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Winnipeg, Spring of 1950

Effects of the 1950 Winnipeg Flood on

by A. BARACOS

HOUSE FOUNDATIONS

Assistant Professor, Department of Civil Engineering, University of Manitoba

THE RECENT PUBLICATION
of the Report of the Red River Ba-
sin Investigation, by the Federal
Department of Resources and De-
velopment, and of the Report on
House Damage in the Winnipeg
Flood of 1950, by the Division of
Building Research of the National
Research Council, suggests that the
present may be an opportune time
to release detailed information on
the effect of the 1950 flood upon
house foundations in the Winnipeg
area.

Soil moisture changes in south-
ern Manitoba, and particularly in
the built-up area of Greater Win-
nipeg, have been known to cause
damaging differential movements
to buildings. The most severe dam-
age has been to buildings with
shallow footings such as are found
in houses and other light structures.
Approximately 8,200 houses in
Winnipeg suffered from the spring
flood of the Red River in 1950. The
possible effects of the inundation
of the foundations of this large
number of domestic buildings there-

fore caused much concern to those
familiar with local soil and foun-
dation conditions.

Because of this concern, and as
an aid to the rehabilitation of the
flooded areas, the Division of Buil-
ding Research, National Research
Council of Canada, initiated an in-
vestigation of the effects of the
flood on foundations. The scope of
the investigation included obser-
vations of actual flood damage to
foundations, gathering of informa-
tion on soils and soil moisture va-
riations, soil testing, and a conti-
nuing study of the after-effects of
the flood on house foundations.
Residents of the flooded areas had
so much to worry about during the
long period of rehabilitation that
it seemed wise not to invite public
attention to this study of founda-
tion conditions at that time. It was
carried out, however, as a contribu-
tion to local welfare and it is satis-
factory to be able now to report
that almost all original fears of
serious new foundation troubles
have proved to be groundless.

PRE-FLOOD INFORMATION

As early as 1926 foundation
movements were associated with
soil moisture changes in the Win-

nipeg area. The level of the Red

River in Winnipeg is lowered in the
autumn to prevent ice forming
against the spillways on the Lock-
port Dam which is downstream
from Winnipeg. Slides along the
river banks have coincided with
the annual opening of the spill-
ways. It has been reported that
buildings near the River have set-
tled when the water was lowered.
Of particular interest is the Report
of the Committee on Foundations
in Winnipeg, of the Winnipeg
Branch of the Engineering Institute
of Canada. It is there stated that
during the dry years prior to 1937,
drying had in many cases removed
as much as half of the natural mois-
ture from the soil and that the loss
of moisture had caused a substan-
tial decrease in the volume of the
clays, particularly in the upper
layers. The drying had also caused
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vertical cracks and horizontal la-
minations in the soil. Many foun-
dations were damaged by the re-
sulting movements and expensive
underpinning was necessary.

It was also stated that restoration
of the soil moisture should not be
expected. Buildings, sewers and
pavements would not permit pre-
cipitation to penetrate into the
ground. Lighter buildings, parti-
cularly in residential areas, were
found to have suffered most be-
cause of their shallower footings.

A study of building practice in
the Winnipeg area provided addi-
tional significant information. Dif-
ferential movements associated with
soil moisture changes and large
settlements are eliminated in the
more expensive buildings by using
piles supported on glacial till and

“boulders locally called ‘hard

pan’) or limestone. Houses with
basements usually have the base-
ment floor separated from foun-
dation wall, post, and chimney
footings. The basement floor may
thus move independently of the
foundations. Partitions supported
on the basement floor are not con-
nected to the ceiling. This prevents
the transmission of any differential
movements between basement floor
and foundations to the superstruc-
ture. During recent wet years, the
heave of basement floors and foot-
ings has been appreciable. The oc-
currence of the flood of 1950 there-
fore suggested that house founda-
tion troubles would be one of its
most serious consequences.

THE 1950 FLOOD

Records show that heavy spring
floods had been experienced in the
‘Red River Valley in 1826, 1852 and
1861. These floods and the flood of
1950 were preceded by a combina-
tion of the following factors: wet
autumn, continued and severe frosts
prior to the snowfall, heavy winter
-snowfall, late and sudden thaws in
the spring, and heavy rains accom-
panying the spring thaw. Any one
of these factors alone would not
produce an abnormally high flow
in the Red River. The combination,
however, has resulted in floods of
disastrous proportions.

The topography of the Valley al-
so tends to prolong flooding and
give high peak river levels. Be-
cause of the south-to-north direc-
tion of the Red River, the break-
up in the spring may advance
northward at the same rate as the
peak flow. When this occurs, the
flow increases very rapidly in its
downstream course with the east
and west tributaries contributing
their flow to the Red River which
has already reached its peak. (For-
tunately, the peak flows of the As-
siniboine and Red Rivers did not
coincide at Winnipeg in 1950.) The
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CHIMNEY liffed 3 inches by
differential movement between
foundation walls and chimney foot-
ings.

decreasing slope of the tributaries
as they enter the valley tends to
decrease their capacity and thus
causes the water to over-top the
banks.

Early in April of 1950, the level
of the Red River in North Dakota
and parts of Minnesota began to
rise and by mid-April the River
was flooding villages and cutting
communications. Flood warnings
were issued in Winnipeg on April
11 and by April 20 flood stage was
reached in the City. Records kept
by the City of Winnipeg Engin-
eering Department show that for
fifty-one days the river remained
above normal flood level and that
at its peak the flood was 12.9 feet
above this level.

PROCEDURE USED IN
THE INVESTIGATION

It was expected that damage to
flooded foundations would not ne-
cessarily be apparent during or
immediately after the flood. Chan-

Erosion caused
by scouring
action of flood
waters.

ges in the volume of clays are gen=
erally slow processes. Prolonged
investigation was necessary and ob-
servations were therefore continued
for about sixteen months.

Not only were there 8,200 resi-
dences in the flooded areas to be
studied but backing-up of water in
sewers brought water into many
basements in non-flooded areas.
Practical considerations, therefore,
did not permit an extended indivi-
dual investigation of a very large
percentage of the buildings invol-
ved. Similarity of construction and
the nature of the flood damage
found in many of the houses per-
mitted representative sampling.
Inspections of flooded buildings
were also conducted by other or- —
ganizations. The Red River Valley
Board was assessing damage to all
flooded houses in the Red River
Valley. Building inspectors of the
City of Winnipeg were visiting
flooded buildings in the City. Fur-
ther information was being obtain-
ed by the staff of Central Mortgage
and Housing Corporation on their
houses in both flooded and non-
flooded areas. All three organiza-
tions kindly provided to the Divi-
sion of Building Research extensive
information which permitted the
planning of visits to both repre-
sentative and unusual examples of
flood damage.

Visits were made to flooded
houses immediately after the ﬂood‘ .
and notes were made on flood dam-
age which was evident at that time.
The inspection of foundations was
carried on concurrently with the
study of flood effects on house su-
perstructures. No particular atten-
tion was drawn to this foundation
study when tenants were inter-
viewed. It was thought that, with
all the concern the tenants had in
rehabilitating their homes, it would
be unwise to suggest new worries
over possible effects of the flood
on house foundations. After initial
visits to a large number of houses,
twenty-six buildings were selected
for extensive investigation. As
complete information as possible
was obtained on these structures




—_~and periodic visits were made to

them during the next sixteen

months,

OBSERVATIONS MADE
DURING THE FLOOD

A few indications of foundation
damage were observed when the
water was still at a high level. In
one particular house, differential
movements b et ween foundation
wall and chimney footings had
caused the chimney to lift 3 inches
above the rest of the house. The
metal flashings attached to the
chimney had lifted above the roof
shingles by this amount. Later
examination revealed that non-uni-
form soil swelling under the foot-
ings had been responsible. Smaller
wood frame structures such as ga-
rages and outbuildings were lifted
off their footings by the buoyant
force of the water and often car-
ried several miles away.

In one industrial building, ef-
forts were made to keep the base-
ment dry by sealing all openings
in the floor and walls and pumping
to remove seepage water. When the
flood waters reached a height of 14
feet above the basement floor, an
upward hydrostatic pressure under
the floor caused it to lift as much
as 3 feet. The floor was broken in-
to many fragments and much of the

ackfill along one wall of the buil-
ding was washed inside. The foun-
dation walls and columns which
were supported by piles were left
undamaged. Later examination
showed that the material in the
backfill and under the floor was
sand. The basement floor was ap-
proximately 10 feet below the
ground level outside of the building.
“Quick-sand conditions” were said
to have been encountered during
the construction of the foundations.

One house only was found to
have suffered similar damage, but
on a much smaller scale. A faulty
basement floor around a sewer
clean-out broke and material from
under the floor and some backfill
were washed into the basement.
Examination again revealed sand
under the floor and a very loose
backfill around the basement walls.
This form of damage was not more
common because most basements
were flooded before the upward
hydrostatic pressure became exces-
sive. It is significant that both the
examples noted were associated
with sandy soil which has a high
permeability compared with clay.

The Winnipeg Building Code
permits weeping tile drains around
the foundations to be connected to
the sanitary sewer system. These
are connected to the basement flcor

WINNIPEG School Board members inspect flood damage to a
Winnipeg school.

drain above the sewer trap a few
inches below the floor level. Most
home owners placed a plug in the
sewer immediately above the trap.
Seepage water which would normal-
ly flow into the sewer from the tiles
flowed into the basement. Addi-
tional water entered through cracks
in the basement walls and floors
and finally, when the flood level
was sufficiently high, through win-
dows, coal chutes and over the top
of the walls. Where sewers were
left unplugged or the plugs failed,
water backed up through the
sewers. Although apparently unfor-
tunate at the time, this flooding of
basements minimized structural
failure of basement floors and
walls.

POST-FLOOD OBSERVATIONS

Examination of foundations in
many cases was not possible im-
mediately after the recession of the
flood waters. Basements with plug-
ged drains had to be pumped dry
and much slime and debris re-
moved. From one to three weeks
often elapsed before workmen were
able to start the pumping and clean-
ing operations. When inspection be-
came possible, it was apparent that
flood damage to foundations was
less extensive than had been anti-
cipated.

Flood damage to foundations,
where it occurred to better built
homes, was caused by soil swelling
under basement floors and to a les-
ser extent under foundation, wall,
and other footings. In two examples
of severe soil swelling, the centre
of the basement floor had heaved

214 inches relative to the basement
wall. The floor had cracked and
water collected at the low spots
rather than flowing to ‘the drain.

Straight cracks were often found
in basement floors parallel to, and
about 4 to 6 inches away from the
basement walls. The floor slabs in
these cases had been placed with
the edge along the perimeter sup-
ported on the footings and often
considerably thinner than the main
part of the slab. Floors were gen-
erally 3 to 4 inches thick of non-
reinforced concrete. Measurements
revealed that more heave occurred
under floors than under the footings
and formed cracks along the edge
of the unsupported section. Cracks
also formed over sewer pipe, weep-
ing tile drains and along construc-
tion joints. —

Some houses with footings of
timber sills or stones were found
to have suffered differential move-
ments. It was aprarent that much
of this type of camage was due to
the poor condition of the footings
before the flood. Rot in timbers
resting on the ground, vegetation
and frost action, and previous
changes in soil moisture content
had affected the footings. ‘“Dug-
outs” or excavations under part of
a building had often been made to
house furnaces and to serve as stor-
age spaces. The sides of such exca-
vations were commonly supported
by a thin brick or concrete wall,
sometimes by timbers, or in some
cases were not supported at all.
Irrespective of the type of support
the sides of such excavations gener-
ally collapsed when the soil became
inundated.
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Another form of -construction
which caused trouble was the use
of hollow concrete blocks with lime
mortar for basement walls in muni-
cipalities outside the City of Win-
nipeg which does not permit this
type of construction below ground
level. Two such walls collapsed af-
ter saturation had increased the
lateral pressure against the wall
and water had weakened the mor-
tar. Similar difficulty, but to a
smaller extent, was experienced
where cracked concrete or poorly
constructed stone foundation walls
bulged inwards into the basement.
Well built stone foundation walls
suffered little or no damage even
where poor mortar had been used.
No damage to reinforced concrete
walls was noted and only minor
cracks resulted where no reinfor-
cing had been used in solid walls
of good quality concrete.

The velocity of the water flow-
ing past houses directly in the path
of the flood was sufficient in many
cases to cause soil erosion. The
scouring action removed backfill
around basement walls, from under
door steps, and from the edges of
shallow footings. No damage re-
sulted to the basement walls thus
scoured although the soil in some
cases was removed down to the base
of the footings, exposing weeping
tile drains. Concrete door steps and
sidewalks resting on back fill often
settled, appreciably.

Two buildings near the river
banks were affected by slides when
the water receded. The slides were
of the type that accompany a rapid
lowering of river levels.

Uplift tended to lift inundated
posts out of the ground. Examples
were found where fence posts had
been lifted about 18 inches. In one
house where a large porch was sup-
ported on posts, this action had
caused the porch to separate by 5

_~Haches from the rest of the house.

RESULTS OF-LONG
RANGE OBSER‘YATIONS

The greater part of foundation
damage due to soil swelling was
evident during and immediately
after the flood. Except for addi-
tional heaving which occurred in
one location where soil conditions
were studied, no heaving subse-
quent to the flood was observed.
Visits to homes a year after they
were flooded showed that in a large
number of houses the heaved foot-
ings had settled slightly. Cracks
that had opened after the flood
heaving had occurred in many ca-
ses closed. A case was found where
a house was repaired too soon after
the flood. The basement columns
were shortened to make the super-
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structure level. Settlement of the
column footings later caused cracks
to form in the plaster of the super-
structure which also had to be re-
paired.

Most flooded buildings were re-
paired during the year that fol-
lowed the flood. In general, sub-
standard foundations damaged by
the flood were restored using su-
perior construction and following
the accepted building practices em-
ployed in Winnipeg. The replace-
ment of basement floors was one
of the most numerous repairs made
to flooded buildings. A few cases
were observed where the new base-
ment floor was rebuilt on heaved
clay which later settled and caused
some minor cracks.

DISCUSSION

that no further heaving will result -
from the after-effects of the 1950
flood.

Test holes showed that large por-
tions of the flooded areas were flu-
vial sands and silts rather than the
clay found elsewhere in the City.
It is a matter of conjecture what
would have happened if more of
the clay areas had been flooded:
From the examples of heave fouhd
in clay areas inundated, it is likely
that foundation difficulties would
have been much more extensive.
And, as has been found in similar
studies, good construction practice
again showed itself up as the best
protection against damage even
from so serious an inundation as
the 1950 flood in Winnipeg.
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