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Performance of Concrete Foundation Slabs on Canadian Clays

Comportement de dalles de fondations en béton au contact d’argiles canadiennes

by W. R. S c h r i e v e r ,  Head, Building Structures Section, C . B. C r a w f o r d ,  Head, Soil Mechanics Section, 

and 

R. F . L e g g e t ,  Director Division of Building Research, National Research Council, Ottawa, Canada

Summary

To study the performance of concrete slabs placed directly on 
the ground as foundation units for small structures, the Division 
of Building Research constructed two slabs in Ottawa and one 
in Winnipeg. These two locations represent wide variations in 
soil and climate conditions. In both locations the slabs were 
constructed on clay subsoils with well-known swelling and shrink­
ing characteristics. This paper describes the performance of the 
slabs during several years of operation.

O ne o f the post-w ar developm ents in C anad ian  housing 

has been a  trend  tow ard  elim inating the conven tional full 

basem ent under single-fam ily dwellings and  erecting the 

superstructu re  on a concrete slab placed on  the ground. 

A lthough  apparen tly  in troducing  som e econom y in to  house 

construction , the use o f basem entless houses has no t developed 

as w idely as had  been an tic ipated  since real econom ies are 

found  to  be small. E nough houses w ithout basem ents, how e­

ver, are being constructed  in C anada to require  a better 

understanding  o f th e  action  o f concrete foundation  slabs, 

when placed either directly  on  the g round  or on a low  fill.

O ne o f the first locations in w hich th is type o f house was 

proposed for extensive use was the C ity o f W innipeg, w here 

soil conditions have long been know n fo r their trouble-som e 

characteristics in rela tion  to  building. L ittle was know n 

ab o u t the forces to  be expected upon  such slabs in use. Building 

officials, how ever, had the responsibility  o f determ ining 

acceptable standards for the design o f such founda tion  slabs. 

T he lack o f necessary in form ation  was brought to  the a tten tion  

o f the D iv ision  o f Building R esearch o f the N ationa l R esearch 

C ouncil and  a com prehensive research program  was p lanned 

in 1951.

It was decided th a t the only  satisfactory  w ay to determ ine 

the perform ance o f concrete slabs on g round  w ould be to  

construct slabs in typical areas to  a scale th a t approx im ated  

those in use under actual houses. Tw o slabs w ere bu ilt in 

O ttaw a, O n tario , and  one in W innipeg, M anitoba , on clay 

soils well know n fo r their shrinkage and  swelling charac te r­

istics. The slabs were m ade 20 ft. square since it was though t 

th a t this size w ould effectively elim inate “ scale effects” . 

O n each o f the three slabs, w hich were o f unreinforced concrete 

6 in. thick, a standard  p refabricated  hu t, electrically  heated 

by cables em bedded in the slabs, was built.

In  the absence o f adequate  design in form ation , m ost slabs 

fo r basem entless houses have been built using very conser­

vative assum ptions. T o increase the possibility  o f observing 

failure, the test slabs were built to  m inim um  o r even subm i­

nim um  standards. O ne o f the slabs located  in O ttaw a (Slab A) 

was constructed  directly  on the g round  surface after the 

rem oval o f a few inches o f top  s o i l ; Slab B was placed on a 

com pacted  crushed rock base 18 in. thick on  top  o f the

Sommaire

Dans le but d ’étudier le comportement de dalles de béton au 
contact du sol, utilisés comme éléments de fondations pour char­
pentes légères, la division de Recherche en Bâtiment a fait cons­
truire deux de ces dalles à Ottawa et une à Winnipeg, sites où le 
régime climatique et l'état du sol présentent des fluctuations 
importantes. En ces deux endroits, les dalles furent construites 
sur des sous-sols argileux dont les caractéristiques de gonflement 
et de retrait sont bien connues. Le présent travail décrit les obser­
vations qui ont été faites sur le comportement des dalles au cours 
de plusieurs années.

original g round. S hort fibre pipes were provided  th rough  

the slabs to  accom m odate g round  m ovem ent gauges and  

to  allow  for the rem oval o f soil sam ples from  under the slab. 

T he slabs were provided  w ith 1 in. th ick  edge insulation . 

The superstructures consisted in each case o f a prefabricated  

A rm y hut o f insulated plyw ood panels slightly over 3 in. 

thick. A  cross-section o f Slab B in O ttaw a is show n in Fig. 1. 

T he slab constructed  in W innipeg was placed directly on  the 

g round  and was therefore sim ilar in design to  Slab A in O ttaw a.

The general objective o f the project was to  determ ine 

the structu ra l and  therm al perform ance of unreinforced 

concrete slabs on clay  soil. The specific structu ral objective 

was to  determ ine the changes of elevations of the slabs during 

a num ber o f years and  to  correlate these m ovem ents w ith 

the soil and clim atic conditions. This paper sum m arizes 

the findings o f the struc tu ra l investigation.

Fig.

2. The Sites

I Section through slab B
Section transversale de la dalle B

O ttaw a slabs were built on a flat grassed area on the g rounds 

o f the M ontreal R oad  L abora to ries o f the N ationa l R esearch 

C ouncil. An 8 ft. deep test p it a t the site revealed
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ab o u t 3 ft. o f friable, brow n clay above brow n, highly 

fissured and  brittle  clay o f b locky structure. Below a depth  

o f  10 ft. unw eathered m arine clay  is encountered  as described 

by  E d e n  and  C r a w f o r d  (1957). The annual average n a tu ra l 

w ater con ten t increases from  ab o u t 30 per cent at the surface 

to  45 per cent a t a  depth  of 8 ft. Seasonal varia tions range 

from  ab o u t 7 to  35 per cent a t the surface bu t a t a  dep th  of

3 ft. little  seasonal varia tion  has been m easured  (C r a w f o r d  

1960). F ro s t heaving o f the upper soil is com m on and ice 

lensing m ay increase the w ater con ten t seasonally  to  70 per 

cent. Snow -cleared roads in  the vicinity  com m only  heave 

ab o u t 6 in. but very little frost penetra tion  has been observed 

in soil under n a tu ra l snow  cover. In the upper 8 ft. the 

plastic lim it averages abou t 28 per cen t an d  the liquid lim it 

ranges from  60 to  70 per cent. The und is tu rbed  shrinkage 

lim it averages abou t 25 per c e n t ; for rem oulded clay  the 

shrinkage lim it is slightly lower. The soil con ta ins ab o u t 

65 per cent o f clay-size particles ( <  0-002 mm ). Swelling 

an d  shrinking o f the upper clay has been observed in the 

lab o ra to ry  and  in the field. In  the upper region, the process 

appears to  be rev e rs ib le ; at dep th  the shrinkage appears 

to  b j  only  partly  reversible. V egetation, particu larly  trees, 

has been show n to have  a great influence on  shrinkage (B ozo- 

z u k  an d  B u r n  1960).

T he W innipeg slab was located on  the cam pus o f  the 

U n iversity  o f M an itoba  on glacial lake clay, typical o f the 

area. T he upper 8 ft. o f soil is a  highly plastic  silty  clay  over- 

lain  by  ab o u t a foo t o f organ ic  top  soil. T he n a tu ra l w ater 

co n ten t averages 30 to  35 per cent. T he liqu id  lim it averages 

ab o u t 100 per cent, the plastic lim it ab o u t 35 per cent, and  

th e  shrinkage lim it ab o u t 15 per cent. T he clay  con tains 

approx im ate ly  30 per cen t m ontm orillon ite , the rem ainder 

being predom inan tly  illite (B a r a c o s  an d  B o z o z u k  1957).

3. Environmental Influences

The O ttaw a and W innipeg sites typ ify  tw o entirely  different 

soil and  clim atic regions o f C anada. O ttaw a, w ith a m ean 

an n u a l tem peratu re o f 42° F , receives a  well d istribu ted  

an n u a l p recip ita tion  o f 35 in. W innipeg, w ith a m ean  annual 

tem pera tu re  o f 37° F  receives only  20 in. o f  precip ita tion , 

m ore than  60 per cent o f w hich falls du ring  the five sum m er 

m onths. T h is con trast in clim ate is show n in Fig. 2.

In  the O ttaw a region the soil is a lm ost alw ays sa tu ra ted  

during  the spring and  au tum n seasons and  usually  is severely 

desiccated during the sum m er. O n the prairies, long-term  

clim atic effects appear to  exert m ore influence on soil m oisture 

conditions. L ab o ra to ry  studies on  the two clay types have 

show n the O ttaw a m arine clay  to  be particu larly  susceptible 

to  shrinkage w ith only  partia l volum e regain possible and 

the prairie  clay  to  be capable o f com plete volum e reversibility 

on  drying and  w etting (W a r k e n t i n  and  B o z o z u k  1960).

F ield  studies have revealed  surface settlem ents greater 

th an  one foo t in the m arine clay  (B o z o z u k  1959) w ith a 

possible recovery  o f ab o u t 50 per cen t due to  w etting ( L e g g e t  

1954). O n the prairies seasonally  reversible g round  m ovem ents 

have  been repo rted  (B a r a c o s  et a l  1955).

4. Observations of Slab Movements at Ottawa

M ovem ents o f the O ttaw a slabs were m easured on a grid 

o f points, spaced approx im ate ly  4 ft. apart, inside the huts. 

T he readings were taken  w ith a precise op tical level and 

referenced to  a deep benchm ark  installed nearby . T he m ove­

m ents w ere observed initially  a t approx im ate ly  m on th ly  

in tervals and  later a t greater intervals. M axim um  and  m ini­

m um  m ovem ents recorded  in  Fig. 3 w ere taken  a t the
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Fig. 2 Hythergraphs for Winnipeg and O ttaw a 
Hythercourbes pour Winnipeg et Ottawa

T he soils o f the tw o regions have reached equilibrium  

conditions under their respective clim atic environm ents.

Fig. 3 Movements of O ttawa slabs and climate data
Mouvements des dalles et données climatiques d ’Ottawa

slab centre and  corners. T he vertical g round  m ovem ents 

a t the 1 ft. dep th  were m easured ju s t beyond  the influence 

o f  the slab. M onth ly  p recip ita tion  and  soil m oistu re  depletion 

for the correspond ing  periods are  show n fo r com parison . 

“ Soil m oisture dep letion” is the am oun t o f w ater draw n 

from  the soil to  m ake up  the difference betw een w ater used 

in evapo -transp ira tion  and  th a t availab le  from  precip ita tion  

during  a  d ry  season. I t  is based on  the m ethod  o f  T h o r n - 

t h w a i t e  (1948); its use has been described by  B o z o z u k  and 

B u r n  (1960).

S hortly  a fter the slabs were constructed , the precip ita tion  

a t O ttaw a increased resulting in an upw ard  m ovem ent o f 

the corners w hich reached a m axim um  in one co rner o f 

Slab A  o f approx im ate ly  0-06 ft. (3/4 in.). A  significant 

difference in the m ovem ents o f Slabs A and  B soon becam e 

a p p a re n t; this trend  continued  th ro u g h o u t the observations. 

G ro u n d  m ovem ent gauges located a t depths o f 2 and  5 ft.
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beneath  the slabs show ed vertical m ovem ents less th an  half 

th a t observed a t the slab surface.

M easured m ovem ents in und istu rbed  g round  near the 

slabs were significantly greater than  under th e  s l a b ; even 

a t the 1 ft. depth  (Fig. 3) seasonal vertical m ovem ents am o u n ­

ted to  nearly  0-15 ft. P a rt o f this to ta l m ovem ent m ay  be 

due to  w inter frost heaving. A t the 2 ft. dep th , w here frost 

heaving is n o t a  factor, seasonal m ovem ents are  ab o u t equal 

to  slab m ovem ents. T he slabs can therefore  be seen to  have 

a m oderating  influence on g round  m ovem ents.

The m ost significant result o f these studies is th a t the 

seasonal m ovem ent o f the slabs has been relatively  so sm all 

(except for the frost heaving described later). V ertical m ove­

m ents o f shallow  footings in this soil greater than  1 ft., rep o r­

ted by B o z o z u k  (1925), in troduce an ap p aren t anom aly . 

Two independent reasons m ay explain  this. F irstly , large 

m ovem ents reported  by B ozozuk can be a ttribu ted  to  local 

soil desiccation due to  vegetation, especially trees. There 

w ere no trees ad jacen t to  the site o f the slab foundation . 

Secondly, a t the site o f the slabs the natu ra l w ater con ten t 

is relatively  low, on the average no t m uch above the shrin ­

kage lim it. T he soil has obviously  reached fairly  stable equ i­

librium  w ith its env ironm ent at a w ater con ten t th a t will 

allow only  sm all volum e changes. In  the locations studied 

by B o z o z u k , on  the o ther hand , it has been observed th a t 

invariab ly  the clay on w hich the footings rest is covered by 

several feet o f sand w hich seems to  preserve the clay in a 

m oist condition . It is therefore liable to  greater volum e 

change th an  the soil a t the test site.

O f particu lar in terest is the heaving observed during  the 

tw o w inters 1956-57 and  1959-60 w hen the hu ts w ere no t 

heated. The m axim um  corner heaves in Slab A were a p p ro x i­

m ately 1 I in. and 4 in. respectively w ith  the heave a t the 

centre, 1 in. and 3 in. respectively, equalling approx im ately  

the average o f the four co rner heaves. T he heave o f Slab B 

was very m uch less and  only  reached values o f the o rder o f 

1/2 in. a t one corner, w ith no  heave in the centre.

T he co rner w ith the greatest heave in b o th  slabs was th a t 

to the northeast. T his co rner was m ost exposed to  the cold 

because o f reduced solar rad ia tio n  and  also because the 

snow was frequently  sw ept clear a t this point. A greater 

am oun t o f frost heave was observed in the w inter o f 1959-60, 

in spite o f the fact th a t this w inter was m ilder than  1956-57. 

T his m ay be a ttrib u ted  to  the precip ita tion  during  the au tum n 

o f 1959 being greater th an  the norm al. Perspective views of 

the extrem e conditions o f the two slabs (m axim um  frost heave 

A pril 1960, m axim um  shrinkage Ju ly  1954, and m axim um  

swelling F eb ru a ry  1952) give a  vivid im pression of the relative 

m agnitude o f the m ovem ents observed (Fig. 4).

R elatively  little cracking has been observed in the O ttaw a 

slab, partly  because, as also for the W innipeg slab, the con ­

cave shape o f the deform ed slab tended to  keep the cracks 

closed on the slab surface. O wing to  a  very high g roundw ater 

level in the spring o f 1960, cracks in Slab A showed m oisture 

from  capillary  action. The cracks seem to  have had  no adverse 

struc tu ra l effect on the slab. N o  cracks could be found  in 

Slab B.

5. Observations of Slab Movements at Winnipeg

T he m ethod  used for level m easurem ents on the W innipeg 

slab was sim ilar to  th a t used in O ttaw a. T he slabs were obser­

ved continuously  for approx im ately  three years (O ctober 1952

—  June 1955) from  the tim e o f construction  under fairly d ry  

soil conditions (B a r a c o s  and  B o z o z u k  1957). N o  w in ter o f 

unheated  operation  was possible and a t no  tim e was there 

frost pene tra tion  under the slab.

C onsiderable heave due to  swelling o f the clay was recorded. 

In  con trast to  the O ttaw a slabs, the greatest heaves occurred  

in the sum m er, during the ra iny  season. The m axim um  heave

MAX. SHRINKAGE

JULY 19,1954

Fig. 4 Movements of Ottawa slabs
Mouvements des dalles d ’Ottawa

was observed in Septem ber 1954, when the corners heaved 

by alm ost 1 in., the centre slightly less. D uring  w inter m onths 

the heated slab show ed a  net settlem ent below the original 

zero elevation  in the cen tral po rtion  (approxim ately  1/4 in.) 

w hereas the corners generally  rem ained slightly higher than  

their original zero elevations. This condition  led to  the m ax­

im um  differential m ovem ent observed o f approx im ately  

1/2 in.

Two hairline cracks were observed in the W innipeg slab 

bu t the concave deform ation  tended  to  keep the cracks 

closed in the top  surface of the slab. O ne o f these cracks 

was perpendicu lar to  the n o rth  wall a t approx im ately  the 

slab centreline, w here the slab is w eakened by therm ocouple 

sticks.

6. Summary and Conclusions

(a) The O ttaw a and  W innipeg slabs were subjected to  a 

range of soil m ovem ents due to  swelling and  shrinkage of 

the underly ing clay  soils, and  also due to frost heave in the 

case of the O ttaw a slabs.

(b) The m axim um  changes in slab levels due to  soil swelling 

were significant : in O ttaw a Slab A, placed directly  on  clay, 

3/4 i n . ; in O ttaw a Slab B, placed on a crushed stone base 

18 in. th ick , 3/8 in. ; and  in the W innipeg slab, 1 in. The 

m axim um  m ovem ents due to  frost heave were 4 in. in Slab A 

and  1/2 in. in Slab B w hen they  were unheated  during  the 

w inter. The m axim um  “ dishing” or w arping m easured along a 

d iagonal due to  swelling and  shrinking am ounted  to  3/8 in. 

in O ttaw a Slab A , slightly less than  1/8 in. in O ttaw a Slab B, 

and  3/8 in. in the W innipeg slab. The m axim um  “ dishing” 

due to  frost heaving in the O ttaw a slabs was relatively  sm all 

(less th an  3/8 in.) in spite o f the large absolute m ovem ents.

(c) T he crushed rock  “ cush ion” under O ttaw a Slab B 

was effective in substan tia lly  reducing the changes in slab  

levels.

MAX. FROST HEAVE

805



(d) The slabs in O ttaw a appeared  to  have a m oderating  

influence on n a tu ra l g round  m o v em en ts ; the sm allness o f 

th e  m easured m ovem ents o f the slabs could be attribu ted  

to  absence o f vegetation  and  the n a tu re  o f env ironm ental 

influences.

(e) Som e cracking occurred  in O ttaw a Slab A and  the 

W innipeg slab, bu t none in O ttaw a Slab B. The cracks were 

very sm all o n  the slab surface due to  concave deform ation  

and  had  little effect on the usefulness o f the slabs as foundations. 

D ifferential m ovem ents o f  sim ilar slabs can  be reduced by 

in troducing  a crushed stone bed o f a thickness ap p ro p ria te  

fo r the particu lar swelling and  shrinkage characteristics o f 

th e  underly ing  clay.

(f) The greatest swelling observed in O ttaw a occurred  

in  the w in ter w hereas in W innipeg it occurred  in the sum m er. 

This varia tion  can be a ttrib u ted  to  differences in clim ate 

an d  soil.

(g) In  low -lying, flat areas in clay  soils w here the g round  

w ater tab le  m ay  be expected  to  be near the surface during 

som e periods o f the year, a  crushed stone base under the 

slab  has the added advan tage  o f  im proving  the general 

d rainage conditions a ro u n d  the house by  raising the slab 

over the general g round  elevation.

(h) T he O ttaw a and  W innipeg slabs w ere constructed  to  

w hat were considered m inim um  o r subm inim um  design stan ­

dards, since they  were on ly  6 in. th ick  and  n o t reinforced. 

A lthough they  underw ent appreciable  m ovem ent (even if 

fro st heave is disregarded) they  did n o t suffer struc tu ra l 

dam age o f any  consequence.
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