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ABSTRACT

The subsoil of Greater Winnipeg
generally consists of lacustrine and
fluvial deposits of clay and silty clay
materials. Decause of the highly active
nature of these materials, foundation
and soil conditions have Deen noted for
their unusual severity. The purpose of
this thesis is to acquaint the engineer
with the results of past experience and
recently completed soil investigations
in relation to the local foundation
problemns.

WMore than 350 boring records were
collected, including approximately 100
for which the physical properties had
been determined. These properties were
studied and condenged to permit an ,
investigation into the foundation problems
of the Greater Winnipeg area.
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INTRODUCTION

Foundation and soil conditions in the Greater VWinnipeg
4area have been noted for their unusual severity. Foundation
failures, including the ma jor failure of the Transcona Grain
Elevator and many others of lesser magnitude have not too
infrequently occurred. It is the purpose of this thesis to
acquaint the engineer with the results of past experilence
and recently completed soil investigations in relation to
foundation problems. The followiﬁé problems merit attention.

1. Adequate bearing capacity

2. Total ssettlements

3., Differential novements including settleme;té and heavs

L. Effects of lateral earth pressures

5. Frost

6. River bank stability and subsidence "

7. Chemical deterioration of condrete

‘For this study, a large number of avallable borihg
records were collected. More than 350 boring records were
obtained including approximately 100 from the University
of Manitoba for which the physical properties of the
‘materials had been determined. These properties were studied
and ave presented in a condensed form in the following

chapters. This information is supplemented with a brief

discussion of the pertinent geology of the area.

»




Records of past experience, including the work of the

winnipeg Branch of the Engineering Institute of Canada (1)

and others have been ravieved (2-10),
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CHAPTER 11

sXTENT CF THE AREA

The extent of the Greater Winnipeg area included in
this study is shown in Figure 1. The Greater Winnipeg
area includes the City of Wwinnipeg, the City of St. Boniface,
the Town of Tuxedo, the Rural Municipalities of Fort Garry,
St. Vital, Bast Kildonan, North Kildonan, West Kildonan,
Rosser, St. James, and the Village of Brooklands.

The predominant natural feature of this area is that
%t is divided into three sections by the north flowing Red
River and thes east flowing .ssiniboine River. This feature
has influenced the layout of the streets which run north
and south from the aABsiniboine River and east and west from
. the Red River. The main thoroughfares tend to run radially
from Portaga Avenue and Main Strest.

The ground surface of the area is generaily flat and is
apout 760 feet above sea level, The elevation of the ground
surface in the westerﬁ portidn of the area reachss 771 feet
while in the csentral area, near the Redwood Bridge, the
elevation is only 748 feet., The City of wWinnipeg datum,
elevation 0.00 feet, corresponds to the Geodetic elevation

of 727.57 fest.
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CH.PTER III 4

0LOCGY OF GRE.T:R wIKNIPEG

The geological history of this region has an important
pearing on soil anc related foundation conditions and for this

reason the pertinent geological features will be discussed.

Bedrock

The underlying rocx in Southern lManitoba consists chiefly
of Ordovician limestone beds with a thin covering of shale
in the western portion of this area. The bedrocx in the
Greater wWinnipeg .rea is approximately sixty to seventy feet
below the ground surface.
Glaciation

Durihg the Pleistocene ice age, the‘central portion of
Horth :smerica was covered by the iisconson continental 51acier

or ice sheet. is this sheet of ice advanced southward, it

smoothed the limestone beds as well as adding shale and clay

to the stones and rockflour which were derivsd from the
granites and limestones which were brousht into this area
from the north. The ice shect overrode tils naterial and
consolidated it to a vury great extent. This consolidated
auterial is xnown loeally as "hardpan™ and it is on this
material that nmost deep foundations are supported.

Wthen the ice sheet melted, it retreated from the sodth-

east and south-west, as is shown by the directional trend

of the morainic hills. The meltwaters of the glacier flowed




toward, rather than away from the glacier, and foraed a
lake which is known as Lake azassiz. The drainage flowed
toward the glacler bécause of a high ridge of land which
is now the heudvaters of the ed anc .ississippi Rivers.
The only outlet of major importance was in the north,
which 1s now the Helson River,and it was blocked by the
glacier, Lake Aszassiz grew to a size approximately 700
miles long and 250 miles wide before the glacier hada
receded enough to uncover the northsern outlet. Greater
vilnnipeg lies in the Lake Agassiz basin which is known
locally as the Red River Valley.

The formation of Lake asszassiz enabled fluvial and
lacustrine material to be deposited over the boulder till,
which resulted in local smoothing of the surface. In
Greater pinnipeg thie depth of these fine ;rained lacustrine
materials is wbout fifty feet. This large depth is the
result of the large depth of water which stood over Zreater
Winnipeg. There is evidence ih the beacies o estern.
lianitoba that Lake agussiz, at one time, was over 500 feet
deep at the site that is now Greater Winnipeg.

The wave action of this lake was of sufficient
strength to erode the ice laid deposits. This wave action
removed the finer material and left the coarse material.
The finer material was transported and deposited in the

lovier areas of the lake bottom. AS the lacustrine deposits




jncreased in depth, stratification took place and the clays
were interbedded with thin layers of roekflour snd eilt or
very fine sand. When the lake receded, the wave action
diminished and only the finer materials were trensported and
depositede

Yhen the glacier melted from the soﬁﬁhdwest, glacial
Lake Souris was formed. The ma?n body of the glacier blocked
the eastward outlet and as a result the flow from this lake
was to the south. When the glacier had receded enough the
cagtward outlet, the Pembina Channel, was opened and the
water from Lake Souris flowed into Lake Agassize The flow
fpom Lake Souris brought sandy and silty clay material as
well &s water worked till from the south westlern Mean it oba
regions. This type of alluvial deposit occurred where streams
flowed into the Lake Agéssiz bagine , ’

The stratification -of the clays in the Lake Agassiz
bagin can be attributed to the summer and winter fléws of the
rivers which flowed into Lake Agassiz.- In summer, flows of
maximum discharge carried the he evler material into the lake,
while in winter, flows of lesser discharge carried the lighter,
finer material into the lakes

'The gurface covering over the Grealer Winnipeg area con=-
sigts of as mmich as several feet of ofganic topscil or in some

cases artificial fill. These materials are generally
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removed for any construction and for this reason will not be
discussed as a foundation ﬁaterial. Beneath this surface
covering 1s genmerally found the Browvn silty elay. This layer
is generally up to 6 feel in thickness. The brovm eilvy
clay is usually underlain by a yellow 8ilt stratum about
one foot thicke. Below the yellow silt is a layer about 16
feet thick, of brown cley with occasionally one or more
thin leyers of yellow silt. This material is genersally varvede
About 5 Teet of grey brown clay lies below the brown clay and
below this material is generally found about 20 feet &
varved grey clsy. The grey brown clay is a mixture of the
brown clay and the grey claye. A nmixture of rockflour, silt,
grovel and sand, only partially consolidated and usually
several f;e{ in thickneés, underlies the grey c¢laye. Beneath
this layer the samc material is found, but it is hizhly
consolidated. Thip'material is the "hardpan". Below the
"hardﬁan“ is the Ordovician limestone bedrocke

A more detailed concept of the subsurface features
can be obtained from the accompanying profiless The Jocation
of these profiles marked A-A, B-B, and C~C, is shown in Figure
1. The location of the profiles was dictated by the locations

of the borings. They were chosen, as much as practicable, to

show the general variations in the subsoil conditions. The grownd

ey



surface profile outside the City of Winnipeg is shown as dashed
lines since no elevations were available for these areas,
Adequate records were not availabtle for the full length of the
profile. Information in such cases can be added as it becomes
available.

As can be seen from the profiles, the depths to the
different materials ars remarkably uniform. This can be

attributed to the manner in which the mterial was deposited,
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CHAPTER IV o

SIGNTFICnﬂT PROPERTIES QF GREATER VINNIPEG SOILS

The soils of Greater Winnipes are predominately dlays
and silty clayse The most sipnificant properties of these
materials are the natural moistﬁre eontent, +the degree of
gaturation, the unconfined compressive strength, the Atterberg
Limits, the compression index, the swelling pressure, fhe
preconsolidation pressure, and the grain gize distribution.
These properties have been sgtudied extensively at the
University of Manitobae The followiﬂg is a discussiéﬁ of'tﬁese
properties and the procedures employed in their determinatione .
QOmpressive Streggth

The procedure generslly followed at the University of
eanitoba to determine the unconfined compressive strength was
to load a cylindrical spe01men, in sinzle compression, to
failures. The failure load, expressed as the load per unit of
cross=sectional area, based on the actual crdsé;éectional area
at failure, determines the unconfined compressive strenzthe
The actual 'eross~sectional area was assumed to be equivalent to
the increcsed cross-sectional area of the specimen due to its
laterel expansiqn under: loade

A table has been made showin, the fenérally accepted
relation between the consistency and unconiined compressive

strengthe This table (11) is shown on the following page.
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consistency ‘ Unconfined Compressive Strength
(tong per Sg ft)

very soit less than 025

s 0e25 = 0450

Hedium . 0.50 = 1.0

stiff L1e0 = 2,0

very stiff 2.0 = 440

Hax over 44U

Pesides serving as an indication of the congigtency o
2 soil, the unconfined compressive sirength serves as a
eacure of the shearing resistance. The shearing strength,

v

t, is ziven by the formula T & Sp tan § A C where S, is the
normal load strese. at impending failure, § is the angle of
internal frietion and C is the cohesion. It has been found
py meny undrained triaxial dhear tegts on Winnipeg saturated
clays that the angle of internal frietion is negligible.

mherefore the shearing stress is equal to the cohesiones Mohrt's

cirele diazram (12) shows that the unconfined compresgive
strength, far clays having ¢ equal to zero, 1s twice the
cche siorie

The bearing capacity of a soil depends primarily on the

shearing resistence of the material. -The shearing strength

also enters into the snalysis of the stability of slopes of
canals, ecrtheuts and river banks, the determination of pressures
on retaininz walls, and the design of subgrades vnder ronways

and roadse




The Atterbere ILimits

The liguid limit, plastic 1limit and ghrinkare limit
deterninations were performed at the University of Manitoba
according to Ae. S. T. 11, Designation D 423-54T, D 424~54T,
and D 427=32 respectively.

The Atterberg Limits and the Plasticity Chart were uvsed
in the investization of The plistic charscteristice of +the
Joc2l clayse

Hatural ¥ater Content

The natural walter content was determined by dividing
the weisht of water in a soil by the dry weizht of the soile.

The waler content enabled an estimation to be made, when

used with the Atterberg Limits, of the comressibility of

the clayse

Compression Index, Swellin: Pressure, and Preconsolidation
‘ressure

Th

o]

congolidation test was verformed usinyg a floating
. TONE consoiidometer. There were two diameters used, 2453
inches ond 1.40 inches while the height of sample ﬁas
approximately & inche
The sample was first lowded with « spell load and:
alloved to swell, duc to the addition of water, under this

siall load. The sample was loaded in incremantg, which were

approximately double the yrevious- increment, until a load.




of approximately 6 tons per square fool was on the large
diometer samples and 16 tons per square foot on the small
sarplese

The void ratio at the end of each load increment wes
calculateds The pressures and void ratios were plotted to
form & curve on semi-logarithmic pgraph peper. This curve
employed can be found ih most standard text books on soil
mechanicge

The compression index and preconscolidation pressure
were obtained by the zenerally accepted methods (12). The
we lling pféssure was deternined as the pressyre reqvired‘
to return the sample to its original volume, that is, to its

oricinal void ratioe

Grain Size Anslysis

The grain size analysis was determined at The University

e

toba according to A.Se.TeMe Desiination D 422=54T,

te

of Xan

"

The purpose of this test is primarily for soil identification
based on grain size.

Other Propexrties

Besides the previougly discussed @roperties, the dry
and wet aensities; the degree of saturaticn as well as the
congolidation éharacteristics, on’andisturbed sanples #re
of practical importance. These will be discussed in the

following chapters where they aore thought applicable,




CHAPTER V ’ 13

The brown silty clay is generally found immediately

pelow the organic topsoil. This material can be located
as deep as 27 feet while in other places it is at the ground
surface. It is generally firs% encountered at a depth of
4 feet. The thickness of the layer may be as high as
12 feet but is generally about 6 feet. .
The brown silty clay lies in the zone where seasonal
noisture changes occur. Because of its very active clay
contént the material is subJect To large volume changes.
In dry pe?iods the material shrinks and cracks and the§é~
cracks permit subsequenﬁ precipitation t reach the deeper
soils rapidiy. In wet perdiods the material swells. The
repetition of ghrinkage and swelling results in a typical
nuzget® structure. )
¥When in a dry condition this material becomes highly
fissured and loses its cohesive properties, however, when
in a saturated condition it behaves as a cchesive material.

Atterberg Limits

The following values were based oﬁ 17 tesise. The
aversge liquid limit was 501 and the high and low values
were C4.7 and 25.0. The plastic limit average value was
22.7 while the values ranged from a high of 37.0 to a low
of 12.0. The high and low plasticity index values vere 62.6

end 7.6 while the average was 27.4.
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The naterial has mediun compreséibility, medium
plasticity, very low permeability, and ~nedium volume changes
with changing moisture content. These propertles are
indicuted Ly the oreviously stated limits. These oropertiaes
indicute that it would provide a fair foundation for very
1i:ht structures, as long as it retained its moisture.

Degree of Saturation

[ I

hese values have a wide range. The lower value of

58¢ occurred near the top of the layer and complete sat-
uration wus nosr the botton of the laver. The average value
of 87% was besed on 31 tests.

The smaller dexres of saturution revealed an angle of
internal friction of only 5 dsgrees in an undrained triaxial
test. Tiis indicated thut zensrally a negligiole angle of
friction can be assumed for strength calculations.

Unconfined Compressive Stren th

'On the basis of 35 tests, the brown silty clay ex-
hlibited an averass stronzth of 2683 1b per sq £t and high
and low valuss of 7440 1lb per sa ft and 969 1b per sq ft
respectively.

The lower strensth values generally occur nsar the
bottom of the layer since the higher noisture éontents make

the material more plastic than at the surface.
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Th uncoufined compressive strengths indicate that the
censistency of the silty clay is generally stiff but may

range from soft to very stiff.

Congolidation Characterigtics
The brown silty clay is of medium compressibility as
indicated by the average value of the compression index
of 04230, This value, as well as the h.ogh and low of 261
and .154¥wns>basedvon 4 testse. |
The‘précons>lidation load indicated that the material
waé normally loaded, since average precongolidation pressures
were found approximately equel to the present overburden

pressure. Conclusive evidence ceamnot be drawn from 4 tests

but the tests do give an indication of how the material
was loaded.
The swellin; pressure, based on 2 tests, had an average
value of 1450 1b per sq ft. Since the brown sllty clay
is the material on which most house basements are supported,

‘ R .
baseient floors will Jenerally be damaged because of this

ressures
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[ RO o T IR NP e e I + -
Browy 5illy Clay = ounmiary

Tumber
igt Average Low of Tests
Depth to top of stratum
(feet) 12 4 ¢ 164
Depth to bottom of stratum
(feet) 27 »10 3 164
ioisture content (%) 6368 5362 25.0 31
Dry density (1b/cuft) 1c2 o4 o2 58
wet density (1lb/cuft) 128 112 101 . 39
Depree oi saturation (%) 100 a7 53 31
Unconfined compressive
strength (1b/sqft) 7440 2683 962 35
Plastic limit (%) 37.0 22.7 12,0 17
Liquid limit (%) ‘ 84.7 50,1 25.0 17
Plasticity index (%) 6246 2744 7.6 17
,
Compression index v C.201 0.230 0.154 4
Swelling pressure (1b/sqft), 1500 1450 1400 o

Preconsolidation pressure
(1b/sqft) 1600 1C00 800 - 4
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VILLOW SILT
The yellow silt; which ig an alluvial deposit, is

generzlly locsated immedintely beleow the brovm silts clav,

“

It veries in thickmess from o Pew inches to threec or foir

feet, but ie senerally aboult twelve to ei teen inches thick.

1p

Lttterbers Limits

The resulite of Three tesits vielded an averae volue
cof’ the lisuid limit of 2844« The averace plastic limit
L4

and plasticity index were 16.2 and 12.2 respeciively,

The yellow silt, on the busis of these licite, is
ghtly plestic, ond subject to only slizat volume changes
with accompanying moisture chingefe - Because ol these
chardctellstics the materilal is locd 1y often nisdescribed
as "yellow cluye Tt s believed that the yresernce of
gmall guantities of moﬁtdo iilinite accounte for these

properiie s Grain size analysis hwe conclusively proved
that the malerisl is a silit. 4 typical grain size curve is
shown for the yellow silt in Figure 5.

Pegree of Saturation

The aversge value vased on & tests was 22.7% and the
Wigh and low values were 100% and Y3% respetivelys The lower
values.occurred near the suriace of the material while complete

saturation generally occurred at the bottom of the layer.
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ncontined Compressive Strength

The average, based on three compression tesis, was 1652
1b per sq £t ranging from high and low values of 2715 1b per
gq £t and 1010 1b per sq ft respectively. This Indicates
that the yellow silt ranges from soft To stiff consisltencys

e settlement of foundations, that lie in or effect
this material, is believed to be caused Ly the lateral
displacement of the yellow silt from under the footing.

This would be a result of the relatively low strength of
the yellow silt.

Consolidation Characteristics

The aver age compression index, based on four tests,
was 0.125, while the range was fronm 0.37 to 0.075. This
indicates a material of low compressibility.

Based.on four tests, tlhe average preconsclidation
pressuré was 825 1b per sq fte. The high and low values
were 14C0 1b per sq £t and 250 1b per sq ft. The .comparable
‘depth of material over the location where the samples were
taken gives an indication that the material was normally
consolidated.

o swelling pressures were obtained on two samples.
The other two samples had swelling pressures of 1200 1b

per sq £t and 550 1b per sq ft.



Yellow $ill -~ Summory

a———

Depth to top of siratum
(feet)

epth to bhottom of stratum
(feet)

o4

“oisture content (%)
- Dry density (1b/cuft)
Wet dencity (1b/cuft)
Degree of saturation (%)

Tnconfined compressive
strength (1b/sqft)

Plastie linit (%) -

Liquid 1imit (%)

. Plasticity index (%)
Compression index

Swelliné pressure (%b/sqft)

Preconsolidation Pressure
: (1b/sqft)

0.370
1200

1400

11
2648
9345

119.5

122

550

19

Jumber

Loyl of Tesls

0 159

3 159
15.1 5
7560 5
10840 5
730 5
1010 3
12 3
2640 3
7ol 3
0.125 04075 4
0 4
280 a
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The browm clay found in the CGreater Winnipey area is
of zlacial lake origine. It is ~enerally laminated or varved
with layers of eilty cley, silt or fine sand about one~
siwteenth of an inch in thiciness. Summer and winter
voristion in the gradation of the moterials deposited in
the glacial lake are believed to have caused these varves,

The brown clay, or "chocolate clay" as it is 1bcally
called, generally lies below the "yellow silt!" stratum but
vhere the silt does not occcur it lies below the brown siltly
clay. The brown clay is generaliy first encountered about
10 or 1o feet below the ground surface, but has been found
at Cepths as shallow a8 2 feet and as deep as 18 feel. The
thiclness of the material varies greatly. In some localities
it is not present while in other sections it reaches axz
thiclness of 25 feet. Generally, the thickness of the layer
is 15 to 17 feet.

Atterbers Limits

Based on 36 tests, the liquid limit varies from a high
value of 116.5 to a low value of S7.6, vhile the average
as 88.C¢. The averaze plestic limit was 30.0 and the high and
low valives were 40,0 end 14.1 respectively. Tne average
plasticity index was 58.7, ranging from a high of 83.4 1o
a low of 2345

The Atterberg Limits indicate that the browvm clay 1s
highly plastic, highly compressible, practically impervious‘

and gubject to large volume changes with accompanying moisture
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chanzes. Thuse propertles ure generally undesirable for
satisfactory foundations, as are confirmed by the streungth
and consolidation tests.

Degree of Saturution

The average degree of s:turution based on 73 tests was
97.3%. The majority of the tests revealed complete saturation
but some of the tests had valuss as low as 85,5%, The
lower values correspond to samples obtained at shallower
depths. The hizh degree of saturation verified the assumption
used in calc:lutions thsat the sample is completely saturated,
Undrained triaxial shear tests have indicated that for nearly
saturated or saturated brown clays, the angle of intérnal
friction is neglizible.

Unconfinad Compressive Strength

Based on 87 tests, the averase unconfined‘compressive
strensth .was 2054 1b per square foot which corresponds to
a nedium consistency.. The consistency had a range from very
| stiff, as indicuted by the high unconfined compressive
strength of 4750 1b per square foot, to soft, corresponding
to an unconfined compressive strength of 865 1b per sqguare foot.
There 1s no definite variation in strength of the brown
clay with depth except that the very high strength values

occur near the surface of the layser.
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Consolidation Characteristics

The compression index based on 11 tests averaged C.32
viith Plbd and lov values of 0.60 and 0.2¢ respectively.

The average vlue of 0,39 would indicate a nmaterial of fairly
hizgh compressibility.

The average preconsolidation load based on 4 tests was
1700 1b per sq £t with the values ranging from 2500 1b per .
sq foot to 1100 1b per square foot. The 4 tests were
perforimed on samples from a depth of about 15 fect. The
average preconsolidation load is approximately equivalent
to the present overburden and because of this, any heavy
load will cause appreciable settlements.

The swelling presgure of this material can be very highe
Stuules conducted at the University of Manitoba have revealed
swelling pressures of 48,600 1b per square foot, if the
material was first oven dried (13). Thne aveiage swelling
pressure obtained from 8 tests was 2150 1b per square foot.
~The high and low values were 4300 lbs per sq foot and 830
1b per square foot respectlvely.

It will be noted that the swelllnf pressure can be in
excess of the allowable bearing pressure discussed uander
"Allowable Bearing Capacities”. TFootings are therefore
subject 1o possible heaving and ground supported floors,
which constitute light loading, will invariably be subject

10 heavinge.



Drown Clay - Swmary

ITvmber
Hizh Average Low of Tegts

Depth to top of stratun

(feet) 16 11 2 147

Depth to bottom of stratum
(feet) 40 2o 11 147
Tloisture content (%) 573 4843 207 76
Dry density (1b/cuft) 9940 70«3 G465 73
tet density (1b/cuft) 125.0 10945  2CebH 83
Degree of saturation () 10040 0763 8545 73

Unconfined Compressive

strength (1b/sqft) 4750 2054 365 87
Plastic limit (%) 4060 2060 14.1 36
Liquid limit (53) 11C.5 8846 3746 36
Plasticity index (25) » 86 ¢4 58¢7 235 36
Compressiqn index 0e600 0e300 0e2060C 11
Swelling pressure (1b/sgfft) 4300 2150 830 3

Precongolidatlion pressure
(1b/sgft) 2500 1700 1100

i
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(Y BROWL CLAY

cam———

The grey brovn clay, which is usually varved, is a
nixture of the overlying brown clay and the underlying grey
claye The material has been found as shallow as © feet and
as deep as 35 feet and is generally encountered first at a
depth of 20 feet., The thickiess of the material is usually
agbout 5 feet, although the material is not found at all
in gome localities.

Atterbery Limits

The results of 9 leslts indicated an average liquid
1imit of 93.2, the range being from 110.0 to 70.C. The
plastic limit averaged 30.0, the high'and low values being
355 and 26.0 respectively. Tae average plasticity index
was 3.1 while the hizgh was 74.5 and the low 5LeC.
The limits indicate that the material is hiihly cempressible,
wighly plastic, practically impervious and subject to large
volume changés with accompanying moisture changes. Decause
this material generally lies below the depth of seasonal molsture
variation, excessive volume changes generally do mot occur.

Desree of Saturation

The high average value of 98.1% For the degree of
saturation indicates that the materisl is usually found in
a saturated condition. This factor generally permits the
angle of internal friction to be neglected when designing

foundations that affect this material.
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Unconiined Compresogive Strensth

On the pasis of 49 tests, the average uncenfined
compressive strength value was 9169 1b per square ool
This indicates that the material has a stiff consistency,
but it may vary from very stiff 1o soft as indicated by
the strength values of 3760 1b per square foot and 1120 1b

v
per square fool.

Consolidation Characteristics

fhe grey brovm clay has fairly high compressibility
as indicated Ly tne average compressive index of 0e36GE,
The rénge of values for 3 tests was {rom O.45 to 0650

the preconsolidation load was 1440 1b per square Tootl.
These samples were from a depth of about 11 Teedl, vwhich
wrould indicate that the gfey brown clay is generally'hormally
congolidatede

The swelling pressures of this naterial were about

080 1b per square f00Te Although this value is notl Too great,.

 damage can still occur irom basement floor heave.
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Grey Brown Clay - Swamary
Humber
High Average Low of tests

Depth to top of stratum

(feet) 28 20 6 176
Depth to Lottom of stiratum

(Teét) 35 25 & 176
licisture content (%) 6340 56,0 3le &7
Ory density (1b/cuit) 8Ge5 62.1  53.C 51
Vet demsity (1b/cuft) " 114.0  108.2 98,0 51
Degree of saturation (%)) 10CaC C3el 2842 5C
Unconiined compressive

strength (1b/sqlt) 3720 2169 1120 43

Plastic Llimit (%) 35.5 801  26.0 9
Liquid linit (5) 110.0  93.2 7040 9
Plasticity index (<) 7445 63e1  51.0 9
Compression index 0450 0s365 (L300 3
Swedling pressure (1b/sqft) 1100 " 880 800 3
Precorsolidation pressure ,
| (1b/sqft) - 1440 - 1




CHAPTER IX 2

RIY CLAY

The grey clay is a lacustrine deposite Because of its
grey-bluish color, it has been locally called "blue clay".
The material is varved in the same manner as the brown clay.

The grey clay is generally first eancountered at a depth

of 25 feel, bul was localted as shallow as 15 feet and as deep

as 62 feete The thickness of the layer is generally about
20 feetl, butl has been found 46 feet thicke.

« Atterbers Limits

The liquid limit, based on 17 tests, averasged 75.5,
the high and low being 9540 and 37.C respectively. The
average plastic limit value was 25.1 and the high value was
319 vhile the low was 10.0. The plasticily index ranged
from a high of 62.0 to a low of 20.0, the average value
‘being 5Ce4.

-The limits indicate a material of high plasticity,
hizh coﬁpressibility, very low permesbility, and one that is
subject to large volume chianges with molsture changes. These

properties are similar to the brown clay and are generally

undesirable for satisfactory foundations. Satisfactory
foundations can be built on this material because it is below
the zone of moisture changes.

-

Lnconlined Compressive Sirensin

The grey clay ranges in consistency from stiff 1o




medimm as indicated by tie unconfined compressive strengths
of 2570 1b per square foot and 118 1b per square foots Om
the basis of 44 tests; the average vnc anfined compressive
strength was 2182 1b per square 00T, which ihdicateé that
the material is zenerally of médium consistencye

Degree of Saturation

This material is always found nearly saturated or saturated.
The sverage value, based on 50 tests, was 98.2%, lhe low was
888 while the m&jority of semples were completely saturated.

This confirms the bel ief that this material is usually
completely saturated and the sngle of internal friction may

be taken as being negliyible for rapid undrained loadinge.

astisw

Consolidetion Characteristics

Only one consolidation test was performed on this
material. The compressibility of the grey clay was Very
nizh as indiecated by the amnpression index of 0+58.

The swelliny @ressure 6f the grey clay was 950 1b per
square foote This pressure is enerally never giznificant as |
thig soil is found at great aegmh and %elow the zome of seasonal
moisture veriationss |

Mo values of the preconsolidation pressure were availables
This is probsbly due to the fact that it is usually quite 4iff-
feult tolohmain from the pressure-void rotio curve.




I L o e B ey
Grey Cloy = Bwimary

AVET ST

High
Depth Lo top oi stratwm
(feet) .35
Depth to bottom ol stratum
(feet) o2
olsture content (¢5) 612

Dry density (1b/cuft) 10240
vet density (1b/cuft) 130.0

Decree of caturation (%) 100.0
Imeontined compressive
2 AL ] Lo Yeid
strength (1b/sqft) 3370
Plastic Timit (%) 31.9

1_: q.d..Ld Limit (,_) : . 95.0

Placticity dndex (05) - 68.0
Compreosion index -
gyelling pressure (Ib/sqgft) -

H
Preconsolidation pressure
: (1b/ ngft) . -

Lo
]
o0
£

ol

[63]

9

©5.5

50.4
0,580

. 9560

2740

62.0

1.01 . C’

‘O

823

1138
16,0
3740
20,0

o
0

Iivmber
of Tests

154

17
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CWHARD PRI
"Hardpan" is the term ziven locally to the cemented

rociflour, silt, gravel and sand which covers the limestorne

bedroc«. The thickness of this meterial is over 33 fest

in some pluces and is not found in other localities. Ths

deptii to this material is very shallow in the western portion
T the area. The "hardpan'" dips downward from this portion
and reaches depths of about 60 feet bvelow the surface in

the north :.ain Street aresq.

Samples were obtained for this material. It was

impossible to obtain a good representative sample of the
"hardpan" because of the presence of large stones which
préyented the sampling tube from being fully driven into
ﬁhe‘material. The samples did contain enough material td
enable some of its physical properties to be deternined. -

atterbers Linmits

The res.lts of 7 tests revealed an average liquid limit
of 17.0, the hish and low being 21.6 and 14.2. The average
plastic 1i:1it was 12.0 while the ranze was from 14.6 to 10,5,
The plasticity index ranzed from a hich of 7.5 to a low of
2.7, the uverage being 4.9. These values indicete that the

Muterial has very slight cospressibility and plasticity.
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pesree of Saturation

Pl s

.~

e averuse value was 90.0% and ranged from a high
of 100e0% to a low of 42.00. These values were based on

gizhil tesls.

Unconfined Compressive Strengti
=

Very high strengths were generally,encountered as
indicated by the average value of 7950 1b per sq ft. “The
gtrensth was as hilgh as 15,125 1b per, sq £t and as low as
5570 1b per sq fT. These values were based on eight testse.

Tt must be noted here that the “hardpan' material
which was tested, was from oulside of the creater Winnipeg
apea. The majority of the values were obtainéd.from a soil
prorile for thé pfoposed Greater Winnipesg Floodway ynich
lies Just east of the Greater Vinnipeg aread. Although the
naterial was from outside the area covered in this thesis,
it is beliewed that the discrepency between these pnysical
properties and those of the "hardpan' saterial in the
Greater VWinnipey area is smalil.

Te non-ceuented gravel, sand, 5i1t and rociflour vhich
generally overlies the hardpan" revealed Very griall
unconiined compressive strenéths, the average of 2 tesis
being 927 1b per sq fi. This low strength would indicate
that the material would have 1o be displaced when piles

are end bearing on the tthardpan' .




Hardoan = Swmery

Depthh Lo top of stratum
(feet)

¥
Degree of saturation (%)

Uniconiined compressive
strength (1b/sqft)

rlastic limit (%) ‘
Ligquid 1dmit (%)

Plasticity index (%)

T4

60
10040

15,125
1446
21.6

Ted

7,950 3,570

12.0
17.0
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umber

N Rl ¥
Low - Qf Tests

] 183

4240 3
8

10.5 7
146z 7
2 7
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ALLOVADLE BEARTNG CAPACTTIES

The ultimate bearing capacity of a soil is given by
‘Terzaghi (B ) as:

2
where Qult e ultimate bearing capacity

¢ =» cohegion
w e unit welght of soil
B = width of footing
For long e&ﬁtinuous footings N,, Kq, and N, are
dimensionless coefficients dependent on the angle of internal
friction. Their values are given in most modern text books
onn 80il mechaniecs and foundationse.
uhen the snple of internal friection is negligible, as

is gonerally the case for Greuter VWimnipeg soils, Nq becomes
unity and ¥y equals zero. The eguation then becones:
it » cNp # WD,
Later work by Skempton (15) zives the following formula
for N,, for rectangular footings.

Vo w 5(1 ¢4 _B) (14 Dg)
oL 5

where L o length of the footing

In determining the area required for a feoting it is

convenienl to use for thie hasis of computation, the net

W




soil pressure. This is the pressure at the base of the
footing in excess of that at the same level due to the
surrounding surcharge and can be expressed by the Tollowing
equatiomns:
dg = Qult - Wor
vhere qg = net bearing pressure .

e net bearing pressure is then the total load above
the base of the footing including the dead load, live load,
the weight of the footing and the weight of the soil above

the footing less whg, where Dg is as shown in Figure 6.

Figure ©
The calculated allowable bearing capacity for each
layer of material, when not underlain by weaker material,
ig shovm in Figure 7. These values were arrived at Dy
using a value for i, of 5.7 which is the value given by
Terzaghi for long footings, rrovided the material is
saturated and has no angle of internal friction. This

bearing value is consefvative for square footings.




The general eguation then reduced to:

= 5070 7‘ WDe = r)085 4 \71D]
ult = Sefe £ = 2485 qu 7 wDr

oil e =L,

For the purpose of easy tabulation the factor whe
was neslected. It sould be considered for the design of
deep spread foetings and raft foundations.

A Ffactor of safety of 3.0 is usually recommended
against a bearing capacity failure. It has also been
found that this safely factor limits total settlements
to one inch and differential settlements to three quarcers
of an inch on_cohesive soils. If the subsurface conditions
are well knowﬁ or uniform, a safety facior of 2.0 may be
used. |

The City of Winnipeg Building Code (16) gives the
permissible loads per sq ft to which the different natural

s0ils may be subjected. These values are shown in
Figure 8. The 'uilding Code is typical of older codes
insofar as it does nol take into account the shape of the
footing or the effects of the depth at which the footing
is loéated.

The grey clay is referred to in the Building Code
as "blue cilay" and the grey brown clay is calied mixed
clay. The brown silty clay and yellow silt are included
under the soft wet clay or silt group. A definite .
limitation of the Duilding Code is that no mention is made

of the brovm claye.
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CALCULATED ALLOVAD - BEARTIIG CAPAC

T

pas

i
b

Figure 8

It
SeFe

=3

Lllowable Bearing Capacity

High! Avg.|Low

Hateria iipconilrod Com"ress~
ive Strength Oxyner 8q
4 Gb per sq f£t) SuF. = 2
High ANV Low Ilgh Avg. Low
Zrown Silty :
Clay 70 2683 269 10600 - 3720 1370
Yellow 34ilt 2715 1652 1010 5830 2354 1440
Srovn: Clay  £750 2054 865 6760 2926 1230
4 —_—
Srey Brovn ,
Clay 2790 2162 1120 5400 3090 1596
Grey Clay 3570 2182 1188 5050 3110 logz
‘C
Figure 7
VILOIIPEG RUTLDING CODD ALLOUARLE BEARING PRESSURED
Columm A ig for indusirial and commercial buillding
Colwm 3 is for bulldings for numan habitation.
i
HZaterial A
‘Tlue clay with no underlying sirata
~of yellow or brovn clay Z000
iixed clay, moderately dry 2000
Soft wet clay or silt 1000

S

3000
1500
780

1570

2062
2075

920
970
822

1062
1128
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A comparison of the Duilding Code allowable bearing
pressures and the calculated allowable besring pressures
is possible since the strength values obtained for this
gtudy are from a zood representative selection of the
Creater Viinnipes soilse
The allowable bearing vpressurcs for the soft wet clay

or silt, as given by the Building Code, are 1000 1b per sq

£t and 750 1b per sq fi. These values indicate a safely

factor of well over 3.0 is present when dealing with the

average bedring pressures of the brown silty clay. The
yellow silt has a safety factor slightly over 3.0, which
more than satisfies the requirenents for sale design.

The Puilding Code values Tor the grey brovm clay are

2000 1b per sa £t and 1500 1b per sq It The 2000 1b per

sq ft is comparable to a safety factor of 5.0 while the
150C 1b per sa £t has & safety factor over 3.C. Both of
these values are over the Zenerally required safety faclor

€~

Of C’.Oo
The “rey clay allowable bearing pressures do not agree
favorably with the Duildini Code values. The bearing

pressure, as given by the Duilding Code, of 2000 1b yper

sq ft has only a safely factor of 2.0 while the 4000 1b

per sq ft value has a safely factor less than 2.0




This wourld indicate that be:rin: values lower than those
given by the Building Code Tor the grey clay should be
used for desi;me.

Avera e strengths were used feor the calcvlasted bearing
PIESBUTES Their use 1s partly Justified for the followings
- reasone. IT is legitimale to use the average strength of
the materials for a depth equal tc the widti of the footing
below the foundation. In the Greater Winnipei area, generally
no layer contains all weak material but pather materisl
whose strength vuries with derpth.

Although the:average strengihs‘were used for comparisan,
it should be realized that deviations from the average were
quite extreme in some areas. In such cases, average values
can be in errcr when particilarly weak conditions are
encountered. For exauple, in comparing the low calcula@ed
allowable bearing pressure with the allowable pressures
giveh by the Building Code for the grey clay{ the <00C 1b
per sq ft value has a safety factor of (.85 and the 3000 1b
per sq ft has a safety faétor of lel4e It is likely that
square or round foolings would be used at this depth rather
than lon footings and this would increase the safety factors
Terzaghi states that the increase would be 1.3 times as great;
resulting in safety factors of 1l.10 and 1l.48. The grey brown
clay has a safety factor of approximstely 2.0 for the
Building Code values of 2000 1b per sq Ft and 1500 1b per sq £t

and the brown'silty clay and vellow silt values from the




39

Building Code have safety factors ranging from Z.0 to 3.0.

The values given for the zrey brown clay, brown silty clay
and yellow silt, are Qor long footings only.

Tt may be concluded that the Building Code allowable
pesring pressures are generally congervative, except for

the values given for The grey clays

The recent practlce used to obiain the besring
pressure beneath a footing is Lo use the nel bearing
pressures. 1n this method the lern "uDe" can have narked
effects on the design bearing pressure. IFor shallow spread
footings this factor is nezligible. I'or a nmattress of raft
foundalion it cannol be neglected as it is quite apprééiable.
Theoretically it is possible to have this Lype of founda-

tion "Ffloating' in the soil by having enoush soil displaced

s

1 is

|

by the foundation so thal the weisat of displaced so1
equal to the weight oi the structurc.

Tn 1913 the beuring capacity failure of the Transcona

Greain blevator took place (2). Transcona is seven niles

north-east of Winnipeg and is situated in the Lake Agassiz
basine 7The soil conditions at this site are very similar
to those of the Greater Winnipeg area. This faillure
significantly substantiates the theoretical bearing values
obtained from the soil tests.

The structure consisted of a reinforced concrete

workhouse and an adjoining bin house. The workhouse was
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70 feet by 96 feet in plan, and 180 feet in height with
a raft foundation at a depth of aboul 12 feet. The bin
house contained five rows of 13 bins, 92 feet in height
and 14 feet in diameter, restinz on a reinforced concrete
raft 77 feet wide and 196 feet long, and was at a depth
of 12 feet below <he surrounding ground. The design bearing
pressure was 6600 1b per sq £t based on a load bearing tesl
and the dead load was 20,000 tons. ’

me construction of the elevabtor began in 1911 and it

was ready Tor ¥illing in Seplember 1913. The storage of

Hy
[9¥]

the grain wvas szarted, with considefable care taken to
distribute the grain uniformly. On October 18, when
5,000 bushels of wheal were stored, a vertical settlement
of one Toot was noted within an hour. Within 24 hours the
structure was resting at an angle of 26953' from the vertical,
The wgst side of the building was 24 feel below its original
position and the east side had risen S feet above 1its
origin.l elevation.
'
Calculations based on the dead weizht of 20,000 tons,
and 875,000 buchels of wheat at €0 pounds per bushel, gave
a unit uniformiy distributed pressurs of 6,200 1t per sq ft
on the clay wnen failure took place.
By using Terzaghi's general equetion for the bearing

capacity of a saturated clay wilh an sngle of internal




i
[

friction equal to zero, and also Skempion's equation for ilg,

dult = D50 ¢ £ 12w

Vorlk done at the Tmiversity of anitoba indicated that
the unconfined compressive strength of the material atl the
site was 1850 1b per sq ft. This value along with a value
of w equal to 107 1b per cu £t resulled in a calculated

“ultimate bearin; capacity of ¢420 1b per sq ft. This value
is remarkably close to the actual beariny capacity at failure
of G20C 1b per sq ft.

It is reassuring "ﬁat the study of the Traunscona Grain
Ilevator bearing capacity failure verified the commonly
accented theories on this type of Ffailure.

Piles are another means of-sypporting heavier sitructures.
In‘Greater‘Winnipeg cast-~in-place concrete piles or piers
are generally used. The VWinnipez Duilding Ccde states that
vhen a pier stops at Yhard pan" 1t may be belled out to
twice its diameter dt e angle of thirty degrees from the
vertical, giving a maximum beecring of seven and one half
tons per sq ft.

On the basis of the average unconfinred compressive

>,

strength and an assumed angle of internal friclion of 250,
the aversge cohesicn was conputed. Using an average deplh

of 40 feet and the compuied cohesion, the calculated




allowable besring capacity was 23.4 tons per sq Tft. This
value is based on a safety factor of 3.0. The calculations
for the besring capascity are shown in Appenéix Le The use
of the average unconiined compressive strength is Jjustified
sinee the lower strengbas were obtained from damoged
sapples of the '"hardpan',

By couparing the Building Code value with this
calculated value, the Building Code value has a safely
Tactor of approximotely 6.0 which is appavently very
congervatives A high salety factor is however very desirable
since the pile caﬁ rest on the unconsolidated Thardpan®.

Locally, for a saturated clay with no angle of internal

s vsed for the safe unit

o

friction, the followiny formula

frictional support for friction piles.

+f

g & Qu
6
This equation is wused on a safety factor of S.0. .

In Greater Winnipeg, the frictional resistence of the
top 10 feet of soil shotld be negk cted since thié is the
depth that 1l generslly affected by seasonal moisture
changese This would in most cases De the brown silty clay
and the yellow silt. The average unconfined compressive
gtrensths of the underlying meterial are 2100 1b per sq fle

This *rould regult in a frietional support of 350 1b per sq'
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ft of pile surface area. A value, thal is not'in the

puilding Code, of 50C 1b per sq Tt is commonly used.




CHAPTHER XIT 44

TOTLL, SETTLIERITS

In grezter ¥WinnipeX the larzest part of total settlement

ie due bo the plastic compression or consolidation of the
so0ils The relative compressibility of the different local
ils mey be compered by thelr compiession indices. An
estimate can e wadc of the totel settlement by using tne
cdmpression'index cnd the increase in pressure due to &y

sdditional load. The following teble ehows the relative

compressibility of the differsnt loecal motorinls.
Material ‘ Compression Index
Brown 3ilty Clay : 0+230
Yellow Silt : 0.125
Prown Clay . 0.390
. Grey Brown Clay 0360
Grey Clay 04580

The compression index of Cel25 for the yellow silt is
locally considered low and the compression index of 04580
) .

for the grey clar is considered nl»n.

About 1950 the local soils were. in a state of dyying
‘because of an unusual number of dry yearss Mg far back &8
19537 there was evidenee of dry spells. The drying out of
the soils caused . stnormal reductions in their volumes and
henée abnormél settlements of sitruciuresg, Thé gnallow
foundations were the most affected by these volume reductions

since they were located in the zone of maximum drying.



Underpinning of neny of the shallow spread footings to
rectify these settlements and to prevent Tfurther setile=
ments becsme a major industiry in the Creater Winnipeg area.
After +the 1080 flood, which covered a large part of
Creater Winnlpeg, and which was pieceded and followed by
unustally wet sessons, the soils hud regained some of their
lost moisture. The addition’ of th's moisture Lo the soils
b s elln1nated, to some extent, the setilement catsed by the
drying out of the soils and in meny cases hasd caused vertical
mevenents because of lhe swellinyg aclion of the eoils K
Factors, other than thosge uwentioned, cxa contribute
to total settlement. The elagtic comrression of the local
soils when loaded causcs instantaneous setilement, but the
settlement is recovarable i1f the load is removed. This
settlenent is usually small. Settlement‘ié also caused LWy
the  lateral movement of the soil, but this is also

generally small.
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DIFPERENT TAL MOVELLITS

It is considered that the two principal causes of
differential movenents in the Greater VWinnipeg area are the
changes in moisture content of the soil and footing size
variation,

The change in moisture content of a soil results in
shrinkage and swelling of the soil. This effect is
particularly noticeable in the movement of shallow founda-
tions. The changes_in moisture content can occur in
localized areas causing differential swelling or contraction.
In house foundations these differential movements can prove
quite damazinge. .

Imnediately after the 1950 flood, many bascuent floors
had heaved and cracked excessively. The floors were generally
of plain concrete, 3 or 4 inches thick. The cauce of this
damege was directly attributed to the uwelling of the clays.
The amount of ﬁeave occurring in the foundation was maximum
wder the lightly loaded basement floors and minimum under
the heavily loaded basement walls. In some cases the
swellingpressures had been large enouvgh to"lift the base-
‘ment floor off of the wall Tooting.

Tt must be remembered that footings with the same unit
bearing pressure affect the underlying soils to different

degrees if they are not the same size. Small footing effeels



are relatively shallow whereas laxge tooting effects are
much deeper with the result that grester settlements occur
under large footings. The distribution of pressure ieneath
z footing can be ¢ ebcrmnned by Wewnarli:'s or Westerzaard's
tables. Wesiorg asrdls taale is nmore applicable because the
stratified coxdition upon wrich the table is baszed is
nearer Lo the conditionsg existing in sadimentary s« 1ls

than the isotropic condition uren vwhich Hovmark's table is
basede” With the pressures lmow: acting on each layer, an
estinate ¢ Le nade of the settlienent since the average
compiessibility of each of the loeal layers is knovm.

An estimate heas beeu made of the seittlements ol two
diffebrent sized Tootings with the same unil loading on an
averuge Grewter Winnipeg soll mwrofiles The difference in
‘gettlement should be noted. THe -solutions appear in

Lppendix Be

Other factors which have been observed to have
resvlted in differentiazl umovements in Greater Winnipeg
are: .

l; Placing footings too close to each olher

2. Difierences in iive load and dead load on
diiferent footings in the same structure

3. Variations in soil mofile

4o Fooltings al differeni elevations

5. Different types of foundations for one

gtructure
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These generally reflect poor design and are therefore not
given further cugideration |
Differentisl movemerts of shallowy :odtlngs may be
treated in several ways. When a rigid foundation is
cecnetructed as a wit, and sudjeciled to differential movementis,
the whole strueture will rotate as a wnit which xevents any
damaze Lo the DVhﬁ*‘t.ucture. This methed is belng emnployed on

.

smaller buildinzs by using steel beams o support tae

~

first floor and reinforcing the basement walls and footings.
2

)

Another method being uscd Lo reduce differential movements
ig o place the lfoovings at a deptn wnere molsture chnanges
do not occui's This 1s done dy usin. deep spread footings,

driven wooden pilles or cast in place conciete viles. Base=

-,

ment Tloor movement hus been dealt with by using bean snd

“slab construction for the floorse. The novement of any

material under the slab has no effect on the floor, provid=
ed of course that there is & clear space between the goil

‘and the slabe.
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T A T3 ACTIITAT TALTIIYT TATACHOIT T
2 iChs OF LATZTAL BARTTT PRESOUILLS

Structures such as retaining walls, trench and excavation
bracing, bulkheads, cofferdams and basement walls are used
locally to support soil masses in a fixed‘position. A safe
assumption for lateral earih pressures generally encountiered
in CGreater Winnipeg employ the "at rest'" case. In this state
the horizontal pressure Sy, is given by the following foruulaj

Sh = K Sy

where K is the coefficient of lateral earth pressure and Sy

is the vertical earth pressure which is equal to w I, where

ig the distance from the ground surface to the point

o

considereds The distribution of this pressure, against a
wall is hydrostatic. The resultant, which acts at 2/3 of

the depth that the footing for the wall is placed, would

be KSyll or KwHZ, For local clays X has the high value of
(5] - . T .

[+

Lo
unity and the resultant would then be:

Ph= w H2  at a depth &I
-‘2———0 3—-

.This pressure can be of sufficient magnitude to
danage'basement walls. For this reason hollow concrete
block basement walls are not allowed in the City of Winnipeg.
In houses that did have this type of basement wall, inward
bulging, due to the 1aﬁa?a1 garth pressure, has beem observed,
Invéstigations of some walls of this type of construction
have .shown that the amount of movement can be 2 inches

‘at the mid-heizht of the wall and is less toward the floor
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.and.corners. The use of conerete walls practically
eliminates this type of movement and this is one of the
reasons wly they are uvsed in Winnipeg.

Many older houses were constructed without basementis,
setting their zupiort from shallow gpread foolings. AL
80me time since co » struction purtial besements were
excavated wnder the houges and the sides were gupprorted
by timber, concrete, brick or stone walis. The masonary
wzlle were poorly Qﬁulgneé'uo withstand horizontal pressures
created by the solls. After the 1050 flood nany of these
walle coved in vhich indicusted that the walle served their
purpese as lony es the scolls were dry put after situration
- larger lateral support was reguired. a4t the present Time
in Greater Winni?eg bdbewcnzless houses are being constructed
but no provision is made for lster basement excavatiocn. AllL
the facilities generally used in a basement are bein placed,
generally, on Lb“ first floor.

Central Hortgage end Tousing, Winnipeg area, specily

that the minimum width of fcoting beneath & bascment wall

gust be 20 inches. The roason for thisg specification is thst
the shearin: ch"stance of the clayr over this width 1s

sufficient to prevent the wall frou sliding due %o the

s -+

latersl earth pressures. A check on the safety of this

a -

gpecification is given in Appendix C.

—

»




51

The lateral earth pressure must be a major consider-
atian‘in designing retaining walls and abutmentse. The
aputment muct support the end of a bridge span and provide
at least some lateral support for soll upon v vhich the
roadviay resté immediately adjacent to the bridge. Several
special designs have been used so that the ecarth pressures
do nol fully act on the a?utment. A MUM abutment permits
~Lthe approaéh £i11 1o be sloped towards the front of the
abutment. The soil can be sloped so that the lateral
earth pressure does not endanger the abutment but is still
confined within it. A spill-through abutment is used on
some»o: the railroad bridges in the Greater Winnipeg area.
Tt consists of two or more vertical columns carrj%ng a beam
that supports the bLridse seat. The £131 extends on itg
'natural slope Irom the bottom of the beam through the
openings belween The ‘columms, thus eliminating a larze
percentage of the lateral soil prescure. The importance
of the effects of lateral earth pressures was brouiht out
/nen these pressures caused the abutments or the Osborne
street Pridge to move. The bridge went intc compression

1

and underpinning was necessary o relieve the stresses

caused by this movenente
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The depth of frost ?enetr tion in the CGreater Vimnipeg
area is wsenerally 4 or 5 feet in snow covered arease Since
vhe ¢ilty clarve ond eilts, which zye frost suscentible,
generally lie din the zone of frosit penetration, frest action
csn oceurs The frost action ig generally nol too severe in
regards Lo bullding foundstions gince nost. of the foundations
zre below the denth of frost penciriations Shalloy footings
df houses can be dameged ir they zre not below the Gepth of
frost penetration. ilogt house Foundations are now being placed
of

I
Tect

©
}4)
U)

L
below the depth of frost penetration tc reduce the
frost actione The new tyye of baseneritless houses are designed

- po that the flow of heat from the building into the soil will

revent frost penetration belcow the building.
B i}
Some damage Lo ghe roads and sireets in Greater Winnipeg

-

has been abiributed to frost action. The damage is a resuli
of an ice lenge melting in the spring and leaving the soll
very plastice The appligation of any load on this area con
cause deformation of the paVement and eventually a surflace
break. Irost action under the roads is not the major
contributing cuuse since it is zenerally felt that the
swelliny ana snrinking of the soils, with changzing moisture
contents is the mést démsging factore. Since the frost action

is a relatively minor cause of damaged roads no speclal

"protection is made to prevent it.
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Most sewers ond walermains have been placed Delow
- <+

the depth of frost penetraticne The primaiy reason

for this die to provent them from freezing. Due to The depth

the Ppipes are. placed there is little possibility

due to frost heave.




CHAPTER XVI &4

LIVER BANE STADILITY AND SUSSIDENCI

Consiruction on the banks of the Red and Assiniboine
Rivers is extliemely denierous because of the doubtfulness
of the stability of the bankse. Illany slides hoave occurred
and the dengerous situation tnat could geeur with censtruet=

-

s wes vecognized by the Rivers and Streams

r-‘ -

ion om tiic river ban
Contirol authority ilce 1 after the 12050 floode The
regullt was_a lew winiceh prohibits any constiructdcit Lo be

. ..

R
made wilth

‘n 150 feet of the ecummer high level or Llhe rivers

unless apgroved by a qualilfied engincer
The gtability of the viver bpanks can be very damgerous

during the spring end fall months. The reason for lhis
situation is that dvring taese periods tie river level drops,

cresuliing in o ropid drawdown state of the river banka.

Fleoding in the spring salurales the river benks. The

by

.

nd adverse climatic

3

flooding is result of the spring thow

o

con:ditionse Usvally an ecxly cold winter sets inm with little

suow al First so that the dece on rivers and lakes will De )
abnormelly thicke This is followed Ly a heavy snovfell ond continued
cold westher. Then a late cold spring occcurs with the result

that little snow escapes into the riverse. Genermlly in gy

e sudden chaouZe of wind to The south cotes so thaltl the wvhole

mass or snow melts at once, putiing its volume of woiter into ,
every strecm. Any further precipitation places more wolter

in *n° stresmg and hence more ozl er of flcod. The inflow of

all this water into the main rivers raises the water levels until




t
<

vater levels univil the rivers overfloy their banks. The
goil then beconres ssturated if it haeg nwot slrendy been
saturated by infiltration. Vhen the river level dro.s, the

bonks renain saturated Lecause the soils e oo ﬂ"n°vious

I %e]

to :lilcw free flow from the banks. This condition of
saturated river bauks also occurs in the fall when the water

T o e Ty 1 e - - o . . e TR SN
level is lowered For the winter by the contrel gates of The

Rad Tiver at ?

o approximetely 20 wiles north
of Winnlypew.

T 2 JERa g s 2 or SR ) ;
hig rapid dravidowm stilte Lo the worsl possible

ES 2oy Ty I T R N T~ 1,54 b o
Lo vhich the bonk ney be subjecteds The additiemal
[ 4
R R I Y e T A 8 v o A e A Vo . <1 ST g e -
of wator incroooces Lhe forees which tend to cnuse glidinze Tt

addition of a surca r.ge to the alresdy salurated biak. In
- a3 e e PR s Tyyet M ~
Grecter Wimnipey tews orary dykes orce bullt Lo prevent local

- P, . - T T N N B T Ao 5%
These dykes constitute anm addiillonal lood on lue

nign water level the sdditional loal does not

have much effect on the stapility ol the bank becuuse gub=-
[}

merged banks ave stoble since the weilght of
slope of the banl: resists the forces tending to ciusc movemenu.
when Lhe river level drops, the load ol the tlaiporary Jdykes
cun hove dctrimemntel offects on lhe stabliity of the banks.

For this reason lemporary dyke are gencrally removed us goon

ag possible.



In & recent report by a local firm of consulting
engineers it was stated that "most of the river banks
in the Creater Vinnipeg area are in a state of delicate
balance with a factor of safety below what would nermally
be accepted, making some allowance for mfavoerable condi-
tions which might occur in the future'.

Precautions should be taken to investigate the bank
stability if a structure is proposed near & river bank.
Iin such analyses, the angle of internal friction equal

to zero case is generally gpplicable,

-
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CHAPTER XVII

[BITCAL DRTIRIORATION OF CUNCRLTE

Tign concentrations iu the order of 40000 ppm of
® luble sulphates have been measured in the soils of
Gi*ea'?;-er % iz‘.nipc;;. The predominont sulphatles are those of
cealeium, magnesium anc sodiuvri. ’i’hése sulrhates ore believed
1o act on the tricaleium slurtinate in the cament promoting
the formation of calciuw sulphe aluminziec. Tiids compound
occuvies a larger volune than the original tric: J_c—_)-r
aluminate end as a conseguence splitiing as well as leaching

-

»l the concrete tokes Tlsce, This actlon has been measured o
a depth of 2 inches in concrete that had been in the ground
abourt 10 vesars. This deterioration scriously weakens

foundationg and other concrete works in contect wit!

1 1919, it wves dlscovered that the recently omupleted
96 nile wnerete acqueduct servieing the Greater Vinnljeg
viater District was bedinyg atiaeczed by these sulrhaltes. The

investigation of this uction e instrumental in the

develo ment of alkali-resisteut ‘“‘:;pe 5 cement by T. Thorvaldson

of the miversity of Saskatehewan and the lute A. Flemin: of the
Cenade Ceueht Compeanys. The Type 5 cement, or Kaldcrete as it is

called in Conada, e ntains a much sialler amount of triesleium
aluminate than vhe stundard Portland cerent with the result.

that it has a hirsh resistance to alkali. It was also found
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that steam cured concrete with ordinary cement was al® not

subject to sulphate atlacke

The use of alialie.egistent

to aress of high sulphalte contente.
i the
.of cuonerete will take pluce in the Greatle
™ere is a reat variation in the soluble

an exarnple, cn River Ave. over a distance

one mile the conecentra.ion ranged frowm O.

factor would indicate that sulphate tests

RN

prcreguisite to determine if alkeli~resis

ghould be usel.

cment should be limited
Iv has heen stated that

sulphate concentrotion oxceeds 350 ppray, delerioration

r Winnipes area.
Suiphates. As
of approximalely
5% to 3.1%. This
ghgc a.necessary

3,

tont cement

ot only are the soluble sulphates detrimental to

conerete but they are algo detrimental to metal. This is
‘y .

-

one of the reasons why steel piles are no

Q“iCtls

.

short a period zs 10

of watermnaing in us
thepe wabtermain failures cerzni-astbestos
ured concrete pipe have been used to re

the soluble sulphotes.

Jo.rosicn of buried cast irom pipe

t uged in this
has caused failure
vesrse To alleviate

0 ' 1
pipe snd steanm

sist attack from
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CC.CLULIOND

As can be seen from the previous Jiscusgilons, the
foun&aﬁion vroblems in the Greater vinnipeg area are naiy.
These problems can zeneyally e attributed to the active
neture of the soils, that is, ine soil conditions change
ith changes in molsuure conLernte

Deep Foundations generally offer no gerious problem
since they are below the Cdepth of seasonal moisture chaliges,

v

e result of being below this depth is that the foundations

o

are not afTected by shrinking and swelling of the soils. 1T
roundations are founded on the trardpant higher bearing values
can be uveed and hencc the foundations can support larger
qoads. IFf the foundatlions arc sounded in the grey or grey
brovi clay the problen of adequate bearing capacity must

ve snswercd. Generally thic is a sinple design proﬁlem.

vith foundations in this material settlementis cai be apprec-
iable but are generally smaller than the settlements thatl
vrould be enccu iered_ﬁf tne foundation wes at a ghallower

deptn. The najor dresvback of decy foundatlons is *the coste.

o

1.

T an expensive slructure is to be constructed it would De

-

worth the added expense TO —lace the strucuiure oL deep
Poundations, since lese trouble wrould De had with future
maintenance.

shallow foundatlions are theAmosi affected foundaltions

in the Greater Winnipeg ared. mese foundations are
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generally located in the zone where seasonal moisture changes
occur with the result that they are affected by the shrinking
and swelling of the soils. Adequate bearing capacity is
another problem that affects the design of shallow foundations
sihce,the foundat ions generally affect the relatively weak
layér of yellow silt. Settlements of shallow footings are
sometimes excessive since a large depth of compressible
material can be affected. Ifumerous methods have been
attempted to construct shallow foundations to minimize the
effects of these soil conditions. Some of these methods have
proven to be very effective but the problem of building
ghallow foundations generally does not have a simple solution.
Each foundation must be treated individually.

Lateral earth pressure in the Greater Winnipeg area have
caused basement walls and retaining walls to crack. This
resﬁlt can be partly atiributed to the large value of the
coeiTicient of lateral earth pressure which is generally
encountered in Greater Winnipeg soils. The design of
structures, which retain the soil, usually employs the
#at rest" condition.

The problem of frost affecting foundations is being
mel by placing foundations below the depth of frost
penelration. As a result of this foundation location,
frost action has Dbecome a relatively minor consideration

in foundation designe




6l
Ay type of construction on & river bank in the

Grester Vinnipez area should not be vndertaken without

Ao

the sdvice of a qualified engineers. The gtability of the
3 &

.

s in a state of delicate bslence mnd unless pzeé

1~
i

e

znks
{imincry investigations are curried out some of the
construction is liable to be involved in vnexpected slip
failures with disasterous results.

The chemical deterioration of concrete i@ the Greatler
yinnipez area has been combatled with the use of sulphute-
resistant cements. It is Fenerally advisable to determine
the sulphate concentration of the soil to find out if the .

e of cement is warrantede
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