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LATERAL SWELL PRESSURES IN EXPANSIVE SOILS 

PRESSION LATERALE DE DILATION DANS DES SOLS EXPANSIF

Orhan Eroi Ufuk Ergun

Civil Engineering Department 

Middle East Technical University, Ankara, Turkey

SYNOPSIS : T he lateral and vertical swelling pressures and the relationship betw een them  are  investigated using a thin wall 

oedom eter in the laboratory using com pacted specim ens o f an expansive soil. C onstant volume swell tests and swell overburden 

tests w ere conducted. T he influence of initial w ater content and surcharge on the swelling behavior and the  lateral swell pressures 

is p resented . It is found that lateral swell pressures increase rapidly to  attain  a peak value and gradually decrease to an ultim ate 

value under constant norm al stress. T he range of the ratio  betw een lateral and vertical swelling pressures is reported .

1. IN T R O D U C T IO N

Any structure, located o r burried in expansive clay, m ay be 

subjected to large m agnitudes o f lateral pressures due to 

developm ent o f lateral com ponent o f the  swelling pressure  as a 

result o f an increase in w ater content. In som e cases rep lacem ent 

of these  types o f clays may not be feasible; and structures like 

tunnels, underground conduits, canal linings, retaining structures etc. 

located in expansive soils may be designed to w ithstand high lateral 

swelling pressures (Kassiff and Zeitlen  1962, K atti et.al. 1987). T he 

curren t research  on the subject indicate th a t the  sa tu rated  expansive 

soil behaves unconventionally w ith respet to developm ent o f lateral 

p ressure  both a t active and a t rest conditions (K atti et.al. 1987).

Several techniques a re  available for direct m easurem ents o f lateral 

swell pressures, including triaxial and oedom eter testing (Fourie 

1989; Keskin et.al. 1992; Edil et.al. 1992) and in situ probes (O fer 

1985). In the  p resen t investigation a thin wall o edom eter ring is 

m anufactured  and calibrated to m easure lateral swell pressures. 

C onstant volum e swell (CVS) and swell overburden (SO ) tests w ere 

conducted on statically com pacted  specim ens. T he variables 

considered in the  testing program  included initial w ater con ten t and 

surcharge (vertical) pressure. D rained  and undrained triaxial tests 

w ere also perform ed on sam ples that reached  equilibrium  swell to 

investigate the m echanism  of yielding observed in constant 

surcharge swell tests.

2. SO IL  IN V ESTIG A TED

A  clay soil from  the E gean C oast of Turkiye has been  used. T he 

soil has the following characteristics:

Liquid Limit : 110%

Plasticity Index : 85%

Clay C onten t (<2i±) : 61%

Standard  Proctor :

O ptim um  W ater C ontend 43%

M ax.dry density 11.7 kN/m 3 

T h e  soil was dried, crushed and sieved through No.40 sieve. A fter 

mixing with required  am ount of w ater, the  sam ples w ere placed into 

special m olds to a tta in  a constant dry density o f 12 kN/m 3 by static 

com paction.

3. T E ST IN G  T E C H N IQ U E

T h e  ap p ara tus used in this investigation is similar to  the one 

developed by O fer (1981) and, Edil and Alanazy (1992). It allows 

the  m easurem ent o f small lateral strains and therefore  lateral 

pressures in a thin wall steel oedom eter ring. T he ring has a  wall 

thickness o f 0.35 mm, and horizontally oriented  strain  gages are 

glued outside o f the  thin wall a t diam etrically opposite  points. T he 

calibration o f the  ring was perform ed by sealing the  bottom  and top 

of th e  ring with fixed plates; and m easuring the lateral strains under 

application of known air o r w ater pressure (E rtekin, 1991). 

C alibration process w ere rep ea ted  for few loading/unloading cycles 

and no  hysterisis w ere observed within the  working pressure range 

of 1000 kPa.

Two different techniques o f perform ing one dim ensional swelling 

w ere investigated on 63.5 m m  diam eter and 50 mm high specim ens:

i. C onstant V olum e Swell Tests (CVS): In this technique the 

com pacted specim en was placed into the ring and kept in 

the  ring to relax for som e time. It was then  inundated  with 

w ater. This causes vertical deform ations to  develop; however 

the  deform ations w ere prevented  by gradually increasing the 

vertical pressure. T he test continued until no swelling was 

registered. Continuous records o f latera l pressures w ere 

obtained throughout the  experim ents. A t the  equilibrium  

stage the  registered vertical and lateral stresses a re  defined
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as swell pressures. A fter this stage the vertical pressures 

w ere reduced in decrem ents to obtain the  rebound 

characteristics.

ii. Swell O verburden Tests (SO): In these tests a 

p redeterm ined  surcharge pressure  was applied to  the 

specim en in dry, and kep t for one hour for equilibrium . 

T hen  the  sam ple was inundated  with w ater and allowed to  

swell while registering the  lateral pressures continuously. T he 

ultim ate swell percen t under particular surcharge and 

variations in the  lateral stresses w ere obtained.

4. E X P E R IM E N T A L  R E S U L T S

4.1 CV S T ests

Typical data  trends reflecting the  developm ent of latera l stresses 

with respect to vertical pressures in CVS tests are  shown in F ig .l. 

In these tests the  dry density o f the  sam ples w ere identical (12 

kN/m 3) and initial w ater contents varied from  27%  to 43%  being 

in the slightly w et and m ainly dry side o f optim um  m oisture range.

F ig .l D evelopm ent o f vertical and latera l stresses in CVS tests

It is no ted  th a t ra te  o f developm ent o f vertical swell pressures is 

fast as com pared to lateral swell pressures a t early stages o f the  

test. How ever, the lateral stresses continue to increase a t faster 

ra tes a fte r the  developm ent of vertical pressures slowes down; and 

reach values in excess o f vertical swell pressures. This behavior is 

m ore pronounced a t higher w ater contents.

T he swell pressure  ratio, Ks, is defined as the  ratio  o f lateral to 

vertical swell pressures a t the equilibrium  stage. T he variation  o f Ks 

and both the  vertical and horizontal swell pressures with initial 

w ater contents a re  shown in Figures 2 and 3, respectively.

T he da ta  indicate that both the  vertical (Pv) and th e  lateral swell 

p ressures (Ph) decrease  with increasing initial w ater con ten t in a

IN IT IA L  WATER C O N T E N T , W j . %

Fig-2 Swell p ressure  ra tio  v.s. initial w ater content in CVS tests

linear m anner. H ow ever the  ra te  o f decrease in Py with respect to 

w ater con ten t is faster as com pared to Ph. Thus, the  resulting K j is 

h igher with higher initial w ater content, as shown in Fig.2. T he 

value varies from  1.00 to  1.55 for the w ater con ten t range 

investigated.

IN IT IA L  WATER CONTEN T, Wj , %  

F ig J  R eduction  in swell pressures a t higher w ater contents
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4.2 S O  T ests

T yp ica l be hav io r show ing the deve lopm ent o f  the la te ra l pressures 

w ith  increasing ve rtic a l swell d e fo rm a tions  un de r constan t surcharge 

pressures o f  50, 100, 150 and 200 kPa is shown in Fig.4. T h e  in it ia l 

w a te r con ten ts and the d ry densities o f these sam ples w ere 

iden tica l. I t  is no ted th a t under constant surcharge load, the  la te ra l 

pressure increases ra p id ly  w ith  tim e  at the  beg inn ing  o f  the 

sa tu ra tio n  phase, and atta ins a peak va lue . W ith  fu r th e r  increase in 

tim e  and the ve rtica l swell d e fo rm a tio n  la te ra l pressures decrease 

and reach an u ltim a te  value. S im ila r be hav io r has been re p o rte d  by 

o th e r investigators (C hen et al 1987; K eskin  et.a l. 1992).

C hen and H uan g  (1987) propose tha t the re d u c tio n  in the la te ra l 

pressures may be a ttr ib u te d  to  g radua l changes in the so il s tru c tu re  

and clay pa rtic le  o r ie n ta t io n  associated w ith  the sa tu ra tio n  process. 

O n  the  o th e r hand B lig h t and W illia m s  (1971) suggest th a t th is 

re d u c tio n  is due to  passive fa ilu re  o f  specim ens un de r peak va lue 

o f  the la te ra l swell pressure.

Fig.4 T yp ica l la te ra l pressure v.s. ve rtica l swell be hav io r in  SO tests

T h e  peak and u ltim a te  la te ra l swell pressures under various 

surcharge loads are shown in Fig.5. T h e  data trends ind ica te  th a t 

the d iffe ren ce  betw een the peak and u ltim a te  values o f  the  la te ra l 

pressures is m uch h igher a t the surcharge pressures 100 kPa and 

less, and the re duc tion  in the la te ra l stresses is not s ign ifica n t (i.e . 

15% o r less) under surcharge pressures o f  150 kPa o r m ore.

T h e  undra ined  shear strength  o f  the specim ens was d e te rm in ed  

a fte r the e q u ilib r iu m  swell is a tta ined  in the SO tests th roug h  

unconso lida ted  un dra ined  tria x ia l tests. T h e  tr ia x ia l specim ens w ere 

tr im m e d  fro m  the samples o f  SO tests. T h e  test results are shown 

in Fig.6.

T h e  U U  tr ia x ia l test results ind ica te  tha t the average undra ined  

shear s trength  o f  the  specim ens a fte r be ing sa tu ra ted  un der the

F ig .5  Peak and u ltim a te  la te ra l stresses in  SO tests

spec ific  surcharge loads is 100 kPa. T h is  im p lies th a t an undra ined 

fa ilu re  un de r increasing la te ra l stresses is to  be expected w hen the 

peak p r in c ip le  stress d iffe ren ce  (i.e . Ph-Pv in SO tests) reaches 200 

kPa. T h e  peak p r in c ip le  stress d iffe rences in the  SO tests are 

reco rded  w ith in  the range fro m  101 kPa to  124 kPa, be ing h igher 

un de r the  sm a lle r surcharges.

Fig .6  U n d ra in e d  shear s trength  o f  SO test samples
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T hese results indicate that the  specim ens tend  to yield under 

increasing lateral stress, under the shear stresses lower than  the  

undrained  shear strength. This implies that a creep  m echanism  is 

in action during gradual wetting and softening of the  swelling soils, 

and the creep  ra tes and the deform ations a re  higher in m agnitude 

u n d er low surcharge pressures.

It is also no ted  that, while unloading the  specim ens in CVS tests 

the  equilibrium  lateral stresses a tta in  in term ediate values betw een 

the  peak  and the ultim ate lateral swell pressures m easured  a t SO 

tests, as shown in Fig.5.

T h e  vertical swell m easured  in the SO tests a re  com pared  with the 

swell observed in unloading phase of the CVS tests in Fig.7. It is 

found th a t at relatively higher surcharge pressures (i.e. m ore  than  

150 kPa), the  m agnitude o f swell is com parable in bo th  tests. 

How ever, at sm aller m agnitudes o f th e  surcharge pressure  higher 

swell deform ations occur in the  SO  tests. This behavior is also 

re la ted  to  yielding of the specim ens under the  higher lateral 

stresses.
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iii. T he m agnitude of lateral swell pressures depends on the 

surcharge pressure  acting on the soil during SO  tests. For 

the  particular clay at relatively low surcharge pressures (i.e. 

100 kPa or less) the  lateral pressures a re  reduced  drastically 

a fte r attain ing a peak  value. T he difference betw een the 

peak and ultim ate lateral pressures is not significant under 

higher surcharge pressures, 

iv. In practical applications both the  peak  and the  ultim ate 

values o f lateral swell pressures m ust be  considered 

depending on the  overburden stress level.
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LOG VERTICAL PRESSURE, kPa

Fig.7 C om parison of swell in CVS and SO tests

5. CO N C LU SIO N S

T h e  following conclusions can be reached  from  the experim ental 

results:

i. T he m agnitude of latera l swell pressures developed in CVS 

tests a re  equal or in excess o f the vertical swell pressures, 

and the  swell pressure ratios vary over a  range from  1.0 to 

1.55 in the m oisture content range investigated.

ii. Both lateral and vertical swell pressures decrease  with 

increasing initial w ater contents and reveal larger swell 

pressure  ratios a t higher w ater contents.
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