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ON TIiF: REIATlUSSHIP B E W E E X  P U T  1AL SUlL : - 'MEZlSG 

AND SURFACE FORCES 

ABSTRACT 

5 ox ir t cncc .  of  u~ l f roze r l  w a t e r  i n  f r c z e n  s~7 i l . s  has  h r e n  

ducumrntrd i n  p r r v i n w  y t l ~ d i p s  (r .g. Kulaian and LUW, 1960; Vers!~irlir> 

r ? t  n l . ,  19hO; und Yrmg, 1Yhb) .  Of pr imary  i n r e r e n t  i s  t h e  m h t l  i ry  , o f  

tk.i!; ~ ! n i r u z r ? r ~  wa te r  t ~ ~ p n t l ~ ~  t o  ~:radicnL:i a r i s i n g  Lrum L!~rrmal dnd 

c l r c l c l r a l  s o u r r e 9  1 ! drmmsLraL iun of Lrus t h c e v l n g .  

T h i s  p o p r r  rxnminrs h c  r c l a t l u n s h i p  between :infrozen 

v a r e r  ( i n  t r o z c n  s u i l )  r+ .s :~l t  i n g  i n  t h ~  ~ v c r a l l  phcna?.enon o t  p a c l i a l  

s u i l  f r e e z i n g ,  and L!W c + m s r q u t . t l t  mrc!ianic;il ; ~ r r f o r m n c c  of t h ~  f r o w n  

soil under e x t e r n a l  ronsl r , * ln ts .  'iiw paramete r s  c o n s i d e r e d  r e n t e r  

arn::nd r h  ennrgv r e l a L i o n s h i p  o f  l o i l  for k-ater i n  t h e  i n i ~ i d l  :rnirozt?n 

s t a t e  and the  rc.;r:lLanL p a r t  L a l l y  frozen s t a r e .  The encrgv  r e l a t i o n s h i p ? ;  

m y  he d e s c r i b e d  i n  e e n c r n l  a s  sr;r:are tarct. e t t e c t s ,  and i n  p a r t i r x l n r  

a s  a d s o r ? r i n n  and c a p i l  I s r y  c E l e c t s .  S p e c i f y i n g  i n t r r a c r i n n s  nt. L ~ P  

i e r a l - r  1ntur:act. A Y  a d s o r p t i n ~ l  ~ f f e c t s ,  a t ~ d  brrsleen m r e r  and 

gas  phase!; a!; rapilldry t.:tt!cts, i pheno~iierlnn of u n f r n z r n  w r n r  may 

bv r e l a t e d  direcr. ly  t.o ! w ~ h  u l s u r p t i u n  and c a p i l l a r y  e f f e c t s .  I n c l u d e d  

* P r u l e s s o r  of C i v i l  E ! ~ g i n r r r l n g  and DirecLut , S u i l  ?@rhauir.s :,?horn r n r y ,  
k p a c t ~ l l e n r  nF C i v i l  Engina!a!ring a t ~ d  A p p l i e d  &r.!~.?nir.s, 1 Univer-  
s i r y ,  ? h n r . r ~ a l ,  Canadn. 



in these. e i i c c t s  is the ntcuctura l  parameter which d i c t a t e s  nr ~ m n d i f i e s  

the r e s u l t a n t  cnmplrx Lnternct fon between the  adsorption and c a p i l l a r y  

forces.  

Re la t ionsh ips  are drawn descr ib ing  unfrozen w a t e r  content  

as a func t  i n n  o f  m i s t u r e  p o t e n t i a l  and p e r s i s t i n g  subiceezing rempera- 

ture .  In consider ing the strength of  frozen s o i l s ,  i l  is seen that 

a c t u a l  ice content  (as opposed  t o  t o t a l  i n i t i a l  water c o n t e n t )  can be 

used t o  r e l a t e  s t r e n g t h  w i t h  temperature. 

The f r n s t  heaving problem i s  examined a n a l y t i c a l l y  on 

the b o s i s  oi ice-wnter r e l a t i n n s h i p s  and e x i s t e n t  m u l t i - c u r v a t r ~ r e s  a t  

the i ce  €runt. C n m p a r i s o n s  a r e  made between measured and pred ic ted  

f r o s t  heaving pressures. 



INTRODUCTION 

The wate r  r e l a t l o n s  of s o i l  a r e  f o r  many a p p l i c a t i o n s  

t he  most important phys i ca l  c h a r a c t e r i s t i c s  o f  s o i l s .  Water 1s t h e  

v a r i a b l e  which h a s  t he  g r e a t e s t  i n f l uence  on p r o p e r t i e s  such a s  s t r e n g t h ,  

p l a s t i c i t y ,  c o m p r e s s i b i l i t y ,  and i n  t he  ca se  of s o i l  f r e e z i n g ,  on t he  

amount o f  wate r  t h a t  is a b l e  to be f rozen  a t  t he  p e r s i s t i n g  s u b f r e e z i n g  

temperature.  

The e x i s t e n c e  o f  unf rozen  water h a s  been wel l  documented 

Ln previous  s t u d i e s  ( f o r  example, Kolaian and Low, 1963; Versh in in  e t  

a l . ,  1960; Yong, 1965).  One o f  t he  most important  c o n s i d e r a t i o n s  i s  

the m o b i l i t y  o f  t h i s  unfrozen water  i n  f rozen  s o i l s  i n  response to gra-  

d i e n t s  a r i s i n g  from thermal  and  e l e c t r i c a l  f o r c e s  i n  t h e  demonstra t  ion 

of f r o s t  heav lng ,  f r ozen  s o l 1  s t r e n g t h ,  and  s t a b i l l t y .  The cnergy rela- 

t i onsh ip s  m y  be de sc r i bed  a s  s u r f a c e  f o r c e  e f f e c t s  which inc lude  adsorp-  

t i o n  and c a p i l l a r y  e f f e c t s .  I n  gene ra l ,  measurement o f  t h e s e  energy 

r e l a t i o n s h i p s  may be pursued on the b a s i s  of s u c t i o n  measurements des -  

c r i b i n g  t h e r e i n  c a p i l l a r y  o r  a d s o r p t i v e  s u c t i o n  characteristics. From 

the  thermodynamic sense ,  t h e s e  may bc expressed  i n  terms o f  mois tu re  

p o t e n t i a l s  and may be broken up i n t o  four  d i v i s i o n s :  

(1) Osmotic p o t e n t i a l  which a r i s e s  from d i f f e r e n c e  i n  

the s o l u t e  c o n c e n t r a t i o n  between t h e  s o i l  wa te r  and  f r e e  wate r ,  

(2) Matr ic  p o t e n t i a l  which i s  due t o  t he  a d s o r p t i v e  and 

su r f ace  t en s ion  f o r c e s  t end ing  to hold wate r  t o  s o i l ,  

(3) G r a v i t a t i o n a l  p o t e n t i a l  h i c h  a r i s e s  due t o  t he  

d i f f e r e n c e  i n  p o s i t i o n  or head between t he  s o i l  water and f r e e  w a t e r ,  



and 

(&) Potent ia l  due to externel gam prteeure. 

111 thc c o n s i d e r a t i m a  w d e  i n  t h l a  study,  it i s  necessary 

to spec i i y  o n l y  t h e  potentials i n  terms of adsorption and c a p i l l a r y  

potentials.  I n  t e r n s  of mechanical equivalence,  these can be broken 

daw i n  te rms of the measured auct ion which includas  m t r i c  and osmotic 

suctions. The o sur~ t i c  p o ~ e n t i a l  w i l l  be larpe for a c t i v e  clays and i s  

r e l a t i v e l y  s m i l  for  si l ts .  Since suction meAUlKtWntS ndequate ly  des-  

erfbe the g e n e r a l  r e l a t i o n s h i p  between the forces holding w a t e r  to 

so i l s  and the p a c t l c u l a r  s t a t e  o f  t h e  s o i l ,  it is not unreasonable t o  

expect t h a t  these sonre fo rccn  could have some i n f  lucnce on the  degree 

of  treeztna of  the pore-water,  and thus ul t imte ly  d i c t a t e  the eng ineer ing  

properties of the  semi-  frozen soil. 

The i n t e n t  of  t h i s  paper, therefore ,  is t o  examine 

(a)  s o i l - f r e e z i n g  re la t i onsh ips  i n  terms oT the Forces  holding w a t e r  

to roil (expressed 4 s  the m h t u r s  potential or t h e  s u c t i o n  c a p a c i t y  of  

the s o i l ) ,  (b) frozen so i l  strength relat ive  LO actual frozen voter 

content (L,e. a c t u a l  i c e  contrnt )  and ( c )  the  frost h r a v i n g  problem. 

Most o f  the e a p e r i m e n t n l  techniques and procedures have 

been detail~d elsewhere (e.8. Yong, 1965). Only a b r i e f  r e v i e w  w i l l  be 

gLven here.  The materials used fox the experiments c o n s i s t e d  o f  a 

p l a s t i c  kaolinite clay identified hy i t s  t r a d e  name a s  " B e l l "  c l a y ,  a 



medium f c l d s p a r - q u a r t z  c l a y ,  and an inorganic  s i l t .  The phyv ica l  pru- 

pert ids  of  t l ~ c a c  a u i l r  a r e  gLven i n  Table I i n  t h e  append ix .  

SucPiun measurements were conducted t ~ s i n g  the prcssure 

aenbrane t echn ique ,  whi le  a modif ied  double r i n g  s h e a r  t r s t  was used t o  

emmine the atrengrh of the frozen soils. AnIal confining pressures 

ranging from 0 p 6 i  to 240 p s i  wre used a $  a x i a l  p r e s t r e s s i n g  p r i o r  t o  

a p p l i c a t i o n  of r a d i a l  shea r .  In the case of  the  d e t e r m i n a t i o n  of t h e  

quantity nf  u a t c r  remaining frozen, t h e  a p p r o x i m t c  c a l n r i m a t r i c  method 

rras used. 

I n  t h e  s t u d y  uf  f r o s t  heaving prrssurrs ,  a  airnplc un i -  

axial system was uscd.  A thin i c e  l e n s  was allnwerl t u  deve lop  a t  t h e  

frost f r u n t ,  b e f o r e  t h e  a p p l i c a t i o n  o f  an e q u i l i b r a t i n g  p r c s s u r e .  Rcs- 

t r i c t i o n  o f  f u r t h f r  r~rowrh u f  i c e  l e n s  was t aken  a s  t h e  c r i t e r i u n  f o r  

e q u i l i b r a t i n g  pressurc .  

RESULT3 AND DISCUSSION 

Unfrozen Water Content  

T I  p r i n c i p l e  of appl ied  pressurc user! i n  thc m a s u r e -  

ment of t o t a l  p o t e n t i a l  o f  t h e  soil water prescr ibes  t h a t  t h e  work 

r e q u i t e d  to remnue water against suctidn forte4 8f  the  m i l ,  and o s m t  ic 

forces of t h e  soil vatat,  defines the total  p e t e n t b l  oC m i l  wate r .  

The r e l a t i o n s h i p  b c t w e ~ n  w a t e r  content a n d  w i 5 t u r e  p n c e n t i a l  f u r  thn 

three s o i l s  used i n  t h e  study m y  be seen i n  F i g u r e  1. T h e  t o t a l  mois- 

t u r e  p o t e n t i a l  a t  any one moisture content r e f l e c t s  the a c t i v i t y  of the 



s o .  Thus, t h e  b e l l  clay w i t h  the highest  p l a s t i c i l y  i ndex  ( i n d i c a t i v e  

of the a c t i v i k y  of  t hc  s o i l )  has the higher moisture p o t e n t i a l  f a r  t h e  

aau? unrer c o n t e n t ,  i . e .  compared t o  the  nedium c l a y  and the j i l t .  

The alnount o f  water remnlning unfrozen a t  any one per- 

a t s t i n g  subfreezing temperature can be r e l a t e d  to the tcnsio~l in the 

soil water a r i s i n g  from thc gromctrical rrrangrmenl oC p a r t f c l c s ,  forces 

arising f rom curved a i r - w a t e r  i n t e r f a c e s ,  a n d  i n t e r a c t i o n  of  thc s u r f a c e  

forces. Thus, w i t h  measurements of t o t a l  moisture  p t c n t i a l  which 

reflect the  degree of i n t e r a c t i o n  a r i s i n g  from surface and c a p i l l a r y  

forces, and a l s o  of  soil s t r u c t u r e ,  an eva luat ion  of  quantIry of water 

remaining unlrozerr (des ignated  a s  unfrozen w a t e r  content)  m y  be mde.  

Such a relationship Tor axn~np le  is shown in Figure 2 for the 8e l l  c l a y .  

The c-n base trsed to e s l a h l i s h  thc rplatLonsliip d e p e n d s  on i n i t l a 1  

water content .  Since l i t t l e  is k n o w  o l  ihe e i i p c t  of subfreez ing  tem- 

peratures on moisture po ten l i o l  r e l a t i o n s h i p s ,  thc assumption i s  made 

rhar during process of  i r c e r i n g ,  i n i l i a l  tension i n  the pore water must  

d ic ta te  u l t i ~ t e  Ireezins of the pore water. The assumption i s  v i a b l e  

i n  tha t  the c r i t i c a l  temperature of ihe pore water h i c h  de~erra ines  

freezing of the pore water w i l l  depend o n  the energy s t a t u s  o f  t h e  w n t e r  

wlthin the pores .  In a scparate  study on depressed temperature e f f e c t s  

0 (1 C t o  20•‹c) on thz d l f [ u s e  ion- layers of sodim raont twcl l lon i te ,  i t  

has been shown for example t h a t  the huy-Chapnun theory m y  be used to 

predict osmotic swelling of t h e  pure clay <Tang ec & I . ,  1963). While 

t h i s  does not provide poslclve evidence, support. may be drawn for  accep-  

tance of  t h e  assumption used. 



IC one eKpresse8 che q u a n t i t y  nC w a t e r  remaining u n f r o z e n  

4s a percentage of t h e  o r i g f n a l  moulding waccr c o n t e n t ,  by i n t e r p o l a t i o n  

f r w  Figure  2 ,  ihe p o t e n t i a l - u n f r o z e n  w a t e r  6 u r f a c c  shown i n  F i g u r e  3 

can be e s t a b l i s h e d .  Any p a r t  nf t h e  s u r f a c e  r e p r e s e n t s  t h e  percent o f  

o r i g i n a l  water  remaining u n f r o z e n  a s  a  f u n c t i o n  of s u b f r e e z i n g  tempera- 

t u r e  a n d m o i s t u r e  potential For the B e l l  clay. S i m i l a r  surfaces my be 

d r a m  €or t h e  o t h e r  soils t e s t e d .  

Frozen Soil S t r e n g t h  

E v a l u a t i o n  o f  f r o z e n  s o i l  s t r e n g t h  was performed u s i n g  

s m d i f i e d  d o u b l e  r i n g  s h e a r  device.  Both the medium c l a y  and i n o r g a n i c  

s i l t  so i l s  were t e s t e d  LO determine t h e  p'nyaical c h a r a c t e r i s t i c s  d e f i n i n g  

f rozen so i l  s t r e n g t h .  A x i a l  p r e s t r e s s i n g  up to 240 p s i  w a s  used w i t h  

UiEfercnr samples s u b j e c t e d  t o  v a r y i n g  p r e s t r e s s i n g  p r e s s u r e s  --  1.e. 
0 60, 1213, 180, and 240 p s i .  

I1 one p l o t s  u l t i m t e  shear  s r r ~ n g t h  a g a i n s t  i n i t i a l  

vater content ,  one o b t a i n s  a f a i r l y  d e c i p h e r a b l e  r e l a t i o n s h i p  f o r  t h e  

s i l t  lo l l ,  but a widely s c a t t e r e d  p l o t  f o r  the c l a y  mamples --  a s  s h n m  

in Figure  4 .  The evidence shown p o i n t s  nut the fact that v h i l e  t h e  

vater c o n t e n t  parameter  m y  provide an  i n d i c a t i o n  o f  frozen soil 

strength a t  a n y  o m  Lreezing t e m p e r a t u r e ,  t h e  fundamental  pqrameter  of 

u n i t o z e t ~  w a t e r  c o n t e n t ,  which is rrpre s i g n i f i c a n t  f n r  c l a y  s o i l s ,  is 

perhmps m r e  impor tan t .  Since unirozen v a t e r  c o n t e n t s  for t h e  f rozen  

a i l t  a t e  smal l  i n  cnmparison t o  the c l a y  samples (Yong, 19651, c o r r e c -  

clan far  a c t u a l  ice c o n t e n t ,  i . e ,  i n i t i a l  water c o n t e n t  minus rrnFrnzen 

wattr content ,  i s  n o t  s u f t i c i e n t l y  large t o  distort t h e  r e l a t i o n 6 l i i p  



rhmn in  Figure 4 .  Thus i n  Figure 5 ,  the relation betueen shear s t r e n g t h  

and acttml ice content  bears similar resemblance to that  s h o w  i n  Figure 

4. 

The correct ion  m d e  f o r  conversion of  i n i t i a l  water con- 

tent to ac tun1 ice content for  the clay namplrs provides a l e s sen ing  i n  

t h e  scat ter  of p o i n t s  seen i n  Figure &. A more reasonable re la t i onsh ip  

for the f rozen c l a y  strength m y  then be obcainad - -  u s  ahown i n  Figure 

6, In both Figures 5 and 6 ,  an anomly  is evidenced.  The shear s trength  

0 behauiaur of the f rozen  s o f l s  a t  -15 C does not seem to conform t o  the 

frende shown for - 1 0 ' ~  and -20 '~ .  Wo reason can be given at  the present  

tim? for t h i t  behaviour. I t  1s perhaps h t e r e s t i n g  to note that the 

strengths tend t o  aimilar values for a l l  temperatures as the ice content  

is increased. T h i s  indication i s  n o t  unrealistic. 

The f ~ 0 6 t  heaving problem has been examined by many inves- 

tigators i n  terms or p r i n c i p l t s ,  mechanisms, end pressures generated 

(e.g. Miller e L  n l . ,  1964; Takmgi, 1965: Penner, 1959; and Hockstra 

e t  al., 1965). A cornprehcnnive review of the l i t e r a t u r e  given by 

Takagi (1965) s h m s  varied concluaians. It is not the i n t e n t  of t h i s  

section o f  the  study t o  engage i n  a discussion on the  r e s u l t s  01  d i f f c -  

rent  t h e o r i e s ,  but to present evidence of a v i a b l e  theory for  p r e d i c t i o n  

of frost heaving pressures  based on pore and p a r t i c l e  r a d i i ,  substenti-  

ated by corresponding e a n u r t d  pressures for the silt ssmpl@a s t u d i t d .  

Anuuming that  thermodynamic r e l a t i o n s  can be w r i t t e n  for a curved ice-  

water interface in a pore, frow Haxwell'a thernwdynamic relation: 



udng the usual notation 

For small incremental changes 

considering M a s  2 u / r  where 

~ i .  = ice-water i n t e r f a c i a l  energy 

r = radius  ot  curved surface 

V = volume of  i c e  = l / P  for unit v o h ~ m e  considerat ion 
1 i 

Pi - density of i c e  

L = l a t e n t  heat  of Euslon 

AT = f r e e z i l l ~  point  change a t  curved 6 \ 1 r E a c e .  

Equation ( 2 )  may be w r i t t e n  a s  

which is the same f o r m  used by S i l l  and Skapskl (1956). 

1;or the conf igurat ion  shown i n  Flsure 7, s i n c e  the tree 

energy o f  the i ce  must equal t h a t  of the water at equilibrium, the 

reversed curvature of the i c e  front between pore space and particle must 

be accounted for. Stnce minimum potent ia l  energy configuration for the 

ice front must be a flat plane,  both the  i c e  radii i n  the  pore r and 
v 

around t h e  p a r t i c l e  r must be considered. I n  t h i s  case, i f  one assumed 
P 

c u b i c l e  packing, 



In the pore 

for  the p a r t i c l e .  

knce  in the local region encompas~lng a par t i c l c  and a void space, t h e  

net A T  is given as 

which is similar i n  form t o  t h a t  given by Miller e t  al. (1960). Since 

AP, the pressure generated between the ice and p a r t i c l e  is g i v e n  by the 

Ehpeyron r e h t i d n  (see, tor ~ ~ A a p l e ,  Penner, l959), 

Substituting the appropr ia te  values €or r r and 
p' v '  

in equat ion ( 4 )  w i l l  provide the value for AT in equation ( 5 ) .  

In the case of the silt umd in th is  study, r and r 
P v 

were comparat ive ly  constant throughout the sail. S h e  AP would nct 

on the s o l i d  par t i c l e s  for a physical demonstration o f  frost heaving 

pressure, project ion far  a total frost  heaving pressure must be made 

consider l n g  the effective part ic lc  surface  area contacted. T h i s  can be 

2/3 approximered b y  modifying the total  cross-scctFona1 area by ( 1  - n) , 

where n = porosity. 

I n  the data obtained by MEKyca (1966), using U= 20 

2 
ergs/cm , exact correspondence was obtained between pred ic ted  and 



umaurcd v a l u e s .  The method w a s  t e s t e d  for r e su l t s  given  by Hoekstra 

m t  e l .  (1965) and Uenner (1959) u s i n g  t h e  1lR p a s s i n g  sizc of  r nnd r 
P v 

and wa4 Eound t o  be v a l i d .  F igure  S shcws t h e  c o r r e l a t i o n .  I f  frost 

heaving p r e s s u r e s  can be t r a n s m i t r i d  t o  t h e  surface w i t h o u t  l o s s  due 

to cunpress ion  o f  the  i r u z e n  s o i l  above ( a s  is t h e  c a s e  i n  l a b o r a t o r y  

exper imenta t ion) ,  the p r i n c i p l e  o i  m u l t i p l e  c u r v a t u r e  shows v a l i d  

thecwet ica l  a p p l i c a t i o n .  The e x i s t e n c e  of adsorbed w a t e r  on s o i l  pa r -  

ticles i~ seen  t o  be a requ i rement ,  withou t  w h i c h  the i c e - w a t e r  i n t e r -  

fac ia l  r e l a t i o n s h i p  cannot  be t e n a b l e  a t  the  i c e - w a t e r - p a r t i c l e  r e g i o n .  

h silts, s i n c e  adsorbed water ( c o n t r o l l e d  by s u r f a c e  forces) is sul- 

C i c i t n t l y  s m a l l ,  r can be reasonably r e p r e s e n t e d  by t h e  p a r t i c l e  r a d i u s  
P 

A b e t t e r  determination of r and r may be o b t a i n e d  b y  
P v  

using the  c a p i l l a r y  p o t e n t i a l  a t  aome r e p r e s e n t a t i v e  and e f f e c t i v e  satu- 

ration. In s i l t s  and trands, the  t o t a l  p o t e n t i a l  i s  due t o  t h e  c a p i l l a r y  

p o t e n t i a l ,  and t h u s  a n  e f f e c t i v e  r  denoted by r '  c a n  b e  computed, u s i n g  
P P 

2 4- 72 ergs/cm for a i r - w a t e r  i n t e r l a c  l a 1  energy ,  r:, t h e  e f f e c t i v e  

pore radius, can  thus be computed. From i n i t i a l  c o n t r o l l e d  e x p e r i m e n t s ,  

t h e  r e p r e s e n t a t i v e  s a t u r a t i o n  was evtablIshed a n  70%. T h u s ,  a r e l a t i o n -  

sh ip  between f ros t  heaving p r e s s u r e  end s o i l  m o i s t u r e  p o t e n t i n l  may be 

c s t a b l l s h e d  ( s e e  F i g u r e  9 1 ,  where t h e  l i n k  is p rov ided  through t h e  com- 

puted effect ive  r a d i i  o f  c u r v a t u r e s  r '  and r '  lollowetl by the  use of 
P v 

equations ( L )  and ( 5 ) .  The role of  s u r l n c e  forces i n  the d e t e r m i n a t i o n  

of f r o s t  heav ing  nou becomes e v i d e n t .  

I n  c l a y s ,  however. l a r g e r  s u r f a c e  fo rce  e f f e c t s  w i l l  not 

a l l a r  i n  easy approxirrmtion of r '  and r '  baaed on c a p i l l a r y  p o t e n t i a l .  
P v 



The problem then remaining i s  to d r t e r m l n e  nut only an u t f e c  r ive  r '  
P '  

b u t  also a correspond in^ r ' .  v 

The r o l e  el the suriace forces is seen to in f luence  many 

of the s o i l  f reez ing  problems. Gnfrozen water i n  froden soils La  sccn 

to depend on the tota l  moisture potential of t h e  soil. In  t u r n ,  t h i s  

d l 1  influence frozen strength direc t ly ,  and w i l l  indirectly infl~hn-nc,e 
. . .. - .  

the aagnitude of frost  heaving pressures, 

:hor  wishes t o  acknowledge I the Grant-  i n -  
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CONS ISTIDCY 

LL 

PZ 

Speci f ic  Gravity 

Grain Size  (by weight) 

W finer 0.15 rn 

0.10 nun 

0.05 rim 

0.01 m 

0.005 mm 

0.002 m 

0.0008 mm 

0.0005 mm 

PLASTIC 
KAOLMITE C U Y  

MEDIUM SILT 
C U Y  

TABLE 1 

S o i l  Properties and Characterist ics  
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