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PREFACE

As f ine-grained soi ls above the water table are dr ied
through processes of evaporat ion or plant t ranspirat ion, pore
water  p ressures  becorne inc reas ing ly  negat ive  w i th  respec t
to atmospheric condit ions. soi ls of high clay content extr ibi t
large volume change with change in moisture stress. In sub-
humid  to  semi -ar id  c l imates ,  negat ive  pore  water  s t resses
calrse effect ive stresses on the soi l  sol id phase that may be
much la rger  than the  s t resses  imposed by  eng ineer ing
s t ruc tures .  changes in  these s t resses  ar is ing  f rom the  so i l
c l imate are then of overr iding importance in the long-term
performance of foundat ions placed on such soi ls.

The purpose of this study was to compare the effects
of one-dimensional consol idat ion caused by the appl icat ion
of load to the sol id phase, with the shr inkage caused by
a reduct ion of stress in the f lu id phase. This report
summar izes  r  esu l ts  p resented  in  an  M.  Sc .  thes is  by
the author,  ent i t led frComparison of Soi l  Suct ion and
One -dimensional Consol idat ion Character ist ics of a
Highly Plast ic C1ayt ' ,  presented to the Faculty of Graduate
Studies, Universi ty of Alberta in May L964. Much of the
f ield and laboratory work associated with this study was
carr ied out by the author whi le employed as a summer
assistant with the Divis ion (at the NRC Prair ie Regional
stat ion in saskatoon) during the summers of 1962 and 1963,
and forrns part  of  a broad Divis ional study of problems
affecting building foundations on volume changing clay
subso i ls .

Ottawa

JuIy 1967
R.  F .  Legget

Director
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RESUME

La Division des recherches en b6.tirnent du NRC poursuit
depuis plusieurs ann6es des recherches sur les caract6r ist iques de
retrait et de gonflernent des argiles forternent plastiques des
Prairies. La difficult6 qulont l surrnonter les ing6nieurs de g6nie
civil provient de lrabsence dtune rn6thode de calcul perrnettant
drest i rner i lampleur des ddplacernents vert icaux dtun ouvrage 16ger.
or a rnen6 h. bien une 16capitulation bibliographique des travaux de
recherches r6al is6s en Angleterre, en Afr ique duSud, en Austral ie,
enrsradl,  et  aux Etats-unis,  etune 6tude de deux rn6thodes de calcul
propos6es, l tune par Ie groupe croney (L95zl,  et  l rautre par Jennings
( 1 9 5 7 ) .

Lrauteur a rnen6 b bien un prograrnrrle dressais pour Ia
d6terrninat ion des caract6r ist iques de succion de lrargi le de la for -

rnat ion Rdgina, et pour 6tabl i r  une conlparaison entre ces 16sultats
et la courbe pression appliqu6e /tenear en burnidit6 que donnent les
essais habituels de consolidation. Lrauteur rnontre que les courbes
de pression-pr irni t ive/ indice des vides, tant pour les eesais de con-
solidation que pour ceux de succionaux environs du point de satu-
rat ion, sont prat iquernent sirni la ires. Ltar lure des branches des
courbes de pression/ indice des vides concernant la recornpression
sont tout ). fait diff6rentes pour les deux techniques.
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ABSTRACT

Investigation of the shrinking and swelling action

of highly plast ic clays on the Prair ie Provinces has been

carr ied out for several  years by DBR/WRC. The problern

facing eugineers associated with the bui lding industry is

the lack of an analysis whereby the probable arnount of

Vert ical  rnovement of a l ight structure can be predicted.

A l i terature review of research work in England, South

Afr i .ca, Austral ia,  Israel and the United States was

conducted and a study rnade of two analyses that have been

developed; one by Croney et al  (L952) and the other by

J e n n i n g s  ( I 9 5 7 ) .

A test ing prograrn was conducted which involved the

determinat ion of rnoisture-suct ion character ist ics of Regina

Clay and a cornparison of these results with the rnoisture-

pressure relat ionships obtained by the convent ional consol i -

dat ion test.  I t  was found that v irgin pressure-void rat io

curves are essent ial ly the sarne for both consol idat ion and

suct ion tests at c lose to ful l  saturat ion. The curvatures of

the  reco lnpress ion  branches,  however ,  o f  the  pressure-vo id

rat io curves for the two test techniques are quite di f ferent.

+ + + * & $ rr-
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In  recent  years  inc reas ing  in te res t  has  been shown

in the behaviour of highly swelling soil. Vertical rnovernents

of engineering structures placed on the highly plast ic lacustr ine

c lays  in  Western  Canada pose a  ser ious  prob le rn  (Baracos  and

Mararrtz,  1952; Baracos and Bozozuk, 1957; Harni l ton, 1963).

The basic problern confront ing foundat ion designers appears

to be the lack of a rnethod of predict ing the probable heave.
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A considerable arnount of research on this problern
has been conducted in var ious countr ies of the world.  A
l i terature survey revealed two analyses that appear prornising.
one was developed in England (croney et aI  r95z')  and is based
on the results frorn a suct ion test and a shr inkage test.  The
other,  developed in south Afr ica (Jennings 19571, is based on
the  resu l ts  o f  one-d i rnens iona l  conso l ida t ion  tesrs .

Th is  paper  d iscusses  the  s t resses  assoc ia ted  w i th  the
swelling problern in the fierd and an assirnilation of these
stresses in the laboratory. The rnajor point of  invest igat ion
cornprises a cornparison of the soi l  suct ion test and the one-
dirnensional consol idat ion test s ince i t  is these test results
which have been used by other invest igators to predict  probable
heave.

STRESSES ASSOCIATED WITH THE SWELLING PROBLEM

Upward vertical rnovelnents often occur in tight
structures as a result  of  the disturbance of the rnoisture
regirne exist ing pr ior to construct ion. The arnount of
rnoverrrent depends upon the difference between the initial
and f inal  equi l ibr iurn water regirnes. The rnoisture regirnes
are related to the relat ive i rnportance of factors such as
transpirat ion, evaporat ion, and inf i l t rat ion" In areas where
the clirnate is hurnid and the soil profile relatively wet,
sett lernent of a structure rnay occur due to a cut-off  in
the arnount of inf i l t rat ion (Aitchison, l95l) .  In Western
Canada where the cl i rnate is general ly serni-ar id,  t ran-
spirat ion and evaporat ion give r ise to a rnoisture-def ic ient
soi l  prof i le.  Evaporat ion and transpirat ion place a tensi le
stress on the water phase and thus increase the effect ive
stress in the soi l .  Construct ion of a bui lding, however,
inhibits transpiration and evaporation and the net upward
nrovelrrent of water results in a rnoisture gain. The rnoisture
gain decreases the pore water tension and results in a volurne
incr  ease.

The distr ibut ion of stresses in the soi l  prof i le and
the changes that can occur due to transpirat ion, evaporat ion,
and infiltration have been clearly outlined by Jennings and
Ker r ich  (1962I  (F igure  l ) "  Le t  us  assurne the  case o f  a  so i l
rrrass which is initially saturated, with a water table at a
certain distance below the ground surface. tr 'or the condit ion
o f  no  water  f low (F igure  la ) ,  the  pore  water  s t ress  is  negat ive ,
linear, and directry related to its height above the water table.
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tr'igure lb shows the new equ'ibriurrr pore-water
pressure condit ions i f  a constant evaporat ion is i rnposed
which is not large enough to cause the entry of air into thesoi l  rnass. Th
s h ip i s " t i 1r ri,, : a:,:' ;Ji[ : i"" ;; : l:; ""?ffj * :.1il : ?:.,"Jjwater  p f  essure  r ine .  The increase in  e f fec t i ve  s t ress  causesconsol idat ion and thus a settrernent of the ground surface.

As further evaporation and transpiratioa by plantsadd to the tensi le stress in the pore water,  the effect ive
6 t ress  is  g rea t ly  inc reased and the  h igh  tens i re  s t ress  rnaycause the so' to crack (Figure lc).  i r ." iog-.  r ight structureon th is  so i l  rnass  inc reasu"  t t .  to ta r  s t ress ]  The prevent ionof evaporat ion and transpirat ion, however,  and the inf i l t rat ionof  ra in  water  resu l ts  in  a  g radua l  decrease o f  pore-water

tension'  a reduct ion in the effect ive stress, and a vorurneincrease. The vorurne change or the arnount of heave dependsupon the rnagnitude of the inilial and final effective stresscondit ions in the soi l  rnass.

ICTION OF HEAVE

rdict ion of total  heave was
l )  and is  based on  the  resu l ts
e test.  This analysis has
Great Bri tain,  India, and
probable arnount of heavebeneath asphalt  and concrete roadways and airport  runways(Russarn ,  lg62 I .

The ini t iar soi l  condit ions are rneasured in terrns ofa water content prof i le- The f inal  condit ions are in terrnsof an equiribriurn water content profile based on an estirnatedpore-water  s t ress  pro f i le  wh ich  is  be low a t rnospher ic  p ressureand a funct ion of the distance above the water tabre. (The f inarequi l ibr iurn water condit ions are est i rnated frorn the soi l  suct ionversus  water  conten t  resu l ts .  )  The shr inkage tes t  resu l ts  a reused to relate water contents io the specif ic iurk vorurne of thes oi l "
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Another  ana lys is  was deve loped by  Jenn ings  (195?)
and is based on the results of a rr f ie ld or natural  water contentrr
conso l ida t ion  tes t  and a  ' t f ree-swe l l t  conso l ida t ion  tes t .
The rrnatural  water contentrr  consol idat ion test is used to
represent f ie ld condit ions where load is appl ied to the soi l
without any other external influence to change the rnoisture
reg i rne .  The r r f ree-swe111 '  tes t  i s  used to  es t i rna te  the  f ina l
equi l ibr iurn water content condit ions under the appl ied load
which acts as an irnperrneable covering over the soi l .  The
arnount of heave is predicted by deterrnining the change in
void rat io which occurs between the ini t ia l  and f inal  stress
condit ions in the f ie ld.  Further research and rnodif icat ion
of  th is  p rocedure  has  been repor ted  by  Bur land (1962 l l .

THEORY

Since the two main procedures that have been used
to  pred ic t  heave are  based on  two d i f fe ren t  tes ts ,  i t  was
dec ided to  s tudy  the  re la t ionsh ip  be tween the  tes ts  on  a
typical  volurne-changing clay soi l  f rorn Regina, saskatchewan.
There appears to be a def ini te rack of l i terature which deals
specif ical ly with this relat ionship. There is also the quest ion
of whether the suct ion test or the one-dirnensional consol idat ion
test rnore closely paral lels the condit ions to which a soi l  is
subjected in the f ie ld such as transpirat ion, evaporat ion,
inf i l t rat ion, as wel l  as changes in physical  loading.

For clar i ty,  the suct ion test theory is out l ined in
considerable detai l  s ince i t  is not found in present soi l
rnechan ics  tex tbooks .  The process  o f  conso l ida t ion  has
been explained by Taylor (  19481 and others by reference
to a rnechanical  analogy using a piston and spring. A
rnodif icat ion of their  analogy is now proposed to represent
the  process  o f  conso l ida t ion  due to  suc t ion  s t resses  in  the
pore  water  ins tead o f  loads  app l ied  d i rec t l y  to  the  so l id  phase.
The rnodif ied piston and spring analogy is shown in Figure 2.
Consider two fr ict ionless, t ightty f i t t ing pistons, one placed
in the charnber and the other in the cylinder as shown. The
piston in the charnber has a hole in i t  which represents a pore
at the surface of a soil rnass. Initially, the stopcock at the
bottorn of the charnber is closed to prevent the escape of water
and a load is placed on the pan connected to the bottorn piston.
The instant the stopcock is opened, water starts to rnove frorn
the charnber into the cyl inder and as both pistons sink, the load
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is taken up by the spr ing. The length of t i rne required for
the spr ing to take up the appl ied load depends upon the rate
at which water escapes through the stopcock. 

'when 
the piston

stops rnoving, the load on the spr ing is equivalent to the stress
in the water phase. I t  should be noted that the water rneniscus
that forrns as part  of  the top piston has a radius of curvature
which is a funct ion of the tension appl ied to the water phase.
The rnaxirrrurn tension that the water phase can develop is equal
to the air  entry value of the opening. Considering the case of
a clay soil, the rnaxirnurn air entry value rnay be in excess of
one atrnosphere, perhaps up to f i f teen atrnospheres orf  greater.

The changes in neutral  and effect ive stresses during
the  t rconso l ida t ion  processr r  in  a  suc t ion  tes t  a re  shown in
Figure 3. Let us consider an undisturbed soi l  sarnple, the
neutral  and effect ive stresses of which are unknown. Ini t ia l ly,
the sarnple is placed on the porous plate in the suct ion apparatus
and al lowed access to water unt i l  i t  cornes to equi l ibr iurn under
an appl ied suct ion. The total  neutral  and effect ive stresses are
then known and are as shown in Figure 3a" Apprication of a new
suct ion incrernent does not al ter the stresses throughout the
sarnple, except at the drainage surface where the neutral  stress
goes to  -P2 and the  e f fec t i ve  s t ress  to  +P2 (F iSure  3b) .  As
conso l ida t ion  proceeds,  the  e f fec t i ve  s t ress  inc reases  and the
tension in the pore water increases a corresponding arnount
(Figure 3c)" When the pore-water tension throughout the
sarnple is equal to P2, the effect ive stress is also equal to
P2 and the consol idat ion is coneplete. Several  points about
the suct ion test are noteworthy: the total  stress is atrnospheric
pressure throughout the consol idat ion process; af ter consol idat ion
the water is in a state of tension; volurne changes are always of
a thr ee -dirnensional natur e.

I t  should be noted that the laboratory test ing prograrn
was car r ied  ou t  on  pressure  p la te  and pressure  rnernbrane
apparatus rather than on a true suct ion apparatus. The
theore t ica l  d i f fe rence be tween a  t rue  suc t ion  tes t  and a
pressure  tes t  i s  re la ted  to  the  change in  p ressure  da turn .
Lowering the stress in the water and leaving the surrounding
at rnospher ic  p ressure  cons tan t  (as  i s  done in  a  suc t ion  tes t )
is the sarne as raising the surrounding aft  pressure in the cel l
and keeping the water stress at atrnospheric (as is done in
a  p r e s s u r e  t e s t ) .
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Cons ider ing  the  pressure  p la te  tes t ,  F igure  3  wou ld
rernain essentially unchanged. In either test the irnportant
factors to rernernber in drawing stress diagrarns are that
stress is being appl ied to the water phase only and that the
f low gradient rnust in i t ia l ly be at the rrstopcockrt  or point
of drainage. The above e><planation refers only to a
saturated soi l  rnass"

SOIL AND TESTING PROGRAM

The soi l  used for this test ing prograrn was clay
of high plasticity frorn the glacial Lake Regina sedirnent.
I t  was obtained at elevat ion I866. I  f t .  ,  i .  e.  ,  L5.6 f t  below
the or ig ina l  g round sur face  o f  I881.75  f t . ,  f ro rn  a  tes t  p i t
in the basernent excavation for the new Saskatchewan
Governrnent Telephones Bui lding on the northwest corner
of col lege Avenue and Albert  st .  ,  in Regina, saskatchewan.
A surnrnary of the classification tests is shown in Table I.

A  pressure  p la te  ex t rac tor  (F igure  4)  and a  pressure
rnernbrane extractor (Figure 5) were used to obtain results
in a pressure range cof i rparable to that of  the standard
consol idat ion test.  The pressure plate extractor had an
operat ing range of 0 to 1 kg per sq crn. The specirnens
are  p laced on  a  porous  s tone o f  h igh  a i r -en t ry .  A i r  p ressure
is appl ied frorn above; the water beneath the stone is at
a t rnospher ic  p ressure  (R ichards  e t  a l ,  1943I .  The pressure
rnernbrane extractor extends the operating range by rneans
of a cel lulose rnernbrane which has a very high air-entry
va lue  (Croney  e t  a l ,  1958) .

As part  of  this study, a new pressure plate apparatus
was bui l t  which al lows the rneasurernent of the rate of con-
sol idat ion ( tr ' igure 6).  The perrneabi l i ty of  the porous stone
is rnore than 100 t i rnes greater than that of  the soi l  and does
not cause signi f icant error in the deterrninat ion of rate of
c ons ol idat ion.

The test ing prograrn involved the deterrninat ion of
the soi l  suct ion versus water content relat ionship, and a
cornparison of these results with those obtained frorn the
standard one-dirnensional consol idat ion test.  specif ic burk
volurne was deterrnined during the suct ion test as wel l  as
during evaporation after the sarnples were rernoved frorn
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the suct ion test apparatus" Al l  test ing was perforrned on soi l
which was initially rernoulded at a water content near the liquid
r irni t .  The suct ion test sarnples were prepared by consol idat ing
slurry in a one-dirnensional consol idorneter to var ious pressures
after which they were rebounded to a token pressure. varying
the consol idat ion pressures gave r ise to the var ious ini t ia l
water contents. Thus the stress condit ions associated with
the preparat ion of the suct ion and one-dirnensional consol idat ion
test specirnens were the sarne.

DISCUSSION OF TEST RESULTS

The resu l ts  o f  tes ts  car r ied  ou t  in  the  pressure  p la te
and pressure rnernbrane apparatus are referred to as soi l
suc t ion  va lues"  These tes ts ,  however ,  do  no t  reduce the
pore-water  s t ress  be low a t rnospher ic  bu t  ra ther  inc rease
the  sur round ing  a i r  p ressure  and leave the  pore-water  s t ress
at atrnospheric pxessure. The di f ference is essent ial ly one
of technique and does not appreciably al ter the test results
( P e n n e r ,  1 9 5 9 ) .

Figure 7 shows the relat ionship between water content
and logari thrn of soi l  suct ion for al l  suct ion tests perforrned
on both the pressure prate and pressure rnernbrane extractors.
The one-dirnensional consol idat ion results are shown in Figure 8
which is a plot of  water content versus logari thrn effect ive
pressure. In cornparing the test results,  i t  should be f i rst
noted that the one-dirnensional consol idat ion test induces
anisotropic consol idat ion of the sarnple whi le the suct ion test
causes isotropic consol idat ion, Cornparisons of the two
processes  o f  conso l ida t ion  (Abosh i  and Monden,  I96 I ;
Bishop and Henkel, 1962) have shown that rnore water is
forced out of the soi l  dur ing isotropic consol idat ion. The
dif ference in the arnount of consol idat ion occurr ing is explained
in terrns of changes in the soi l  structure result ing frorn aniso-
t rop ic  and iso t rop ic  conso l ida t ion .  The shear  s t resses  be tween
the soi l  part ic les is lower in isotropic consol idat ion and perrni ts
lnore consol idat ion of the soi l  rnass. In the f ie ld,  evaporat ion
and transpirat ion are conducive to isotropic consol idat ion.

Cornparison of the suct ion and one-dirnensional
consol idat ion test results shows their  v irgin cornpression
branches to be very sirni lar (Figure 9).  when the consol idat ion
curve was corrected for the corrrpressibir i ty of  the f i l ter paper
and side fr ict ion in the consol idat ion r ing, the curve appeared
to fal l  d irect ly on top of the suct ion curve for pressures up to
I0  kg  per  sq  c rn .
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There  appears  to  be  a  d i f fe rence in  the  recornpress ion
branches of the two curves ( tr ' igure 9).  The suct ion test shows
a srnoother curve with no dist inct break in curvature at the point
where  the  preconso l ida t ion  pressure  is  exceeded.  In  add i t ion ,
the suct ion results have lower water contents than the one-
dirnensional consol idat ion results on the recornpression branch.
The di f ference in the two curves is probably related ei ther to
the  s t ruc tu ra l  res is tances  and shear ing  s t resEes assoc ia ted
with isotropic and anisotropic consol idat ion or to the effect
of s ide fr ict ion in the consol idat ion r ings.

Jenn ings  (1960)  and A i tch ison (1960)  p roposed rha t
a point would be reached on the virgin cornpression branch
where the suct ion and consol idat ion results separate. This
point was bel ieved to coincide with the cornrr lencernent of air
entry into the sarnple. Figure l0 shows the relat ionship
between specific bulk volurne and water content as sarnples
o f  Reg ina  c lay  were  dr ied ,  f i r s t  in  the  pressure  p la te  ex t rac tor
and rater by evaporat ion, Specif ic bulk volurne is herein def ined
as the volurne in cubic cent irneters occupied by one hundred grarns
of rnoist  soi l .  Figure 11 shows the degree of saturat ion versus
water content for the sarne sarnples. On the basis of the test
results,  i t  can be predicted that the curves should begin to diverge
at a water content of approxirnately 25 per cent, with the one-
dirnensional consol idat ion curve going below the suct ion curve.
The classi f icat ion tests showed the plast ic l imit  to be 25 per cent.
The soi l  suct ion at this point would be approxirnately l6 kg per
sq crn. The convent ional ef fecl ive stress equat ion for a two-phase
systern wiI I  not hold below this water content as the soi l  then
const i tutes a three-phase systern.

In the analyses previously reviewed for the predict ion
of heave, the suct ion and the free swel l  test were used to
est i rnate the f inal  equi l ibr iurn condit ions. Since the test results
appear to be essent ial ly the sarrre, ei ther analysis should give
the sarne equilibriurn conditions up to the air entry value of the
soi l .  The rnain discrepancy would occur in the recof irpression
range of the curves.

The rate of consol idat ion for Regina clay in the suct ion
tests and in the one-dirnensional consol idat ion test are next
cornpared. Figure l2 shows the coeff ic ient of  consol idat ion
versus soi l  suct ion and effect ive pressure for the suct ion and
one-dirnensional consol idat ion tests.  In al l  cases, the load
incrernent rat io was approxirnately I .  s ince several  of  the
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factors affect ing the coeff ic ient of  consol idat ion are equal
in both tests,  i t  is advantageous for the sake of c lar i ty to
plot pressure versus t i rne to 50 per cent consol idat ion for
a corrected length of drainage path. Figure I3 shows the
plot of  t i rne to 50 per cent consol idat ion versus effect ive
pressure for a corrected drainage length of 1 crn. The
results show that at  very low effect ive pressures (approxi-

rnately 0. I  kg per sq crn) the t i rne to 50 per cent consol idat ion
for both types of tests is sirni lar.  At higher effect ive pressures
the suct ion test requires rnuch longer t i rne for 50 per cent
consolidation.

CONCLUSIONS

The fol lowing conclusions have been reached in this
inve st igat ion:

1. The virgin cornpression branch of the suct ion and
the one-dirnensional consol idat ion test results are essent ial ly
the  sarne  in  the  pressure  range tes ted .

Z" The recornpression branch of the suct ion test shows
no dist inct break in curvature at the preconsol idat ion pressure.
At a given stress within the recompression range the equi l ibr iurn
rnoisture content in the suction test is lower than in the conventional
conso l ida t ion  tes t .  Th is  d i f fe rence is  be l ieved to  be  a  resu l t  o f
s t ruc tu ra l  res is tance to  recor r lp ress ion  due to  shear ing  s t resses
and/or side fr ict ion in the consol idat ion r ing.

3. When Regina clay is dr ied frorn a slurr ied condit ion
the soi l  rernains saturated to a water content near the plast ic
lirnit which corresponds to a soil suction of approxirnately
16 kg per sq crn" At rnoisture contents lower than the plast ic
I i rni t ,  air  invasion takes place result ing in part ial  saturat ion.
At this and lower rnoisture contents the suct ion and the one-
dirnensional tests are not cornparable.

4. The rate of consol idat ion appears to be di f ferent
in the suct ion test than in the one-dirnensional consol idat ion
tes t .  A t  low leve ls  o f  e f fec t i ve  s t ress  ( i .  e .  be low 0 .  15  kg

Per sq crn) the rate in the forrner is greater than in the lat ter.
A t  h igher  s t ress  leve ls  the  reverse  is  t rue  w i th  the  d i f fe rence
in rate increasing at higher effect ive stress levels.  The plot
of consol idat ion t i rne to 50 per cent consol idat ion versus
effect ive pressure shows the t i rne to be longer in the suct ion
tes t  w i th  a  g rea ter  d i f fe rence w i th  inc reas ing  pressure .  The
low effect ive pressure range should, therefore, be further
invest igated.
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TABLE I

SUMMARY OF CLASSIFICATION TESTS ON REGINA CLAY

TEST RESULT

Specific Gravity

Atterberg Lirnits

Liquid Lirnit

Plastic Lirnit

Shrinkage Lirnit

Plasticity Index

Grain -size Distr ibut ion*

Sand S izes

Si l t  S izes

Clay  S izes

Mineralogical  Cornposit ion of Mater ial

Iess than 2 rnicrons**

Montrnorillonite

Illite

Kaolinite

Exchange C apacity{.*at
(rni l l iequivalents per 100 grarns

dry weight of soi t) .

Exchangeable Cations

Magnesiurn

Calciurn

Potassiurn

Sodiurn

2.83

75 .5

24 .9
13 .  I

50 .6

%
To
%
To

8Yo

4L%

5t o/o

o/o

%
%

77
t5

I

3L.7 rne/ I00 grn

I5 .  3  rne / IoO

54. 4 rne/t OO
0.  59 rne/ too
I .  77 rne/ tO}

grn

grn

grn

grn

*  M.  I .  T .  Gra in -s ize  Sca le
:** X-ray Analysis perforrned by Alberta Research Counci l
:F** B;<gtrange capacity analyses perforrned by the Soil Science

Departrnent, University of Alberta

Specific gravity, Atterberg lirnits, and grain sLze are
the average of three sets of tests; X-ray analysis and
exchange capacity were perforrned on one average sarnple"

NOTE:
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