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comply with the Public Building Code
of the municipality which required
an excessive cost for the building.

Building codes have developed and
are in use in most countries in the
world for public buildings and pri
vate housing design. However, at the
present time none of these codes apply
directly to farm buildings and, in fact,
few make reference to them. One
code has adopted the definition of
farm buildings and a deflection limi
tation to be applied to such buildings.
Another defines farm buildings and
states a minimum live load as ten
pounds per square foot. The National
Building Code of Canada simply lists
some types of farm buildings under
their major occupancy classification in
a group of commercial and industrial
buildings. Therefore, since there are
no guide lines for farm buildings in
the different building code claissifi-
cations industrial specifications are
being applied to farm structures.

Agricultural buildings serve a spe
cialized and extremely varied range
of functions. Therefore, any narrow
or restrictive type of regulation is not
consistent with modern-day functional
design for such buildings. Most agri
cultural engineers designing buildings
in Canada have used recommenda
tions and allowable loads for struc
tural members from different text
books that have been developed pri
marily in the United States. The Ca
nadian Farm Building Plan Service
has attempted to use reasonably con
sistent design criteria based on text
book information, some aspects of the
National Building Code of Canada,
the results of testing procedures on
structural members and from exper
ience gained in farm building con
struction practices by different mem
bers associated with the Plan Service.
However, due to the wide variation
in climatic conditions in Canada and
the snow and wind problems it has
been difficult to satisfy all conditions.
An urgent need, therefore, has de
veloped for a set of criteria for the
functional design and construction of
all types of buildings that would
satisfactorily apply to all areas of
Canada.

The National Building Code of
Canada has been used since 1941 as
an advisory publication and has been

INTRODUCTION

Farm buildings have been a very
necessary part of most agricultural
enterprises in Canada. Those con
structed in the early days of settlement
in Eastern Canada were built very
sturdily. Timber had to be cleared to
make way for field operations and
there was, therefore, an abundance of
large timbers which were used quite
liberally for purlins, posts, beams and
rafters. The foundations and stable
walls of buildings in many areas were
two or three feet in thickness of
stone masonry. It was a good place to
deposit the surface stones from the
land as it was cleared. The barns
were used primarily to house dairy
and beef cattle with a few stalls for
horses.

The buildings in the prairie areas
of Western Canada were quite dif
ferent from those built in Eastern
Canada. They were much lighter in
construction and there were very few
with stone masonry walls. The barns
were built primarily to house horses
with a few stalls for dairy cows.

The advent of the farm tractor,
mechanized machinery and equipment
along with new management practices
in livestock handling has made both
types of buildings obsolete or difficult
to remodel and adapt to modern prac
tices. Since the Second World War a
new era in farm building design and
construction has developed in all
areas of Canada. The general purpose
barn for livestock has been replaced
with special production buildings for
each typeof livestock or for the storage
of different farm products. This has
permitted more functional design and
the adaptation of mechanized feeding
and handling equipment. Construc
tion practices have changed from the
old traditional methods. New ma
terials have come onto the market and
prefabrication of many types of build
ings has developed. Along with these
changes has come the need by design
ers and prefabricators for building
standards that might be specifically
suitable for farm buildings.

Many farm areas adjacent to grow
ing cities have come under municipal
regulations which include a building
code. Any new building or building
addition in these areas has had to
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adopted in part or completely by most
communities as a legal document. This
code has been developed under an
associated committee of 24 Canadian
citizens consisting of engineers, archi
tects, building officials, technical ex
perts and others representing a cross-
section of government, university,
professional services and industry in
Canada. This committee reports to
the National Research Council. A
recommendation was made to this
committee through the National Com
mittee of Agricultural Engineering to
consider the development of a set of
Farm Building Standards which could
be a supplement to the National
Building Code of Canada.

FARM BUILDING STANDARDS

The Farm Building Standards Com
mittee was established in 1962 by the
Associate Committee on the National
Building Code of Canada. This com
mittee consists of 19 members repre
senting a similar cross - section of
Canadian personnel to that of the
Associate Committee but dealing spe
cifically with farm buildings. Farm
Building Standards - Canada 1964,
Supplement No. 6 to the National
Building Code of Canada is the re
sult of this committee's activities. It
has been developed as a guide for
those interested in the design, con
struction and the evaluation of a wide
variety of farm buildings excluding
the farm dwelling. It provides detailed
recommendations to serve as referen
ces with the intent of obtaining safe
and efficient performance and econo
my within such buildings. It is recog
nized that there are variations of good
practice which may be equally satis
factory as those included and that
they should be permitted also if
properly evaluated for the purpose. It
is not intended that the Farm Build
ing Standards be a mandatory docu
ment. It does include all major func
tions in relation to the complete de
sign of farm buildings.

Use and Occupancy

This relates to the functions of farm
buildings with regard to fire hazards,
safety and dimensional requirements
and is divided primarily into two
sections. The first section applies to
the control of hazards in farm build
ings for the purpose of minimizing



losses of life and property. The second
deals withspace and facilities required
for the animals and products. Fire is
a major hazard in farm buildings ac
counting for a total loss in the pro
vince of Ontario in 1962 of over
$7,000,000.00. The farm enterprise
encompasses a life's work and usually
a few generations have been involved
in the establishment. Safety is there
fore of utmost concern and the sacri
fice of a herd of cattle, hogs, poultry,
valuable crops and their storage
should not be condoned by lack of
good construction practices. Buildings
have been classified, therefore, as
high fire hazard buildings or as mod
erate fire hazard buildings. These
classifications have been established
simply to allow for the fire endurance
ratings of materials and other fire
control items as useful guides in de
sign.

All measures possible should be
used to permit the removal of certain
types of livestock and the escape of
people from buildings and to prevent
the spread of the fire until it can be
brought under control. There has
been very little fire test work conduc
ted that pertains to the many condi
tions that exist around farm buildings.
No tests have been conducted in which
the fire was above the area in which
people or livestock were located and
which would be necessary to vacate in
event of fire. This is the condition in
a two-storey barn where the flammable
material is overhead and the livestock
is in the stable beneath.

TABLE I. RECOMMENDED MINI
MUM DISTANCES BETWEEN

BUILDINGS TO PREVENT THE
SPREAD OF FIRE DUE TO

RADIATION

buildings on a farmstead. The control
of fire is difficult to obtain due pri
marily to the inadequacy of fire-
fighting facilities and water resources
on the farm. There are limits to the
distance that buildings may be separa
ted as they affect management and
efficiency of production. Thus, where
it is not practical to provide the rec
ommended spacial separation reason
able reductions may be made at the
discretion of the designer and owner
on the basis of a number of consi
derations. These would include suit
able construction materials, proper
orientation of buildings, fire-fighting
facilities or alarm systems, and the
characteristics of the buildings them
selves. There is much need for re
search and testing in all of these
areas, in order to establish more spe
cific criteria for fire control and fire
prevention.

A second important area of hazard
control in which standards have been
established has to do with egress from
buildings for people as well as cattle
and horses. Recommendations regard
ing suitable location and types of
doors, stairways, ladders, and guard
rails are included.

Space requirements and weights of
various types of livestock and products
are essential as a basis for determining
live loads for design purposes. These
space requirements are usually more
than the bare minimum based on the
physical dimension of the livestock
and are more of an optimum based
on efficient management practices and
related to economics of construction.
The storages for certain types of crops
may be designed primarily from the
physical qualities of the products
while other factors must be considered
within other storages. The cross-
sectional dimension of a silo must be
based on the usage rate of the product
as well as the total quantity such that
in a tower silo a minimum of two or
three inches per day must be used to
prevent deterioration and spoilage of
the products. Such factors as this must
be fully considered in the functional
design of modern buildings.

Design
Since Farm Building Standards is a

supplement to the National Building
Code the design of farm buildings
should be in accordance with various
sections of this code unless stated
otherwise in the Standards. This sec
tion deals primarily with the design
of structural members of the various
buildings and considers all climatic
loads, loads due to the intended use
of the building, loads that may be
applied during the construction of
the building, loads due to the ma

Occupancy Dimensions of Recommended
classification burning building space separations
of burning seen by adjacent of ordinary
building building height constructions

to ridge (feet) with windows
x length (feet) (feet)

10 x 14 40

10 x 50 70

10 x 100 95

Division I 12 x 20 50

20 x 30 80

20 x 50 100

30 x 60 135

10 x 14 30

10 x 50 55

10 x 100 75

Division II 12 x 20 45

20 x 30 65

20 x 50 80

30 x 60 105

Table 1 outlines minimum distan
ces between buildings to prevent the
spread of fire due to radiation. Spacial
separation is only one factor that
affects the spread of fire between

terials of construction and loads due
to earth and water pressure that may
be applied below ground level.
TABLE II. FLOOR LOADS DUE TO

USE

Use of area of floor Design Load psf

Cattle

Tie stall barns 70
Loose housing (except

bedded area) 80
Slotted floors (1)
Milking Parlour 70
Milk room or milkhouse 50

Sheep
Swine—solid floors

—slotted floors

Horses

30

40

(1)
100

(1) calculated by separate formula.

Table II is taken from Table XV of
Farm Building Standards (1) and is
the estimated floor loads due to use.
The table indicates areas where it is
not possible to give general loads.
Climatic loads such as those due to
snow and wind are fairly precise loads
in most countries based on records
obtained over various periods of
time. However, it is considered that
loads due to snow based on measured
ground snow cover may be somewhat
high for general farm building roofs.
There is also reason to permit farm
building design with a reduced overall
safety factor in recognition of the low
risk to human life and low value of
contents or low risk to loss of contents
in certain classes of building.

The method of satisfying these con
ditions has been met in the Standards
by permitting increases in allowable
stresses depending on the type of use
and occupancy. For the structural de
sign of low hazard farm buildings the
allowable stresses in tension, com
pression, bending and shear may be
increased by 20% in elements designed
to support climatic loadings and for
other than low hazard buildings these
allowable stresses may be increased by
10%. These increases are applicable
to the allowable stresses outlined in
the National Building Code and listed
in the Standards and may be applied
in addition to other modification fac
tors for applicable conditions that are
contained therein. These increases are
not applicable for assembly occupan
cies such as auctions or show arenas.

Low hazard farm buildings are in
tended to include any buildings other
than those intended for high human
occupancy. Buildings of high human
occupancy include processing rooms,
work or rest areas likely to be occupied
by several persons over an extended
period, particularly during the winter.

continued on page 16
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predict the point of separation ac
curately in a manner that is not pos
sible for fluid. The grain flow pat
tern must of course be governed by
friction while the nearly ideal fluid
flow pattern is governed by inertia
which is not a consideration at all in
the slow flow of grain.

The angles observed above and be
low the disc-like obstacle in figure 6
are important in the theory of grain
flow, where the coefficient of internal
friction is often assumed to be equal
to the tangent of the angle of repose.
The question of which angle is per
tinent must be answered, unless
indeed the assumption itself is re
jected.

The observations that raised the
most questions were those of the dis
charge from a central orifice. The
gradual orientation of the grains and
development of the flow pattern made
it clear that no theory could be very
useful if it contained the assumption
that the grain behaved as an isotropic
substance. In particular, if a region
of shear failure were predicted by
calculation based on this assumption,
the actual shear region in the moving
grain might be quite different.

It was noted by Barre (5) that the
pressures at the bottom of a grain
bin increased when emptying began.
It seems clear that this change in
pressure was caused by changes in the
internal friction of the grain, but the
internal friction itself must be modi
fied by the orientation of the kernels.

In the case of the rough vertical
wall, the shear occurs in a narrow zone
inside the grain close to the wall. The
shear consists almost entirely of a
sliding action between orientated
grains rather than a rolling action.
This effect indicates that the friction

between oriented kernels sliding
against one another is lower than the
friction for any other type of motion.
Carrying this conclusion over to the
case of outflow through an orifice it
means that as the kernels become

orientated, the active shear extends
gradually into regions of lower shear
stress. At the same time, the stress
distribution itself must change
throughout the bin.

CONCLUSION

The strong influence of kernel ori
entation upon the flow patterns of
wheat grain flowing under gravity
makes it necessary to review the exis
ting theories of grain flow, particular
ly for asymmetrical agricultural
grains. The assumption of isotropy
must be examined carefully after trie
magnitudes of the changes in internal
friction with orientation have been

determined.
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The snow load to be applied is
estimated as 60% of the ground snow
load with a minimum of 20 pounds
per square foot to ensure safety during
construction of the building.

Building Services
Building services are an essential

part of a complete design of a modern
production or processing and storage
building. To a large extent the effi
ciency of production in livestock
buildings and also in the storage life
of various types of products is depen
dent on the conditions maintained in
the structure. Therefore, the equip
ment required to maintain these con
ditions must satisfy the basic specifi
cations as to operation and installa
tion. With the increase in use of
electrical energy on the farm, it is
essential that standards be established
not only from the safety aspect but
also to ensure efficient operation of
electrical equipment and to give ade
quate light with proper control where

required. For example, a wire size
should be based on a 1% voltage drop
on maximum demand when it sup
plies poultry brooders, incubators,
fluorescent lighting or other voltage-
sensitive application. For other loads
2% voltage drop is satisfactory.

Water is an essential service in all
livestock production buildings and
therefore the types and quantities of
water and the most efficient methods
of distribution, heating where re
quired, and control must be included
in overall design procedures. It is also
essential that all wastes on farms
should be disposed of in a safe and
sanitary manner, such that no possible
pollution can occur, thus, basic stan
dards must be based on quantities and
types of wastes to be disposed.

Health and Sanitation

Buildings must be constructed and
maitained such that conditions con
ducive to the good health of animals
and suitable for quality production
and storage of agricultural products
can be maintained. In certain types ol
buildings the dimensional require
ments for the livestock may be de
termined by the health and sanitation
requirements rather than by other
physical factors. In the same manner,
certain types of materials may be re
quired.

Appendices
This section has been drawn to

gether to make available physical data
on different types to help determine
the different criteria or facilities in
the overall design. These may be
supplemented with other information
as it becomes available.

SUMMARY

Farm Building Standards has been
developed as a supplement to the
National Building Code of Canada
such that it represents contemporary
farm building practices in Canada.
It outlines the necessary physical
dimensions and criteria for efficient
and economical design of buildings
commensurate with optimum produc
tion and storage of agricultural pro
ducts. It covers recommendations to
reduce the hazard from fire and ac
cidents in and around buildings and
establishes environmental conditions
and necessary services for modern-day
production practices. They are for
the most part, considered minimum
standards by which safe and efficient
buildings may be designed.

Further research and testing of pro
cedures and components will help to
fill some of the gaps and substantiate

continued on page 24
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the required adjustments will increase
the operating cost.

Since hogs reach their market
weights at varying times, some pro
vision must be made to close the indi
vidual drop tubes as the finished hogs
are removed for market. This can be
accomplished in the variable volumet
ric drop tubes by incorporating a
saddle on the false partition and clos
ing off the conveyor tube outlet by
moving the false partition to the
fully closed position. In the case of the
fixed volumetric drop tubes, a sliding
sleeve around the conveyor tube with
corresponding holes can be rotated to
a closed or open position.

APPLICATION OF LIMITED

FEEDING SYSTEM

The system can be applied to any
operation whether for full feed
ing or limited feeding since the re
quirements for either application is
simply the amount of feed fed. There
fore, the application of the limited
feeding system, whether for restricted
feeding or for full feeding, is a major
step toward mechanization of the
entire feed handling program.

A specific application could be con
sidered in a building 52 feet x 150
feet. The hog area consists of two
groups of pens with a central feed
manger in each group parallel to the
long axis of the building. Ten pens
on each side of the feed manger are
10.5 feet deep and 13 feet long. Each
pen is equipped with 14 individual
stalls at the manger spaced 11 inches
on centers. Thereby, providing full
manger space for 560 hogs in 40 pens.
A three foot service alley is provided
along the wall on each side clown the
center between the two groups of
pens and across one end. A 17 feet x
52 feet feed processing and observation
room is located at the other end. Two
liquid manure storage tanks are lo
cated under the slats and feed manger,
and run the full length of the hog
pens.

A single conveyor tube is positioned
above the double feed manger and al
ternate drop tubes are inclined to
drop feed on each side of a center
partition dividing the feed manger.
The drop tubes are spaced 5.5 inches
on centers along the conveyor tube.
The flexible tube can be curved to
return past the second group of pens.

The above application is only one
example and is presented primarily
to facilitate the following cost analysis.

COST OF LIMITED FEEDING

SYSTEM

The basic cost for any application
limited to the 288 feet of auger capa

:>A

city, as calculated earlier, is 243.71
dollars. Add to this the cost of the 288
feet of plastic conveyor tube and
flexible steel centerless auger at 71
cents per foot or 204.48 dollars, and
the cost of 560 drop tubes at 1.75
dollars or 980.00 dollars, making a
total of 1,428.19 dollars, or approxi
mately 2.50 dollars per hog. If the
management is such that the system
can handle three lots per year, then
the installation cost of the system
would amount to 85 cents per hog
per year.

SUMMARY

Following one year of operation at
the Ontario Agricultural College
Swine Research Station, and a few
minor improvements to the original
design, the system can be said to have
measured up to the eight design re
quirements as specified.

In addition to the improvements in
quality of carcass, as mentioned ear
lier, item seven, "Eliminate competi
tion for feed", should be singled out
for special mention. Even though the
limited feeding system may not be
considered for a particular applica
tion, at least some consideration
should be given to stall dividers. The
dividers used in the Ontario Agricul
tural College installation were of
welded pipe construction and of the
same countour as the hog silhouette
(figure 6). The height of the partition

was 24 inches and the length 30 inches.

I fffj
mm

Figure 6. One of the main advantages of the project
proved to be the stall dividers, shown here, which
assured each pig its measured ration and prevented

pushing and fighting.

At feeding time, all hogs are waiting
in the stalls, and once in position, no
amount of pushing by other hogs can
dislodge a hog from his stall. Dr. T.
R. Foster, an Animal Scientist at
Purdue University, who has conducted
similar research with sows, lists the
following advantages for individual
feeding stalls: —

1. Reduction in feed costs.

2. Opportunity for the herdsman to
observe the hogs daily.

3. Provide equal opportunity for all
animals in the herd to receive their
share of the feed.

4. Reduce injuries by eliminating
fighting around the feed trough.

The principal disadvantage is the
added cost of making the stall divi
ders.

It is obvious that know-how and

plenty of capital are needed to embark
on a program to mechanize the hog
feeding operation, and careful plan
ning is needed to carry out the pro
gram successfully. This is nothing
more than the normal pattern ol
evolution which has brought us this
far and will continue to move us for
ward along the path of investigation
and research to improve our hog pro
duction operations.

USE OF FARM BUILDING . . .
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some of the recommendations. The

acceptance of the basic standards by
engineers and designers in the devel
opment of plans for buildings and the
insistence by loaning agencies that
the Standards be the basis for design
for buildings on which money is being
loaned, will go a long way in improv
ing buildings on the farms for the
future.

REFERENCES

1. Farm Building Standards—Sup
plement No. 6. National Building
Code of Canada, National Re
search Council, Ottawa, Canada.

2. National Building Code ol
Canada, National Research Coun
cil, Ottawa, Canada.

3. Teter, N. C, L. W. Newbauer
and ]. H. Pedersen. Farm Build-
i n g Construction Standards.
Paper No. 63-909, American So
ciety of Agricultural Engineers,
St. Joseph, Michigan.

4. Theakston, F. H. Plans for Cana
dian Farm Building Standards,
Paper No. 62-412, American So
ciety of Agricultural Engineers,
St. Joseph, Michigan.

ACKNOWLEDGEMENT

Special credit and appreciation is
extended to the Division of Building
Research, National Research Council
of Canada for the financial support
given to the committee for its opera
tion, for the services of the secretary
Mr. D. A. Lutes in the compilation
and preparation of the detail, and for
the printing and distribution of the
supplement.

CANADIAN AGRICULTURAL ENGINEERING, JAN. 1965


