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This paper outlines the technical and
philosophical development of the specifi
cation that was prepared for, and desig
nated by the Ontario Farm Drainage
Association (OFDA) as a Tenative
Product Standard for Corrugated Plastic
Drainage Tubing in February, 1970. A
review is made of the potential require
ments that should be considered for

future standards or recommended
practice for installation of this product.

Although some of the first investiga
tions of perforated plastic tubing for
subsurface drainage were started as early
as 1948 by the U.S. Corps of Engineers
and IowaState University (5), the history
of commercial tubing development and
resultant interest in specifications and
standards had its beginning in Europe
about a decade ago. Production and
extensive use of smooth-walled per
forated drainage tubing did not begin
until 1959 in Europe (8) and 1964 in the
United States3, while corrugated drainage
tubing was not introduced until about
1963 in Europe, 1966 in the United
States and 1968 in Canada. Hemdon's3

and Skov's (6) papers showed that there
has been interest during this period in the
development of standards for this drain
age tubing. Skov (6) reported that
progress with standards was being made
in Europe, but many unsettled difficulties
encountered by several national commit
tees existed. He also presented an excel
lent analysis of the important require
ments that should be included in a
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standard. Herndon3 reviewed the present
Soil Conservation Service standard for

tubing installation and stated that a
product standard for corrugated plastic
drainage tubing was still under prepara
tion in late 1969 by the National Bureau
of Standards.

SPECIFICATIONS AND STANDARDS

Legget and Baker (2) found that the
best defintions of the terms specification
and standard are given in an International
Organization for Standardization (ISO)
statement. The author's abridged version
is as follows:

"A standard is the result of a

particular standardization effort,
approved by a recognized author
ity, which may take the form of (1)
a document containing a set of
conditions to be fulfilled (a
"norme" in French), (2) a funda
mental unit or physical constant, or
(3) an object for physical compari
son.

A specification is a concise state
ment of a set of requirements to be
satisfied by a product, material or a
process indicating, whenever
appropriate, the procedure by
means of which it may be deter
mined whether the requirements
given are satisfied. A specification
may be a standard, a part of a
standard, or independent of a
standard. As far as practicable, it is
desirable that the requirements are
expressed numerically in terms of
appropriate units, together with
their limits".

Based on these definitions, a standard
for corrugated plastic drainage tubing
would be a document containing con
ditions to be fulfilled. However, before a
standard for a new product is developed,
research and experience must be applied
toward the development of suitable re
quirements and associated test methods
that will constitute a specification.
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In the beginning, all specifications and
standards are produced for voluntary
adoption (2). An authority can accept a
specification as a standard if it desires. If
a regulatory agency finds that a standard
is suitable for its particular purpose, this
standard can be accepted and made
mandatory. Most standards are developed
initially by industries or organizations but
subsequently, they are produced by
national standards bodies as recognized
documents. A standard or specification is
useful only if it is meaningful and it
serves a need.

A standard or specification for a
product or commodity can be written to
cover all, a single, or a selected combina
tion of properties or functions. As a
result, different types have become recog
nized. For example, a safety standard
may cover only the safety aspects of a
product, a manufacturing or dimensional
standard may have a specification that
describes all or only certain critical
dimension and tolerance requirements, a
composition standard may specify the
requirements in terms of the materials
used, or a performance standard may give
the requirements of the product in terms
of its function regardless of materials,
dimensions or manufacturing methods.
The term, product standard, used in the
OFDA document is a generalized type of
standard for a product where a combina
tion of performance, dimensional and
composition specifications may be
included to achieve an acceptable
product. The product standard must not
be so rigid in its requirements that the
development of imaginative new drainage
products with equal or better functional
ability would be inhibited. The OFDA
Tentative Product Standard attempts to
reflect this approach by specifying
selected requirements believed to be
important to the use of the product.

THE OFDA TUBING SPECIFICATION

The first draft document reflecting
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interest and concern about plastic drain
age tubing specifications in Ontario was
prepared for discussion in 1968 by the
Engineering Service of the Ontario De
partment of Agriculture and Food. This
proposed specification was based on the
provisional specification published in
1965 by Ede (1). Early in 1969, the
plastic drainage tubing manufacturers
organized a Committeeb with repre
sentation from the manufacturers, drain
age contractors and the Provincial and
Federal governments. The committee
commenced preparation of a detailed
specification for corrugated plastic drain
age tubing by reviewing the product
requirements based on field and labora
tory research and practical experience in
several European countries and North
America. Tentative specifications or
standards for plastic drainage tubing from
England (1), the United States (7),
Finland (4), and Germany (9) received
particular study, and the National Bureau
of Standards committee working on a
U.S. product standard was contacted
through J.L. Fouss, Ohio State Univer
sity. Several existing standards on plastic
tubing products, other drainage products,
and methods of test published by the
Canadian Standards Association (CSA),
Canada Government Specifications Board
(CGSB), American Society for Testing
and Materials (ASTM), and the National
Bureau of Standards (NSB) were con
sulted. The resultant specification utilizes
any existing Standard Method of Test
that is suitable for corrugated plastic
drainage tubing, and reflects some in
fluence by many of the other specifica
tions reviewed. Early in 1970, the specifi
cation was accepted for a one year period
by the OFDA and designated as
"Tentative Product Standard for Corru
gated Plastic Drainage Tubing, No.
PMD-M-1169T, November, 1969"c
During this period, comments received by

The Plastic Manufacturers Division Sub

committee of the Drainage Materials Speci
fications Committee, OFDA. Committee
members: Lowell Kraft (Chairman), Big "O"
Drain Tile Co. Ltd; James Skinner, Daymond
Co. Ltd.; Robert Williams, United Extrusions
Ltd.; James O'Reilly, Contractor; Robert
Hore, Canada Dep. of Agr.; Mel Sojak,
Ontario Dep. of Agr. and Food; Vernon
Spencer, Ontario Dep. of Agr. and Food.

cCopies are available from the secretary-
treasurer, Ontario Farm Drainage Association,
Box 189, Parkhill, Ontario.
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the Association will be reviewed, and
some changes will likely be made.

Technical Content

The selected requirements and
methods of test were limited to material,
workmanship, dimensions, deflection
resistance, creep resistance, impact
resistance and bending. Several other
requirements were given in the proposed
specifications reviewed, but their value to
provide assurance of quality beyond that
of the selected requirements was con
sidered questionable from a technical and
added testing cost point of view.

Material

There is no restriction on the kind of

plastic compound used in tubing manu
facture. However, the tubing must meet
all of the other requirements stated and
must be resistant to the chemicals com

monly found in agricultural soils.

Workmanship

The quality of workmanship that can
be verified by visual inspection of the
tubing covers such aspects as homogene
ity, freedom from visible defects, and
uniformity of physical properties such as
colour and opacity.

Dimensions and tolerances

The inside diameter, which governs the
internal flow capacity of the drain, must
be specified by the manufacturer and
must be within the tolerance limits of -0

and +5 percent of the specified diameter.
Any size may be manufactured provided
the size is specified and stated on the
tubing identification. This requirement
facilitates the hydraulic design of the
drainage system by the product user. For
economic reasons, it is not likely thai
many different sizes will be manufac
tured; even if sizes do differ between
manufacturer, rarely will tubing from
different manufacturers be required in
the same installation.

Tubing may be supplied in any length
provided the length is specified, stated on
the identification, and falls within the
tolerance limits of -0 and +2 percent of
the specified length. The -0 percent
tolerance limit ensures that the consumer

receives no less than the specified length.

Requirements for both the minimum
total area and limits on the width of the
water inlet openings were recognized. To
provide the same minimum and relative
amount of inlet area that occurs with any

sized tile drain, the minimum area re
quired is expressed as one percent of the
internal surface area. This value is com

parable to a 1/8-inch crack spacing
between any size of drain tile 12-inches
long. Tubing may be manufactured with
any uniform width of opening between
0.040 and 0.080 inches inclusive provided
the width is specified and stated on the
identification. The way is clear to manu
facture tubing with different opening
widths for different soil conditions.

Deflection resistance

Tubing must have sufficient strength
to maintain, within limits, its manufac
tured shape when subjected to a short-
term crushing load. Therefore, the tubing
deflection is limited to a maximum of 5

percent of the inside diameter when a
load, in pounds, six times the internal
diameter, in inches, is applied by two
parallel flat plates. Existing tubing has
been designed and manufactured to meet
and exceed this requirement, and equally
important, field experience to date shows
satisfactory tubing performance.

Creep resistance

In addition to short-term strength, the
tubing must resist to creep which is de
formation of the tubing with time under
a constant load. Constant loading could
cause deformation tending to collapse the
tubing due to non-uniform earth pressure
surrounding the tubing. The requirement
therefore limits the first day deflection to
12 percent of the inside diameter, and
further limits the change in deflection
between the second and seventh day to
25 percent of the first day deflection
under the same parallel plate load used
for deflection resistance. Suitable

recovery characteristics of the tubing are
also required. When the load is removed
after seven days, the deflection must de
crease within one day by at least 70 per
cent of the total seven-day deflection.

Impact resistance

Some plastic compounds, notably
polyvinyl chloride, are brittle when
subjected to impact under cold con
ditions. Since many drains are installed in
Canada at or below freezing temperature
and impact can occur, it is important that
the tubing does not break. Therefore ten
individual samples at 0 C must resist
cracking or splitting when a one pound
hemispherical weight is dropped from a
height of 25 inches.
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Bending

Since tubing is shipped in a coil, the
bending requirement is included primarily
to ensure that the tubing is coilable, but
it can also serve to test for tubing weak
ness due to non-homogeneity of material
or thin wall sections when subjected to
tension (outside of bend) and compres
sion (inside of bend). Tubing must show
no evidence of splitting or cracking, nor
permanent distortion of its original shape,
when bent around a mandrel with a

radius three times the inside diameter of

the tubing and subsequently straightened
at a temperature of 0 C.

INSTALLATION SPECIFICATIONS

Most plastic drainage tubing installa
tions have been made with trenching
machines according to established prac
tice for rigid tile drains with no particular
attention given to special trench bottom
bedding conditions or backfilling
methods. Mole plow installations have
proven to be a rapid method and are
being made in Canada by Badger Systems
Division, Canada and Dominion Sugar Co.
Ltd., Chatham, Ontario. In England and
some parts of Europe, this method is
fairly widely accepted.

The OFDA Committeeb reviewed
existing plastic drainage tubing installa
tion specifications but did not prepare a
recommendation. Although most
emphasis in these specifications was
placed on bedding conditions, it is signifi
cant to note that several million feet of

tubing have been installed in Ontario
without any report of collapsed tubing
attributable to inadequate bedding. Some
of the main issues that require considera
tion for trenching machine installation
are reviewed.

Trench Bottom

Britain has a Technical Noted and the
United States has a Standard (7) for in
stallation of plastic drainage tubing laid
by the trenching method. In each case, a
special groove is specified to be formed in
the trench bottom to act as a cradle.

Ministry of Agriculture, Fisheries and Food.
1968. Field schemes. Technical note on work

manship and material for the guidance of
applicants for grant and others concerned
with the installation of field drainage
schemes. 2nd Ed. Land Drainage and Water
Supply Division, Great Westminister House,
Horseferry Road, London S.W.1, England.

The British Technical Note requires
that a V-groove be formed in the centre
of the trench; the groove should have an
included angle of 90° with a top width
greater than 4 inches and a one-inch
radius curve at the bottom. Edee stated
that a two-fold improvement is possible
for plastic drains under both instanta
neous and prolonged stress conditions
when using the V-groove.

The United States Standard offers

several alternate bedding conditions
depending upon whether or not a filter
material is required. If a filter is not
required, either (a) a semi-circular groove
closely conforming to the full width of
the tubing and having a depth equal to
one-half of tubing outside diameter must
be formed in the centre of the trench

bottom, or (b) if a conventional trench
bottom is constructed, a gravel envelope
must be used. If a filter is required, either
sand-gravel, fiberglass or plastic mat, or
cloth filters may be used. The sand-gravel
filter may be used with a conventional
trench bottom; the mat or cloth filter
requires the use of the semi-circular
groove in the bottom of the trench.

Modified trenchers are being used in
California to place gravel automatically
around the tubing. However, this is a very
costly operation which entails a large
materials handling problem. It is doubtful
that many Canadian farmers and con
tractors would use this method of

providing suitable bedding and a gravel
envelope.

Concern has been expressed about the
difficulties in forming the semi-circular
groove. Special cutters on the digging
wheel have been considered by some,
while other contractors have found

success by placing a semi-circular shaper
at the bottom of the shoe.

Although the semi-circular groove
ideally gives a very neatly perfect bed, a
specific shaping attachment on a trencher
will provide this ideal only for one
specific diameter of tubing. Also, since
tubing size is specified by inside diameter,
the outside diameter may vary according
to manufacturer design and material.
Hence from practical considerations, the

' Ede, A.N. 1965. European standards and
specifications for drainage materials. Paper
No. 65-730, ASAE Winter Meeting, Chicago,
Illinois, December.
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V-groove is more desirable since it will
accommodate all diameters within speci
fied limits.

Preliminary analysis of field tests in
the fall of 1969 at Macdonald College,
Quebecf involving heavy vehicular traffic
over installed tubing, showed that there
was no great advantage in requiring a
semi-circular grooved bottom compared
to the shallow conventional V-grooved
bottom. However, careful placement of
the first six inches of backfill was con

sidered to be important.

Backfill

Backfilling over plastic drainage tubing
is critical, particularly if a conventional
trench bottom is used. Uniform backfill

material should be placed around the
tubing for support. The tubing can be
partially collapsed if stones or clods of
soil are dropped directly on the tubing by
a bulldozer blade or disc-type blinding
unit. In this respect, the automatic back
filler appears to have an advantage. It
creates a progressive rolling front of
crumbly soil which settles in around the
tubing to provide good support without
large voids. Most stones will tend to
remain embedded higher up rather than
rolling down to the tubing.

Since the specific gravity of current
plastic drainage tubing is less than 1.0, it
will float in water. Hence, if there is
water in the trench, the tubing may shift
from its intended location on grade in the
trench bottom. Similarly, tubing supplied
in coils tends to return to the coiled

form, and when placed in the trench, the
tubing can shift vertically or horizontally.
Therefore, if blinding or backfilling is
delayed and soil crumbs roll under the
tubing, off-grade installations can occur.
With the automatic backfiller, this
problem is virtually eliminated; the
tubing is backfilled while held down by
the installation mechanism and cannot
float or shift.

An auger backfiller will approach the
action of the automatic backfiller. How

ever, it should be preceeded by im
mediate blinding following placement of
the tubing. Backfilling should be done as
soon as possible because spoil banks can
consolidate with time resulting in large
clods in the backfill material.

Personal communication with R.S. Brough-
ton. Department of Agricultural Engineering.
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Tubing Placement

When installing corrugated drainage
tubing, the flexible corrugated design
eliminates the need to allow additional

material for expansion and contraction.
However, excessive tubing stretch will
decrease its crushing strength. Work at
Ohio State University9 showed that the
strength-stretch relationship is nearly
linear up to ten percent stretch for several
types of tubing tested. Beyond ten
percent stretch, the percent loss of
strength rises non-linearly and more
rapidly than percent stretch. Tubing
collapse has been experienced as a result
of unreasonable stretch during installa
tion.

Trench Width

The trench width for plastic drains has
remained the same as rigid tile drains.
However, Herndon3 suggested that
narrower trenches are desirable to reduce

both the horsepower requirement for
trenching and the material requirement
for bedding or filter. Myers et al (3) also
pointed out that since the overburden
weight on buried pipe is a function of the
square of the trench width, narrow
trenches lower the forces on the pipe.
The narrowness of the trench is of course

limited by practical consideration of
stone removal. A suggested minimum
width is 10 inches.

Rodent Damage

Some rodent damage has been re
ported but seems characteristically to
occur from the inside of the tubing when
the animal is subjected to stress con
ditions. If a muskrat crawls into the drain

from the outlet, it may chew its way out
of the tubing11. It istherefore advisable to

9 Personal communication with J.L. Fouss,
Department of Agricultural Engineering.

Hore, F.R. and R.D. Kelly, 1969. The impor
tance of preventing animal entry into plastic
drainage systems. ERDA No. 6, Engineering
Research Service, Canada Agriculture,

Ottawa.
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follow existing good practice by placing
rodent guards on the outlets immediately
after installation. If tubing is left coiled
or stretched out in the field with the ends

open, mice can enter and may chew their
way out. This experience stresses the
importance of supplying tubing with end
caps as a standard practice. Although
Schwab (5) reported that gophers chewed
plastic drains from the outside, it is
assumed that these are isolated occur

rences and are not considered to be

serious.

SUMMARY

Since the recent development of cor
rugated plastic drainage tubing, specifica
tions for its manufacture and installation

have interested many drainage engineers.
A tentative product standard was recently
prepared for the Ontario Farm Drainage
Association by a committee representing
the manufacturers, drainage contractors,
and the provincial and federal govern
ments. The tentative standard covers

requirements for material, workmanship,
dimensions, deflection resistance, creep
resistance, impact resistance, and
bending. The technical features of each
requirement are outlined with emphasis
placed on reason for their inclusion.

Several special requirements in existing
specifications or recommendations for
tubing installation by trenching methods
are outlined and discussed. Particular

emphasis in existing documents is placed
on special bedding conditions, but field
experience in Ontario with the installa
tion of several million feet of tubing
shows no collapse of tubing attributable
to inadequate bedding. Nevertheless,
certain precautions such as immediate
blinding or backfilling, care in placement
of backfill, avoidance of excessive tubing
stretch, and the immediate installation of
rodent guards at the outlet should be
observed.

7.
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