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R .G E N E V O IS  Geology Institute, Soil Mechanics Laboratory, University of Rome, Italy

SYNOPSIS -  W iyh the object o f inve s tig a ting  the e ffects  of p h ys ico -ch em ica l v a ria b le s  on the p ro p e rtie s  of 

pure c lays , i t  has been analyzed the c o m p re s s ib il ity  of rem oulded K a o lin  in  the presence of in te rs t it ia l  l i ­

quids of d if fe re n t chem ica l com pos ition . It has been shown tha t the presence of d if fe re n t exchangeable 

ions in  the s o il so lu tion  leads to  va ria b le  va lues of the com press ion  index, whereas the conso lida tion  co ­

e ffic ie n t is  p ra c t ic a lly  constant. The change of the com press ion  index has been set in connection w ith  

the p hys ico -ch em ica l p ro p e rtie s  of the in te rs t it ia l  f lu id s , that is  the e le c tro ly te  concen tra tion , the ' pH ', 

the s ize  of hydrated ion , the ion va lence, the cond u c tiv ity , the s ta tic  d ie le c tr ic  constant and the v is c o s i­

ty . In the lig h t o f the obtained re s u lts  the in te ra c tio n  fo rce s  have been investiga ted  on the ground of 

p hys ica l p ro p e rtie s  of s o il s o lid s , pore flu id s  and ions. The a na lys is  of long-range  chem ica l in te ra c tio n s  

(D iffuse  d ou b le -la ye r re pu ls io n . Van d er W aals a ttra c tio n  and ion ic  fo rce s ) and sh o rt-ra n g e  fo rce s  (m a in ­

ly  repu ls ion  fro m  adsorbed flu id  la y e rs ) has shown the re la tiv e  im po rtance  of both the m echan ica l and 

the chem ica l in te ra c tio n  fo rce s  w ith  the rega rd  to the c o m p re s s ib il ity  of pure c lays .

INTRODUCTION

It  has been pointed out in  recen t years  that the 

c o m p re s s ib il ity  of fin e -g ra in e d  so ils  depends not 

only on the m echan ica l p ro p e rtie s  of its  consti - 

tuents, but a lso  on the chem ica l com pos ition  of 

the in te rs t i t ia l  l iq u id . The p hys ico -ch em ica l a - 

na lys is  of the fo rce s  of in te ra c tio n  among the 

phase constituents o f c lay  s o ils  has been c a rr ie d  

out both on the base of the existence of double - 

la y e r and Van d er Waals fo rce s  (B o lt, 1956; Van 

Olphen, 1963) and in  account of the so lid  to  l i  - 

quid and so lid  to  so lid  in te ra c tio n s  (R osenqvist, 

1955; 1959; M a rtin , 1960; Lam be, 1960; S chofie ld  

and Sampson, 1954; C hris tensen  and Wu, 1964) . 

The com bined e le c tro m e ch an ica l in te ra c tio n  f o r ­

ces in  c lay  so ils  have been developed on a mathe 

m a tic a l base by M oore and M itc h e ll ( 1974): both 

e le c tro s ta tic  and e lec trodynam ic  fo rce s  of in te r ­

ac tion  have turned out a function  of the s ta tic  

d ie le c tr ic  constant o f the p o re - flu id .

The purpose of th is  P aper is  to show the re su lts  

of a set of oedom eter tes ts  on rem oulded Kao lin  

w ith  d if fe re n t p o re -flu id s  c h a ra c te r is tic s  and to 

analyse the e xpe rim e n ta l data on the ground of 

the p hys ico -ch em ica l p ro p e rtie s  of the used in te r ­

s t i t ia l  f lu id s .

G enera l C h a ra c te r is tic s  of stud ied C lay

E x p e rim e n ta l tests were perfo rm e d  using a m ate ­

r ia l  that was on sa le a lre a d y  fra c tio n a ted  and de­

purated.

The X - ra y  spec trog raph ic  a na lys is  showed a con­

tent of kao lin ite  of about 85% and a percentage of 

i l l i t e  of about 15%, the weight o f am orphous m a t­

te r  beeing neg lig ib le . The kao lin ite  showed v a r i­

ous degrees of c ry s ta lliz a tio n : fro m  re g u la r -p a r -  

t ly  i r re g u la r  to i r r e g u la r -p a r t ly  re g u la r.

The index p ro p e rtie s  of th is  m a te r ia l, tha t we w il l  

name fro m  now on s im p ly  "k a o lin " , a re  presen - 

ted in  Table n ° I  : g ra in -s iz e  ana lys is  and s p e c i­

f ic  g ra v ity  tests have been repeated many tim es 

to make sure of the kao lin  hom ogeneity, that is  

o f the fac t that the e xpe rim e n ta l ranges of the 

p ro p e rtie s  re s u lt only fro m  the va ria tio n s  in  the 

p o re -flu id s  c h a ra c te r is tic s .

P o re -w a te r Solutions and p o re -flu id s

In o rd e r  to  have the expected v a r ie ty  of in te r s t i ­

t ia l  f lu id s  c h a ra c te r is t ic s , both so lu tions of d if fe ­

re n t sa lts  and flu id s  were used. The p ro p e rtie s  

o f the used so lu tions  a re  specifyed in Table n M I:
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Sample P ro p e rtie s C onsistency c c Cg Cs /C c
n° of kaolin

WL WP ws

A 65 36 29 O. 644 O. 206 0. 320

B 73 44 28 0. 871 0. 198 0. 227

C
a!o<.20ix\ 100%

70 42 27 0. 799 0. 187 0. 234

D
% < 2 ix: 67 %

69 39 29 0. 714 0. 168 0.235

E
% < I fi:  55 %

60 38 30 0. 541 0. 175 0. 323

F 61 39 30 0. 570 0. 193 0. 338

G 58 38 29 0. 575 0. 225 0. 391

H

dh =

64 44 28 0. 614 0. 118 0. 170

I 63 38 28 0. 604 0. 168 0. 278

L
7s = 2.59

58 37 29 0. 557 0. 179 0. 321

M (g /cm c) 72 42 35 0. 786 0. 187 0. 238

N = = = = = = 0. 639 0. 197 0. 308

O S = 3. 3 m2 
s

122 63 = = 0. 599 0. 162 0. 270

P = = = = = = 0. 718 0. 230 0. 320

Q = = = = = = 1.112 0. 021 0. 019

T A B L E  N® I - Sum m ary of consis tency l im its  and oedom eter com press ion  tes ts .

Sample Cation E le c tro ly te

concen tra tion

pH C onductiv ity  

( f io /cm  x 10 )

N um ber of 

tests

A == = = 7. 3 7 x 10"5 6

B Na 0 . 1 11.3 1. 18 4

C Na 1.0 10. 7 1. 10 4

D Na 2.5 9. 5 1. 00 4

E Na 0 . 1 5. 7 0. 53 4

F Na I .  o 5 .2 O. 59 4

G Na 1. 7 5. 0 0. 63 4

H Fe 1. o 0. 7 0. 58 3

I A1 1 . 0 3.2 0. 74 3

L Na 1 . 0 5.4 9 x 1 0 '2 3

M NH„
4

1.0 5 .6 O. 70 2

T A B L E  N “ I I  - P o re -w a te r c h a ra c te r is tic s .

110



1/23

Sample P o re - f lu id C he m ica l F o rm u la S ta tic  d ie le c tr ic  

Constant

N um ber of 

tests

N Acetone CH COCII 
3 3

21 2

0 G ly c e ro l C rtH O 
3 8 3

42 4

A W ate r
” 2°

80 6

P Fo rm a m id e HCONH2 110 2

Q A i r == 1 4

T A B L E  N ° I I I  -  P o re - f lu id  c h a ra c te r is t ic s .

the v a r ia tio n s  of the pH and co nd u c tiv ity  values 

w ere obtained by se le c tin g  s u ita b ly  the s a lt and 

h is  concen tra tion . The ca tions of the so lu tions  

were chosen in  o rd e r to  have a lso  a c e rta in  ra n ­

ge in  the valence and s ize  of the hydra ted  ions. 

The p o re - f lu id s  used a re  presented in  Tab le  N® 

I I I  : they have a wide range of s ta tic  d ie le c tr ic  

constant and th is  was the a im  of the choice.

In  the whole w ere used 11 p o re -w a te r so lu tions  

w ith  4 d if fe re n t cations and 5 p o re - f lu id s : the 

num ber of tes ts  p e rfo rm e d  on each of these is  

de ta iled  in  Tab les N ° I I  and I I I  .

E x p e rim e n ta l P rocedure

The specim ens w ere  p repared  by m echan ica lly  

re m ou ld in g  the oven -d ried  K a o lin  w ith  each of 

the pore so lu tions  o r  f lu id s , in  such a way as 

to  have a p a rt ic le s  s tru c tu re  that was fro m  the 

beg inning  as s im ila r  as possib le  fo r  a l l  the p re ­

pared specim ens, the fa b r ic  a ffe c tin g  s ig n ific a n ­

t l y  the c o m p re s s ib il ity  behaviou r o f c lay  s o ils .

The weights of used f lu id  and o v e n -d ried  K a o lin  

has been such as to  have in  a l l  specim ens an i -  

n it ia l  r a t io  o f 110 -  120 % , tha t is  o f about tw i­

ce the liq u id  l im i t  va lue .

The obtained s lu r r ie s  of K a o lin  were then poured 

in to  the oedom eter c e lls  and conso lida ted  a t p res 

su res  s lo w ly  inc re a s in g  up to  0. 1 K g /cm ^ du -  

r in g  a pe rio d  of th ree  days. The f lu id  used to 

f i l l  the oedom eter c e ll was the same p o re -flu id  

of the specim en, but w ith  a ion concen tra tion  of 

tw ice  lo w e r to avo id , as much as p oss ib le , a 

d iffe re nce  between the osm otic  p ressu re s  of the 

fre e  p o re -w a te r in  the sam ple and of the so lu  - 

tio n  in  the c e ll.

E X P E R IM E N T A L  DATA AND IN TE R P R E TA  -  

TION .

C onsis tency

The d e ta il o f the e xpe rim e n ta l re s u lts  in  the de ­

te rm in a tio n  of the consis tency l im its  a re  re la ted  

in  Tab le  N ° I , where a re  quoted the mean va - 

lues of the index p ro p e rtie s  come out fro m  many 

tes ts .

(w ^  , Wp .W g) and s o lu tio n 's  pH .
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The e ffec t o f both ca tion  va lency and hydrated 

ion s ize  re su lte d  neg lig ib le  w ith  respect to  the 

in fluence of pH va lue . The d iag ram  of F ig . 1 

shows the re la tio n s h ip  between consis tency l im i ­

ts , expressed as a w a te r percentage, and the pH 

va lue  of the used so lu tio n .

L iq u id  and p la s tic  l im its  show a m in im u m  respec 

t iv e ly  in  connection w ith  a pH value of about 5 .5  

and 7, that is  fo r  so lu tions  lig h tly  a c id  o r  neu - 

t r a l .  The shrinkage  l im i t  seem s to  have a m a­

x im um  fo r  a pH value of about 6, but h is  va ria ti_  

on is  v e ry  l i t t le  i f  com pared w ith  those of the 

o the r l im i ts .  The trend  o f the re la tio n  cu rves 

is  quite  re g u la r , w ith  the exception  of the values 

pe rtin e n t to  the K a o lin  rem oulded w ith  N H ^C l 

(Sample M ). The e ffe c t o f ion ic  concen tra tion , 

as m o la r ity , is  c le a r  in  the basic  range, w hile  

in  the a c id  f ie ld  the re s u lts  a re  ra th e r  d ispe rsed . 

The h ig h e r va lues of l iq u id  and p la s tic  l im its  ob­

ta ined fo r  the K a o lin  rem ou lded  w ith  g ly c e ro l ha ­

ve to  be set in  re la tio n  w ith  the v is c o s ity  o f the 

f lu id  ra th e r  than w ith  o th e r p ro p e rtie s .

The trend  o f these e xpe rim e n ta l data may be e x ­

p la ined on ly  w ith  a decrease of the a ttra c tio n  o r 

an increase  of the re pu ls io n  fo rc e s  between the 

p a rt ic le s  as the pH va lues b e c o m e ,fro m  a qua s i- 

n e u tra l va lue , m ore  and m ore  high both in  the 

ac id  and bas ic  range, but w ith  a m ore  p la in  be ­

h a v io u r in  the basic  fie ld .

C o m p re s s ib ility

The specim ens, consolidated at a p ressu re  of 0. 1 

K g /c m ^ , w ere then tested in  the usua l m anner 

to  de te rm ine  the c o m p re s s ib il ity  and conso lida  -  

tio n  c h a ra c te r is t ic s . The e xpe rim e n ta l re s u lts , 

expressed as com press ion  (C ) and s w e llin g  (C ) 

indexes, a re  presented in  TaSle N ° I , in  the rm s 

o f weighted mean of the obtained data.

The va lues of the conso lida tion  co e ffic ie n t 'c v ' 

have not been lis te d  because they show a v e ry  

l i t t le  and i r r e g u la r  v a r ia tio n  w ith  the p o re -flu id s  

p ro p e rtie s : fro m  1 .0  to  1.5 x 10"** c m ^ /s e c  .

Only the co e ffic ie n t o f conso lida tion  obtained fo r  

the K a o lin  rem oulded w ith  g ly c e ro l has been ten 

tim e s  lo w e r (1 .2  x 10"^ c m ^ /s e c ), a id  th is  even 

i f  the v is c o s ity  is  h ig h e r in  the g ly c e ro l than in  

the w a te r: the g ly c e ro l ye t do not fo rm  a double- 

la y e r around the p a rt ic le s  and th is  do make ea - 

s ie r  the expu ls ion  of the f lu id  out o f the sam ple 

d u rin g  the conso lida tion  p rocess.

The re la tio n s h ip  between com press ion  index and 

so lu tions  co nd u c tiv ity  a re  showed in  F ig . 2 : the 

increase  of the co nd u c tiv ity  leads to  a re la tiv e  

increase  o f the com press ion  index, a t lea s t as 

fro m  a va lue  of about 0 .5  x lO^jwa; in  the range

/la x i os

F ig . 2 -  R e la tio nsh ip  between com press ion  index

(C ) and co nd u c tiv ity  ( ). 
c

o f lo w e r co nd u c tiv ity  values the re la tio n  is  only 

h yp o te tica l, because the lack  of e xpe rim e n ta l da­

ta .

M ore  in te re s tin g  is  the re la tio n  between C and 

pH va lues: the tre n d  of the cu rve  throughout the 

e x p e rim e n ta l po in ts  is  s im ila r  to tha t o f l iq u id  

l im i ts  in  the w -  pH d ia g ra m , but is  m ore  c le a re .

pH

F ig . 3 -  R e la tionsh ip  between com press ion  index

C and so lu tions  pH . 
c
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The cu rve  (F ig . 3) shows a Cc m in im u m  at a pH 

va lue of about 6: fro m  th is  po in t the re la tio n  is  

h a rd ly  lin e a r  in  the range of basic  va lues w ith  

h igh inc reases  of the com press ion  index; in  the 

ac id  range the Cc inc re a se  is  s m a lle r , w ith  an 

asym pto tic  trend  to a Cc va lue of about O. 62 . 

The e ffe c t o f ions concen tra tion  *c' is  co m p le te ­

ly  opposite in  the two branches of the cu rve : an 

increase  in  the basic  range of the io n ic  concen­

tra t io n  co inc ide  w ith  a decrease of the c o m pre s ­

sion  index (Samples B , C and D), w h ile  in  the 

a c id  range we obta in  an inc re a se , even i f  l i t t le ,  

of the Cc value (Samples E , F  and G) .

The gen e ra l tre n d  of th is  curve  shows tha t, fro m  

a c e n tra l po in t (pH = 6 ) ,  an inc re a se  in  the pH 

value leads to  h ig h e r va lues of the a ttra c tio n  f o r ­

ces and th is  is  m agnifyed by the decrease of the 

ion ic  concen tra tion : the h ig h e r the e le c tr ic  poten­

t ia l  between p a rt ic le s  a t the same d istance the 

lo w e r the concen tra tion . The d istance a t w ich 

the re su lta n t of the a ttra c tio n  and repu ls io n  po - 

te n tia l energy has the m ax im um  value w i l l  then 

decrease w ith  both the ion  concen tra tion  and pH 

inc re a se s , the la s t beginning fro m  a va lue of a - 

bout 6 .

The decrease of pH va lues, a lw ays fro m  about 6, 

co inc ide  a lso  w ith  an increase  of the a ttra c tio n  

fo rc e s , but i t  is  lo w e r and coupled w ith  the in  - 

crease o f the ion ic  concen tra tions : the fo rm e r  

e ffe c t is  due p robab ly  to  the com bined ac tion  of 

the ion va lency th a t, in c re a s in g  fro m  1 to  3, de­

velops a lo w e r e le c tr ic  p o te n tia l w ith  the d is ta n ­

ce fro m  the p a r t ic le  su rfa ce , and of the genera l 

s tro n g  decrease of the ca tion  s iz e ; both these 

fa c ts  co rrespond  to a decrease of the a ttra c tio n  

fo rc e s . The las t e ffe c t m ay be due to the fac t 

th a t ka o lin ite  can develop p os itive  charge in  ac id  

so lu tions  by d isso c ia tion  of the su rface  h y d ro x y l 

ions and then decrease the net fo rce  between the 

p a r t ic le s .

The e ffe c t o f the s ta tic  d ie le c tr ic  constant o f the 

m edium  between the p a r t ic le s  is  shown by the 

d ia g ra m  of F ig . 4 . The gene ra l trend  is  n ea r­

ly  p a ra b o lic a l: the com press ion  index shows a 

m in im u m  in  connection w ith  a e va lue of about 

40, in c re a s in g  then fo r  both low e r and h ig h e r 

s ta tic  d ie le c tr ic  constant.

T h is  behav iou r agrees the e xpe rim e n ta l re s u lts  

of M oore and M itc h e ll (1974): beginning fro m  a 

va lue of 4 (the s ta tic  d ie le c tr ic  constant of c lay 

p a r t ic le s ) , the net fo rc e  between Van d e r W aals 

a ttra c tio n  fo rc e s , due to the p e rtu rb a tio n  of the 

e le c tro m a g ne tic  f ie ld s , and e le c tro s ta t ic  re p u l -  

s ion  fo rc e s  increases re g u la ry  w ith  the s ta tic  

d ie le c tr ic  constant u n t il an s va lue  of about 35; 

above th is  value the net fo rc e  decreases because 

of the concom itan t decrease of Van d e r Waals 

fo rce s  and constant increase  of e le c tro s ta tic  fo r -

ces.  (Fi g.  5) .

F ig . 4 - R e la tionsh ip  between com press ion  index 

Cc and s ta tic  d ie le c tr ic  constant

The re la tin g  behaviou r o f tested  K a o lin  sam ples 

w i l l  be then as expla ined in  F ig . 4 , tha t is  c o in ­

c id in g  w ith  the trend  of the net fo rce s  va lues be­

tween the p a rt ic le s .

The s w e llin g  index Cs shows (F ig . 6) decreasing  

va lues w ith  the lo w e rin g  of the pH beginning fro m

F ig . 5 -  In te ra c tio n  fo rc e s  between s o il  p a rt ic le s  

(M oore  and M itc h e ll,  1974).
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the pH va lue of about 5 .5  -  6 .0  : the a ttra c tio n  fo r  

ces w i l l  develop then m ore  and m ore  ra p id ly  than 

the re la tin g  repu ls ion  fo rc e s . The sw e llin g  index 

is  p ra c t ic a lly  constant above th is  value o f pH: 

the e ffe c t o f the increase  in  the a ttra c tio n  fo rce s  

in  th is  range of pH is  p robab ly  a nn ih ila ted  by the 

h igh  d istance between the p a rt ic le s  in  the tested 

specim ens (m ore  than 800 A n g s tro m ).

pH

F ig . 6 -  S w e lling  index Cs and so lu tio n s  pH in ­

te rre la tio n s h ip .

The re la tio n s h ip  between s w e llin g  index Cs and 

s ta tic  d ie le c tr ic  constant is  shown in  F ig . 7.

The trend  of the g raph, a lso in  th is  case, re f le c ­

ts  the va lue of the  net fo rc e  between the p a r t i  -  

c le s : the m in im u m  Cs va lue co inc ides a lways 

w ith  a d ie le c tr ic  constant o f about 40; lo w e r o r 

h ig h e r va lues of s lead to  h ig h e r s w e llin g  ind e x­

es because of thp concom itan t decrease of the 

net in te rp a r t ic le  fo rc e s ,

A  set o f the conso lida tion  cu rve s , obtained du -  

r in g  the developm ent of th is  re se a rch , is  p resen ­

ted in  F ig u re s  fro m  8 to  13, co lle c te d  in  groups 

show ing the in fluence  o f s ing le  p o re -flu id s  p ro  -  

p e r t ie s .

CONCLUSIONS

A set o f oedom eter te s ts  have been c a r r ie d  out 

on sam ples of rem oulded K ao lin  using  d iffe re n t 

p o re -flu id s  w ith  the a im  of recogn ize  the com  -

F ig . 7 -  In fluence of s ta tic  d ie le c tr ic  constant

on the s w e llin g  behav iou r o f rem oulded 

K ao lin .

p re s s ib il i ty  behav iou r o f c la y  s o ils  in  re la tio n  to 

the phys ica l and ch em ica l p ro p e rtie s  o f the in  - 

t e r s t i t ia l  f lu id s .

The m ost im p o rta n t v a r ia tio n s  o f the com press ion  

index Cc a re  re la te d  both to  the pH and the s ta ­

t ic  d ie le c tr ic  constant va lues o f the p o re - f lu id s .

The com press ion  index shows aoways a m in im u m , 

h ig h e r va lues re s u ltin g  fro m  the inc re a se  o r  the 

decrease of both the pH and s ta tic  d ie le c tr ic  con­

s tan t, w ith  respect the fo rm e r  to  a va lue o f a - 

bout 5 .5  -  6 .0 ,  the las t to  a value of about 40 .

The e ffe c t o f s ta tic  d ie le c tr ic  constant is  v e ry  e - 

v ide n t by com puting  the e le c tro s ta t ic  and e le c tro ­

dynam ic fo rc e s  w ith  the w e ll-kno w n  fo rm u la e  g i ­

ven by B o lt (1956), Van Olphen (1963) and Dzya -  

lo s h in s k if (1961) and M o o re -M itc h e ll (1974) .

M ore  com plex re s u lts  the re la tio n s h ip  between com 

p ress ion index and pH va lues of the so lu tio n  in  

the pore  spaces. The developm ent o f a ttra c tio n  

and re pu ls io n  fo rc e s  is  com plica ted  by the c o m b i­

ned e ffec ts  both of ca tion  va lency  and s ize .

F u r th e rm o re  we have a d if fe re n t developm ent of 

d isso c ia tion  of su rface  a c tive  m a te r ia ls  w ith  a v a ­

r ia t io n  of the a c id ity , that is  a d if fe re n t va lue of 

the charge dens ity  on the  p a rt ic le s  su rfa ce .

The to ta l negative charge is  then som ewhat inc re a  

sed by the degree of a c id ity , but the kao lin ite  

can , on the  c o n tra ry , develop a pos itive  charge 

in  a c id  so lu tions  because of the d isso c ia tio n  of 

the su rface  h y d ro x y l ions.
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The balance of the a ttra c tio n  and re pu ls io n  fo r  - 

ces is  th e re fo re  com plex and the ca lcu la tions  a - 

re  v e ry  com plica ted .

F ig . 8 -  C onso lida tion  cu rves of rem oulded K ao ­

l in : d if fe re n t so lu tions pH .

01 1 10 a

F ig . 9 -  C onso lida tion  cu rves of rem oulded K ao ­

l in :  d if fe re n t so lu tions  pH .

F ig . 10 -  C onso lida tion  cu rves of rem oulded K a ­

o lin : d if fe re n t so lu tions pH .

F ig . 11 -  C onso lida tion  cu rves o f rem oulded K a­

o lin : d if fe re n t s ta tic  d ie le c tr ic  con - 

s tant o f p o re - f lu id s .
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Fig. 12 - Effect of ionic concentration on conso­
lidation curves of remoulded Kaolin : 
basic solutions.

F ig . 13 -  E ffe c t o f concen tra tion  on c o n s o lid a ti­

on cu rves of rem oulded Kaolin: ac id  

so lu tio n s .

L is t  o f sym bols

c : ion ic  concentration., as m o la r ity

Cc : com press ion  index

Cs : s w e llin g  index

d^ : h a rm o n ic  mean ( )

e : vo id  ra tio

Ss : s p e c ific  su rface  (m ^)

w : w a te r content (%)

w l  : l iq u id  l im i t  (%)

w p : p la s tic  l im i t  (%)

Wg : shrinkage  l im i t  (%)

Ys : s p e c ific  g ra v ity  o f so lid s  (g /c m ^) 

e : s ta tic  d ie le c tr ic  constant 

a : p ressu re  (K g /c m ^)

A P P E N D IX  II 
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