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An  Appar a tus  for  Me as ur ing Late ral Soil Swe lling Pressure  

in  the  Labora tory
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S U M M A R Y

In order  to s tudy the lateral pressures developed dur ing the 

s aturation o f expansive clay soils, a special device was developed 

by modifying the usual type of cons olidation ce ll unit. T he  type 

finally adopted utilized a special cons olidation r ing with a thin 

wall section in its central por tion, a llowing the use o f electrical 

s train wires to de te rmine  the applied inte rnal pressure. This  

device gave consis tent and reproducible  results  both dur ing ca li­

br ation and testing of soil in swe lling studies. It  was found that 

this apparatus  was also well adapted to me asur ing the al- rest 

pressures for  clay and sand.

m u c h  a t t e n t i o n  has  be e n give n to ve r t ica l mov e m e nts  and 

pre ssures  as s oc ia te d w ith  e xpa ns ion a n d  s hr inkage  o f c lay  

s oils . Expe r ie nce  in  Is rae l has  s hown tha t  pile s  a nd  othe r  

s truc ture s  bur ie d in a  c laye y s oil a re  da m ag e d  by the  ac tion 

o f h o r izo n ta l s we lling  forces  as we ll as ve r t ica l force s  

(Ze it le n  a nd  K o m o r n ik , 1960; Kas s iff a nd  Ze it le n , 19 6 2 ). 

In  s ome  o f these  cases  the  c la y  was  free  to  e x pand  in  the  

ve r tica l dir e c tion a nd  ye t appr e c ia b le  h o r izo n ta l force s  

appe are d. F o r  pro pe r  ana lys is  o f ac tua l c o nd it io ns , the  

va lue s  o f bo th  ve r tica l a nd  ho r izo n ta l s we lling  force s  ne ed 

to be  de te r mine d.

Ve r t ic a l s w e lling pressures  a re  o fte n  de te rm ine d  by  use 

o f an oe dome te r  o r  by  othe r  s pe c ial ap par a tus  ( Alp a n , 1957) 

bu t the re  has  been lit t le  a t t e n tion p a id  to  the  ne ed for  

s im ulta ne ous  me as ure me nt o f la te r a l a nd  ve r t ica l s we lling 

pressures  o f e xpans ive  soils . He nc e , fo r  a bas ic s tudy a 

s pe cial ins t rum e nt was  de ve lope d fo r  the  me as ure me nt of 

la te ra l s we lling  pressures  und e r  diffe re nt ve r t ica l loadings .

S E L E C T IO N  O F  T Y P E  O F  A P P A R A T U S

Sw e lling  pressures  take  ap pr e c iab le  t ime  to r e ach the ir  

m a x im u m  w he n the  s oil is  we tte d. T o a llo w  the  s tudy o f 

var io us  c o nd it io ns  in  as s hor t  a  t ime  as poss ible , it  was  

de c ide d  to  de ve lop  e q u ip m e n t w h ic h  w ill a llo w  the  pe r ­

fo r m a nc e  o f num e r o us  tes ts in  as s im ple  a m a nne r  as  po s ­

s ible . Sw e lling  da ta  m a y  be  ob ta ine d  w ith  a tr iaxial- s hear  

ins t rum e nt, in  w hic h  change s  o f v o lu m e  a nd  the  a m o u n t  

o f la te ra l pre s s ure  m a y  be  co nt ro lle d  a nd  me a s ur e d d ur ing  

the  test. How e ve r , e labo ra te  appar a tus , s pe cia l procedure s , 

a n d  c ons tant a t t e n tion a n d  c ont ro l a re  r e quire d, thus  lim it in g  

the  n u m b e r  o f s ample s  w h ic h  ca n be  tes ted d u r in g  a p a r ­

t ic u la r  pe r iod .

In  vie w o f the  fo r e g o ing  de m ands , the  r e la tive ly  s imple r  

oe dome te r , or  c o ns o lid a tio n  a ppar a tus , was  utilize d  by

s o m m a i r e

Afin de pouvoir  mesurer les pressions latérales  qui apparais ­

sent pendant la s aturation des argiles gonflantes , un appare il a 

été deve loppé qui représente une  modifica tion de l’œdomètre  

habitue l. La version finale  de l’appare il utilise  un anneau spécial 

avec un paroi mince  dans  sa partie  centrale  qui pe rme t l’utilis a ­

tion des comparateur s  à fil électrique  pour  la déte rmination de 

la pression interne  appliquée . Ce  dispos itif fournis s ait des résul­

tats reproductibles  et fidèles pendant la calibra tion et les études 

du gonflement. On trouve également que l’appare il était bien 

adapté pour  mesurer la pression latérale  de repos des argiles 

et des sables.

m o d ify in g  a co ns o lid a t io n r in g  to a llo w  me a s ur e m e n t o f the  

la te ra l pressures  w hic h  a ppe a r  as a r e s ult  o f the  s we lling  o f 

the  c lay . Va r io us  de s igns  we re  inve s tiga te d fo r  the  tr ans ­

fo r m a t io n  o f the  c o ns o lid a tio n  r ing  in to  a pre ssure- s ens itive  

me mbr a ne . T he  mos t p r o m is ing  was  fur th e r  che cke d, to 

see if the  m e m br a ne  m o ve m e nt a ffe cte d re s ults , by  te s ting 

s im ila r  s oil s ample s  in  bo th  o r d ina r y  c o ns o lid a tio n  r ings  and 

s we lling  pres s ure  r ings .

T he  firs t o f these  r ings  was  a thin- walle d (0 .5 - m m ) steel 

r ing, 1.50 in. h ig h , 112.5 m m  inte r na l d ia me t e r  (s pe c ime n  

a re a  o f 100 s q .c m .). T hre e  e le c tr ica l wire  c ond uc to r s  o f 

the  type  us e d in  e le c tr ica l re s is tance  gauge s  we re  w o und  

a r o und  the  e x te rnal pe r iphe r y  o f this  r ing. T he  s e cond o f 

the  r ings  was  a c tua lly  an o r d ina r y  c o ns o lid a tio n  r in g  in to  

w h ic h  a thin- walle d steel r in g  was  pla ce d , as c lose ly  fit t ing  

as pos s ible , so tha t  the re  was  c lose  co nta c t  be twe e n the  

r ings . In  the  oute r  r in g  thre e  e llip tica l o pe nings  we re  cut, 

w h ic h  e nable d the  ce m e nting  o f e le c tr ica l s tr a in gauge s , o f 

the  SR- 4 type , on the  e x te r ior  s ur face  o f the  thin- walle d 

r ing , w hic h  the n ac te d as a m e m b r a ne  across  the  ope ning.

C o m b in in g  the  two types  o f r ings  r e sulte d in a th ir d  type  

o f r ing, s hown in  Fig . 1. T his  r in g  was  a n  o r d ina r y  c o n ­

s o lida tion r in g  w ith  the  lo we r  p o r tio n  tur ne d  do w n to a 

w a ll thickne s s  o f 0.3 m m , a n d  a he ight s lightly  less tha n  

tha t  o f the  s ample  und e r  tes t, so tha t  its  ac tion was  tha t  o f 

a  th in  me mbr a ne . T he  la te ra l pre s s ure  was  me as ure d on 

par t  o f the  r ing  wa ll w ith  the  a id o f thre e  th in  e le c tr ica l 

wire  co nduc tor s , s tr e tche d and ce me nte d  o n  top  o f th in  

pape r  us ing  Ar a ld ite . A  ne opre ne  lay e r  was  us e d to  cove r  

the  wire s  a nd  prote c t  the m aga ins t  mois ture .

T he  r ings  we re  ca lib ra te d to de te rmine  the  change s  in the  

e le c tr ica l r e s is tance  o f the  wire s  as a  func t io n  o f la te ra l 

pre s s ure . Ca lib r a t io n  o f  the  firs t type  o f th in  r ings  was  

a tt e m pte d us ing  two s e mic ir c ula r  me ta l blocks  w hic h  applie d  

o utw a r d  force s  aga ins t  the  ins ide  o f the  r ings . Re s ults  were
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f i g .  1. Swe lling r ing for  late ral s we lling pressure measure ­

ments .

no t  u n ifo r m  be caus e  o f  fr ic t io n  be twe e n the  me ta l blocks  

a n d  the  r in g , as  we ll as  no n - un ifo r m ity  o f  s tr a ins  acros s  the  

w id th  o f  the  r ing . T he  r e m a in in g  r ings  we re  c a lib r a te d  by 

us ing  a  p is to n  to  a p p ly  pre s s ure  to  o il ins ide  the  r ing . C a li ­

b r a t io n  us ing  a  flu id  was  no t  fe as ible  in  the  case  o f  the  firs t 

type  o f  t h in  r in g  ina s m uc h  as  the  ins e r t ion  o f  th e  pis to n 

w ith in  the  r in g  gave  r is e  to  b e nd ing  m o m e nts  in  the  r in g  

w a ll. In  the  o the r  tw o  types  o f  r in g , the  r e la tive ly  high  

r ig id ity  o f  the  up p e r  a n d  lo we r  par ts  o f  the  w a ll ac te d to 

pr e ve nt  be nd ing . Alt h o u g h  the  c a lib r a t io n  o f  the  s e cond 

ty pe  o f  r in g  was  s ucce s s ful, it  was  fo und  to  give  incon-  

s is tant r e s ults  w h e n  s oil was  te s te d, a ppa r e ntly  be caus e  o f 

lo c a lize d  ine qua lit ie s  in  la t e r a l pre s s ure . T he  th ir d  type  o f 

r in g  was  se le cted fo r  fina l use  in  r e s earch, s ince  it  gave  c o n ­

s is te nt a n d  r e pr od uc ib le  va lue s  bo th  d ur ing  c a lib r a t io n  a nd  

te s ting o f  ac tu a l s oil.

T H E O R E T I C A L  D E F O R M A T I O N  O F  T H E  M E M B R A N E  A N D  

C O M P A R IS O N  W I T H  A C T U A L  M E A S U R E M E N T S

Sinc e  the  s w e lling  pres s ure  me as ure d in  a  c la y  s pe c ime n 

de pe nds  u p o n  the  a m o u n t  o f  m o ve m e nt a llo w e d , it  is  neces ­

s a ry  to  de te rm ine  the  pos s ible  d e fo r m a t io n  o f  the  m e m ­

br an e  in  the  s w e lling  pre s s ure  r ings . T h e  r in g  s ys te m c a n be  

cons ide re d as  a  c y lindr ic a l s he ll fixe d a t bo th  ends .

Ca lc u la t io n  o f  the  th e or e tica l de fle c t ion o f  a  th in  p o r tio n  

o f  the  r in g  s hows  tha t  a  ch a ng e  in  the  r ad ius  o f  5 .53  by  IO - 4 

c m  w o u ld  be  pr e dic te d pe r  a tmos phe re  o f inte r na l pres s ure  

a t  the  mid- point  o f  the  r ing. A t  the  qua r te r  he ig ht, de fle c tion 

w o u ld  be  4 .5 5  b y  1 0 —1 c m  pe r  a tmos phe re .

T he  ac tu a l m o v e m e nt at  the  ce ntre  was  me as ure d w ith  

the  a id o f  a  d ia l ga uge , s ho w ing  3 .8  by 10 ~ 4 c m  pe r  a tm o ­

s phe re  o f  pre s s ure . It  m a y  be  pr e s ume d  tha t  the  a pp lic a tio n  

o f  the  s tr a in gauge s  s tr e ngthe ne d th e  m e m b r a ne  to  pr o duc e  

de fle c tions  s m alle r  th an  the  the o ry  ind ic a te d . How e ve r , the  

r a tio  o f  the  r e ad ing s  o f the  va r io us  e le c tr ica l gauge s  s ur ­

r o u n d in g  the  m e m b r a ne  a t  the  h a lf a nd  the  quar te r  leve ls  

was  fo u n d  to  be  in  g o o d  ag re e me nt  w ith  the  re s ults  c a lc u ­

la te d the or e tica lly . T he  s tr a in ind ic a t e d  by  the  e le c tr ica l 

s tr a in gauge s  a t  the  qua r te r  le ve l was  88  pe r  ce nt o f  the  

va lue  give n  by the  ce ntre  w ire , as c o m pa r e d  to  the  82 pe r  

ce n t pre d ic te d. In  the  s w e lling  pre s s ure  tes t, whe re  ve r tica l 

mo ve m e nt d u r in g  w e t ting  is  pr e ve nte d b y  lo a d ing , a  deflecto-  

me le r  r e a d ing  to  1 / 1 0 ,0 0 0  inc h  o r  a b o u t  2 .5  by 10~ J cm 

is  o r d in a r ily  utilize d  fo r  the  m e a s ur in g  o f  the  mo ve m e nt. 

Sinc e  va r ia t io ns  o f  se veral div is ions  m a y  e as ily  o c c ur  d u r in g  

s uch a tes t, it  m a y  be  s een tha t  the  ac cura cy  o f  the  me a s ur e ­

m e n t in  the  ve r tica l dir e c tion is  m o r e  o r  less  e qua l to  th a t  

in the  h o r izo n ta l dir e c t io n , a n d  the  a m o un ts  o f  m o ve m e nt 

are  ve ry s m a ll a nd  o f  the  s ame  o rde r  o f  ma gn itude .

As  a fur th e r  te s t o f  the  s w e lling  pre s s ure  r in g  in  c o m ­

pa r is on to  the  r ig id  c o ns o lid a tio n  r ing , pa ra lle l tes ts  we re  

pe r fo rm e d  o n  s pe c ime ns  o f  c o mpa c te d  c la y  und e r  s im ila r  

c o nd it io ns  in the  tw o  type s  o f  r ings . T he  r e s ults  o bta ine d 

s howe d th a t  the re  was  n o  diffe re nce  in the  a m o u n t  o f  s we ll 

fo r  the  var io us  s ample s  und e r  the  s ame  ve r tica l pre ssure .

T Y P IC A L  C L A Y  T E S T E D  

In  c o nne c tio n  w ith  s tudie s  o f  the  la te ra l forces  e xe r ted 

o n  pile s  by  s w e lling  c lays  (K o n io r n ik , 1 9 62 ) a  lo c a l e x pan ­

s ive  c la y  s oil was  tes ted und e r  var io us  c o nd it io ns  by use  

o f the  ap pa r a tu s  w hic h  was  de ve lope d. T he  c la y  possessed 

the  fo llo w in g  charac te r is t ics :

Clas s if ic at ion Tests

Cla y  c o nte n t (g r a in  s ize  s m a lle r  than 

Liq u id  lim it  Wj 

P las tic  lim it , w v 

P las t ic ity  inde x , I,,

Shr inka g e  lim it  ws 

Ac t iv ity  =  I,,/ P e r  ce n t 2^

Fre e  s we ll 

Spe c ific  gr av ity , G  

O p t im u m  mo is tu re  conte n t 

M a x im u m  de ns ity

(Mo d ifie d  A A S H O ) ,  r „

Che m ic al A naly s is

So luble  salts , 1.4 pe r  ce nt; o r g a nic  ma te r ia l,  1 .14  pe r  

ce nt; ac tive  c a lc ium  ca rbona te , 9 .5  pe r  ce nt; p H , 7 .8. T o ta l 

a m o u n t  o f  Ca tio ns : 61 .5  milli- e quiva le nt  pe r  100 gr am s  o f 

d r y  s ample .

Ex c hange able  Cations

N a +  4 .5  milli- e quiva le nt  pe r  100 gr am s  o f  dr y  ma te r ia l 

K+  2 .0  milli- e q uiva le nt  pe r  100 g r a ms  o f dr y  ma te r ia l 

C;H- +  28 .0  milli- e quiva le nt pe r  100 g r a ms  o f  d r y  ma te r ia l 

M g  M-  2 5 .2  milli- e quiva le nt  pe r  100 gr am s  o f  dr y  ma te r ia l

M in  e ralogic al Co m  pos ition

By X- ra y diffr a c tio n , it  was  fo u n d  th a t  the  c la y  cons is te d 

o f  m o r e  t h a n  70  pe r  ce n t o f  min e ra ls  in the  m o n tm o r illo n it e  

gr o up , in d ic a t in g  a  h ig h ly  ac tive  c la y . T h e  g r a in  s ize  a n d  the  

mo is tu re  de ns ity  curve s  o f  the  c lay  a re  give n in  Figs . 2 a n d  3.

2f i)  62  pe r  ce nt 

76  pe r  ce nt 

28  pe r  ce nt 

48  pe r  ce nt 

9 .5  pe r  ce nt 

0 .8  pe r  cent 

140 pe r  ce nt 

2 .7 6  pe r  ce nt 

24  pe r  cent

1600  k g / c u .m .
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f i g . 2. Gr a in  size dis tr ibution o f the  clay tested.

M o is ture  co nte nt, to % 

f ig .  3 . M o is t u r e - d e n s it y  r e la t io n  fo r  t h e  c la y  t e s te d .

T YP ICAL T EST S RESULT S

T h e  ap pa r a tu s  m a d e  it  pos s ible  to  o b ta in  ho r izo n ta l 

s w e lling  pre s s ure  da ta  w ith  s uffic ie nt ac cur ac y  to  p e r m it  

c ompar is ons  o f  var io us  proce dur e s  o f te s t ing co mpa c te d  

c lay . Re s e arch in  r e ce nt years  has  s hown th e  im p o r ta nc e  o f 

the  s truc ture  o f  the  c la y  o n  its  b e h a v io ur  ( fo r  e xa mple , 

La m b e , 1960; See d a n d  C h a n , 1 9 6 1 ). It  was  pos s ible  to  

e xe cute  a  te s t ing p r o g r a m m e  c o m p a r in g  the  influe nce  o n  

s w e lling  charac te r is t ics  o f  s uch fac tor s  as  m e th o d  o f c o m ­

pa c tio n , a n d  the  t im in g  a n d  m e th o d  o f  we tt ing . F ig . 4  

s hows  ty p ic a l le s t r e s ults  fr o m  a  series  whe r e  a  c o mpac te d 

c la y  is  a llo w e d  to  s a tura te  w h ile  unde r  a co ns ta nt ve r t ica l 

pres s ure . T he  la te ra l pre s s ure  was  note d  im m e d ia te ly  a fte r  

c o m p a c t io n , as  we ll as  12 hour s  la te r , w he n  it  was  fo u n d  

to  ha ve  decreas ed. T he  figure  s hows  the  increas e  in  la te r a l 

pre s sure  caus e d b y  we tting . F ig . 5 pres ents  re s ults  fo r  one  

o f  the  series  whe r e  r e la tive ly  h ig h  de ns it ie s  we re  e m plo ye d, 

in  the  fo r m  o f pe rce ntage  o f  s we ll versus  bo th  ve r tica l a nd  

ho r izo n ta l pressures . Alt h o u g h  ana lys is  o f the  c la y  b e ha v io ur  

is  outs ide  the  s cope  o f  this  pap e r , it  is  inte re s ting to  note

h o w  th e  la t e r a l pre s s ure s  r e m a in in g  fr o m  c o m p a c t io n  are  

m u c h  la rge r  th a n  the  ve r tica l pre s s ure s  w he n  s w e lling  ca n 

occur .

OT HE R AP P LICAT IONS  O F  T HE APPARAT US 

T h e  de vice s  have  be e n o f  us e  in  othe r  r es e arch s tudie s , 

s uch as d e te r m in ing  at- rest pres s ure s  d u r in g  th e  co ns o lid a ­

t io n  o f  a c la y  fr o m  the  liq u id  lim it  to  h ig h  pres s ure s . T he  

a b ility  o f  the  de s ign to  give  ave rage  va lue s  a r o u n d  the  

c ir c um fe r e nc e  has  a llo w e d  cons is te nt r es ults  to  be  ob ta ine d  

fo r  at- rest pressures  in  g r a nu la r  ma te r ia ls . On e  s tudy has  

a lr e a dy  be e n c o mple te d in  the  lab or a to r y  in  w h ic h  K 0 va lue s  

we re  fo u n d  fo r  s ands  o f va r io us  g r a da tio ns  (T e fe r r a , 1 9 6 3 ).
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