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INTRODUCTION

Winnipeg, situatdd at the confluence of the Red and Assiniboine
Rivers, has been plagued by f;l.épds of large magnitudes since 1826, Subsew
quent large floods occurred in 1852, 1861, 1916, 1948 and 1950 (1), The
flood of 1950 caused such severe damage as to stimulate positive action to=
wards alleviating the flood problem, As & result of the 1950 flood the
Dominion Government set up the Red River Basin Investigation (2) whose pure
pose was to investigate the various possibilities of alleviating the flood
problem, ‘I’his organization studied many schemes and combingtions thereof,
Subsequently the Royal Commission on Flood Cost Benefit (3) was set up to
select the most economically feasible combination of schemes submitted by
the Red River Basin Investigation, The result was the selection of a die
version channel 'bypassing the Greater Winnipeg Area in combination with |
several other projects,

hdditdonal stulies regarding the location of the diversion chan-
nel were commenced in 1959 by the Wa.ter Control and COnservat.ion Branch of
the Province of Manitoba, This resulted in some relocations of the diver-
sion channel from the alternatives recommsnded by the Red River Basin Ine
vestigation, primarily at the south end where it now includes the suburb
of St. Norbert. This diversion channel, known as the Red River momm,"
1s shown in fig. 1.
| GENERAL DESIGN CONCEPTS

The Red River Floodway w:l.ll be about 30 miles long with a t.op
width of approximately 1000 feet, having a depth varying from 25 to. 75
fée‘b , with the average dept:h being approximately 30 feet. Typical chan-
nel cr’oss sections are shown in.fig'. 2. The quantity of excavation is

some 100 million cubic yards, Its design eapacity of flow is 60,000 cfs.
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The Floodway will have a fixed inlet elevation with a eontrol
dam located in the Red River immediately downstream of the inlet to
control diversion of flood waters into the Floodway, Several Provincial
Trunk Highway, municipal road, and railroad bridges will cross the Flood-
way in addition to wnder and overpasses by water supply mains and hydro-
electric power lines which service Mstropolitan Winnipeg, Near its re=-
entry into the Red River an oublerb”‘struct.ure. will control its hydraulic
gradient and prbvide proper hydraulic re-entry conditions,

GENERAL ,SO.IL CONDITIONS

The Floodwsy is located in the highly plastic lacustrine clays
of glacial Lake Agassiz, underlain generally by glacial till, An except~
ion occcurs through the Birds Hill ridge, which is a granular deposition
by a large, swift-flowing stream during the last glacial age (L), The
soils south and north of Birds‘Hill are similar but vary in depth to the
glaeial till, | ‘

" The general soil profile predominant along most of the Floodwa;y
and comnon to the Red River Valley has been previously well deseribed by

several investigators, references (5), (6) and (7).

INVESTIGATIONS o
| ' Design and construction of the Floodway required the soiuiii_f

- fon of numerous soil mechanics problems that required investigation,” The
principal problem was the selection of slopes which would be stable al~
m;st--indéfMitely. It was known f:l:-om earlier investigations and experiefxce
on river banks that rather flat slopes would be required, Experience else-
where in highly plastic clays (8) indicated that this long term stability
could be wnreliable if based on conventional strength tests, The stability
problem was further complicated by the fact that it was economically de-
sirable to place excavated soils as cleose as possible to the sides of the

i
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Floodway to save on haulage and land acquisition. Other problems involved
the effects of rebound én excavated grades, the effects of erosion, the
problem of embankment compaction, percent volume reduction due to varying
degrees of compaction, the determination of best methods of excavation,
the effects of grownd water seepage during excavation, possible depletion
of loecal grownd water supplies, foundations of structures, and mumerous

other problems,

(1) Review of Earlier and Related Investigations

Much use was made of earlier investigations., However, when
studies on the Floodway were resumed by the Water Control and Conservation

Branch in 1959, the relocation of portions of the Floodway and the need
for detalled information for final design, made several additional subsur-
face investigations necessary., For example, the very irregular conditions
in the Birds Hill ridge required a very thorough investigation. Another
investigation was conducted to establish more accurately the hardpan pro-
file along, and transverse to the Floodway centreline north of the Birds

Hill ridge where the hardpan was known to be above the Floodway bottom

grade,
Soil samples cbtained during these investigations were in gen-

eral subjected to unconfined compression strength tests, undisturbed den-
sity, moisture comtent, and classification tests. In addition, other
tests, such as hydrometer grain size analysis, standard and modified proc-

tor compaction tests, consolidation (and rebound), and controlled triaxial

compression tests with and without pore pressure measurements were performed,
- (2) Detailed Tests
Uoon recommendation by Professor A. Casagrande, (Soils Consultant

on the Red River Floodway) and Engineers of the P.F.R.A., more detailed
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tests were run on very carefully obtained undisturbed samples, These
samples were obtained from two test holes, 17C and 18C, bored at lo-
cations selected to be representative of that part of the Floodway south
and north of the Birds Hill ridge, respectively. Almost continuous 3 and
5 inch diameter Shelby tube samples were obtained in both holes, The sam~
ples were subjected to extensive triaxial testing by the P,F.R.A. to sup-

plement the Floodway slope stability and selection studies.
(3) Riverbank Survey in Metropolitan Winnipeg

In 1960 a survey was conducted of banks along the Red and Assini-
boine Rivers, mostly within Metropolitan Winnipeg, to determine at-what
slopes natural banks were stable, the degree of stability where possible,

at what slopes natural banks failed and at what slopes such failed banks
again became stable,

All the banks were visually examined, classified as to stability,
and cross-sections were taken of banks considered appropriate for the
study. Factors affecting this stability, such as planar alignment of the
banks, estimated degree of toe erosion, vegetation, existence of shrinkage
and tension cracks, and depth to the rigid strata (hardpan) were noted,
Consideration was given to these factors as to ﬂheir existence and non-
existence along the Floodway and therefore their effect on stability of
Floodway slopes. The results of this survey are shown in fig, 4.

(4) Floodway Test Pits

The Floodway test pits are the most extensive part of the in-
vestigations, ﬁnon recommendation by Professor A, Casagrande, an open
test pit (no.l), with surface dimensions of 760 feet by 320 feet vas ex-
cavated at a selected location (see fig.5) along the Floodway to obtain ad-

ditional data for the slope stability and selection studies by estimating the

in-situ shear strength of the clay after rapid excavation and after rapid



o5 =

drawdown conditions, The test pit, with extensive instrumentation, as
shown in fig. 5 (designed by Engineers of the P.F.R.A, Soil Mechanies
and Materials Division), was excavated with a slope of one horizontal to
one vertical on the north side and four horizontal to one vertical on
the south side.

Modified Casagrande piezometers were installed in clay and ti1l
in two lines across the pit and along the slopes. A Shannon and Wilson
slope indicator was installed at the cemtres of the 1 to 1 and 4 to 1 slopes,
Modified slide plane detectors were installed in each of the slopes, AMlipgn-
ment hubs were placed at mid-height and at the top of each slape.> Nails
were driven into the tops of the hubs forming a straight line to permit
measurement of displacement from the straight line by movement of the slope.
A tpansit was used to check for displacement., Resulting slope movements
are graphically represented in fig. 6.

Another test pit (no. 2) was proposed to be excavated along the
Floodway north of the Birds Hill ridge for the purpose of studying the
efficiency of hardpan excavation by conventional equipment, to observe the
effects ;f exposure to free water on hardpan, and to observe the quantity
of seepage into the excavation.

RESULTS OF INVESTIGATIONS

(1) Earlier and Related Investigations

The results of classification and basic strength testing on sam-
ples obtained during the subsurface investigations conducted by the Water
Control and Conservation Branch have been summarized in fig. 3. These re-
sults agree very closely with those obtained by P.F.R.A. during the 1951
investigation and Professor A. Baracos du?ing the 1952 investigation.,

(2) Riverbank Survey in Metropolitan Winnipeg

The following conclusions were drawn from the survey of river-

banks in Metropolitan Winnipeg.
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1) Very few stable riverbanks were found in Winnipeg and
adjoining a#-eas.

2) N"Convex riverbanks n cannot be used in slope stability
studies for the Floodway because of the different soils involved,
Fioodsway soils are of glacial lake origin and are primarily c.'lays'
whereas 'fconvex.riverbanks" soils are of fluvial origin and are
primarily silts,

3) Since the majority, (80%), of concave riw.rerbanks;, in
.the highly plastic clays, between 25 ft,. t\o 4LO ft. high which failed
in a rotational manner became stable at slopes between 43 to 1 and
6 3/ to 1, and therefore naturally failed at slopes steeper than the
8lopes at which they became stable, it may be assumed that the slopes
of 6 to 1 as recommended for the Floodway by Professor A. Casagrande
should be stable along most of the Floodway. This suggests that soms
failures might occur, however, it may be more econcmical to _rectify
a few failures 'in the 6 to 1 slopes than to censtruct thé?mytém
a gentler slope which will not result in any failures,

(3) Floodway Test Pits

(a) Preliminary Considerations
Two test holes, 17C and 18C, were bored near the likely lo-

cations for each of the two proposed test pits (one south of Birds
Hill and ana north of Birds Hill) as recommended by Professor A, Casa-
grande, The results of testing of samples obtained from these holes
havé,been summarized by the P.F.,R.A, Soil Mechanles laboratory in
Table 1. The main purpose of the testing of samples obtained from
. test hole 17C was to determine the depth of excavation requifed t0 re=-
sult in a failure in the 1 to 1 slope in the test pit,
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TABLE 1 SUMMARY OF ALL TESTS ON HOLES 17C and 180

Hole Depth Iab, Avg. Dry "R

" TESTS

No, ft. w% Density Low Lateral
' p.c.fe Pressure

c'p.B.i. ¢‘deg. ¢'p*deg0

ngn TESTS
Low Lateral
Pressure

ct'p.s.i, @Ptdeg, @ p* deg.

10,5 7.5

17c 18-20 UofM 53.4  69.4 12.5
20 PFRA 54.2 69,0 1.5 27.0 16.9
20 PFRA 55.3 68.3 0 16.9 1649
LO=42 UofM 62,3 63.3 5.0 7.5
L2  PFRA 60.2 647 3.0 13.0 14.0
L2 PFRA 60,8 64,5 2.0 16,0 15,0
18C  12-13 UofM 46,3  7he5 4.0 11l.4 12.5 L
12-13 UofM L45.h  75.h 3.0  1L.5 13.5
20  UofM 67.1 58.8 2.6 13.0 15,0
20-21 UofM 73.L 57.1 2.5 13,0 15.0

NOTE: @' p* = effective angle of internal friction beyond the effect of pre‘consolidat:lon

/

apraterague:

SOIL PROPERTY

Water Content,%
Wet Density, pcf
Liquid Iimit, %
Plastic Limit, %

Unconfined Compressive
Strength, psi

w% from Unconfined Strength Tests
Sensitivity

Strain at Fallure (Unconfined Test )

TEST HOLE 17C

AVERAGE
51.1
106

89
22

15.4
49.2
2,2

2.9

RANGE
2749=6443
100-115
52-116
18-25

9.2=25,0
27.2-66.4
0,9-4.3
0,8=6.9

TEST HOLE 18C
AVERAGE ~ RANGE
50,7 36.6-81.0
106 95-113

77 56-88

19 15-21
10,2 3.5-19.1
51,0 35.9-78.0

2.0 0.4-3.7

2.3 0,843
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Stability analyses were performed on the basis of total
stresses using rather high strength values to ensure that the 8lope
would fail. From a total stress stability analysis it was evident
that there was very little difference in stability between a fajil-
ure arc tangent to the fimm layer and’ an arc through the toej in
fact it appeared that a tension crack would likely result in a toe
cirele failure (9).,

Preliminary effective stress analysis were also considered, -
Hdwever, for conditions immediately following excavation, it was fouﬁd
that the wide ré.nge of pore pressures, erratic values of ¢! and g,

‘and non-wniform actual slopes as the excavation proceeded, made such
cglculations quite erratic and inconclusive, For example the R test
si};owed et = 1,5 pSi and @' = 27° whereas the S tests showed of = i.‘S psi -
and g = 17°, Therefore, primarily on the basis of the total stress

P

stability analysis it was decided to excavate the test pit to a depth
c;f some L5 feet anticipating that failure would oeccur, Further, it was
anticipated to construct a loading berm should failure not occur as a
result of excavation.

(b) Q, R, S (10) and consolidation tests on samples obtéined
from the test pit, |

During the excav_ation of the test pit large chunk samples were
obtained from the 1 to 1 slope from three horizontal locations at five
foot depth intervals, Several Q, R, and S tests were conducted by .
,P'.F.-R.VA."on the chunk samples with one sample also being tested by the
National Research Council,

The R tests were conducted since in the correct range of normal
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pressures the R tests should give the strength based on rapid excavation.

Similarily, the S tests were conducted since the strengths determined
from S tests should give the long term strengths if the S tests are car-
ried oub at a rate which is applieable to field conditions,

The resulis of these tests are surmarized here as follows:

TABLE 2 RESULTS OF § TESTS ON SAMPLES FROM THE FLOODWAY TEST PIT

Depth Average Average Average Range of Strain

. Dry Wat er Compressive at Failure

Density Content Strength 4
PeCefe v Po8oi.

5 81&02 3109 1309 ’ 2 - 6
15 67.2 5607 2207 009 - 105
20 67.5 5690 17.2 106 - 206
25 : 70.0 53.1 19.2 1.6 - 2,2
30 67.8 56.1 18.9 1.7 - 2.4
35 6L.1 61.0 18,1 1.2 - 1.8
40 62,1 64.3 17.0 1.5

L}S 61.6 65.1 1307 0.8 - 108




TABLE 3 RESULTS OF R TESTS ON SAMPLES FROM THE FLOODWAY TEST PIT
Location Depth Average Averages Low Lateral Pressure {¢ p®
: fto Dry Water ¢ psi. @' degrees degrees
Density Content
Pec.fs W %
751 Wof & 20 68,3 5heb 6,0 13.0 13.9
75' W Of E 20 6605 5707 205 3200'1#
At E ' 30 68.1 55.2 7.0 1106 11&06
750 W of & 30 68.1, 54,8 6.5 12.0 16,0
1501 W of & L5 60.9 66.1 6.0 14.0 15.0

** Tasts conducted at very low lateral pressures,

TABLE 4 RESULTS OF S TESTS ON SAMPLES FROM THE FLOODWAY TEST PIT
Location Depth Average Average Low lateral Pressure gy p*
ft. Dry Water ct psi, ¢t degrees degrees
Density - Content .
PeCofs w %
75! W of £ 20 68.3 54,9 6.0 12.1 15,0
at & 30 66,8 57.1 ' 16,1
75¢ W of £ 30 69.4 53.6 Lo5 16.5 15.9

NOTEs @' p* = effective angle of internal friction bsyond the effect of

preconsolidation,
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Curvature of the Mohr envelopes for these tests on clay samples
made the selection of a representative strength difficult, therefore, ini-
tially two strengths were selected for the clay and one for the till, The
results indicated that the average effective normal stress on the failure
arc was approximately 7 psi. Therefore, a further set of R tests was éon-:.

ducted at very low lateral pressures and a strength selected to correspond

with the very low effective lgtera{l pressures, The following strength_
eéuﬁtions were used in the stability analyses;

s (clay) = 2,5 psi + § tan 320

s (t411) = O tan 40° (not shown in Table 3)

A Mohr's cireles plot of S tests results from all depths, with
effective lateral pressures below 40 psi, showed good agreement between
S tests from the various depths and also showed a definite curvature of the
fé.ilure envelope, Comnarison of the envelope for R tests with effective '
latex;a;l pressure less than 40 psi with the above S envelope revealed both
to be of similar shape, however, the S envelops indicated a slightly hiéhér‘ E
strength,

A Several consolidatipn tests were performed, The results indi-
cat_»égi‘ that the virgin compression bra.nch of the presswre-void ratio plot‘s'
h.asfvsozné curvature therefore making the selection of compression _indieés
difficult and subject to errar. The compréssion indices for the'sej{_',éét.s' .
wéx;e found to range from 0.8 to 1,0, indicating that the soil is highly
compi‘éséible when loaded in excess of the preconsolidation load, The pre-
cgnvsolid_at‘ion load was found to decrease uniformly from approximately § -
tbﬁs/ft% st the 5 ft. depth, to 2.5 tong/ped st the 45 ft. depth.” Under
these" conditions a norml]y consolidatéd soil would be subjeet to an- ef- ‘
fecbive stress of aprroximately one tor;/ft% at the 1;5 fto depth,

: F‘urther, the effects of strat.ification on:consolidation and
ﬁermeabilgty characteristics were investigated,- The :i‘esults ‘indicated

o
¥
7

o
4
ya
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1ittle difference in the permeability although.this is rather unusual since
it has been commonly accepted that the permeability in the horizontal di-

rection through the stratifications is higher than in any other direction.
These results are contradictory to the results of an investigation recently
conducted at the University of Manitoba where it was found that the permea-
bility in the horizontal direction was twice that in the vertiecal,

A chunk sample from the test pit taken at the 30 ft. depth, test-
ed by the National Research Council, yielded moisture content and physical
tests results in close agreement with those obtained by P.F.R.A., with the
excertion that the liquid and plastic limit results of 94 and 34, respect-
ively, obtained by the National Research Cowncil, are much higher than those
obtained by the P.F.R.A. on similar samples.

The National Research Council conducted slow tests at rates of
strain varying from 3% to 2% per hour, yielding an effective angle of in-
ternal friction above the effects of preconsolidation ranging from 10,5°
to 11,5°, These results are lower than those obtained by the P.F.R.A. per-
haps because of the more rapid rates of loaciing employed by the National
Research Council, |
(c) Piezometers

Prior to excavation the piezometric level of the clay and till
was observed to be from six to nine feet below natural ground surface, As
excavation progressed the piezometric level in the clay piezometers within
the excavation area was observed to drop at a rate equivalent to the rate
of excavation, that is, the piezometric level generally dropped one foot
for one foot of exeavation.

Fventually it became evident that some of the piezometers in.
the clay in the dee;ﬁer part of the exeavation would become dry with ex-—

cavation because the highly plastic lacustrine clay expands with unload-

ing and therefore these were replaced by high air pressure entry piezom-
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eters and read by Bourdon Gauges., Several piezometers in the clay at the
LO ft. depth became dry when the excavation reached a depth of 30 - 35 ft.
That this phenomena occurs in the clays is further substantiated by the
fact that when the clay was reloaded by water flowing into the test pit,
the readings in the deep clay piezometers increased at a rate aimost equi-
valent to the rate of water inflow into the pit, as shown in fig. 1l., This

does not apply after surface water suddenly filled the pit in April of 1962,

(d) Slope Movement Indicators

Alignment hubs and slope indicators were read daily as excavat-
ion progressed. No sign of movement was noticed wntil the excavation
reached an average depth of 25 ft. (on September 15), At this time a move-
ment of 1% iﬁ. toward the excavation was measured at the west end of the
1lto i slope on the south alignment line, A movement of 1 3/L in. was
measured at the centre of the south alignment. Only slight movement was
measured at the east end of the alignment line, Though these moveﬁents
had occurred, no openings or cracks were obvious at the surface.

©. The first definite indication of movement of the entire 1 to 1l
slope was given by the slope indicator on September 29 when the average
cut at the toe of the 1 to 1 slope was 34 ft, This movement occurred at
the L8 ft.‘depth.

On October 2, when parts of the exeavation we?g at a 36 ft. devth,
a movement of 2% in. was measured at the west end of the south alignment
line on the 1 to 1 slope. On October 7, a crack, 3/4 in. wide, occurred

50 ft, north of the edge of the 1 to 1 slope as shown on fig. 5. Further,

the slope indiecator instrument would not pass below the 48 ft. depth and
the movement deflection was measured at 2,7 in.
Slide plane detectors 2,3,4 and 5 (fig.5) in the 1 to 1 slope,

showed that the ground movements which had occurred confirmed that the



..11,-
failure plane was at the L8 ft. depth at the slope indicator,

- On October 8 a failure occurred at the west end of the 1 to 1l
slope., The failed area was approximately 135 ft. long and its surface
had dropped vertically about 17 ft. At this time the average cut &t
the toe of the 1 to 1 slope was 34 ft. Subsequently two smaller fail=-
ures occurred in the vicinity of the initial failure on October 31 and
December 18, respectively. Also, the crack some 50 ft, north of the
top edge of the 1 to 1 slope was observed to open and lengthen contin-
uwously., By Febfuary 27, this cracklhad opened 4 in, Although move-
ments of the entire mass of the 1 to 1 slope have been observed and
" measured by several methods, éh actual failure of the entire 1 to 1
slope has not yet occurred, However, to induce such failure the test
pit was filled with water in the fall of 1961 to saturate the slopes.
Currently the water is being rapidly pumped out to simulate rapid

drawdown conditions with the anticipation that a failure will occur.

(e) Stability Analysis
Both total and effective stability analyses were conducted on

the 1 to 1 slope of the test pit at two different loecations, These
were at the centre line and 75 feet west of the centre line (4n the
vieinity of the failure) of the 1 to 1 slopes

| A‘total stress analysis conducted on the failed slope using
May's modification of the Swedish slices method'indicated that a shegr
strength of 4.3l psi was required for stability, Similarily, a shear
strength of 4,24 psi was required for stability of the worst arc
through the centreline of the 1 to 1 slopes Using the results of test
hole 17C and adjusting for moisture comtent of 60% instead of 50% it
was possible to obtain good correlation to the actual failure. The
correlation is based on the results of fig. 10 which shows several

samples of grey clay with moisture comtents in the vieinity of 60%.
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Three major difficulties were encountered in applying the ef-
fective stress method of analysis,

Initially, difficulty was experieﬁced in the sele¢tion of a
reprosentative strength especially in the range of normal effective
stresses expected, Further, difficulty was experienced in selecting
the pore pressures at the time of failure and lastly, the actual
failure plane was not the simple arc normally used in calculation.

. Numerous failure arcs, some through the clay and some through
the underlying till, were analyzed, Ares through the clay yielded
lowest factors of safety of 1.28 along the centreline of the excavation |
and 1.64 through the failure 75 ft, west of the centre line, Arcs
assumed to pass through the noncemented till yielded lowest safety
factors of 0.65 at the centre line and 0,86 seventy-five (75) feet
west of the centre line, Although the possibility of failure through
the noncemented till does not agree with the failure plane as establish-
| ed by test installations it is possible that the failure occurred through
the clay as established by the test installations and then dﬂ.p?ed inte
the noncemerted till, This applies only to the movement of the entife
1 to 1 slope,

Tt is very unlikely that the failure 75 ft. west of the centre-
line of the pit extended as deep as the till,

() General Observations

. Observations were made of the efficiency of excavation by -
various types of equipment. Rubber tired equipment was found to
function satisfactorily to a depth of approximately 25 ft. where the
‘¢lays became too wet to permit efficlent loading, Below the 25 ft.
depth and to approximately 36 ft., excavation was successfully carried

out by means of steel track equipment and pushers for loading, Below
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the 36 ft. depth excavation with steel track equipment became im-
practical and drag line excavation had to be effected, By means of
q‘drag line #nd trucks to haullthe éxcavated soils, the exﬁavation
reached a depth of 45 ft. along the toe Qf the 4 to 1 slope.
SUMMARY,

The most important aspect of the soil mechanics studies on the
Floodway, that of slope selection, has received the most consideration
by extensive investigations and analysis., The results of the§e in-
vestigations, which are not yet complete, indicate that a slope of six
horizontal to one vertical for most of the Floodway should be stable,
Though 6 to 1 slopes are not required for the entire length of the
Floodway such slopes are necessary for maintenance of the slopes in
the cutting of grass, Where vegetative growth is not anticipated,
as through the Birds Hill ridge, slopes of 3 to 1 have been selected
~ to *aduce the quantity of excavation,

To maintain stability of the slopes an adequate berm had to
be determined between the top.of the 6 to 1 slope and bottom of the

embankment slope. Stability analysis indicated that a berm of 150 ft.

would be adequate for the most severe condition along the Floodway.

Purther, to insure stability, slopes of 9 to 1 have been se-
1écbed at bridges,

Studies of reboind along the Floodway bottom and slopes indi-
cated a small magnitude of rebound and therefore the amount of addit-
ional excavation to achieve Floodway grade is insignificant,
| It is known from experience that the highly plastic lacustrine.
clays are not subject to erosion at low velocities of the order of 3%
~to 5 f.p.s. which will occur in the Floocdway and therefore very little

érosion is anticipated in these soils, FErosion is anticipated in the
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clayey silts and silty clays which occur at the top of the channel

slopes, however, at the low velocities this erosion is anticipated
to be negligible., Erosion is also anticipated in the noncemented
glacial till which will be encountered north of Birds Hill, however,
on the basis of previous experience this eroSion'is not expected to
be severs.

Numerous standard and modified Proctor compaction tests were
performed on the various soil types encountered along the Floodway.
On the basis of these results and other data, it was decided that a
density of 95% of the modified Proctor compaction density should be
specified for the dyke section of the gmbankmsnt with maximm layer
thickness being nine (9) inches, No density has been specified for
the embankment other than the dyke since specific compaction of the
embankment is not required. Appreciable compaction of the embankment
is anticipated from equipment traversing the embankment in a routed |
manner and from the compactive effect of a tamping roller specified -
to make two passes over the embankment, The maximum lift thickness
in the embankment has been specified to be 18 inches.

Volume reduction of ekcavated soils when placed in the em= |

bankment and compacted has been determined for the various types of

soils and reaches along the Floodway along which the volume reductioh
of the soils is considered to be quite consistent.

Hardpan excavation has been established along the Floodway
' by numerous test holes within the area of such hardpan excavation,
Several test holes bored transversely to the Floodﬁay centre line
indicate the variations in the hardpan surface in a direction trans-

verse to the Floodway centre line, With such information the quantity
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of hardpan excavation has beén determined more accurately.

Ground water seepage from the water bearing glaeial till
layer is'a major problem in itself and extensive investigations have
been and are being conducted to determine what quantities of seepage
should be anticipated, what remedial measures may be taken and further,
how such seepage will affect water supplies élong the Floodway where
seepage occurs, Though & lot of information has been obtained, this
problem is, as indicated, & major study in itself and could not be
justly dealt with in this paper,

Extensive field and laboratory investigations were conducted to
locate a site suitable for the construction of a control dam at the
inlet . Initially several sites were investigated and all but two were
eliminated on the basis of the field investigations. Further investi-
gations of the two possible sites indicated one to bs somewhat better
than the other. The selected site was then investigated with further
extensive borings, sampling and laboratory testing.

The soil mechanics studies pertaining to the control structure
are quite extensive and cannot be effectively related within the scope
of this paper., It will suffice that soil conditions at the site of
the proposed structure are very similar to the Floodway solls with the
exception that one side of the river has been affected by a severe
bank failure,

Further, investigations have also been conducted for the outlet
structure, héwever, the problems at this site are not serious since
the structure will be founded on hardpan.

CONCLUSIONS

The Floodway, although it has often been simply described as

being a "big ditch® is largely dependent on the integrated appli=-

cations of several sciences, In this case, the science under con-
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sideraﬁion, that of soil mechanics, plays a prominent role in the
success of the Red River Floodway, Its major function in select-
ing slopes for the excavation has involved extensive theoretical
studies based on practial observations and data., Other factors
under étudy also, cannot be overlooked, however, although exten-
sive in&estigationé and studies have already been conducted and
more investigations are planned and some currently being con-
ducted, the success of these investigations and studies will be

evident only in the completed project itself.
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NOMENCLATURE AND SYMBOLS USED
o o o

A triaxial compression test at constant water content, in which
the speeimen is first subjected to a hydrostatic confining pres-
sure and then the axial stress is increased to failure,

A triaxial compression test the same as the Q test, except that
pore pressures are measured. : , '

A triaxial compression test in which the specimen is first con-
solidated under an effective hydrostatic censolidation pressure
Oc', and then, without permitting any further change in water
comtent, is subjected to axial load increase to failure.

A triaxial compression test the same as the R test except that
pore pressures are measured.

The strength circle from an R test plotted in terms of the ef-
fective stresses,

The envelope to a series of R circles.

A triaxial compression test in which the specimen is first con-
solidated under a hydrostatic confining pressure, and is then sub-
jected to axial load increase which is applied in small increments,
allowing full consolidation wnder each increment, umtil failure is
reachedy also, a direct shear test in which the specimen is first
consolidated under a normal stress, and is then subjected to shear

. stress which is applied in small increments, allowing full consol-

idation under each increment, wntil failure takes place,
The strength circle from an S test, |

The envelope to a series of S circles,

Shear strength.

Before test,

After test,

fre-sts conducted at very low lateral pressures,

. Wat.er content,

Pore pressure measured at the ends of a triaxial specimen.

Initial back pressure, i.e, the pore pressure applied at the ends
of the specimen and maintained constant during consolidation wnder
the hydrostatic confining pressure in an R or R test,
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Effective cohesion intercept. ) .
Effective angle of shearing - In term:: ofiffective s:tress,
resistance or friction, ) s=¢c'+0 tan, §

Effective angle of internal friction beyond the effect of precon-

- solidation.

Tokal normal stress,
Effective normal stress,

Hydrostatic eonfining pressure; the chamber pressure in a triaxial
test, )

The effective consolidation pressure in an R or S test, i,e, the
hydrostatic confining pressure O¢ minus the initial back pressure Uo,

Total major principal stress,
Total minor principal stress,

Deviator stress; the difference between the major prinecipal stress
and the minor principal stress,

Effective major principal stress,

Effective minor prineipal stress.

Effeective principal stress ratioj the ratio of the effective major
prineipal stress to the effective minor principal stress,
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