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The Identification and Behavior of Compacted Expansive Clays

Identification et comportement des argiles expansives compactées

b y  C harles C. L a d d  In s tru c to r 
and

T. W illiam  L a m b e , Professor an d  H ead, Soil E ngineering D ivision, M assachusetts Institu te  o f  Technology, 
C am bridge, M ass. U .S.A .

Summary

Classification, heave and swell pressure tests were run on ten 
soils in order to  supplement known empirical methods for pre­
dicting the swelling and shrinking behavior of soils. The heave 
and swell pressure tests were performed on samples of soil com­
pacted at three water contents ranging from air dry to the plastic 
limit. For one soil, a detailed investigation was made of the varia­
tion of heave and swell pressure with molded water content.

The data show that the heave of a soil correlates well with 
its plasticity index. Equally good correlations were not obtained 
between the heave and the free swell, the shrinkage limit, the 
per cent clay, or the water content at various relative humidities. 
A reasonably good correlation was found between heave and 
swell pressure. The heave and swell pressure behavior of com­
pacted clay can be controlled to a large degree by proper control 
of the molded water content and density.

A rating system is proposed to relate numerically soil properties 
which can be measured in the laboratory, such as heave and plasti­
city index, with the difficulties which may occur as a result of 
swelling and/or shrinkage from using the soil as a foundation for 
light structures.

I. Introduction

T he need fo r a  m ethod  fo r predicting  the swelling and 
shrinking behavior o f soils is evidenced by  w orld wide reports 
o f dam age to  structures founded on  “ expansive” clays (e.g., 
B a r a c o s  and  B o z o z u k , 1957; D a w s o n , 1953, 1959; H o l t z , 

1959 ; J e n n i n g s , 1953 ; M e a n s , 1959 ; S a l a s  and  S e r r a t o s a , 

1957; T s c h e b o t a r i o f f , 1953; W a r d , 1953; W o o l t o r t o n , 

1950; Y o u s s e f , et al, 1957). A n accurate , ra tio n a l m ethod  
w ould have to  be based on  extensive field exp lo ra tion  and 
sam pling, e labora te  lab o ra to ry  testing, the accum ulation  of 
clim atic, hydrologic, pedologic, etc., d a ta  and  theories in ter­
relating  this inform ation . Such an  approach , besides being 
im practical fo r m ost jobs, requires fields o f know ledge w hich 
have n o t yet been fully developed, a lthough  progress is 
being m ade (e. g., C r o n e y  and  C o l e m a n , 1953 ; d e  W e t , 

1957; F e l t , 1953; J o h n s  H o p k i n s  U n i v e r s i t y , 1954). 
Several sim plified m ethods fo r predicting  the m agnitude o f 
soil volum e changes fo r com plete d rying an d /o r com plete 
“ sa tu ra tio n ” have, how ever, been developed (e.g., H o l t z , 

1959; J e n n i n g s  and  K n i g h t , 1957; L a m b e  and W h i t m a n , 

1959; M c D o w e l l , 1959).
Since the type o f soil greatly  influences the am oun t o f 

swelling and  shrinking in the field, num erous em pirical 
m ethods have been p roposed  for estim ating the relative 
m agnitude o f the po ten tia l volum e change o f a soil, i.e., 
the volum e change if th e  soil is subjected  to  large changes in

Sommaire

Des essais de classification, de soulèvement et de pression de 
gonflement ont été effectués sur dix sols afin de suppléer aux 
méthodes empiriques mises au point pour apprécier le gonfle­
ment et le retrait des sols. Les essais de soulèvement et de pression 
de gonflement furent conduits sur des échantillons de chaque sol 
compacté à trois teneurs en eau variant entre la dessication com­
plète et la limite de plasticité.

Pour l’un des sols on a effectué une recherche détaillée de la 
variation du soulèvement et de la pression de gonflement avec 
les teneurs en eau.

Les résultats m ontrent que le soulèvement d’un sol corres­
pond bien à son P.I. (indice de plasticité), mais moins bien avec 
le gonflement libre, la limite de retrait, le pourcentage d’argile 
ou les teneurs en eau. Une assez bonne corrélation fut observée 
entre le soulèvement et la pression de gonflement. Le soulèvement 
et la pression de gonflement dans les argiles peuvent être régula­
risés jusqu’à un certain point par un contrôle approprié de la 
teneur en eau de moulage et de la densité.

Un système d’évaluation est proposé pour raccorder numéri­
quement les propriétés des sols qui peuvent être mesurées en 
laboratoire comme le soulèvement et l’indice de plasticité avec 
les incidents que le sol peut provoquer dus au gonflement et au 
retrait si on l’emploie comme matériau de fondation pour des 
constructions légères.

clim atic, hydrologic, etc., factors w hich lead to  m oisture 
changes. These em pirical approaches are based on A tterberg  
lim its, linear shrinkage, activ ity , free swell, per cent clay, 
etc., (e.g., A l t m e y e r , 1956; D a w s o n , 1959; d e  B r u y n , 

et al, 1956; H o l t z  and  G i b b s , 1956; K a n t e y  and  B r i n k , 

1952; M c D o w e l l , 1959; W i l l i a m s , 1957). The purposes of 
this paper are  : to  add  to  this em pirical a p p ro a c h ; to show 
da ta  on the influence o f initial w ater con ten t on  volum e 
ch an g es ; and  to  present a  rela tionsh ip  betw een heaving 
and  swell pressure.

II. Test Program

Classification, heave and  swell pressure tests were run  on 
ten  com pacted  soils ranging from  a sandy  silt to  very plastic 
clays, the clays all falling close to  the A -line on the plasticity  
ch a rt ( C a s a g r a n d e , 1948). The classification tests consisted 
o f A tterberg  limits, grain  size, free swell ( H o l t z  and  G i b b s , 

1956), field m oisture  equ ivalen t (F .M .E .) (D  426-39, A STM , 
1958) and  the equilibrium  w ater con ten ts a t relative hum idities 
o f 30, 50, 70 and  100 per cent (designated by w30, w50, w10 
and  w100).

The heave and  swell pressure tests were ru n  on sam ples 
o f soil com pacted  a t three different “ relative” w ater contents 
as follows : tv50 (representing “ D ry ” ) ; n'lu0 (representing
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“ M oist” ) ; and  PL  (representing  “ W et” ). T he sam ples were 
com pacted  in fixed-ring conso lidation  con tainers (sam ple 
size : 2-75 in. d iam eter by 0-625 in. h igh in  m ost cases, w ith 
top  o f sam ple 0-25 in. below top  o f container) by  a 5.5 lb. 
ham m er falling 12 in. giving com pactive efforts o f 13,000, 
31,000 and  55,000 ft. lb. per cu.ft. fo r W et, M oist and  D ry  
m olded w ater con ten ts respectively. (The com pactive effort 
was arb itra rily  increased w ith decreasing m olded w ater 
con ten t in an  a ttem pt to  sim ulate the highest densities enc­
ountered  in the field.) P orous stones were placed on  the 
tops and  bo ttom s o f the sam ples w hich were then  inundated  
w ith w ater fo r th e  heave and  swell p ressure tests.

The heave test determ ined the final per cent change in 
sam ple height (designated by H 2QQ) u nder a p ressure o f 200 lb. 
per sq. ft. F rom  1 to  4 days was usually  requ ired  fo r equilib r­

ium . F o r  the  swell p ressure test, the  pressure on th e  top  o f 
th e  sam ple, w hich was m easured by  a  p rov ing  ring, was 
m anually  con tro lled  to  keep the sam ple height constan t to  
w ith in  -0002 in. A n elapsed tim e varying from  1 h o u r to  1 
day  was required  to  a tta in  the equilibrium  pressure (desi­
gnated  by S. P.).

II I . T est Results

T he classification, H 200 and  S.P . d a ta  are  listed in  T able  I. 
C olum n F  o f the tab le  shows the calculated  per cent volum e 
change ( V f .m .e . - s l )  resulting from  drying a  sa turated  
sam ple from  the F.M .E . to  the shrinkage lim it. P lo ts o f 
H 200 fo r D ry , M oist and  w et sam ples versus P I  a re  show n

Table 1

Classification, heave and swell pressure test results.
Résultats des essais de classification, soulèvement, et pression de gonflement

No. Name Location

A

At ter ber g 
Limits 

(%)

B

5

C

8
ÙJ

D

Free4 

Swell 
(%)

E

Water
Contents

vs.
Rei.

Humidity

Wso w100

F

VF.M.E. -SL  

( % ) 5

G

#200  (%) S.P.

H

(lb ./sq .ft.)

I

I
Q

L L S L 1 PI
X

k, Dry Moist Wet Dry Moist Wet a.

1. Iredell Clay Fairfax  C ounty , V irginia, 
U .S.A .

81 14-5 47 1-3 47 95 9-5 ~  17 40 25 22-5 7 ~  10,500 11,600 2,400 7-8

2 . H ouston  Black 
Clay

Temple, Texas, U .S.A . 71 18 44 0-65 47 — 8 19 35 — 20 15 5-5 ~  8 ,000 — — 6 -8

3. E non  Loam Fairfax  C ounty , V irginia, 
U .S.A .

69 17 42 0-95 46 — 5 ~  17 36 14-5 13 4 — — 1,400 61

4. V icksburg Buck­
sho t Clay

Vicksburg, M ississippi, 
U .S.A .

65 16 38 M 48 75
(50-100)

7 ~  14 38 24 13 6-5 ~  8 ,000 7,000 2,800 6-4

i>. Texas Black C lay Temple, Texas U .S.A . 58 — 34 0-7 38 75 7 14 30
(Estim ated)

— ~  17 4 — 5,400 1,900 5*7

6 . S iburua Shale S iburua, V enezuela 62 15 30 0-4 34 135
(110-160)

— ~  16 28 — 17 4 — 10,0 0 0 ? 650 5-6

7. K eyport Soil N orfo lk  C ounty , V irginia, 
U.S.A .

44 17 21 0-7 33 43 3 9 23 7 8 ~  1 — 7,600 ~  400 3-2

8 . B oston  Blue Clay Cam bridge, M ass. U .S.A . 35 18-5 13 0-25 29 15
(10-25)

1-5 ~  5 16 — 4-5 0 1 — 1,800 ~  200 1-8

y. V icksburg Loess V icksburg, M iss. U .S.A . 33-5 21-5 10 j 0*65 29 — 2-5 ~  7 11-5 ~  0 2-5 —  1 ~  200 900 <  200 1-2

10. G uelph  Sandy 
Loam

Sanilac C ounty  M ichigan, 
U.S.A.

21 13 ? 7 0-7 16 35
(30-40)

~  5 6 0-5 —  0-4 — 500 <  200 0 -6

R em olded shrinkage lim it.
A ctivity  =  PI/%  d a y  size.
F.M.E, =  Field M oisture Equivalent.

(F inal V olum e - Initial D ry V olum e) X  100

l 1/  (o/\ _  F.M.E. SL  
V F .M .E ,S L W°] ---------j—

100

Free Swell •
In itia l D ry Volume

in Fig. 1. T he relationship  betw een P I  and  V f .m .e . - s l  

is presented in Fig. 2 and  th a t betw een H 200 and  S. P. in 
Fig. 3 . H eave and  swell pressure d a ta  from  S a l a s  and 
S e r r a t o s a ,  1957 (adjusted  to  conform  to  H 200) have been 
added for com parison. P lots o f H 200 and  S.P. versus log 
tim e for M oist sam ples o f two soils are presented in Fig. 4. 
T he variations in H 200, S. P. and dry  density w ith m olded 
w ater con ten t for V icksburg Buckshot clay are show n in 
Figs. 5 and  6.

IV. Discussion of Test Results

T able I and Fig. 1 show th a t the am oun t o f heave (H 200), 
fo r a given “ relative” w ater content, correlates well w ith 
the P I  o f these soils. Less well defined correlations exist 
betw een / / 200and co100, free swell, per cent clay and shrin­
kage limit. F o r a  given soil, there is a large increase in H 200 
in going from  a wet to  a M oist “ relative” w ater con ten t 
(the com pacted d ry  density  also increased, often by 5 to 
10 lb. per cu.ft.), bu t no  consistent trend in going from  M oist 
to  D ry  (if the com pacted d ry  density  decreased considerably, 
H 200 rem ained alm ost constan t o r decreased). Since the P I  
o f a soil is related to  its V f .m .e . - s l  (Fig. 2), a high swelling

soil can also undergo large volum e changes due to  drying 
(the w ater con ten t o f sam ples com pacted  in the M oist condi­
tion  after the / / 2oo test averaged 93 per cent * o f  the  F.M .E.).

Fig. 3 shows a reasonably good correlation  betw een H 200 
and  S.P. for pairs o f sam ples, the sam ples o f each pair having 
the sam e w ater con ten t and  density, o f  over tw enty different 
soils. The S. P. o f a sam ple develops m uch m ore rapidly  
than  its H 200 (Fig. 4) since m uch less w ater is required  for 
full developm ent.

T he da ta  in Figs. 5 and 6 (which co rrobo ra te  corresponding 
d a ta  obtained by H o l t z  and G i b b s , 1956) dem onstrate  tha t 
the heave and swell pressure behavior o f a com pacted soil 
can be contro lled  to  a  large degree by  p roper con tro l o f the 
m olded w ater conten t and  density. ( S e e d  and C h a n , 1959, 
show  th a t the type o f com paction  m ay also be im portan t.)

T o estim ate the effect on heave o f surcharge pressures 
g reater than  200 lb. per sq. ft. during swelling, the following 
em pirical approach  is suggested. O n a p lo t o f heave versus 
pressure, m ark  H 200 (from  Fig. 1 o r m easured value) and 
the  corresponding S.P. (from  Fig. 3 or m easured value).

* W ooltorton , 1954, quotes 75 per cent o f  the F .M .E . as an average 
for clayey subgrade soils not subjected to evaporation.
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Sym bol
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Water Content

O D ry (Uh5 0 )

® M oist (Uh 100)  

•  W et (P L )

Dry ond

\  10,000

Fig. 2

Molded Warer Content, %

Fig. 5 M olded w ater con ten t versus d ry  density  and  heave.

T eneur en  eau  au  m oulage en fonction  de la densité 
sèche e t du  soulèvem ent.

Compacted at Moist water -----
content (US'OO !

10 2 0  3 0  4 0  5 0

P la s tic ity  Index, %

Shrinkage versus p lastic ity  index.

R e tra it en fonction  de l’indice de plasticité.

Fig. 4 Swell pressure and heave versus tim e.

Pression de gonflem ent et soulèvem ent en fonction  du 
temps.

Symbol Soil
o • iredeli Clay
A 4 Keyport Soil

Fig. 1 H eave versus p lasticity  index.

Soulèvem ent en fonction  de l’indice de plasticité.

2 0  3 0  4 0

P la s t ic ity  Index, %

Sw ell Pressure, lù. per sq ft

Fig. 3 H eave versus swell pressure.

Soulèvem ent en fonction  de la pression de gonflem ent.

A t pressure values equal to  1/2 and  1/4 o f  the S.P ., p lo t 
heave values equal to  1/4 and  1/2 o f H 200 respectively. The 
cu rve connecting  the four points estim ates the relationship  
betw een the am oun t o f heave an d  the confining pressure 
applied  during  swelling, as illustrated  in Fig. 7. T he heave 
values estim ated  in  this m anner are  usually  som ew hat con­
servative, i.e., too  high, w hen com pared w ith m easured 
values ( H o l t z  and  G i b b s , 1956; M c D o w e l l , 1959).

V. Conclusions

U sing  the curves in  Fig. 1, one can ob ta in  from  the m easured 
P I  o f  a  soil an  app rox im ate  estim ate o f the po ten tial heave 
o f  a  com pacted  soil u nder a light load  fo r extrem es in initial 
“ relative” w ater contents. W ater contents in the D ry-M oist 
range are  likely to  occur in uncovered  soils in clim ates char­
acterized by  rates o f surface w ater ev apo ra tion  w hich greatly  
exceed the rates o f rainfall ( S a l a s  and  S e r r a t o s a , 1957).
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Fig. 6 Molded water content versus dry density and swell 
pressure.

Teneur en eau au moulage en fonction de la densité 
sèche et de la pression de gonflement.

Fig. 7 Estimation of heave versus confining pressure.
Estimation du soulèvement en fonction de la pression 

d’étreinte.

T he density  o f the com pacted  D ry  and  M oist sam ples was 
equal to  85 ±  10 per cent o f the rem olded shrinkage lim it 
o f the soils and  probab ly  exceeds the density  o f m ost und is­
tu rbed  o r com pacted  field sam ples fo r the sam e w ater con ­
tents. T hus heaves obtained  from  Fig. 1 should usually  be 
conservative. Soils protected  from  evapo ra tion  o r com pacted  
near optim um  fo r S tandard  A A SH O  are exam ples o f situations 
w herein “ relative” w ater conten ts in the W et range are likely 
to  occur.

O ne should use Fig. 1 only as a guide since : (1) the da ta  
were ob tained  on only  10 soils, m ost o f w hich fall near the 
.4-line ; (2) sm all changes in w ater con ten t, surcharge pressure, 
an d /o r density  (as caused by different com pactive efforts, for 
exam ple) can cause large changes in the am oun t o f h e a v e ;
(3) und istu rbed  sam ples m ay  heave far less than  rem olded 
sam ples a t the sam e w ater con ten t and  d e n s i ty ; and  (4) 
H 200 represents the heave if the sam ple has unlim ited access 
to  w ater, w hich m ay  n o t happen in the field.

To characterize the degree o f “ expansiveness” o f soils, the 
au thors suggest a  ten ta tive  ra ting  system  called Potential 
Volum e C hange (PVC ) based on m easurem ents o f H 200,

P I ,  w100 and  V f . m .e . - s l . T he P V C  ra ting  system , which 
is a  m odification  o f those reported  by H o l t z ,  1959; A l t -  

m e y e r ,  1956; d e  B r u y n ,  e t al, 1956; D a w s o n ,  1959 and 
K a n t e y  and  B r i n k ,  1952, and  som e m ethods fo r deter­
m ining the P V C  o f a  soil a re  p resented  in T able 2. C olum n I

Table 2

Classification of soils with respect to potential volume 
change due to swelling and shrinkage 

Classification des sols se rapportant au changement 
de volume potential causé par gonflement et retrait

PVC Category

<  2 Noncritical
2-4 Marginal
4-6 Critical
>  6 Very Critical

PVC

A
# 2oo(%) o f Dry 

and/or Moist 
Samples

B

P IC /)

C

M'ioo(%)

D

V f -M -E 'S L

2 5 15 6 15
4 11 25 11 24
6 17 35 16 33

Note : (I) To interpolate, plot PVC  values versus / / 20o» PI, etc. values (which 
form a straight line ; e.g., H 20o =  8 % corresponds to PVC — 3. 

(2) Combined PVC =  ( 2 x A 4 - B + C  +  D)/5. i.e.. Column A counts 
4ouble.

o f T able  1 shows the PV C  o f th e  ten soils tested. This ra ting  
system  attem pts to  correlate  num erically  several soil p ro ­
perties w ith the difficulties, as a  result o f swelling an d /o r 
shrinkage, w hich m ay  occur from  using the soil as a foundation  
for light structures. T he value o f th is system  is th a t it perm its 
one to  com bine several m ethods o f ra ting  to  achieve a  single 
num erical rating , as suggested in N o te  (2) o f T able  2. Since 
the PVC  ratings proposed  in  T able  2 are  ten ta tive  and  since 
field behav io r varies w ith clim ate (am ong o ther things), the 
au tho rs hope th a t w orkers th ro u g h o u t the w orld will check 
and , if requ ired , m odify the p roposed  system  to  fit better 
the p a tte rn  o f behavior o f “ expansive” soils in their area.
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