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PREFACE

The study of basementless houses, and in particular
houses constructed on concrete slabs above ground, has been
one of the major housing research 1lnvestigations cf the
Division of Bullding Research in view of the apparent economies
of this type of deslign and its increasing use 1n North America.

The Division's interest in this subject was first
directed toward problems which had arisen regarding the
approval of such houses by the city bullding authorities of
Winnipeg, Manitoba. The Division was privileged to co-operate
with the Clty Engineer, Mr. W.D., Hurst, in reaching some
initial conclusions regarding the requisite design of concrete
slabgs for this purpose.

This work directed attentlion to the many unknowns
irr this type of house design, not only with regard to the slab
1tself but in connection with 1its effect upon underlying soil,
A long-term and major research program was therefore planned
whizch included the erection of two experimental houses on
flat slabs constructed at the Montreal Road Laboratories of the
National Research Council in Ottawa.

When these first test structures were successfully in
use it was declded that it would be a good thing 1f the study
could include local soll conditions at Winnipeg. The Division
waelcomed the opportunity which this afforded of co-operating
with the University of Manitoba, through Dean A.E. MacDonald
of the Faculty of Applied Science and Architecture, and with
the asslstance of Professor Andrew Baracos who has worked with
the Division now for some years in vacation perilods and in
assoclatlion with other bulilding research work in Winnipeg.

This report 1s a first account of the Winnipeg test
tullding and 1t records the more significant results obtailned
hy Professor Baracos. These results wlll be asscclated with
those obtalned in Ottawa in a series of papers which the
Division hopes to publish on this major project.

In the meantime, this report is published as a con-
venlent record of what has been done 1n Winnipeg. This preface
affords the opportunity of recording the Division's appreciation
to the University of Manitoba, to Dean MacDonald, and to
Professor Baracos for thelr splendid co-operation in zll phases
of this work.

Robert F. Legget,
Ottawa, Director.
August 1956,



FT.AT SLAB TEST HUT PROJECT
WINNIPEG, MANITOBA

by

A. Baracos

.Basementless houses bullt on ground or grave.
supported concrete slabs are a promising new innovation in
Canadlan home building. Where basements are difficult to
excavate, or where the owner desires to have all essentiai
services. . on one floor, the basementless house offers many
advantages. Such houses have been built 1n several Canadian
citles 1including Winnlpeg where there has been considerable
interest in basementless homes., Because of this Interest and
also the unusually difficult foundation conditions caused by
heavy clays, Winnipeg was selected for the location of a
fiat slab test hut. Two other test huts were constructed in
Ottawa, where the main facilities of the Division of Building
Research of the National Research Council are located, and
where soll conditions are also severe.

Very lLittle inf'ormation has been available to the
home builiaer on the performance of basementless flat slab
construction ,articularly under Canadian conditions.
Information has also been particularly meagre on the interac-
tion of the slab and soll where clays are subject to seasonal
volume changes or the possibility of frost heaving exists.
Both of these conditions are known to occur in Winnipeg and
Ottawa and are typical of those in many parts of Canada.

The studies 1in Winnlpeg were conducted co-operatively
by the Division of Bullding Research of the National Research
Counci. and the Civil Engineering Department of the University
of Manitoba. The test hut was located on the University's Fort
Garry campus. :

GENERAL CONSIDERATIONS

There are several types of basementless houses
supported on concrete slabs. In this investigation, however,
the monolithic flcor slab supporting both interior and ex-
terior walls was the only type of construction considered.
The slab may be supported directly on a prepared ground
surface or on a gravel bed. The problems associated with-
the interaction of a radiant heated floor slab and the under-
lying solls under operating conditions received prime
attention., Also included 1n the study were observatigns
during construction and "year-round" operation, laboratory
and fleld soil tests and correlations of slab and hut
performance under all weather conditions. The data were



extensive enough to be useful in other forms of basementless
house construction.

Because of the lack of design information, most
basementless flat slab houses have been constructed using
very conservative assumptions. To increase the possibility
of observing a fallure, the Winnipeg test hut employed what
was considered to be minimum or even subminimum standards:

(1) The concrete floor slab was only 6 inches thick.
Extra thickness at the perimeter or reinforcing of
any type was omitted;

(2) The slab was placed directly on the highly plastic
clays after removal of the overlying sod. No gravel
bed was employed. (A gravel bed was used in one of
the two Ottawa test huts);

(3) Concrete having a 28-day strength of 2000 psi was
specified;

(4) The site was selected on the basis of having clays
susceptible to high swelling properties on wetting
and undergoing shrinking on drying;

(5) The electric heating cable for radiant heating was
placed at the neutral axis of the slab so as not to
constitute reinforcing.

With this construction, it was considered that over
a period of several years the floor slab would be subjected
to conditions of sufficient severity to permit a performance
evaluation,

TEST HUT

Figure 1 shows the test hut used in Winnipeg and
which 1is similar to the two Ottawa test huts. It 1s con-
structed of prefabricated insulated plywood panels supported
on a slab 20 feet square. These dimensions correspond to
what may be considered a minimum practical width in actual
house construction. Heat was provided by approximately
2000 feet of electrical heating cable installed in three
parallel circuits located at the slab mid-thilickness. The
cable was rated at 6.6 kw. on 220 volts.

TEST SITE

Soils at the site are typical of those encountered
generally in Winnipeg. As much as 6 inches of sod and fill
consisting of coal briquets and cinders covered the site.



(W)

This materlal was removed before placing the slab but unfor-
tunately resulted in a slab at a lower elevation than was
desirable.

The sod was underlain by a black organic silty clay
ranging from negligible to about 2 feet Thick. Immediately
under the black organic clay =nd extending to the 4- to 6-
foot depth a grey-brown silty clay was encountered. Below
this material a brown silty clay was found. Between the 7-
to 8-feet depth the trown silty clay contained a layer of
tan-coloured silt. Free water under considerable hydrostatic
head was encountered in the silt layer. Once this layer was
penetratea water rose in the test holes. After prolonged wet
weather or shortly after the spring thaw, the water rose
almost to the ground surface.

The brown silty clay extended to at least the 15-foot
depth. It was highly stratified horizontally by fractional-
inch-thick layers of silt which are found in local clays of
glaclal lake crigin.

Representative Atterberg limit values are shown in
Table I. The high plastic and liquid limits of about 35 and
over 100 respectively are not uncommon for the highly plastic
clays encountered in Winnipeg. These values and the low
shrinkage limits, as low as 10.5 are typlcal of solls suscep-
tible to high volume changes with changes in moisture content.

CONSTRUCT ICN

Tavle II shows the construction schedule followed
for the Winnigpeg test hut Two delays in construction
resulted from slow dzlivery of the perlmeter insulation and
the shortage of cement. Almost 3 months elapsed from the
time the ground surface was prepared until the placing of
the first layer of concrete. During this period, dry weather
caused visible shrinkage cracks in the soll extending 2 or 3
feet in depth.

Worthy of mention were the simplified forms used for
the concrete slab. These consisted of 2- by 6-inch timbers
along each edge of the slab held in place by 2- by 4-inch
stakes. Various phases of the construction of the slab are
shown in Pigs. 1 to 9. The concrete slab was placed in two
lifts, 3 inches thick using concrete having a specified 28-
day strength of 2000 psi snd aggregate size not exceeding
2 inch. Americar cement, the only cement available at the
time, was used in the bottom 1ift of concrete. The 28-day
strength of representative concrete samples from each 1ift,
gsecured under field conditions were as follows:

Bottom 1ift, average three test cylinders 2650 psi.

Top 1lift, average two test cylinders 1812 psi.



Although not pradicted Ty the ws=ather forecast, there
were several degrees of frost during the night following the
placing of the top 1ift of concrete. A low temperature of
2U°F, was recorded during the early morning. Fortunately
there was sufficient heat in the concrete that no damage
occurred tc the slab. 7o hasten curing, the slab was then
covered with larpaulins and the radiant heating clrcuits
temperarily connected to a 11lQ-velt electric power supply.
The c¢nly construction difficulty was encountered with the
asphalt-covered glass fibre perimeter insuitation which was
easlly damaged by puncturling of the asphalt coating. Extreme
care was necessary to prevent such damage.

INSTRUMENTATION

The test installztion and the instrumentation were
desgigned to permit accurate measurement of the {loor slab
total and differential vertical movement, vertical movement
of the soils both under the slab and heyond the slab, soil
moisture changes, electrical power consumption for heating,
soil temperatures under and beyond the slab, and alir tempera-
tures and relative humidity in the interior of the test hut.
During the heating season it was endeavoured to maintain the
air temperature in the hut at 68°F. by thermostatic control.

(a) Siab Elevatione

Accurate meazurements were taken of the slab total
and differzntial settlements by running precise levels on
36 points located on the reference grid shown in Fig. 13.
The level readings were talken at regular intervals of about
2 weeks initially and approximately once monthly after the
first year of operatiornn. The bench mark used was on a
tuilding svigorted on deep end-bearing piles approximately
4G rCeet long. The piles were known to be supported on a
gravel sili and sand mixture locally known as "hardpan" and
which epprcximates a weak <2oncrete.

{b) Soil Vertical Movements

Ten pairs of vertical ground novement gaages,
measuring novement at depths of 2 and 5 feet, were placed
as ghown in Iig. 14, The gauges consist of rods extendilng
to the reguired depth in the scll through 2 pipe sleeve which
permits frze vertical movement of the rod. The rod is
supported by a base plste in the soil and extends to the
ground surtace. Thne elevation »f the top of the rod is
obtzined uging ar zngineer's level, When the so0il shrinks
or swellis under thes base plete, a corresponding vertical
movement occurs at the tep of the rod. Differences in the
elevations of the top of the rod occurring cover a period of
time represert soil vertical movements., The Winnlipeg
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RECORDS

(a) Flat Slab Movements

Th- elevations of the slab were reduced to vertical
movements v ith respect to the initial readings taken on
November 2o, 1G52. Vertica. movements of the siab diagonals
and perimet:ar were found Co best represent the movement of
the séabn Typilcal vertical movements are shown in Figs. 17
and 10,

With reference to the top surface of the slab, concave
warping caused as much as 5 inch differential movement. The
perimeter of the slab, particularly at the corners, moved
upward: more than the centre after an increase in s0il
molsture contents. Convex defcrmation of the slab did not
occur. The concave warping is attributed to the dry condition
of the sc¢il at the time the slab was placed. 8So0il molsture
contents would first tend to increase near the perimeter of
the ¢lab where fthe ground is expcsed to surface water
feoliowing wet weather or the spring thaw, Swelling would
occur under the perimeter and cause the slab edges to 1ifft.

Total vertical movemert was approximately 1i inch.
The slab returned to its 1nitial low elevation during the
late winter Jjust prior to the rpring thaw. It rose to
maximum elevation duvring the spring thaw or after prolonged
rainy weather,

(b) fround Movement Gauges

~he ground movement gauges indiczted that shrinking
and swelling »f the scllis at depths vp ta 5 feet were respon-
sible for the movement of the slak. The shrinking and
swelling f the ugpsr 2 feet were greater than for the under-
lying 3 feet cf soil. Typical ground mcevements are shown in
Fig. 1¢. The ground movement gauges located cubtside the test
hut showed grestzsr movement than those located on the inside.

(c) Power Consumption, Temperature Control, Relative

Hunidity

Power consumption during the three year's of coperation

were &as [ollows:
Nov. 15, 1¢52 to June <, 1953 - 15,000 kwh.
Oct. 7, 1953 to May 8, 1g54 - 1¢,800 kwh.
Nov. 4, 1954 te April 3G, 1835 - 18,250 kwh.

The lower power cconsumption values reflect both
sheorter heating seasons end milder winters. The heating



system proved inadequate in maintaining the test hut air
temperature at the thermostat setting of 68°F. Temperatures
as low as -50°F, were recorded during January accompanied by
high winds., Much of the heat loss was due to air infilitra-
tion through the prefabricated panel joinus, especially in
the roof, where the Joints had partly opened as a result of
differential movements of the supporting floor slab. The
Joints required extensive caulking. Power consumption rates
were as high as 7 kw. per hour during the extremely ccld
weather. The value of 7 kw. per hour was slightly higher
than the rating of the heating cable and indicated zontinuous
operation of the heating systen.

Cumulative gower consumption curves are shown for
each heating season in Fig. 20. During the first year's
operation, initial power consumption rates were higher than
in the following years. This is attributed to the initial
heating of the soil under the slab. At the beginning cf
the following heating season, there was sufficient heat
remaining from the previous heating season that less power
was required.

The flat ground adjacent to the test hut resulted
in poor surface drainage and flooding during the spring thaw
and during hezvy rains. On three occasions the slab was
covered by 2 or more linches c¢f water. This resulted in
blowing of the heating circult fTusges, but without resulting
in any apparent damage to the heating circuits. Once the
water was removed and the fuses replaced, the circuits again
functioned.

During the heating ssason, relative humldities 1n
the test hut ramained general.y belcw 30 per cent. During
the spring thaw and dwring rains, even a slizht entry of
water con the fiocor re:zulted in high and uncomicortable
relative humidities. AL the cimes when f{looding ¢f the
slab cccured, reiative humidities reached 100 per zent and
heavy condensation formed on the wall and roof int
surfaces.
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of about one foot or more beyond the perimeter of the

slab, The ground around the slab rarely showed more

than a thin surface crust of frozen soll. Deep frost
penetration into the soll was prevented as far as 3 feet
beyond the edge of the slab. During the cold weather soill
temperatures near the perlmeter of the slab were as much as
40 to 50°F lower than under the centre of the slab.

(e) Soil Moisture Contents

Soil moisture contents both under and outside the
test hut were primarily influenced by climatic conditions.
Following rains or the spring thaw, soll molsture contents
increased generally. The increased molsture content under
the centre portions of the slab apparently occurred after a
Cime lag. Soll swelling occurred with increased soil mois-
ture contents and drying resulted in shrinking. The rela-
tionship between soil volume changes and soll moisture con-
tents does not seem to be a direct one. Figures 22 and 23
show the vertical movements of the slab and the soil mois-
ture contents. The greatest upward movement of the slab did
not occur when maximum molsture contents were observed. It
is thought that the capillary rise of water in the soil above
the water table may be substantially reduced by a raised
water table following heavy rains or the spring thaw. Con-
ceivably, this action could reduce soil intergranular stresses
and cause an increase in soil volume without causing an
appreclable increase in soll molsture content above the
water table.

Moisture contents of the soils at the silte vary
appreciably owing to the heterogeneous nature of the soil,.
Moisture contents based on extensive sampling of a glven
g0il show that this variation may be as much as 5 per cent.
Sampling would indicate a changed moisture content only when
all values are generally changed or when the change is grea-
ter than 5 per cent.

(f) Slab Performance

A small crack developed in the floor slab parallel
to the west wali and about 6 inches from the edge of the
slab. The crack was about one foot long and was first
noticed in May 1953. It is believed that a high point on
the glab perimeter resulted in excessive local loading on
the slab from the wall and the formation of the crack. A
second hairline crack developed perpendicular to the north
wall and approximatelv along the slab centre line. This
crack extended about 3 to 4 feet inward from the edge of the
slab, It was first noticed about Januvary 1955. Both
cracks in no way affected the operation of the slab.
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CONCLUSTONS

(1) The Winnipeg flat siab test hut has been subjecte
to & wide range of extreme s0ll movements during a 3-year
peri

(2) The soll movements have resulted in seasonal upward
and downward movements of the slab of abtout 1! inch and
dif"srential movements of about 4 inch. With reference to the
top surface of glab, concave defcermatcion generally cccurred.
This i1s attributed to the dry initial conditilons st the t(ime
the concrete was placed for the slab and subsequent increased
5011 mcistare contents particularly near the slab perimeter.
The concave deformaticn tended to keep closed any cracks
showing 1in the top surface of the slab.

(3) At no time was there frost penetration under the slab.
(4) The slab mcvements were caused by the swelling and
shrinking of the supporting solls to a depth of at leastc 5

feet.

(5) The soll volume changes under the slab were similar

to those occurring coutside the slab with the exception that

frost heave did not cccur under the slak. The action of the
slab, however, appeared to delay the soll volume changes and
to reduce their magnitude particularly at the slab centre.

(6) Heat losses from the underside of the slab were
greatest near the edges. The heat was conducted in con-
centric epgproximately cemi-circular paths lying in a verti-
cal plane, through the soil to points outside the slab
perimeter.

(7) Differential movements of the slab caused the pre-
fabricated wall and rocf parels to open at the joints. Heat
losses resulted from alr infiltration throuch the Jjoints.
Exfensive ceaulking of these Jjoints was necessary.

(8) Much of the difficulty experienced in the Winnipeg
flat slav was Jdue to the low elevation of the top of the slab,
with respest to the surrournding grade. If for no other reason,
a raised sieb on flil is desirazble to prevent flooding and
excessive wetting of the slab during the spring thaw and wet
weather. Surface drainages chould be away from the slab. Vet
conditicns around the edge <€ the slab can be reduced by roof
drainrage.

(9) The flat slab was constructed to what were considered
Lo be o minimum or below minimum construction standardg. The
slab underwent no structural damage of any ccnsequence although
supported on unfavourable zoiis and subjected to severe vert-
ical movementg of the supporting solls.
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SHOPWORK ON
PIPE ETC.

PREPARING PLAN
AND SURVEY

BUILDING
THERMOCOUPLES

INSTALLING
THERMOCQUPLES

REMOVING SOD

INSTALLING GAUGES

ERECTING FORM WORK,
PLACING [INSULATION

PLACING SOIL
SAMPLING TUBES

PLACE FIRST LAYER
OF CONCRETE

INSTALL HEATSUM
CABLE

PLACE SECOND LAYER
OF CONCRETE

REMOVE FORMWORK

ERECT SUPERSTRUCTURE

L1

1 1 | i | | |

-
{ | |

1952

1

7

14 21
JULY

28

4

11 18 25 30 7 14 21 28 5 12 19 26

AUGUST SEPTEMBER

OCTOBER

TABLE 2

OPERATIONS SCHEDULE WINNIPEG

FLAT SLAB

DBR. REPORT 954



Fig,., 1 Completed fiat slab test hut,

Fig. 2 Mounted
thermccouples for
scll temperature
measurement.

DBR Report Q4



Fig. 3 Flat slab forms priocr toc placing
perimeter insulation, Note hakelite tubes
Tfor forming soill test holes in concrete slab.

Fig. 4 Placing
of perimeter insula-
tion.

DER Report G4



Flg. 5 Forms ready
for placing bottom 1ift
of concrete.

Flg. 6 Heating cable installed.
Note mortar strips holding cable in
place.

DBR Report

94
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FIGURE 13
SLAB GRID SYSTEM
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FIGURE 14

LOCATION OF GAUGES
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NOTE:
1) THERMOCOUPLE W-10A
LOCATED 3" FROM TOP
) OF SLAB, JUST INSIDE
. THE INSULATION.
? 2) THERMOCOUPLE STICK
o W-10 LOCATED JusT
OUTSIDE THE INSULATION.
3) THERMOCOUPLE STICK
W-C LOCATED JUST
| OUTSIDE THE INSULATION.
4) THERMOCOUPLE STICK
+—w-25 W-N WAS LOCATED as’
FROM THE CENTRE OF
THE SLAB.
}
FIGURE 15

PLAN VIEW OF THERMOCOUPLE STICKS
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FIGURE 16

LOCATION OF SOIL  SAMPLING TUBES.
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FIGURE 17

N.R.C. U. OF M. FLAT SLAB - WINNIPEG

PLOTS OF TYPICAL VERTICAL SLAB MOVEMENT
(POINTS ON DIAGONALS OF SLAB) DBR REPORT 94
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CORRELATION OF VERTICAL SLAB MOVEMENTS AND SOl MOISTURE CONTENT CHANGES
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