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ABSTRACT

Flat wood-frame house roofs with insulation
applied between joists are susceptible to con-
denaation problems in cold climates. Investi-
gation of difficulties experienced in a wood-
frame row housing project in Eastern Canada
showed that many interrelated factors contribute
to the occurence of problems and demonstrated
that control of air leakage through the ceiling is
the one primary requirement for successful
performance.

Les toits plats 2 ossature de bois avec isolant
entre les solives posent des problémes de con-
densation dans les climats froids. L'étude des
difficultés suscitées par un ensemble de maisons
en rangée A ossature de bois dans 1'Est du
Canada a indiqué les nombreux facteurs inter-
dépendants qui sont mis en jeu et a permis
d'identifier la régulation des fuites d'air 2 le
plafond comme la principale condition d'une
action efficace,
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Introduction

The condensation of water vapour in roof spaces of houses dur-
ing cold weather has long been recogmzed as a potential prob-
lem in Canada. Bu11dmg practxces developed to alleviate these
serious problems have involved the“use of vapour barriers in
the form of a rnembrane (usually polyethylene 0.05 to 0.10 mm
thick) installed so as to inhibit the flow of vapour from inside
the house int:o the colder ;;To't?tions éf the exterior enclosure in
mftnter, coupled with:‘;nea!éures to pro}hote the removal of any
vapour that does perietra.te to the outside. These measures
h‘were mtroduced m recogmtwn of the fhgher vapour pressures
that exlsted in houses relatwe to ou“tslde and were initially based

on a simple, steady-state diffusion concept.

Y o The movement of m01st air through unintentional openings as a
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- o pa.rallel mechamsm in the transport of water vapour has come

_ to be regarded as more s:.gn1f1cant than vapour diffusion in
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, Canadxan bul.ldmgs. The bu11d1ng features and construction
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il recent:-years, elgctric heating ( ‘pfyhouses has become more -
prevalent, eliminating the need for chimneys and the combus-
tion air requu'erhent:;a:sgméted'wrth*fuel -fired heating systems.
“This has génerally terided to décrease the natural exhaust of air

' from such houses, giving rise to higher humidities in the living

sparce] In‘addition,” an-increasifig mumber of electrically heated

" row hoﬁ's'i'.‘n"g p'roje'%‘te have utilizedflat wood-irame roofs for

tad

reasons of economy of appearance. These roof systems do not
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offer the large attic space which exists between the insulated
ceiling and roof structure that is present in the more traditional

slopmg roofs of houses in Canada.

A project dear Ottawa incorporating these features, completed
in 1963, consisted of 122 units, 10 with high pitched roofs, 55
with low pitched and 57 with flat roofs. Problems of excessive
window condensation in cold weather and dripping of water from
ceilings dul’i.ng winter thaws had been reported periodically by

some occupants. In many mstances the problems were attri-

. buted to abnormally high humzdxhes in the houses as a result of

r;educed ventxlatton or hlgh moxsture ga.ms from clothes drying

indoors.

The perslstence of problems even after attempts to reduce hum-
1d1t1es, prompted a questlonnalre survey by DBR/NRC in 1968,
The survey results mdu:a.ted that cellmg condensation problems
had occurred m 28 of the 122 umts. 21 cases in units with flat

roofs, _6 in those with low sloped roofs and one case in the units

fgeaTm

)

w1th steeply sloped roofs. .Tlus indication that flat roofs were
more suscept1ble to condensatxon pro’blems was in keeping with

a general mdlcatzon from the housmg industry and led to a de-

tailed study of performance a.nd construction features in a six-

"' 4Rit row house within the development (Figure 1).

) L2
R

Constructlon Feature 8

Each housing-unit had:a plan dunensmn of 7.30 x 7. 60 m with
two storeys of finished space o,vexj,_‘a.ﬁfull and separate basement.
The front and pack walls were insulated wood frame with

gypsum wallboard on the interior. Party walls were concrete

- block with gypsum wallboard on strapping. End walls were of

concrete block with wood furring, insulation and gypsum
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FIG 1

I , o Test Unlts
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wallboard on strapping. End walls were of concrete block with

_ »wood furrmg, msulatmn and gypsu:n wallboard interior. De-

tails of the roof constructlon are shown in Figure 2.

5 m, _ BUILT-UP, . s
B = ROCOFING INSULATION (150 mm THICK)

{50 x 250 mm NOM.? SHEATHING: -iC

aris

IR

AVAPOUR
BARRIER

SOFFIT VENT 4(E

{50mm me) = ELECTRICAL

= WIRING

. EXTERIOR WALL ) PARTITION EXTERIOR WALL
FIG. 2

- Flat Roof Construction Detail

In principle the space above the roof insulation in each joist
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space was intended to be continuous and open to the aoffit vents
at the front and rear of the unit. In a number of joist spaces
however, placement of insulation over nailing strips or cross
bridging had resulted in blocking of this air space. The poly-
ethylene vapour barrier, although intended to provide a continu-
;us membrane under the insulation, was interrupted by the par-
tition walls since these were used to support the roof joists in the
initial erection process. Shrinkage of the top plates after appli-

cation. of the. vé.j;our barrier and wallboard, or other difficulties

. in securing the walli:oard at this locatioﬁ, allowed an opening in

-the form of a crack that connected the interior of the partition
to theé roof spi&e. ;LE,l..ect;ical wifi;,ng and“plu.mbing services
were alstf);;'é.é;rried through these walls, allowing openings to the
roof space. At party walls, the space behind furring strips and
the masonry itself afforded similar passages of air and vapour

s

movement.

When these "as- bullt" details were con31dered in relation to the
pattern of stammg that had occurred on the upper floor ceilings
of the six units, it appeare& that many of the major water stains

coincided with those joist spaces where the air space above the

= - -insulation was completely or partially blocked (Figure 3). In

ma.ny cases, the: locatmns of severe staining were also adjacent

té‘parntmns or pantrwalla wheze potential leakage openings

throug_h the ceiling coultiioccur._

et s

It was rech-o_gnized that stack effect due to building heating pro-
duces an air pressure difference that promotes the flow of humid
inside air through openings and cracks into the cold roof space,
and that this effect could be greater in houses with no chimney(1).

Remedial approaches designed to reduce the undesirable pres-
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Location of Bloc¢kage in Joist Space and Ceiling Stains
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:gure-difference across ‘the ceiling were sugge sted and were

.applied. in two of the six units; one. involving pressurization of

- the roof, space,. the other using continyous exhaust from the

- ljving: space. ‘The.remaining units were left unchanged.

55

Piessurization 6f the roof space in one unit was a.ccomphshed

1usmg a’ roof -rhountéd céntrifugal fan discharging 0.059 m /s

" into a plenum urnder the .soffit'at the rear of the unit to supply

.-.air through the existing continuous soffit vent. The soffit vent

T

_-at the front was covered and sealed. The flow rate was adjusted

. . 2 .
to.produce a positive pressure of 2.5 N/m" as measured in one

~ «of the central joist spaces. Positive exhaust from the living

.gpace of a second unit, remote from the first, was provided by
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conneatmg the existing washroom exhaust ducts to 0.038 m /s
fan log;.ted on the rcof. Instrumentation was provided to record
Aggri';pié."_xy-ature and hPxnidity in all six units and weekly measure-
ménts were fﬂa‘a‘éfaf'iféssure differences across the ceiling.
Obsérvgtions of ceiling conditions and window condensation were

also carried cut.

Observations

£ ¥

"Observatxons were begun in November 1968 but no visible evi-

" dence of condensa.tmn difficulties was apparent in any of the six

units during the midwinter thaw that had precipitated problems

in pre'v‘*i.o'\ié— years. The occupants of a unit in an adjacent,

| 1dent1ca.1 ‘block d1d expenence 'a recurrence of ceiling moisture

: problems and this uni*t‘Was subsequently included in the study.

Measurements of air pressure differences across the ceiling
of the control units indicated that when the outside temperature
v&-'a.‘hs -18°C under conditions of no wind, there was a positive
air pressure difference due to stack effect equal to approxi-

ma.fef} 375 N/ mvz.*’ This acted to ‘promote air movement up

. thréﬁgh the ceilings. This difference-decreased at higher out-

side J‘t:'erfnpera‘.turé's and under wind- conditions but not to the point

where reversal océurred-for anyappreciable period of time.

- *Operation of the 0.038 m /s exhaust fan. in the one unit reduced

! this pressure difference by almost 2. 5 N/m and thus could lead

to reversal when gqutside temperatureg rose above -12°C.

in the fall of 1969, -the roof-space pressurization system was

"transferred to the unit in the adjacent block that had experienced

" ceiling condensation difficulties and all of the six units in the

test building were returned to normat operation. During the

winter of 1969-70 reports of ceiling condensation were received
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from the occupants of four of the units in the original test build-
ing. The unit in the adjacent block with roof space pressuriza-
tion did experienc';e an isolated condensation problem in a closet
adjacent to a party wall. A pressure-difference traverse across
f‘the ce111ng indicated that roof space pressurization decreased
from the centre and that reversal occurred near both party )
walls, 'mdicati.né ‘the eifect of interconnection to the roof spaces
of adjacent units. It ‘was'also observed that some surface con-
densatieh had occurred on an intefio¥ wall near the soffit supply
plenum where roof space pressure’?”‘was high which resulted in a

flow of cold air downward from the roof space into the wall.

Durmg the wmters ‘0f '1970-71 and 1971-72 the roof space pressur-
1zatton system was ‘modified by opening the previously sealed
sofflt vent on the slde of the unit opposlte the air supply plenum

80 that the system would operate a® a roof spa.ce forced ventil-
atton system delwermg approximately“0.095 m /s of outside air
contmuously Observatxon *3f conditiotis in the roof space indi-

| cated that heavy frostmg of the utide#side of the roof shea.thmg

argres DIFES 1,

occurred in two of the spaces Blécked by insulation and near
o NBIRL o9

the vent cpemng of the exha.ust soffit,” During both winters,

o 18 A
however, no condenaatton ‘was visible from inside the housing
. . I‘
_umt.

Discussion

“Although conclusive evitence as tothe degree of success of the

‘remedial'measures in préventing condensation problems in all

- . .such unita.was not obtained from the study, the experience, ob-

.servations and measurements made provided a basis for practi-
cal analysis as to the causes of the problems and the potential of

control measures. The observation of "“as-built'" details in con-
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struction in this and other pro_)ects had shown that a substantial
number of leakage openings occur in the cellmg systems of

Cana.dla.n wood -frame houses. Measurement of the actual leak-

1

. age openjngs in single -fa.mxly houses of similar ceiling construc-

J

tion has. gince indicated an aggregate opening area, 0.02 per
cent of the total ceiling ‘aree. Baeed on this leakage opening
and measured air pr‘es:sure di.tferences caused by stack effect,
with inside conditions of 30 per cent relative humidity and a
temperature of 21°C, at an outside temperature of -18°C there

is a potential for transfer of water into the roof space of 6.8 kg

_per day.

In flat roof. systems such as descrxbed this moist air comes in
contact almost 1mmed1ate1y w1th the cold underside surface of
the roof where the moisture can condense as frost, This is in
marked contrast to the s1tuat1on in a slopmg roof with attic
space, above the 1nsu1at10n. Here the moist air rising through
localized openmgs can mix w1th the larger volume of air, most
of which enters from outsxde at a 1ow m01sture content, offering
a potent1a1 for d11ut1on befofe 1t comes in contact with con-

densmg surfaces. Most of the surfaces available are sloped

. to the eaves a.nd under subsequent meltmg conditions, the

moisture can m1gra.te by grav1tv to the eaves, or evaporate in
the process, rather than dripping du'ectly onto the ceiling as
would-»be the~case in a flat roof. The moisture removal potential

of a flat roof of the type described can thus be much less than

- that of the traditional sloped roof with an attic space.

If the influgnce of ‘air pressure differences due to stack effect is
iccepted as the primary niecliani'sm acting to move water
vapouf into the roof spaces of houses in winter, any system that

acts to decrease this pressure difference, such as roof space
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pressurization or living space exhaust, should help to reduce or
solve the problem. This approach, however, has disadvantages,
e.g., increased electrical power and maintenance requirements,
potential higher heating costs, and possible surface condensa-
tion problems within the house where reversal of air flow occurs.
Increased ventilation of flat roofs by injection of outside air tends
to raise the pressure in the roof space to a degree dependent on
the resistance to "out-flow' and increases the rate of removal of
moisture. Application of thise method to the unit described ap-
Peared to be as effective as pressurization without creating the

problem of localized cold interior surfaces.

The most obvious approach to solviag the roof space condensa-
tion problem is to increase the air tightness of ceiling construc-
tions. For new construction, efforts in this direction have been
taken in Canada (2). Other changes in practice with respect to
application of barriers to air flow in construction operations or

relocation of electrical distribution and wiring could be warranted.
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