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Abstract of Thesis

TYE EFFECTS OF PHYSICAL ENVIRONME
ON BURIED PIPE

A study of watermains in the City of ¥Winnipeg
has indicated that mechanical action of soil is a con-
tributing factor in the failure of these pipes. Al-
though the failure of watermains is primarily a problen

in chemistry, which has been quite extensively studied,

ct

he effects of the physical environment on pipe buried
in active soils are important since ultimate failure of
corrosion weakened pipe often fesults from this mechani-
cal actvion.

Instrumentation devised to measure vertical
vipe movemesnts, pipe unit strains and ground’temperatures

has been installed on actual wabermains in the CGreater

st

Ninnipeg Area. Data obtained from these test instal-
lations has indicated the importance of this mechanical
action of soll - on buried pipe and suggests improvements

in watermain installation techniques to mininmize this

actbiono.
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1. TNTRODUGTION

Maintenance and repair of wabtermains in the
Greater winnipég area has been a major economic probiem
and studies leading to the reduction of these coshs are
of vital interest to taxpayers as well as civic officials.
It has been estimated that during the lasﬁ,twehty year
period, the economic loss o the City of Winnipeg;as a
result of watermain failures has exceeded a millioﬁ’dollars,
while during 1951 alone, well over a quarter of a million |
dollars was spentyan the maintenance of mains."For a
system consisting of approx1matoly 395 mxles 01 main, four
inches to thirty-six inches in diameter, and serving a popu-~
lation of 244,000, these maintenance costs assume méjor
proportions,

As early as l906,‘théfproblem of watermain failures
in thé area was recognized as one of considerable importance, -
inspeotion of fail&rés seemed to indicate thatv corrosion was‘
the magor factor causmna deterioration of pipe material.,
However, studies made in 1906, 1909, 1915 and 1922 4id not
establish the exact nature of the corrosive action, It'was
ini ally believed that stray current electrolysis was the
major contribubing faCtor ﬁo this corrosion, but by 1921,
it was established that electrolysis such as caused by s fay‘
curvents from street railways, was only one factor and that
exbensive corrosion was observed in areas remote from pos-

sible stray currents. It was also recognized that the solu-



ble salts of sodium‘magnesium and calcium were among the
chief causes of the corrosive action of VWinnipeg solils.

Thé corrosion results when undergromnd water with the dis-
solved salts produces graphitic softening of cast iron
pipe. The same salts werc found to have detrimenﬁél effects
on conerebe structures made from standard Portland cenment
with ordiqary construction type curing.

Wiﬁﬁ respect to the corrosion of cast iromn pipe,
Mr. J. S1il1l stated in his paper "Corrosion and Trosion by
Winnipeg Soils" l':

"Two different types of corrosion were found,
namely graphitization and pitting. The type known as graphi-
tization is characterized by the iron being transformed into
soft oxides and hydrates occupying the space formerly held
by the ironm. The pipe is thus preserved to such an extent
that, even though 1t is completely corroded through, it may
$till act as a conduit until subjected to some undue strain
or pressure. The type known as pitting i1s characterized by
the appearance of small pockets from which the iron had been
completely removed leaving a small depression in the pipe.
This depression gradually became deeper, eventually result-
ing in a hole, with the metal surrounding this hole generally
left intact.”™

In recent years corrosion resistant steam-cured
asbestos~cement pipe has been used exteﬁsively but with
only partially satisfactory results. The lighter asbestos-

cement pipe, class 150, having six inch or smaller diameters



is no longer used by the City. It was found that the
lighter asbestos~cement pipe was subject to transverse
crackiﬁg near the mid-length of a pipe seetion, Similaer
fallures have veen observed in both corrosion weakened
and new cast iron pipe; This suggests that mechanieal
action was an important factor in the Tailure of both the
asbestos~-cement and the cast iron pipe. (2) It is this

mechanical action of the pipe's environment that has been

the subject of recent investigations and of this thesis.

o RESEARCH UNDERTAKEN

In 1953 the Waterworks Department of the Oity of
Winnipeg, in cooperation with the division of Building Re-
gearch of the National Research Council and the Civil
Engineering Department of the University of Manitoba,‘in;
stigated a new study into the causes and the nature of
watermain failures.

From studies of flood damage to foundations made
during 1950-51, following the Red River Flood in which much
of the City was inundated, valuable information was ob~

tained regarding the mechanical action of Winnipeg clays.

Thus it was decided to study the effects of this action
on buried pipes.

It was known that the cast iron watermain Ffailures
were primarily a problem in chemistry. However, after con-
sultation with the Division of Applied Chemistry of the
National Research Council it was established that the cor-

rosion problem was similar to that encountered inm many other




places and that fhe principles elucidated elsewhere were
probably also applicable in the Winnipeg area. To further
investigate the corrosion meant a duplication of research
performed at other centres. Such research as a matter of
fact is being undertaken, amongst others, by the Chemical
Research Laboratory of the Department of Scientific and
Industrial Research in the United Kingdom and the National

Bureau of Standards in the United States. The present in-
""" vestigation was therefore limited to those features which
resulted from the physical action of highly plastic clays

on watermains, and which intensified the failure action.

It was felt that these features night explain certain anoma-‘
lies observed in the earlier studies. Corrosion wasknot
always found where suiphate content of the soil was high and
conversely corrosion was sometimes bad where sulphate content
was very low. Recent research elsewhere has indicated that
temperature differentials between sections of the pipe'and
s0il, stress differences in adjacent pipe sections, other
physical factors, and the action of sulphate reducing bac-
f3§5ky teria may also be causes favouring corrosion. The Tirst
three factors in particular sugzest that much could be learned'
from a physical study of the environment of buried pipe in

the field,



5. PRELIMTWARY INVESTIGATION

Prior to the installation of any test apparatus,
study of records maintained by the City of Winnipeg Water
Works Department, seemed to indicate that seasonal gsoil.
volpme changes had a direct bearing on pipe failures of the
type ngcribed by the term "ecracked pipe". Thisg desig-
nation is used where the pipe has cracked transversely near
the mid-length and where flexural failure has been suspected.
Graph I prepared frbm City Records shows the number of fail-
ures pér mohth attributed to "cracked pipe" for the period
frém 1948 to the time of writing. Also shown are monthly
nean air temperatures, precipitation, and approximate depth
of snow cover, plotted from data obtained from the Meteoro-
logical Division, Depaftment of Transport. This graph shows
a definite cyclic pattern of failures with the months of
Septenber and February having the most failures. The winbter
failure rate, {usually the peak occurring in January or
February but sometimes as late as March) seems to be the
most consistent, ranging between 10 to 15 failures per month.
The critical wmonth in the fall period is September, in which
the réteﬁhas reached as high as 48 failurses. This September

failure peak however, is not nearly as consistent as the

"

winter peak with some years having as low as two breaks

during this month. Further study of Graph I seems to indi-
cate that a relatively hot, dry August - September period
always preceded a September of peak failure rate, whereas

a relatively cool, wet August - September period preceded
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a September of low failure rate.
Seasonal soil volume changes during similar
poriods have been observed in the past and have boen more

recently measured with test apparatus installed at the

-~
-

niversity of Manitoba. (3) A rather qualitative analysis

C
O
L

results obtained from this apparatus is given in the

)
0

o)
following table:
TASLE T

Periods of Maxlmum Shrinkege and Swelling of Winnipes
Soils (in zone of seasonal moisture variation) as
measured by Open Field Installations of Ground Kovement
Gauges st the niversity of Manitoba

Year Period(s) of Maximum Period of Liaximum
Shrinkage Swelling

1952 Feb.-March; 3ept.-Oct. - July

'i953 Feb.-March June=0cthe.

1954 | Feb.-lMarch June-Nov.

1955 Feb.-March; Sept.-Dec, May-August

1956 | Jan.-April

It is interesting to note that the periods of
maximum shrinkage as mgasured by the University~a§pératus
correspond very closely with periods of peakvfailures in
the Winnipeg Water Works system. These results would
seem to substantiate the results of the preliminary investi-
gation which indicated that seasonal soil volume changes

had a direct bearing on "cracked nipe' failures.
P1E .
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4. SOIL CONDITIONS IN THE GREATER WINNIPEG ARTA

In the Greater Winnipeg Area, soll studies and
excavations for building foundations have revealed a varied
profile, but the foliowing strata are generally encountered.(é)

(L) The top layer of soil, or "A™ horizon, is a
dark organic silty clay and wvaries in thickness from a few
inches to over two feet throughout the Greater Winnipeg
Aresa.

(2) The next stratum may consist of straw-colored
to tan fine sandy silt or silty clay deposits. These have
been identified as outwash deposits from higher ground, and,
in particular, material eqrried in from the till of thse
Interlake area. The thickness of the stratum varies from
about two to ten feet, or it may not be found at all in
parts of this area. In the general area in which the test
installations have been made, this stratum might be con-
sidered to be made up of two distinct layers. The upper of
these two layers usually consists of a yellow to tan silt
of Liguid Limits usually below 25% and Plasticity Indices
of less than_lO%. This material is of from medium to high
potential frogt action, the susceptibility of this soll to
frost action being dependent on the availability of water
to form ice lenses and sufficient frost-degree-hours to
causc the growth of these lenses. The lower of these two

layers usually consists of a brown siliy clay or clayey

)

11t of Liquid Limits ranging from 45 to 75% and Plasticity

Ind

e

ces from 15 to 50%. This material has from medium to




low potential frost action and medium fo high shrinkage,
expansion and clastbicity. This layer of soil generally
shows an interesting secondary, highly fissured, "nugget -~
‘like" strueture indicating it has been subjected to re-
peated partial or canplete desiccation. This layer is
usaally within the "Rn Horizon, designated by agricultural
s0il scientists as a zone of accumulation in which is found
relatively large deposits of saltg such as gypsum which

have been leached from the upper horizon. Thege deposits

have been noted to Gepths exceeding 12' and apparently are
formed in cracks or Ffissures Tformed in the goil with seasonal
moisture variations.,

(3) The next stratum is recognized as lacustrine
clay. These deposits are generally highly horizontally
stratified by numerous layers of fractional ineh thickness
of gilt, fine sand, and séndy clay. This varved condition
’is attributed to seascnal conditions affecting sedimenta~
tion. The lighter colored Silty or sandy varves were de-
posited during the hisgh water or Tlood periods of spring
and summer, and the darker colored clay varves during the
low water or quiet winter periods. These varved clays
possess, to a certain extent, the undesirable qualities of
both silt and soft clay. These brown Lo grey-brown clays,
locally described as '"chocolate olay” have Liquid Limits
ranging from 60 to ovor lOO% and Plasticity Indices fronm
30 to over 70%:. These values indicate medium potential

.

frost action, high shrinkage, expansion and elasticity. A
3 & 3™ s
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limited number of analyses show as high as 30% content of
the very active clay mineral montmorillonite. Swelling
pressures up vo 20 tons per sq. ft. have been developed

in the laboratory by undisturbed samples allowed to de-
siccate and then wetted, while swelling pressures of 1 ton

rer sq. £t. are not uncommon for samples where water has

been added to undisturbed samples at natural moisture cone-

tents, This stratum is found at depths ranging from 5 to

20 feet and therefore in many areas in the Greater VWinnipeg
Area Watermains must be placed in this‘stratum. If this
str atum gxists at deptihis less than 12°', the portion above
this aepth w1ll lie within the "B"™ Horizon or zone of ac-
cumulation and will be affected by'seasonal noisture vaeriw-
ations as well as containing deposits of salts leached from
the upper horizon.

(4) A grey to blue-grey clay, known locally as

"pblue clay", occurs as the next stratum. This deposit is
similar to the overlying brown clay, and 1ts thickness

also varies up to about twenty feet. Liquid Limits for

this clay seldom exceed 90 with plasticity being somewhat

lower than that of the overlying grey-brown clays. This

IS

clay has a softer congistency and shrinkage and expansion
do not normally occur in this matcerial as it is generally
found below the zone of seasonal moisture variation.

(5) The next stratum is boulder till, and con-

.
¥

sists of granular material ranging size from fine rock
flour to large boulders. It is usually found in a very

wet condition.



(8) The next stratum is also boulder till, and
lies over the Ordovician limestone bedrock. Unlike the
lying $111, it has a low moisture content, and occurs
consolidated and cemented maﬁeriai. For this
'f bas gained the name of "hard pan®, and'is TeCOg-

nized as excellent foundation material. Depbh of the lime~

(SN

stone bedrock varies from approximately 40 to 60 feet
< )

throughout the CGreater YWinnipeg Area.



5. CLIMATE OF CRUAT-R WINNIIEG ARSA ~ GENERA

Broadly speaxing, Vinnipeg has a continental
type climate, with great temperature variation through the
year. Janusry is the coldest month, with the mean monthly
temperature averaging -2.3%. July is the warmest month,
with a mean monthly temperature averaging 67°F. Winniveg
has five months per annum in which mean monthly tempera-
tures are below freezing (32°F), these being Januafy,
February, March, November and December. (Thess figures
are based on records of observations made from 1874 to
1955 published by the Meteorological Division, Department
of Transport, Canada (5)) The average winter's snowfall

is about 51 inches, while summer precipibtation usually
averases 15,5 inches of rain which usually falls duriag
the early part of the growing season, and again in the fall,
in the form of a steady rain, sometimes lasting a day or
two. This represents a mean annual precipitation of 20.6
inches when the comionly accepted conversion factor of 10"

orf snow egquals 1" of rain 1s applied.
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6. SOIL CLIMATE

.In a study of environmental eflfects on buried
pipe, a study of soil climate is of fundamental imporivance.

Since soil molsture migration due to soil temperature

variations is suspected to cause seasonal soll volume
changes, and since the freezing of watermains is fregquently

a problem to water works engineers, it is evident that a

study of the physical action on watermains would not be
1fﬁ?li complete without a study of soil climate.

Since 1952, studies conducted at the University
of Manitoba have resulted in frost penetration being megsS-—
ured to a depth of six feet during a winter in which only
little snow cover was had. Practical experience in this
area has shown that frost‘penetration to depths exceeding
eight feet is‘possible in undisturbed clayey silt material.
More extensive research in the relationship of soii tempera-
tures to water-works practice has been performed by the
Building Resgearch Division of the National Regearch Council

in Ottawa. The results of this research have been reported

by Legget and Crawford (6), several being: -
"l. Density of the soil appears to have little
effect on frost penetration.™
"p, Frost penetration averages about 1li times
as deep in sand as in clay, with or without, snow cover.”
"3, Disturbance of clay soils increases frost
penetration to 1} times the depth in undisturbed clay."
"4, TFrost penetration is considerably reduced

by a blanket of undisturbed snow®. "An undisturbed conbtinuous
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snow cover will reduce frost penetration by an amount equal

to or greater than its own thickness."

Graphs 2, 3 and 4 have been prepared from records
kept by the Civil Engineering Department of the University
of Manitoba in an attempt to graphically correlate Cumu-
lative Degree Frost Days, Depth of Frost Penstration,

Monthly Precipitation and Ground Temperabture. Combined

with the Graphs of ionthly Mean'TemperatureAanﬁ Mean Snow
Cover found on Granh I, a good approximation of soil cli-
mate in a btypical undisturbed profile is obtained.

Some clarification or éefinition of ﬁerms used
in these graphﬁ is thought desirable at this point,.

Degree Frost Day - a unit representing 1°F. of deviation.

below 32° Fahrenheit in the mean outdoor temperature for
one daye

Cumulative Degree Frost Days - commonly known as the

freezing index, is the cumulative total of degree frost
3 .

.days to any date in any winter. ‘ “

Depth of Frogt Penetration - Depth below ground surface

to which temperatures equal to or less than 32C°F, have
been measured by means of thermocouples.

Monthly Precipitation - the sum of nonthly rainfall and

snowfall using the commonly accepted conversion factor of
ten inches of snow equals one inch of rain, from records
maintained by the Meteorological Division, Departrent of

Transport. The broken or dotted lines indicate the seventy-
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pitation for the month in gquestion.

W

vear average precl
Ground Temperatures - measured by a thermocouple instal-

lation in an open field test plot at the University of

Manitoba.
this soil temperature study along with

Results of
results obtained for trench backfill will be discussed

later in this thesis.
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7. INSTRUENTATION

At st e e a4

The results of preliminary‘investigations indi-
cated that much valuable information could be obtained
from a study of vertical pipe movement, soil temperatures
and longitudinal strains in the pipe. The instrumentation
devised to measure these Variables was:

(a) Vertical Pipe Movement Gauges

In order to measurs pipe_movements easily and.
with a high degree of accuracy apparatus was designed to
transmit these movements to the ground surface where they
could be measured with an engineer's precise level and
rod. The pipe movement gauges oonsisted of rods supported
on the plipe and extending vertically to the zround surface
through'sleeves with clearance +to permit'free movement of
the rods. A removable cover at the top of the Sleeves and

a grea backing at the top and bottonm prevented the entry

o
i3
o)

o]

of Water or other foreign matter between the sleeve and

the rod. Three screws radially threaded through the sleeve
approximately one foobt from the cround surface were used

to centre the rod in the sleeve but to insure freedam of
movement. Diagram 1B further illustrates the design of
these gauges.

In the Banning Stréet test installation (instale
lation "A") a similar rod Supported on undisturbed gsoil at
a depth of 12 feet was used as a bench marik for checking
the elevations of the top of thé rods. The depth of 12

feet was selected on the basis of the University tests
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wihiich showed that this depth was relatively free of season~ 
al soil movements. On subsequent test installations "B",
"C" and "D" on Clifton 3treet, Valour Road and Richard Ave-
nue respectively, an improved deep bench mark supported at
depths execeeding 30 feet was employed. This benclh mark
developed by the Division of Building Research, National
Resgearch Council, special%y for accurate soil and founda-
tion studies, gives an elevation datum not subject to verti-
cal soil movement. This bench mark consists essentially of
an inmner rod supported on undisturbed soil or bedroék angd
an outer sleeve or casing. The inuner rod and outer casing
can be made in convenient lengths with suitable threaded
couplings and the bench ma?k can be quickly and easily
driven to bed rock if nccessary by mgéns of a pneumatic
hammer. ’

Readings on the bench mark and the vertical move-
ment gauges were taken using an engineer's prescise level
at the time of installation and at regular intervals there-
after. The gauge elevations at the time of installation
have been used as a reference datum from which subsequent
verﬁical movements have been calculated. Plots of this
data are included for‘each of ﬁhe installations.

(b) Electrical Resistance Strain Gauses

The magnitude of stresses and strains occurring
in buried pipe due to longitudinal and transverse loadings
N

has long been a problem difficult to analyze. Flexural-:

stresses result from the weisht of the pipe, the weigsht of
[ o 3



the water, from superimposecd loads that tend to change the
shape of the pipe, and longitudinal loads that are resisted
by the pipe acting as a beam, a column, or a tie rod. Com~
binations of transverse and longitudinal loads may resulb
in combinations of arch, beam, column, and tie rod actions
in the pipe. Such loadings and conditions produce stresses
resulting in longitudinal tension, compression, and Shear
that are difficult to compute because their magnitudes de~
pend, to some extent, on the local deflections produced in
the pipe. (7) It is thought that differential movements of
the soil supporting a buried pipe may cause additional

flexural stresses in the pipe, and that these additional

stresses could well cause the failure of corrosion weakened

cast-iron or bhe flexurally weaker asbestos—cementkpipe.

In an attempt to measure longitudinal strains
produced in buried cast-iron pipe, electrical resistance
strain gauges were actually mounted at the mid-length of
test pipes in the following manner:-

(1) The centre portion of each pipe was machined
on a lathe to remove the black bituminous coating for ap-
proximately fifteen inches. This was done to provide a
smooth clean surfaoe on which electrical strain gauges
could be mounted and to provide a surface which could be
most easily waterproofed by either of the methodsbdescribed
later.

(ii) PFour W.R.C. Bakelite gauges were mounted

on each pipe (one on each of the top, bottom and two sides
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of the pipe in such a manner as to measure the longitudinal
strains in the pipe). These bakelite gauges were one inch

fra)

in length, of approximately five hundred ohms resistance
and had a gauge factor of 2.08. Special care was taken to
clean all surfaces on which these géuges viere Lo be mounted.
Laminac cement with four percent catalyst was then applied
to the back of the' gauge and to the prepared position on
the pipe. The gauge was then pdsitioned on the pipe and
surplus cement was squeézed out from under the gauge. This
was found to be best accomplished by placing a covering of
several layers of cellophane over the gauge and pressing
firmly with the hands. A pressure clan@ with an electrie
heating attachment devised by Professor Baracos at the
University of lanitoba was then placed over the gauge and
clamped to the pipe. Heating of the gauge to 250°F for a
period of two hours and then to 300°F for a similar period
proved to give excellent results. This higher temperature
was attained by closing the open side of the heating clamp.b
After all gauges were mounbed on the pipe, the lead wireé
were soldered to the gauges and these were tagged in order
that they could be identified after the gauges were covered.
Two identical bakelite gauges wére nounted in a
similar manner on a small portion of cast-iron cut from a
pipe section identical to the one on which the strain meas-
uring gauges were installed. These gauges served as "refe-
rence" and "check" gauges. The piece of cast-iron with

these gauges mounted on it was placed in a water-tight con-




tainer made up of pipe fitted with plugs at each end.
(

are extremely sensitive to moisture, their complete water-

ii) Since electrical resistance strain gauges

f=te

<

proofing is s very critical factor in the design of any‘
apparatus employing them outdoors and especially when buried
in soils of relatively_high noisture contents. Two rather‘
different methods to attain ﬁhik high degree of m01uuure—
proofing have been erploy~ , the first proving to be un-
successful while the second has proved to be highly suc-
cessful to date. The Tirst method tried was: %
After the soldering of the lead wires to the
strain measuring gauges, a prime coat of formulation number
EC853 of the Mi nnesota Mining and Manufacturing Company
was applied to the pipe and gauges. This was allowed to
dry overnight. Over this, two layers of Tformulation number

EC864, of the same company, were applied, which provided a

waterproof coating about three sixteenths to one quarter

ineh thick., Suff oi nt time was allowed between applications
of the waterproof coating to allow each layer to dry. The
pipe was then wrapped with Scobch Brand plastic tape, com~
monly used as a pipe protective coating,.

In all installations of electrical strain gauges,
lead wires from “reference®, "check"” and measuring strain
gauges were placed in protective conduits made from 3/8 in
plastic garden hose which extended from the pipe to a test
box above ground in which was mounted a rotary selective

switch.
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A gradu&lAdeterioration inkthe gauges after the
pipe was installed was noted by the decrease in electrical
resistance between the gauge and pipe which indicated that
noisture had entered betwesn the gauge and pipe.

An ilmproved meﬁhod of waterproofing was developed

for subsequent strain gauge installations. A metal sleeve
made of thin co;per sheeting was §esigned so that it could’
be clamped around the pipe. All joints were carefully sole
dered and rubber gaskets were placed betwsen the sleeves

and the pipe at points of contact. Several coats of glyp-
tol were applied to all exterior joints and to the con-
nection where the plastic hose left the slee#e, The sleeve
was Tinally packed with grease (by means of a»pressure‘gum)

through a nozzle in the sleeve (provided for this purpose).
This method of moisture proofing proved to be Very suc-
cessful with all gauges still functioningQ Strain measur-
ing gauges installed on the Clifton Street test site have
been in operation for over eighteen months with no sign of
mnoisture deterioration.

A schematic wiring diagram showing a typical strain
gauge installation is included as'Diagram 1A,

(¢) Thermocouvles

Copper-constantan thermocouples were installed ab
two of the four test sites;vthe Banning Street site and the
Clifton Street site. Since the Valour Road and Richard
Avenue sites were quite close to the Clifton Street site,

and since all sites were similar in soil conditions, sur-



o

face cover and proximity to other utilities, it was decided
that the installation of thermocouples at all of the sites
was unnecessary. The thermocouples were mounted on rre-
servative treated 2" x 2" lumber at the required deptls,
One thermocouple was installed in = temperature well in

the ﬁipe at the Clifton Street installation in order to
measure water texmperatures. The Tthernocouple sﬁickﬁ was .
placed vertically in the;trénch adjacent to the pipe. The
insulated electrical lead wires from the thermocounles were
run into the términal box and connected to the double cone-
tact rotary selector switch. A reference thermocouple was
also made, protected in a sealed zlass tubing and connected
.to the rotary switch. Readings were taken with a potentiou
- meter and with tﬁe reference thermocouple inserted in an

ice-water bath (32°7).
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8.  THEST ITNSTALLATIONS IN DETAIL

nstallation A, Baaning Street

The Tirst installation was made at a site where
previous performance of an existing cast iron watermain in-
dicated highly ecorrosive and mechanically active soils.
Over a period extending from 1925 to 1952, 13 breaks had
occurred in an 800 ft. length of pipe at this location.
Five of these breaks had been attributed to corrosion,
-seven to "cracked pipe" in corrosion weakened pipe, and
one to miscellaneous causes. Very high shrinkage and swel-
ling properties were indicated for the supporting soils by
liguid limit and plasticity index values of 96.8 and 55.5
respectively.

Increased demand had made necessary a pipe having
a larger diameter. The test installation consisted of ap-
proximately 400 ft. of six inch diameter universal cast
iron pipe and 400 %. of six inch class 200 asbestos-cement
pipe placed at a depth of seven to eight ft. Although nor-
mally asgbestos-cement pipe would have been used for the
replacement, the cast iron pipe was installed for theifol-
lowing reasons:

(1) It permitted the use of electric strain
gauges which could not be attached to the asbestos~cement
pipe and be satisfactorily waterproofed.

(i1) A special’plastic tape wrapping could be
tested Tor corrosion prevention.

The pipe was installed during December 1953 in
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extrenely cold weather. SHxcavation was made using a series
of shored open pits sixz feet long conneoted'by four foobt
long tunnels. This "plt and tunnel' method of excavation
has been used considerably in renewal installations or in
new installations in which a minimum of surface disruption
is desirable, for example along landscaped boulevards or
under paved strests. The pipe was 1aid on wooden blocks
placed twglve to eighteen inches from the ends of each six
foot length. Backfill was pushed into the trenches using

a tractor and manually spread into the tunnels. The’frozen
condition of the backfill precluded any compaction under
or over the pive. In the following spring it was necesséry

to place considerable fill in the trenches where the back-

-

e

£111 had consolidated and had left depressions.

Fundamentally the test apparabtus installed at

ct

b

his site was similar to that schematically represented in

Fisure 1. However, strain gauges were installed on only

one six foob section of the pipe and these gauges were
waterproofed as previously descrived by a plastic tape
covering sealed with a self vulcanizing synthetic rubber
compound . In this test installation, vertical pipe move-
ment gauces were installed at four successive pipe joints
with the Tifth gauge being installed on one of the pipe’s
mid-point., The deep bench mark was founded on undisturbed
soil at the twelve foot depth.

The watermain is located under a grassed boulevard,
from one to two feet in from the curb. The street is as-

phalt paved and is subject to light residential area traffice.
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(b) Test Installation B, CliTton Street

Test installation B was located in a 400’foot
section in a new residenﬁial development in which the '"bay"
type of comnunity planning was utilized. The installation
consisted of four inch universal cast iron pipe installed
at a depth of seven to eight feét, supported by blocks on
highly plastic clay. The test pipes are located a cone-
siderable distance from existing roads, under a grassed
park area within one of these bays.

The trench was excavated by trenching machine us-
ing conveyor buckets. The top six feet of excavation were
predominantly in silt and silty clay; the soil conditions
being very similar to thosé encountered in Installations
C and D. Sand backfill was placed around and over the pipe
to a depth of six inches, without removing the blocks. The
backfill consisting of the excavated clay and silty clay in
a well broken-up condition, was pushed into the trench by
means of a dozer-equipped tractor.

The test appératus installed was the same as that
shown in Figure 1. Copper slceves, ag previously described,
were installed on test pipes to waterproof the strain gauges.
The deep bench mark was founded on undisturbed clay at a
depth exceeding 30 feet. The installation was completed in
late August, 1954, |

(¢) Test Installation C, Valour Road

Thils installation was also a four inch universal

cast iron watermain located in a residential bay in a new
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development, and was similar to Test Installation B except
that a sand backfill was not used and the excavatlion was

made using a backhoe. The use of this equipment resulied

j-te

N the excavated material being in large pieces. 4 tractor
was used to push the backfill into the +trench.

The test apparatus was similar to that installed
av the Clifton 3treet site except that no thermécouples
were installed since this installation was relatively close

to the Clifton Street Installation., For a sumary of soil

tests performed for this site the reader is referred to the
accompanying summary sheets. The installation was conpleted
in late November, 1954,

(d) Tost Installation D, Richard Avenue

Bince flexural failures were known to occur in

asbestos-cenent pipe it was thought desirable to study verti-
be moverents oceurring in an installation of this typé
of pipe. The Tirst opportunity to make an ingtallation of
this apparatus, within the general area of the other test

installations, came when a 200 foot extension was made on

Richard Avenue. This pipe was class 200 {elght inch diameter) -
asbtestos-cement pipe and was installed in sixteen foot lengths.,
Trench excavation was carried oubt with a "Gradall™ backhqe‘
which was also used to backfill the trench after the pipe was
laid. Installation wasvmade during extremely cold weather

in late November. Daily temperatures remained well below

zero throughout the period of construction and as a result

the semi-frozen state of the lumpy backfill precluded any




-

tamping. The pipe was bedded in approximately six inches
of kiln dried sand at an invert depth of approximately

ight Teet below ground surface. The sand backlfill was

[}

provided to a height of approxzimately six inches above the

top of the pipe. The remainder of the backfill consisted

-

of a silty clay mixture of material excavated from the trench,

pushed back into the trench by the backhoe and heapcd. ap-

proximately two feet above prairie grade.

The test apparatus installed consisted of eleven

vertical pipe nmovement gauges placed eight feet apart al-

©

ternately on pipe joint and pipe mid-length. A’deep bench
mark of the type previously described was driven by means
of a pneumatic haymer to a depth of 44 feet. This bench
mark was placed a short time before the trench excavation
wes started and to imsure that it would not be damaged dur-
ing construction it was placed a short distance‘away from
the proposed trench. Since this installation was close to
the Clifton Street installation and since soil conditions
are similar in both Installations, the installation of
thermocouples to measure s0il temperatures was deemed un-
necessary. No attempt was made to install strain measuring
apparatus én this pipe. 2Rwosults of soil tests performed on

te are sumnarirzed on the accoiie
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S. PRESENTATION OF DATA

Since a considerable amount of rather repetitious
data has already been gathered and since it is desirable to
comparatively analyze this data, graphical methods of pre-
sentation have been employed for ground temperatures, verti-
cal pipe movenment and longitudinal unit strains in the pipes

(i) Ground Temperature Graphs

The ground temperature graphs for Banning Street
and Clifton Street are self explanatory. The L,H.F.'s pro-
duced by Copper-Constantan Thermocouples were measured by
a potentiometer (with a Reference Junction at 32,0°F.) and
were recorded, These E;M.F.'S measured in millivolts were
later converted to equivalent temperatures in degrees Fahren-
heit by means of a standard conversion chart. These readings |
were then plotted as shown with Temperature (°m) énd Date as
co-ordinate axes. Lines with identifying symbols were then
drawn through all readings taken at each depth.

(ii) Vertical Pipe Movements

Vertical pipe movements were measured with a pre-
cise engineer's level and rod. Beadings were recorded to
the nearest one thousandth of a}fﬁot. The accuracy of these
readings is believed by the author to be within %0.001 feet.
This high degree of accuracy may seem guestionable to the
reader, but it should be remembered that due to the installa-
tion of a reference bench mark close at hand, a single set-
up of the instrument at close range to the gauges and in line

with them so that the instrument need not be rotated, is all



that is requircd. The datum elevation of all pipe move=
ment readings is the elevation of the gauge at the time of
installation completion. Figures 2, 3, 4 and D are plots
of these pipe movenments with respect to the installation
datums for the Banning Street, Clifton Street, Valour Road
and Richard Avenue installations respectively.

(iii) TLongitudinal Unit Strain

Longitudinal unit strains were measured with a
Baldwin Strain Indicator. The readings obtained directly
from the indicator however, reguired certaln corrections

5

to glve actual strain values. For further discussion of
these corrections and the results obtained from the strain

gauge installations the reader is referred to Appendix A.
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FIGCURE 4
VERTICALRIPE MOVEVENT

VALOUR ROGLD
TEST PIPE INSTALLATION

Date of Instellation  lNov. 20, 1954
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UNIT STRAIN-TEST PIP E 1

CLIFTON STREET

TEST PIPE INSTALLATION

Date of Installation Aug. 24, 1954

gt
Poerd

T { RN

s 10 15 20 2% 3 10 15 20 23 510 1% 20 29 5 10 1E 20 2% 3 10 15 20 2
JuLy AUGUST SEPTEMBER . OCTOBER - NOVEMBER




NOYVEMIER

=
5]

¢
v

ALG

Ly

BH

PUNE

MAY

>
&

H

XA

&

JANUARY

o)

EMBER

DEC

{

NOVEMBER

>
OCTORER

SERPTEMBER

Juey

JIINE

MAY

APRIL

MARCH

FEBRUARY:.

Y

JANUARY

1343

DECEMEER

10

5




NOVEMBER

OCTOBER

15 20
NOVEMBER

SEPTEMBER

15 20 25

SEPTEMBER

1572025

JuLy

23

5 10
QCTOBER

10

5

AUGUST

10

o

48

URE 7

FIG

&
[N

A
£

T

o

«

1T

U N

FTORK

'

I

I

Aug. 24, 1954

s

wn

Date of Installet




WHEDEG

3
Loz st

7

W3
82

AUYOANYD
G1

“34

Advny

DUYW

H

AX W HHd

ANNT

¥d3890100 HIBNILIIIS Lsnony

HABWIAON

r3a

HIAEWS

o

[

HIBWADAQ

-~
&

4

~
{

f

AHNVONY

[hod

S¢

i e

b
>
x
<

>

. i
14 : ”
-3
A H
11 e k4
I =
~ 2
f.

i R IR T
) ,M..,
N 5]
)
i . .
- - il
Ty .
' - v
Eh SRR G o3
I Lodn T
VU R £
i
PRI S . %
H i

0T

e
; I
r
e
N
- : 5
i : T
- ! . f s
<
. .
s
5
G
w &
~
“a
- AT
o g
.o
et ™
<
v @
om
Y

N

Cleeed
i Bege)




49

NOVEMBER DECEMBER SANIIARY

5 ( g 3 5 . 5 oo ¢ oE
510 15 20 25 510 1% 20 25 “’ ARSI RER PR : 5 ‘
i H IR : : . ) H 7
v -4 o A . v : . {
‘ i
4444444 e
H

FIGURE 8

UNIT STRAIDN-=-

=]
=
€3}
=3
e
4
g
=
-

ALOUR ROAD

T 3T PIPE INSTALLATIOHN

Date of Installation  lov. 20, 1954

. '}“ : .

¢ el 45
i T ? £ 24
R R O TR i
' i : [ e o
e

; RS P T e
E ffﬂ 135

| S

® H
v :
|
3
:
i
ok | ]
e e - — - a Py
¢ 550107 15 20 295 5 10 1% 20 25 % 10 15 20 29 S 10 15 20 25 5 10 15 28 2
OCTOBER NOVEMBER DNECEMBER JANUARY FEBRUARY




H :
!
¥
i
PR
b
:
.
. -
: i
b . o 1
™ A
o i
YR {
w Z t
i H
M 4
4 - T 7 o -
Iy ¢
A :
L 1 4
7
s . z
g PRSI 5
i

15 20 25
R

15 20 23

APRIL

b A -
b
i :
! .
H
]
AN L.
b : ;
> H
< i e :
w~ w i f
£ v !
.
: |
! IS i
i l e e e
[ t H
| ;
o} H : ;
LA . H
- :
T oW ; -l
- :
< :
o - b S
i ;
i
i .
Z S Ll .
¢ - ;
=
(& PR
i

DECEMBER

NOVEMBER

10
O

S

25
H

15 20
EPTEMRE

10

23

2
LsT

5

=]

AT

b}
JULY

20 25 5 10 5 20 235
JUNE

18
MAY

G

S

a1
MARCH




50

FEBRUARY

£

NOVEMBER DECEM

QCTOBER

L v o e e

JANUARY

&0 -

W.

-+

CUNoTsH

P
-

EN)

ks

ISSTEIAC

9

FIGURE

&3
AN

Df

0OAD

VAL OUR

LLATIOUW

<1,

m

et
Ferd

)

a8}

Nov. 20, 1954

Date of Instellation

15

JANUARY

FEBRUARY

NOVEMBER DECEMBER

OCTOBER




pel

et
SO
[
o=
W
o

NOVEMBER
1

w
ot
x O
uoN
O w
o

«

o
o
o
[V
3
)
i
5
>
2
[
i
o
[ty
Zw
R
5
o

WAY

APRIL
e

5]
I~
O
e
o -

10

=3

O 25

2

15
JUNE

15
MAY

10

10 18 20295
MARCH

S

20

NOVEMBER DECEMBER

YCTOBER

CSEPTEMBRBER

JuLy

APRI




51

10. DISCUSSION OF RESULTS

(i) Discussion of Ground Temperature Studies

In order to compare ground temperature relation-
ships of an open Tield test installation with those of
trench backfill installations the reader is referred to
Graphs 2, 5, and 4 and the Ground Temperature curves for
Banning and Clifton Streets, Basically these three test
locations are qiite similar in original soil profile, sur-
face cover and climate. However, it is important to note
several conditions which are not common to all sites. The
open field sive on the University Campus, is as the name
implies, located in an open Tield, reascnably removed from
unnatural features such as buildings, buried conduits, etc.
The thermocouples were installed with a minimum of soil

i

disturbance in an attempt to approximate natural soll con-

o

itions. Snow cover at this site generally is very close
to the average snow cover for the Greater Winnipeg Area.
This site is therefore considered, for the purposes of this
. »
thesis, as a typical undisturbed profile. The Banning Street .
installation closely parallels the curb and is therefore
influenced by winter snow removal. Snow removal operations
during the winter result in packed snow and ice being heaped
over the top of the thermocouple installation, however, the
s%reet gsurface proper 1is practically completely free Trom
snow throughout the winter. The Clifton Street thermocouple
ingtallation is practically located in an open field, lying

under a grassed park area in a residential bay. Since it is
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a considerable distance from the street its snow cover is
natural and is not affected by snow removal. Both Banning
and Clifton Sbtreet thermocouple "sticks™ were placed in
the disturbed backfill material of the trenches.

The winter of 1953-1954 was not a particularly
severe winter (total cunulative frost-degree days less
than 2600). The maximum snow cover of eighteen inches 0¢=-
curred in late anuurv and lasted for a relatively short
period. Generally speaking, we could consider this Lo be
an average w 1tar of mediun %o light snow cover, In the
open Tield installation frbst penetration reached four and
one half feet in mid-March and remained practically station-
ary at this depth until mid-April. The frost line gradually
retreated to approximately the two Toot depnt b] the end of

the rst week in May. Surface thawing also caused-the re-

ct
4

of the frost line downward from the surface alter the

[}

trea

third week in April. The frost was coupletely out of the
ground by the end of .the first week in May. At the Banning
Street installation the meximum depth of frost pemnetration
vas seven and one half feet and occurred for a short period

during nid-February. The depth of frost penetration reached

[N
2

8

feet in nmid-January and remained at or below this depth

|

161

c‘i'

mid-april. The frost line retreated from the surface

Yomned

and from below to remain finally at the three Toot level,

st of June.

e
H
i

where it was last observed on the i

3
6]

1t be consldered more

;-.4

e winter of 1954-1955 nig

gevere than the preceding winter, the cumulative degree



53

-

frost days recaching 3000 at the end of

HMarch. However, the

.

maximugn suow cover was twenty-Tour inches in February with

an average snow cover of twelve inches for the months of

January, Februa
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tration of two Teet was reachsd in nid-dJanuvary and remained
stationary until mid-April when surface thawing, which started
the last week in March, reached this depth. At the
Banning Street site, ffost penstration reached silx feet in
early lkarch and remained at this depth Lﬁtll the end of March.
The frost was completely out of the ground by the second week
in May. Coldest teuperature recorded was 29°F, at the three
Toot depth and occurred in mid-March.

From the end of March to the middle of august the
terperature at the seven foot depth rose rapidly reaching a
maximum of 669F., The temperaturs of the soil at the seven
foot level actually "lead™ the temperaturse of the soil at the
one to six foot level through the spring and early summer by
as much as 10°F. 7The maxinmum temperature attbained by the open-

Tield, undisturbed soil at the seven foot depih during the

sumer was D1%F, and occurred in late September. This illus-

trates how appreciably the surrounding soil's temperature can

i

be affected by the water bemperature in a ﬁurled watermain.

a

This warming effect was noticed to a lesser extent to a.depth

o

of elesven feet or four feet below the watermain. During Sep-

tember and October the

o

wpper eight feet of soil cooled gradually

.

;:S‘

nt

@

fde

to approximately 50°F, ¢ first weelr in Hovember, at which

time the soll at the eleven oot depth was experiencing its
kS
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highest temperature as a result of the sumer's warming
effect.

During the winter of 1954-1955 maximum frost pene-
tration at the Clifton Street site was five feet and was
reached in late February. The frost line retreated from
this depnth by the end of March and reaohed the three foot
depth by the first week in May. OSurface thawing had reached
this depth at this date so that the solil waé free of frost
by the second week in Maye. |

‘ As in the Banning Street installation the warming
effect of the watermain is apparent; maximum water tempera-
ture of 719F. was reached near the beginning of Auguste

The winter of 1955-1956 to date has been quite
severe. Cunulative degree frost days exceeding 3500 have
been experienced by mid-March. However, near record snow-
fall has left a deep snow cover which has averaged over |
three feet since November. Maximum frost penetration meas-
ured at the open~field site was one and one half feet. The
snow cover at this site has been slightly greater than the
three foot average mentioned above. However, maximum frost
penebtration at the Banning Street site measured to date has
been six and one half feet, which was reached in mid-Marche.
Snow cover at this site has been approximately three feetb
of compacted snow ané ice immediately above the thermo-
oouple "gtick"™. However, the street surface has been kept
clean of snow to within two feet of the thermocouple instal-

lation.




Maximum frost penetration, thus far recorded at
the Clifton Street site, has been three and ore half feet.,
The snow cover at this site has been approximately three
feet of natural snow which is very close to the average for
the CGreater Winnipeg‘Area.

The'results of the soil temperature studies to
date,’the author believes, have been of considersble value..
They tend to substantiate the findings of Legget and Craw-
rord (8) ror tne Ottawa area that:

"Disturbance of clay soils increases frosﬁ Dene-
tration to 1% times the depth in undisturbed clay™, and

"Frost penetration is considerably reduced by a
blanket of undisturbed snow”,.

The fact that frost penetrations at the Bdnning
Street installation during the winter of 1955-1956 have'ex~
ceeded those at the Clifton Street instaliaﬁioﬁ by et least
a foot, illustrates the value of "undisturbed"™ or "natural"
snoy c¢over, Similarly, the fact that frost penetrations
in both the backfilled trenches have greatly exceeded those
at the "undisturbed” site, indicate how greatly the dis-
turbance of clayey soils can affect frost penetration in
them.

Also demonstrated by these studies is the fact
that frost penetrations to depths equal to or greater than
those at which watermains are usually installed in this

*

area, are possible in winters of even moderate severity,

0}

f these mains are located below or close to

e

l,..l-

egpecially
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street surfaces where they do not enjoy the benefit of
natural snow cover.

An interesting possibility suggesved by these
backfill temperature studies, is that soil moisture mi-
gration from the bedding and backfill material near the
pipe may be aided or accelerated due to the warming effect
of the pipe on the soil around it. This could lead to soil
shrinkage which would usually be greatest towards late
summer or fall. This non-gravitational water movement ig
known as thermo-osmosis and is a result of the fact that
the affinity of water to soil increases with decreasing
temperature., The migfation of water in fluid phase to
colder regions of a layer of soll is sonmetimes accompanied
by condensation of water vapour in the air-filled voids
of colder sections of not fully saturated soil laysrs. The
phenomena of thermo-osmosis may also explain the upwarad
movement of soil water into a freezing zone where ice
lenses are forming. Capillary action does not satisfaotorily
account for this upward movement of moisture because thare
is no free surface or meniscus which is necessary for capil-

lary forces to exist.
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(ii) Discussion of Vertical Pipe Movement Studies

In analyzing the results of vertical pipe move-
menbts an attempt will be made to correlate these movenments
with soil temperatures and precipitation. The reader is
thersefore referred to Figures 2, 3, 4 and 5 and Graphs 2,
3 and 4.

The Banning Street watermain installation was
made during December, 1953, following a paribd of very

light precipitation. The dry conditlion of the backfill

and bedding material is demonstrated by the low molsture

contents shown in the Summary of Soil Tests.

Txamination of Figure 2 shows the vertical move-
ment caused by expansion of the bedding material experienced
by the pipe as soon as the spring break-up occurred, The
loose lumpy condition of the backfill material allowed sur-
face waters to percolate to the bedding material rapldly.
Generally from April to‘October, 1954, precipitation was
high and this large rainfall was reflected Dy steady verti-
cal pipé movement .caused by the expansion of the bedding |
material. By early Septemberyverﬁical displacements from
original pipe elevations, ranging from 0.06 to 0.13 feet
nad been measured. During the period from March 20 to June
30 verbtical ground movements as measured by apparatus at
the University of Manitoba in relatively undisturbed soil
at the seven foot depth were of the magnitude 0.017 feet.
From June 3Q to June 15 this apparatus indicated little or

no volume change of the soil at this depth, while from August
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10 to October 10 slight expansion was registered by
vertical movement of the order of magnitude of 0.008
feet. From October to Januvary 1955 no significant verti-
cal movements were recorded for either the pipe movement
or ground movement gauges. From January to the eand of
March 1955, the vertical ground movement gauges on the
University campus measured vertical moVEment of 0.012

feet indicating shrinkage of the soil at the seven foot

depth. This shrinkage was believed due to moisture mi-
gration from warmer to colder soil regions. However,
during this same period the vertical pipe movement gaugses
indicated little or no volume change of the bedding mate-
rial. From the end of March to the end of April rather
rapid expansion of the magnitude of 0.018 feet was meas-
ured by the ground movement gauges at the University. The
greatest vertical pipe displacement measured to date was
recorded on June lst, 1955 at the Banning Street site and
was 0,190 feet‘abové datum, The University apparatus

showed gradual shrinkage of the soil at the seven oot

depth ffom June to October by vertical movements 0.011
feet in magnitude. During this period in which rainfall
was below normal, the Banning Street pipe movemgnt gauges
registered only very small movements. Erom October until
March 10th, 1956 the University apparatus had shown very
slicht gradual shriﬂkage of the goil at the seven foob
depth, while correspondingly the Bamming Street gauges

showed a slight swelling of the supporting soil.




To date maximum vertical displacement from ori-
ginal installation elevations that has been measured at
the Banning Street site was 0.190 feet or slightly great-
er than two and one quarter inches. The maximum differen-
tial movement suffered by a single pipe length has been
0.070 Teet or 0.84 inches. These differential movements
have caused rotation of the tightened joints of as much
as forty minutes, i.e, 0.67 degrees.

These large movements have been attributed to
poor backfilling of the trench.' Proper compaction of the
backfill material is difficult to atbain when the "pit and
tunnel" method of excavation is employed because of the
difficulty of reaching into the "tunnels" after +the pipe
has been laid. TFrozen backfill material ig very difficult’
if not imﬁossibie to compact and is undesirable from the
standpoint that lumpy backfill material tends to cause con-
centrations of load on the pipe instead of evenly distri-
buting the load thoughout the length of the pipe. The use
of blocks to support the pipe introduces conditions favour-
ing flexure. To date, by far the largest movements occurred
during the first period in which soil moisture conditions
varied, The "open" condition of the backfill material at
the time of spring "bresk-up" allowed surface moisturs to
reach the pipe bedding material rapidly and in amounts which
could cause considerable swelling of this material. Since
that time the backfilled material has consolidated somewhat

but still retains a higher than average moisture content.



The disturbance and destruction of natural soil deposits
by excavation and backfilling of trenches tends to increase
the permeability of these soils, especially in a vertical
direction., '

Clifton Street

The Clifton Street watermain installation was
made in late August, 1954, during a period of above average
rainfall. Open field gauge movements of 0.006 feet from
August to October indicated expansion of undisturbed soil
at the seven foot depth, Sxémination of Figure 3 indiCates
pipe sebttlement or shrinkage of the bedding material dur-

»

ing this period resulting in dis@lacements as large as
0.080 feet being measured. From Ootdber to March 30, 1955
a steady decrease in volume of Qndisturbed clay at the
seven foot depth was recorded by the University apparatus
by vertical gauge displacements, which reached 0.012 feet
in magnitude. In the period from October to the end of

January 1955 little vertical pipe movement was experienced

at the Clifton Street site. However, during February and

March a rather sudden upward movement of the pipe, especially

at gauge number 4, was measured to be as large as 0.020 feet.
Frost heave does not appear to be a valid reason Tor this

-~

movement since freezing temperatures were not recorded aﬁ'
this depth. However the return of this point to its original
elevation by June would substantiate downward movement due
to thawing. A possible cause could be a localized increased‘
soil moisture content resulting in soil swelling under the

pipe.
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The asterisks beside the Auvgust 8, 1955 gauge
number 5 reading and the September 20, 19855 gauge number
1 reading indicate surface damage caused to these gauges
by trucks backing over them.

| To date the maximum vertical displacement that
has been measured at the Clifton Street site was 0.065
feet, i.e. 0.78 inches, while the maxiﬁum'differential
movement suffered by a single pipe length has been 0.030
feet, 1.2. 0.36 inches. The maximum rotation of pipe
joints caused by this differential movement has been 25
minutes or léss than one hall degree,

The comparatively much smaller movementé experi-
enced by this pipe installation can be attributed largely
to the improved backfilling prdcedure employed here. The
bedding of the pipe in sand tends to more evenly distri-
bube the load of the backfill and pipe over the trench bot-
tom. The use of this sand as backfill material for approxi-
‘mately six inches above the pipe also alds in distributing
the load of the backfill evenly over the pipe. The con-
paction of the well broken up backfill material was achieved
by running a light tractor back and forth over the heaped
trench. This light compaction combined with the natural
consolidation of this soil which occurred during the fall
period left a trench which was much less permeable to the
inflow of spring surface runoff and rainfall. The swelling
of the bedding clays was very nuch smaller than that ex-

perienced at the Banning Street site.
3
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Valour Road

The Valour Road watermain installation was dam-
pleted in late November, 1954, followiﬁg a ?efiod‘of near
normal precipitation. The moisture content of the wvarious
soil types encountered is shoﬁn on the Summary of Soil
Tests.

Figure 4 shows the large displacements experienced
by the pipe shortly after installation. These large dis-
placements, especially that measured by gauge number £, are
believed to have been caused by load concentrations on the
pipe. These load concentrations were believed due to large
lumps of the backfill material causing increased‘lbads to
act on certain points along the pipe while r@ducing the
magnitude of loads acting at other points. From December

to March, 1955, the gauges indicabed very slight pipe move-
wments but from March to September the gaugeé indicated a
slow but steady upward pipe movement. From September t0
the end of February, 1956, these gauges recorded slight:
dowvnward movements indicating slight shrinkage of the bed-
ding material.

Largest displacemeﬁt ffom original datum elevations
thus far measured at this site has been 0,105 feét, lecse 1.26
inches. The maximum differential movement of a single pipe
length was 0.086 feet or 1.032 inches, while the maximunm
rotational displacement measured for a single pipe joint has
been one degree and twelve minutes.

These large displacements are attributed, by the
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author, to load concentrations caused by the undesirably
"chunky" backfill and to the fact that neither a sand
bed nor formed bed was prepared for the pipe.

Richard Avenue

The watermain installation on Richard Avenue was
completed in early December, 1955, Soil moisture condi-
tions at the time of installation were near normal but
temperatures were much below normal.

Unfortunately, for the purpose of this thesis,
the period of observations has been vefy shért. To date
the pipe has experienced small general settlements with‘
very small differential settlements,.

Surface damage to some of the gauges by snow
plowing equipment made readings impossible on March 10,
1956, but it is expected that repairs can be made to putl

most or all of these gauges back into operation.
e

Generally speaking, the results of the vertical
oipe movement gauge installations have indicated that:
(1) Large vertical pipe displacements can occur

in watermains which have been installed using the "pit and

£y

tunnel”™ nmethod, especially 1f the pipes are laid on blocks

and the backfill matsriazl has been loose and poorly com=-

[©]

pacted,
(2) The use of a sand bed and partial sand back-
£ill ssems to reduce total and differential nmovements ex-

perienced by pipes.
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(

ments at the joints due to differential pipe nmovements.

R

) Pipes can experience robtational displace-

(4) Pipes laid following periods of low rain-
fall may experience large upward vertical movements due
to swelling of bedding material,

(5) The backfilling of trenches with compacted.
well broken up and uniformly mixed material can greatly
reduce the permeability of backfilled trenches, which in
turn reduces the rate and amount of moisture migration to
and from the bedding material. Iven very light compaction
aids in the "tightening-up" of backfill material.

It has been observed that bucket type trenching
machines tend to leave the excavated material in a compara-
tively well mixed and broken up - condition while "back-hoe"
type excavators tend to leave the exoavated‘material in a
segregated and lumpy conditidn. fhis is particularly no-
ticeable where trenches extend through a varied soil profile

of several distinctive soil types.



1l. CONCLUSTIONS

Vertical Pipe lMovements

Probavly the most significant‘and also perhaps
the most surprising a ‘spect of the results of the vertical
pipe movement studies is the magnitude of movements actu~-
ally méasurad. Total vertical disvlacements exceeding two
and one quarter inches and differential movements within
a single pipe length exceeding 0.84 inches have been re-
corded to date. WMovementsof this magnituée couldgwell be
regponsible for the ultimate failure of corrosion weakened
cast iron pipe.

The vertical pipe movemsnt gauges, as installed,
have proved to be satisfactory instrumentation to measure
these movenents,.

The study indiéaﬁes several undesirable tech-
niques in watermain installation. It tends to substantiate
the findings of Committee A~21 on Specifications for Cast
Iron Pipe and Special Coatings under the Cha rmananlp of
Thos. H. Wiggins, Consulting Engineer of New York City,
that the laying of watermains on blocks with an untamped
backfill leadé to a condition favouring flexure. It has
also demonstrated that the "pit and tunnel" method of ex-~
cavation can lead to large undesirable differential move-
ments. Backfilling procedures which lead to reduced soil
moigture content changes are highly desirable. Since com-
paction of frozen backfill material is almost impossible,

tallation of watermains during freezing weather is un-

desirable.
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Ground Temperatures

Ground temperatures play an important role in
the physical enviromment of buried pipe. Water tersmera-
tures in buried pipe can have appreéiabl@ effects on the
surrounding soil which may in turn accelerate soil mois-
ture migration in the bédding and backfill mat erlal. Frost
penetration can exceed the eizht foot depth at which mains
are commonly placed especially in poorly backfilled trenches
or in locations near or uﬁder paved streets. 3ince annual
temperature ranges for buried pipe can be as large as 5003.
some provision for thermal expansion and contraction should
be made in the design of these mains.

-

Unit Strain in Pipe

flectrical resistance strain gauges havé shown

easonal chaunges in pipe unit strain which are partly ex-
plainable by:pipe temperature changes, as influenced by
water and soil temperature variations, and also partly
induced by soil movements, The instrumentation to date

has only been partially successful; the short life ex-

pectaney of electrical resistance strain gauges beling their

i3

main Tailing since records over a longer period of time are
necesgsary o definitely establish the existence of seasonal
cyclic relationships. Another installstion including clec-
trical resistance strain gauges could prove valuable. This
modification would entail mounting "check" and "reference’

gauges on a piece ol "zero-sgtress" cast iron placed within

one of the waterproofing copper sleeves to insure that these
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gauges would be of exactly the same temperature as the
strain measuring gauges. The extensive use of electrical
strain gauges to study strains ig buried pipe is not ex-
pedient unless an improved gauge of greater longevity is

available,

The problem of watermain failures in the City of

Winnipeg is basically a problem in Chemistry; particularly

-t

the corrosion of cast iron pipe. However the useful life

n be greatly extended through improved

&

of cast iron pipe ¢
installation methods leading to reduced pipe movement since
pipe which has been severely corroded may still act és a
useful condult until differential movemént or flexure causes
its ultimate structural failure. Imstallation procedure
which will minimize pipe novements will also imprové the
performance of the flexurally weaker asbestos-cement pipe.

By extending service life and reducing maintenance cogts

substantial economic savings will result.
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The study of lonﬁittclna7 strains induced in
buriedlpipu over a period of several years presents numer-
ous problems. The use of electrical resistance strain
gauges seens to be the only practical method of measuring
these strains under field conditions. Hewever, the use of
these gauges creates problems both in insta llatlon tech-
nigues and in interpretation of results obtained.

Electrical resistance strain gauges are highly
sensitive to moisture deterioration. Therefore, their
complete protection against contact with moisture presents
a problen, esneolally ir these gauges are sxpected to re-
main in service for a long period of time, buried in'a
soil of high moisture content. This problem has already
been discussed in part (b) of Instrumentation.

Even if electrical strain gauges suffer no de-
terioration due to moisture, the intero ation of results.
obtained from these gauges is coauplicated by several cor-
rections which must be made to the actual Strain Indicator
readlﬁ@@ obtained throughout the year. In the interpre-
tation of strain gauge results, the elsectrical resistance
of a gauge measuring the strain in a member created by the
stress in that member is compared with the electrical re-
sistance of an identical gauge measuring the‘strain in a
similar member which is subjected to no stress. Thus ig

created the need for a "zero-stress", strain gauge or
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"Raference" gauge, to which the strain measuring gauge re-
sistances can be referred., The "reference" gauge was
mounted on a pnicce of cast iron cut from a pipe similar to
that on which the strain measuring gauges were mounted.
Also mounted on this piece of cast iron was an identical
gauge which we shall call a "Check" cauge. The function

3 .

of the "check" gauge will be explained later in this dis-
cussion. Throughout the period of a year, »ipe tempera-
tures vary ccnsiderably with water and soil temperature
variations. Due to these temperature changes, the cast
iron piece on which the tpeference™ gavge 1s mounted will
strain in order to maintain its "zero-stress” condition,
and the electrical resistance of the reference gauge will
change accordingly. HoweVer, thie amount of thermal strain

caused in the pipe and therefore recorded by resistance

(]

chanzes in the strain measuring gauges depends on. the end

3

restraint of the pipe. Since all watermains bebln and end
at relatively fixed points, since 2ll bends, "Tee's"™ and
other points of direction change are reinforced against
movement, and since the frictional and cohesional resisﬁan&e
of bedding and backfill material tends to resist any longi-
tudinal movement, the uhenmal stresses induced in buried
vipe must be directly proportional to the temperatbure
changes, or the pipe nust be able to strain to reduce these
stresses, If the pipe length is fixed axially, in order to

. B

strain it must deflect laterally ither by flexure within

o

the pipe length itself or through rovtation at the joints.
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miversal cast iron pipe hés no provision for
axial thermal strain and therefore its axial length is
fixed between two such fixed points. Couplings commonly
used with asbestos cement pipe provideAfor‘axial strain
and theoretically thermal stresses are relieved at each
pipe joint. |

Providing the "reference"and strain neasuring
gauges are subject to the same thermal conditions, i.c. both
at the seme temperabure, the readings of resistance measured
for the strain measuring gauges will be a measure of the
gtress in the‘pipe’relativé t0 the "zero-stress" condition.
If the pipe is free to react to thermal strains, the elec-
trical resistance readings will be directly proportional
to strains ocdurring in the pipe due to longitudinal and
transverse‘loadings., HoWever, if the pipe is not free to
react to thermal changes, part of the strain will be due
to the longitudinal and transverse loadings, while part
will be a measure of the thermal stresses caused in the pipe
due to its end restraint. ’

However, a correction nust be applied ﬁo'thesev
readings before they are COrrectvmeasurements of the stress
condition in the pipe. The "check" gauge is a gauge mounted
on the same piece of "zero-stress" cast iron and since it
is as nearly as’passible identical to the "reference gauge
it could be used.as an alternate "reference" gauge. The
one basic differancé in the "check" and "reference™ gauges

ig in their wiring hook-up in relation to the Strain Indi-
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cator and the Rotary Sslector Switch. The "reference™
cauge lead wires are connected directly to the "reference™
gauge poles of the Baldwin Strain Indicator; they are in
no way connected with the rotary switch. The "check"

gauge lead wires, like the leads from the pipe strain
measuring gauges, are connected to the rotary switch.

From the rotary switch two leads are connected %o ﬁheA
"strain measuring gauge™ poles of the Strain Indicator.

The function of the '"check" gauge readings, therefore, is
to indicate instabilities in the lead wires, the rotary
selector switch, or the strain measuring ianstrument from
one set of readings to the next. Since both the "check"
and "reference™ gauges are mounted on the same piece of
"zero~stress® cast iron, the "check™ gauge reading should
not vary from one set of readings to the next, unless temp-
erature or other conditions such as poor;pole connections,
have caused resistance changes in the rotary switch and
lead wiring. It has been found however, that the resistance
readings of the "check" gauge do vary from one set of read-
ings to the next, indicating, the author believes, these
instabilities. The correction for these instabilitiesg for
any pdrticular set of readings is determined by subiracting
the "check" gauge reading at that time from the original
"pero-gstress" "check" gauge readinz. This correction is
then added to each of the "strain measuring™ gauge readings
on the assumption that they would be similarly affected,

with care being taken to consider the sign of the correction.
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Thess are henéeforth referred tc as "corrected® readings.
From these "corresctedn readlngs, the "gero-stress™ con-
dition readings for each gaug Ore subtracted, the siegn
of the difference being carer Jlly noted. Once these cor-
rections have been applied, the ruadlngs are considered

T the stress condition of the
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indicates tensile stresses, The "zero—stressﬁ condition
of the pipe was selected to be that condition of stress
experienced by“umc pipe when 1t was suvported on blocks in
the trench bubt no backfilling had becn attempted. In other
words the "zero-stress” condition acts as a datum to which
all subsequent stress conditions of the oipe are referred.,
Figures 6, 7, 8 and 9 are the graphical presenta-~
tions of these corrected unit strains Tor pipes onc angd v
on Clifton Street and Valour Hoad, respectively. The posim
tion of each strain gauge is marked on each line. The

-

dotted lines, shown on each of these Tigures, represent the

theoretical thermal strains induced in the pipe, (rela

t
to "zero-stress" reference at the same btempe rature), if it
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were completely fixed. Or in other words, if th
completely fixed, these theoretical strains would be a
measure of the thermal stresses induced

temperasture chan» ©s. These theoretical strains have been

calculated from changes in pive temperature from initial

Vp¢>e temperature at time of installabtion.
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Since several assumptions and approximations,
having perhaps rather questionable theoretical justifi-
cation, were used to determine the final "corrected” unit
strain values, only a qualitative analysis of uipe strains
measured to date will bve attempted here. The limitations
and possible inaccuracies of thesc assumptions will be
more fully discussed later.

Let us consider first the results of pipe strain
measurements at the Clifton 3treet test site. The reader
is referred to Figures‘G and 7 Tor unit sirain measure—
ments in pipes one and two, respectively. For greater clar-~
ity points 1, 2, 5, 4 and 5, which were unit strains meas-
ured on August 24 and September 7, have been plotted on
dates which are actually incorrect. Foint 1 represents
the assumed "zero-strain™ condition which existed on Augzust
24, 1954, when the pipe was laid on blocks in the trench
but no backfilling had yet been attempted. Point 2 indi-

cates pipe strain conditions after the sand bedding and

5

Coint 3 gives

&

gix inches of sand backfill had been placed.
the pipe strain conditions after the two feet of hand back-
£ill had been completed, while point 4 represents pipe
strain conditions after all baékfilling had been completed.
(The remainder of the backfill material was pushed into the
trench by a small tractor). Point 5 indicates pipe strain
conditions before the pipe was initially charged with water,
during a 150 p.s.i. pressure test and after pressure was

reduced to normal. The maximum strains showm for this
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point existed during the pressure test. The ramainder of
the strain readinss have been plotted at their appropriate
dates.

Of interest to note is the fact that soon after

backfilling was commenced, pipe strains indicating bending

i3]

of the pipe were recorded., These Fflexural strains were
perhaps more apparent in pipe number two than in number

one. Much larger strains, indicating that pipe number two

was subject to complicated combined stresses of both axial
loading and bending, than those measured on pipe number one,
were recorded from December, 1954 to June, 1955. Since pipe
number two is located between vertical pipe movement gaumeé
three and four and pipe number one is located between verti-
cal movement gauges number two and tﬂree, rulerence to ng-
ure 3 will aid in the interpretation of results. TFrom this
figure it will be noted that from December to June gauge
number four indicated considerable movement of this joint
and gauges three and four revealed considerable vertical

ifferential movement of pipe number two. Correspondingly

pipe number one, for which much smaller strains were recorded,
suffered much smaller differential movements, These,resglts
indicate that a definite correlation between differential
pipe movement and pipe strain exists.

. rz

From these same figures (Figures and 7), re-
3 ?

i

sults indicate a relationship between pipe end restraint
and thermal strains. Since the amount of thermal strain
created In a pipe due to temperature changes from time of

£
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installation is & Tunction of the pipe's end restraint,

and since the end restraint of Universal castv iron pipe is

a functionyof the tightness or rigidlty of the bolted jeiﬁts,
a pipe whose joints can experience rotation quite freely will
gtrain in order to retain its "zero-stressh (thermal) condi-
tion, while a pipe whose joints are rigid will not be able

to reduce its thermal stress conditiom through thiz lateral
movement. From Figure 3, vertlcal pipe nmovement gauges one
two and three show little or no rotation of nipe joint two
throughout the period of observation indicatingz that through
this joint pipe one and the one immediately adjacent to it
are acting as a continuous member. During the same periodk
vertical pipe movement gauges three, fodr and Tive indicated
comparatively large rotations of joint three. TFor these
Teasons pips number one would be expected to- show tnermal
gtrains of magnituds oorrespoﬁding'to the theoret1¢al thefmal‘

calculated for the pipe due to its end restraint

sbtrains

L’\

while pipe number two vould be expected to show comvarutlvelj
smaller thermal stralns due to its smaller degree of end Te~
straint. Ixamination of Figure 6 reveals the close similarity
in shape of strain gauge reading curves with the theoretical
strain curve for pipe ome, while for pipe two the similarity
in shape of these curves is not neérly as distinect.

Another interesting feature of the Clifton Strect
strain” gauge readings is the relative magnitude of pipe
strains at the time of installation and the end of December

1955, The unit strains of pipe number one showed a general
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increase in magnitude and also indicated that +the pipe
underwent slight horizontal as well as vertical bending
towards the end‘of the year,. Tﬁe magnitude of strains
measured in pipe two remained praétically unchanged at
these two times witﬁ flexural strains indicating that the

pipe was undergoing practically the same vertical flexure

at the end of December, 1955,

Since the strain condition of a pipe is made up
of two components; the strain due to thermal conditions
and the strain due to the combined axial and flexural
loadings; to determine the size of these components the
other component must be subtracted'from the total strain
reading, I the theoretical strain is considered Lo be
the actual strain’caused in the pipe due to temperature
changes and is subtracted from the total sbrain measured
in the pipe, a measurec of the strain caused in the pipe
due to longsitudinal and transverse loadings is obtained.
It is interesting to note that the results of strain meas-
urements to date indicate that strains caused by features
other than temperature changes are a maximum (or minimum)
during the late sxamer and eafly autwm period; corres-
ponding to the period of maximum September failures.

The results of the Valour Road strain gauge
studies are gquite similar to those for the Clifton Strect
nstallation. The general shape of the strain curves
(Figurss 8 and 9), indicate that perhaps actual thermal

strains induced in these pipes are somewhat smaller than
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the calculated theoretical strains which in turn would in-

dicate that the pipe is not completely restrained. Al-

though pipes one and two seem to be acting as a single unit

(see Figure 4) their exterior joints are experiencing large

rotations which would explain the reduced restraining ef-

Tect.

In evaluating the results of these strain gauge

...... studies the limitations and possible errors introduced by

certain assumptions nust definitely be considered. An im-

portant possible source of error in these readings lies in
the temperature of the "referencs" and "check" gauges. IT
the temperature of these gauges was only a féw degrees dif-
Terent from that of the maasuring gauges very large errors
in the V"corrected" strain readings could result. This
gsituatign isuéonceiVable if the "dummy gauge'™ container
was considerably rémoved from the watermain and did not
experience the same temporature changes as did the pipe
due to the insulating effect of the soil in which it is

buried. In future installations this possibility of error

could ‘be completely eliminated if the "reference”" and
“eheck” gauges were mounted on a piece of "zero-stress?
cast iron in contact with the pipe, possibly within one of
the waterproofing slceves.

The a§sumption that the difference in %check"
gauge readings is a correct indication of instabilities in
lead wiring, switch conbtacts, etc., and that the oorrectidns

which are made by means of this reading apply to all gauges
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could also introduce errors. The magnitude of these
errors 1s almost impossible to determine, the only justi-
fication for this correction is that much of the otherwise
uwnaccountable variations in gauge readings is thereby re-
moved.

The intéfpretation of strain pauge readings for
buried pipe can be concluded to be extremely complicated,
A qualitative analysis at best is all that is possible
with results thus Tar obtained. A4 seasonal relationship
between maximum and minimum strains, induced by both thermal,
and axial and flexural loading action, is suggested by re=-
sults to date. Data are required over a longer period of
observation to definitely establish this relationship and
to esbablish the magnitudes of strains developed. The time
required presents a serious obstacle when the limited satis-
factory life span of these gauges is considered. Blectrical
resistance strain gauges bf the type used are subject to
creep, thelr average life expectancy being little over one‘

year of satisfactory service.
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View of test pipe showing machined portioﬁ, rubber tape
covering electrical strain gauges, and copper sleeve,

Two test pipes ready for installation with copper sleeves
and plastic hoses covering electriecal strain gauge leads.




Metal test box with rotary switch mounted in position.,
Also shown are the thermocouple "stick” and lead wiring.

View showing "check™ and "reference" gauge container and
pipe fittings used to carry the gauge leads above ground
te the test box,
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View of test pipe showing joints waterproofed with
synthetic rubber compound.

'Filling a copper sleeve
with grease immediately
prior te installation.




Picture showing vertical move-

ment gauges and the method of

supporting them during back-

filling,

Note: "Screw-on" caps attached
to reds,

View showing tremch,
excavator and trench
shoring.
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Picture showing:

(a) Lowsr right, top of vertical
movement gauge without "Screw-

; on" cap.

(b) Lower left, upper portion of
thermocouple stick.

(e) Unper centre, post and appar-
atus to carry leads to test
box,

View showing vertical
movement gauges and
placing of sand back-
£111 at Clifton Street
ingtallation.
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View of trench fcllowing
partial backfilling.

‘View showing trench, shoring

and vertieal pipe movement
gauge in background,
Richard Avenue installatiOn.
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View showing surface appear-
ance of trench backfill and

tons of vertical pipe move-

ment gaugss without caps,

Picture showing "lumpy"
condition of backfill
material,
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"Gradall? excavator used on Va.l:.mz° Road and Richard : )
Avenue installations, : ; ,






