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SOIL LICHANICS INVESTIGATION
GRUATLR VINNIPLG VIATER DISTRICT
PROPOSLD LAST RLSERVOIR AND PULDPING STATION
ST. BONIFACL, LIAVITOBA

At the request of the Greatcr ¥Winnipeg Water Dis-
trict of VWinnipeg, lManitoba, a soil mechanics investligation
was made for the proposed reservoir and pumping station to
be located east of Bourget Road, and adjoining the G.W.W.D.
aqueduct and railway, as shown in Drawing No l. The pur-
poses of the investigation were to detcrmine soil conditions
at the site and, on the basis of field and laboratory tests,
to make rccommendations regarding soil bearing capacities,
settlements, reservoir side slopes, embankments, etc.

The writer was given to understand that, if soil
conditions were reasonably similar, the design of this re-
servoir would be comparable to the City of Winnipeg reservoir
at vllkes Ave. and Vlaverley 3t.
rROCIEDURE

Four test holes were bored with a 4 inch diameter
power auger until refusal was encountered; this occurred at

2
depths ranging from 49.5 to 58 ft. The locations of the
test holes are shown on Drawing lo. 1.

At regular intervals of depth of about 5 ft, & ineh
diameter thin-wall Shelby tube undisturbed soll samples were
obtained in test holes 2 and 3. Because of similarity of

soil conditions, as indicated by visual exanination, a limited



number of undisturbed samples were obtained in the other
holes, and these werec supplemented by moisture content samples.
Representative bulk samples were obtained for identification
tests.

The samples were tested at the Unlversity of lani-
toba Civil Engineering Soll Testing Laboratory. Testing in-
cluded unconfined compression strength, moisture content,
degree of saturation, undisturbcd density, consolidation,
grain size, and liquid and plastic¢ limits. The results of
the field and laboratory tests are shown on the Test lHole
Log Sheet, Drawing No 2. In addition, the laboratory tests
are summarized in the appended report from the University.

Tests were not made for sulphate content detrinen-
tal to concrete employing ordinary cement, since the writer
had becn advised that concrete made of sulphate~resisting
cement would be used for this project.

RESULTS3 OF TuJTs

The four test holes showed similar soil conditions
with the exception of test holec 5, which showed lower strengths
in comparison to the other three test holes. In addition,
congsiderable variation in material was noted in the upper 3
to 4 ft. The test holes shovied a covering layer of about
gns foot or less of organic black, then grey, clayey silt.

In hole =, this was followed by 2 to 3 ft of soft tan silt.
In the other holes, the orpanic topsoil was followed by clay

PpoEires elay, and the tan sllt ocecurred as thin layers, one



goar tiilek or less, within the first four £t of depth., In
addition, a thin layer of silt occurred between the 7 and 9
Pondentlls In holes 2 and &; for the latter hole, the silt
had an appreciable sand content, and watcr appeared to flow
from this layer as the auper was advanced.

Below the silty soils mentioned above, clays of
high plasticity were encountercd. )These clays are glacial
lake deposits typlcal of those found in the Greater Winnipeg
area, and consist of an upper brown varved clay layer, under-
lain by a grey clay layer below about the 25 ft depth. Pockets
of ¢ypsum crystals were observed in the brown clay in nost
of the holes. The brown and grey clays are highly susceptible
to excessive swelling on wetting, and shrinking on drying.
This action is particularly severe in the brown clay, where
values of 103 and 93 were obtained for the liquid limit, and
values of 38 and 39 were obtained for the plastic limit.
Liquid and plastic limit values of 67 and 23 rcspectively were
obtained for the grey clay at a depth of about 40 ft; these
reduced values may be associated with an increasing silt con-
tent with depth. The grey clay was noticeably softer as the
depth increased. Both brown and grey clays showed complete
or nearly complete saturation.

In test hole 2, the unconfined compression strengths
of the brown clay were generally low, ranging from about 1200
BONEE0 I per 8q £ft, except for one higher value of 2300 1%
per sq ft in the uppermost portion. In test hole 3, the range

of strength values for the same clays was from about 2200 to



2900 1b per sq ft. The grey clays showed unconfined strength
values of about 2000 1lb per sq ft, and decreased to as low as
1100 1lb per sq ft in the lower portions of this material. On
the basis of the limited testing, the strengths in test holes
1l and 4 appear to be higher than those in test hole and of
the same order as those in test hole 3.

The grey clay was underlain by glacial till, be-
ginning at about the 45 ft depth. This material was predomi-
nantly a mixture of silt, rockflour and sand with a low con-
tent of fine-sized pravel. The mixture was soft and had a
MButty-like' consigteney for all of its depth in test holes 1,
& and 4, until auger refusal occurred at depths of about 50
to 52 ft. In test hole 3, the glacial deposit was penetrated
to the 58 ft depth before refusal was met, and the auger ac-
tion indicated a stiffer comsistency, or coarser material,
below the 48 ft depth. Attention is drawn to the very low
unconfined compression strength of 320 and 396 1b per sq ft
in test holes 3 and 4 respectively at about the 46 ft depth.
Free water was observed in the $ill in holes 1, 2 and 3. It
is expected that auger refusal occurred because the lacial
till became extremely hard and could not be penetrated; lo-
cally this naterial is known as "hardpan”.

ANATYSTS AND RECOMITDATIONS

(1) 3Safe side slopes for reservoir

On the advice of the engineering staff of the G.MUM.1s
it was assumed that a 10 ft high dyke and 23 £t total depth
2

of reservoir would likely be used. TFor the purposes of ana-



lysis it may be noted that two cases constitute worst con-
ditions., The first occurs when the reservoir is completed
but prior Yo fllling. Filling increases the safety factor
in that pressure of water on the inside faces of the reser-
volr constitutes a force tending to oppose sliding. Sub-
sequent emptying of the reservoir introduces the second case.
At this time the safety factor can be samewhat lower. The
excavation for the reservolr causes a decrease in pressure

on the soils underlying the reservoir and although this may
be partly off-set by filling the reservoir with water, the
original soil pressures are not fully restored. There is
some evidence o support the belief, that over a long period,
gtress rellef of the soll is accompanied by same loss of
strength. The analysis of the slopestability thus requires
certain conservative assumptions. One such assumption used,
was to base the analysis on the test hole 2 showing the low-
est unconfined compression strengths. Account was also taken
of other factors which may lower the stability. These in
addition to those already mecntioned, include soil shrinkage
cracks forming in the upper soils subject to seasonal changes
in moisture content, and considerable emphasis on the low
strengths found at the greatcr depths. On this basis it was
considered that the average ultimate shearing strength of the
80ils would be approximately 600 lb per sq ft. Stabllity
‘analyses employing the circular sliding wedge showed a 4:1,
(4 horizontal to 1 vertical) slope would be required for a

geinEN s ctor of 1.6, It may be noted that this slope is



less steep than the 3:1 slope used on the Waverly 3t. reser-
voir of ,the City of Winnipeg, which also employed a safety
factor of 1l.5. Lower soil strensgths and, a greater depth

to firm material are both factors that result in less favour-
able conditions at the St. Boniface site. It is recommended
that the inside slopes for the 3t. Boniface reservoirs be

no steeper than 4:1 for the total proposed heisht of 23 ft
which includes 10 ft of dyke. Regarding the outside 10 ft
high slopes, these can be much steeper., Conslderations such
as seeding to grass, grass cutting, rain erosion etc. become
more important factors for the outside slopes. It is re-
commended that from stability consideration, slopes of 2:1
or less steep be ermployed.

(2) The type of lining to be used for reservoir

The clays encountered at the site are susceptible
to large volume changes accompanying moisture changes. This
is borne out by the unusually high liquid and plastic limits
of 103 to 67, and 38 to 23 respectively shown in test hole
2. It may be noted that the wvery hich wvalues occur at the
depths conterplated for the bottom of the reservoir. The
consolidation tests showed ncglisible swelling for thesc samne
soils. This should not be interpreted that the soils will
not swell. Soil drying during excavation could result in
subsequent heave of the reservoir lining which would cut off
evaporation and permit a build-up of moisture. The success

of the lining depends to a great extent on avoiding a soil



moisture change, and this is best accomplished by placing the
lining as soon as possible after the excavation is completed.
If excavation is interrupted by adverse weather it would be
desirable to delay, say, the last few feet of excavation until
it is possible to immediately place concrete., ©Excegsive dry-
ing could result in 3 or 4 inches or possibly morc, of 4dif-
ferential heave which have been observed under similar con-
ditions on ground supported floors. Iven under the best of
conditions, some differential movements must be anticipated.
It is considered that a rigid lining as obtained by using‘a
reinforced concrete slab will tend to prevent out-of-plane
differential movements vhereas a flexible lining would tend
to warp. If only a minimum of out-of-plane movement can be
tolerated, the reinforced concrete lining is recommended.

It is further considered desirable that the lining
be placed directly on the clay without the use of any gravel
£ill. The reason for this recommendation is that rranular
fill placed under the lining would tend to collect water.
shiould the reservoir be emptied at a tinme when the  Tanular
£ill was saturated, hich hydrostatic pressures could develop
under the lining which could cause its movement. This will
not occur if granular £ill is not used. The clay supporting
the lining is of very low pcrmeability as indicated by the
consolidation tests. Although the clays will probably be
saturated, the moisture would be tichtly held in the soil and

not free to move. J3nould it be considered desirable to use



granular £ill under the upper portions of the reservoir, the
granular fill should be under-draineg to adegquately perait
the escape of any water that would tend to collect in the
granular fill.

The soft tan gllt end the gllty c¢lay found in she
upper two to four feet at the sgite are frost-heave suscep-
tible. It ié considered desirable that these soils not be
used to suﬁport the lining of the reservoir in any location
subject to frost penetration. In such locations it is re-
conmended that these materials be removed and replaced with
compacted clay, or under-drainegrgranular £ill to provide at
least 6 ft of such non-frost susceptible material. The 6 ft
distance is to be measured perpendicular to any exposed
surface subject to below freezing temperature. From experi-
ence the 6 £t is considered to be a reasonable estimate of
frost penetration. Less than 6 ft of non-frost susceptible
material may be used if the exposed surface is only subject
to freezing for short periods of time and if the depth of
frost penetration can be accurately estimated. The removal
of tke organic top layer and any soft silt found immediately
under this layer is also recormended to provide a more satis-
factory base for any fill to be placed as a dyke around the
reservoir,

Ixperience in other areas of Winnipeg has shown
that in more or less random locations, the soft tan silt

léyer may extend to several or more feet in depth and in the

presence of free water be unstable, Without a very extensive



test hole program, such random layers can go undetected.
Specifications for excavation should anticipate their pos-
sible occurrence and the need for their excavation and in-
clude a suitable means for payment of additional excavation
and construction costs.

It will be noted that occasional thin layers of
8ilt wers encountered at depths of 4 to 10 ft. If such
layers arec encountered of more than a few inches thickness,
excavation into the slope of the dyke should be made and
compacted clay backfill used to cseal such layers. Seepage
from such layers particularly at the greater depths would
have an adverse lifting effect on the lining of the reservoir
in an empty condition. A practical alternative to removing
such layers where found at shallow depth, is to provide under-
drainage .

8] Iyiee £111

For those portions of the reservolr consisting of
earth £ill, it is recommended that the silt excavated at
the slite be not used. This material cannot be satisfactorily
compacted. If the predominantly clay soils are used, it is
recomnended that sheep foot compaction be employed, using
lifts no greater than 6 inches. It is recommended that the
£i1l be compacted to give 95 to 100% of Proctor Compaction
maximum dry densities. iicher densities for excavated mate-
rial are not considered practical as the natural soll mois-
" ture contents are well above optimum and cannot be sufficiently

dried without causing excessive delays in construction. TX-
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cessively wet weather during construction may, anyway, re-
quire the work to stop for fairly lengthy periods.

(4) Building foundations

Regarding foundations for any proposed structures,
the following comments and recommendations are made. 3Spread
footings or a raft may be employed, on either the brown or
grey clays using a net bearing wvalue of 2000 1b per sq ft.

On the basis of the test results this will give a safety fac-
tor of at least 2.5. If the structures are exceptionally
wide or heavy, settlements would have to bec calculated. This
can only be done when the weicht, depth of foundations and
plan area of the structure are known.

Aucered cast-in-place friction piles extending no
deeper than sbout the 42 £t depth are also possible. Augered
end-bearing piles which would have to be longer to reach firm
material, or longer augered friction piles may encounter
geepage too heavy to be practical. There is a possibility
however that over certain areas of the site and derending on
the season, such longer plles may be possible. This could
only be ascertained by further testing Just prior to construc-
tion,

e

On the basis of the strength tests, friction piles

may be degigned on the basis of 250 1b per sq £t of pile eir-

cuniferential area which gives asproximately a safcty factor
of 3. The length of pile in the top 10 ft below surface grade
should be excluded as possible soil shrinkage in this zone

makes frictional support unreliable,
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It may be noted that under simllar soil conditions,
driven 14 inch hexagonal precast conecrete »niles driven ﬁo
refusal in the cemented silt, sand, ravel and rockflour nix-
ture have supported loads of up to 60 tons. Refusal has been
obtained after about 4 ft of penetration into the firm ma-
terial. For heavy loads, where little settlement can be
tolerated, driven end-bearing piles are recommended. 3Ipeci-
fic recommendations as to type of driven pile can be made

when the type orf structures proposed have been finalized.

Submitted august 10, 1960.

Ao BaraCOS, i Lnb.
Tfor BARACOS AND IIARANTA
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CONSOLIPAT]ON TEST RESULTS
Specific Gra vity of Soil Solids G¢ < 75
_ ‘ N Wt Soil - Compression Index . . A4
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C__ONSO‘IL_I_P__AMTION TEST RESULTS
Specific Gravity of Soil Solids G¢ 2.75 gxscerned
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e= previous e + Defl Pre Consolidation Load Toa/ft2
e (End) = WX (End) x Gy = /) / H
, Time Load on Corr Dial Deflection Deflecuon Void Rauo Pressure
lgaerva} Pan (lbs. ) Readiag (ins) (ias) He e Tou/f12
e 9 0. 5000 |+ 0.]8.54 2.96 212 | oorz |
LS V. 258727 |+ A4l 975 2135 O=F
2 P 2 FT2E I+ 1824 945 2105 0.7
24 S 4707 |+ 1541 A1 197 Fv+ 4
23 /2 E2[3 v /047 O ,‘_Af/.w_,_miéﬁ_
20 L 3E6/3 1+ odd7 | 24 | L4140 & 65
28 A0 0. 3/% | voocoo | o coo LlE. B2
- e
o ———- 4+ - 1
2,2
2.0
=
AN t
~ [,8 ]
’1§ { fo——
hél~1%
= -
-3 b} - - H HH HH i
Q e H
S L4t
). 2 .
- X
S\
1-0= :
0.0l 0.1 Ao 1.0 10 100
L Pressure Tow/f12
SOIL MECHANICS LABORATORY Project 5t 42
THE UNIVERSITY OF MANITOBA Site -
DEPARTMENT OF CIVIL ENGINEERING Sample 7 Z& Hole __R  Depth T& ~_
FORT GARRY MANIT 0B A Technician _ #2727 Date _ F=F—E0




