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Swelling Characteristics of a Transported Soil Profile at Leeu- 
hof Vereeniging (Transvaal)

Caractéristiques de gonflement d ’un profil de terrain transporté à Leeuhof, Vereeniging 

(Transvaal)

by C. M . A. d e  B r u i j n , Ir. Senior R esearch Officer, N atio n al B uilding R esearch Institu te , S ou th  A frican  Council 

fo r Scientific and  Industria l Research, P re to ria

Summary

As part of a research programme on the mechanism of heaving 
of expansive soils on the South African highveld, the relation 
between the moisture content and the equilibrium volume under 
the appropriate overburden pressure, for a number of samples 
taken from a typical expansive soil profile, was determined by 
means of a volumenometer method.

The present paper describes in detail the instruments that were 
used in this investigation and the procedure adopted.

The use of partial specific volumes is explained, when describ­
ing volume changes of unsaturated soils through moisture up­
take. It is shown how the swelling characteristics of an expansive 
soil profile may be presented in terms of either the virginal or 
the residual potential expansiveness of the soil, together with the 
swelling limits of the moisture content, all as a function of depth 
below the soil surface.

The results obtained for the Leeuhof profile are compared with 
the clay mineral composition of the soil.

Values of 32-0 cm for the virginal potential heave and 3-7 cm 
for the residual potential heave were calculated for the profile, 
assuming that no lateral movements can take place. These results 
are compared with those obtained by other investigators.

Sommaire

La relation entre la teneur en eau et le volume d’équilibre sous 
une pression de couverture appropriée fut déterminée au moyen 
d’une méthode volumétrique pour un certain nombre de prélève­
ments pris dans un profil de terre typiquement expansif. Cette 
étude faisait partie du programme de recherche sur le mécanisme 
du soulèvement des terres gonflantes du highveld (Landes) 
d ’Afrique du Sud.

Le présent rapport décrit en détail les instruments qui furent 
utilisés pour cette recherche, ainsi que la méthode qui fut adoptée.

L’usage des volumes spécifiques partiels est expliqué en décri­
vant les variations de volume d’un sol non saturé en présence 
d’eau. Les caractéristiques de gonflement d’une terre meuble 
peuvent être exprimées comme l’expansibilité potentielle vierge 
du sol ainsi que l’expansibilité potentielle résiduelle, en combi­
naison avec les limites de gonflement de la teneur d'humidité, 
l’ensemble étant fonction de la profondeur sous la surface du sol.

Les résultats obtenus pour le profil de Leeuhof sont comparés 
à la composition minérale de l’argile de ce sol.

Les valeurs de 32-0 cm pour le soulèvement potentiel vierge et 
de 3-7 cm pour le soulèvement potentiel résiduel furent obtenus en 
supposant qu’aucun mouvement latéral ne se produise. Ces résul­
tats sont comparés avec ceux obtenus par d’autres chercheurs.

Introduction

T he serious foundation  problem s which are often encoun­

tered  in connection  w ith expansive soils on the highveld of 

Southern  A frica have been discussed by several au thors 

( J e n n i n g s  [1, 2], C o l l i n s  [3], J e n n i n g s  and  W i l l i a m s  [4]).

As p a rt o f a  research program m e on the m echanism  of 

heaving o f such soils ( d e  B r u i j n  [5]) a detailed investigation 

was undertaken  by the au th o r to  establish the relation  

between the m oisture con ten t and  the equilibrium  volum e 

for a  num ber o f typical expansive soil profiles. Estim ates 

o f the po ten tia l heave o f these profiles could then be m ade 

on  the basis o f these da ta  together w ith a know ledge o f any  

varia tion  in m oisture  content.

As was observed by B r i n k  [6], expansive characteristics 

m ay be developed by pedogenic processes in either residual 

or tran spo rted  soils. T he present repo rt deals w ith results 

obtained  by m eans o f volum enom eter tests on a transported  

soil o f fluvio-lacustrine origin a t Leeuhof, Vereeniging 

(Transvaal).

Geology of the Vereeniging profile

A detailed descrip tion  o f this profile has been given by 

B r i n k  [6, 7], Its expansive p a rt is m ade up o f  a layer o f grey, 

o r m ottled  yellow-grey, sandy  clay  w hich extends, a t Leeuhof,

to  a  dep th  o f ab o u t 6.8 m. This layer is characterized by an 

abundance o f well developed slip planes, know n as slicken- 

sides, a long w hich m ovem ent is th o u g h t to  have  taken  place to 

accom m odate volum e changes due to  seasonal variations 

in m oisture conten t. A lateritic  zone of iron  and  alum inium  

sesquioxide accum ulation  has developed a t the top  o f the 

clay layer, ju s t below the sandy  top  soil, and  ferruginous con­

cretions ex tend  from  this zone dow nw ards in to  the clay, 

progressively decreasing in concen tra tion  w ith depth. Lime 

nodules are  scattered  th ro u g h o u t the profile.

The base o f the clay  layer is dem arcated  by a bed of 

w ater-w orn gravel w ith a thickness o f ab o u t 0-5 m , know n as 

the pebble m arker. I t represents the gravel terrace o f the 

V aal river w hich deposited the overly ing m aterial. The 

form ations below the pebble m arker orig inated  in p re-qua­

te rnary  times and  are n o t expansive.

T he m ineral com position  o f the soil above the pebble 

m arker, as far as it could  be determ ined by m eans o f quan ­

tita tive A'-ray analysis, is p resented  in T able 1. T he p redo ­

m inan t clay  m ineral was found  to  be m ontm orillon ite  in 

am ounts up to  20 per cent. T his m ineral is p robab ly  m ainly 

responsible for the po ten tia l expansiveness o f the soil. Only 

sm all am ounts, less than  5 per cent, o f kao lin ite  were detected. 

T he percentage o f the m aterial, labeled am orphous in T able 1,
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Table 1

M ineral composition and specific surface area o f soil samples from  profile at Leeuhof 

Composition minéralogique et surface spécifique d ’échantillons du sol à Leeuhof

Sample number 
Sample depth m

A l
008

A2
0-63

A3
1-30

Quartz % 96 53 57
Kaolinite % 0 0 <  5
M ontmorillonite % 0 0 0
A m orhous (incl. kaolinite) % 4 47 43
M ontmorillonite plus amorphous % 4 47 43

External specific surface m 2/gm 18 59 80
Internal specific surface m 2/gm 29 64 96

Total specific surface m2/gm 47 123 176

A4 A5 A6 A7 A8 A9 AiO A l l A12
1-93 2-48 3-08 3-63 4-28 4-88 5-50 6-08 6-76

62 53 43 49 59 61 56 38 46
<  2 0 <  2 <  2 <  5 <  2 <  2 <  5 <  5

5 14 17 13 12 8 11 20 15
38 33 40 38 29 31 33 42 39
38 47 57 51 41 39 44 62 54

99 142 132 96 71 92 98 117 100
111 183 189 194 157 137 151 215 166
210 323 321 290 228 229 249 332 266

was ob tained  by sub trac ting  the com bined percentages o f 

m on tm orillon ite  and  quartz  from  100. It includes the sm all 

am ounts o f kaolinite. T his m ateria l could n o t be identified 

fu rther by m eans o f A'-rays. I t  is suspected th a t it m ay  also 

con tribu te  to  the expansiveness.

In  a case like this, w here a detailed m ineral analysis pres­

en ted  serious difficulties, de term ination  o f  the specific 

surface o f the soil, e.g. w ith the glycol m ethod  ( B o w e r  and 

G s c h w e n d  [8], was found to  be a valuable ind ica to r test 

fo r po ten tia l expansiveness. A ccording to  the ten tative 

classification, laid  dow n in a  prev ious publication  ( d e  B r u i j n ,  

C o l l i n s ,  and  W i l l i a m s  [9]', sam ples A5, A6  and  A 11, 

taken  from  the profile w ould have to be designated as “ bad” 

(to ta l specific surface m ore th an  300 m 2/gm ) and  the others, 

except fo r sam ple A l,  as “ m edium ” (to ta l specific surface 

m ore than  70 m 2/gm , bu t less than  300 m 2/gm ). See T able 1.

The use of specific and partial specific volumes

W hen dealing w ith the expansion  o f soils th rough  m oisture 

up take  (sorptional expansion), it has been found  convenient 

to  express the specific volume v o f a soil elem ent (volum e 

per u n it m ass o f grains) as

v =  v^m +  v2 (1)

w here m  is the m oisture  co n ten t (m ass o f w ater per u n it m ass 

o f grains) and  v1; v2 the are  partial specific volumes o f w ater 

and  grains respectively. T his m ethod  is sim ilar to  th e  descrip­

tion  o f m ix tures in term s o f p artia l m olar quan tities com m only  

em ployed in chem ical therm odynam ics (see e.g. R u t g e r s  [ 1 0 ] ) .

In  the case o f a geometrically unsaturated soil, a  term  

in troduced  here to  indicate a  soil o f w hich the pore  volum e 

is n o t com pletely  occupied by  w ater, bo th  vx and  v2 vary 

w ith m, Vj becom ing equal to  the specific volum e o f w ater, 

and  v2 to  th a t o f the grains a t sa tu ra tion . In  add ition  Vj 

and  v2 depend on soil com position  and  overburden  pressure 

in  a  soil profile.

T he coefficient Vj can be w ritten  as the differential quo tien t

Vj =  dv/dm  (2)

w hich applies to  a soil elem ent o f constan t grain  m ass.

is thus represented  by  the slope o f the curve v =  v(m) for 

this case. D ifferen tia tion  o f (1) gives in general

dv =  v^dm +  mdv1 +  dv2

so th a t fo r a  soil elem ent o f co n stan t grain  mass

mdv1 +  dv2 =  0 (3)

from  (3) one can deduce

(0  th a t the cu rve v2 =  v2 (m) has a  ho rizon ta l tangent a t 

m =  0 , because a t this value dv2 =  0 fo r finite values 

o f dvv

(//) th a t a t the sam e value o f m  the  slopes o f the curves 

v1 =  v1 (m) and  v2 =  v2 (m) have opposite sign, and  

(///) th a t v2 is a  m inim um  w hen v1 is a  m axim um , and  

vice versa.

Substitu tion  o f (2) in ( 1) gives

v2 =  v — m (dv/dm)

w hich leads to  a  sim ple geom etrical in terp re ta tion  o f v2. 

T he values o f v2 a re  presented b y  the segm ents cu t by  the 

tangen ts to  th e  curve v =  v (m ) from  the o rd inate  fo r m =  0. 

Fig. 1 show s an  exem ple o f  a v =  v (m ) curve o f an  expansive

0 mQ O-l 0-2 0-3 m[) 04 05

M O IS T U R E  C O N TEN T m [gm w a te r /g m  grains]

Fig. 1 Swelling diagram of an expansive soil.

Diagramme de gonflement d’un sol expansif.

v = s p e c ific  soil volum e

^  = p a r t ia l  s p e c if ic  volum e  

o f th e  w a te r

v2 = p a r t ia l  s p e c if ic  vo lum e  

o f the gra ins

m = m o is tu re  co n ten t

ma = low er sw ellin g  lim it

upper sw ellin g  lim it



soil, as determ ined by m eans o f the volum enom eter m ethod 

(see below).

Apparatus and procedure

A schem atic d iagram  o f the volum enom eters used in the 

present investigation  for determ ining v =  v (m) curves (swell­

ing diagrams) a t a  definite confining pressure is p resented  in 

Fig. 2. T he volum enom eter cells w ere m ade o f  brass. A n air 

d ry  cy lindrical soil specim en S  (d iam eter 7-6 cm, height 

2-5 cm) was packed betw een th e  po rous p lates A  and  B 
w ithin the w aterproofed  latex sleeve C. T he cell was then 

tightly  closed, the flexible ou tle t D, m ade o f th in  spirally 

w ound  copper tub ing , being fitted to  the to  p late, and  the 

rem aining space com pletely filled w ith w ater.

BURETTE.

COMPRESSED 

AIR.

Fig. 2 Diagrammatic sketch of volumenometer. 

Dessin schématique du voluménomètre.

A  constan t confining pressure, calculated  from  th e  w eight 

o f  the overburden  soil, was then  applied  by  m eans o f regulated  

air p ressure via the pressure coupler E  and  the ho rizon ta l 

glass tube  F. T his glass tube  con ta ined  a  d rop  o f m ercury  

to  ac t as a  po in te r on  a volum e scale.

U sing a  sam ple volum e o f  ab o u t 116 cm 3 and  a  tube  of 

0-2 cm  in ternal d iam eter, the sensitiv ity  o f the volum e m easur­

ing system  am oun ted  to  a  rela tive expansion  o f ab o u t 0-003 

per cent o f the sam ple volum e per m m  displacem ent o f  the 

m ercury.

Fig. 3 show s a  bank  o f 8 volum enom eters.

U nd istu rbed  soil sam ples w ere usually  a ir dried or vacuum  

dried a t room  tem peratu re  before pu tting  then  in to  the 

volum enom eters. A fter the confining pressure had  been 

applied and  an  equilibrium  volum e obtained, sm all am ounts 

o f w ater w ere successively added via the low er porous plate  

by  m eans o f a  bu re tte  (e.g. 5 cm 3 a t a  tim e) and  the resulting 

final expansions recorded. T he tests were regarded as 

com plete w hen n o  add itional expansion  could be detected. 

The d ry  w eight o f  the sam ple was then  obtained  by  oven 

drying so th a t th e  varia tions in the m oisture con ten t could 

be calculated. A ll tests were carried  o u t in a room  a t a con­

tro lled  tem pera tu re  o f  22 ±  1 °C . C om plete tests often 

lasted as long as th ree m onths.

Fig. 3 Photograph of bank of 8 volumenometers.

Photographie d’une batterie de 8 volumenometres.

Swelling diagrams of the Leeuhof profile

Swelling d iagram s show ing the specific expansion (expan­

sion per u n it m ass o f grains) as a  function  o f m oisture content 

fo r each sam ple a t the app rop ria te  confining pressure, are 

presented  in Fig. 4.
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P> CONFINING PR ESSU R E

I
P = 0- 0 kg/ cm ;

MOISTURE CONTENT Cgmwater/gm groins]

Fig. 4 Swelling diagrams of soil profile at Leeuhof (Borehole 1).

Diagrammes de gonflement du sol a Leeuhof (trou de 
sonde n° 1).

As was also the case w ith a w eathered diabase profile  at 

L ynnw ood, P re to ria  ( d e  B r u i j n  [ 1 1 ] ) ,  there appeared to  be a 

restricted range o f m oisture con ten t w ith in  w hich swelling 

could  take place. Fig. 5 shows the  lower swelling lim it m„ 
and  the upper swelling lim it m h o f the m oisture  con ten t for 

this profile as a function  o f depth . T he difference betw een 

these m oisture contents has been term ed the swelling index 
(cf. p lasticity  index).

In  a  num ber o f cases, especially a t the h igher confining 

pressures, it was found  th a t the add ition  o f the initial am ounts 

o f w ater to  the d ry  sam ples resulted  in som e shrinkage. 

This effect is ten ta tive ly  a ttrib u ted  to  cap illary  forces and 

the term  capillary contraction seems appropria te . W ith  sandy 

m aterials the effect m ay  be associated w ith a collapse o f the 

bridges m ade up o f finely div ided particles o f clay  m inerals 

and  oxides betw een th e  larger grains (collapsing sands, 

K n i g h t  [ 1 2 ] .

Potential expansiveness and potential heave

In  o rder to  calculate the po ten tia l heave o f a soil profile 

the relative expansion  o r volume dilatation (expansion per 

u n it soil volum e) should be used instead o f the specific 

expansion . C onsidering a m oisture con ten t change from  

m t to  the corresponding  relative expansion  e o f the soil 

a t the dep th  z w ould be

r v>
e(z )=  (\/v)dv =  log, (VjIVj) -----  (4)

J  vt

w here v2 and  are the specific soil volum es a t the m oisture 

con ten ts m { and  m i respectively.

A ssum ing sim ple heaving to  occur in the case of a laterally  

confined soil body, the heave becom es

MOISTURE C ONTENT [gm w oter/gm  grains]

Fig. 5 Lower swelling limit (ma), upper swelling limit (mb), and 
natural moisture content (m,) of soil profile at 
Leeuhof (Borehole 1).

Limite inférieure de gonflement (ma), limite supérieure 
de gonflement et teneur en eau naturelle (mn) 
du profil du sol à Leeuhof (trou de sonde n° 1).

H = f  e d z  . . . .  (5)

if the expansive layer extends from  z1 to  z2. T his re lation  no 

longer ho lds as soon  as la tera l m ovem ents can take place. 

H ow ever, observations on the swelling of soil sam ples under 

conditions o f different vertical and  lateral confining stresses 

have no t yet been m ade.

W hen estim ating po ten tia l values fo r the expansion  and 

th e  heave of soil layers, the m oisture con ten t changes th a t 

a re  liable to  occur in the profile have to  be considered ( d e  

B r u i j n  [5]). T hey in tu rn  depend on the perm eability  charac­

teristics and  the boundary  conditions of the soil body concer­

ned. These considerations fall outside the scope o f the present 

paper.

W hen m t is the low er swelling lim it ma and  w , the upper 

swelling lim it m b, the  co rresponding  values fo r e and  H  
will be term ed the virginal potential expansiveness evl> and 

the virginal potential heave H vv. A lthough  these values m ay 

be unrealistic  for technical purposes, they  are  useful fo r the 

characteriza tion  o f expansive soil profiles. M ore realistic 

b u t still conservative values can be ob tained  if the na tu ra l 

m oistu re  con ten t m n is chosen fo r m t instead o f the lower 

swelling lim it ma. T he corresponding  values fo r e and  H  
vill be term ed the residual potential expansiveness erv and  

residual potential heave H rv.

V alues fo r eVI) and erl) for the profile  a t L eeuhof are  presen­

ted  in T able  2 and  Fig. 6. T he in itial volum es o f all sam ples 

were calculated  after m easuring their d iam eter and  height 

p rio r to  the tests and  in o rder to  ob ta in  i’0, allow ance was 

m ade fo r the m easured  com pression due to  the  confining 

pressure.
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Table 2

Swelling characteristics of soil profile at Leeuhof 

Caractéristiques de gonflement du profil de sol à Leeuhof

Sample number 
Sample depth m

A1
0-08

A2
0-63

A3
1-30

A4
1-93

A5
2-48

A6
3-08

A7
3-63

A8
4-28

A9
4-88

A10
5-50

A ll
6-08

A12
6-76

N atural moisture content (mn) gm/gm 0119 0-124 0-145 0-219 0-227 0-210 0-209 0-192 0-233 0-242 0-363 0-383
N atural density gm/cm3 1-80 1-80 2-14 1-98 1-96 1-99 1-99 201 2-00 1 -96 1-86 --
Confining pressure1 kg/cm2 0-02 0-11 0-24 0-37 0-48 0-61 0-73 0-85 0-98 110 1-20 --
Specific volume before compres- cm 3/gm 0-621 0-633 0-551 0-551 0-589 0-569 0-567 0-588 0-606 0-553 0-659 --

Specific volume after compres­ cm3/gm 0-621 0-629 0-547 0-543 0-575 0-561 0-546 0-575 0-583 0-536 0-642 --
sion (va)

Final specific volume (v&) cm 3/gm 0-624 0-633 0-562 0-573 0-656 0-616 0-601 0-594 0-617 0-555 0-646 --
Virginal specific expansion 

(v& — va)
Virginal potential expansiveness

O'up)
Lower swelling limit (ma)

cm3/gm 0-003 0-004 0-015 0-030 0 081 0-055 0-055 0-019 0-034 0-019 0-004 —

cm3/cm 3 0-005 0-006 0-026 0-054 0-132 0-094 0-095 0-033 0-057 0-034 0-006 —

gm/gm 0-091 0-050 0-050 0-045 0-125 0-075 0-085 0-113 0105 0-110 0-180 _
U pper swelling limit (mb) gm/gm 0-116 0-110 0-125 0-231 0-295 0-250 0-231 0-220 0-240 0-164 0-203 ---

Swelling index (mb — ma) gm/gm 0025 0-060 0-075 0-186 0-170 0-175 0-146 0-107 0-135 0-054 0-023 ---

Residual potential expansiveness cm3/cm 3 0-000 0-000 0-000 0-002 0-042 0-012 0-008 0000 0-001 0-000 0-000 --
(^rp)

1 In  calculating the  confining pressure from  the na tu ra l density  o f  the overburden soil the com pression  due to  the  confining pressure has been neglected. 

a F rom  sam ple dim ensions.

PO TEN TIA L EXPANSIVENESS [ l ]

Fig. 6 Virginal potential expansiveness (evv) and residual 
potential expansiveness (e„,) of soil profile at Leeuhof 
(Borehole 1).

Expansibilité potentielle vierge (eVT) et expansibilité 
potentielle résiduelle (erj)) du profil de sol à Leeuhof 
(trou de sonde n° 1).

Discussion

R esults indicated th a t the virginal po ten tia l expansiveness 

o f the profile extends to  a dep th  o f ab o u t 6 m. T he residual 

po ten tia l expansiveness a t the tim e o f sam pling (3rd M arch 

1959), how ever, appeared  to  be lim ited to  the soil layer 

betw een 1-8 and  4-3 m. M axim al values were found  a t a 

dep th  o f 2-5 m. Below this level the po ten tia l expansiveness 

gradually  decreased, w hich was p ro b ab ly  m ainly  due to  the 

increase o f the overburden  pressure w ith depth. In  a previous 

study  ( d e  B r u i j n  [11]) it was observed th a t bo th  the poten tia l 

expansiveness and  the swelling index decreased w hen the 

confining pressure in the volum enom eter was increased. I t 

should, how ever, be noted  th a t the m on tm orillon ite  con ten t 

o f  the soil decreases below a dep th  of 3-1 m  un til a  m inim um  

is reached a t ab o u t 5-0 m  (see T able  1). This was reflected in 

the values o f  the in ternal and  to ta l specific surface areas o f 

the soil as determ ined by  m eans o f the glycol m ethod. Below 

ab o u t 5.0 m  the m on tm orillon ite  con ten t increases again 

bu t the increased overburden  pressure apparen tly  preven ts 

the soil in situ  from  being m ore th an  on ly  slightly expansive.

B oth  the virg inad and  the residual p o ten tia l heave for 

the un loaded  soil surface and  fo r im aginary  dep th  points 

a t the centres o f the various sam ples in situ  have been p lo tted  

as a function  o f dep th  in Fig. 7. T he virginal po ten tia l heave 

o f the soil surface am oun ted  to  32.0 cm  and  the residual 

po ten tia l heave 3-7 cm . The sam e figure includes da ta  collec­

ted by C o l l i n s  [3], d e  W e t  [13], and  J e n n i n g s  and  K n i g h t  [14].

T he values given by C o l l i n s  [3] (Table 1 o f his paper) 

were based on  level observations o f dep th  points, situated  

under a test house a t a  d istance o f ab o u t 21 m  from  the 

borehole from  w hich the sam ples used in th is w ork  were 

taken . C o l l i n s  also found  th a t the top  soil layer to  a depth  

o f 1-8 m  had  practically  no  residual po ten tia l expansiveness 

and  th a t the soil layer from  1-8 —  3-6 m  was by fa r the m ost 

expansive layer in the profile.

T he values determ ined fo r the residual po ten tia l heave 

in this w ork are, how ever, considerab ly  low er than  the level 

observations by  C o l l i n s  [3] w ould indicate. T he observed 

average heave o f the ex ternal walls o f the test house was

6 cm  and  o f the cen tre  po in ts in the house 7 cm. T his discre-
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Conclusion
P O T E N T IA L  HEAVE [cm]

Fig. 7 Comparison of virginal potential heave (HVP) and resi­
dual potential heave (Hrp) of soil profile at Leeuhof, 
as determined by different investigators.

Comparaison du soulèvement potentiel vierge (Hvv) et 
du soulèvement potentiel résiduel (Hrv) du profil de 
sol à Leeuhof, déterminé par différents chercheurs.

pancy  m ight be due to  a  ra th e r high n a tu ra l m oisture  con ten t 

a t the tim e of sam pling w hich was tow ards the end o f  the 

ra iny  season. A no ther exp lana tion  m ight be tha t, as B r i n k  [7] 

has po in ted  ou t, a lthough  a general un ifo rm ity  o f profile 

th roughou t the Vereeniging region is observed, wide varia­

tions exist w ith in  com paratively  sm all areas.

E xperim ental values fo r the residual po ten tia l expansi­

veness o f the L eeuhof profile have also been ob ta in ed  by 

d e  W e t  [13] by m eans o f a  three-dim ensional consolidom eter. 

T ak ing  in to  account th a t the top  layer in the profile  is n o t 

expansive, his calculated value o f 6.7 cm fo r the residual 

po ten tia l heave o f the un loaded  soil surface should be reduced 

to  5-8 cm , as was found  by m ore precise graphical in tegration . 

H eaves o f ab o u t 5 cm were observed after flooding the site 

( d e  W e t  [15]).

D oub le  cedometer tests, carried  ou t by J e n n i n g s  and  

K n i g h t  [14], resulted in a  value o f 9-3 cm fo r the  residual 

po ten tia l heave o f the un loaded  surface o f the L eeuhof 

profile, and  8.2 cm  after a co rrection  fo r the estim ated  se tt­

lem ent o f  the test house h ad  been applied. These high values 

were largely influence by one extrem ely  expansive sam ple 

taken  from  a dep th  o f  only  1-6 m.

T he volum enom eter m ethod  prov ides detailed in fo rm ation  

on  th e  swelling characteristics o f  an  expansive soil profile. 

O n the basis o f these d a ta  th e  po ten tie l expansiveness o f the 

soil can  be estim ated if the in itia l m oistu re  con ten t is accura­

tely  know n and  also the  m oisture  co n ten t changes governed 

by  th e  perm eability  characteristics an d  the b o u n d ary  condi­

tions o f the soil body  concerned. T he u pper lim it o f the 

po ten tia l expansiveness, th e  virginal po ten tia l expansiveness, 

is useful fo r the characteriza tion  and  the classification o f 

expansive soil profiles. T he residual po ten tia l expansiveness, 

associated w ith m oistu re  co n ten t changes from  the n a tu ra l 

m oisture  con ten t a t the tim e o f sam pling up  to  the upper 

swelling lim it is o f great im portance  fo r civil engineering 

purposes.

In  estim ating the virginal and  the  residual p o ten tia l heave, 

th e  assum ption  th a t sim ple heav ing  occurs w ithou t la teral 

m ovem ents m ay  need m odification  w hen d a ta  becom e avai­

lable on  the swelling o f soil sam ples u nder dev ia to r stress 

conditions. A t p resen t this assum ption  can  only  lead  to  

too  conservative values.

A s is the case w ith all soil tests in th e  lab o ra to ry , the in ter­

p re ta tio n  o f volum enom eter results fo r engineering purposes 

m ay  presen t serious difficulties w hen the soil body concerned 

has a very heterogeneous com position . T he difficulty can 

on ly  be overcom e by  increasing the num ber o f boreholes and  

th e  num ber o f  sam ples from  each hole.
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