETWEEN EXISTING TRUSSES,
IT HUST BE CONTINUOUSLY SEALEDs ALL CEILING LEVEL JOINTS IN THE
TRUSSES MUST BE SEALED, AND THERE IS LIMITED ACCESS AND LIGHT FOR
THE HWORKMEN. IN SPITE OF THE SUPERVISION AND SCRUTINY GIVEN TO THE
INSTALLATIONS IN YELLOWKNIFE, THERE WERE STILL GAFS IN THE VAPOUR
BARRIER. WE SUSPECT THAT OVER A LARGER NUMBER OF UNITSs WITH LESS
SUPERVISION, AND ESPECIALLY IN THE COMMUNITIES WHERE WORKMEN ARE
USUALLY RACING AGAINST WEATHER OR PLANNED FLIGHTS OUT, THAT THE
LEVEL OF WORKMANSHIP WOULD BE SIGNIFICANTLY FPOORER THAN IN THE
YELLOWKNIFE TEST HOUSES.

SINCE THE REGUIRED INSTALLATION PERFECTION IS UNLIKELY TO BE
ACHIEVED IN A LARGE SCALE FIELD APPLICATION, ESPECIALLY SINCE IT WAS
NOT ACHIEVED IN A RELATIVELY SMALL SCALE AND HIGHLY MONITORED TRIAL.
WE WOULD RECOMMEND SYSTEM REDUNDANCIES WHEREVER FOSSIELE, NOTABLY IN
THE CRITICAL VAFPOUR BARRIEKR.

THE METAL ROOF SOLUTION HAS LESS STRINGENT LABOUR REQUIREMENTS: THE

INSULATION IS LAID ON TOP OF THE EXISITNG ROOF» FREE FROM
OBSTRUCTIONs THE WORKMEN HAVE EASY ACCESS TO THE WORKy AND THERE IS

NO REQUIREMENT FOR THE METICULOUS VAPOUR SEALING REQUIRED IN THE
VAPOUR BARRIER SOLUTION.

COMEARISON..OF. MOISTURE. CONIROL. EEREORMANCE

.1 LIMITALION

MOISTURE CONTROL COMPARISONS ARE BASED ON A VERY LIMITED NUMEER
OF OBSERVATIONS AND UNITS.

.2 Vappuk. BarrRIER REIRO-FIT

FROST NOTED IN THE VAPOUR BARRIER RETRO-FIT HOUSES WAS LOCATED
ALONG THE NON-SOLAR LOADED SIDES OF THE HOUSE OR AT THE GAELES.

FROST ACCUMULATION DID NOT APPEAR SUFFICIENT TO CAUSE DAMAGE

UPON MELTING. HOWEVERs LARGE AREAS OF MOIST INSULATION WERE
NOTED (NON-SOLAR SIDE).
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7.4

Mexat Roof RETRO-EIT

FROST OBSERVED IN THE METAL ROOF INSTALLATIONS WAS CONCENTRATED
IN SPECIFIC, THERMALLY BRIDGED AREAS (GABLE ENDS AND NAIL
HEADS) AND IN THE DEAD AIR SPACES ALONG THE EAVES.

FROST ACCUMULATIONS DID NOT APPEAR SUFFICIENT TO CAUSE MELT
DAMAGEs WITH THE POSSIELE EXCEFTION OF HEAVY CONCENTRATIONS
ALONG THE EAVE LINES.

NO AREAS OF MOIST INSULATION WERE DETECTED. ALL METAL ROOFS
OBSERVED STILL HAD THE CEILING INSULATION IN PLACE.

MopI1r1en METaL RooE REIRO-EII

FROST OBSERVED WAS ALONG THE EAVES AND WHERE SPECIFIC THERMAL
BRIDNGES OCCURED, E.G. BENEATH THE METAL GIRTS.

AS AEOVEs FROST ACCUMULATION DID NOT APPEAR SUFFICIENT TO CAUSE
MELT DAMAGE WITH THE POSSIBLE EXCEPTION OF ALONG THE EAVES.

CoMparRISON. OF. PRIENIIAL. FROBLEMS

ANY POTENTIAL SOLUTION FOR CONTROL OF MOISTURE ACCUMULATION IN
ATTICS MUST NOT BE THE CAUSE OF FURTHER FROBLEMS.

.1

Vapour. BARRIER. RETRO-FII
4) MOISIURE.ACCUMULATION

LARGE AREAS OF MOIST INSULATION WERE NOTED (NON-SOLAR SIDE).
AT A MINIMUM, THIS REPRESENTS A LOSS IN THERMAL EFFICIENCY. 1IN
OTHER YEARS,» WHERE MORE SEVERE CONDITIONS COULD EXISTs OR IN A
LARGE  SCALE FPROGRAM WHERE  VARIATIONS IN VAPOUR BEARRIER
INTEGRITY WOULD OCCURs THIS OBSERVATION INDICATES A POTENTIAL
FOR SERIOUS WATER ACCUMULATION.

IN FACTs THIS IS WHAT WAS OBSERVED IN THE ONE ESKIMO POINT
'E.O.M." HOUuSE.  THERE I5 NOT SUFFICIENT DATA TO CONCLUSIVELY
PROVE THE REASON FOR THIS FAILUREs BUT THE FOLLOWING MUST BE
CONSIDERED:

INSTALLATION QUALITY OF THE VAPOUR BARRIER.

CLIMATIC DIFFERENCES BETWEEN YELLOWKNIFE AND ESKIMO POINT.
MOISTURE LEAKAGE ARODUND CEILING ACCESS HATCH.

KOUTING OF KITCHEN AND WASHROOM EXHAUSTS.

USE PATTERNS OF HOUSE’S INHARITANTS.

AIR TIGHTNESS IN THE ROOF AND GAELE CONSTRUCTION.

G L 5 N et
[ ] L] i ]
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BE)  SUMMER.UENTING

THE GABLE ACCESS HATCHES INSTALLED MWOULD ALLOW THE VAPOUR
BARRIER RETRO-FIT ATTICS TO BE "ORIED OUT" IN THE SUMMER AND
FALLs PRIOR TO NEXT HEATING SEASON. (SINCE 20% RELATIVE
HUMIDITY AIR AT 24 C WILL GIVE 100%Z RELATIVE HUMIDITY AT O C»
CARE MUST BE TAKEN NOT TO SEAL IN EXCESSIVE MOISTURE FROM
SUMMER AIR MWHICH HAS A HIGH ABSOLUTE MOISTURE CONTENT).
HOWEVERy EVEN IN THE YELLOWKNIFE TEST HOUSESs THE ATTIC HATCHES
WERE NOT OFENED DURING THE SUMMER, SO A NON-VENTED SUMMER
CONDITION COULD BE EXFECTED AS NORMAL.

a)  OricIinaL. Varoug. BARRIER

AT PRESENT, THE METAL ROOF UNITS ARE RELYING ON THEIR ORIGINAL
VAFPOUR BARIER» AND ARE RELYING ON THE AIR TIGHTNESS OF THE
METAL KOOF TO PREVENT AIR/MOISTURE INFILTRATION.

B) Lack.oF THERMAL KRESISTANCE

IF THE CEILING INSULATION IS REMOVED AS FART OF THE FHASE THO
RETRO-FIT» THE ROOF MILL ONLY HAVE A THERMAL RESISTANCE OF
APPROXIMATELY RS1 4.3 (R-24). IF ADDITIONAL INSULATION IS
REQUIRED, ONE SOLUTION PrROFOSED BY N.W.T.H.C. 15 TO ADD
INSULATION TO THE UNDERSIDE OF THE ROOF DECK BETWEEN THE
TRUSSES. WE CAUTION THAT ANALYSIS OF THE EXFECTED DEW POINT
LOCATION IS NECESSARY TO DETERMINE IF AN ADDITIONAL VAPOUR
BARRIER WILL BE REQUIRED. IF IT I8 A SIMILAR PROBLEM TO THE
VAPOUR BARRIER RETRO-FIT MWILL BE CREATEDy WHERE THE VAFOUR
BARRIER MUST BE FIT BETHEEN THE EXISTING TRUSSES WITH THE
INHERENT DIFFICULTY OF ACHIEVING A PERFECT VAPODUR SEAL.

) MosiTure. LONTENT

THE HIGH MOISTURE CONTENT READINGS IN THE ROOF TRUSSES INDICATE
THAT THE ATTIC AIR IS AT OR NEAR THE SATURATION POINT. A
SLIGHT LOWERING OF TEMPERATURE DUE TO CLIMATIC VARIATIONS COULD
RESULT IN GREATER FROST ACCUMULATION THAN OBSERVED, GIVING A
LESS FAVOURAELE OPINION OF THE METAL ROOF SOLUTION.

0)  POIENTIAL. EOR.SIRUCTURAL.DAMAGE.

SOME OF THE TIMBERS AND PLYWOOD SHEATHING WERE BEYOND THE FIBRE
SATURATION POINT ("NWET"). FPHOTOGRAPHS OF UNIT #2379, ESKIMO
FOINT, INDICATE THAT SOME DELAMINATION OF THE FLYWOOD MAY HAVE
ALREADY TAKEN PLACE. (THIS WAS NOT NOTED DURING THE VISUAL
INSFECTIONy AND THUS CANNOT BE CONSIDERED AS CONF IRMED).
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7.3

THE POSSIBILITY OF DRY ROT DAMAGE TO THE STRUCTURE MUST BE
CONSIDERED. FOR ROT TO OCCURs ALL THREE OF THE FOLLOWING MUST
BE PRESENT.

1. A TEMFERATURE OF 20 C.

2. OXYGEN.

2. TiIMRER AROVE 207 ERUILIBRIUM MOISTURE CONTENT (REACHED AT
APPROXIMATELY 857 RELATIVE HUMIDITY IN THE AIR).

E) THERMAL ERINGING

THE COACH SCREWS USED TO HOLD DOWN THE METAL ROOF AND THE METAL
GIRTS IN THE MODIFIED SYSTEM ARE OBVIOUS THERMAL BRIDGES,
EVIDENCED BY EXTENSIVE FROST ON THEM. THE ENTIRE UPLIFT FORCES
ON THE ROOF ARE EBORNE BY THESE SCREWS AND THE WITHORAMWAL
RESISTANCE OF THE PLYWOOD DECK. OSINCE THE PLYWOOD AROUND THE
SCREW IS SATURATED BY THE FROST MELTs WE HAVE RESERVATIONS
ARQUT THE LONG TERM STRUCTURAL ADEQUACY IN THIS AREA.

CoMpaRISON..OF. SUMMER. LIME. PEREQRMANCE.

A) METAL.EDOE. SYSIEM

THE INSULATION ABOVE THE NON-VENTED ATTIC SPACE WILL MODERATE
TEMPERATURE SWINGS IN THE ATTICs RESULTING 1IN A COOLER ATTIC
AND THEREFORE A& COOLER HOUSE.

THE WHITE COLOUR OF THE METAL ROOF SURFACE WILL REFLECT SOLAR
RADIATIONs FURTHER DECREASING THE ATTIC AND HOUSE TEMPERATURES.

B} Uapour. BarRkIER. KEIRO-EIT

EXTREMELY HIGH TEMPERATURES MWERE RECORDED IN THE NON-VENTED
ATTICS OF THE VAPOUR BARRIER RETRO-FIT HOUSES (50 T ON A SUNNY
23 C paYy). To MINIMIZE THE HOUSE TEMPERATURES, WE RECOMMEND
VENTING THE ATTIC SPACES IN THE SUMMER.

THE VAPOUR BARRIER RETRO-FIT HOUSES HAD BLACK ASPHALT SHINGLES,
WHICH ABSORE SOLAR RADIATION INCREASING THE ATTIC TEMPERATURE.

CONCLUSIONS. & RECOMMENDATIONS

Varour. BarrIER. RETRO-EIIS

1.

THE STACK VENTS CONTRIBUTE TO THE COLD FLOOR PHENOMENON AND
PRODUCE A& LOWER LEVEL OF COMFORT FOR THE OCCUPANTS.

AS THE STACK VENTS ARE CUMBERSOMEs COMPLICATED AND EXPENSIVE.
AND  PRODUCE NO BENEFICIAL CHANGE ON THE UNITS» WE RECOMMEND
THAT THE STACK VENTS BE ELIMINATED FROM THE PROGRAM.

HUMIDIFICATION LEVELS ARE NOT A PROBLEM 1IN ANY OF THE UNITS
STUDIED. (THIS INCLUDES A UNIT WHICH HAD A 20 GALLON FISH TANK
MOUNTED MWITHIN 5 FEET OF THE SENSOR FROBE. NO NOTICEABLE
DIFFERENCE WAS RECORDED EBETWEEN THIS UNIT AND ANY OTHER UNIT
STUDIED).

FaGe 23



8.2

3.

1.

IMPROVEMENT OF THE CEILING VAPOUR  BARRIER  DOES NOT
SIGNIFICANTLY AFFECT THE AIR TIGHTNESS OF THE UNIT.

THE WORST MOISTURE CONTROLs» PERFORMANCE ENCOUNTERED IN THIS
sTupy wAs "E.OLM.Y uniT #2227 1IN ESKIMO POINT. THE RADICAL
FAILURE OF THIS UNIT INHIRITS LARGE SCALE RECOMMENDATION OF
THIS RETRO-FIT SYSTEM WITHOUT CLARIFICATION OF REASONS FOR
FAILURE.

VENTING OF THESE ROOFS 1IN THE SUMMER WOULD MINIMIZE ATTIC
TEMPERATURES» RESULTING IN A COOLER HOUSE.

VERY HIGH INFILTRATION WAS NOTED IN THREE OF THE FOUR CAMBRIDGE
Bay UuNITS. THIS MWAS ESPECIALLY TRUE OF THE UNIT EEING
MONITORED DURING A 79 K.P.H. WIND. AS FOUND IN THE YELLOWKNIFE
VAPOUR BARRIER RETRO-FIT, TIGHTENING THE ROOF STRUCTURE ON THE
HOUSE APFEARS TO ONLY AFFECT THE TOTAL HOUSE INFILTRATION IN A
MINOR WAY.

FROM THE DATA COLLECTED IT CAN BE DETERMINED THAT THE METAL
ROOF STRUCTURE IS EXTREMELY AIR TIGHT. (THE ATTIC SPACE IS AT
THE SAME PRESSURE AS THE HOUSE, UNLIKE THE YELLOWKNIFE UNITS,
WITH INFILTRATION/EXFILTRATION DYNAMICS TAKING PLACE BELOW THE
CEILING LINE.

THE METAL ROOF SYSTEM SEALS ITSELFs NOTICEAELY ALONG THE EAVES:
BY FROST BUILD-UP.

THIS RESULTS 1IN VAPOUR MOVEMENT ACROSS THE ORIGINAL CEILING
VAPOUR BARRIER EY TRANSFUSION ONLY, AND NOT BY MOVEMENT OF
WARMs MOIST AIR.

EASED ON EXISTING MOISTURE DAMAGE TO CEILING TILEs IT APPEARS
THERE WAS LESS FROST ACCUMULATION THAN IN PREVIOUS YEARS.
FROST BUILD-UP HAS EEEN MINIMIZED BY THE TEMPERATURE IN THE
ATTIC, AND THE LACK OF AIR INFILTRATION INTO THE ATTIC. HE
CAUTION THAT THE TWO INSULATION LEVELS ARE INA DYNAMIC BALANCE.
ANLDI THAT OBSERVATIONS ARE THE RESULT OF ONLY ONE WINTER SEASON.

SIGNIFICANT VARIATIONS WERE FOUND IN THE MOISTURE CONTENT OF
THE VARIOUS TRUSS CHORDS, WITH ARGE MOISTURE GRADIENT ACROSS
THE BOTTOM CHORDs A SUSPECTED CAUSE OF TRUSS UPLIFT.

READINGS OETAINED ON THE TOP OF THE LOWER CHORD WERE VARIABLE,
AND SEEMED DEPENDENT ON THE LEVEL OF THE INSULATION ADJACENT TO
THE CHORLD. IN CASES WHERE THE INSULATION COVERED THE LOWER
CHORD,» THERE WAS NO MOISTURE GRADIENT, WITH A READING OF LESS
THAN 97 ORTAINED BOTH AT THE TOP AND THE BOTTOM OF THE CHORD.
INDICATING A POTENTIAL SOLUTION TO TRUSS UPLIFT PROELEMS.

Face 24



GIVEN AN AIRTIGHT METAL ROOF/INSULATION SYSTEMs RETAINING THE
ORIGINAL VAFPOUR BARRIER AND CEILING INSULATION IN CONJUNCTION
WITH THE NEW ROOF INSULATION AFPEARS TO PREVENT A REASONABLE
AFPROACH TO HINIMIZING ATTIC VAPOUR BUILD-UP, GIVING AN
ACCEPTABLE LEVEL OF THERMAL RESISTANCE.

REv1S108S.70.LONSTRUCTION. SYSIEMS

NE RECOMMEND THE FOLLOWING ODETAILS OF THE TESTED CONSTRUCTION
SYSTEMS BRE REVIEWED AND/OR MODIFIED.

1.

Uarpour. BakgIER. REIRO-FEIT

A) STRAPPING THE VAPOUR BARRIER TO THE SIDE OF THE EOTTOM
TRUSS CHORD IS EXPENSIVE AND OF QUESTIONAELE VALUE.

B) UPGRADE THE VAPOUR BARRIER RETRO-FIT SYSTEM BY MAKING THE
ATTIC AIR TIGHT: THUS MINIMIZING AIR/VAFOUR MOVEMENT INTO
THE ATTIC.

C) IMPLEMENT A MANAGEMENT SYSTEM TO VENT ATTICS IN THE SUMMER
TO KEEP HOUSE COOL.

METaL. Ro0E KETRO-FIT

A) IF EXISTING COACH SCREM FASTENING THROUGH PLYWOOD IS TO BE
RETAINED, INCREASE WITHDRAML RESISTANCE OF THE FASTENERS»
ESFECTIALLY IN LIGHT OF THE LOCALIZED MOISTURE ACCUMULATION.

WE RECOMMEND A WASHER ON THE UNDERSIDE, WITH LOCALIZED
INSULATION ON THE EXFOSED FASTENER TO MINIMIZE FROST
ACCUMULATION.

B) UPGRADE THERMAL RESISTANCE AT THE GAGELES.

C> ELIMINATE THERMAL BRIDGING OF EXHAUST THROUGH THE GABLES,
Ok INSULATE VENTS.

D) KEVISE EAVE DETAIL TO INCEASE AIR TIGHTNESS.

A) INCREASE THERMAL PERFORMANCE THROUGH ROOF GIRTSs TO
MINIMIZE FROSTING.

B) AS ABOVE, INCREASE WITHDRAWL RESISTANCE OF ROOF FASTENERS
AND ELIMINATE LOCALIZED MOISTURE BUILD-UP ON FASTENERS.

C)> MONITOR THESE ATTICS TO DETERMINE IF THEY ARE AS AIR TIGHT
AS ORIGINAL DESIGNy SINCE FIBREGLASS INSULATION IS MORE
SUSCEFTIBLE TO MOISTURE DAMAGE THAN ORIGINAL RIGID FOAM
INSULATION.
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8.4

KECOMMENDAT IONS.

BASED ON THE (LIMITED) OBSERVATIONS IN THIS STUDY, WE RECOMMEND THE
METAL ROOF RETRO-FIT AS THE EBETTER OF THE TWO AFPROACHES TO
MINIMIZING MOISTURE BUILD-UP AND DAMAGE IN THESE ATTICS.

A)

E)

)

o)

THE METAL ROOF RETRO-FITS HAD BETTER (OBSERVED) MOISTURE
CONTROL PERFORMANCE THAN THE VAPOUR BARRIER RETRO-FITS.

THE METAL ROOF SYSTEM COSTS INCLUDES A NEW, LONG-LASTING ROOF
SYSTEM, MINIMIZING FUTURE MAINTENANCE AND REPLACEMENT COSTS.

WITH THE MODIFIED METAL ROOF SYSTEM, COSTS OF THE THWO
APPROACHES WAS ESSENTIALLY SIMILAR. IN REMOTE COMMUNITIESs THE
VAPOUR BARRIER SYSTEM MWILL HAVE HIGHER LABOUR,» TRAVEL AND
ACCOMMODATION CHARGES, WHILE THE METAL ROOF SYSTEM WILL HAVE
SOMEWHAT HIGHER FREIGHT COSTS.

THE VAPOUR EBARRIER SOLUTION IS MORE DEPENDENT ON SUPERIOR
WORKMANSHIP  FOR  SUCCESSFUL  PERFORMANCE. THIS RERUIRES
INCREASED SUPERVISION AND PRESENTS A GREATER RISK OF FAILURE.

EASED ON THE INSTALLATION AND PERFORMANCE OBTAINED IN THE
YELLOWKNIFE UNITSs, WHICH HAD AEOVE NORMAL SUPERVISION AND
WORKING CONDITIONS, WE ARE SKEPTICAL THAT AN ACCEPTABLE LEVEL
OF SUPERVISION/WORKMANSHIP WOULD BE OBTAINED IN THE REMOTE
COMMUNITIES.

OBSERVSATIONS. AND. IEST EBUIPMENT. OFERATIONS
PRESSSURE..SENSOR..aN0O.ELECTRONIC. MANOMETER

THE PLASTIC TUBE USED BETWEEN THE WALL PROBES AND THE FRESSUKE
SENSOR PROVED TO BE 700 INFLEXIBLE. MOVEMENT IN THE TUBE
CAUSED SHOCK FRESSURESs RESULTING IN A LONG STABILIZATION TIME
WHILE THE TUBRE SETTLED DOWN ON THE FLOOR.

READINGS TAKEN DURING PERIODS OF HIGH OUTSIDE WIND SFEEDS WERE
HIGHLY VARIABLEs INDICATING THE GUSTING NATURE OF THE WIND AND
THE RESULTING INFILTRATION.

THE MANOMETER AND PRESSURE SENSOR TAKE A RELATIVELY LONG TIME
TO STARILIZE, ESPECIALLY  THERMALLY. TO MINIMIZE ADVERSE
AFFECTS ON THE READNINGSs THE PRESSURE EQUIPMENT WAS SET UF AS

EARLsY AS FOSSIBLE DURING THE TESTING PROCEDURE, AND CONTROL
READINGS WERE TAKEN BEFORE AND AFTER EACH SET OF READINGSs TO
ALLOW FOR THE DRIFT IN THE MACHINE.
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DI1611AL. PSYCHROMEIER.

THE  THERMAL MASS OF THE INSTRUMENT RESULTS IN A& LONG
STARILIZATION PERIODD, AND WE SUSPECT SOME INACCURATE READINGS
DUE TO OFERATOR IMPATIENCE. THIS WAS ESPECIALLY NOTED WHEN
GOING FROM THE HOUSE TO0 THE  ATTIC» MWHERE THERE HWAS A
SIGNIFICANT TEMPERATURE DIFFERENCEs OR WHERE WaLL READINGS WERE
NEAR ZERO,» WHILE THE INSTRUMENT WAS AT ROOM TEMPERATURE.

THE WALL FROBES WERE INSERTED 90 MM INTO THE WALL, WITH 60 MM
PROTRUDING. WE SUSPECT THAT THIS PROTRUSIN, WHICH WAS AT ROOM
TEMPERATURE» TENDED TO MODULATE THE TEMPERATURE OF THE INCOMING
AIRs RESULTING IN A SOMEWHAT HIGHER THAN ACCURATE READING.

DISTILLED WATER IN THE PSYCHROMETER DOES NOT SHIP VERY WELL IN
THE ARCTIC, WHERE FREEZING TEMPERATURES ARE NOT UNCOMMON.

WET EULB READINGS COULD NOT BE OBTAINED 1IN THE ATTIC SPACES
WITH THE PSYCHROMETER, SINCE THEY WERE LESS THAN 0 C.

THERMOMETER

THE THERMOMETER CARRIED MWAS VERY SLOW ACTINGs TO THE POINT
WHERE IT WAS ALMOST USELESS EXCEPT AS A CHECK ON PSYCHROMETEK
REAININGSy OR FOR EXTERIOR READINGS WHERE IT COULD BE LEFT TO
STARILIZE. A MORE  USEFUL INSTRUMENT, (ESPECIALLY FOR
MEASUREMENTS OF THE THERMAL GRADIENT ACROSS THE CEILING
INSULATION) WOULD BE A FAST ACTING, END SENSING THERMOMETER.

LIMRER. MOISIURE METER
THE MOISTURE METER DID NOT REGISTER MOISTURE CONTENTS LESS THAN

9%, THE ERUILIBRIUM MOISTURE CONTENT AT LESS THAN Y0Z RELATIVE
HUMIDITYs A COMMON CONDITION IN ARCTIC HOUSING.
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(FrROM NORTHARM CONSTRUCTIONs 1982 AND YELLOWKNIFE)

I1EM
FLARE STACK

3 CHIMNEY SECTIONS 750 LONG
g $40 EACH

Box

200 "T" SECTIONS
KOOF FLASHING
CHIMNEY caP
DE-HUMIDISTAT
WIRING

GRILLE

SUE-TOTAL

TOTAL STACK VENT COST (1982 $ YELLOWKNIFE)

HATERIAL
230

120
50
IncL.
Inci.
50

40

12

$502

LaBOUE.
225

$ 1,127.00 EACH.
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