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\/ld 8 FOUNDATION CONDITIONS IN THE EDMONTON AREA

R. M. HARDY
Dean of Applied Science,University of Alberta, Canada

At the instigation of the local construc-
tion industry a survey of the foundation con-
ditions in the Edmonton area was commenced in
the summer of 1946. The proJect included a sur-
vey of existing foundations in the area; a
study and correlation of aveilable soil data
from the district; a field program to establish
molsture conditions and soll types; and a labo-
ratory testing progrem to determine the engin-
eering properties of the various soil types en-
countered.

The soil profile in the area consists gen-
erally of a mantle of glacial drift overlying
preglacial sands and gravels deposited upon a
bed rock of soft sandstone. The glacial drift
varies in thickness from about fifteen feet to
more than a hundred and fifty feet. The lower
lying beds of the drift are glacial till often
considerably mixed with the underlying sands
and gravels, The upper lying strata, often call-
ed boulder clay, ere leke deposits and are fre-
quently very uniform in cheracter. However,sand
pockets and mixtures of sand and clay occur
rather extensively at all depths in the boulder
clay. The sand is detritel material deposited
from ice rafts originating in the retreating
glaciers.

Similar glacial deposits occur very widely
throughout Western Canada from the eastern slopes
of the Rocky Mountains to south of Hudson Bay.
The soils were derived principally from Pre-
Cembrien rocks and to a certain extent from
sandstones of the plains area. The soils are
characteristically fine grained inorganic clays
of high plasticity with a considerable benton-
itic content.

In the Edmonton area, strata of fine water
bearing send may occur at depths below about
fifteen feet. These may "quick" when opened up.
Except for possible trouble with such quick
sands foundation problems in the Edmonton area
are entirely concerned with the soil character-
istics at shallow depths in the boulder clay.
The soll has been regarded as a "medium" clay.

The local soil conditions had been studied
from the point of view of so0il mechanics for
ten or twelve years previous to this study.
Sampling had been done by means of augers to
shallow depths or from test pits or building
excavations. lhe first requirement of the in-
vestigation was the selection of a suitable
method for sampling to a depth of about forty
feet. The financiel resources of the investig-
ation did not permit consideration of power
driven sampling equipment. Moreover from the
point of view of soil investigations on a com-
mercial basis power driven equipment will be
economically impossible for some time to come.
The sampling problem presented therefdre was
the selection of s sampling device that could
be operated by two men and would be portable,
preferably in a standard private car. The oc-
currence of pebbles, stones and boulders in the
clay constitutes the main difficulty in sampl-
ing in the area.

Following triels with several types of
augers, bucket type augers of two, four or six
inch dismeter were found to be most satisfac-
tory. This type of auger will pick up small
stones and pebbles without difficulty. For
larger stones and boulders up to a size slight-
ly larger than the diameter of the hole the
tool shown in Fig. lc was found to be very ef-
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fective, Using four inch diameter equipment a
bore hole was scarcely ever lost due to boul-
ders. For undisturbed sampling thin brass or
shelby steel tubing fastened on the end of a
shoe as shown in Fig. 1lb proved very satisfac-
tory. The tubes can be drivén for the length

of the sampling tube using the driving weight
shown in Fig, 1lb. For bore holes to e depth of
twenty feet the equipment can be handled satis-
factoryly ty two men without the use of a tri-
pod. However for deeper holes to a depth of
forty feet the tripod and chain bBlock shown in
Fig. la were used,

With four inch diemeter equipment four holes to
a depth of twenty feet were put down by two men
in an eight hour working day under average con-
ditions. One forty foot hole required about
eight hours work by the same crew. These rates
include the teking of soil samples for moist-
ure content and limits at intervals of one to
two feet and one "undisturbed® sample ten in-
ches long at about five foot intervals. Typic-
al soll profiles encountered are shown in Fig.
2. An area of about nine square miles has been
covered although the work has been concentrat-
ed somewhat towards the ceatre of the city.

The laboratory work consisted of running
standard consolidation tests, unconfined com-—
pression tests and "quick" triasxisl compression
tests on the undisturbed samples in addition
to the moisture content and limit determina-
tions., The unconfined compression tests were
run using triexiel compression apparatus with
zero lateral pressure. The consolidation tests
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were run on samples 2% inches in diameter and
# inches deep. The unconfined and triaxial com-
pression tests were run on samples 1.4 inches
in diameter. Table 3 is & tabulation of the
soil properties of representative samples of
cley. In Fig. 4 the limit values for these
samples are plotted on a "Plasticity Chart".
The consolidation test samples were allow-

ed to teke up water at a load of 0.04 tons per
square foot. On clay samples this invariably
resulted in considerable swelling of the soil.
The load from the pressure-void ratio curve at
which the sample had consolidated to its origin-
al void ratio was taken as the "swelling pres-
sure" of the soil sample. This value seems to
be of considerable significence from the point
of view of foundation behaviour and does not
seem to be indicated by the usual classifica-
tion tests. There is some doubt as to whether
the value of "swelling pressure" so determined
is the true swelling pressure than cen be dev-
eloped by the soil at its initial moisture con-
tent if its volume is held constant. Prelimin-
ary tests indicate that it is certainly of the
same crder of figure but the point is still
being investigated.

Typical pressure-void ratio curves from
consolidation tests are shown in Fig. 5. The
soils encountered in the area are normally con-
solidated clays, that is, they have consolidat-
ed only under the weight of the overburden.
Curve (a) is of the usual type for normally
consolidated plastic soils. However it will be
noted that curve (b) shows no sharp break to
the "virgin branch™ of the curve. A straight
line portion is only epproached at high pres-
sures. The curve does not permit an accurate
determination of the preconsolidation pressure.
The reason for the characteristic type of cur-
ve (b) is to be found in shrinkage pressures
developed in the soil due to previous drying.
An examination of the soil at maeny locations
a8 it is taken from a bore hole gives distinct
evidence that the soil has been dried out since
its deposition. It is charecteristic of this
type of clay that it dries to a granular or
"nugget" structure. This structure is maintain-

TABLE 3
TYPICAL SOIL PROPERTIES
Consoljdation Test Triaxial Compression Tests
S
pf: Limits Initial| P, | C, lax.L;ad Ptd  g.0 |g=1.06 T/£t3o;=2.11T/£42
No. SB L.L.| P.L.| P.I. “ Pr/ft W/" O; W% o;_o; W% O; . O; w%
1l |2.77| 71 29 | 42 36,9 | o345 |1.166 | 5,55 35.3| 1. 35.4
2 |2.76 36.6 .865 |.208 | 7.02 ] 32,1
3 |2.731 73 29 | 44 3643 374 | .207 | 5.00| 35.7 «91 | 33.4]| 1.12 | 38.4 1.12 | 38.5
4 |12.,76| 76 | 27 | 49 8.8 «200 | 5,01 37.8] 1.09| 35.0| 1.67 | 35.5 2.07 | 35.3
5 |2.73| 76| 29 | 47 | (37.6 [1.404 |.169 | 4,40} 37.9| 0,99 | 36.7| 0.89 | 37.0 0.99 { 39.0
138.2 [(1l.22 |.174 | 2.35| 40.2
6 2,731 70 29 | 41 36.8 13.10 |.215 | 4.40) 38.6| 1,00 | 34.4) 2,25 | 32.7 3.59 | 32.0
7 |2.78} 73| 28 | 45 37.0 | .92 .18l | 2.38 | 37.2| 1l.41 | 36.9 1,66 | 35.9
8 |2.,80] 70| 28 | 42 36.5 74 |.138 | 2,35 | 37.6] 0.5 | 37.5] 1.51 | 37.1 1.42 | 37,9
9 |2.75 32,0 |1.08 [.,127 | 2.36 | 37.9| 1.97 | 33.5| 4.20 | 30.2 3.28 | 32.5
10 | 2.71] 69| 29 | 40 40,4 | .259 |.161 | 2.35| 39.9| Q.98] 39,9 0.79 | 38.6 1,21 | 38.4
11 [ 2.77] 69| 27 | 42 40,7 | +338 [.,156 | 2.32 | 41.9| 3.9%4 | 30,2 2,97 | 34.0
12 | 2.69| 46| 21 | 25 «194 | 6,00 | 18.2
13 (2.75| 52 | 24 | 28 33.4 | o144 |.127 | 2.39 | 32.5| 1.06 | 28,5| 0.99 | 27.3 2,27 | 19.4
14 | 2,80 49| 27 | 22 26.9 | ,09 J.112 | 2.36 | 26,0| 0,49 | 18.0| 1,22 | 33.5 1.18 | 38.1
15 | 2.,83| 53| 24 | 29 36.2 | .238 1,128 | 2,35 | 35.4| 1.30 | 34.3| 1.26 | 35.9 1.72 | 34.3
16 [2.73| 57 | 24 | 33 32,6 | o362 |.127 | 2.32 | 32.7| 1.19 | 32.0| 1,71 | 32.8 2,39 | 32.4
17 [2.79]| 57 26 | 31 33.3 «692 |.127 | 2.41 | 34.5
18 | 2.,70| 57 | 26 | 31 32.5 «504 |.138 | 2,36 | 33.9
19 | 2.80| 60| 26 | 34 32.9 |1.73 146 | 6,05 | 33.6) 0,30 | 42.4 | 1.32 | 39.5 0.72 | 43.3
20 | 2.69] 29 14 | 15 37.1 10,078 {.275 | 9.24 | 19.0| 0.78 | 21.3 | 2.16 | 22,0 3,05 | 24,2
J
L.L. - Liquid 1imit. P.L. - Plastic limit., ©P,I. - Plasticity Index
WE - Mpisture content based on dry weight of soil » PB ~ Swelling Pressure - Tona/ft.2
Ce. - Compressive Index O, - Major Principal stress J, - Lateral pressure & minor principal
stress

0, -0; - Compressive strength - Tons/ft2 - Corrected by 0.18 Tons/£t2 for

SB - Specific gravity soil particles.

membrane restraint.
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FIG. 4

ed following subseguent wetting of the soil.
Soil which has been previously dried out can
therefore be readily identified by the appear-
snce of the granular type of structure when a
lump taken from the bore hole is fractured in
the hand. At some locations evidence of pre-
vious drying could be detected to a depth of
twelve to fourteen feet even though the presenot
ground water level is only a few inches below
the surface. In other locations however no evi-
dence of previous drying of the soil could be
detected below a depth of two feet.

It will be noted from Fig. 3 that the
moisture contents at the end of the consolida-
tion tests are frequently higher then the cor-
responding initial values. They invarigbly are
considerably higher than that computed from the
final void ratio indiceated from the pressure-
void ratio curves. The reason for this seems
to be the bentonitic nature of these soils.

As in the case of bentonite 1) it is a matter
of water being taken up into the molecular
structure of the soil which is not affected by
excess hydrostatic pressure during the consol-
idation test. The effect of this process on the
strength of such soils is still to be determin-
ed.

An attempt has been made to enalyse the
results of the consolidation znd triexial com-
pression tests in accordance with Dr. A, Casa-
grande's theory of strength of saturated homo-
geneous plastic soils 2). Too much is not to
be expected on this point from the test data
available to date due to the considersable range
in soll characteristics of the samples teken.
However 1t will be noted from Fig. 4 that in
general the samples lie in one of two groups
on the plasticity chart. The samples of one
group have plasticity indices ranging from 40
to 49 and may therefore be taken as represent-
ative of a fairly uniform soil type. Curve A
of Fig. 6 is & plot of logarithm of pressure
versus moisture content for the maximum loads
of the consolidation tests for these samples.
Curve B of Fig., 6 is a plot of logarithm of
compressive strength versus moisture content at
failure for this same group from the triaxial
compression tests with a lateral pressure of
2.11 tons per sq.ft. These curves do give an
indication of the variation in compressive
strenzth with moisture content at stresses large
enough that they are not sffected by previous
shrinkage stresses which haeve developed in the
soil. However it will be noted that the compres-
sive index as computed from eitherof these cur-
ves, assuming the soil samples represent a
homogeneous soil, is considerably greater than
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that from any of the individual consolidation
tests.

Very little evidence was found in the dis-
trict of buildings being damaged by overload-
ing the soil or from consolidation. Examples
of small emounts of consolidation have been ob-
served; but rather surprisingly, in view of the
appreciable compressive indices resulting from
laboratory consolidation tests, not a single
case of damage due to consolidation under the
weight of the structure was found. The type of
building common to the district, however, usu-
ally results in a weight of material being re-
moved in the excavation for the basement that
is in excesa of the dead weight of the struct-
ure. Moreover the cohesion value for the soil
is comparatively large. It is therefore pro-
bable that the load required to produce settle-
ments consistent with what may be computed from
a laboratory consolidation test may be consider-
ably in excess of the preconsolidation pressure
for the soil due to the weight of the overbur—
den, or the shrinkage pressure previously de-
veloped.

A number of cases of damaging movements of
building foundations were observed. In some
canses these were the result of swelling of the
soil below basement slabs. In others they were
caused by shrinkage of the soil below the foun=-
dations. Such changes in volume were observed
at depths of as much as eight feet below the
ground level. In all such cases investigated it
was found that the soil below the building had
a relatively high value of "swelling pressure",
usuglly exceeding one ton per sqg.ft.

One example of damage is worthy of special
mention. In a monumental type of building,
cracks four to five inches in width opened up
in the wall which was of clay tile and bdbrick
faced with stone. The foundations were at a
depth of eight feet below the surface and the
unit dead loed soil pressure on the foundations
was only about ¥ ton per square ft. The moist=
ure content of the soil below the foundations
was found to be low with evidence of shrinkage
of the soil. No movements of interior footings
in this building with higher dead load unit
solil pressures but founded two feet deeper
could be detected.

Seepage water frequently causes trouble
during construction of excavations in the dis-
trict, Examples of seepage into basements are
also of rather common occurence. The seepage
water moves through the cley soil at a rate
quite inconsistent with the permeability of
these clays. Investigation of such ceses show-
ed that seepage water moved rather rapidly
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through the clay soils that had been previous-
ly dried and shrunk. It appears that once the
nugget or granular structure is produced 1n the
clay due to shrinkage the surfaeces of contact
of adjacent nuggets are not sealed off by sub-
sequent swelling of the soil., The seepage water
therefore moves along these surfaces.

In the design of foundations in the area
the common practice is to use a safe bearing
pressure of 1} to 2} tons per square foot for
total deaed plus live load. Foundations are
placed at a depth of not less than four feet
below the surface as a matter of frost protec-
tion. Usually the requirement of keeping the
foundations below the besement floor governs
the depth which varies in such cases from ebout
four to eight feet below the surface. It is ob-
vious from the above discussion that a "safe
bearing pressure" hes no meaning in comsidering
the effect of chenges in moisture content of
the soil below the foundations. The only sound
practice is to found the building at a level
below which no change in molsture content of
the soil is to be expected. This may require
somewhat deeper foundations than are usually
provided by the present practice. The necessity
for deeper foundations can ouly be determined
by an investigation of the soil conditions at
the site, or at least in the immediate vicinity
of the site.

Concrete basement floor slabs present a
special problem. The usual practice 1s to pour
these directly on the clay soil, or better, on
a six inch gravel base sometimes dralned with
weeping tile. It 1s difficult to find a case
locally of such a floor in which evidence of
heaving cennot be detected. The common practice
is to pour the basement slab towards the com-
pletion of the structure just previous to com-
mencing the interior finish work. In the inter-
val from the time the excavation is taken out,
the clay below the future basement floor is ex-
posed to the air and dries out. Subsequently
when it is covered with the slab this soil gred-
ually reverts to the moisture conditions of the
surrounding underground and in the process it
swells considerably. Cases where excessive
rainfall flooded the basement excavation short-
ly before the slab was poured have been observ-
ed to result in little or no movement of the
floor sleb. While it would appear to be "here-
8y" to the aversge contractor, a practice of
thoroughly wetting the soil below such slabs
previous to the pouring of the concrete would
have considerable merit.

Load bearing tests on the clays have been
run at a number of sites. Sufficient data are
not yet aveilable to obtain & significant cor-
relation of deformations from these tests with
a safe bearing pressure that may be used for
practical deslgn. The matter is complicated by
the difference in behaviour of the soils that
have been consolidated by shrinkage pressures,
as compared to those normally consolidated.
Tentatively however, it appears that while the
maximum bearing pressure of 2} tons per square
foot as presently used 1s not excessive for
clays of comparatively low moisture content,it
mey be rather high for the heavy highly plastic
clays at their natural moisture contents.

The investigetion was conducted under a
grant from the National Research Council of
Canada. The laboratory facilities of the De-~
partment of Civil Engineering of the Univers-
ity of Alberta were mede available for the pur-
poses of the project. The field work has been
considerably facllitated by the interest and
kind cooperation of many architects, engineers
and contractors in the district.
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SUMMARY .,

The behaviour of building foundetions on
glacial drift in the Edmonton area (Alberta)
is correlated with soil moisture conditions
and physical soll properties. Damaging founda-
tion movements due to changes in moisture con-
ditions in the underground which occur indepen-
dently of foundation loads are reported. The
inadequacies of the existing foundation prac-
tices in dealing with this problem are discuss-
ed, and modifications to the usual procedure
are suggested.
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