








If the opening in Figure 1(a) had been at
the top of the building, absolute pressures in-
side and outside would have been equal at the
top; the pressure inside would have been less
than that outside at all lower levels; and the
maximum pressure difference across the walls
of the enclosure at the bottom would have been
equal in magnitude but opposite in direction to
that at the top.

Openings through which air can leak occur
in the walls of buildings at various levels.
Figure 1(b) represents a heated building with
no internal separations and openings of equal
size in the exterior wall, top and bottom. The air
in the building is warmer and therefore lighter
than that outside, so that it tends to rise and
escape through the upper opening while colder
outside air comes in through the lower open-
ing to replace it. The pressure difference re-
quired to cause flow through the openings is the
stack effect. As air flow takes place from high
to low pressure, the pressure outside must be
higher than that inside at the bottom and lower
than that inside at the top. Because the openings
at the top and bottom are of equal size they im-
pose an equal resistance to flow. The pressure
differences across them are therefore of equal
magnitude.

The inside and outside pressures required to
fulfil these conditions are as illustrated in
Figure 1(b). Lines representing the absolute
pressures cross at mid-height, indicating that
there is no pressure difference across the ex-
terior wall; this level, where the inside and out-
side pressures are equal, is called the neutral
zone or neutral pressure plane. In Figure 1(a)
the neutral pressure plane is at the level of the
bottom opening. The pressure difference across
the exterior wall increases in proportion to the
distance from it. As the temperature difference
between inside and outside increases, the dif-
ference in the slopes of the lines representing
inside and outside pressures increases, and the
pressure difference across the exterior wall in-
creases. The total pressure difference caused by
stack effect, which can be calculated from equa-
tion (1), is the sum of the pressure differences
across the exterior walls at top and bottom.

Leakage openings in the exterior walls of a
building are not always distributed uniformly
from bottom to top, but the in-flow always
equals the out-flow. If the openings at the bot-
tom were larger than those at the top, and
therefore imposed a smaller resistance to flow,
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Figure 1 Stack effect for simple enclosures.
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the pressure difference across the bottom would
be less than that across the top. This would be
equivalent to a shift of the inside pressure line
to the right and a lowering of the neutral plane.
The extreme situation, with the bottom open-
ings very large in relation to those at the top,
is represented by the pressure pattern shown in
Figure 1(a).

Figure 1(c) represents a building with per-
fectly air-tight separations at each floor level,
so that there can be no flow of air between
stories; and with openings of equal size in the
exterior wall of each storey, top and bottom.
Each storey thus acts independently, its own
stack effect unaffected by that of another level.
There is a tendency for air to flow in at the
bottom and out at the top of each storey, with
a neutral pressure plane between. The sum of
the pressure differences across the exterior
walls at the top and bottom of any storey,
therefore, is equal to the stack effect for that
storey. This is equivalent to the pressure dif-
ference acting across each floor, and is repre-
sented by the horizontal line at each floor level.
The total stack effect for the total building height
is the same as that in Figure 1(b) and is equal
to the sum of the pressure differences across the
floors, plus the pressure difference across the
exterior walls at top and bottom of the build-
ing.

In reality, multi-storey buildings are not
completely open inside, as represented in
Figure 1(b), nor are the separations between
stories completely air tight (Figure 1(c)).
There are passages for air to flow directly
through the floors, and there are stairwells,
elevators and other service shafts that penetrate
the floors and provide passages for air to flow
between stories. This is illustrated in Figure 2,
which represents a heated building with a uni-
form distribution of openings in the exterior
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Figure 2 Stack effect for idealized building.

wall, through each floor, and into the vertical
shatt at each storey.

The general pattern of air flow is the same
as that in Figure 1(b). Air comes into the
building at the bottom, flows upwards through
vertical shafts and openings in the floors, and
passes out through openings in the upper ex-
terior wall. Between floors the slope of the line
representing the inside pressure is the same as
that in Figure 1(b), but there is a discontinuity
at each floor, as in Figure 1(c), that represents
the pressure difference across it. The total stack
effect for the building remains the same as be-
fore, but some of the total pressure difference
1s required to maintain the air flow through the
openings in the floors and vertical shafts. The
pressure difference across the exterior wall at
any level is therefore less than if there were no
resistance to flow within the building.

Figure 2 also indicates the pattern of pres-
sure difference and air flow for the vertical
shaft. It is assumed that there is no significant
resistance to flow within the shaft, so that the
line representing pressure has a uniform slope
determined by the density of inside air for the
building as a whole (as in Figure 1(b)). The
horizontal distance between this line and that
for the pressure within the building proper re-
presents the pressure difference across the wall
of the shaft and any openings it contains. With
a uniform resistance to air flow across the
floors and a uniform resistance to flow into the
shaft at each floor level, air enters the shaft at
lower levels and leaves it at higher levels in a
symmetrical pattern. The neutral pressure plane
for the shaft with respect to adjacent spaces in
the building occurs near mid-height. The pres-
sure difference across the wall of the shaft is
maximum at the top and bottom and the change
in this pressure difference from floor to floor
corresponds to the pressure difference across the
intervening floor. Thus the sum of pressure dif-
ferences across the shaft wall at the bottom and
top is equal to the sum of the pressure differ-
ences across all the floors in the building.

The total stack effect for the building is
equal to the sum of the pressure differences
across the exterior wall at bottom and top plus
the pressure differences across all the floors. As
the resistance to flow imposed by separations
within the building increases, the pressure dif-
ferences across floors and walls of vertical
shafts increase and the pressure differences
across the exterior walls decrease.
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Air flow induced by stack effect within a
real building occurs through each path illus-
trated in Figure 2. As the height and num-
ber of floors increase, however, the total resist-
ance of the flow path through openings in the
floors increases more rapidly than that through
the vertical shafts; thus with high buildings, up-
ward air flow occurs mainly through the vertical
shafts.

Air Flow Effects

Some of the effects of the general pattern of
flow and pressure differences resulting from
stack effect in a heated building, as illustrated
in Figure 2, can be usefully reviewed. It may
be seen that infiltration occurs below the neu-
tral pressure plane and exfiltration above it.
There is a general upward movement of air
inside the building, with air flowing into ver-
tical shafts from the lower floors and out to the
upper ones.

This general pattern causes a variation in
the heating and humidification load from floor
to floor, and therefore has implications for the
maintenance of uniform temperatures and hu-
midities throughout the building. It is also a
factor in the spread of odours and other con-
taminants. If fire occurs in lower floors there is
a tendency for smoke to move to upper floors
via the vertical shaft, and for stairwells and cor-
ridors to become smokefilled. This pattern of
smoke movement induced by stack effect must
be regarded as one of the major problems in
providing for fire safety in high buildings.

Air entering through exterior walls at the
lower levels is a source of cold drafts as well
as dust and other contaminants. It is particu-
larly troublesome near entrances. Air exfiltrat-
ing through the roof of exterior wall construc-
tion at the upper levels can give rise to damage
from condensation when the water vapour it
contains is cooled below its dew-point tempera-

ture inside the structure. The extent of conden-
sation depends on the quantity of air flow, its
initial moisture content, and the reduction in
temperature it undergoes in passing through
the building components. In general, moisture
problems due to exfiltration will increase with
increasing building height, decreasing average
winter temperature, and increasing building hu-
midity.

During the summer, when the outside air
temperature is higher than that inside, the pat-
tern of pressure differences and air flow is the
reverse of that shown in Figure 2. Infiltration
occurs through the exterior walls at the upper
levels and exfiltration at lower levels, with air
flowing downward within the building. The
stack effect is, however, much less than under
winter conditions because of the smaller inside-
to-outside air temperature difference, and its
importance is reduced correspondingly.

Summary

The total pressure difference acting on a
building as a result of stack action depends
upon building height and the difference between
temperatures inside and outside. It cannot be
avoided, but the way in which it is distributed
across the building enclosure and interior se-
parations can be modified through design be-
cause it depends upon the relative resistances to
flow presented by the building components and
the way in which they are distributed in the
flow path.

Air movement caused by stack action has
many important implications related to the
functional adequacy of buildings that should be
recognized in both their design and operation.
This Digest provides a basis for understanding
the nature of stack action and some of the
problems it may present. Some of the choices
available to the designer in providing for its
control will be the subject of a future Digest.

This is one of a series of publications being produced by the Division of Building Research of the
National Research Council. It may be reproduced without amendment as an article in a magazine if
credit acknowledgement is made. Arrangements for issuing it as a separate pamphlet must be made
through the Division of Building Research. French translations of the Digests are being issued as
quickly as possible. Vinyl binders (price $2) are available on request.

The Division issues many publications describing the work carried out in the several fields of
research for which it is responsible. A list of these publications and additional copies of Digests can
be obtained by writing to the Publications Section, Division of Building Research, National Research

Council, Ottawa, Canada.
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High Park Gardens, Toronto, Ont. Owners &
Builders: Oak Pacific Holdings Ltd. Architects &
Consulting Structural Engineers: Grozbord, King
& Assocs. Ltd. Masonry Contractor: O. M. Con-
struction Co. Concrete Masonry Units: Richvale
Block Supply Co. Ltd. Ready-Mixed Concrete:
Richvale Ready Mix Ltd.

Gramercy House, Toronto, Ont. Owners &
Builders: Greenwin Construction Company Ltd.
Architects: Harry B. Kohl. Consulting Structural
Engineers: Kazmar Consultants Ltd. Masonry
Contractor: New Hillmount Construction Com-
pany. Concrete Masonry Units: Richvale Block
Supply Co. Ltd. Ready-Mixed Concrete: Richvale
Ready Mix Ltd.

Apartment Complex at 100 Maitland Street,
Toronto, Ont. Owners, Architects & Builders:
Grozbord, King & Associates Ltd. Consulting
Structural Engineers: Kazmar Consultants Ltd.
Masonry Contractor: J. Russo Masonry Contrac-
tors. Concrete Masonry Units & Ready-Mixed:
Richvale Ready Mix Ltd.

R

The Attache, on Shaughnessy Blvd., Toronto, Ont. Owners &
Builders: North Valley Const. Ltd. Architects: E. I. Richmond.
Consulting Structural Engineers: Alex Tohias & Associates Ltd.
Masonry Contractor: Omar Masonry Contractors Ltd. Ready-Mixed
Concrete: Mel-Mix Concrete & Asphalt.

Columbus Centre, Kitchener, Ont. Owners: Corporation of the
Knights of Columbus. Architects: Horton & Ball. Consulting Struc-
tural Engineers: McCargar & Hachborn Ltd. General Contractor:
Brandon General Contractors Ltd. Masonry Contractor: Seibel
Masonry Ltd. Concrete Masonry Units: Forwell Ltd. Ready-Mixed
Concrete: Albert Raith Cement Contractor Ltd.

Markham-Eglinton Square, Toronto, Ont. Architects: Martin L.
Mendelow. Consulting Structural Engineers: Farkas, Barron,
Jablonsky. General Contractor: F.T. Developments Ltd. Masonry
Contractor: M. Rodaro Co. Ltd. Concrete Masonry Units: Meteor
Building Supplies Ltd. Ready-Mixed Concrete: Mel-Mix Concrete &
Asphalt.

Prague Towers, 737 Birchmount Road, Toronto, Ont. Archi-
tects: Keywan & Kassian. Consulting Structural Engineers: Farkas,
Barron, Jablonsky. General Contractor: Prague Towers Investment
Ltd. (Owner & Builder). Masonry Contractor: Gottardo Contracting
Co. Ltd. Concrete Masonry Units: Richvale Block Supply Co. Ltd.
Ready-Mixed Concrete: Richvale Ready Mix Ltd.
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Rockhill Apartments, Apartment Building “Top of the Valley" Apartment Complex, Greenwin Place (East) Toronto, Ont. Owners:

on Cote des Neiges, Montreal, Que. Owners: Toronto, Ont. Owners: The Rubin Corporation New Age Development Company. Architects:
Manucape Holdings Ltd. Architects: Menkes & & Mr, Jos. Godfrey. Architects: Henry Fliess. Harry B. Kohl. Consulting Structural Engineers:
Webb. Consulting Structural Engineers: M. S. Consulting Structural Engineers: Reicher Brad- Kazmar Consultants Ltd. General Contractor:
Yolles & Assocs. General Contractor: E. G. M. stock & Associates Ltd. General Conlractor: The Greenwin Construction Company Ltd. Mason-
Cape & Co. (1956) Ltd. Masonry Contractor: Di Top of the Valley Limited. Masonry Conltractor: ry Contractor: Village Contractors. Concrele
Biase Construction Ltd. Zachary De Vuono. Concrete Masonry Blocks: Masonry Units: Richvale Block Supply Co. Ltd.

Richvale Block Supply Co. Ltd. Ready-Mixed Ready-Mixed Concrete; Richvale Ready Mix Ltd,
Concrete: S. McCord & Co. Ltd.
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High Density Housing

Winning scheme in the 1968 Portland
Cement Association’s Scholarship Awards
Competition

Maquette
Model

.
i

o

Structure

The winner of this year’'s Portland Cement
Association Scholarship was Michel-Ange
Panzini, a fourth year student at the Univer-
sité de Montreal. Runner-up was fourth year
student at Manitoba, Patrick Lan for his
design for a neighbourhood religious center.
Both Mr Panzini and Mr Lan received schol-
arships to attend the summer session at
Fontainebleau School of Fine Arts, Paris.

Jurors were Derek Buck, FRAIC,

Toronto, and American architects Charles
M. Nes Jr., Baltimore, Macdonald Becket,
Los Angeles, Don Hisaka, Cleveland and
Mark Hampton, Tampa.

The jury commented that the scheme was
“an imaginative and simple solution to a
complex problem — well excuted”.

Mr Panzini's comments follow:

Schools
Ecoles

Student Statement

We abandoned the traditional compositional
system of building juxtaposition which no
longer corresponds to contemporary urban
needs, and instead, elected to investigate
the possibilities of mega-structural organiza-
tional systems which offer the advantages of
more homogeneous and flexible infrastruc-
tures. Another basic consideration was the
elimination of heavy and expensive room
unit prefabrication systems in favor of light-
weight and semi-heavy standardized pre-
fabricated concrete components and panels
which are both easier to manufacture and to
erect. We wanted, also to avoid complex and
futuristic solutions in favor of a simple solu-
tion well adapted to providing for deter-
minate, as well as interdeterminate, urban
user requirements.
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If security can place
our reputation on the line...

b . : D
A key factor in security is Visual Key Control. The Corbin Visual Key Control
system restricts entry by unauthorized people. There is no identification on the

key for unauthorized duplication. See your Corbin distributor for additional
information.

go with the line with the reputation for security

CORBIN

®

CORBIN LOCK DIVISION

BELLEVILLE, ONTARIO
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On the Convocation of the College of
Fellows

The Editors:

Let it be recorded from the outset that the
aims of the College are most worthwhile and
not in dispute and furthermore that the
selection of new Fellows is not a point at
issue in this letter. But why is the form of
ceremony designed or selected with such
obvious bad taste and repeated year after
year in the company of seasoned and newly
elected Fellows. The ritual fails to impress a
serious observer because it appears to be
ambiguous. It is a ritual reminiscent of
religious, academic and military ceremonies,

but lacks the integrity of any of these, being
a mixture of all three. It lacks the mystical
qualities of a religious, the strict limits for
achievement in an academic and the
precision and discipline of a military
ceremony. The first task of the Fellows ought
to be to revise their ceremony to one which
reflects in present day forms of speech and
imaginative modes of action, the truly
worthwhile purpose of recognition of
excellence.

Ir. E. H. Grolle, MRAIC, Regina

Letters
Lettres

Concrete Issue

The Editors:

As a Company (Sternson Ltd) having an
experienced background of some forty years
in the manufacture and marketing of con-
crete admixture materials we find the
Features Section 5 of your June issue most
interesting and helpful in developing a
better understanding of the entire subject

of concrete,

The article ""Admixtures in Portland Cement
Concrete” by Mr E. G. Swenson is a
particularly good piece of writing and does
not in my opinion warrant the editorial com-
ment concerning it as appearing on page 44.

A. F. Penny, Vice-President,
Sternson Limited

@e eno{ npon_ s
ChuRCh LGIOTING
SPECIALISTS
for Max; imum._Final Results

e Engineered for proven
efficiency.

e

¢ Styled to complement
your architecture.

e Experience in over
17,000 installations.

Write for our brochure
“How to Select Your Eye-
easy Church Lighting” to
assist in preliminary
planning.

Request free Contempo-
rary, Traditional or
- Colonial Catalog based
~ upon your needs.

Personal counsel by our
qualified lighting specialist
in your area available,

MANNING
CHURCH

LIGHTING | om

SHEBOYGAN,WIS. US.A.

NEW, FREE OASIS GUIDE
SIMPLIFIES WATER COOLER SELECTION

This handy design guide helps you choose a cooler
according to the number of people served, installation
location, plumbing, refreshment “‘extras” or special in-
dustrial problems. Quality features and rugged design
of each OASIS water cooler described in detail. UL
approved. Convenient model selector guide lets you
choose the cooler best suited to your refreshment needs.
Complete information in Canadian Sweet's Catalog.

OAS'S" Water Coolers  Products of EBEE ®Mfg. Co.
ributed in Canada by G. H. WOOD & COMPANY, LTD.
\P. O. Box 34 . Dept. JR-26 « Toronto 18, Camada/J

~
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VISIONSTRIP

CanTremco promise good looks
in leak-proof glazing?

Sure,we’ve got a system.

The Tremco Glazing System.

It combines the economy of tape, the security
of a sealant and the attractiveness of gasketing
for almost any sash you choose.

Sight-lines stay clean and uniform with tape
and vision strip in a choice of colors to match
your sash.

The tremendous adhesion and exclusive re-
sealing properties of Mono sealant keep on seal-
ing and re-sealing—long after the glazier has
left the job.

There's invisible beauty in the Tremco glazing
system, too. You get one-source responsibility
for the glazing materials. That's backed up by the
job-site presence of the Tremco representative to
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instruct installers and check job progress.

Because we make so many different sealants,
Tremco can promise you an impartial recommen-
dation of the right combination for each of your
vision-glass and construction-joint needs. Check
us out in Sweet's or invite your Tremco man in:
ask him to bring your color-sample kit of the
Tremco Glazing System,

R Em co THE TREMCO
MANUFACTURING COMPANY

FUNBING BAINTENANCE & CONSTRSCTION (CANADA) LTD.

Toronto 17, Ontario



Advertisements for positions wanted

or vacant, appointments, changes of
address, registration notices, notices of
practices including establishment or
changes in partnership, etc., are
published as notices free to the
membership.

Registrations
Alberta Association: Eugene Yuzda

Ontario Association: Paul G, Harasti, B,
Arch; Michael F. Thom, B. Arch, M. Arch;
Keith Helme Wagland, B. Arch, M. Arch,
ARIBA; Julius Bartha, D.A. (Budapest);
Clemens Robert Briskie, B. Arch; Glen
Gibson; B. Arch., Dowrie Milne, B.. Arch,
M. Arch; Paul Skinner, B. Arch, Arnold
Schrier, B. Arch.

Nova Scotia Association: Frank W. Portman
Change of Address
A. J. Diamond and Barton Myers' new office

address is 49 Avenue Rd, Toronto 5.
Telephone number 920-3911.

Practice Notes

Peter J. Haensli has been made an associate
in the Toronto firm of Shore and Moffat and
Partners Architects and Engineers.

Positions Wanted

Canadian architect, MRAIC, 46, familiar
with all phases of architectural practice,
including management control of large pro-
jects, 20 years experience, including six
years own practice, available for interesting
and permanent position. Reply Architecture
Canada, Box No 152.

Swiss Architectural Technician, 29,
presently working in Ireland, seeks employ-
ment with Canadian Architect. Experience
in design, specifications and site supervision

Classified
Annonces
Classées

for factories, schools and housing
schemes. Resume and samples available,
Walter Zbinden, Apt. 21 Mitchel House,
Appian Way, Dublin 6, Ireland.

25 year old Dutch architect, graduate of
the Technological University of Delft,
Holland, seeks employment from November
‘68 with architectural or planning firm,
preferably in Vancouver area. One year
field and office experience, partly in
Chicago. Trained in related fields:
planning and engineering. Fluency in
English, working knowledge of French.
Particularly interested in urban design and
interdisciplinary teamwork. Write: S. J.
Schouten, Ruys de Beerenbrouckstraat 47,
Delft, The Netherlands.

City of Hamilton

Planning Department

A completely re-organized Planning Department requires
staff to undertake challenging projects related to —

Senior Planners

Responsible to a Division Head in carrying out Civil
Engineering or Architectural assignments required in

connection with the preparation of a new comprehensive
Official Plan, and to conduct studies for special projects as
assigned. Must possess a Civil Engineering Degree or an
Architectural Degree from a recognized university, and be a
member of an appropriate professional association.

Area Plans — Neighbourhood, Community and City Wide
Plans or Projects.

Site Plans — Urban Renewal, Private Development and
Re-Development.

Previous practical planning experience preferred, but an
applicant without previous planning experience would
be considered.

Salary Range — $9,5689 - $11,756

The above positions offer an excellent opportunity to
participate in many new planning projects.

Special Studies — Population and Housing, Employment and
Industry, Institutions and Civic Services,
Transportation and Utilities.

Documents — New Zoning By-Law and Official Plan.

Generous fringe benefits in'cluding vacations, sick leave,
pensions, hospital, medical and group life insurance plans.

Starting salaries commensurate with previous experience
and qualifications. '

Apply in writing stating all particulars to: Director of Personnel,
City Hall, Hamilton.
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Starts Fast
Runs Cool
and Dry!

e Low Initial Cost

ens machine life. CSA approved.

For complete
information, contact:

Chas. Bruning Div.,

A New Concept in Whiteprint Machines

e No Liquids to Handle - Ever

Diazo user? You'll like the new WELCO 600 with
anhydrous ammonia ... no liquids to handle, no
venting. Also these advantages: full 42" printing
width; no warm up time; all-metal construction;
standard 110 voltage; new high efficiency super
Diazo lamps; and improved cooling system length-

Addressograph Multigraph of Canada, Ltd.

Haws precast stone drinking fountains withstand all
the elements — even five-year olds! The popular Model
30 shown above comes in three heights for the tall and
small, and there's a freeze-proof model, too. Wall-
mounted Model 50-C, at right, is available in five attrac-
tive colors. Ask your Haws rep for details today.

Ru GGE CONCRETE
_ FOUNTAINS

DRINKING FOUNTAINS

MONTREAL 28, QUEBEC
R. G. K. WARD
6100 Monkland Ave.

NORTH VANCOUVER, B.C.

ROBERT SOMERVILLE, LTD.

2720 Crescentview Drive

ONTARIO, DON MILLS
LENNOX-SAUNDERS
1875 Leslie Street
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This remarkable Iittle 4x6 piece
of cast aluminum can save you
up to $24,000 (sometimes more
on construction costs.

It's the parabolic weir that’s standard on the
new Wade Meter-Flo roof drains. With it you
can control with mathematical precision

water to drain off a roof.
The roof itself
becomes part of your
drainage system.
Excess rainwater is
temporarily stored for
drain down at
whatever rate you select
for your drainage system.

That way you don’t have to waste
unnecessary extra dollars on piping with a big
enough diameter to drain off the worst storm
that will occur in the next fifty years.

7y
il |
,?

exactly how fast you want

That could save you up to $24,000
(possibly more) on your next flat or sloped
roof building.

Clip the coupon to find out how much.

Company = W
Street = ol
City _Province

Wade International Ltd.
73 Railside Road, Don Mills, Ontario

Wade

Drainage Control Systems.




Good news
for people
who

design or
waterproof
glass houses

New

DOW CORNING" 781
Building Sealant

It's a new silicone rubber sealant from Dow Corning offering
excellent adhesion to glass, metal and other nonporous
surfaces . . . without a primer. You can employ glass with
new confidence . .. without fear of leaks.

One-part, ready for use. Joints made with this silicone rubber
sealant are virtually unaffected by time or weather . . . stay
flexible and watertight indefinitely.

FREE SAMPLE, literature and sources of Dow Corning 781
building sealant — one of the most dependable of all flexible
glazing compounds. Address Dow Corning

Silicones, 1 Tippet Road, Downsview, Ont.




