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CHATTEI: IT

. 1___1_ : '■!' .0 1 : __

In chapter I ao .t of the . >3t important work on 

effective strc an, a in fully d* turnt< d soils was

■ ■ .

with partly saturated soils in tenaa of offoctiv

street . lowavor i p pn1

e mvct bt- considered until e< propertied of

are understood*

inport ant rr • rti :• >f the vr t r ond r.ir phr.ous in a 

artly tur /  i . 1 1 .

? . _____________ r _____ ;______ • :

inter ■ , suitant attraction

m • anifestation 

of surface tension is t’ ■ rise cf liquids in fine bored

to cap illarity .

c- pillary tube- having' ono ond indorsed

• »}.’ lefined by :

................................  ( 2 . 1)r. %

T a surface tension of water

i *= contact / ri/ lo of vr fc< r to the walls 

of the tube

r c radius of the tube 

g = acoi lor?'.tion duo to gravity

• ity of water



when a = o onu 't iot> ('?. ! ) r> ■ iuci o to

r . f

U ...... ................................  ( 2 . 2 )

The pressure difference

interface is thorcfor-

•. • v. • = .. .............................

.

of tho nir r bove a free

*

1 . .

i

" ,

Lativ ‘ . • "
. . . .  . . .

T relati :thi] I ,*n i’ 3 tiv- v  pour press-are 

•- '

. .

whore p = t}. \"'r our r> a.- r» ov< r tv.*.- curved
nurfaco.

th( v' nour pr ar ir* of fret water at
r tur-‘ ft

tho surfac. tension of water.

» tho r.< J.ooul. r w» i**ht of v.ator. 

i; i tor.

P = tic acceleration dv» to •r vity.

the /*an aonRtajit 

ft = the ah. olutu tenp*rature.

________________________________________ _ __________________



.

difference croan • curved

r pres

. 1:. : '

one, pc 

rapidly.

f . .

_

between soil it: 

rel-vtiv vnr)our nr 3P1 r

.

air-w? t r intf'f

■

.

Soil w-t r will deorease

.

.

nine! ourvat. re r rultin( Jron 

oiature r'ivoB rise to an

2 ,4 _ __ )ept : !

■ v 1 op? nt of th- c ] t . Thi phonouonon of

noil auction ban b( • n r< cognia* d for no. .*• tine, Brigga 

(1897) recognised th; t energy wan required to extract 

water fron soil, • nd t1 • t l h- 1 ov r the noiaturu content 

of a given noil th*. gru.ater v  a the energy required to



• •' • ■ ' " .

0f 1 » • ■ ' ■'

.y potential'

* o

hydroBt 1 ' r pro now .

• ;•

■

0  O i l  O ’ 

potential energy r.s fro

*

stipulate ttuv tho t«nper tur h id oonstnnt ao 

that the proc no o-n bo

only.

lefioioncy pw io r ‘ tr n rgy

implications

r r: r iinr t »- phynio 1 * t ol* t,. ia w  tur. The to m  

•presour ■ ’ i be less oenfuaing

'. noat other phraso* 1 a s ri i . 1 en< r(vj ot noil 

r I its 1 looted for pur >a a c t

thia thosio.

(b) pF bo I ring p11 pw Ofitt r....oh
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w r y  hifrh valuen i n a noil .

relative humidity is 93? the equilibrium pressure

■ ' < . ■ . 

humility is " boo

H, Soho.fiold (1

ri

Si,

.

: mi<

■ • .r____ f j  iiiiiQua. p" _ _  1 P ? .

nor cent cna

p«

. ',4.7 .

• ■4.7 1 .4

Of .9 . .

. .

•
" .

.49*0 .

O.OB
i --- - - —

•

11 Picij noy

TJp till *'br :it H I ' ) ±\ > (■ ly .> fchod un-. 1 for 

noanuring prenaurc dv.rioit.-noy ii> a noil v. :- by means 

f ’ tension plates* . ■ • : < • ■■

oup nr pl it' irt nine 1 in oont-ot wit.}' tlv noil, 

nuotion in • nii. d to the water in the porous plate and 

writer pannes bc t’/K.en 1lu nr..ipl< and tho pi .te until 

hydrontatio pr<. nnur- equilibriu* in established. I f  the

______ _ .....__  - -  -



•notion of th ■ Wt• t >:• v In

• I ficioncy Q*  the writer in t

defioi*

suci ion

■

V C v iU S

of v itc*r vapour ov. r a 

indirect

the first 

.

cr int rfnee is

‘ Vic surrounding ^.ir pr* s;iur

Cortst'int uri aeurt diff. r< nc< . 

indopend.nee of meniscus curvitmn on '■ubicnt n.ir

: r 8 sure W 'n vori ‘i i xn-.-ri '.•.•nt' 11 y by H ilf  

ThJ.s i port ent ennc* ’»t in < : : 1 oy< I in the prensure

lurin ssur Itfidie iu.y. In thia 

thod tho noil sr\nplo in pi ood in contact with a

saturated porous lino In ..'hio> th* wrtor in r.aintained 

ntrio spheric prensur . Instead of incro-'.nin/* the 

fcenfiioi ' vt« r in the porous lino ( & itj thi tension

____ ________ __________



3 oil 0nip 19  in inorono d u n til  <. q u il ib r iu n  ia -re.iohod. 

The rnnge of pr B 'uro  d o fio i  ncy

porous dif-o sine

*

. • r ■ •

5*

• •

tion ( 2 ,3

-

Subjecting t> :

of foot of incr< in int: g ,

to dr^in freely whil in r. nt to of applied aoe. leration 

it will eventually cot ' to equilibrium at a pressure

! • • •• • oy ■ ‘ o la >vor : bj ‘ i co legation*

i.othods (Jisouacicdl abo?<. nro listed in T Vblc

2.2 to *. th< r  w ' t rx ............  lofiod odes

for vvViio: tl y or ' 1 'in- -1. The*-'u fi^ur  0 nr., baaed on 

values r:ivc 1 by Cron nrni v! ■. (l 60 ) .



I;, thods of ;___ 5Jtrln,: I __± J112J

— ■ l““ • -- ■ ■

to ;.c

3 •

6 • £

. -t

>r< a sic to ’ .

•3 . 0  to 7 . 0

or t i . 0 to 7 .

con1 -it of

icfi cionoy 1 ..v» lop» J.

.

cono* t of n il i action by r. kiur un o '  the known liws 

f .

vr-t'.r 0 0 11*-nt wr-'i \miou* ly r 1 •* t. d to the soil auction*

r» fterlouftly criticiaod by fisher

when placed in

dry rr ; pic

noro th n n : n o H  fraction of its water to th<

icrvot nted for

, . • | . ry # • roauli f th3

eianf (19 ...........  I tv« ■ p 1 nr

!- t- ri'-'h: and lott-d pr>nnur> do \iciunoy n,̂ r .'’int 

raoi:’.'uro oo1 t‘ rt for v;. ttinf • u I drying cycles, 

found tlr t tli' curvon did not f '.11 on n « ingle lino 

but th”t tb,i:y ''or: .ed * hyat renin loop aa ahovm in 

« .



effect by eonaidorin.'

• •

is initially  saturated vdll empty suddenly wh rn  the

u.
o.

V

W A T t F  C O N T L N I

;ii'.c .5 r :'f ntv ! Kin theory to

ncoou: " for r.y it* r :ii ■ : n '■ J .’ 5iatur< oontont curve

Iv\n0£i&* Cnrr.:»i (1 53)

or,t • acovt'ble 

.

T  stn f o: pill ry foroca

................ •istioa I pFn oisfcuri content

curv i.! none ni' 1, 1 i wo Pf* otr r>rr nynony',ou3

A it cl S.:-on (19^0) demonstrated 

loptinf ■ nil ole capill.ry  model 

-\ppro .cl , nimil \r to th * ur< 1 by H in-.3, for explaining

______________________^ _____________________________ v  --------- K



nointurc- coutont • ?:oin1 'ir* ntr<;fjn r 1*" +ion ship s.

cxiot

partly B"turTtei noil;

.

xri "i

principle or V i

presaurc in the pore

.

*1 r (b) and (c ) .

Air. vo.Mi> .ri;;in/: Iron th. _r. _juctlon in tlv: 

practur* jji tho por v r \ t < ; r

' i ring oonpnotion. Thio 

• ithur of • bovo two oonditiona.



( i i i )  Occult, i ir  bubbles c.-u ‘ or • r result of 

vvettin,* up of tho soil oitv.,-r due to on uxtarnsl supply 

of water or duo to reduction in tho volume of voids

during coi • r  i o n .

• ir cnu • xint in t!: two conditions described 

above cannot be doubte ,. •• qu etion is wh ther air 

oan exist in tin for

t-r whereas

ir fillod vo

’ r< s: • ;r< r*. .* -rdlv.-nn o c- * 

water.

♦ ___A r u v __  on the air phai

ly in connection with ngricultural

,

reported by AitChison, «how that ir voids in

nds to h  ivy clays) Wer>- in 

contact with the ti.oaphor . Zinn< rr m: (1936) has

natural soil cores* when .*■ ■ fc r lab oral

' .

rrbown that ocoultc i rir reduces thi pom eability

rably, thor*
by Agriculturalists on

Lr .

Hohbindor (1940) dealt with tho probltr of ndhosicn

• o, • ■

■ id n orbed layt rn surroundiii^ 

the surf;ico they ar<. always separated fro- the nolid



surface by a thin f ile  of water. Rohbinder did not deal

with tiie stability ' •

drawn, fron h ia work ■**<.•,"W  1 ir.-'

Hilf (1956) considered

.

•>olutior. of 1 at M  n .

.1 croscopc.

” .

.

this critic-!' v In- 

.

obtained by Blight.

.

liqui i at ■’ constant tr.r rr- inurt ia proportional to 

pr o;'»ur>; of tl ,'nr>, ’

1 . . ?:. -- K) . ............................. ...  ( 2 .6 )

Where n i r, the rv.ian of c'-.a liasolvod in the liquid

i in tin. j*r • ■ ■ us’*.* of ttv ’ t. in Contact with
tho liquid.



?_oix*.' IlNOD F5lSS3bdMo5 v ni ^neanfl io sr.iavb

<* •  r*- « ir> rj rri rvi

j.oixro vT̂ ed i«,noo iv wivm ni snauna -jo snicvh
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Kk is Ti. nry's*oo nt i

mol of gas.

I f  unit vein:lo of 11 quid ia ’ ; , 

replaced by th- : il. cular fraction or concentration of

d i s s o l v e d  . - a s  c .

>. • -1 >ul ' of fi n________• Q 32 ■ . — —— — — - * I mi ... - •* ' ‘ —'1 1 “ '■ -

1 ♦
lolccules of w  b .

H'-nct fro’ equ ti m ( • ■' )

p = c/Kh . . . . . • • • • • • • •  • ’

r.ir and water vapour in

5 t  W i t }

the gaa

pressure e x e r t e d  by a  r.ixturt of g a s s c s  (or v a p o u r s )  i s

vhioh each would 

separ' ly exert Lf it alon< occupi d * he ’pace :iiled

* fraction or

concentration of ir in t: ?ir-v;at r v pour ixture it

c . i f ..................................................( . "  )

I f  c a w  in t h f  c o n c e n t r a t i o n  of a i r  dissolved i n  

w:  * : r  t i i -  - a fro-, qu ' i  a m  ( I  ( ? . “•’)

o-.Pt * Pa * O a w A h ................  (2.9)

Thi;- equation gov< rns -,h r I "  Hon  b> tween tl 

parti' 1 pr ramr of the air, the quantity of air 

dissolved in water which in in cont*at with it and the 

vapour pressure of the liquid.

Kn is not to b« confused with H, the well known

•>ry ’ coe ’fioi nt >f solubility. Tl < relationship 

b> +.W' ■ n and H in lerived in appendix C.

__________________*____________ ____________________________________________________ ______________________ *----------------- f * v r - ---------•---------------- * r



2 , 1___  si j j .J i '_____>f air_____I__Le j ____ t

Consi.i. r voln: • vvati r Vv,r in contact with the 

atmosphere. I f  thv v/ .tor is ur.turrtod with r.ir at

equation (2*9) * the

eono ntrnt Ion of !

'

.

or r r liua K is Injected into the

♦ Pv/ ~r .....................• . . (2 .10 )

water surrounding tho

■ ; the partial 

Pba -nd tho partial 

Therefore equation

. ' 0  t  *

♦ Pbw * ! Pv; ♦ I f - ......................... (2 .11 )

v rip our proosur o f

■ 1 , •

co at ant.

Donsidor the stability of the bubbU at constant 

for the following three conditions

( i ’ “ Lila- I f  Piv> in firoater than

1  nnd if tin water -1 the bubble—water interfnoo in 

assumed to bu saturated wit! r.ir nt thi pressure in

concentration of dissolved nir rt

router
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than pa , or_w0 is greater than caw^

gradi nt ia established 1 ';v, 

k t ' ' ' ' ' . ’ • - I jl • t '■ 1 r c.i.

the bubble to the ourrourKliiv v. iter which in

Curated

svrf-.ee at ttnenpherie preBaur- p.  . At! the bubbl* I 003; i’

.

oor.iplet <:ly.

.

.

••

or ( c

■ .

bubble to oi oon on:!* bio, 

preoavrr of th

w ill di isolv .

howev r, the par1 

atmospheric prefen ’e the

’

into the ntmosph re.

It if. uf'Tul to cX'.rin- th* nhynic 1 c.ehnntev.f. by 

which the oon.litionn of pnj, ’ p. ! pr y, < p?> son or if . 

The can Pn,b ' n' would aria - stnply froti the pi oc, if o '

......................... .......................................................... .................................. ..................... .. ............ ............ ..................



injecting a bubble into *.v >1 saturated with air at a

prooese (nee equ. (2 .11 )  ) .

and around th bubV 1 .

r •

■ik:* . •-.

2*1

; Ln equati (2«11) > ■

constant for conditions of Monatairl temperature, and 

water with a free surface Ir. contact with the

reover 2T c? ■ negative,

facts lead to the inmor^Mn t corn. 1 u.riot, th:. t Pba car 

only be equal to or lens tl m  ] ) for certain values of



Pw, i f  pba is set enuai to Pa in equation (2 .1 1 )  

lim iting condition at which the bubble will ,)unt

.

concentrate jraji t ' ■ ; ' '

renC'

(2.11) c

where R,. is the critical bubble radius, at any specific 

Si jce . car* never be ne^‘ tive its limiting value 

.

of wat^r all bubbles must lis3olve.

.

■ ■

• •

. ■ t 1__

. la* i i] b< t,V< ■■ ' f

.

. • • .

.

0.'' .

-10.0 44‘ .

-10.0 ll.'l .0

-10.0 14.6

-10.0 
j ----

i .r;
1................



o a ? The stability of___>  bul>oi.ee In a soil

rom the work in the previous s^ctioi>r 

laturated soil

i

dissolve oo^plf tely.

of the 3* i 1 or across por< s 1 si o ’he soil matrix. 

oVMidered first.

♦ ■

arc the principal radii of eurvncure'.

the pore water is ther- fore

Substit';Mng In fiun* io i ( . I 1) riv--'i

r. 3.  a *  -
r

or

It can be neen that aa r "ooresses ('p" increases), 

J 0 tends to the value of r as show.. jslnv;



.

• • ’ ? " / * "  ' *

■ r . 1 - • : ■ *

of?, r and R0 are very nearly igual. Refere«oe to

oo! '"*ct t oints rust ciisa

M

' B

* b <*m

PU% v-'

ua of th‘-‘ r.«»rti3CUB

bubble having a radius grieter

> , form

would expand uniil it occupied the whole 

Th* ohancea that auo.t a bubble would ultimately

in contact with the atr&oant)?r<? are verv food.

_____ ________ _______ _ ___ „_-__



.

.

initial radiu.-j whic' in placed in •» liquid containing

p ‘s of concentr itiOn c -\.

rate



' M

owered exist a during

.

.

.

■

■̂'ib of eonoentr



This equation ia

■ ( Ci-C,'

wh ere

distance

.

r  i ,  i l+■----— r I . .

I  • * * J

(2 .13)

*
. . . . ( 2 . 1 4 )

~ . 14

of single bubbles in wn.t r confirali the 

there is no experifc'ivfcal evidence on the stability of

A detailed experimental invo'jtigntion of the phenomenon

ir bubbles in soil wnt--r in outside the scope of

’ t i ;

o rriorl out or, ri ;i i noroun bodies in ordt r to chock, 

in a preli: in r.y fashion, n  validity of the



theoretioal conclusions reacherl in the prccc 

sections.

' •

•, ' ir,  . ’’ic 3

curves for * : • • glass ^isos.

.

.7



porea dissolv -d more.' rapidly the

.

' ’ •

permit

.

,

I *14)♦

Lhi< for Titnilnr porous

11rifcute : the relatively

Ir in ir *<

.

.

resultr for hi

*9  » fc ocn 1 

the experimental curves d< vinte considerably from the

theoretical curve* • : • i •. • • \ ' ' >•; 1 ti

"ainly to the effects of irregular shnped air voids 

dieounsed pr« v ^ u a ly .



chapter cir<

rmddeii decpcapv in poro-w

oo 'tr.irin. th’ m.

" iti

-c

be h aasufflfd*

pr^pcrtiea

fcur .

,

I LI*

Hi1 Ison (1956) . • • •• of

partly saturated actl

(i )  Qunni-nuturatod

(ii )  Pnrti'lly  saturated

(ill )  Un3 ntur fit n .

*

■____________________________ _________ ____ ____
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or

p”

to, tfltitt taly 11 th< air

UnOTt'AJ* ' t< J •

.

ldition of external otr.BGea -

i rio .

1 •• .-1 !• ‘ * fcl ' .......  • •• .

definition /?iven ‘by Ai ohinon bar tbor* for< been modi ried

■ . ’ i 

)1lowing definition will be used to define 

a partly saturated soil

’A soi3 in dofin d an p?rtly saturated if  it



follov.'in* two prop* rtiea

The de^ro

sur dofici noy
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