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Seasonal Movements in some Canadian Clays

Mouvements Saisonniers de quelques Argiles Canadiennes

b y  A . B a r a c o s ,  D e p a r tm e n t o f  C iv il E n g in ee rin g , U n iv e rs ity  o f  M a n ito b a  

a n d

M . B o z o z u k , D iv is io n  o f  B u ild in g  R ese a rc h , N a tio n a l  R e se a rc h  C o u n c il o f  C a n a d a

Summary

In many countries there are problems resulting from building on 
clays that undergo differential movements due to seasonal shrinking 
or swelling. In South Africa, for instance, the problems are mainly 
caused by swelling whereas in England they are more often due to 
shrinking of the clay. Both problems exist in Canada.

If  the natural précipitation or évaporation at the ground surface is 
disturbed, as is the case when the ground surface is covered by a 
structure, the water content o f the soil will be affected causing the 
clay to shrink or swell depending on its initial condition. Ground 
movements are also related to seasonal climatic conditions, such as 
précipitation, evapo-transpiration and températures which affect the 
water content of the soil.

In Canada the problem of soil movement has been observed in 
British Columbia throughout the Prairies and in the Ottawa-St 
Lawrence lowland. Detailed studies are being carried out at Winni- 
peg and Ottawa where ground movements are being measured to 
depths of 8 ft. or more, using multi-rod gauges and concentric tele- 
scopic ground movement gauges. Readings have been collected at 
locations near trees, under flat slabs, in grass plots and on water- 
mains. Results from these measurements and the corrélation of the 
variables are presented.

Sommaire

Dans plusieurs pays, des problèmes sont soulevés par la construction 
de fondations sur des argiles sujettes à des mouvements différentiels 
saisonniers, de retrait et de gonflement. En Afrique du Sud, par 
exemple, c’est le gonflement qui est le problème principal, tandis qu’en 
Angleterre, c’est celui du retrait. Les deux se posent au Canada.

Si les précipitations naturelles ou l’évaporation à la surface du 
terrain sont perturbées, comme cela se produit lorsque l’on couvre la 
surface de ce terrain en y édifiant un bâtiment, la teneur en eau du sol 
s’en trouve affectée, et peut produire des retraits ou des gonflements 
suivant les conditions initiales. Les mouvements du sol sont en 
relation avec les variations climatiques saisonnières, notamment celles 
qui concernent les précipitations, Tévapotranspiration’ et les tem
pératures qui, toutes, influent sur la teneur en eau du sol.

Au Canada, ces mouvements du sol ont été observés, en Colombie 
Britannique, dans les Provinces des Prairies, et dans les terrains bas 
de l’Ottawa et du Saint-Laurent. Des études détaillées sont en cours 
à Winnipeg et à Ottawa, où les mouvements du sol ont pu être mesurés 
à une profondeur de 2'40 m et plus, en utilisant des jauges composées 
de tubes télescopiques. Des observations ont ainsi été faites en 
différents endroits: près des arbres, sous des dalles, dans des prés, et 
sous des fossés d’irrigation. Les résultats de ces mesures sont 
indiqués, ainsi que les corrélations observées entre les variables.

C an ad a’s vast te rra in  confron ts the engineer w ith m any and  

often  unusual founda tion  problem s. O ne o f  these problem s 

results from  the excessive shrinking on  drying and  swelling on 

w etting, o f  the clays found  in  such widely separated  régions as 

the O ttaw a-S t Law rence low land, certain  in terio r régions o f 

B ritish  C olum bia, and  the Prairie  Provinces.

T he wide variations in  C an ad a’s seasonal tem pératures and  

p récip ita tion  result in  foundation  m ovem ents o f  unusual 

severity. T his rep o rt correlates certa in  soil and  clim atic con

d itions w ith soil volum e changes, and  describes the m ethods 

and  instrum enta tion  used to  m easure vertical g round  move

m ents, an d  som e o f  the observed effects o f  the m ovem ents on 

buildings and  w ater-m ains. D etailed  in fo rm ation  is given for 

O ttaw a and  W innipeg w here extensive research  has been con- 

ducted during  the past five years by the N atio n a l R esearch 

C ouncil and  the U niversity  o f  M an itoba . Seasonal m ove

m ents in  Saskatchew an have been reported  previously 

(T o r c h i n s k y , 1953).
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Graphique: précipitations températures (hythercourbes) pour Winnipeg, Ottawa, Londres, Johannesbourg et Sydney
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Climate

M ean m onthly  tem perature  and  préc ip ita tion  fo r O ttaw a and 

W innipeg are  show n by the hythergraphs in  Fig. 1. Sim ilar 

records are  show n fo r L ondon, U n ited  K ingdom , where 

Sk e m p t o n  (1954) and  W a r d  (1953) rep o rt differential founda- 

tion m ovem ent from  shrink ing  clays, fo r Johannesburg , South  

Africa, w here J e n n i n g s  (1955) reports swelling clays, and  for 

Sydney, A ustralia , w here swelling and  also som e shrinking are 

reported by T a s k e r  (1954) and  I s a a c s  (1952).

Corrélation of Ground Movement and Climate

Visitors to  C anada  m ay hear the expression ‘the dry th irtie s’, 

a référencé to  several h o t and  dry  sum m ers experienced on  the 

Prairies before 1939. Subséquent and  proceeding years had 

much higher p récip itation .

In  W innipeg during  the ‘dry th irtie s’, shrinking clays resulted 

in severe differential settlem ents o f  spread footings and  necessi- 

tated extensive underp inn ing  o f  buildings. M any structures 

constructed on  deep piles during the dry years lifted as m uch as 

4 in. o ff the piles due to  subséquent swelling o f  the clay. 

Significant seasonal soil m oisture changes have been observed 

to depths o f  12 ft. b o th  in W innipeg and  O ttaw a and  have 

corresponded to  bo th  upw ard  and  dow nw ard foundation  move- 

ments. Such général observations led to  the developm ent o f 

spécial in strum enta tion  and  to  the in itia tion  o f  con tinuous 

readings to  establish a  corré la tion  betw een g round  m ovem ents 

and their cause.

In  clays th a t extend to  considérable depth, précip ita tion  

accounts fo r m ost soil m oisture increases, and  evapo-transpira- 

tion fo r soil m oisture losses. Such losses and  gains fo r grassed 

areas m ay be evaluated  by m ethods p roposed  by T h o r n t h w a i t e  

(1948) based o n  daily w eather observations. H e assum es th a t 

within the ro o t system  o f grasses, the soil can  store  up  to  4 in. 

of w ater. I f  the am o u n t o f  w ater due to  high p récip ita tion  

exceeds this am oun t, it is called a  surplus and  is considered to 

run off. I f  m ore th a n  4 in. o f  w ater is lost by evapo-transpira- 

tion, a  po ten tia l soil m oisture deficiency occurs. This deficiency 

can be replaced by rainfall. A s show n later, corrélation  was 

established in  O ttaw a betw een g round  m ovem ents and  soil 

m oisture surplus, storage, and  deficiency. T his m ethod  canno t 

be used, how ever, w hen the g round  is frozen and  précip ita tion  

is in the form  o f  snow. Trees, because o f  their deeper ro o t 

system, a lter the surp lus-storage-deficiency relationship .

Soils

The follow ing is a  b rief descrip tion  o f  tw o im portan t volum e- 

changing clays found  in  C anada.

Leda clay—T his clay, found  in  layers up  to  200 ft. th ick in 

the O ttaw a-S t Law rence low land région, was deposited during 

the last ice âge in  sait w ater o r  in fresh w ater w hich later 

became brack ish  w hen invaded by the A tlan tic  ( J o h n s t o n , 

1917; and  M a c k a y , 1949). Subséquent up lift has raised these 

deposits to  élévations up îo  700 ft. above sea level.

The geology and  geotechnical properties o f  leda clay are 

discussed in  an o th e r con tribu tion  to  th is conférence by E d e n  

and C r a w f o r d  (1956).

L ake  Agassiz clays—T he swelling and  shrinking clays found 

in the R ed R iver Valley consist o f  varved lacustrine deposits 

laid in  glacial L ake A gassiz w hich covered a  large a rea  o f 

Southern M an itoba  tow ard  the end o f  the last ice âge ( U p h a m , 

1896). They consist o f  tw o layers o f  approxim ately  equal 

thickness: a  to p  layer o f  brow n varved clay underlain  by a 

softer and  siltier grey layer. In  W innipeg the ir com bined 

thickness ranges betw een 40 and  60 ft. They are generally 

overlain by a few feet o f  m ore recent fluvial silts and  clayey silts, 

organic soils o r clays modified by végétation and  w eathering. 

Swelling pressures o f  ab o u t 1 ton /sq . ft. are com m only show n

during consolidation  tests o n  undistu rbed  sam ples. Swelling 

pressures up  to  20 tons/sq . ft. on  re-w etting have been m easured 

in  the labora to ry  on  air-dried  sam ples. The com position  o f  

the brow n clay is approxim ately  30 per cent m ontm orillonite 

and  the rem ainder practically  ail illite.

Ground Movement Gauges

Tw o types o f  gauges were used fo r m easuring vertical soil 

m ovem ents in  the g round. T he m ulti-rod gauge (W a r d , 1953) 

uses a  sériés o f  rods w ith shoes, placed on  undistu rbed  soil a t 

predeterm ined depths, in  a line o f  vertical holes. The holes, 

spaced a  foo t apart, a re  lined to  perm it the rods to  move freely 

w hen the soils supporting  the shoes shrink  o r swell. The tops 

o f  the rods pro ject above the ground surface so th a t élévation 

readings can  be taken  w ith référencé to  a  level beam  spanning 

the line o f  gauges o r by using a  précisé engineering level. 

These readings are  referenced to  a deep bench m ark.

A  telescoping concentric gauge has been developed fo r use 

w here space is lim ited (B a r a c o s  and  M a r a n t z , 1953). Steel 

tubes o f  various lengths and  diam eters telescope loosely over 

one ano ther w ith the longer tubes fitting inside the shorter 

tubes. E ach tube  is fitted with a  10- by 3-in. flat Steel plate  a t 

its low er end  to  form  horizontal vanes. T he tubes are placed 

one a t a  time, a fter being greased, in to  an  elliptically shaped 

hole, a round  a i- in . d iam eter référencé rod . They are then 

tum ed  forcing the vanes in to  undistu rbed  soil a t  predeterm ined 

depths. T he hole is carefully backfilled and  com pacted as each 

tube is installed. T he centre ro d  has a Steel foo t founded  a t 

the bo ttom  o f  the hole and is referenced to  a  perm anen t bench 

m ark . M easurem ents are m ade o n  the tops o f  the tubes, 

which extend above the g round surface, using an  A m es dial o r 

rule w ith référencé to  the centre rod.

Ground Movements in Grass Plots

Since 1951, m ulti-rod and  concentric telescoping ground 

m ovem ent gauges have been used in W innipeg and  O ttaw a in  

grass plots located outside the influence o f  trees. The m agni

tude o f the m ovem ents in  b o th  cities is com parable. As an  

exam ple, Fig. 2 illustrâtes the recorded seasonal g round m ove

m ents, the soil m oisture surplus-storage-deficiency curves and  

also w ater-table élévations fo r O ttaw a.

T he O ttaw a results show  th a t the m axim um  settlem ents 

occur during the sum m er a t the height o f the végétation grow ing 

season w hen h igh tem pératures and  evapo-transp ira tion  resulted 

in  a  peak  m oisture deficiency. R ains and  reduced evapo- 

tran sp ira tion  tow ard  the end o f  Septem ber favoured increased 

soil m oisture and  swelling. By N ovem ber the soil was re- 

charged. F ro s t heave during w inter caused the ground surface 

to  rise while m ovem ents were insignificant a t depths below frost 

pénétration . T he range o f  m ovem ent o f  the ground surface, 

excluding fro st heave, is alm ost 1 -5 in.

T he m ovem ents recorded in  W innipeg show ed m arked 

différences from  year to year. D ow nw ard m ovem ents were 

observed during D ecem ber, January  and  February  o f  1952 and 

1953. I t  is believed th a t ice lenses, form ing a t  shallow  depth, 

rem oved sufficient m oisture to  cause excessive shrinking o f  the 

underlying partia lly  sa tu ra ted  clay to  cause a net dow nw ard 

m ovem ent o f  the g round  surface. D uring  the following years 

freezing resulted in a  sm all upw ard  m ovem ent o f  the ground 

surface followed by add itional rising during the spring thaw. 

M elt w ater during the spring generally resulted in  large upw ard 

m ovem ents. A  rise o f  1 -4 in. o f  the g round  surface accom - 

panied  the spring thaw  in  1953. A  dow nw ard m ovem ent o f  

1 -4 in. occurred during the relatively dry sum m er o f  1955. In  

o ther years the sum m er dow nw ard m ovem ent has been as little 

as 0-2 in. U pw ard  and  dow nw ard m ovem ents o f  as m uch as 

0-3 in. have been m easured a t the 8-ft. dep th  w ith the 12-ft.

265



I

t '• i ------ -- ' ■ ■ ■  . -----------i— L-i-i-----i---------------------------... ----------- i------------- :-------i----- - ) ■ ■ > i ■
O-QV- r  0 )%. W. r- O -Q U c: O) O -Q ^ _o

■‘ïO Q iI.-^ 'i^o c iu !.^ :'- , -q:o ou . ^  ~i ^  o q  u" ^  o  Q 

Soil moisture : surplus, storage and deficiency

Fig. 2 Ground movements and soil moisture conditions 
in grass plot
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Vertical ground movements in grass field

dep th  rem aining practically  sta tionary . Follow ing dry w eather, 

w hen the clays fissure and  perm it rap id  en try  o f  w ater, ra ins 

have resulted  in  very rap id  upw ard  g round  m ovem ents.

Ground Movements near Trees

L arge settlem ents have been directly attribu ted  to  soil 

m oisture dem ands o f  trees ad jacent to  foundations. T o  study 

these m ovem ents m ulti-rod and  concentric telescoping gauges 

were installed in  O ttaw a during  1954 ad jacen t to  a  line o f  elm  

trees approxim ately  60 ft. h igh a t distances o f  5, 10, 20, 30 and  

40 ft. from  the trees an d  extending to  depths up  to  15 ft.

D uring  the sum m er o f  1955, the fo u rth  driest year recorded 

in  O ttaw a since 1890, settlem ents ranged  from  3-5 in. a t  the 

g round  surface to  0-5 in. a t the 15-ft. depth . F ig. 3 show s the 

m axim um  recorded vertical g round m ovem ent a t  différent 

depths. T o perm it com parison  w ith trees o f  the sam e species 

b u t o f  différent size, the distance from  the trees is expressed as 

a ra tio  to  tree height. The influence o f  the trees was greatest

a t distances having a  ra tio  o f  less th an  0-2; fo r greater distances 

the influence decreases becom ing negligible a t  a  ra tio  o f  0-8. 

Beyond this, the g round m ovem ents are  identical to  those in 

grass plots.

Fiat Slab Foundations

M onolith ic reinforced concrete slabs placed o n  a  prepared 

gravel bed on  the g round  surface are  being used in  increasing 

num bers fo r house foundations in  C anada. T he slab supports 

the walls, form s the floor, and  often  con tains heating  coils.

As p a rt o f an  extensive study  o f  this fo rm  o f  construction, 

tw o experim ental slabs were constructed  in  O ttaw a and  one in 

W innipeg. They were 6 in. th ick , 20 ft. square, o f  non- 

reinforced concrete, supporting  a sm all prefabricated  building 

electrically heated  by cables em bedded in  the  slab. T he p ro 

gram m e included the m easurem ent o f  m ovem ents o f  the slab 

and  the supporting  soils by m eans o f m ulti-rod gauges a t the 2- 

and 5-ft. depths.
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Fig. 4  show s the m ovem ent recorded on  equally  spaced 

points a long  the tw o diagonals o f  the W innipeg slab w hich was 

supported directly o n  clay. P o in ts A h F 6, A 6, an d  are 

respectively the south-east, north-w est, no rth -east and  south- 

west corners o f  the slab. M axim um  seasonal upw ard  and  

downward m ovem ents o f 1 |  in. o f  the slab occurred.

D ifferential m ovem ents u p  to  \  in. have resulted in  the top  

of the slab being concave. T his is a ttrib u ted  to  the d ry  soil 

conditions a t th e  tim e the concrete w as placed and  subse- 

quently increased soil m oisture conten ts n ear the slab perim eter. 

The gauges show ed tha t, to  a  dep th  o f  a t  least 5 ft., soil sh rink 

ing and  swelling occurred accom panied respectively by dow n-

buried  p ipe show ed a 2-in. upw ard  m ovem ent follow ing the 

spring thaw , o f  a  poorly  backfilled w ater-m ain  buried  ab o u t 

7 ft. below the ground. D ifferential m ovem ents o f  as m uch as 

£  in ., resulting  in  ^-degree ro ta tio n  o f  tightened jo in ts , have 

been m easured on  w ater-m ains consisting o f  6-ft. lengths o f  6-in. 

d iam eter universal cast-iron  pipe.

Discussion

I t  is evident from  experience in  C anada and  elsewhere th a t 

swelling and  shrinking clays in troduce founda tion  m ovem ents 

th a t so fa r can  only be predicted  on  the basis o f  experience. 

These clays can  be identified by their h igh plasticity  index and 

liquid  lim it and  by the ir h igh con ten t o f  active clay m inerais, 

particu larly  m ontm orillonite. F ro m  these studies it m ay be

Crid point

A \ B 2 C 3 Du F6 

Zéro reading Nov. 22/52

Crid point

AS S5 C4 D3 El  F\
Zéro reading Nov. 22/52

Elévations Elévations

Dec 30/52

Feb 26/53

June S/53

p '- r — r n  n  o a  10/53

^  Feb 19/54

June 3/54

Sept d/54

Mar 12/55

1 1 ■f

+

2 0 -

15-

ç

10- a»
p

05
o
</)

o-
c

-05 -
EQj

-10 -
O
S

-15
1

-20-
£

T T Apr 30/55 I 7 7 7 T T

Proportion D /h  

D= distance (rom trees 

H- height of trees

Fig. 3 Vertical movements in Leda Clay soil near 60 ft. high elm 
trees in Ottawa in 1955

Mouvements verticaux du terrain près d’un groupe d’ormes 
de 18 m de haut à Ottawa en 1955

ward and  upw ard  m ovem ent o f  the slab. C orresponding 

decreases and  increases in  m oisture con ten ts were observed. 

Similar m ovem ents occurred  in  th e  O ttaw a slabs, b u t one o f 

the slabs w hich is supported  on  18 in. o f  gravel show ed less 

movement.

Water-main Failures

Extensive dam age to  w ater-m ains in  the C ity o f  W innipeg 

has been caused by ground m ovem ents ( B a r a c o s ,  H u r s t  and  

Le g g e t , 1955). Soluble sulphates in  th e  soil have caused rap id  

corrosion o f  cast-iron  p ipe which, once w eakened, fails in 

flexure as a  resu it o f  seasonal soil m ovem ents. I t  has been 

noticed th a t the num ber o f  failures per m on th  greatly increases 

during Septem ber follow ing a  h o t dry  sum m er (Fig. 5). 

M ulti-rod gauges modified to  m easure vertical m ovem ent o f

Fig. 4 Fiat slab—Winnipeg, plots of typical vertical slab move
ment (points on diagonals of slab)

Dalle plane à Winnipeg. Graphiques typiques de mouve
ments verticaux (en des points situés sur les diagonales de 
la dalle)

inferred th a t foundations constructed  o n  W innipeg clays during 

dry periods are subject to  heaving in  subséquent w et periods, 

and  those constructed  during w et periods will undergo seu le

m en t in  subséquent d ry  w eather. T he clays behave differently 

in  O ttaw a. Only dow nw ard m ovem ents have been observed 

in founda tion  walls o f  buildings constructed  during e ither wet 

o r d ry  periods.

C orré la tion  o f  seasonal clim atic changes and  g round  m ove

m ents is possible fo r grass p lo ts as show n fo r O ttaw a. F o r 

build ing sites o ther factors m ust also be considered, as indicated 

by the follow ing exam ples.

In  V ernon, B .C., w hich is in a  relatively a rid  area, new  houses 

o n  shallow  foundations on  a  hill-side site in tercepted  the dow n- 

hill snow  m elt. T his w ater en tered  craw l spaces under the 

houses and  percolated  to  the clays supporting  the foundations 

and  the resulting swelling caused severe differential m ovem ent. 

W ithou t the in terception  o f  surface flow by the buildings, such 

changes in  m oisture con ten t w ould n o t have occurred.
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Fig. 5 Number of cracked pipe failures, monthly mean temperature, monthly précipitation, and snow cover, versus time, 
July 1948 to March 1956

Nombre de ruptures de conduites d'eau, température moyenne mensuelle, précipitations mensuelles, et variations 
de l’épaisseur moyenne de la couche de neige, en fonction du temps, de juillet 1948 à mars 1956

DifTerential settlem ents o f 3 to  4 in. and  occasionally as m uch 

as 1 ft. o f  brick  dwellings have taken  place in  O ttaw a w ith the 

m axim um  seu lem ent always in  the vicinity o f  trees. Tests in 

such areas have show n significantly th a t the soil is m uch drier 

in  the vicinity o f  trees and  streets. Paved streets affect soil 

m oisture by im proving surface drainage and  reducing évapo

transp iration .

Expérience w ith w ater-m ains and  w ith spread footings 

illustrâtes th a t poorly  com pacted  backfill and  inadéquate  su r

face and  underground  drainage can  m aterially  increase the 

depth  to  w hich clays are subject to  seasonal volum e changes.

R ecords o f  vertical g round  m ovem ents u nder a  variety o f 

conditions in areas where volum e-changing clays are  en- 

countered  are considered an  invaluable aid  to  shallow  founda

tion design. The w riters believe th a t the C anad ian  experience 

w ith g round  m ovem ents will be valuable where sim ilar soils a re  

found n o t only in  areas having com parable clim atic conditions 

bu t elsewhere where soil m oisture changes m ay be caused by 

environm ental changes accom panying land  developm ent.
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