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The p u r p o s e  
r e l a t i o n s  d e s c r i b i n g "  
water flowln£~ through 
s form that they will 
cul-ation of ~he force~ 

~ : ~'~ 

pie ~ometri c 
to ~ study 
between soi 
of lines of 
known eithe 
data. 

. :  : :NO~L~NCLATURE 

~ =  angle between.ani~ 
b = ~he :spacinc~.Of <.eq tor ~' ~ .. 
c = an !arbitraryicons: 

lines , iB sta~ic.~. 
-~ = .unit we~.gh~t:iOf~;~a • _ 
~' ~ tbuit ~ei'ght 

~i = r4Uli t ~#eight : 

~:: 11 

,~p = unit.~hydrosta ~ 
p' = -pressure betwi 

,unit, of gros: 
~p =tdifference be" 

~ ends ~of ±he'll: 

P ,-" total: hydros,t~ 
P',/% •total pressur, 

I_ 

p ' u  = , c o m p o n e n t  ,o~ 

,p ~ - eomponen,t .of :,soil pressure in th~ 
~ s, = :shearing.i!or tangentlal 'stress..betw '~ 

unit ofYgrOss ~area including ~id 
u the dimens.ion .~or direction perpendicdlar,~to ~ e ~- "' : 

h y d r o s t a t i c  . ~ r ~ s s u r e  ~ ...... ~ " 

v = the dLmonsiou, or .direction paraliel -to lines of equal. :hydro-.., 
static .i,pressure " ~ " • ~ ' ':: ~" "~ 

~u, ./_~ v, and i = the d~,nensions of the small finite soil prim 
~v = the gross volume'of the muall finite soil prism 

w = wet unit weight of soil, voids filled ~ith water 
w'= dry "t .un.~, weight of the soil based on t~s unit':Of the gross 

vol~s including voids ~ 
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case of I - :: 

and of v~ : "": '- ;~ 

sldered ( :4 " 
in an-arl - ,~ 
sidered s 

prism, t:~ .... 
weight oJ 
suros acting :upon 
unit wressL~e dif~ 
the sell prism in 

This is 
the buoyant ~effee~ 
ciple of Arch~nedc 
is equal to ~the .d~ 
the displaced liq 

. ~  ")'~ V is the ..e~ 
8ccupied by " . -;i 

However, ~. t 

• ~ . . , ~ .  

and since i 
is identical 

T 
the •voids i 

of the weight of each soil :~par~iCle :is ±ransmi.t~eddo~znward !~r;ough; " . i;"i,.'i;/ 

successive i ayer s Of i p~ ti cle.s iia"cross .sur fac.e s: ..of,,i~'~ual ,ic~ntac ~ ,::;i ,' .! ..~- { i~:i!i!il 
(.negl ec t i n g  v e r t i c a l ,  f r i c t i o n , a l o n g ,  the..si~,es :,of tho ,~.on~ai~er") ~;:wi th.  i. ~.,. iii:!i ~ 
the resuit tha~ the:pressuros,bd:~ween.~ar,ticios:.accumulate ;~mti~ i:a,t "' : i~ii~ ! 
the bottom t he :for ce between I~ ',~he :parti'cles" and ,~he: suppor;ti:~ ' scr:een i ;:~!.~ 
aggregates .~P'.. :..,:_ i.~:~!il 

It might be argued that-if the particles are in contact, they 
cannot :be completely surrounded .by water and ~a.t as a consequence the 

i ~,Uplift and Seepage under Dams,." Prec.., A~S.C.E,, September, 1934. 
r n n • u _ -~...' , - 



• ~ :, * ..... . : : ~ . . . . .  ! 
full buoyant effects o f '  t h e . w a ~ e r : ' a r : e  not~:- ~r.zaghi;~,* how- ' "  

• ever, cites .experimen ~al 'evidence .to show..*:~hat/.the, hydrostatic, pr~s-- 
against :solid walls .:.are":~..~i~iniS:h~d:. 6r~y.in:!~i"the~i.~0rd~r:'~ 0~r:!2~'!:by::!'i~J 

the presence :of !clay:Jmb~ar~:~!~ai~:.:i S~ii!SU~.~'r'~'al~:~ I . . . . .  
granular, :are:  ........... ~rac .... tleally.' -~" 
zero. The r ~ d u c t i o n i n  t"he~:;::,b~oi~t:::'e:~fec~s':,On~:,:"p~rrtl;cies'~:ca~s~::i~ !.,-. -:: ~' 
the exc! u si on of. water pres ~ure ~:,.~from the .~.~Areas' o f:.~ on ta c t .between 

S~I j 
walls with s£ ~ 
maintained t.~ 
surface over i:; 
lower end (f~ 

-Ne~ 
quired to su~ 
of the soil•s 
across the :be 
above ,the so~ 
talner ~at th~ 
to .equal the 
between the ..~ 

.In 
as in equatic 
medes, princiT 

I n  
foregoing coz 
loss. In paE 
of water of 

the net loss 
tion forces-~ 

or 

' "  "" ~ V ' " " "  :"I'".~ 

The  force of frlctioni..~r~sm~a"to-:~he'p~t~,~ieS::.~d:-.::thus,::~!~.'the " . 
s c r e e n  .a t  t h e  b o t t o m " I s  s e e n  f r o m  e ~ u a t i o ~ [  i" ( .4/'):, to:' b e " e q u i : ~ l e n ~ : ~ t o  ". ~he 
w e i ~ t  . o f  t h e  wai~er i n  . the  v o i d s  d ~ a i m s h e d  b F  , ~ h e : d i ~ e r u n c e : . b ~ w o e n  
~he .oressures on the void areas at ,the two e:nds:, t h 6  ::~oid area 

,l . . . . .  • .ijl i . l l i ii 

2"Large Retaining Wall Tests", :Engr, News-Rec; Feb. l, 22, Mar.. 8, 
29., .and Apr. 19, ig3~. Specifically, Part III, "Actiom ofWater on 
Fine-G~aimed Soils~" Mar, 8. pp.. 31~-317. 
, l l _ z • • . 11 | mill -- 
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definedas,~an'ares .equivalent 
cross sections:of 
tubes, 

cc'apled, bythe 

But th~ 
:bottom .is 

P', = w' / 

This :is :simply .:.eq~ 
Subtracting '(4') f~ 

"..:,. - ,, . ;:-' • 

,p, 

.or that, in.addi~ 
sure between~he:~ 
weight.of ithe.graS 
~,proportiona~ ~o tl 

~le for, 
in which flow is~] 
water and earth ~:d~ 
the rule. i~typi( 
impervious foundal 
directions ,of :flov 
lines of egual ~pres 

To gener8 
equilibriu~m of a so 
"~( ~thickness unltyJ ~, 
to ,lines .of equal ~ 
is -restrained ,on al 
and is acted upon b 
The water :in the~ .p~ 
the resistance .of 
sure, .and itsown ~ 

I.f ,.we isc 
intact ,and ap~ly th 
forces. transmitted 
.For static" equillbr 
aceelerated~ 'the. ,Su 

forces acti!~g .~on, ~h 
the u direction, therelore, yle-as 

~t 

'5~)P'u du dv + 

or,, sln~e ' ...11= O, 

~' P'u ~ s" 
dV+ u 

" I, ";'i 

dv du ÷ 
~-,-~,v ~ " ,~u - ., ~.,.:~,~ . ..- ~ 

= - w sin ,,~ dr. ,(?) 

"- . : . . . .  i" 
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.'A 

:Similarly,, 
results 

:0~:) 

du 

- . , ~. '.;,.' 

',,L 

l) : #  

n~s i'n-th'e,v 
[- 

,,0~ ~ e s ~  :~,o eq~ia~o~s~,~i!~!~e::i>~i,i 
the .forces. acting (on the ,~'.'ii~:,:ii~Ue".~ .~::ii~ 

• < , • 

, ' , .  "", ' ,~ : " . , ; ~  , . . . . .  ! ' 
. . . . . . . .  "~l . . . . . . . .  ( . . " ~  

~V.) ~. ' . '~0 ,  , '<'"' " '  v -  

, , ~ .. :.~ v::-~.~"i~:il ~ ,i:: ,".~. 

'- ' ........ ~i ~i, ~.:, .,.,, S',~:,yi~..:i ::, :~,.:i:i > 
The r:igh,~ an,'i i eft ~,h:~d ~m~mbe.rs~;' :!how~ver.:-~ 

,.'~ .s' ~is.,~:.. 
" -. u ,an~ v ~are i'ze~,:;:il-w~b::~.~.s~:.~ 

In.making :a ,~graDh±,os,l~:~lalys ~.s, 

,of  the ~same charac,ter.~as'";tha~!iiin~ro:auced': 
,,e£ pez.colatinE .wa%er ,that,",tKe.:~,w~ii~:,L::,.0fii:~ 

zag~i  ihas .pointed.;ou,t;,.:3 ?i,ts ,effec,.t ~''~s ,on3 
~f~.ec~ing ,tribu.tion ~'i, of :;ipr.ess~es .wii~hOh~i,,.~ " ..... >""" ' 

s~res throuch-~.EO :. soll ,~ri:~m~ >dE-/,dv,',. is ~( 
a~ot~o~ ~o ~x.~ ,v~',~o~ sum iO~pri~:.:,~i 

~Ltreo t~'on ;-:inere : ,;., >:,.: :; ~ :.~ 

" • "7,~t 

. ,. ! :., ~ . -' ' ~,. ... <,:.~ ,> :,".,i~ ~: i~ ..... 

,i1.1/,'~ , ' ? 

c o nc',,~" e~-~:" ~iKi.'~~ ~ '~'" ~ ' 

" A':22:? ~. . 

.S '.~ 

" ?' r'A 

!:i ̧ : 

ition ~(~91). , .,and may be ~ ,considered ~-~io.~ac,~~tl~,6u~g~?~he~..csnter> 6f~i~,gra~±~:~i~i!,'.~ 

.T .obtaln :,t~he .total, :pr,essur~s, betwaen,, soil, par~.i.cles,~:~.a,long ,. 
a ,.tYPieal:-.trial ,s'liding :~6~,fac"e ,i:inii~ ..emb,an~en~i.tl, iis'!~he~.eZore-i~on~y, ~ 

necessary _to divide ,the areaIntercop~d,.by the .siiding!:arc i.n'.tO' con- 
venlent fini~..reetan~r element.s, ~oidetez~ine.,the ' ~f6r~ces .duo .to/ ! 
,hydrostatic pressurle difference/(cerresponding-~tO ~"~:~ ?fo :~ t ~ : 

.equal .,~ressu~e lines and the forces of gravity fromd~:the i~ ,wleights:i, 

"The Mechanics rOf Shear ,Failures on Clay •Slopes and the Creep:of 
Retainin~ ,,Walls., ~ ;Public Roads, Dec., 19~. 
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