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. m mnonnon oF um
 THROUGH BARTH DS
; mcar_ N. K. mrz.ovsxz

: 'lo shall star_t the discusaion of' tho hydmulics of perco- e
lation thmu@ 8- hmnogsnems ‘sarth. dm by mying that tha- ﬂow in-
- the body of the dam oan bs subdivided into three cheractoristic: parts. -
oI, II and III which are dosignatod on tho akotch 1*.‘- I'heao -throo

‘parts my be uallod "uppcr Wedqge v "middla part" and"lowur wodgo."'f'-.‘
Wo sball point-out the main hydreulic proportios. of the percolatianj
- flow. through thcae paxrts in the rollowing mnnor o :

1. '.['no "uppgr 'ndge" By percolating through the upstream race or
the dam, the porcolatim flow enters. thet. part or ‘the dam which wa'
-oalled "uppar wedge”. Ve underatand by ‘this’ name tha f:j.part of the

- dam, which is hotmn the" uputraam mco o:t‘ thr da"*,-. and tho "aecticrn;
" line” (1), (foot note: About this scction lino: 8eo in paregraph
2) artnr which wo find  tho- sncond (middlu) purt ‘of ‘tha pa rcolation
‘flow. ' While the ‘pereolaticn flow movos tb.roag:n",tho‘ Upstroem raco
~of the dam’ or courso hydmulicj'.resiatancna a’ ' ‘

_ !‘or tho undergrou.nd ﬂow the kinetic enargy 15 on.ly 8 neg-f._.;-';; g f‘
11@1510 qmntity 23" comperod to tho potontial onurgy.;‘ In our. caso, e

therefors, the speciric enorgy. (or the head) in ontrance. aaction.

i.e. 1in tho plano of tho upstrcam feco, ia equel to tho dopth of tho
wator upstresm from the dem © Hy. Tha spacific oncrgy in: tho: 1ntor--'51‘_ :

- socting lino W is de:r the dopth (h) of the. purcoletion f‘low
‘at this potnt. Tho heeds (depths) are mossured from tho ‘plane of "
rofarence which in the sketch 18 dosignatad by tho lino O---O., -




£q0  a =Hu-h
The loas: of. spacific energy (or tha 1oss of head) within the bound-
ries ‘of the "upper wedge". ‘thereToro, can’ be 'oxpremedby the iheaa | (u)
which 1is drop of tho: porcolatiun curve fraﬁ tho point L to the
point My @ ‘_j“ _;_;;H}VV L S o

//f'/////fy'_{,‘

. The middlo part.,n

‘Fran ‘the: sacticnﬁlinu [W) on: tho'nonunlform ovemsnti ot the¢? .l§?

porcolation flow on ‘tho- iwpcrvious ground is boginning,dtﬁrouﬂhout

ths ‘whelg 'cllcwing'éiaeuua;w. 3'\'1‘0 ‘assul ﬁu_f:'”t 16 .:n.uu:t.t.: L, O1 ri_‘iqu i'?.uth-
vious :ground ‘to bo levol;:this corrosponds to tho" usualﬁconﬁlt*nn for;p;f_~

the actusgl: structurn in- practico.. Tho dopraasion curve initho
"middie pa“t“ of ‘tha dam ig’ obviously’tho curvn ‘of ‘tho . drop of tho %
‘parcolation: surfuco., ‘Tho ‘dopth-of tho" porcolation Plow s gradually wj
- daocroased “from. tho valuo h (at tho aoction W Fio. l) Ht docresqns 5;'“
"to tho valuc VoAt the uoction Wo, which pﬂsscs throuzhftnc paint
Mo; 1.0 through tho ‘point=whoro ‘tho :vercolation flow: pehotrrtos L
tha downstroam face of the: dum.w or’ the! hvdrﬂulic 6iscussion of‘the i
Problem We:asSsums tho ‘point Mo to: ‘higher. thaw-tho olcv"tion,nf
the ‘teil wator: leval - thcclattor; '

wo procacd to tho “lOWQ S WOGEe O

Tho "lowor wedgu”
- : ‘IT:tha point Mo"of the. de POSSIOh cu_vo could,

elevation of tho tail wator su:fnno (ns is. sho'n in:Fig, 2) thcn
‘inthe section ‘Wo, which: designates tha: ‘end . of ‘the’ nonAunifonn Ove~
-ment of - ths parcolation flow A the “middla part",fwa would ' hnvertOj

-howovar, such a8 movomont takbs pléc
ancy ia, that ‘in. ordor to ovcrcomo tl

‘of that part. of the dam which'is baloé: ‘the | saf-tion wo) 1-
ation rlow haa to have somé“ dditional anor y as compare,:to ts

///////’/////,////////7//’/

Fig 3 -2-




~We have aurplus anorgy 1 wa, .assumo, the point Yo (likc
in Fig. 1) 'to be atian elsvation which is ahovo ‘tho: olova*ior of bho e
tail wator: lovnl.- If wo dosignato this’ hoibht of thc point ' abo"o
tho:tail mt"r lovol by (a c) Fi(g. l. we ‘mvo‘ ‘ %

(2)

i ror tnis W obtul ftwo zones in th" pﬂrcolaflo B

'uin the boundrins of tha dovnquroam ‘reach (Figm. 3) . STy Hrpnrf
‘zone tho; porcolntion dischurgo q diachlzpeg‘inro “the aty Sﬂhn

and ‘in’ tho lwwer ‘zono tho poLcolgtion dischurvo qg- ig hey e

tho tail wutur 19\01. Of.courso ,0 hav *ho rclation’

.'(:3)

l + qg

ﬁ'horo q is tho total qut vcrcolatio: divchnrrh thrﬁug?
the discharpe per: uﬂl*‘lenpfh Jf ahﬁ
are unit discharﬁes) S

_casa wheru,*ha denthﬂLn the. doptn'
hon O, butiis: practiﬂo.thc caeo; hos.
is the caec in wh"ch ST dn nOu h"

"and tho "mlddlo Ja**" romasr uLchm

find: bovcver that tho nlcvntion
doprosgian. curvo) Mcfon th,:dﬁ:
liné'O;A—OxiSﬁOQUQI;cﬂlthogfud)
tho norculatloﬂ flo ‘




Continuation LR R T e B
: ; oontinuation or the above discussion glat ua ta}co up tho E
: quostlon i the diroction at: which the ‘percolation flow" threads ontnr;,.‘_;_‘ i
‘the boundries or tho: upstream roach,  The linc: of" (uhc upstroam faco ]
‘18- the’ lino- or" oqnal,hoads er tho agui-potontial li.nc,Jsiﬂco (aoc
. for eXxamplo ' Fi.!;. 5);'the heads: on this lino: ‘aTo 11 “oqual and a1l -
-have tho valuo'Hu; ‘AL the'y aro moesured from: tbo horizontal plnno of
... 'Toforonce which ars:assumod :to: 8o ‘through ‘the' absc:lssao ‘axis. 'Bu’
" sinec it s’ ‘known ‘that the- ogui-potential ‘1incs:aro: normal ‘to. the
- stream" 1incs 1t ia ‘cloar: ‘that the. stroar* linos or ftho porcolation‘.‘
flow have to’ bo . nonml to* tbo ‘1ino of the: upstmam alopo at tho point}f;'_- ‘
whero" they ‘onter the upstreari reach of ‘tho dam through its wottod .
surfaco. -Further on' initho; upstroam ‘rench ‘the stroam:lines of 3
_-percolation’flow do- ‘of: course chango-their: diroction. Thon hoy
enter tho:middlc part: of’ ‘tho dam:profilo’ thoy hnve alroady: more or
- ‘leas ‘tho min tmnslative d:lrection of t‘m flow An- the: wogio*z oi‘
' tho ununiformm motion of ‘the flow.  What' ‘eaid: ‘abaout he R
'.stream line=: of the . percolation rlow‘lis also ‘tTue’ for the ! "dapression' S
- -curve”, which ‘is- only th.e uppennoat stream line M‘ ths discusqed :
;-percolation flow.‘- RaT 5 S o

L « !!he above pointed out entrance diraction of tho percol-
"eation flow, perpendicular 40 tho upstroam: faco of. the dam 18 well
‘11lustrated in tho’ Photogmph No. ‘ i

' ‘beginning: parta of.tho:flow: line's; which Vare: n;bohtaincd by colorinp
~during the ‘axporirionts of tho Loningrad Hydraulic laboratory on

. -tho.dams of :tho lower:Sviv, .M tor ‘povor . plant ;‘*-’:.The:_r'sam:'bdmt:in -

“-at the: pcrcolation stroami‘:f ines ‘wag:rmch: :earlior{in<tho .yoar
obgervod by Prof. Rehboek in'his exporimonta in't 3 “};‘Iydmulic

‘ 'Lahoratory o ;th.o Technical Lnivorsity‘in Karlaruha -on:the modols

:tho dam,

: For tha oxperimonta n-earth: da"ls 'which were: carriod out
undar. our suporvision during Ahe last ‘yoars, it wes foupd. that dn
tho dam:body tho: tmnsition of ‘tho- pomomtion flow [into ‘the’ alow- :
ly non-uniform riovoment,’ e from the. upstroam Toach Antoithe
middloe - ‘part of: tho /dan- prcfilo takos Placo -sufficiantly elase tf)
tho soction- W, which is used:in Fig. 1=4 (1) (Phis:fact alsc 1s. o
confirmod by tho: abmrc monticnod oxporimonta af Hchbock) Tho- uhwo :
‘memtioned oxporiroents: howovor ‘Wiero inot plan nod - far tho invcatigution

-of ‘juat ‘this: queation. We - thoroforo find it nozessery to ostimato-

to what oxtent this or .that location of (W) could influctco the

cdam




o
AN

_obtainod rosults: ror tho cnmputution of thc dopreasion curvo.. This et
has Baon doneg: rurthor balow:iin: puragrﬂph R B Hbro o think 1 -15_ 'u--”'*
~suffieciont to Point sut“that tho: vory- instgnificant influonee afL

lcoation of the line (W), fo ﬁthe ccmputatianmof the deprnsainn B

A

&curve has been aatabliahed by“

Dua tq these conditions we placc tho sectinn (W) thro&mh o
‘the upstrear. corner af ‘the lavel -paTt ot tho dan. ‘Doingithis:we . .
also havein mind: ‘tho! siﬂulicity oria’ payuotricﬂl 1ntorprotat .

of that lino by the. olomonts nfidan’ profilas: 'R tiu

this placo: that wo seloet suchia. location ‘o _

whon in"tho’ uwpor canal (rig. '5)" thoifulls depth. r wa,

ing.  By.full: depth we. shall understand”the dopth ‘Hu ror whieh’ tha

dam construction:is planned, end tor which the "ressrve: ‘beight

'{do) of ‘the ‘dam’ ‘above the head water Tovelids: doterﬁincd according

to Practical aperxence.-(l)(on ‘tho - sectiop (W)‘for" ‘not-

nan A

_ aead water lovel soo: para~raph 39 )

: In concluding tho prclirinarj _pmarks on th‘routliro of
the porcolation flow in: a humogancous ccarth dam on an imporV10us i
foundstion, ‘wo oncc more: ~point: out,;“hat in‘the outlino given aoovc‘Qf
wo rogard thc parcolation flowfin an oarth dar as*thc hydruulic svstam:=

Upstroam roach "middlo part +'downs+roam ruach

- for: whzch of coursolu:ﬂw'g roa parts;rcprasont onn hyﬂraullgtwfolo
. (oithor of :thoso: throo: parts of tha sy tomcarrios: ono aud thc oMo
'dischargo quantity ;i. " U

~an: aﬁproximnte solution._ tt is;
*i301$laining thc oxistlng'phonomo

e 9At tho end, of‘thls purngrnp 0 givh ¢
symhols which wo shnll usn 1n Lho dcr o :

. _“Tho haight of tho oazth dam‘f” 
. .Tho daopth of ‘the: wntcr abcvn_ k7
© . tho’dam e
Tho "aocurity" hoisht of der s
‘ovor hoad :watsr lavel.

The dopth.of ‘tho. wator baloﬁ S
tbo dnm S




:idapth of ‘tho- ‘witar’ bolov the dam ST T

,width of thﬁ plﬂno surfnco at: thc dnm SRR A :
Tho width of thc dnm- onttho lovntion of. tﬁczl E
'_fhond wntor levol_ I ST ot H,"*r'v‘ ‘

__coofficion: of tho slopc of upstTOﬂ“ fnco ‘ cotan ¢ ;f

‘hoight of ‘the dischargo point Mo of ‘tho' de-—__“
_‘prassion curve uboro ho tvil "ﬂtcr surfacu
o elovntion (ho;> O] S il R

; \ a+h0
VAV AN B AV AV AN Y AN S A i . .rr:1r7.r/]///7//7'77'?'>f
Frg.




Py 'J-";Inrthe‘middlefpart=of?fﬁe<damﬁtheimOtionjqfithg{pOnglf;.;i1gv‘_
stien s mon-uniform in the dire ction parallel :to 'the impervious found~ -
‘ation, ‘For the- derimtation. o 'the differential ‘oquation of ‘this flow =
rwe:usecthefFigng,iwh1Ch:3hqwqion1y~thp m1ddldgpprt;qf;thofggml;;Jn-.w s

& Ac°5rdiﬁsvf0wth6Jﬁéil[kﬁoﬁn;fo§rmlaﬁoffnupﬁht}5théf$dl;; TR

‘oeity Qf“thc‘queclatiogﬁihkdngatbi;;aryﬁBGCtibnjJAfAiié:%

s ve ok lay
C 3 Lo AT
and haneo_thO'unit d1schargcj‘_ 1t

) : S R s T e

and fro~ this we find by __.:m c'c_sg;-sf;-tfi_dﬁ,;f £

| Tho integration constant. C'can bo dotarmined Trom the con=s.
dition x =0, :Whichfchragpbnds;tc\thckordinat¢ﬁgfh he depresaion’ ol

}-ffﬁié%isﬁal?oéd?fﬁﬁélfihélwfbfﬁ?éfﬂfhcfééﬁbfﬂq foqm;hé”f
dcprossion~cur70cin;thofmiddlojpartgoffthdfdaﬁ;;andfwdﬁgqnvcasilE 

plot'thegcgrvo:for.yalﬁes}gﬁﬁyﬁwithihﬂyhcjlihitg;Q;j;

by sdlving'fqratﬁe'C¢riéspbndingﬁvhiﬁqs!of;x iﬁ'nquﬁtionzfld).'lIn
.ordor'tO“bo‘ablc:to‘plot this:Curvoﬁnc;havd‘nf~COur30atoﬁknow.the'
Percolation discharge g , which is for the tire being an unlmémn

qQuantity, but will bo found below, during tho further discuassion

-




of the Prﬁblﬂﬁ- Tor the "onstruc ion of the depression curve ‘in .
‘the riiddle part. of ‘the dam: ‘Wecan ‘8180 select;difrorent ‘values : or

.gxg)and detarmino tho correspondlrg values df“'y)‘from equation

Sinca for X = S ”Flg. 6) wa have.'jf

‘ wa find rrum {10)

-ll-_——. .

Bts Mo fegeb?

Let ua lmap in nind what had’ baen | sﬁid sbout the ~‘dirac1:10n=yl_5: St

8% which the percolatian flow entors tho "uppar wodgn"
(in paragxaph B ) on. Fig;{“{ 3 - ‘

we shall replace the curvad atraam Tines' 6f;thg type (a,
"sssumed” stream lines of ‘the typo- {d-b-c)::;‘
horizental. Doing 'this we -do to. :BONO’ extent inc“aauo tho 1onpth

/iﬁf‘ftl"!. //1"
LD

of ‘theso "assumod®’ straum lines over. thnt 201 ‘the actunl ‘stroam” lines,:?35=7

and gt ‘tho first. glunco 1t aoems that wo di“inish Lhe ”dischargo RS
capacity" -(tho obility to 1ot m" dischhrgc quantity. th:ough) of tho
uppor wodgn. Thoroforc O, shnll hnvo to uiscuss this quOJtion mnxo
thoroughly. ‘ R AT S

L;Q,:




As haa boen shown by oxperimenta whidh wore carriod out in
the Hydraulic Laboretory in: Leningrud “the -Lowor poreolation’ ‘stroam
.1ines -{(as for: ‘oxamplo ‘tho '1ine “e:- fion. Tig. ' 7) aftor- ontoring ‘the : ‘3“3-
upper wodgo:approach tho ‘impervious:surfaca -yory . closoly.~ JThus | tho .
part of ‘tho upstreamifaco: ‘which 18 bolow a: ‘eortein’point-e . has’ S
only a very 'littlo pert in-carrying tho'vorcolation flow 'Thoruforo
tho shadod :part of thc" dam Diin: roality corrosnonds to‘agrathor tm~
~ porvious part.of tho” dam, and “thus* dininishoa ‘tho porcolation cnp-u
aclty of ‘tho "upporiwodgo”.: But this decroaso or tho porcolation S
capacity is accountod for: in OUT: cmlculation of the uppor wodvo@only P
‘in a difforent way, namoly; by.a cortain: incronso cf tho longtlwﬂf '
tho “assumcd" parcolation stroam 1inos.-”-' WA e

o tha ahove aaid W8 have to: add that along tho curves nartf7 o
of the stream :line (a -b'), the. percolation flow has to ovarcorin & .
slightly greater: resistance on'its unit longth’ than’ ‘on the. noriroqtalt P
part. This is:due to'tho: fact that the'soil of ‘tho dam: bodv iq : 5
brought in . in elmoat ‘horiz ontal layers ‘which: ‘ara compactsd +in a‘”“ L
vertical ‘direction. Theraforu 1t .is qaita roasonable to: HSBUWO uhat g

the rosistsnco along the: scmowhat shortor. curvod sbream 1incq;

is ahout oqual to- tho' rosistanco alonu thc longorvhoriZQntal stchm [ﬁf:::~'3

lines d- b (soo Fig. 7)

_ 01‘ course: only a: compariscm of tho thoomti"a .?and experi
montal - data ‘can ‘show to ‘what:ioxtent: thc doscribed oropcrtics ‘0l tho.
actusl stream lino: ard tho "aasumnd" stroam ‘lino . aro- comucnsatod.jﬂl,‘ G
(1) . (foot:noto: On, tho vary: satisfactory results at.such:a comparison::*‘

botweon tho dcprossion lino rand tho’ horizontal stroam 1ino 8206 bolow }ffhf   f

in chaptor VIII.) By: tho above said ‘woonly: 1ntondcd to point cut 5
tho ganural motivo which “lead us to rOplaco tno pnrtly ‘eurved stroam«_]g
lino by: tha straipht lino.‘ s wa; shall ‘300 bolow ‘such:a: substitution L
onables us to:arriveat an: annlyticnl rolation *or tho porcolation e
flow in the uppor: mdso..--_. e i ; S e

¢ s':.\' -\ \ \\ \‘\I\ I‘L‘\\

Y AN
e / / / /‘/’ 7 /’ 77 7 /’] 7

F'lch’




By ussuming tho boand ry of tba "uppﬂf vodm " oq nointod out

‘in parngroph 1~ 2, Wo rogard tha "ndsumnd"
atod by: shadinp 1n Fig.”‘_ Tha lcnpth of this stronm lino ig.4;*

15) fag e 2} cotan g = m (e, /ff 2)

,whorb 2'1s tho dopth OJ‘thO stroam lino bclou *holhm,d “ﬂtnr lovol ."“
'V.alovntion. Honca tho hydrnulic grrdiﬂnt fo: ﬁ“o‘"iVﬁn:cuﬂo is g“} :

Ce)

For tho diffarﬂntigl of tho dischurrh dq ::ncﬁtidn_hbitﬁéiféi”‘

(18)  ag= U’ da - Vlk.u. l-ﬁdz ff*f"‘~*”“"“"'

| (22} e

‘strocmiling- which is: dnsign- 5‘;¢



By asquming tho bo¢nd ry or tho "uppar Wodgn“ as nointad out;

in .parngraph 1<Ry wo. rogard the "nssumod"
ntod by shadinp 1n Fig.,B._ Th° 1cnpth OL this stronm lino is-

(15) ' (do + zl cotan ﬁ = m. (do + z)

whoro Z is - tho dcpth of ‘the " utrcam lino bclow ho ho'd Wat“r lnvol ,]‘ o
qlovntion. Honcc tho hydrnulic zidinnt for t“o ~iVnn c"ﬂo is '

16)

For tho dif;ornntiol"f thn uiqcrarrﬂ ‘ffﬁtﬁthéﬁhmﬁ?fvfitq;"l‘

o ‘ _\‘* ‘m do+z

and for thc totnl porcolntion diqchargc._.?L
_ s a+h ERSA T

e\ ¢ -
‘ , TR Lo \ v .
YA R e i 77 7”7‘;*;‘7‘7* -
' ' ' - Hq‘fa

‘gatroum.ling which is doq1gn--,< 




5, Tho oquntion ‘for tho "downstroam wudgp."é‘ « ff;fgf5\fl,¥

“For tho "downatronm wodgo" w6 Shﬁll xngnrd twa caao5':i’?

(1) the dopth of tho ‘wntor bolow: thednm hoe 03 (°) tho dopth
‘he>0. . From an: anulyticnl point of vinw; ghn engo (L) da but o

spocial ecnse of (2). ‘But'ootuilly tho enao. (1) 45 mor Tmportnnt i
‘axpocially for: tha ‘uag: of ! oarth: dams in- conwoction “tth storazofbr‘ 18 |
Thoroforo wo shull tnko up 1ts discu59101 fizat. e

Caso 1, (hnp QJ n tho camo wny‘us ‘g dono for tho”w B8 trcar modgo" ;
52 rognrd agnin F‘horizont~l “"nasumed"” strenm’ 1ino’ for’ tho "ﬂo' ,‘~ﬁ,g-;,
stroam"radﬂn“ Tho longth Of thﬂ strnim lino dvsignnted ‘on’ Fir”n,:3 ~"“‘
by dark shadinh is LR e e e

(24)

whoro P 15 the dopth of tao strndm liro bnlou tbo poiﬂt; o' H*Lh o
“tho ‘deprossion curve. ponotrntos throuph ‘tho: ‘dovme troan fxcc of nho‘jlj”
‘dem.: . Tho- hydraulic gradiont for thls qtronw 1ine” th01 i°'i'_:i,,_,,

{(25) 1f['Jf=fg;Zfﬂf:
o N '.‘ “_. -.\ - ml z

and ‘the corroqpondin& volocity 13'

(27) Q=0 dg =

and the total dischares:

(28) a=[k ¢z

" Case 'II.*? he

A A Gy i o e o S s B S S S R R S S o

ch. 10 -11-




Zome ‘in . Fig. 10 19 the triengla fron the point MO on to the horizontal
line:of theitail: ‘water. ‘elevgtion, whicle ‘the 2nd zone is’ the tr ;

zold ‘which is formed by tho.line W, the horizontal ‘of “tho:. mporviuua;.[?}};. j'f._ .
founds tion, ‘tho downstream faco,.and the teail wetor olovetion linoe - 4

Wo ‘lot LTE etand ifor- tha porcolation dischargo (spocific) through 1:1'1::=

first zono. ‘Wo:goe-at.onco that 1t .can’be’ dorivod .‘m tho aamo my U

LR CLE dono above ‘ror caso . I (aquation 28) R LR DR P
.(39)_. ﬁiqi-:_";a ;"?ek";'ai'd

‘ For tho socond Zomo ‘wo 1800 frcm Fisr.‘ 10 rthrit hohydmulic
gmdiont cmn bo derivod liko 1n (24 and 25 ; : ' A

and thc -rolocity of parcolntion - e
(31) -k;ruk.ao _ o

and liencn tha dischargo ulmnont

l’2-% _f,.jvk‘-ab 1nr z-o-.";hof e

=L

’




i tha procoding pamgmphs ‘wg' orrivud at’ threo,‘e'xpreaa- 3
fons for the parcolation- discharga q'through the body of the" ‘dam ifor

the firat, socond and third part-of the: ‘dam profilc end tho conditten =~ if
o 0. Tho corresponding oquations ara:(23), (14), ‘and ('55). Cbut i

thesa three: GQuations ‘contain - 4ﬂunknown quantitiea-‘f
- {z8) . h ‘ag; s,,jj;,qj_;:‘ e gy
We hava to point out thﬂt the quantity a‘ which entarg tha'f

equation (23) 15" not a: rifth unlmovm’- ‘f"‘sinee it-’cen aasily axprossed':};_?:‘
from: aquatior (28)y , . L o ' e

{37) ".‘asﬂd-d

A fourth oquation‘howave
_gsanetrical mlations (soo I‘ig-*is)

(38)

(39)
' For the case. h) 0, ... whon ‘the dopth or the
bolow ‘tha" dam ia not zero wo havo the followmg systom 0

b + ml LHd (0°+ hg)] |




: Wa shall call this system the "sysﬂem of eouations"fo* the
humoganous .earth ‘dam for. hg 3 0. For the case for which hge= ‘0 We ean’:
use the equations (35) ‘(14), (28).‘and (59), aud wn obta1r thc Tollo
0wing system i . & L i

‘fI |

(41)1‘1
IIII

L“ . b.-+‘i:mlf-acﬁaaf-'.;a;af{.f

This ayrtem of course contaxns tha sanc unknown quantitio.
systom (41) ‘ ‘ SRR ,

Lnt us now p01rt out - 50“9 anditinnal"quastionsﬁ
to the obtained systom of tho porcolatlon oqusu*onh’

7. Addltional ramarks.yu; S

! . Tirat or all lot us ca11 your attnntion tn th“ fnct that IR
the. athnm (41) or (41) givos.us an opportunity to maka .8 TEthar. 1m_‘€ ; ;ﬂ?_:
portant conclusion.. If insto“d of taking q; ﬂd an unkncrn quantitv _ ,f‘,”.u.ﬁ,
wo Togard a/k as tho. unknown qun u hnkﬁown quan—,;hﬁﬁ_;ﬁ;‘
tities frcm tho syptom-j*‘ ' : , Al

(42) | h Bo, 8 C]_/k

.which will be oxprossod only hy tho known quontitlos;
(43) ad, £ h

_ thot 18 by qnnntitios which aru‘ ivon 1n tho oqign of dam’ prorilo -ond
the ‘doptha of the mter ebove and bolow tho dom.  Tho loction of ‘the
quontitios ‘in {(43)- ‘wo ‘shall ‘cll the dotcrminntion or,tha "hydrnu‘icg“‘
boundary canditions" hoving ‘in mind ‘to ‘amphasize by this name, that
the hydro-mechaniec: ‘boundary condltiona Tor the’ percolation fTOW n
the ‘bedy of the. dam’ (which have not baan diacuqsed ‘herg) are BXpreasad =
diffa“ently._: ‘ . ‘ 3 , ‘

By tha eonditiuns Fivon in (ﬂS) the xain pointq of the i
deopression eurve.ara givon {F1r. ), namoly. M. dh'ﬂnd Ng* Furthernore ;

the points of ‘the depression curve In the part ) =Moo can’ he ‘caleoulated

~from equation (10} ‘#f we ¥now h and g/k. “Thus 1% vecomes apnarant that o
~the shape of the depression curve in tha earth dam is not dependent upon-"'
the percolation coefficient k, 1.¢. is not. doponGOnt upm the . pereols
‘ation properties ot the hono"unOus ‘soil, hut is detarmlned by the

~14-




‘ By datarminiug q/k rrom (41) o' find the percolatinn
charge q if we know. ‘the percolation ‘coofficiant k Therofcvo, it s
necassary ‘to lmow the coafficiont ¥ for thc soil out of: which tho daw
is built 1f we: want to know itho pnrcolation dischargo,tbut ror the
constructian of the- depraasion ‘eurve. thr:ugh the: damytha knovledge of
- the percolation coefriclont 15 not necessary. IR A

Furtherrore e haVa ta poirt out that for the first part
‘of the deprassion eurva M~M1(saa Flg. 5) we can ‘only: obtair two gx—=
treme points of the curve by tho method givon nhoro, tho po1n_ S
Mi: the first point’ 15 cbvious (1tids onol
mator surfaco. BbOVO ‘tho dam},_tho socord hDWOVDT is uovcrnjﬁndf
the halp ot 'h or, which is the- saﬂo, mlth tho. hclu ot a, wh1ch ca
bo found by oquution (37) - For ‘the p01rts o the curre’ be*:

k) we can only Ejve ‘their general choracter: For the point } ‘ihe"
curve ‘Mj= Mg Awhiech’ oan he: iPlottad completely inall itg rﬁ;%t i

the curve N—h& ahoqu ‘have" LE mqoth conqection‘ﬂz.o. tnoy snnuld qave
one and the samo. tangont) Tn the point M- on; tbe o*hsr ha:@ ue”kn
_(accordinp to what SCLR sald in paraprnrh 2) that fha eurvo shnuldf
novmal to tho uwstrnan.fbco of tho Lﬂm nrofilo..- R

ﬁluor'this we ‘ean. add that the tang‘
curve ir ‘the point My forms_nn.ungle with thq(
can ke aaaily deterﬂlned ’

= k“‘(;‘-,r. i
For tho abaci "58-"1' O {o*" hG Qg'gl.dlﬁa te: orlg;ﬁ. i'si lomtedassho Vl
in Fig. 5) we Obtain e | P st

S1nce for x._‘C he ordlnato of thc curvo lsi

(46)  y;§fh€V‘“l”:5‘T"” '

g (”fi of the ncllnation of:
tho above montlorcd tangort to tho abscissa,ax1s 13-- :




‘ Tho abovo said 13 aufricient for. the pract:lcal plotting or
‘the depression’. curva in homogenous earth dam, _since .8 Tore’ accurate
plotting of the . curve ‘betwoen : H—Ml, 18 not neceasary for the: dosig:n
of :tho ‘profile. It is :worth ‘Whilo to ‘romembor, thnt if we draw thag
norral to the “upstream ‘faco of: tho dam dn’ tho point ‘M .and twa tangon

 (which 'wo find by ‘the sbove calculation) n point 1My wo obtain two

straleht linas uhich intorsoct at e Blunt angle; of ‘course tho- ‘curved

perts of. ‘tho. doprossion curve h-Ml has to- bo drann v':lthin thnse tw' :
111‘108- o . B ) : ,‘ “J-‘, : P 3

Tno Solution of tho syatom of tho porcolation oquations.

S For tho solution or “tho - systom of oquations (41)‘ m”ahnll
. for the saha of Iu‘iting convanionca 1ntroduca\a I‘em obaervations.;

@) 1pmf n}a "

ao

‘;and thua changas III 1nto
(49) r.g. = ao A
» ‘?by aubsti tuting (49) into the 'left side‘ of II re v'obtain-
{50) @y A hz" (30*' ho)z |

- and' f£rom Sthia weBOL’O for ‘(h). An ‘b‘lef°11°"'m8 menner:

(si_)_j U na /a 8o A 5

nd in thia exprussion m aubstitﬁ'tfq srramequationIVof theayatam o
. and oﬂntain inatead of (51) R T e T e D e e T

. | (53) ‘/ 2 ao.A [ o Hd -(a°+ ho)j +(ﬂo+h3}2=

and hence




? Ubing (54) thn oqnation I or ‘the systun becanes' f ;1f;5‘f . |
(56) g s’s»aa--do-i I ]
and WE ugain 1ntroduce an observution.
(56) i _Ha E ok
. - “Hﬂ”- D
which makes.___ a .
(575)" LHd-do-D)E
. ) : ':T" k : : B :
Ir 1n (57} R R suhetitute tho laft sido by 1ta value fran equation.
waobwn1 : . E L N R R o
(58) L _‘a"o'--;a = (Hd-— do ~ D)B
or. _
(59) . m . ao,v 4= (Hd--> o “iﬂE

we sae fram (48) (53), ahd (56) that the terms A ‘D! and E BT
given: values of’ Hd, b, ho, do- m, ml) only runctnons of'ao

‘the aymhola flv fE! fs of course aTe thos functio‘
: fram (48), (53) and (56)Q :j3s . :

Hance the equation (59) contains cnly one unknown,

that is the - quantity.ao, tho othar unknowm quantitiasuhavé beon ‘'8Lim.
inated in the above ‘shown mannor ‘(h, 8, and ‘a/k).< "Equation (50) can’
o solved. only anproximatol" by thc ncthod of- anpromimation bv stops
In order to shorten the work. connected

w1th ‘this we ‘can: also apuly
R a graphicel ‘solution of. equntion (59) . “By expressing. ‘the left ‘aide.
of (59) as function of (a ) Fi (ao) ﬂna the ripht side as. an other
. (61) . Fl (ao) ﬂ“,'n é._o.; A g
(52) L 1"2 (30) = hd s - do"‘ D)E
RR| B R@)

FJ7. /! |




_ ke, F"q_;. e _
llmits s is shown in the schematica fﬁiagram,Fig. X The inter— :

section point of thase two functions furnishea the dasired valuo“
(8g) . . ‘ ‘ S T :

a1 PRLE (ao) wanted
Aftor having round (ao) in thia way'lt is easy to datax

mine the ‘Temaining unknown qpantities of the aystan (41) Thus we
‘find from. equation v of this system S°-Q¢ - o

(63)

and mrther knowi:ng i f‘rcm aquation (48) v'e cun fmd h f‘rom (51;)'-
(51) h \/z Zagh .o 4. .+ ;L' o+ B
. l e

and fimlly fm (49) i

. _g.“ e .A.

All that haq baen said uboat the solubion nf tho syatem

of equetions’ {41) roferrod to. the cesa whoro Po>>:0. ¥or ‘tho. .casgo.
ho = O we had the- sys*em (41)

only with somo simplification _‘Wo find from (48) thnt ror h

S

., wWhich is: solvud in tho skmo mnnner ]‘”*" .



But we do not nood: tho torm A ‘at: all ainco rrom oquation III of" thc

systom (41) wo obtuin diructly S e oL i
A e

introduced into thc lort aido or oquaticn II of tnd‘éy5t6m3i4iilfﬁﬁfgf;"lﬁ

‘ohtain e - S e _ e P T e L R

m1 3 61‘ thi- 15

C(eB)

h p/é nQ. B +‘II

in which Wo subﬂtltutc 8. from cquution IV'1n “tho saTc ‘Way 05 this-
was donc for h > 0; ‘w0 then” obtnln L R A e
(68) L_;-'h,ﬂ D dn. Ehich

o+ Hy '—‘.do). + uoz” j_:,_{

(6g) D =-l, z no ‘

. Equation I in tho syptom (41) duo to (68} hnd,tho saqo ‘
form (55} ms for the case. ho;> 0. Fo: thls the symbol (as):rewalns 0
the sarne : e Sk ‘ B S

(70} Ez:ln H
o ”B&*“ D B :
and also (5?) s unchanged

3 (Hd —-do - D)E

1 | After finding &o, WQ flP
(41)* end (h) fron (67)
mave:

SR S ml«f=f
and from this we flnd

(73) o q e ’JO ok s
For the sake ot buttor illustratlnt the acuual functionv

(61) end (62) we add s diagram (Fig. 12) on which these functions ure
Plottod for o concrete case.,

iy X+ P
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9. _On tha uoation of huw 'to sclnot tho loeation or tha se '4'rat1' o

3 : *13 WB! Pointed out 1n paragmph Hwe' Belacted the bound- e
ary. betwean the: uppar ‘wedge and the'middlo part.as “boing: ‘glven by thu"_:'“
line W.(in Fig. 5.)" ‘which'goes through ‘tho ups tyoam comor of the' . -
‘horizontal ‘part of the dam prcfilos It is worth whilo to'tasko up. thO'}ﬁ
‘discussion of’ this qucatinn An this . placo not only bocauso ‘of 1tg -
gengral -value, but 8lso becauso: of- thc apocinl ‘meaning which ‘this

" queation has- for tho dorivation:of & gmphicel mothod ‘of tha: solution-;-
{1) of tho .four. porcalati.on oquations"for tho - oarth dam.‘ (1) (Foot ;
noto soo bolow in chaptor 2 ) o '

By cerrying out tho calculation -:i‘or tho dnprosaion nurv'
'I‘or difforont ‘locations: .of ‘the “separating saction" ‘botwoen . ‘the S
“upper wedge" ‘und 'the middle ‘partiof the curve (thus ‘for: axample nn_}
Fig. 13 5 dirferent locatione of the soction am shown) ‘-‘wo,con con-;

'influonce on. tho porcols'sian dischargo as wull ‘as on tho uhnpo cu

‘tho doprossion curve (especially in its’ ‘lowor . part which is most g
sngnificant fqr tho dosign uf tho profilu ‘of tho dum} This con- S
‘dition was: confxmod “by-us 'by a’ great number of: nunerical exanplas, ST
and it is ‘here: 1].1ustrated by the numerical rasults_which were ob- o
“tained from a computation Ol the dz::m profile _'shmm in- I‘ig ‘ 13 Tha
dimansions ore given in mtera. . ' :

| “”‘E;’I‘abla 1. L

L VI_.'Ihblo:Z.'. (Pugezzcroriginal)




’Ihblo I

-Absciasa ) KR

Ordinatcs in mntors for tho dirrarnnt

posit ions Of

1'-ho dividm

[-quitimx L

DiViding
Saction




From the rigurns on tabla I the two axtruno“dupruqsion

'57curvos on' Fig-,ls ‘are ‘plottod (for ‘loeation 5:and 4 of tho 'soction’ m.

“vnluo of Yo-

. “Wo aco, how*from Fig. 13 How. arnll tho- dirfornnco botwcon thonn two eurves
Coo g ragnrdlass of" ‘the" fuct thﬂt location 4- 18 renoved quita far. in the 8
tdownatranm diroction; 1. o to’ tho downatronm cornor ol tho lDVDl uppor
‘part of - ‘tho dary profilo. Of courso ‘tho: diffcronco in the drprouaion
curvos:is atill smillor for: loeatione’ 3iand -2:0f ‘tho saction (W) .. &
(soc tablo 1 nnd:2). From tablo 2 wa.S00 ‘that ‘for a:shifting. of thn o
soction (W) - of 1m to one on tho.othcr side ‘f*tuo ‘position l; tho . .

., which" dotormtncs tho loqntion gtho diqchnrgc pﬂint

of ... tho - MD ‘of ‘the doprossion:cury only‘to.about &%.. This

“of courso cannot’ hovoiany influonco on;tho roaults of a cnlculrtion :
~in. practico. “The porcolntlon dischurgc changos only to ubout Bl
duo to. such o chango of. yo .svg;: L : S




CMP‘I'ER II

: 10. ; The 1aw or similitude ror the de reaaion curve 1n an [ e
. earth’ dam, ‘We:-shall '‘show: ‘Anthise -paragraph that .for geometrically
sipilar dem: prorues the depreaaion curves are: also ‘geometrically =
‘similar, (We do.of course: ‘have ‘to ‘assume, ‘that ‘the’ lheed-water and S
‘tailwater deads (depths) ‘are-changed corresponding to the change or, EREY
the: dmensions ar thg dem: pmrila.) S e i LR

£ - . '.), .
7 7#7!7/7‘7777}#073 1/ 'ﬁrrg 45

: -';'l‘he aymbol' 1nmketch II"‘ G
the same as in: aketch ‘I, the only: currereme ‘being ‘that ‘those .of: sketch«;
II are designated by.a: "prime" ‘index, 'Of course the slope coerﬁcients S
.m &nd- ml remain the samo ror both prcrilea.; G : ; ‘ S

- Aswe. know from ‘Fl 8 t.he baaic cquation hy which the quantity;‘.-' S
8¢ 1s determined for sketch T (Fig. ‘14) has the “form.of equation (59)a
Hence wo have the correaponding equation for the detormination o!' ab' A
for skotch I1: L _ SR SR -

(74] m_ ao' J.' - (Hd'l' do' - D') E'.
m- ‘

24




where the quantities A', nvﬁand:En5gr§”f6uhd?ffdm'eQﬁutiqﬁé?(48}; (53} '
(75) .A"'l-o-]_n 5=o¢hv° | o
o L TEgt f~‘~f .

(75)‘ Dr -f\/r. L AI [%l T H ! _;(? ¥ + h'o)]+(00' s ho ) ;

ol

(77} E' L 1n LHY .:.1,'
| o Hd' -.rf‘*

We' shall ahow that equation (74) 1swfulfillud for

(78) 30' - n ao

where ‘n: 15 the "aimilarity modulus“ for the transition from profile I
‘to- profilo I inFig. - l4.$ For: the’ transfcr from one profllc “to! the'

" other thq&elations ‘betweoen ‘the quantitios Hd, b, end- by end the quan_‘4 o

“titlos'Ha', hl and ho':are. thBIﬂdnud by tho following cquationa-g $ .
B ‘Hd' o n .:Hdttl ;fej"H.H e : s ; : e
| (78) bt ¥*n ; b’fff' E
. ‘ho'v= n .,hot

?rum equations (75) to (77) we seo that-f

BY multtplying both aidcs oflequation 59) ”‘i

(81) ?. n. .8 . A = (n:.}ﬁdju;.ﬁt_d =n B) El | g

end if. ﬁom;émgmbef the rulatlona‘(78) to (BD nc obta;n inetuad of (81;.
m_ ao A (Hd' "do ~--D') E' .e.-wc rind that »quationﬁ} 5;.

(74) is fﬁ%fillcd for : | o | |

aﬁ' ENl.a Qa




The quantities gt and h' ror the pror11e II aze ohtained in

_the follb*ing manner.. ‘In accordence aith the general relation or: s in”;ll

equation IV of the system (41) we obtoin for s' the following formula-,:'

(82) s'.= bt sm (Ha' (ao'3+:ho'jf f”hm Aich e ses thet ac-Filw_
cording to (?8) and (79) that ER el Srian SIS

(83) s' = m -2

From (51) e find for h"i*"

'(84) hn .‘/ 3aov A's' B (aov -+ h|.ff’

1 : L
with (78), (79), (80) and (83) wo then obtain-’~ Sheie

(85) h' n Q L ¥ A . 5 + {Bo - ho)"’
end compared with [51 we agdin see that-fflf;ff~r5”

(86) n* =.n . h

Thus we. sea that the h351c elements of the depression curve

of the profile II.(Fig.: 14),: i.o., the quantitlos ‘ag', ‘8t and: h', ‘are: f}f'

in fect PrOPortional to the corresgonding quantitles of ‘the proflle I.Lﬁ;;

Let us discusa tbe 1ntermedlate‘points of the second part
of the: depreas;on curve.. At Tirst we. shall discuas® the change ‘of: thef
unit discherge inthe’ profile II, g*. AcccrdinP to. equﬂtion (64) e ,
can 7rite (aaauming that tbo percolation coefflcient *doeanot chanﬁe)

(87) q' =‘ug' A'k
"\ml. ‘. -

Since A" = A and ao ‘—-n ‘e ao we . obtain°
(88) g = nao A k

-and - according to equation (64)
(89) q' = n,.ldf::fﬁfff*“" e

‘From‘these: equntions e See tha‘?tﬁefﬁo lfdié&ﬁefgefq 13;13
n times large“'than the unit d1scharge q.j},f=ﬁ‘if~' S :

For the intermedlate points he second pnrt of tho depras-3":lau

gion curve of the proflle II Ve, can: erté an equatlon ﬂhich 1s LOTPES-_
ponding to- equatlon (lO) o : :

2
(90) ggv st = h" - y'a




in vhich x' and’ y' urw-the coordinates for the profile II- 'F%b#i;f 1:
this we . obtain-~5~T* e R 3 i ST R

(91) yr¥ e . ;-‘29' xr'"fflL{;"
~end hy substifuting 1nto the right aide-

we3f1qd_, ,Q3.;f 
o i
| If ve. also subsf‘tute“the.;alue Ior‘the aiuclséLe

wé sea that:"”

and hemce”
(94%) "y ?inf. &fi  e

Thds'for'the :hole second- nart offthe deotcss*on curvp fffhé5pfbf{ieg1i3 e
the - 31m118r1tv 15 ratalned.ﬁ» Lt S T e e

Wlth th1s \e conclude the

'_the deprGSSLon curv# 1n eartb dums

'%the shépoiof the dep"eQ51on curVe‘is n

“:CLent of purcolatlon, thls coefr1c10nu elso," “no: luenc : thu abovefﬂf

dlscussnd law of glmllltuac. If : : crcoiétlon cocr-




: ©oAl. 0T - B
-equations, - The: fundamental aasumpticns on: which this graphica’u._':"“
method. can he hased are tha following.,: Q U e

(1) For the gaometrlcally similar profiles the correspondingwde-'**5ﬂ  
pression curves are: also simalar to each other. ;.;; g L il

' (2) It is- accur“te enough to. assume thntuthe:relaticn of ithe qua
My (ao to, tie: uidth of ithe: flat' on’, of’the dam (b) s linear.

{3} For ‘the. graphical solution of the Syatem of percolation aqua~'.
.tions,. tke. boundary vertlcal betvcen ‘the: firat and the ‘second part of L
.the percolation. flow in- ‘the body. of ‘the dam con he . dram - through point_,?,”

1 (Fig. '15).. The. point M is. ‘the 1ntersection*betheen*the'head aater L
level and the upstream face of the‘dam,‘

R Let us nowW, explain theseuthree.fundamen 1. asump :
first of them s & short, fonnulation of- tho law of ‘similftude; ﬂhlch waq;}
discussed in 4210, The .8¢cond 4 ig’ baaed ‘on & sufflciently greet numbur*l
of computatlons, which waera. carried out according tq¥t cganalytical

method of ‘the'solution’of thc pcrcolation equa*ions as”' wind
Tho third: assumption finally folloaa from what Tas. ‘said

. To tho third aas umption;ro maymsay:that it introduces 8 aim~
‘plification of ‘the. graphical mathod sinithe: sense that ‘the quantity dg

{tho clevation of :tho - top of ‘the: dam .abova the hoadwator ‘surfacc’ luvul)ﬁﬂf‘*“*
doos not centor the Praphical diarrams, for which thus:one.of - tho- quanti-}"'

tics is climinntcd. ‘The y~axis:is-placed es is showm in Fig. 15., and e
from this exis . on the- construction of ‘tho" accond part of the- doproasion n
curve sterts.- ATter this part. hd"'bﬁun plottud thc bcginning port of.
the eurve has to be graphlcally corrected in ‘the Tolloning: manner {in-
ccorda“co with whnt has beon snid about thc first part of thc curvc in




7). We connect the point Miwith the: plottad part: or the Surve by
‘drewing the normal. 10 'the ‘upatream face .6f. the. dem in point M, ‘and

then draw.a. smooth curve which has:thi‘jnormal and the plotted curvelﬂ'fﬁ‘i

.ag" tangenta._ﬁ ”

' For the location or the saparating vertical according:to thefnvji.
thirﬂ assumptlon ith quantity (). (See :Fig.: 18) 'expresses the loss of" B
head (or.the loss ‘of ‘specific-energy) for the flow of ‘filtration ‘thry i
the. ™upper wedren. ‘of the dani; - This is the. part from ‘the ‘upstream’ face ‘lv'”

to the- div1sion vertical acébrding o 1ts new. poqition. Thia new
poaltion o +he vertical - dlfrers rrom the: positionaat which we placad i
it in-ell previsus: ‘psTAgraphs.: ‘We have to mention that by moving the o
‘division vartlcal An- the" directlon to the: upstreamifaca"ﬂ certain e
amount -of ‘surplus enters our. calculationa, ‘since’ ‘according to tables S
land 2. (|P ) ‘the quantlties Q- and ao are sllghtlY”inGIEﬂsed by doinsjﬁ_
s0. _ I T : PR SEE

we have yet to prove that for the new position' f;the(divia— -93" :

ion verticdl instead of the width of ‘the top of. the(dam b, the width‘-‘
of ‘dam at tbe elavation .of the headwuter surface has'ko anter:-our
‘caleulations- (see Pig.’ 15) ‘Weshall" d931gnate ‘this width :

Symbol ho, all the:remaining . ‘8symbols however are not changed,

. bo.we‘can wvlte the io¢lowing rela*ion" e S e

After we. thus have discussed the three fundamental preaup~7":

vositions we can: start ‘to exphin the.graphical method for the system ... o M

fFor a;tﬂlangular profile with a flat top
y: surface ‘we' would have

gccordlng to the rlrst the
this equatlon U/'is” coeff1c1ent wh1ch deends uponﬂm
(.e7upon ‘the ‘8lopo Tatios.(m) nd(my))

upon ‘the’ ratlo of - the ‘head watcr ‘Bnd’ tnilwate“; i e., upon the quan-.
o hity bo . If me go over: to" the txnp6201d1cql p“oflle -of he dam we'

.‘Hu G i .
have to account for the influencc of the quahtity;lc onrthc quantity
@o. ‘Based on ‘the second presupp031tion wWe can express tniszlnfluence
by the formula- : ‘ SR R . o . :

(99) 'o:“ﬂC Hu -!;p;_.‘- bo :

sinece ‘it ‘is clea“ that for increasing valucs or bo the value aa hes

‘to decreasc.. The cocfficient (B ) is dependent, like “('ac) upon the.

values of''m and my, and upon tho ratio: or” ho.‘ Furthcr bclow, we - shall
‘ Hu
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discuas ‘the determination of the coefflcients (U*) and [p) irom theff[ﬂ
grephs. 1In this place we shall’ discuss: the. general method of . deter-j%
mination. fcr the other unknown quantities. oA LI A

‘ Knowing (no), and keeping inu
discharge: point Mo is Sk

(99) Yo = ao + ho ;
we can find the value of. yo.‘ IanCcordanCEQWith equation‘Iv af the 9“
system (41) we find .the length (8) for. a. location of the: division S
vertical which has to he ‘chosen- for tha graphical computation (cc'
cording to: Fig. 15) frcm the expr6331on' s

(100) -g-= bo + ml (Hu‘- yO)“_‘

‘ Then, knoxing ao wa find the value of A ﬂrcm (48), and we
can nlso writo'* ;~.r, S e : I e

1fﬁrthcr below a nomographic chart for thejdgtcrminatiqqggrAthqgval;ffgf:‘

ues of ‘4 -is: given. (Graph No.-4)

(101) -’A"?:f-# + ln 19_

After this e find (h) from Lquation (bl) or by introduclng (yo) : i
rom the fommula_;f;*“ v O RV o

{102) hE -=‘- 

PR ‘;;-”f& and S
- (108) ok, "\/..219_”_2
: At LIy




: -'212 Auxaliary dia rams" nnd tablos. After having oxplained‘i 2
‘ tho basic relations for tho. ‘graphical’ ‘solution: .of ‘the: systam of" peT=.

L colation oquations, we! shall 00w proceed to discuss the graphs {and S
“.one table) themsolves. ‘We ‘have ‘to point out ‘that: those diagrnms were
;plottad ‘bosed on’ the numberical ‘results of -2 great’ numbe of analytical

computetions” of ‘the solutionf'ftor syatem: (41) and (411} : :
'_repreaent a short systemﬂtic derivation of these solutiona.

"-”:_Thia otk s hus beon pointed out 1n th ’prerace wes dono by tho cn—:~~ o
.GinCBI‘ H- Ro TBChugaJOf. Srni R e i : e

The graphs Noa.f 3 give the valuea of tho cocrficicnt'
czrnnd/S ( which entcr the oquntion (98)} ror differcnt vvluOSfo

and for- the most commonly uscd valucs of the slopcs (m) and (mi)
Thc grrph No. l is plottch for;_ 
(104) mo= 1.5; 2.0 25 3.0; 35
TLc grnph Ho. 2 is. plotted for mi= 2 .5 and tho samc valuea offml aé in

No. 1 ané finally graph Nb..S is- plottcd for o= 3.0
m]l as in cquntlon (104); onl‘:thnt also thc valu g

¥ For vnlues Thich arc’ hctwnen thosc valucs of m: cnd ml vhlvh ara
used in thL graphs, Ve can intcrpolvtc uaing thc samo grcphs..*ﬂf

within which thb valucs ‘of “(oc ) nnd

given-have to re. undcrstood in; such . it

the second prcsupposition (soo P 11)* s surflclently accurate, and
bosic formulc: (98) which is derived fro +also

‘rate, .’ Qutside of ‘those limits ‘the! grrphicul*cumput ion

only os an. orlcntntion cfte g :

solution ( H’B) SHE

: On grnph‘mb. “V:"“. =simpla nomngrrphxc cha*t for'
tcrminatlon or thc valua of | (ﬁ) in rclation : AN

. : ___«_‘__.._‘_C_o : ‘

grephie chart is: constru.tcd uccordlng to thcifonmula (lOl).H Using
Erigg's logarithms. we.een, | 1f e w1sh cnlculate thc voluc of; ﬁ&frgn
the, formula - : , S P A _ T

(105) 4= 1 + 2 303 I:Ob]_o Yo
- / \ ﬂo
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A Flnally the table (5) se*\es fo* the 6eterminﬁtlon of tbp v
‘"ﬂoeff1c1ents’LJ") and {:B}) forithe casc’ where ‘the" depth:of ‘the - weter“r
downstream:from:the dam is. ‘zaTo’ (1.e. ho o);' ‘We-can for ‘this case: .
. ‘determine the values (cqv and (ﬂ? dlSO from ‘the: gtaphs Vos.'_f s
L3y by reading them: d1rect1y “rom the ordirate leS (i,a'éfori 4=

: : In TeL’es 4 and 5 tre formulas wh1ch:
grhphlcal method, are tabulated.

 putat1on.“




J & ol X es' :
ol acevrate eno

e




. Gregh Moz, . oo
For deterinination.of the Coefficrents o
i relation to the Aatio he

Whicth change from 075 1o B.20. I'f the retio. ;?—‘i S

'3 no 'f‘."';lj«r-.-f}';_&‘_r?‘/,‘_r'bg:;'de;:f:'f_na:fed //m-v‘:*hcq T
gresrs Will inmany cases fornish vajves whioy
a e ﬂo-ta.;cc'urafg enough B TR SN
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GMP!‘! /Va 3 i . o
fbﬁ fke dc)‘crwrmaf/aﬂ af Phe Cocf'ﬁC/eﬂf"v
C«ﬁ ahdﬂ o ﬁe/ai“/oﬂ f'a 7?_ : L

SR S

the remammg currcs or‘Fu rar—ymg from L

.70 foZEO If “ 43 nef wsztn Fhe g?.l ven s

/tmr Fs the value s f'urnra!)cd by Fhe 9ﬂanﬁ'3\‘_' '
are tn mosl’ cases ﬂof aecaﬂah- ermu_gh ‘

R







L The vulues'bf”the cnefficients
‘muln?(ge} for tha cnae ho St o PR

HN_ o
Profile ‘g_i--- :

_"'-l*
2% b

ke “
4%
Bk
A%

7
B .
9

10

TS o G LD e .
P RN IR RN ) " " . g
om:mmOmom-ag:,

-
AH
L ]

12

14
15
16"

| posssbvannreun,

: NOTE A surlf icieqtly uccu ute detsrmlnutlon of the vqlue of i
-with Table 5 v‘.lues ol o and rigy pos 1‘blc ns '}onrv a8 the ratlo
of ‘hp.is within the ‘Limita: ) ‘of" _1.4.‘5 16:3.0 for the: ‘profilea-
7 whlchuare markead*, ang ‘(2] of 0. 75 to 2.2 1‘0 'thu pI‘Ofle_‘S which
( arc not *rmrked.E Sl i
A

SEVRE

HL’! .




; Drdar of

".'I'he dariﬁd‘tio‘n

and list of i‘omulaa i'or the cuae,h

procedure

wh:.ch is:

| determined -

The quunti _ty

e tormula

10

bo. |

Wl sttt s e s

bo o ml (Hu-YO)

is determined Tron. chart graph No.':'f
i‘rom the i‘cmula.- A—- fl i+ 2.005 Logp

———

e -*1_111_;

Note:

On t::h_«.j : g;;ix.:r.t-_i'ity _Qd soe f'ur'_tm"zar bclov.ﬁl:.

rormula (108) S




jorder of [ The quantity
“|procedure | which is - "
| deteruined . -

10

go

q a

| The equatioh
- |-of ‘the dew |
{ prossion i

“lcurve. ol

Note: On the quan'tit'y "qd"::‘éee r’furfchgr.._.b'elowf;}Q‘J..S".,ﬁ,;ietguét_'is; j{l‘lil:.)'ﬂ‘.'_"g‘._ R
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15, Erample ‘for the construction
o .of the. dapreasion curve ror S

i‘é‘_hs"-‘un(' mg*e-—s :'f.:' o

Lo -:’;Let ua uee '_che rollowing ex-f".j* :
Lt ‘_1?'*ﬂmple of a.n*earth dam e

-

an=

~p@qfopmga
i c_ji‘;ci oW RO

s 9.

T BRI
L

:poq+ow .q.e[
L »2: }.-c

: ‘t"fi (root note) )
POyt puz AV ARSEE S N R
4 SING NG '_; \ ot O SRR :‘}Tho mmarical Lvaluoa of thn o

BRI e o : N : ~"'_“:':3:slopes -of "tho {dem‘ faces . B
s and tho percolationfaoer-l i
. siticient .arc: takon only ‘for = -
ithis oxamplo. - Thome. valnas_;-{' R
“{andithe veluee-which will =
~‘be:used in- gLl i‘ollowing'-*
«‘oxamplos) should not be

',"Wcolz‘xtion oguations a8, giwrun in; (41).‘_ h 80 Toxr.
of the: p:rcolntion curvo. and tho datominﬂti of 'tho ercolation dia-“*' :

: charm q.

l. Analﬁical solution..

: .According 10 what haa been auid in paragrnph B we have at
first to determine the value .a_ from equation . {59) by way of: approx-
imation:ie, using different values a, and conparing from them the =
different values of Fj "(a,) and’ Fy (ag) of the left and right aida of
equation (59). Previous %0 thia we. determine the constant values

for “the present oxample.




All other steps for tne approximat1on of the value ao which
satisfies the equation (59) can be-seen from table" {6).- ‘In the third
horizontal row of the table the: expresaions fqrc{é ‘are 'given in an -
abreviated way cf: writing. - The : numbers dn heavy: print stand fbr the '
mathematical formulations which .are given An ‘second". TOW, . “the: numbars s
rafar to the number of theecolumn 1n which tho amplota fbrmula 1e 1;”
written. o . . SR B i

As Ve can s&a from table (6) tha cquationf(sg) can b' regard~'(
ed as boing satiafied by a vuluoa of : e

,agi_—‘ 0.5:3 e g
sinco for this valuo . i
Fl(ﬂo) ‘\; Fa (ﬂo)

Furthurmore wo rind thc other unknown quantitiusﬂaa isi;hown :
in paragranh B Trus from cquation (68) wo find FL FEETRITTE

= 4.0 + l. -:’3‘,"
end frO" (ol) :

' flow.n It is nowcvcr botuor to oxpross the QuAntif ‘T°T‘q in litors? ﬁ;ff

‘por day and por. ono: mnter of thc width of .the. flow, For this we, ob-Q' e
tain 1nstead of tho oquat. {64), tho oquﬂtion'““' ST e o
(108) ‘._:dd-a 8640 A X ao k
o T my




where A md my are. dimensicnless quantities ao ;i expres Bd in em, e
and ‘the percolction coeffic1ent is expressed in, cm,sec.: For tno 31ven RO
example we find - SR P R R : ot

Lhd = 8640 x 1.93 x 35 x o oooos
axpresaec in liters per dny par 1 meter a[‘ t‘m width oi‘ the .Clow
(i.e.) 1 metor of the anth of the dam). (1) R R

{(Foot note: (1) Usually the aarth dams have a varlnble height alon ‘H.*-
' the length of the crost (the craat being horizontsal the -dam follows
differences in ground ete.). For the determination of the: total j'
percolation” discharge therefare we have to subdivide. ‘the dam'in its. =
longth, into a; numbor of reaches: which havo as noarly as’ possibla tha P
samo height. Aftor having detormined: uhD purcolation dischurga fur  '
each of thése parts wc add allfof thcm and obtain the total porcolatlon

dischargo}.
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E For the obtainad mluea of: h and qk, the equqt:lon (10) for i
the aecond part or the depresaion curve (fror. the point Ml to I.o) then :d i
has the rollmving form  (in:meters): | S ST

(mm ﬁ=9&0'm&ij“ L

Tabla ('?) 13 computed rrom this equation..

ST ENO

4n: i:eé&graph 12) i

229 Bolutionswith ania

“the: .'uét or the rmum on'i tah:be 4 (aee pnmgrnph .12);
"!'-u:la through tho\ o_i.nt M aa: th.ls is shown

At ﬁ.‘.l‘.'s‘!:

A 3..81 (from grﬂph No. 4 fm‘ xg -‘a.Zu)
‘_L‘{:ha = 13,53 mz {from rormulamc of tnble 4)

ne T masan



‘and rinally rrnm rormula 1o° énd 11° or the aame table 4 we' obtain et

9 53;___ o 40 x 1.81 = 0.485 m = 48 3 an. ‘,_g_,;”_a,

Q= .3 x 0 00005 ki 0. 0034 cmz/seo:”~ . \
and from fbrmula 12° or table 4} 

:qd 8640 A ao k = 8640

'given 1n liter per day and per 1 meter Qf the 1ensth of the dam.;; ff’ {; fff

Hence the equation of tpc despresaion curve 13 (1n mcters)

(110) },ALYQ = 12. ¥-‘0 966 %

!‘..

for this equat:on the dapression surve is"computed m kiag alac thc4~

correction which was pointed out in. -paragraph ‘11, :0n Fig. 16 voth de-,~ T

pression curves: are drawn to scale “the curVe which ‘WS found by ‘tho e
analytical method ar h was found bv the:graphicul mothod..;‘

Paragraphwlé;advxample for tha computation of‘the depression curvc for '
han s tho caaa.,y' : [N RN R ¥ 5 SRR

‘_— 0. oooos cn/sac.‘(sue bo inning of Pnra. 13)




N

L

P R LI T R S o

—_— ¥l

‘¢ f1. Analytical Solution.ﬁ"‘”’ |

‘twus keep:in mind all the :hau‘been  -“_
said‘in naragraph 8- ror t“e "ase *Qr‘gu_

sien _gunv

tucal Solutig

ression Curve,

ol

,.f-—?'~:J.."5of‘_ffff_;-;‘ ‘;.f el
e 8 0 = 10 .:o e
o

‘ Pt ﬁand after t“ﬂt wo make up tanle 6 . .
N D A +as was done ‘in-the’'mvreceding nur.~*v-"' S
Ppwi‘;f;z‘;; = "" =) ; T .,‘]‘ ;;:gt‘u‘ph. Tabl.e ey ig‘;-arrar;eu 4n uhﬁ
o, St a TR some manner, show1nu the’ COnnlete
’ffmathamatlcal formulas in one’colurm
cie cand the abrcv1atcd ;o"mulus in an-" -7‘*
; fﬁother. F L

‘ .éFram uhO taale wo sea thnt fOr tnu L
. iglven . oxamplo‘;~,._~;‘_ e

4.nd wolfind thc value rur S r“om GERE ‘
qrormula Iv Qf th' systom of equationsz;“_u

: .18, 83 ‘M. ;7
and h from cquution (67)

ji"VaQ: 1.08 = O 54 m 54 cm
'k .‘m:L 2.. R RIS

and Tron (75):

q;‘( )0 00005 °= O 0027 cm“/sec;ij

But instcad of (108) .wo thuln for qL

(111) g4 = 8640  nag k
1711 o :




and hcncé , . T
Qg ='55640 «lO&XO 0000a>#-7.5.4
2 0 O AT
Yor the valucs.of h and i@ 5 conmutcd aboao thu uquation for th
part of ths donvouaion curvc qunuien (10) :

(112) y2 = "1.“»2 - 1 oe

Accoxding to unlb»PQUAtion thc purt cf tnc ﬂcprus
constructed.;-~ . S

'II. oolution ﬂccordlnu to hlo uiffu73‘h”'”

In uCCO‘C&an w1th tmalc (u) o det~rﬂiwg 1inat oL u¢l tn4 f f?ﬁ'L e
Width of tho sld;' t thb OlOV&tiOn 01 ;..hc hbad W'lqu‘ uul'lac(. (l) s e

(Foot notu: . The location of" the Y - afls is shown on . u;r (17) ;Jm;j1;_ f;:f
nmisAﬁgps throush’ thu noint W) ‘ = . A e

5 oo . (.,.o +72' ) 1. o *'12.6'9 m Sl

From tablo 5 viG thcn obtaxn-f

OC:: 0. 253

For our cxa.hlc n % u.O and ml [ Ba 0 Tur therma ooaceording to the
order of procouure inen on table (J):g. s SIS

3f‘.ul o J. .IO 1

end finally fro: Lor-:uln so of t\;blx" '

q = oz.5(0, oooos = 0. 00.,:«1 o / SECL
. 9q =840 ag k < 86-,0 1.2 )(u xC‘OOJ}
B .ml _.‘w__ : 2" . :
given in(liters per”day and per meter of uhe le ﬁfhfof-the.dam;
The oqu tion for the depression cur-ve Tor tho location ol the
y-axis i% 2s shown in Fig (17) has the Torm: - : :

""2

&7
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fo) N T I TR
- ? Q-HEQV'Uﬂ;+4Q)_°9
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X 113) '66.31'-5- '1 "‘zs fx“

From uhiﬁ equa*ion the duprosaiongcurVG 15 conatructed anﬁ tno':fﬁf

' CO?‘eCuiOh a(cordinr to purugruwh 1L 1s nnd arterwurda 1n its rirst*

PD"ernuH lﬁ.“ Aﬁdi*iﬁnai exnﬂules.-‘ 

In deitiOL to thc two examples whic hhve beqn discusaed ahove‘1; 
we .shall -3ive a Tevw-short calculntions: which 111ustrat, “the ilow: of :8imil-"

itude for "tha porcolotion Tlow ‘through an earth dnri. = The law of simil-:
itude nluo hus a nurbor of uractical npplications 1or tho vroJocting or
_eart‘ Oﬁpcclﬂll‘fif a: {;reut number :of earth 4 4ms. hus 10 bo' built

ns for cxamulu in'the lowur and niudlo VUlyor“nrovincUB, tno Northcrn
}anbursus provinccs, ouc. '

1°. Let us- ussume that the depression cury hns tc be plot
in an eartl dan of the fbllowin" given dimensions.
stwie as used in pavdn“dnh lﬁ 14) :
‘ 15 o m

b - ;m;co;f'mt S

o :ve'vee tnnt thlﬂ p ofile 15 gcumotricully similar to tha dam
‘ p*ofile wh:ch vwasg used - ‘ag.an exarp¢n ig ‘Para, 14, nlBO tha heads a e
-,geometrically sldilur.‘ The ﬂodulus of‘similarity im:

‘ ulas of Pava. 10 ind wc denote”thc”unkhownq
-‘*xamplo hy ao 5 .g~-

(Foot notu Gn bhu plnttlng‘
urthcr below ¢n suction 30)

:  -nn0w1ng‘qO, 5 u1d h fxo* th hanq1j£i¢dl;cdiqgl'
wo find: 0 s e Kt
{114) g X108 HA-16
Co o (B4 Ein, 8 =2 % 18483 .=:37.66 5
(bl = n.n =2 9 30 m




: ”gf- If the ‘same. pcwcolution cUUrricxnﬂt k 0 OOOO% m:/ BCCa R
15 used aa wris uscd. fin ‘tho «case givon dr Parm. 14 ;hﬁlt pﬁlcoldtion“f
diBChBTEU ql is ohtainod fron uquution (80) L : :

(115) ql = . q "\2 x 0 0027 O 0054 cw“/s°°'uﬁ i?“? 7;:”

end in tHo Bﬂmowwaj. :n‘ ; o : .
(1151} ql = n. “9a 7 “ia Bu.4 & 46 8 . L :

taken in litora por day (24 hrs.) por on¢’ mcto;'qr tuc lbnfth or t“q dum, E

Ir tnc porcolation coofficiont is ﬂifrorowt iromftwc ons
which was usod in: Para, 14, and is for: oxamnlc cquﬂl to‘kl © 0 OOJOl
am/sce., wo ohtain “rom oquation (64) SR

(11¢) ql M )
| S
in whieh (soo naragraph 10)
'ﬁ ﬂ 1 “‘w. oy
80 that: L S
©(1a7) q}f;‘ﬂﬁﬁp;A _Kln- nlnn.,ﬁﬁﬂ*

Ceadip oo T T
from which WO, o“tair according to uqu.tiun (n4‘:,

(118) qluf n. q kl :
and -heneo also

{1181).' qdl-é h{édgjgifn,”_‘;;~f

and for our casc: SR R SRR
ot = 2z A%.4 0,0000% =g, 4 -r_ i
: - g - 0.ooW0s G e L R
ngain taken 1* litcls po* d:" nyd nur 1 mu A ‘;the@lcngyh of “Lho dasl.
3° . Fer tho glottipp ot thn sucuud rl]i offthhfddprﬁsaibn"
curvo wo use ocgltiogs {10) sind (9?) iic. s BRI R
(y.,_.h__zux ) A
(119) (

(CY%“'* nzha - g» n xl .
Tho cquntiop vith yl and xl rofors to thc pruanrt Lxunplu whicn tho

cquation with XY rofora o tho oruuplu o Purﬁ ‘113_ We conwrity tho:
cquntion (119) ‘Th tho form: . o R

£l

(100) Ye ek . N' '
E;ﬁaé_k - Nl xl




‘where: 3  ‘1“ ' -g"”Lglﬁ,‘ffV'J*T,'ti‘E:t: e

(121) Kl a n2k° rl =i %)

Fram equation’(112) we know that: k = 21.>° und ¥ é“lloa;qﬁﬂ;thérﬁfdﬁea-‘;‘_-“
for the givan axawple wo obtnin{ i S A B

¥ =4k =6, oe
Nl = oN =«a.16

and thus’ ‘tho deprcasion curve for our‘caae haa tlo;gguﬁﬁ;bﬁé o

(122) '(y])2 = 86.08 - 2. 16’ xl ”

For this of course tho- cobrdinate dxas (O-xl) aﬁdﬁo;yiTyfaiéEi@cdfuatinf7\'
the samo way a3 the ‘axes: (0-!) and’ O-Y) R TR T i

-aince the ahane of thc dcprosuion curve i no* dapondont unon'}
the percolation coefficlent (soo Para, (10}, ‘the ‘equation- (l227)" is_f_,"
correct for the conditions of” ‘the givon prcfilo(diﬁonsions givgﬂ initho
boginning of this parasgr uph) for an- drbitrary coafficl ant - (if ﬁarcy's L
law is valid;. : B . i I ‘
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. Il vc tﬂLu as unothor anmplc:tie profllu on Tl&.‘lﬁ
Call dincnuioﬂ Slaith

Yo shall: nnt rgércat what'wé
o - enn noint ouf tla*
in &n. casy Ay use; thuf
only . ircrca31v* t}c leUQu of tha
n = 0.8, “After Chate tnc cu*vc “can
profile (“in. ) S :
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?cHAPTEn III

_le. M’O P“T"Dluuiﬂn throuﬂﬁ i o&u arorgedansil e erosy
' mwootlon. S _:,,,, ;_NC‘ Lo T LR

Turning now to thb quoution 3“ purrulvtin“ 1n n dmm whlca

P e i i
1 R r R

t
-

squipped with a "o-cdlled"Eor"" we havo at Foot to

undorstand by ecorc. Vo undcrutund by it a vortieul

atively sm1l) thiclmoss which is plucpﬂ inaldn of

which ‘congists of comparatively: 1mpnrvious ma“”'

Or vory wc,l1 rolled Buﬂd~ClﬂV'°Oll wnicr' .fme : uitud 10“ bhp ﬁur

poac cte. trpicul oximslo of o coro i&.miver iy tﬁufdﬂm ab the. i
Piloréitos | in Sulitornia, which isg 5 shown in Fig, 18, Tho nlopc. of
the sides oI tie traoo901dal j'corc ds: harn o =L rwhero mo 13

£ the walh.  Qoner:ll;
= ju‘ll"ita

cotaﬂ of" the annln of 1nnliwntinu of. t‘ si-'ffw
Tor uwh suructuro, t“e val&n T mo v ziop;l’jﬁ‘

(123) ‘m,,'--é': -
o ‘1EL

s 65
and &5 a. na 8 vulua ‘one uan JSSEM.

(12 ) -‘-‘7‘30 = "L"

e JLOH a. rcctunrulﬂx cn»o en .‘Qyp.vnf sketek. f“o tga !wo"
a coﬂstant thickness of ‘t. Lha deonth of tha ufarrﬂrOﬂhl TLow upssroms -
(Fout note: The t rdDOZOIdlﬁl ‘cora- ﬂlli |s5s ﬁi,v* ceriurtaur-aainw-;q
80" 1 } ) .“. : “ . - :
Trom the core 1o, hi and below flo coTu Ngs Tnp losa oi ‘hoad-{or o -
the specilic el TEY ) which is eausud by thu Py rrolition thronsh thi
core is called T, and: ths purCOT'Liﬁh coglfiaiond ol the mutorial
of which the core is made is called Kg. o surdivide the poreolution
flow throus: tiw cora:inte twe zones, ws will i vhown bolow. We aiho
this subdivision in thoe followsin. munnoy:. r S




iy Lln*v-
wder v sy gal i ‘l‘
Ttmosphora, Tt gs O FI e ,",:\i*"hi “_'
Atmorphorio weaers :‘ ¢ - R fﬂz!-mvf_-h Llip
Alter thp =lovers of thia '.:f.!:i *:xmvc* z:‘;o‘ﬁui‘ ‘
torss sonethin s i @ inge ab Ahoodownstre
Prer oo i, mg 'pS" '*r‘wm"n“! dim* 'tl“':
woan exploin onis Y osfyiooithut: :

miane alops the Anay msiremn tangiaf ,t;z,f_-;

‘l&-.— "l'l“.‘l La-u-wi ':J‘n' )
o 1: i} VII.\‘.L;‘ r.))
o‘:tau:. the D wing condiy w:m;.

The Lonsh o

Fredicnt is:

f.ov-n..w. o ., .“_
4 gy

ltretion diserarie ‘ll o

k;, .o




Ao the lc,e:zd of thigie 10:‘1'%“‘

of (z} (ace Fig. l‘?,, .’an-d;u.m see t“u*
Ve'y'natuceﬁ the lihitvjﬁjﬂ“'
(' b"
‘-'

2 r:laz'amnt ‘ tH- )y Ln;lt di clmr:'

Cd oqn l}.'_f‘dz" 4..‘,.&- ;\,.d—-
2456 Wareg Qn g
h& S : REIE eI
9 / Ko 82 4y = ki.a. 8 u:e a(-):
S .aﬂ B S
s'.;='idn.:;.
iselartosr

:u dlaumrm ql and ‘*2 we;- ohumn t‘m ‘uOt 1 puv

qz =)

b m‘ t\} ‘ronb W

o "lig;.- cand ir ‘E’C“SU?S’}tl‘CH to. t'*iu 1

o 'SLU.*."S ut yw-r'ul PN gguat iy
roctorodlaa oo o

s am——, -
tra . : A

T romnrd U pc“m:lmign ‘Pl"u*g-'. LAk dan I
wivade (Vi 20) i h G inneidndivhat hm.'..h,e.»._-:a""

wpter nndodn thyg '!1ov Y8 p“:nr*u )
'”!1¢141r,11 I 1 k

ﬁ!..léi_;,iiv_i,sh._ L' G
SERART Lrillu.:m T pdrts:
Pl owhiy :z.i!; Gyt

Soo(L) e entrmoes or (u.,':p(;-
tirst part of P deproseion’ sy B

RASEY \ .
(2] 'Z’i Oopnrt o hibing

n)




1
| I
h
e
l
A
g

Y‘

IS ,//,,//?'f‘,/ ﬂ‘

the npper wedso up o the core (*m: dr-px'un.,wn ‘4:41**:»:., o
1 () t‘m ;zc"r‘f_.lmicm rhze 1y ‘Lux'aw’l;.““l" PD.T":!,;" 57

nead off Toa,; (<) the partoor the parcclution Llow

rtil the "Iower wody ot witiy the dopre*wion c,urvp l.w

lowar (or dischurce) wodis to the 2 ir‘ﬂt 1(1

We Which 1o Laid tnrow:sh % Im pcmt

r ;
W

(300 Igr d hep b C0 08

The Iallewing 7 du }mmlm‘

For our’ cane’ o R LE) : c«qm h;“".‘
t.!1 ‘ :--»‘.-“:Ln 4T ,‘ o ‘* 3 ‘ .- ‘,." .,{T U‘_..
u‘lt‘ :

Moo eguUionn
which s hm’” n D son e

up' Gannion olrang
aun-w e TorTmot ion cel the b afi“I{"'u‘.
srerdey e Yoy s A!(i U"u!l}"! ‘[)‘!i T““C‘v: mc’..g- 11 v
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end 1 we remsmber the relationahip (13‘7‘-)‘-:‘01‘ the preceding paragraph
‘we .obtain the system of perﬂola*ion squation i‘or the dam with cora
as . rolluwa- c R R e SRR,

- °

o me we we

R

_n order to dacreaa- the

‘t:hia system we eliminate s frcm thn last two equationa of the mtam

In ‘I:ha aama 'way'we' can treat the rirst two ot;uationa of _},"he‘ aystem

(1.;5) by anmngting R mth 4hig ‘purpose ‘in view WO ahal s‘keep in . mind

that tho sscond part of the. .depression lino 48 rether | :short (N;_-a. 1._ e
Fig. 20), ‘and wehaeve %o . r..umsidor ‘what ‘was’ said in parngraph . "We-
~ ghall ‘then res;ard the 'lhnh “upper: part. -0f “the. dam profile ‘as the
"entrance wodoo®., and wo then’ apply ‘for ‘this part +the :same mothod or
deto:mi.ning ‘tho loas or head which Wes usad in paragraph 4. _ T .

- Ve ‘hﬂ‘*m that the’ length of all. alemanta of ‘tho purcohtion"
£18 (mee paragres 4) ip increased tol ', whore X' {(mse Fig. 20} is the
agtance of thc Uptrean wail'iof tho core. from the vertioal plane W.. e
 wkch 18 laid ‘bhr@ tha point Mls a.nd hence for tshe diacharse q wo

hﬁa mmadof (19 e T e A




. a + hc' . i Lar
. l f ke ‘ dz | ileg Ll
(145) . /m(do+z§+F R
a
fram which Wo' obtam s

(140) :-S-*& #5 mdova + nhyeds
, ok ome L m(do"d) i o

(147) O ge= ‘.,_f"fn T dg*a i+ hat e L
' .k R f”do+&”f‘ﬁﬁ:? T
N N = } .‘.. L f‘_" cvm .7.

gince # e

(Qerathgt=- Hd :

(148) {dg*ta = hd-h '
o '(ﬁ B R Hd-do"hc

we havo inste q of - (l:'?)

A .

(e9) g a"iO‘hc' ,?n{ e NS

L.L* *d‘“c J e
We thus ohtain iﬁshead of. vxo sy.ztom (1,3) tm fws'bem of pcrcolauion
oquauions ' _ . ‘ PSRN : R
I g = HEg-dg=hg! ['n R+ Hd
Sk oo e Hd-hc

R U

Q= n2n2
ko .‘,21; o

’.Rg h'z-(ali-_:_

|v  a=ae [1 +f’n ao+ho])
i - ko ' :

v 1- b o+ znl [Hd-(ao*ho)] (t *1 )

.

In this. eystom wa have fiw nlmown quantitiea-

(151) he'; -‘hc,_:ad,;‘;Q q(or 3 ) and tho known quantitios given';_"
(138). | |




=

Tha systen (150) has "o be 86lvod by ”5‘;5::-6’::‘&::’;&&:. s *ﬁ;‘-."ﬁ?\ iy

for example we'con regard (ag)- aS‘the ‘basic uniaiomi: quantity g dn
parograzh '8, and give different: numerical Vﬂ&hﬁu ol BT Ry takinb-;‘-¢
same numnrical yelue of (ao) we fiid ‘from- (IV 5qe luO) ‘the correspond- .
ing value of g nnd frcm 'V the Vﬂluu of f’”l‘Aiuar that vo. dotornine .

k L : o
the h, from IIT Pnd hc' rrom nq..II or the systom (150) Artur thigi_y
cg. I will Turnish a certain valuo“f;g which of coursc would be ‘,‘

qual to th.: 9&1\10 of _cl which had ‘bean found by Oq. IV ii‘ ‘l:qu valuc '

choaon Lor 8o in thu bngin.ing of ; tav coﬂnutntiﬂﬂ was aorract _Fo“‘fj
the Tirst ‘triul, howcv:r, WG novurwsuccucd An c:0031ng tne_co rcct o
veluo, IL wa continuc thie mathos or‘apnroxiﬁauicn (uriul), yfirull"‘ _
find th. corraet vilu’/of | (a5 ),'and iﬂ order to s*ﬂplify sEh ,Jork We s
can use anhs Tor (qs,-nr mdﬂ);[ e : ﬁz t‘a_vxluu o
(3 ) I whieh wy obtnin rom. oq IV &“n

hown (not

¢ The ‘intorsuction polut Mol dho
et VUS &g =.Li{ag)

(OQ). Iﬁ Li\. 81 d achum.ticul akchh o" auc‘n u.chd ~
f”from oyl TUnL
jLurnisuas “tho” wuntca Vuluo o

%L | C& N
[ . ,
“ge | IT wo-huvd itho value .of

' I ' ‘ “f”‘gr_'; -: '«’(ﬂo) w@ °dﬂ7d&517v”dpturmino S
‘ : \» (2 “the reuainin ‘unimown . quant-

|"<' - - d o - 'J" L N“ities _lf“I‘lc:'n'_?‘(e‘ equutj.ons ’::iva'z R

‘Prom the equaticns of syatem (léd)ﬁas wall as those of'(laﬂ i
we gee that the shape of the depression’curve in the earth:dad with

core does not: dnpend o thie.absolute’ values of " the percolation coaf-r_j& .

ticlents k and ko but onl*r on the relaticmy‘C\ 'Wb can aaaily con— o

S

vinece ourselves that this is trua AL we réason as‘iﬁ paragrunh | éﬁdﬁﬁif;
if wo! 3Xpross’ ‘the porcolat101 equatiow of the core in thc followins
form: c ‘ ‘

1510) ‘h'-B “h® . ey o
‘ ) C b SR _5. ’E .53
2t ko Yo ‘%

HF’ 16. .0n the "ima"innry" lonstha of tho;pgruolaticw shream.
As n Lasis for tho. socongd ‘(¥imeginaryt:) mcthod.of ‘tho douer-:[g
mination of “the depression curvo in-an eartl dun: with cora, wo shall
at first rogurd the thiorotienl : (suhcmﬂtic) purcolniion on:a hori-
zontal impourvious loyer which is- ‘shown in .T'ig. 22 (l) For-this .o
uso & -nopwnalature ‘whick is ‘in no w.y conntctud 1tk tLoﬁpruviuuslﬂ
used desisnstion. . A . S
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-If ‘we use ‘the ‘8Xes Ox aud Oy tha aquation of‘ the depreaeion Ry
curve for the’ prosent case can ‘be: writtgn (according to wz-mt 'rzas Ba id
in paragraph- 3) in the rollowiqg form N K

(152) HB;- _3
k .

where H. is the beginning .apth of tho undur-ground flow (q) i.. the unit"‘ R

diecharge, (k) the coafficiont of pﬂrcolntion.  For tho final dupth (h L
wo obtain: from (152) for _r'!= L’ IR RIS R TIRE I LT g .

(153) h2‘- HE ‘SQL‘ u”%. E
~If now we . take ‘a-different’ 501}. ‘ '-ith,a ‘percolatlon e efficientf :

k', while the ‘beginring: degth H.aad: _tha unit: discherge Q' .reme in ;the same’
and ‘the length:of the flow now is L', /We. ontain instead of (1,3)-1;:
end depth:h' ‘the follc:':ing eAprasqion R e e

(154)  (n* )2

For this ‘the loss of head alnng the langth L' 111 by

(155) hrf H - h"

But if we want thut for the second. kind of soil (Fig..zz, 11) the loss ,ﬂ'{ f

of head &long the nsw length L' rom:ins 'the'sems.as <tho provicus {(in
Fig. 22, 1), i.0.:that it is ng = H -'h, %o 'have to-seloct such 8 longth -
L' ‘that h' =:h., Wo. 820 th&t tha.s conditmr' 1is I‘ulfillud fur (1"_3)_and_
{154) ir . ! o : ‘ STl T
-{186)
or

(157f




Thus if wa want ‘to obtaih equal losses of head in I and II (Fig. uz)
along L and L' these: leng*hs ‘have’ to ‘be - directly proportional to the -
percoletion- coefficients k' 'and Ko We have: ‘the equationx(lsa) for the.

depre‘sion curve in the. soil I, and the. equa*ion ‘of “the ‘depression curVa  j

for II undsr -the aamo initial head H and for the ‘samo unit diacharga
will ba: . i ‘ S .

(158)  (y')2 s,gaigﬁgg-%;‘fvi,.‘_;
and ify’ =y (Fig. 22, IT) . =

(159)

(160) x!

x

‘We call the ratio of the percolation coefficients . :

&) K = o

X

and hencd_werobféin ffdm'f1577 aﬁdi(isb) ﬁh5f f; uf FA

From thls Wwe see that'if WBihBVG thefdenraasion urve in somo"
flow (Fig. 22, I) we. obtain ‘tha" dopreasion curve in :the "equivalnnt"-
flow (Fig. 22, IT), by los:v:ing-the ordinates of the Tirst :curve the -
same end oy increesing tho abacissae by ‘the fhctor (c:‘" 5 l.e. by
thn mtio of :the two percolatiun coefricients k' °§ In oth:r worda. wa )
obtain the doprGSaion curvo 1n ono of tho two "nquivalant floua" by tho
corrgsponding acaln . of - distortion - of tho :othar doprossion curvo.;-i.e‘_

a0 to spoak by “comprossing"or "atrotching" 4%, iin tha horizontal dirf_“luf'

cetion. ‘Woeull ‘this mothod ‘tho "mgthod of distortion of ac»lo. For
tho transfer from thn doproasion curvo T to: thu uryn in IT 'wo heve _
the relations of oqts. (182)~ (163) for the oY reo opnrations o] havn't

(164) L =L1v =
and :
(185)  x = x!




For the rurther discussion uaftaka the hydreulic percolation j
diagram shown ‘in 4, Fig. ‘B3, “For this we' hava ‘Tor.a horizontal 1mpar-‘

‘:‘ "'Jv "

vious lower .layer, ‘a parcolation rlow which ‘can 'be" subdivided Hntb
parts: In the firat part the percolation ooerriciant is klwﬁ; he
second kg and. in ‘the ‘third kn 7 The letters deaignating tha 1ang.
depths are.given on the : nkotch.‘ ‘We - ragnrﬂ ‘part.I:as th@ baaio°

not changing) flow, -and “the othor ‘parts we. aubatitutaﬁ

flows with . a pcrcolation coofficient = kl 1n tho abova“

That is wo rotain the initial. danth&'

loss of head for the systom; ‘he = Hhh.;ﬁ

tho first part ramains unchanged (Fig. 25 *B).

(166}

tho 1ength of tho sccond part is accorﬂing to (165)

ORI T zfp

and that of the third part i
(10) f”o*f

where

(169):'””.




and the aozl ‘of this system haa g} uniform percolation coafficient of R
k1. ‘We then can easily Pplot.the deprossinn ‘curve by pointa in'a "
ordinete system x', ¥ f“om the oquation (152) ‘which now takna he
rollowiug form : » A SRR

From thie it is alsa aaav ta obtain the depression: urve for th Ttiist,
initiel system. TFig. 23 A} by the abova discusaed”method of: distorted

term "imaginery. 1ongth ‘of the flown: (virturl = apparant length of flow),u
end it shell bs definsd in- tho Tollowing mnnror-* Tho imaginary lqngth -
of the wholo givun underground hyﬂ:aulic aystem ori ‘of its. parts s tho
goometTical length .of the correésponding. oquivalont systum or of parts
of tho corrssponding oquivalont systom. Wo .shall- ‘in.tha" i‘olloﬁng dif=
cussion dosignato tho "imeginery" langths by ‘tho ‘subseript v, (atand-r:"*
ing for "virtual") - 'Thus according to: (166) (170) tha 1maginary 1 ngtha ‘
fo#i?pc arnangamant (rig. 23) A aro, for the gpcmetrical lungtha,éf PR

s and Ly 0 Lo o E L R

for tho rirst part {H
for the aocond part

(172)

whara again 0—2 and CT' 3 arc fu"mcd 'rmm (159_)‘

19, Tho “imaginary mathod"'for“thc:constructinn of tho da- s
prossion curve in an earth-dom with-a. roctanguler corce -

Roturning<now to: thc oarth.dum with roctangul*r coru whigh: . iu
hag alrosdy bean shown in Fig. 20, we soloct the “hydramulic aystom® e
which is enclosed botwoon tho ontrenco and ‘tho. dischurge “wodgo", d.0.
betwoan tho vurtlcale % ard Vo.  For this syztom thon va- Tind tha Pal
imaginery longth" accoxﬂing to- whot: hus. bran seid: 1n tho procudinw 0 ‘
parocgraph. %o have, hownv ut first to discuss n prnlimin ry qucstian- S

In the procading parngruvh thu moan1ng of tho ”oqutvnlnnt
flow cnd the "imnginary length" hus bean cxplﬁ in=d on tho ‘basis of:
oquation (152) for ¢ depressioh curvo of tho nan—uniicmm alowly chnng- o
ing motion of tho undergrouhd. flow along tho horizontal tmporvious lnyur.
Tho eguution is, as is woll known, basod on the- formul: of Dupit for .
slowly chenging movomont of tho undarground Tlovwe. O the othor hond -
wp have, in po ragruph 16, discussod i spocinl ‘schomo: for tho: Puruol'tion
within tho cors of donse motorial hhlch is not diroctly connect:d nith A
the f ormuln of - Dupois. Thcrﬁforo Lig is naturel that the - quggtiqn"‘_‘ DR
arissas: Can we expand what was ssid in'the rreceding paragrqph to the :
cece of & dam mith cora?. -We find e simpla affirmetive answer in the -
facy thet the porcolution through the core ss given in purugraph 16 hja
¢aad to the exprosaior {137):




whora. h'c standa for a::dapth er tha undurground, flowd
from the - ‘core, . hc directly dmatrgam from ‘the core,.; and
thickness :of ‘the Trectangular cors ‘or, :\which = ‘the xsa":e,.
of tho pareolntion flows which paas through the com-"'
was the percolation coei‘riciant of tha mtorial ‘of ‘th
'unit diaclnrge. _ Fram the abo'm uqmtion wo *ean derive'

But wo  would | havo obtainod the -eamo’ mlation (1'73) botwnan hé f"and h
directly from: equation (152) hich: a8 ‘usod aas tho basis k) discuaaion DA
An thoe procnding paragmph 1r wo raplacu" R R . -

(1’74) Y = hc and " r-.»h' o = ':""ﬁ‘ ,j;. | ; :y el

From this wo' ‘800 that tha 1088 . ot hoad in thn ‘corn ia oqual to° 1(h'c-h )
That mnans ‘thet ‘tho mein ‘chargctoristic ‘for ‘the "oquivnlant f"ow" ‘and’ tho
"imginary 1-:mgth" is :xprsssod :on -thz ‘besis of :one’ ‘and: the': aamo relntion. -‘
This, ‘thon,: is-tho loas of. hend on - thn nlomrmts ot tho slnwly ch...nging‘ T
movomont. It ‘algo: provua th j»:corroctnnas ::of apply:ln 'yt‘ho muthod of ‘the
"imaginary longths'* for tho ca P :
have, ‘howover, 'to remeTbor “thut _

of . head in t:e .core.are ‘concarned s but ce A

‘of “the deprasaion curve | m this” core.'v:'According to the schemo givan in
raragraph 16, we do not :think of such a’ {dspression curve - the"-'core. Sl
but only of e Tree’ surface-of t:ha ‘undarground. Tlow: in tha P
I'oro WO, ahall ‘agren: that mothod ‘of ginaT
1 ' ,rmlna.},thoi osa of head 1n thc_ 03
76 ‘bave 1o know togothcr Tith ths othor:alemonts: “Lrom
struct the dapmsaion ieurve /for tic wholo’ dam. T the
Tlow through- tho coro am not 1n1portant f‘or thia aim.

: We now ‘fum 10" tha "hyﬂrauiic system" which ’Ha picked out in '
the aarth dam at.the baginr-ing of - thia naragraph 1.e £
flaw batr,oen the . entrance ‘and - diachnrge *"wedge" ("1
this "syatem" corrosponds very wall to the "aystem®. _ 3
Pig.'23. and discusand dn paragmph 18 Tho ‘onky, howavar,;_not :meartam:
differonce is ‘that in ‘tho ‘latisar all thrce ;parts had. dif‘ramnt cumrficientn
of porcolation, end that in the ‘glvon .eass ‘tho'. coarf‘icicnt of tho coro
is ko, end ‘the two parts ‘of tho dam which aro connoctod wh:h tho coro RS
havo tho pe’r't‘ulution ceofficiont k. o R S R

In accordancc '“ith (172) w;a ubtain ror tb,o prasant caao tbo
I‘ollowing rolations for the "imﬁginary 1angtha"' . . :

(175) [ng,ﬂ,vg\i_._u

{176) ty = ;;;--v .




) /v- =
‘ (1-78)-‘ Sv’ =£ +¢,-.1-, -

Furthprm.orev wn find ror“_'
of thedam top' o

(179)
(180]

- _ In thia way we reduce the problem of ’the percolation rlow = :
thrcugh a dem with core to the parcolaticn I‘low through tha "equivalant"

: _Y.homogenamxa el'rthdam without core.

o Wa design tho crosa aaction thmugh this profilo o‘r thu
"equivalant" Qam knowning ﬁv from ({179). and‘ kaepirg tbc-r:q!.ant‘tina

Y. LW W "(b)’

“For : ntitias; (m

' We ‘cun mantion that thair connncy ‘ean ‘bo’ oxplained-'-by th “i{fact-

the pcrcolation coofficiont'or tho, antranco and’ discharg‘“ wodgo s

= Kk, 1.0.° thn samo ‘88 the‘ no of ‘tha. parta Which aro! dirqctly adia
to the cors.  Tho- prorilo ‘of 'tho oquivalant -dam ta ahown An figuro. 24,
The dimanaicns which ‘diffor from thosa of ‘tho originsl profilc. (Fig._‘- R
20) ‘aro dasignatod by ‘tho: aubacript (v), while’ tho ottwr dimonsions
aro givon in tho same lettors as those of Fig. 20. *'(soo tho ‘relations

in ‘oquetion (175) ‘to {1’79)) “Tho- dapreaaion mr‘m and ao o of its points E :

shall ba discuasud i‘urthor balow._




- Eor tha "aquimlent dam" n hava f?tha rollcm:lng unknuwn quan- L
titiee (aae chapator RS R i : :

(181)

For thsae we hava :ror h°>O according to (41) the fallowing ayatm "or y
parcolation equationa- R B T e e

1T

paragraph 10-12. For the latter mathod’
the width of tho dsm on tho elevation Q

(183)

. ‘Furthomom wo' hnvo for the graphi al: mothod of aolving tho systoma .
(182) - and(lBB ) ton kecn ‘in’ mind what hr'd'”bcr‘n uuid’"?to tha gmphic No.lfz_f‘
toSand to tho tnblo 5.,_- EE : =

By datermining ft:ho unknom: qusntitios of (181), " - obtain tho

main ‘points-of ‘the ‘doproasion curve of tho ":I.mginary" dam: Mo M]_,‘ g ‘
~and M ( tho last of which of .course is alrandy proviously:known). Af'tor-
mairds woe construct: point by ‘point tho dopression curve within ~tho mgion
batwoon M; and Mo using tho equntion of 'the non-unifom movemont -on ‘the -

Jnorizontal undorlnying 1ayor(ror the co-ordine:to QX08 . ﬂhich are. lhom
in Fig. 24). .
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”f184)-:‘y2 = h2 - .il xv ;t

Doing thig. We remember that ror the gmaphicel solution of the svstems
(182) and(182'}) 'the ordinate ‘axis has to go through the: point 1, and’

‘not through the.point Ml,'as in Fig. 24.‘ ‘It “is not. necasaary to con-
struct the dopression curve by point along ‘tha. longth tv._as bocomea
clear fram vhat was: said in the. beginning of: this paragreph,. It ia. suf-:a
ficient to obtain. the points M, ‘and: Ma-- For this the abscissa xv for the,
point Ml in equation (184) is-wf* e et e SRRt N '

. 1?’ L
(185) xv it
Co - and for tho point Mg the absci

(155)'_T,xg_

‘ In ordar to transrar to the giVan dam profllo with cor Lo
(Fig. 20) wo now havg only to epply the" "ratioc of distortion of “tha i
scalo”, which in our caso. ean bo:dono: quite ~aaily(l) ‘tho, part of ‘the
oquivalont ‘dam to thc left sido of ‘tha” vortical 1ino’ W‘” (soo Fig. 24}

or loavo unchanged, also tha. doprossion ‘aurvo .from M to Hl' is loft.un-.
changsd; (2) ‘tho part which ig- ‘botwoon: ‘tho pointséW'c and. W, has the - :
horizontal length t., and wo ‘have' to- "ecantract” 1tito tho longth %, 1.0..'
%o Toduco ‘the length of this part by’ tho, factor “(3). tho part of

the "oquivalont" dam : laying to ‘tho: right sido of thc1vartic&1 1ino W
romaing unchsngod, and is only shifted to tho left sido: by tho distance ;
= tv - t(togother with tho pnrt of thc dopreasion“curvo botwoen'Mg and o

“Thus - wo obtain tho dam prnfilo ‘glven in Fig. 20, ”‘ntwhich WD f,ﬁ
thon obtain the ‘construction ‘of’ tho dopression: curve, »nd the. amount - o
of lossas of head: in tha coro, according to equntion (135) oqual ito. ;};;;*
h'c-hc.“‘ : e

A8 &8 concluatonnwe can p' 1t
sacond ("imaginary“) method or the
Hsimpler*
had been ahown in paragraph 17, and which cons s_

1ign1ficanco ‘for the- problem in hand tfddeswaho

of intarpretation of “the parcolation in a ga*t'

furnishes the basic’ characteristic of'the working o)

roapact to percolatlon ‘ag e cumpletely connected and whole,hydraulic 5
system. Thus alao the "virtual" method" bacomes quitancleer”[;Further-vu o
more, we think that the above' givon systama of percolat1on equations :
for the earth dam with core: can. serve as.a’ baaisffor,g,moro comprehanaivo;t
explanation of tho problem at hand|: Finally ‘thoifirst: mothod ‘can. alao'7¥-5
ba usod for practical corputations in meny cases. o e et




i 53\20. On tho Eorcolation tlu‘ou& a: traEzoidical cara.«

: Duo to 1ts conatmction advantagsg mrcr tha ctf-ngular eore ;? '
. the trapozoidical core ‘is almost: oxcluuivuly appliod in the: pmctica of
. dam oconstruction. ‘Yor this reeson.it is ‘necessary - for us ‘to:discuss the .
“queauon ‘of porcolation through -such- s ‘core (Fig. 25). ‘and we shall far
_‘the time. being not ‘deal wlth the percolstion in- tho rmining pa- £ ‘
thedanm. et ua’ at firat axpleln tho smbola which era used on ‘the .
' (rig'e.xre 25}; R ; S

-Hu_ CE tho dapth or the haadmtor upstream rrom the dam. _' :51 :
_‘h'c" tho dopth or thn undorground ﬂow dimctly beroro tho coro.. o
".".i-h = tho dopth or thn porcolation rlow bohind tha aoro._-- L

‘. = tlm loss o!‘ hoad in tho]coro. ‘ : el

b = .-“.‘fhc thick:nose or the coro on ho" olavation or .'thc.:haadmtor

' surrace. L | L R .. [ Lo TR
the thicknoss of tho com at its baao.

? tho slopo oi‘ tha coro (soa pammph 16)

In accordanco withwthe ehama‘gi'ven in psragmp 16 tor tha
ractungular core We subdivide tha porcalation thrauoh‘iiﬁthe-core alao-
hars into two zonas. : L Rt

1-_..?_ __.f: |

_ /’77///7? ,77, 7/?7 77 ,, /"

Pig. 25.
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The first zone ('tho'uppef‘) In selecting n this Zone ‘an. arbibrary e

flow glement 1 (see: Fig.-25T'we obtain for. this element the same oxpressaj:'.
ions ms wore: given in:equation: (125) (12?) 1n parapraph lc. for:the rec- -

tangular core, “only . that ror tho praeunt caae,tha quantity (t) ig‘va?f”fgf

‘lable and dapandent upon (z)

(187) t = tg + 2mDZ

80 - that according to (127) wo obtain rbr tho ulnmcnt of thn discbargc q‘”ff7

(188) e = gzl
Tat: amo z
~and conaoquently S
o Ba
- (189) q = -
and aincé:
(160)
2 mo
we find fram (189)

(191)  -qp =’ kO ac:
_ | 2 mo ‘8c

the same expreasions as [129) (13?) or%parngraph’
18, only that again (t) 15 rslated to z“in tha way piven 1n, 3.
then havg-~“- S : St

:{193) dqz koaﬁ' "az
: ___tu-rzmoz.

ard qz ia rrum this dotarmino to:

o kQ ac dz = ko ac Sk
-‘ ,tc"'&moz ; s

(194) qz kg 6 ﬂu,'h-c.. .
Emo : '72!110 '
' "-‘%?v SR [ Bg % AR
. : R L 2 mC ‘ . :
. By adding the partial digchargo wo. obtain thn total discharge q:

8
198) = q v ap =k 1 - ts ,?n‘ ‘ac+ te Ve knfnre + te\!
1 2 Xo 8¢ f —te -

2m, || Amodc 2 £ Ma )

8g * tc |

1




In this. exprossion wn now! have ‘to axpross tc 1n torma of h'c and qamq goomo
rical ulcmonts of tho dam prorilo.‘ ‘_;w-. : % paTe B

.Let us now. regard ‘the - gocmatrical ralnttons‘in tho ‘oru’on.afﬂpooxdirj

tal diagram (Fig. 26) where the irapezoid ls completed to. T 181
dobbed lines which meot 1n tho vortex point N.P W saa thut,:“““

{196)  ; 'té =2 mo: Hc

and frcm this we rind

where He can’ bo exproasod in torms of h'c and the height or th; comnloto

trisnglc (KNL) H.‘j;vf‘ : B OO T ORI R L
{198) 4Hc = H = h'

l

.ror which tho quantity H is known.for- hc”givcn ccrﬂ and is oqual to _ ;”

mfé') = Hu+no Hu+-t

By substituting (197) into tho oxprassinn for tho diachargo (195) we ohtui

ga__n_ 1-He in[m_.;q '*[n(h"

&8

et TR e F e 5 in e e e N I R i C - T
g - e o e ittt o= : ] . i i iy Tt L IR I Tt T e T EREETA




| .and if we oxpress 1n this aquetion Hc accordinp to (198) and lfeep in mind
that ac*— h' 5— hc, we obtain ‘the followsinp exprassmn e e

| f'and thus i
(zoz),f‘- g
"to which corresponds ror a constant' thickress of ‘thecore the ahove

obtained: rormula (137) the eqmation (134) on the othor hand corrospnnds‘ -
to- (200) : . R .

FPEl : Tho introduction of 8 mean thiclmesa of he tm;.-azoidic cor

Co By obhining a,tho'relationa given 1n oquation (202) we eaniget . -
Lo up a ayatum of percolation equationa tor the da'n wlth trepazoidal-; ore oA

: In crdor to obtain a mor geneml orm.for the comparjiuon of -
_q_; introduee soms mtioa which rafor 0| certain baaie uantity of

rerurenca. Aa tne 1atter e 1ptroduco thn*'depth or the ntor 1n front
of tho dam Hu "Ie thus call R T

‘.(206) | nz'c e




(207) ‘;'jhc‘3= n?c e
: and ohtain

(203) ‘n'.-;.-é ﬂl c.fHu i

(209) _' m\c i Hu

‘ : )T our. ufficiantlr accurate tn‘f g
_assume that ‘the thickness a_i‘ thc' ore @t ithe slevati-n of .the' hoed ‘water
‘lovel: tq) is approximatalyll/s_Hf_the_width{ T ha dam crogt b 1&9?;2 4,H

(210)
'In connectiqn with thia "W ramom orxtbo commonly usndfrolatiﬂn botwocn ‘
“the dagth of ‘the’ wator upstroam frﬂn tho ‘dam Hﬁ ‘and tho width b wandkfor e

our comparisnn We s can usc tho‘

(211) to = ~~ 0 l

(font: note° SIP tha thicknoas(ti)is for some . roasvn;takun tbc TIOTC L
then this is: given'in X211} thon the coro s -morn. CI“SOIV-roctanqular uﬂcé:
for tnis roasnn ‘tho: rosults,ff‘th. abﬁco carriod Suti comps
out more in favar for the: yeomnsndod - od ‘sl ‘roplac
ical ccro ‘hy: = rcctanglLar=ccro ar: avaravo;thicknogs.
to cmphasize thut ‘the relitisn: (211} is:givon wnly
impartial carrzjng Jut 'f tha:abvvo,bJWPariswn)

(21a). 'f ! -Hu
wane 1 T "7
(215) n? =1+ 0.05':;

"'ﬂ

(216) o e
Ol i+ ms.
where for the givan quantiuy mg

Foeqo=1-2-7c j;
(217) - ‘ '7¢ Do
| +/(/’7'




The tablas further below are . ccmputed rrﬂm the equations '

216 217 snd L5 (table 9-11). . The first i{s made for mo = 1/12, the QL,VV"

sacond for mo = 1/8 and tho" third for: mo 1/6. In the last a“Lumna
of those tables tho quantitiea.., e . S G

8¢’ = ’72"’7¢

caloulated in deition to tho abovo liatod valucs; ’thoy,--:oxposo the
rolativg. hoad losaae in the cox=o ( 1.0. within thoilimits 'mf tho dopth
of the wster Hy)o oo : L _

For tho cumparison lat us at rirst t‘um our attcntirm to' |
thoso quant1tiog (&) ot tablo 9-11 ”'hich aro. obtainod_frph ‘Z;
in the rollowing mannor. A e BRE AR , SRR
Tho noan thiclmoas of tho ‘¢oro. tav bas. fnr oach givcn caso to e
be found: at: tho boginning T tho ccmputation rrom tho” fomula Deomn

(218) tay = tg T ;' f""

althaugh actually tho coro’ 1nf1uoncos tho filtratinn not within tho
linits of 1ts thicknoss (t;) ‘to T but within the 1lirita botwoon o

to T (Fig. 25-26). ‘But at tho. ‘baginning -f the: cof*putation we do’ not
know tho quantity: tc barorohand ‘and thaTofors LEX _cannot. ealculatc the
avaraso thichnaasof tha coro fror- t:ha "r:hmln ot L

(219) v= tg + T '{iji.“:j"- , nd hus 'rm introducc into tho com-;_i

2 L
putation o aonowhat roduccd thicknos tav'accordinp to- f-armulo (218
only. fﬂ‘? =1, hig =" B arc tha formla (218} ‘and . (219)
‘analcgous. - From this discussion it arisos that for thefcharcctprisatiqn;
of ' tho rosults oftho- ‘substitution’ A tho tmpazoidicul .eore by th: \
angular: coro only: thosn vnluos AT tabl "
. rolntod to thc vnluo -
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. Prom thoso voluos wo'

s nlso 805 ‘that ‘for thc cnr"‘s
. which aro. tnkon up in: thq ;
-~ ‘tables tho quantity: E;chnngvs M:W
‘ﬂ“;approxirntoly ‘botwoon 1.0 &
S1E1B. and . haa ‘an’ nvomgo of o
' .obout ms"1,08. From thia we ‘*"7
S can” conclude that for pract- -

" ical cages ‘w8 can;sirply sub-4H *“
R *stitute ‘the. trapeZnidical '
:f;“core by & ractangular?core nf

o However tha nthar values
of the mble 8<11" (ForM ity <.
1 .,‘n”aceaﬁitv af t 8 fnl]- -

‘owing .correction, .In- conput- e
._f'inc' the .depresaion curve fox. L
Cooan avare're ‘thickness from oqn.
‘—‘;":(218) W obtain’ ‘valuos for
by 80 that e rcan after this L
j.-izii‘ind now  (more accumte) ‘values .
cof av eccardmg to (219) and
~can ag,ain carry. ‘out ‘tho:com- -
: ~.."%fpui'ation for plotting the:de-
‘pression :curve and. the doter-
rination of the percnlat‘ion
*diachara;a q., 0f ‘eourse the
S omputati:m ;.or un’ average
thickness ‘18 corriod out.es .
-this ‘hes: been ‘ahown An 'bam-:- e

tum diroctly fo equnt fm
202), Af this sau!ns ‘to'*bo
:‘-doaimbla far: -80ms roason in

Cnm pnrticulur predical oaso,.
f-uthon (202) is 1ncludod mto ;
tho ayataz,ﬂ ‘fitho nnra con-
plicn‘bod porcol&tinn cqun tione ‘.,
. for. enrth doms -with coro.. But I
S this caao ahnll ‘not ba tnkon N
Cap” more conploto]y. w




’ with coro. e

Let us ccnaidar the following amnple of an:
‘inner core (Fig. 2'?) We shall again‘use the adopted nonationa

. na: 10.0m ﬂbii'.~ .0
| b =5.0m o Hy =9.0
7 - 2.0m : m
- The percolation coefi‘icient of t'he core be-: Ky = 0‘00001 an/aac'. that'af.

the. mteriul 01‘ the dam body k O 0001 m/sac. R

('Faot note. On the queation of the valuea of tho coerficient ko, and k rj" ;. '
o and m) see tha i‘oot nota to the ammp_le g;ven 111)3113513@1 13]

At first wa detarm*ne the avamgc thic‘lmoss of the core "j :

’ f" ' tav- .tQ 7 =2.25 m, and following tha quam:ities |
iand for thezherﬁge thicknasn oi‘ the core { msae l‘ig. <.7 and also
the preceding Fig. “"O for the dam wi’ch rectangular core)

(220) Vi E”_’ b--tav)--ls'rscyla'?m

we now find the coefficient (c"‘ ) frcm (180)‘,. ‘ ¥
o™=k = 10.00 and ‘have: from aquation 176] the ;
imaginarty thmkness o*‘k&ho core tv, Which 1nﬂthe givan e::ampla corros-

Thus the profile of
Fig. 24) has tha rollowing dimensiona
by, = 25,25 m, -the vaeluos Hy, Hyy do, ho, : a B
the "basic (givan) dam with core.  .The coofficiont of porcolu.tion. ar
. the “"equivalent® dam i{s k = 0.000L cm/sec. " For this dam %o do noW com=
putoe the deprossion curve as haa boen shmm in cha gor II nhara alao an BEEE o
examplo (paragraph 14) was- givcn. - .For: this purposo? RS bl tho givnn caso AR e
nocossory to solva tho aystom of cquations e;iven 1'1 (182') :

' _ For tho analytic solution, tho same as in pamgraph 14 'na hawv oo ..
i et first to fmd _ Ca _ o _ R o ’ﬁ;.;
‘ om = 5.0 (= 120 EEE R [ L .
{222). Dby + Hd = 25,25 + 10.0 = 20 1 m
‘ _ml g 2.5 ‘

o~
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After that we counpute table 12 uaing dirrerent -values: or 8
gard to this table:we can -Bay: the ‘same hag’ boon said: alm

14 in regard to table 8. - !e aoo rrom hbla 12 that:iror"« tha "equivalent
~ danm" : s : ‘.

o=155

. 8y = bytm (Hd-ao) = 25 25 + a 5(10.0-1.56)—“, 3 $ 35
and h rrom equation (37) SR . e

. h =/ -‘?’—QQ—‘?—V + aod = 2x 1-55‘-‘1"46.':3'5?{ TR

(223) R =7.76m.
Furthermore from III of aystem (18 )'-"-
g ‘=‘_¢z|'_,1 = 1.56 =oea4m= 62.4m

k M '“8.5- e RS

and from (73): .

q=egk

_ -ea '.455; » o_.‘_dodll- = 0.00624 m2/s0c.
_ml. : o SHPA R s v

or from {11ll):

“’rom this squation " thanm n find‘ the ‘cpordingto
Thus we find for Ml' the abscisaa x from: (188):

end for Nl “we. find that the ordinat;u ot,fthe deprasaion curvc s

’ | R y = h' . ® ? 65 m and for Ma y = hc = 5 50«_m.'3:'.,"_:‘-? G

For the. uection or the curve' betmeu M1 and Ml' ‘ne tgke only ono intor-
modiato ‘point. (sse tabla 13),.and for this section x, = x,- whoro x1s :
the ebaciaaa of tho dnpreaaion cur\re in tha givan da'q with core [Fig. SRS
2'?) : i : e . i






I ._} TABL::. 15

(dimonsions in motors)

Xy 2 ol 1es xRy
) ‘;”, [ERSE R ZQSBfglff‘i”NQV

the absciaaae (2?5) Xy 7(ﬂ t )
1.6, x5 23. 8’7m

(225) 23.87. m[_x [_ sv
or 23. 87 m¢L Xy 1145 55 m.~¥f

deprosgsion curve betwasn I‘? and Mo accordinp; “to (224) ‘aro ‘shown’ in- tablo_-‘-. -
14. In tho last columm also tho abscissao x-ara listod which holong

to the corrosponding points: of tha givon dam profile: with' coro.“""ﬂBaso ;
on what has b27n said ahout thz "distortion of .tho scalo™ at thooand ... - -
of peragraph 19, tho abscissa" %X (tuolm 14), arn for our: Qxamplo. o
toined from th~o abscissao xv by roducing thn lnt*ar by t‘-io "quanti‘cy

= By-tgy 2404

(227)  x = Xy - (ty-tay)
or (in thy giv~n r-xamplo)
{(229) x = x, -_ 20 25 ( in motors)

cxa"ﬂplo equal 1.0 :

(229) acﬁzshc};hcigié"‘ ¥L

7Y




. TABLE 14 S
(dhmonaiona 1n mgters) A e

‘P, + t = 2308? o
©25.00 |31

127,00 |33
T2900 .
-I31500 .

S TA33..00

- 135.00
37,00
139,00/
41,00

L 43.00( 7

S0 45.00] 56

o _46;35;L

~EHE86I8L. l '

.G

For the g:aphic solution or the ayntems ‘182); r 182')for

“the cohditions of the "equivalent dam" which havo:a rather great width -

Of the dem crest, ‘the graphs No. '1-3 and table ‘0. (which are shown in

Para. 12) and- set up ‘expressively for ‘dams with. ordinary crest widths Lt

‘ean give only orientsting ‘Tesults..; ‘These': rasulta havq_to ba,ﬁ
speaking, ‘correctad by ‘an: en_lytic soluuion of‘the sy‘tams
'(182') as. has baon shown for the abovo exampl ¢

‘ For thls example tke use of the grapha W ~3.or better of
table '3 has to be carried_cut_along the followingf ines:

After flnd1ng (1n the same an

" .k S .
“(e30) -(9 { o t and b ‘
‘w1dth of the dam gbg)v on tbe BIGVatlon of th
133) . e g
(231) (b )v z bv/ (rr'
from table 3 ‘ S ‘ ‘ o ‘
' : E :\flf O 299 ;=‘ FLI 0 038 correspond1ng tc‘ = 3,0
and n1 = 2.u fcr the dlscussed example.- Furthermore we obtaln (using
the guiding table 5 (F)) . :

(Footnots: Substituting of Sourse the notations bo 8 by (bo) & sv)

8= 0.299°x 9,0 --O 038 x 30,75 =:l. 52:m
| Sg=. 30,75 4 2.5.(9.0= 1.52) = 45,46 m . L
h%m 62,41 (. from formula: 60) tuble 5} hoa 7.90m U
and flnally’from 80‘-'10o { table 5) .E -'ao‘- 1,52 -?O;Sl“m'iﬂﬁchm ‘
2450 T
q= 61 x .00001,- 0.0061" cm&/bec..- R

: (End'of Chapter T1IT)
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FF’zs. Filtration through the upstream face o; the dam. é_

Aside rram ‘an inner core in the dam, as discusaed in tho
third chapter, we find - another means or diminzshinh the porviousness
of an carth dam: :the construction of en aarth ‘desniwit &n upstroam.
faco of a loss pervious material ‘then ‘tha rest of ‘the dem | sco Fig.
28). We shall dosignato this " tvpe of dnm construction* vithe- tOIﬂl‘-“
"dam with imporvious: upstroem face 1ayer"‘and call thu impervious layar
on tho deam "nrotoction layor.,_g‘;- : .

In discussinb the porcolation through sucb “*“nrotuction 2
layer" wo shall have in:mind a: paVGment of-a: constant “avorage thick-j ‘
ness" and wo shall uso- the rollowing dcsignations (seo Fig. 28);*3_:,-“

Hy - dopth or wat T upstrodn fram dam . : |

5- tho thickness oi‘ tho pavo:nent

hp -_depth of tho pcrcolution rlow in the bod*?:__tho dam diroctl

boyond uhO upstroam faco protuctlon layar._r~-
Ap - heud loss in puvomont

k, —.porcolatiOﬁ coofficionu or tro mnturial oi this la}or
m' (= cotanu F/‘ ) . tho slopo cooffici ,nt or ‘ths..‘layar. In ro—
gard to tho ‘lagt: quantity'wo cen sav*that m' Lav ronarall\ spoaking ‘ba:
difforent’ from tho valuo of 'm which dOtOHﬂJ“Gb tho slopc or Thoup=
stroam faco if thc imporvious "luycr"‘is ut tho upotroam sido covoxua
with samc sort of" porvious matorinl ‘a shown i" cen

sufficiont to- covar tho protoction laver. with

stono puvamant then - :

(232)

‘But this condition will not- ontor our” discussion ‘ we shall have
‘to deal with casas for: which wo' ‘een noglact tho hvdraulic rusistancosf-
in the part abovo tho "protoction layor“ as ucmparod to th )

or tha layar itsolr. : jﬂ : e 'mw;; > ‘ s

Wo ahall diacuss tho pnrcolation throunh tho nrotuction 1ayor5_' |

along. the sumo ‘gonaral "lines as tho. Porcolation through” tho core ‘in.
A?16. We subdivido the porcolation rlow 1nto two purts (scc Fig.
29}, _




: i The firs ‘t‘ ( ﬁpﬁa‘r‘) fat‘ib}@ *_' : g

‘hf elam§ﬁ£ ﬂbjfsee PG, 29)ehaa ‘the

length :8 s which 1a: meaaurez_d_in"‘_

slope ‘of - the protsction 1ayaf,‘m
rreapondinp 1o what had been

f,::,' _“.‘-since the active haad for the SRR
layer.: {the dirrerence ‘of "head: at PR
T its” anda) is ‘equal to’ Z, ‘whera: z i

e the denth of; suhmorg,once of
, . the outcoming end'of ‘the flow. ole
. ment ‘bolow: 'the lavel of the head i

‘:‘},”wator upstream from ‘tho: dam. ¥or N
““this"'the" velocity ar: porcolation

‘ .};\of tho rlow olamont 1a:

it
R

N

SN

N
N
N
SN

T7I T T

7777

Q’) and tho cdz’roahonding-

olation dischargo

' .-:th(.. flovr elemant




FProm Fig. 29 we obtain e T W;
(236) z =_§ Bin jb;?'. + 8 cos: ¢ S S
(237) 5 si!l ¢ 5 cos ¢ :‘(  0

and diffemntiating this expression' :

(238) d_l;’ =

'sin 95 o

discharge dql we obtain‘ S

(239) dq_1= : ‘.koz




where the quantitv;!o can be aeen to be

The second (lowar) zona"

o Hbre ror the percolation of the rlow thiﬂﬂshf#ﬁﬁﬁb?été§iiéh? i
layer the gradient or the fluw olamant z is: e e A

and the morreaponding olemsntary discharge:ﬂ
(245) ' dda d_g
or in correspondenca to (°58)

(246). - dqz - kan dZ e

whence we obtaln the discharge‘q2.7 ;¢H

The total. rlow dischargq‘ﬁhrpughffhé‘Prof§¢#ioh ia&#iViézfxum (241) and
{247): | P D R R e d el i

(248) . q =“q‘|' +q2_

in which we gubstitute. °

{248) %:%-%




so that inatsed of (248) we obtain: =

I, we. shall by "upper wedse" dasignate that part or th ’""dam body which g

'is located ‘betwaen ithe’ upatraam ‘face ‘and scme dividing' m’rtioal line’ y
4s the latter ws shall assume tho ‘line Wy (Fi.: 30) which goes: “through
“the interaecticn of ‘the 1nner boundary of ‘the- protection 1ayar and :thn
normal on ‘it ¥-N. ' The. dopth or ‘the’ percolatipn iflow in the! division
line Wn is h and the loaa nr head within the *upper wadge" is wcalled ’
-a whero - : :

_ (252) e

oo I R \\\\\“ '

> d§ i -

TTTTT I TTIT TS TT7 T TI7 777777 77777 FITITI 7T 77777 I

FIG. 30
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In the uamp was - gs 1u /?>4, un shall again rogard horizontal |
= " parcolation flow elements. The. length of such a: flow: elsmant c (aeo
v Me. 30) is m' B and hence tho hydrauli‘ gradient of'_i“w' L

m'1§

and the velocity or’ percolation

(255) .J‘=‘,

(254) us= k . :*- kar

l. : _ 2. e ..m:-.?s.;:‘

where k 15 the percolation cosftictant of “the body material ‘or. ‘the dam

as comparsed to k,:which is. the percalation coerricient or ‘the matorial
of the protection 1ayer. L : B :

Fram (254) the corresponding elementary discharge 13--

(255) -d&;g

whence we- obtain tho discharge q2 which 1oaves the aecond Lone or'the e
protection layor as-u-‘, ci RIS R L :

Let us:; notice that for this mannar or analysie or tho percola--
tion flow in the’ boundariea of the ”upper Iodge" we do not 1ncludo ‘A -
certain loss of head which arises from ‘the fact that flow elamonts:which
percolate throughithe: first: ‘(uppoer)’ zono drop onthe’ syrface of tho
porcolation flow-of the lowor zohc and . -gomawhat incroasc its dischnrgc
on 'a ahort diatanco. Disregarding this loss of ‘hoad wo. introduco e -

88




certain raserve into the calculation, aince doing so the reaulting
total discharge- of parculation ‘becomes - somawhat greater, ‘and.the : point

My where the- .depression curve: leaves the downstream face orczho dam ,_~‘:fh‘

is. scmewhat raised (see Fig. 28)

Etmatins (258) and 24-7) w ‘obtain' e

(259) kat kar 1o Hh 2z f“ﬁoé‘
m* Hu-zo-h ain<p

in which we can express a' by (25&) and ap by(849) andvobtain

(260) k(h_p ~ h)

(261) Ppliy = By} =f._ |
' 6 51n¢' X

(262)
we ‘ot.)taj_;n' 1&:5%3.&;1..’6'1{g:(‘.zéi")'._:]'.::_1;;' L
(563) @p(Hﬁ EE_ h;;;,
o-s sm¢ -.\_:;,_mv,.

which,g4vqs{usca;;alayipnfﬁgfiaqn_pﬁ and ' h hich,&?é?fhéffﬁ unkﬁogpa;




;;¢ |
T%#
L i
: e lli ' LT
//ZV/AGOQ%&G?ZZ?Z&V}7140?ZHV"/L4C076ﬁ55775ﬁ555777}1:
w«ul,”\ ;
s I

— u.) _.....

: After hav1ng diacussed in!themtwoapreceeding ‘paragra hs&the,
perCOlation throughfthe upstream :face (prutacting) layerAand‘through
. the ‘"upper wedge" w _turn to Fig. 28, on.wh ‘ of:
pression curve a " rro .
down: to the point wherewthe depression curve leavss tha downstroam o
~face of* the dem we have the  same case: of & nonunirorm.movqment7along i
the horizontal ‘sublayer like jxlﬁD 3 for the’ “homozeneous ‘earth ‘demn

without core. or protecting layar.- ‘Therefore’ we obtain the equatinn ar
the depresaian curve like Ain (13)

2 -
(25@ _k_._% h. (ao+ho)_]

88




Instaed or the distance 8 which ‘nters equat1on (13 :pe 1ntroduce
' the distence s' which 18 ‘taken £ il %Wy it

in ‘the given case we: use as*t

notWas 1n:'P3._,--- g

UBing tba avmhols orm g; 31 which
‘of. ‘the ‘dam:and ‘a: detail or 1t we obtain ‘

(255)ﬁ:f;
_j(265);?ﬁl
fzs?i’
whence . s
(88)  ap= n
.and accoruing to (265) we hava-i;;
(zeg) JI“JJ( -5

Since we have ror‘
tha exprasaion. :

(270)
ang.sihéaﬁﬁa%# Hﬁ?
e s

aamn.ﬂoahinr ‘a8 thev‘had=ror tha_hamugenoous;:',
;(35) which was round ortho unl |

5-} By making uso or tho oxprossicn 262)Fand trana
into the rorm ‘ . , RN EANE .

(273)




o naw collect thoﬁoqnations (273), (253)
one- syatem ‘and - obtain' al

‘the following mannor:  Us any;
& correspondingivaluo: cfr"q"f

of ms'." _After this:va .\ E/ _ 'h* sith: e
II1 end frem I vo'then find tho "hp" which corrosnondg %o tho'waluo.of =
mgn o obtainad by IY and vo: can ror an- asaumod value of 'ao” datormina
~tho- corruspondinp vulues or "h“ and " n which (70 Can : thun introduco u‘
into. oguation II. ol tho systom. If ”ao" ‘fs-choagn: corractlv thia ‘lat-
“tor oquation rill be-satiaficd: 'by ‘the va.luas k" and "hp!' which: v:u intro-
duco; this of: coursc can: ba attainad only aftor sovcral trials

80




vl In closing thisFPwe can point out that for the eaao where : 5
‘Do ntar 13 belm ‘the dam,.\j..e.. o : : :

the. rirat two' equationa oi‘ :Ltha ayatem remain unchamroa while tho 1aat3}__
_ thm onuationu obtain the rorm- Ll Sy : ‘

_ !or the sako or amplirication or tho abova darived mthod o |
, mluis we shall now ‘treat tha percolation through the protaction layor
- &nd the upper wedge' simltaneouely (Fig. 32). For this of course in:
- the first zome of the layer ths schems Given in AP 25 remains’ the same
. out in- mmd ‘ZONe. We - hava £o take the: flow elements as shown on

.. %8 s0loct flow elaments’ which’ extond rran tho aurface ur -
2 tnoa to tho d:lvision 11:19 '.n S

,  at ﬂrst oint_ that if wo 'take any ons diuaansional
Llow of tho_"length £, ‘and g porcolation coafficiont of ky wo find,
accordin Dare a percnlation?volocity or U, "’61"

b :hcm B 1s he"utremma of yeeg:s t tho begt ning and. ond "or thc rlow




T

-whono Q 18 tho porcolation diechargo and - “1 1a the. aaomutrical arag of

the cross soction: throughytho rlow. kor uny othar onc dimnnsional
.‘percolation rlow wO. hava- : S

..(28‘1)_.. Hz §2T2

for: tho same dischargo Q;i

; Fram this wo - aoo that the hoad loasas Hl &nd HQ Will b° equalfﬁ_ _—
_to each othor; 1.0., tho two flows rill bo oquivalant in rcﬁurﬂ tO thﬂ S
" loss or.hqed of “the ccnditiona'?'-f . : : :

(282) ‘€ '€ _La

ka?l kg"}z.
__',-"-kml:}_- ‘_ 3f : |
is fulfilled.

(283) -

II/II/f///ﬂ//////llyf//////d’///f/ﬂ///#'/ﬂ/////////////f///” '

Fig., 32
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Now we "can eaaily derive a.‘.‘ronuula for the "virtuxl" thick—‘.m-ji‘
ness - Svor the: roteetion ‘layer, In’ i‘act LT we stretch out ‘the . . . - i
.flow:elemsnt - ‘a8 shown-in: Fig. B2iwe: ol.jtain 87 rlow elenent as: shown
in Fig. 33.. Por ‘thia- ‘the length of iits firsti part ig f ‘and ithe- perco-g e

lation: coefficient: ko, and the cross.sectional arca d .. “Por second.
pert. the ‘longth'is = “the- percolation coofi‘icient is'='k and tho

‘ ‘_".'crosa ‘sectional:raren: d% (diagmm “A Y Mg, 33).. SUJStiT.‘uting the. i‘irst'-g;
art g

o part by an’ "equ:lvalent lie. by a .LlOW elcment havin._ the: cross,
‘section. d% -and "the: percolation coerriciont =K (basod on 'tho ‘trans
‘Tormation Fiven 'in-

alamnt SV (diagran B, Fig. 33) form thc ralation-

(233) ,°we find the ‘length of this@'ubstituted flow‘y ?7

s
&
L.
.
H
3
K
1y -
. -
!
s
8




In this expreaaioq we ean call the valuo égvthe "vlrtual dtmnncion" ‘Eé:'
of the‘"virtual thickness" cf the nrotoction lo*c‘.fi;J_ﬂ E,};}ﬁrﬁ_‘

._Fbotnotl- ‘We can:in: this connection spaak about thicknnsc onlywinia oo
ccmewhat limited way,. ‘gince ‘the: equivalent 1low eloment; ‘wien” hac‘the]ﬁﬁ.V
length Sy is’ horizontal duc to which fact alsc ‘the thickness of - the !

~Mequivalent protoction laver" hee ‘to bo- mcaaured in-a: hc*izontal 61—‘;
raction, and -not in: tho direction normal ito it clqpo. T

Tha total lenfth fa of" thc obtaiucdwﬁoquivalcnt" pcrcolation_flow "19-'7 i;
‘ment 13 (sce: Fia._éﬁB) S : I R SEE

(287) ‘tﬂv C3V+ f

and we can call th:s tha "virtual leng h" ofﬂthc flon ulG : f(@}lshOWh _:
Now w0 find thc disch*:grcthroubh‘thn qc%p"d.;cﬁc.(ﬂir; 32}
' gp in the following marncr Lho veloc*ty of ﬁCICOlﬁ ior of it .;rlo' Eei
clemcnt 2 is: e T : : o

whorc (a)is. tho loss ofahsad, calculatcd 1ron t:
percolation flov ontors thu plotcctlon dayor it
moets tho d1v1cion 1action wni(u . hus




wWhore  in thorsamo way s in: FPa4 ‘tho upper and “lower linit of itho
:intogration:can bo. round from (257) 'mm longth f is accordin{* t
(287) and ‘to’ e T2 R s e

and from- (290) wo thus: Pbtain-"::f ;

.§ e

i ”6., wm; (7, - zo-‘tl)

; L On ; ‘j=?39. : ‘;Bt:t vo»havo ror tho prasc c_aso to *chango:
-exproasion’ ror ql‘:sllshtly“baoauao :for :tho ‘above diacuuod "virtual '

mathog* - oﬂmlyzins*the :peroolation through ‘the': id - zone %)
-avoidod 'tho valuc:of:a {(Fig.:2B) ia8' ‘being: aniintol ;jd_iuto valun, ‘and.
, ch iis -0aleulated | (as :shown :abova) - from tho; ipoint ;.,;
‘at whichitho per ;ation lej..OntOl‘B ‘tha: 'roté ; ion layer, ;ta tho i

on tho:.diviston:soction:W. . “Thorefore va s} a ap
. 8 g9ince tha- diﬂmncarba%mon thoitws ia " m.y ory mll.”;ﬂo thus
~introduco a-certain. surplus 'intoour. cmputntiona ‘(fe0eima: incroan_q_ e

value ot*q‘b‘y uaing imtead or ap" tha 511¢'htly gmator valwa‘ a“)_

Equation (241) thus cha.ngea mto .

2 6;~sin-¢"




which .can be'written: =

_(296)_. e = S 1'(32-"#‘?;0

28 "Ek"si‘n‘¢f i |
kg oo

or due to:(262) and (286)

(297)

(299) w‘zere a Hu -‘h

whence we '_db.tqi.;i R

-atos the unknowrx "hp"- rrcxn tne computa.tion

FF’-Z'L “The': ayate.n of percolation aqudtions'.for, b‘ de,n
“protaction 1a_yer 1f ithe- "virtual method" 18 used. S e

- rﬁ't‘h tho a.im °‘1' Simpllf“ﬂng ita fom we. introducu the no'ta- pe ot
tion _

(501)’ 5v 5,, o ‘-‘int"o,eqmw_:ri'i(ﬂ:'soo)’.‘7"?‘-'~”' '

96




-The geometrical meani-zﬁ or bv becomes amparent fro"t i‘zg 34._ In Fig,- S
34 We Bee: also ‘the meg ning or the "'equiv.::lent thickness" 5’., :'rom
the’ 1'1{5. ‘we ohtain-- ‘ : : e . SCAETN

(302) SV Sv tan

d.0." 8\, is the 1ength of the segment of a- verncal 11n botwecn the e
boundaries of the "equivalent“ protection 1ayer._ S

and “he aystam or parcolation equations (274) ia subatituta_ by the |
followina L G e St e e L




o ‘ In this systam the known quantitleu areﬁgifénvin;eigqﬁipﬁ575
{278} and the unknown are (see Fig. 28)”" L e

é'téri-ainéé Anthe

: AL rirst we obtaln a rolqt1on analogeous :of(olfﬁfor ine’:
quantity h : : S ‘

on na /TEGEITE
where‘._
(3_0?)

and 1ntroducing tho value at s"xrom equat;on«rv o
.obtain~ s : L e ST

"7°;@whcfofﬁf:héééthe;§§iué{"V”

2%‘4 b R ‘a° * ho)J "*f(%-:@, hye=pe

o




(304) into the fonn.-f'

(By. ""D') E' E.x: L

‘_m! .

‘{51‘1) | E._.
X

Gonoting by 21 tha follovizg tomi

(312) = ln SY Hu‘
By +*‘u“'

and substitutin Atoxfall instuad T
we find o e

sok _ (Hy - D) B

(313)

(3145)‘ Ee

.iin wnich A, D, and 1i"‘za.‘rc‘:"“
;bocn said 1n H? 8 in rcgerdl

= Artﬂr dotarmining ao,muo_find a3t
fxnowing A dnd h from [306) FTUWf?Q?“tiQ
sion: af % L R

"EEA1{;
ml

‘(31.5) E.:




if we slso introduco for the sake of abbroviation
(mo)

| vetns (z00) wezeransfo;m;tha> iret equation of the ayatom
(304) into the - I‘Orm P e

(311)" ‘g_‘ (Hu-— o) B
) R T ml’

and substitutin: Lato (1) Lastced of § its valuo accordin: to (48)

(313)

{314)

in wnich A D and W' arc funculona q

Aftor dctormining ao, uo find,= — S IV
knowina A and ‘h fron [306) Fram CCLauiO“N(49) o knom_tho oxprosr
sion of {% ' ey LELAE e R e s e T

(315) 4 _'8%
*

ml




ig&éﬁ&&fﬁléﬁ,féﬁhéf”f
for the case or tha hcmogeneous earth;dam.
If thare ia no. watar below the earth dam (hO 0)1th Zlaat

three - equationa ‘of (504) are replaced by - ‘the three equationsgof (a??)
and instead- of | (304) we now havo the systam E R R

the value of E' 13 rlver bygcquation(SIE) and . ramains th _samo assror
ho>-0 only :that for the computation: D! ‘has %o :be taLcn_fr“

(219). ‘In order to- dotermlnc ao we solve, 1nstcad of’ 314;,

lowlng cquation'* el ; : S e e

m S

(320)




S m ' chaptar o
.vaN“ntﬁ ‘an’ "averaﬂ:a thickneaa“ ear fhg ".‘Layer ‘a8 ‘has almady ‘been. -
‘mgnticned ‘in the' beainnins of FP 23; this:moan «thickmss 1Bde
tby the formula._‘i‘ ‘ : ;

';(."s‘zz) g

in which éo 48’ the th:i\cknoss of tho:la‘_fe_ at the-elvdtion -

water level, and. Af the 'thickness ‘of the layer at BE ‘base TO-
gard to ‘the- coetfi('ient m*. (slopo)_”we can ‘88 that for a’ layar or
changing thickncss thu slopc ‘ofthe aj:ial plane through the
or - o' is callad m' (sao Fig.” | o

We shall now discus- a nmnarical oxamble.- ‘Int us aaatme

that wo he.vo ‘the', Slven. dimonsions of an earth dam with: protcction 1ayar'_,.'{'~.

of variable thicknoas, and we havo dotemined ‘tha " avcrugo ‘thicknoss -
of that lnyor according to’ (322] mrtaor :we shall “assun:o thc;t__wo havoﬁ'i'
found the ‘angle ‘of ‘inelination’ of th w
the horizont&l (Fi&;. ‘.3..;) so thnt

Knuwin(g theso valuos wc cnn drav the dam profilo with "reduccd :protcc- o
. tion:1sa or"' (i.a. protoction 1ayer fﬂrcqual moan- thicknoas and R
givon ) o do not givc_a desi’gn rof thisw‘profilchcrc bu‘ W shal],_i_
usqQ” Fig. 28 .and: assumn ‘that for: our:cxample hsion ‘

‘ nccording to Fig. EB‘

: = 2”7m o
Thc coofficiont- of parcolation for tnc protcctiou L.yor 1s ko =
0.000006 cm/scc' tho cocrflcicnt or pcrcolrtion of tho d&.n ‘nody ,a

footnotc- 300 rootnotos To tho oxamplua for. F 16 and 22{

-102




ji[r‘ ;.V;_I:hit‘_:ﬁ.}.puz‘-pdao .a:s:m ;.;:‘( 295 ,
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and. rram (510)

b = b . (m'ﬁ;__;‘:__

,rurthemom e detemine- e




The dischﬁ?gé-guqntity.15»56M§ﬁ£$dfftqmg(#ﬁjg

Q= §'§- k= 147 x o oooog -i';o,o;sgf‘;e@a/sa,;;-_; P
or from (111)'

8640

: “The equation of the second part ar tho depression ‘curve has_‘ ‘i‘,
‘the sems rorm .88 aquatiua (10) ‘o tha hcmopeneoua earth dam {thBZCO--gf‘u*
ordinate axos as shown in rig“~28) i £ u_ '

For the valﬁagmwhicﬁfwéjhav§'fouﬁdiﬁhpfp:_;fff
".('32_6)‘ y3=1375'7..¢194 x

Table 16 ia camputod fram thia equation and allows to: plot thazﬂoprea_ e
sion curve._ R B = i




Gp

! L
T (ﬁo) = e ao

.b_+t[

2 8 [ { ot m_l) - (I3

1970 17.1

3.29111.711157.011 158112870/ 16,951 4.CB| 5.65 [ = =

~

aoz"‘ -

D-* = 2a :/'(-—*-H.)-_ 6o | +iac® D12 5(4 )

pl

l:

26| 11. 7417,

o
o<

H, - D'

5:84 3.52)11.48[w1005] 122

5v * Hu') “'Zﬁ'

é)V + Hu

‘3,10 5.58| 5.1

13,09 5361

1:13

Hu—D‘ : ‘ e
CZ By (By —D') e ((9)
E L e (/;(, -(; 3)

Fo (ag) = (Hy - 1')-:') E' i *’z(ao) —/6)(/4—) c:'* -

!




cm'r'n v

| 20, ‘Percolation. in 8 hnmogeneous earth dam with drainqg_
system when" ho = 0. R T s B

In modern hydraulics the drainage cf the downstream part of
an earth dam’ has ‘been" adopted as a.g cceae;ul ‘und eqonomic means ‘to
lower the: dapreasion curVe within‘_wyg L 'ﬁqhis 15 eapecially true‘_=

'Footnote'; Sae for example Greager and Iustin "Hydro-elactric Hnndbook"
New.-Yori, 1927, p. 229) , , L .

‘for such dama which ara bui3t on an- imparvinus roundation, B0 that there
can be no percolation of water: from the dam body into the rround._ﬁ 8

VV'F¥-£>

///L//l,//]/"/"l,l/

- We shall not discuss horo thc construction details but wc ‘cen’ point SRR
out that the drainawe of earth dams can: ofrectively bc reulized hy one;;;_‘fv‘?f .
of' the followinh mothods : S i X e

(1) A 10ub1tud1na1 systen of drain pipos orfdrainage ditchus e
can be used: (sec. the schematical dosign Fig. 36, whero {D) 'is ShDWﬂ..u‘:# :,;v E
as the main longitudinal. drainaﬂc ling,; draln pluo 1aid on the ‘bottom oo
of a ditch and- coverod with:aen: “inverted flltor." Dnn of .tho sidO"“
channels to thls drainago line 1s shown by a dottcdhlino)

(2) A roch £i11 or a’ fill of ‘somo other vory. porvioua matorial
(with a filter F botweon the dam body ana’ ‘the baelfill. If the di-‘” R .
measions of this bac“'iill ara larﬁc enoush it zlso’ can sorvc as a con— """ 3
atructive moans of stahiLizing thm dam structuro (“ig 6 ) g o

Footnotc--Lat us not~ that tho backfill may play :the" part or riltor
only if it has comparatively small dimnnsions which - would ba tha case
for dams of small hoights.




(3) A cumbination of the two mathoda stated under (1) and (2)

In ‘the: casea pointed out the depression curve bends down ﬁ‘“fp,

1nto the region of Dy and 80: to speak loavas the. dam at that point.“h:
We therefore plaoe the - "outlet aoction" Wa | through | thia /point,. as &
is shown on PFig.. 36 and '37.''We now can start to: discusa ‘the deprel-;e
sion curve in'a- uniform earth dan: with drainave systcm. “The drain-
ege is schematically reprcs?ftod as shown 1n Fig.-se by theﬁpoint D..é

77 // // /////////i//l//lﬂf ,,,,,,,”,”,,,,, 777X, //////f/ﬂ
TEnd H"—""J‘S.dr

For this coudition tho "1owur wad&e" is 1n rogard“to‘porco,' 
lation: nun-oxiatont, ‘and wo ‘havo. only “two parts of *the dcprogsion
curve: M - M ‘(for the uppor wudgo) ‘and nl -'D (from" the dividing

E section W to tho msection Wy }+ For tho riTst part. ‘the ‘oquation (23)17 -

' romains unchengoed as. &1von in. AP 4; but tor ‘tho ‘second ‘part - howovor f"
w0 have to subatituto into aquation (14') (soce alao Fig. 38)
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‘and tme obtatn: .

Thus,ror the caae which isx‘ esuasad'hare thn'ayatam or
percolation aquationa is simplified to only two aquations-f'f»

: ‘ The symbols have the sama maaning as Givon in Chapter I (andL‘:;
sesn in rxg.\se) The unknown are‘ S - Vi

(329)‘ ’f?ﬁraﬁdfgf(éilgg_ b

whilefthﬁ:qﬁdﬁ;{tiaﬁff;ijﬁi

(330) Ha, do, sdr’ m and:?:are known %

If we 1ntroduce tha expression for-& from equation II and‘f
we have . ‘ Y T W D e RS T

,' _T  hﬂff'f‘”,ﬁ“a‘i;?hffigﬂ L£1 r]fgvfl' R
{333) ‘ i He - ‘o‘ lan " {.e.'an equation with' -

only one unknown. From it .wa find:




(aze)

and we let

(338) F‘-'zadr(Hd-do- h)ln L Hy oo
T

~ whanoce

!Iw W8 can let h tal;o dirrerant values and can thus canputa-,j-
‘a’graph of ‘the:funstion Vi3 ‘as.'is' shown on’ ¥ig. 39.. 11 now we: draw. .
-2 line OA uiider an angle ‘of -485° 'againat ‘the h rizontalﬂ the intarauc-g-«-'.[. L

tion of :this line ‘and” ‘the curve' or ithe. runc.
desired valuo ur‘h- T :

;the systmn ( 588)




_ Ir the value (1.0.‘thm depth or tha percolation rlow at '
‘the section W 1) 'ie not 1dentical zero, as ‘this is shown on Pig. 40,
“then the. dapreasion curve ‘can'be: conatructed 4n ‘the. rolluwing mannar.
At firet wa assume that hy = 0 (sinea ‘hq ‘will ‘in- all cases: only ‘be.
amall) ‘and camputa the porcolation dischnrge according to ‘the syutam
of ‘equations (328),:and aftor wo havo tho valud Qs 'We dotormine by &’

hydraulie. calculation the ‘value''hy' which is necessary if the GGRWUtﬂd fif f

'q ‘shall bo ‘carried out .of ‘tha dam."xhowing hd wo. obtain 1natead ofj
the svstqm (328) tha systam ' L B

e

q
k str

whieh givus 1nstead of (534)

(ssv) hdr = F

whnra again 13 oxprossed~by (333 L inst ad: of thc grap’,ror ¥
‘Wwe now have. ‘o plot a: -graph-of :th ] / Thiyse % -
£ind h we: again draw. thc_(45°) lin

In ordor to obtain a groator accuracy or_,hc calculatiun wa'’

‘can, ‘aftor ‘having found ‘tho depth h in thc abovo mannor onco’ morc rind”“ £

q rrom II. or systom: (336) and’ once moro make tho;camputation:for h
and h. We can ‘point out hore that ‘ofton the valuc:iof ‘hg #is. sa ‘smn l
.as camparod ‘to h that At 13 not nccassary;to uso’ systom SBb'?and ‘that
evon for hd -'0 wo can use syatom.(sza)V: : s e

- o Tho intormudiatc points of tho daprosaion curvo botwoon
and D (Fig. 38 and 40) can: bo. cumputcd rrum aquation (10 and tho
valuus arc found by . : : S :

‘559) i "1}2‘2._7112 o -Z%I o




1n whioh we' let x. take difi‘eront valuos and find the corresponding
mlues ©of y.‘- : ‘ e L - RO

- From the oyotom of percolation oquationa (328) or [336) we

concludo that the - oho.po of the: dapronaion ‘eurve doas. not depoml on - .

the percolation ooerriciont 'k also when druinago ‘is used in the: dam.
That is agein it is 1nﬂopondont :rrom ‘cho poroolation properties of .

the matorial out of which tho dam is huilt (aoo a..'l.oo what has hoon .
'oaiﬁ in this oonnootion in Chaptor I "‘);. L - A :

FP 30. Continuation.

, In broadonint' out tho pmcodine;"“paraerﬂph wo, ahe.ll now 'd s-—" .
cuss “thoe moro oanplioatod oalou.'l.ation of_}_ hc ;Edoproaslon ourvo Tor tho .

‘ i : >' xtion wc n sumo ag _
that hy'= 0 (ao 1nFP89' aoo what hos boon suid about ‘the' ooso shown

in Fig. 40). Wo ‘thon detormino h and 3'frem the systom (328), taking;._,

83 as on Fig. 37. Wo thon notice thatktho backfill as shown in Fige
41 may -be roe,ardod as . 8- omu.ll oorth dum oi‘ uniform mntorial with a
percolation coofficiont kd For it wo ean thus writo tho systom of

4 porcolot:ion oquotiono ac givon undor {41') in Chaptor I. ¥o ohull
net writo ocut - theso: aquations hore in’ deotail, but wo ean point out K

- that for- tho "lowor wodgo" o the backfill_ao obtuin
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[

dr~ v Ty

' I.Jj / m V Y2l

- \\\YR\\\\\\\\\\\\\\(\1\R\‘q\\\\\\

in Wthh md is the slone coerfiC)_e

senerally . oattioion
(2all . - mﬂ’r‘ml

and letting . .

' kg

we o_btainfrﬁomf(ﬁ@]' |




ncw we write accordin, to equation (10) ror the:middle part of the back-_-

'grill (see detail to: Fig.,41) .e. betweo the sections w and wo.,'f

3 (346] ; 3%10" =h12..

‘rrom which we canf inﬁ thé'depth hi

R Ustng the. symbols_of iz . /41:We now Write equation I.of ‘the
:b syatem (41')and obtain‘nv'~‘ e T :

from which we can directly;dotormine;hdr
" 'in this: equation ara’ known/m
; fill) : We now alao obtain tgo

_ WQ can now - corrcct tho valu. : _ ;
using init tno distancc Bdr asg; ahown in ; &. 41, and the dopth%hdr fr”
tho proceding computation.. Dotcrmining hfrom (3u9) WO find:the valuo.

of" ﬂ.from cquation YT of " systam (338) - attor:which wg, ag&in mako‘t 0 cal—;-.~,a
culation accordin: to formulas (340).—=(347), obtaining tho points Mgt o

M' and My of .the doprcssion curve, Foint My -is datormined by méans. of - RERR
tho obfaincd value of h. If:for:this socond computation the valuo. hdr AT A
is substantially diffnrent from the valud hyp Tound Ly tho first ealeuw-

lation then a thipd computatIOﬁ is nhc~dsary. for tHis of c0urso wo
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stert with the hdr Value found by the second approxim-tion.‘ We'have S

%o solve this problem by ‘this: method of ‘epproximation by stopﬂ- It
1s not difficult to do’ this:since: ‘the formulas /(340) = (847) jare
rather simple. . The intermediate ‘point.of the: depreaaipﬁ:curvc ean’* bc

~@easily found. from equation (10) artar tho muin points Y3 --*Nhr.und _”‘ij

- My have been detenninod

P 31. Percolation in a: hqmogcnuoua oarth dam-with:draina’o
syatam whcn ho,> Q. o ey B T R

. . I; tho dopth of thc tailws?or hO > O (scc Fig. 42) tho drain—
ago of “tho dam rotains a cortain: significancc Jinsofar that At kaeps ‘the
davrassion cumvo o ‘Bome distanco from the: downstrcan faco -of. :tho: dam,n,

- and . thus can: bc rogardod as. advhntagcous cvcn 1n thls caso.: an_orith;__‘7h

is’ connoctcd with +hu slanting drainag ayor
Aseparato narts connacting tho ‘hool: of: thc dam
For a calculetion ot tho. dcprossion eurva ithe a
slightly changed, namoly: the axis O'= (Fig
dround the. ccntcr p01nt C: 50 that it‘accu1ras vortical diroction.
This 1is shown in T"1‘ 40-*‘4‘~‘ L o

IT tho drai“ﬁgc‘1u‘sufficinntly-ncrvious wo can 951é¢t;i£97  __ ;75"*“

hydraulic rcslstancc 1nd wo-ean (suc Fié _43) lot-v

(38)  hgp=no




for tho systom of oquations (556);‘:':1»05 now have the systm)ofw p'.:rco
tion oquntions as rollo\vs e n BT

/T/U/n/l// /1// /H/"N NI

77_/_777_77.,..774-\,‘,.“/,,’, rFIrIYT, 77}71!71' i
: ’ . P'*-—'—— Sdr B 1 ;
¥IG. 44 - o
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-thinga to the above discusaion. \’!e“‘ﬁhall for thia purpoae uall
1o
= 1oas of head or outlot part or'

= cross sactional araa"r utwet
St dam 1angth) ‘ :

= the percolation coerficiont of
thc drainage aystam R

The following dilcussion pertains to both tho caaes (l)jwhere the

drainage outlet is formed by a ‘continuous. layer or”porvious material :
connecting the dem hsel: with ‘the drainagehf yeT; (2) wherc the drain=-
aga outlet is: formed by: soparato drainugo ditchos. filled with' pervious
matorial anﬂ connoctina thc dmm hool with' ho drainago 1ayor.wa i

In thn outlct part of thc‘drainagGAthe P rcolation vclocity f  

(350) - | :='kdf €A€&rfff

if we nosloct tho pnrcolatio gpapaciticn of the 1onor:wodgo (i G thu
e i dlschargn q:

introducme;—-—_ O"' < ' :
kdr ,MW;Lyﬂ-

whorc k &s in all prcv;ouu discussions is: thc pcrcol&tion cocfficient
of the dem matcrial.‘ Thus (652) chnnpos 1nto k




(354)  GuTesr
i

for which the. quantity o‘- 10 could b 'caned the "virtual length" or'-.:;
tha outlet part or the drainage and b1 ahall call it lv. i AU

. '”"?‘;551

; ‘ o (336),,
y ”the discusaed case is-i




The unknown quantities 1n thia system are-
(360) - h hdrt q (or ]9.). and the quantit:l.oa R
(361) Hd. : o- ﬂdr: ho. wo, fliﬁ k, m _'_,;"are__‘l‘c‘nqzwn.j
“Frem systam (3.;9) we: havr e

AL

.(552) "3}’*1 ""‘:_d h Hd “ '*"hdr ' Wo(ndr--ho)

o
—

We find from the first two: numbers:
' ! o e
-

) mesgm

and from the first. and

s g

where

and

“By: 1ntroducing dirremnt Values o*‘ hiwe: can compute tho
CUrvas. £or the ‘furctions y} '(h) and ‘g}  3(h).Trom '(365) and - {066)
The. interaaction :point of ‘the" two curvfes dntemima tho: valus of'
h (on tho ‘abaseissa axis) ‘and ‘the value of h4r’(on the ordineto axis) . .
&8 is ahowniin’ ng.As. Tho valuc or 4 caniaftor<this’ bo found- from
oquntionﬂ II:&nd - III ot the ayatom (353), thc intomodiato points of




-the'depreasionychfvé-aaainare-cbﬁbutédf:vdufedﬁafiEnﬁtid)ﬁf:"

FIG.45
32. ;?ercolation<in:anfedrthFdﬁmﬁifh:thbﬁdorﬁ.or7pfdtaction,i '

_layer and drainage,

- . LIrja%d:ainaga*sygtemfis‘vﬁilkK‘“~_ arth: ,,ﬁi¢h+cor05vull}f~'
wa make.uselofithe”"?irtﬁé;imethodv‘ Leh ;ﬁpinﬁédjoﬁt&in{phaptép “,
IIT and changoﬁphe“prbbla@]tb]pnoqofﬁaﬁuﬁirb:mgTrQQQita;dntﬁ)aearth;;
‘dgm.'TFort1t~we;canﬁmakeﬁthc;cdmputbtiongofﬁ 10.°d0pTeas g
-the some manner as in A2 29, Thus 1% will not:
-thisumetn¢d~ulsoffcr;thoggiﬁcnfdhméW1t
-bocause: of :tho ¢loarness:of “the prot
seussion, . LTt T

I xrdrjthe~casc;pr§a~dam'ﬁ;th;é;pxbtbhtibh}l&ybfﬂsod1Fig;h i
'thcdsyﬂfﬂm?(517)»15¢¢hﬁngodfi@t0£a;éystam¥o£ﬁonlyat O-Gyuations.of .
drainago*iS‘alsoﬂuaadﬁin;thoﬁddmf(fofﬁhQJ‘ Q%onmthd,ﬂﬁin?drafhggd'H”;.
lino D) Sl e B e S TR e

By -n o[

L
rmy o

q _he u
R Py

BBy




DG it

The symbols uqad are the sane rs in f.ysten (..‘7) onlv{thdémin:.:.zm of

' which ia used in (dl7) ¢ now use: sdr whicb ‘standa’ for thodiastance -~

between wp and way and 15 a known: guantity (¥4 40} ol The unknouns
h and q (or 4) enter the oguation {340}, ”ba"'can bo;foand in tba
same manner hhich vas used fo* tnu qnno qua“tit 35 1r1”ﬁ??f 0. E

‘ L I we subnti+vto tho valua of e froA tho” ccond couation s
into thc first oquatiOﬂ of (oQ?l gu_gbgaﬂnu S SR

2
(368) _h

-‘Eﬂdr_ :
and introdﬁdina |
(369) .  Fo = 28qp (Hy -
. .m|‘:.

have

(370)  h= T
Ve now compute a graph of tho furction T, by usin& di“fcront valugs g
of h, and drav a straight {450) llne OA liko e uid in ﬁﬁ’zg. Fih.‘SQ.__,‘




. After having in this manner Found the depth h we doternine
the‘value'crfqﬁandgqgrrdm”the_aa:dng\equation{ofjthe;ﬂystom”(567)gz L
The computati8n ofgbha“intormddi@tqipoihtéaqfﬁthoﬁd¢prgagivetcurve;““:_-"<

was explained alroady in Chapter IV.

_ If tho depth hdr5ofithékpefcqldtionlf;ow_ihjthq"sectiquwh 
cannot bo assumed to bo;aquﬁl;Zero'(er\cxnmplcéiftwhtOr}1s;inﬁth
tail‘channclﬁdifoctly}bdlowﬁthdjdam)ﬁthcn,iin}thojsdmd“WQY?aSTihisv:”‘
was shown in }7?29,iwo’UBccihbtcadfdfgth;;aacoﬁdfcqﬂatidnﬁorﬁthéx G

systom (367) ‘also for this casc thc oquation:
s;h“ ".hdr*«j S

(371)
. : ‘3_9dr_‘ e oS

i .'q
'k
But tho first équatibnfor:pho»Systqhy;dmdins1ﬁhch¢h$qd, 3For“fho?ddpth
h wo havo.instoad-or;(37o)~thoJngrc531Oh:ff_}.f e e D

———

vhero Fy again is the samo es in oquation: $89) .  ‘Againiwo computé and .
plot g . diasr .2f “tho ‘function ffEFo“+_hdr*s=ﬁl¢ttin6‘h;&$ﬁthoaabéC1Séaé* _
and\/:-Fb +-hd52~as th¢:ordinntqs,jfD{aving.nowjxhéﬂi§cﬁstxgightilinq:' S
0A . through thq-oriain;(likc*in;ELg}7Saliﬂqjﬁgain;findjpr valuc of h .

and can”nowffrqmuoquatibnf(37l)5éb¢putbﬁthfvéluééibflgféndEQ

InscbncluSIon-of5thoTdisbuééion}or;barth;daﬁs thh,dhgapaaq_2
systcm wo hav0‘to*call;attcntton tb=thbifollnwingfractt;for?yl§;:50;6r‘
for small valuos. of “hyy. (oco Fig;LSG‘andn45)“tho‘cbndit£¢n‘§rﬁthovélbw .'
changoeability" of the flov whcn;qpproachihg*thb?soctiqn;Fariig;c@r;~ o
rectly spoaking nthOxisting;,much;inttho;sémo-way;ésmthiagcqndition'

1& not fulfillod in somo similar casos of the hydraulics:of Burfaco =+
Tlows when thosoc approach tho scctions Offcritical.dopthjtSuchdecéaé_3“[
is for oxample thc ovarflow vhich 'in locatsd at ‘tho ‘end of a-capal .
scction of which haa;u&bottcm—alopdfwhichfisnlosa than the'eriticnl e
slope). This situaticn_dooa‘notﬁinfluonco:tho‘pcinté"of*thd:doprbB—V'
sion curve which aro further avay from tho soction wp, but duo to it

tho computntion of moints aritho-dqprOSSibﬁ?Etrvc_in‘tho:noighborhood

of the drain linc hog only the value of an-upproximhpinc‘oriontatiqn. i
But wo cen not nvoid this if wo‘tryfto'upprogch th¢‘givcn‘broblcm‘f" L
hydrzulically. The grecter tho dopth hap of the porcolation flow at o
the scction wgp tho more will tho flow entloly tho conditiona orf "alosi-
ly chonging flow” in that region, and bettor will be the rosulta:ob-
tainad by 2 hydraulic computation of tho doprossion curvo,
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fP.a&._;- g_.rmles. F |

: Uhing Fig.*ﬁe W8 shall as - tho firnt eanpls take up the
_computation of- the depreasio curve foria hamomeneous eurth dam with
drainage: “There ‘48 no’ wator: downstream from tho dam, Vs ghnll uae
the same dimensions as waero used “4n: /7514(examplo or . homoponoous
sarth dam without. drainags) . Uﬂinr tho lattarinz of Wig‘ 38 W havo
Ctho following dimensionﬁ rive LR S ~

Hg=Eom

do = 1bm

H, “G.é.m - l 

-Zb- HS.G:m

B .- d 0 ml —‘Q.O .  Eaty ‘ e :

perholation coofriciant k ~‘0 00005 cm/aoc. -?
furthormorc wQ assume o

,Sdr = 15.0 m.xhi;?f: e

:or'tro locatloﬁs 01 tho drair lina D.shown 1

a sufficient perviousnoss of tb drainngo e ussumo that“ho ddpth_or
“the porcolation xlon ‘An thP scction Wdr 13*1 S i

hdr = Q

: and thorofore we' srull‘mako uso ‘of :tho systam.of porcolation. 0quationa 5
given undor (328). ‘We have, .ag’ has hoon shown in 51729 Tor: thc functlon -
F (from 333}) ‘tho valuo- : S : S B T

- 2:15.0 ' fso N e
FETEE (80"1")"}‘) ln(ao-h)

L

(373) F= 10 0(6.5 - h) u{g_gﬁ)_ \

or changing to”ﬁbiggs‘loéarithms:




(374)  F = 22.0(6.5.~ h) Topygf s

We mow make_aftablé;offthe,#éldgﬁﬁﬁfgthis“fuﬁéfiqh:féf?diffefqptﬁ'””"”"

values or\h,(see,taﬁleflvlﬁaﬁa,plpp‘tnbpcbrxagpondingég:aph?qs* F”e=jj"“
2 }? {h) *(seofFig.f@?).xfi‘f~n' I e S et L N e

o mbledr

©.00 | ] e ~i|Depthsih - r
S 5.00 | S “:lgiven in‘nmétors
4,00 ° . Sl

3.00

"Drawing agsiraighrglihoJafFaﬁﬁinélinaéid%def45b<£hfough{fﬁe |

origin we £ind fram its ;ntoréqctibﬁjﬁith ;qucubv6wthat;rcr our.cago ¥

h=4,16m

whonco:
q.= 0,00005 * 57,5.=0.00:875 cnf/age. . -

'y
*

e ‘q_daily_ = B640q = 8640 : 10'002{3?5~=24.B L

whore ggaily 15 moasured in'11t¢rs‘pbr’24"hcuréfan¢fp§r,1 iindnrfmnfé}f5‘7
- Of tho lengih of dam. . . i T ST o




l?or tba computation or the depression cu;'ve :h:\ tha 1ntam1-
between the points ¥; -~ D we use: oquation (3.59) R T

in which our present cese has the constentas

The values of table 18 are cmnputodrmthisetmation.

Ta.b le 18

‘Ihe coardinates in 1nches

O @NsOR 0P |8

For the aecond example wa ma}'e use: or the .Fis. 43 a.nd we
take the main dimansiona as. given in tha axample or H-" 13-- Sl

= 'S.O_m




Jo

20

30 40 :

{ ~




ved tn of Percclation equations siven as (.
18:#0lved 1n the eams:manner-as ‘the ‘systemi(336), . o
| PR (333) we kuow the sxpression tor the funotion F:
peEXBO S

r"ff?ﬁ?ﬁf‘ ‘(5ﬁ0~_;°§31f:h) ln5 _';570;- L
(378) or F .—.6.4 (4.2 n) J.n(.--._..____ 5011 )

and

C(mrmy)

CF=14.7 (4.2 - h)':-:_msio*‘(‘s———-—-."sx

- ‘Furthermore we{hafé t0:ﬁldf'é*graphfrbrlthe'rﬁhct16 ,.F +?hé2-_-v
using difforent values or the‘ddpth;hi;LInﬁtablﬁﬁlg-thcpva1u¢3;r0r,'% i
plotting Pig. 48Jarn'tabu;ated;f.; j5; D e T T e

€ SR
* ] . v K]

Drawing again & straight ling undor 459
Wwe obtain for this case: e BT L

through the origin = |

and now we find:frcm‘the:second‘equation_or systom (349):




= 0,457 m = 45.7 ‘on.

|:Q'= 0.00005 x 457 = 0002284 em¥/sce.

JT
R
]

qdaily =:8610 x 0.002264'= 19.6. neasurcd in litor 1_';(3” &

‘day and per linsar matar or 1ength of da:m.

AR 'l‘he aquation of ‘tho. doprosalon curve botwt,cn tho poi*’lta n.l
a:adin (aoe rig. 43) is. accordin@ to (039) T R [

s(,ava_)" ¥R 7,56 .- 0,014 x

a'nd";thd-.vdl;uaar,'Of Ltubl’ 20 aro co"xputnd *"ro" thia l st cquataon.,_‘_-‘_;-:

T&blo 20 |

;Coordinatos inmctors
K o SR AN o
0 , *H.'?.) - .

4.0, | ':1‘.,97.;'
‘Ba A ireaa
7.

0 108
: ; "‘.50 = hdr

S4r-




CHAPTZR VI
Barrares with "lower wedpn" Lor hd> U

T The theories ard mathodb which :are divcussed in the nre-
coding chahters’ ‘can he . ‘a e i % or th desi;n ‘of en’ ‘garth: dam,
but‘also*rorﬂthéxdcsignaorPCGrtain typos of burra oS (cor“ar duag).

whicharo builtin- order to: koap tho sito oﬂ; FOmg - her Llic at*gctnrn {;'

Ary during tha construction porioﬂ._‘Tho part of. this Lgr UL wWilie! i
only 1ittlo po:vious can: havc a comnon traﬂﬂaﬂiddl DIOfile 11k S#30 F SO
carth daas, ang in: that ease of. courso*,no doprousion curve : C&n:n,‘Cul— :

culotod in k. sano “cv £S has bﬁcn sho"n *cr th c r 1:daﬁ3 ‘

WAY

-/////?f f/74/47/
o =y

1ff‘ff“'“*"""“‘>7 '

barraros/#qic‘ ei+hur thc upqtruaw or thc dor :tr:'
-the problom i somowhat: chgnﬁad :
‘ mandu scn '"uuplomuntar" romurks

‘ I, t51 :paraﬁravh NG :hall takv.uc thu barra~= Ul bﬁ
upstroem fuce "Larra.o with louur,uac"*“)‘ or..the. casc o; hq>. 0‘
thore is wutﬂr doun st Eis from thc bar"ugo.;g,~‘ Ul

In, Tig. 49 no*.tkc Jholo pro¢ilc of snch 4 uurruﬁu 15‘"h65n”
but mcroly its . Iittlo- “LTViUuu part, whHici. or. cou*sc ‘alone ‘ir Uiy nifi-
cant for tho calculqulon of' ‘tha dcpgcuslon QUrV Y. Mhe heisntop tho- =
barrage is donot. 3 by &w and its widtp at the- bottow in ewlled 1. 0 411
tho othor-dimow51ons are donotod by the SaMG symbols whieh Were used
Tor the carth dams. 3 1oy additions) cua’]‘lltiou Waleh enter ihé cal-
culation will be oxplained rurtbor alo o ; ey

Since for the barraro as shown in Wi
'uppar wedse” is tissing, we obtain the nocasba.‘
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equatijﬁns 85 & 'special cuas of the -A,s:':é'stufn_{'(‘él) .fi‘ii‘_‘{;'ﬁh_i“ch :vlié' :’%f:l_‘.t_q?é;;t‘b'l g

assume (mccording 1o Fip, dg); .

Footnote: The ‘Vartical cnpptream--faqo‘-{‘orv-’_tlm --‘bnr'racge As-for “thi_é pure
Pose ‘yagardod as

-boin; pervious so that we can say thatth-='g. put -

it this;gpatraam}race-is-SO*QOnStru°t°§3$h&t?it'ﬁﬂ‘?O#V-593§°(‘imp°r*"”- .
vious) the quostion of the ‘parcolation of wator ‘$hrough tho Varrago . -

doos not.ariso at:gll.
e,

'Lﬂs'.sf,fﬁmusfc‘or thrao w‘oq“\iét'ioﬁstfsincb“Vftﬁn i‘irB‘b quationof o

o8 boosiac no “"uppor wodgo® in involved ‘r - ho ‘problein, . el

.Of eourso ‘tho tolutibnjﬁtll;baJSimpiIriad.cor:pspanaingﬂtafthQ“;j
ector of “tho problom in thard. At firstiwo }-ro‘.rrito'ﬁaquatlidn;(s&o)

{3e3)

‘dotorntnation will follew tho gomgral 1inos:pointed out in



‘In thn 1ast: aquation or tha 5yatcm na*can rurthurnore\ro-‘"
place frem:{¥ig. 49} . ! ; ‘ _

where 1, 18 {_;ivenonthogig.,;andwe aoethat o

II1

in which the unknqwnlauﬂnfitiﬁésaraﬁ':'i:

‘385) | Yo’ lon (or Q)

TLetting

(387 ‘.A'O_“ 1 1n_Yo.
S ¥o - hn -

B
wo obtain frem equation II of ‘tho “systom (765):

(38) 3 Aol¥o - ho)
| -k RO

and intredicivg this into I wo obtain:

>
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AO(YQ""h) HIJE"yD

: .'589""
‘ -x oy BB o)

v

whonce we have-ug}ﬁs éq“ationlIiIf(in;S#bﬁtfiutiﬁéglélﬁ-”‘

Dl
Ao(Yo - ko) _ B ~y2

(390) = ‘ e T
| Tmp T Z(B Tm¥sl

whence:

W2 - yo?)
2ho(q - leo)

It wa now let'-k

(301) . yg ;fnoiﬁ

Y - ho +,m1(Ehz B Yo )  €
- FEmye)

we rinally hava;rrum (691)

(302) .

L,fcaga) | 'y'ogf: Yo

We can now by introducinf different valuea of
function Y.

horizontal through the origin We find the-
interscction of this_ntraigh

Oxplo+

1in9 ajd the curvo for Y.

(394)

Y

Yo #‘136)wdhfod

b
t
i
4
ﬂ 413 :
L
-f-“_}’_
;;ar)+e2:j

S—
FIC. 50

Rt

nh ol thﬂ

By drewing e straiﬂht?line tnder ‘an enile of 45°. Wi h“the
damandud ¥E1uG of "y, al the l-

(bau “ig. 501




_ From oquation.III of the syutum (585) we nov can daternine

the value of 1, and ‘furthemiore frem-equation I, 4i(or g). If we
‘now want to compute ‘the intsrmediate points of thg dapreasion cu"vo,
- for the coordinate oxes :as givon ‘in Pig. 49 ‘we:can do this by using

tho equation of the non uniturm motion along tha horizortal around

layer: & i e ‘ L e T

(595)
whence_f.

‘ (aga)

in which the abaciasae havo toib‘fwithin the limits _'{f

{agraphlmay

1is partly.
 .(dug—out) T
. tho ‘site,

Fto aagpm'




and ‘equating :{401) s:i»xh;j;i:z wo obtaj_n T

(402) Yoo
m -;2!_5_-‘1‘11‘13’6}




whaneo wo obtain: S |

. (403) - m yi -~ZBy° + mlﬂhz = o

and so].ving ror yo .o obtain'-' 5

v riancla sherm in Tig

FTTI7TIINT

| IFIG. 5%
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face: which 1s helor ‘the: elevation or the _:head-water 1evel (seo Fir" 51)
ZThue we obtain rrom (408) s e 5

;4_1‘0;- y-(po

An whieh = .

e Fa'g"

' tion of" the doproasion curve fof a_:,_barx-ag;
‘caso hy = O) wo can 1ntroduco tha.i- otatio“

(41‘2)“. "

and that wo ‘can plot a diaura:m for thc quantity‘T) o in dopendonc"""‘

Por Tho curve TG, '"f {po) is plottod on. gremh l\o. - |
_ Knowing By vo find'rz from tho {r-xph and datcnxi‘zo Yo rrom

oquation "(4103 writing this QQUﬂtiﬂﬂ (TJV uai-xr'(ﬂ )) 1n ‘tho forn j R

‘(41:'».) ";rl.oﬁu




vy

_lrurthorﬁOno{Wﬁfﬁﬁfgﬁriamvéﬁnétibnfxi;gafit‘doy?t  ;

G aosm

‘whence

(418) -




/6 12 14161820 o 407 ?ﬂ‘ﬁa:fﬂ;f!@.m 1214 18

o

a N




Ff? 16. Barrage with "gpppr wadga "-f~3

_ For such barragas (Fig. 55) we havosn svstem or percolation g
equatinns which 1s'a spacial case of (41) wh ien’ h°:> O.i Since forgauch
a barrage the‘"lower'wedpe" doas not existie 1
N drops out, and since in’the given casu(s)i _ I
T drops out, s:= b whero:b is: the ‘width:at theﬁt0p or ‘the barra@c (Fig.;fﬁ;'”‘”
' * 53) . The .other symbols. used 1n Fig ‘ ‘ : ’ :
rurthur oxplanation.-ﬁ-“

}:m : - Ve also havo to notice that ror the presont CuSO the quantiaf; 
‘ ty a, in equation o of the syatem {41)- vanishea e e

('418) ey =¥¢ i

since while thara is nd "1owor wadge" tho lpas o) head in thia wedge
also doos not- exist.‘ Naturallv (418) dsitrue- only AT the. dovnstremn
(vertical) facc of thse’ barrage ‘19 built’ to bo norvious.;TIf tho down- -
S stroam face should be 1mparvious .ong" ¢ould na talic ‘about.a poredla~. o
. tion through thc hody of the barrago at a11,; IT on tho othor hand'.




[T

/ ' CIfwe now .,ubstituta Hd by HB in eqvation I of the s"stem
[ (41) we obtain for the given case a qystev of two:equationdf.j‘..kw

o

in which the unknown quantities:are

=) 'h‘aa%@:‘%:%?ik'a;-’_.,'=q>_-*;*'

S '(336) .and (349)!5
' : 1notation e

S Wb ‘nov .can take up tho casa; whnre ho
it inatead of aystom (419) ‘ve havo-*« o

a23)
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- . _for which instead of (422) we obtain

 £{434)‘fi Th”“

x‘

in s which ¥ again 18 expressed by (4:23.)i*<"”=
doea not have to be diqcuesed apain.‘:

: The case h ‘
rage 1s uaed 1n practice,“
it some more.;»

‘Foot note-~zaaef

S faEs) oo




‘Vie 568 that into t"xe second of the two enuations 16 By but, bo ie n-
‘troduced, i.e. the' width ‘of ‘the barrafe at” the elevetion of ‘the head'
~-water: l'evel. Fromn. Fiu. 540 We ‘soo that: this: has to bo so for &8 div1~ T
‘sion sec‘tioq pluced in tho way 1"' is plag,ed. E RN :

Frczn (426) wca sao that-

If we lat:

J(4zé):

‘we- changa (4 7) into' 1,12” i

i. {429)5 S

f!"Z)



L

8 on. graph Ho.: 6" For va"iations of tha .87 rumnnt

“valuo ‘as:an orﬂinato and thon asJan absc1334o and roaﬁ

: f.in--'whiéhi} ’

(434)

~the limits

| (435_);

: sincenqz.:° :
238

‘responding Limits hetmeen.
that 8

/‘ N
’f v
. 1/ .

S to: rectangul_
upstraam and dornst“eam faco' )

'1Thc curve of the: ﬁhcfidntr(
botiosend ')Z
_This. graph can ‘be; usod An “the followirv mannor Wo:

valuo of t; for tho givan baz-raro”vitL urpc- wed*o,_ro
o ‘ : g

variqti n of tre

ing valuos of 02 : AI tor thls Fc obtuln frum (ézal,

(439) ‘_h = qz e el e

a2z




as: haa baen proviously ?53*?F??fﬁh"“

X varm betmeenwtho limits--*ﬂ“‘

Chaptar I






ﬁP 37. Barrqges uorposed nf qevaral diffe“ent ﬂPtcrlﬁJu.L

'soon. ‘8BGO, can bo tranafo"mad into cesos for whjch the maforia; 0& {
‘atructure 18 uniform, 1if we uso tha semo "virtusl mothod™ which was:
'discuased in Chaptor ITI. Ipt us considar sovoral difrcrunu casoe”

- 43;(1) JPig.q 5 a barrauo wfth lawer wodﬁo conslatine;of
- two parts is. ‘shown. The percolation cocfficicntq of ‘these ‘tw \
”?arn cqual to kl anﬂ kz ruapuctivoly. Lnt us for cxunplu aasumo that~

end 1nt us’” tranarorm the problcm into ono. fcr which WO havo a uni“onm"
matoriel which'has ‘tho porcolation confficiunu of kz.. ‘With' tnie’ aim:
in mind wo: rinﬁ at first’ (carrospondin& to: nha* haa baon suid‘in o
'Chapter IIX ( ﬂP lB and 19)) tho cocrflcicﬁt‘ A :




hiainca thia coor*icient is nocaaaary 1n order to dntermine navurnl
="v1rtual dimannions" or ‘the barrada.;~f”

The Fiven’ pr°fll° (318'-5 ST hqa‘the main dimonvions*a'w,g‘
’ (444) b bl: ;. 'Bjimy, ‘end the "vir al" dimensiona“'hich ‘are o
“denotcd by the uubacript\v will ba-‘- : L et L

(445)

(4,45)

(447)

 :,we éénwfrdﬁ:fhéad”iéaf”f&ivos"ddﬁign“the pro’ilc of;¢he'"uqu1vnlgngu 5£_   ,"
.iﬁ““%barraga for whlch of cou*so the alopo ml romains unchanved (sao Wlu.‘;‘=” '
.«'J_: 55’ L-Ll . A Sl : " ‘ ey : - :

S For tha ruaulting "aquivulont" barrage o now dotarﬂino thof3 :'
‘ ﬁhydraulic ‘and. percolatlon quantitios Yor 1o and: %-and qgan: shown R o

- uebove.  All. those quantitics can;: ‘without: any chan:c, also ‘be ap-~ ;_ﬁ .:

f:;?pliod for: “tho' Orlbinhl prorile ‘for vhich %o did ‘not havo ar unirorm
<~jumaterial as has® ‘begn shown iin- chaptor III.. Bt 'e;havc 1o, considor

' ‘that-for tho given barrags the shapo ‘of tho “depression curve In tho_[”"
. -original: pr0111o will be diffcrcnt from thot dn tha “coulvalcnt" _
-profile.  Wo shall" thorefo"e take up thiu_auzation for tha dcu-gn ‘s

‘1}ﬂ shown in Fls. u5-_.yz“f '7 e e

e Vor thﬂ oqpivalant barrabo +hﬂ'oouationrfor tha,dar*asulon
"Pcurvo 13L3,; . . R L e R ‘

rcan: dircctly”plot, Yo point. Ll'h of ‘tho dapresasio curve
rofilo or tho givon barrago R S

s = fTho abscissac xv of tho equivalcnt.barra, :/tho absc;srao D SR
‘ﬁor thﬁ actual barrago aro obviouqu connoctod by the rollozing rola-"




1) for the branch Mt M _p, . o Tor x S by: -

-“12{~fbr"thewaaﬁcﬁywa .

.;(451)4*:"fxv-#ftffib1$+s(x}égbc9-: :

It we now” im:roduce (450)and (451) into (448) the equetlcn or' the de-‘;fn"-'.
pression curve of tha fi en barraﬂefhas ths rollowinr_ronn Y

e & Theﬂfonmulna
Tbe obtainad dirnctly,

1'ramain unehanccd while its abscisaao havs to bc corruspondinrlv

‘ “camprossud " i.c.lthey hnv ﬂto bo’ diminiahcd the: ratio of g .

. 'The part M _ 2.- Mg of tho “aduivalc 1t dopr‘saio urve. on thc 0t“er
hand is w1thout chan ej ranafarrod to tho -iven-profile. —

(2) Eﬁt us ‘now takﬂs-;tho"cano or A rocta nﬁula‘;hnrraaa which*‘” 

- 1s cumpoaod of throo difforent matorlals (soo Tig. :56) . which havg coor—-
ficicnts or norcolutlon of kl,,hg, ks raqnﬂctivalv S uincn such a cass .
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has already. been dlscuqnad 1n /P ]8 1n the-:e;encml discusrion o; tho f
"virtual method" we shell in this" parau,mph only: pfwa ‘the di'uenbionq e
~of the "equivalcnt" barruge usin(: "‘:the *notn ionf. of I'i'n“iﬁSG, amd assun-
ing that - 5 ol . o o

(4

.1’8 reduce the problem o‘ a;barra.,e of unii‘orm mater*zn ‘ : L
8 percolaticm coefi‘icient of kl 'e.nd 1ntroduce tho nouatlonu. E

T IITTTIIT T T T T2 TR 7T T I T TT T I TTTT 2T TTZTI0C P -
8~ X

' FIG. 56

118




Wb thus come to tha "equivalent" rcotangular harra@c of uni
7rorm material with a width/at ‘the base of iEy. . For: ‘such & rectangular‘;
'harraga wa " datermine the quantity.§ fromwino Pnﬁan eouation (10) and :
wo obtain'*ﬂfﬁ . . g R T TR A

,whareﬁﬁﬁuand ‘hg ‘aro +ho deptha;of tho huad watortund th ‘ailﬂwgtqi

. .ruspactivoly. If ho =0wo. navc°* S

kl EBV o

: We find thp pcrcolation diachargn from (450) ‘or (461)‘kn0w-¢ﬂf‘j
1ng the porcolatiun coofficiont 2 e 0 Wo\thon plot tho deprossion curveﬂ“f';
in ‘tho "“oquivelont": barrngo for*th”ucoardinatc ‘exis- va and OY fram TR
tho - oquation-- N EENEET R T R s

8 | (4&2}

f!Tam this wb can oasily transfor~topthw dopraaaion curvo) or tho givu
profilc by : lusing the ‘wmothod ar“tho ‘distorted . ecalo" (FHPAB) «
show “tha; ahapo of “this: doprcssion@curvo on' Fig. 55 without going 1nto
tho: dotails*of tho camputation. ' x

s (3)%5 t ug” nt laat rogard barrago with uppcr wodgo whiah
‘agein 8- composoduof ‘throo - ditfarunt1materials}(aa4shown in; Fig.zﬁv.._

- Tha; pcrcalaxion .coafficionts of :tho ‘throo. part !arn ki Kn . oy
wmapoctively, and»wo rurthermnrn nnsumc hat” : “

- ‘and. reduce’ tho prnblam “to one for a hamogcnous barrago tho maturial orﬁf”;51~-f_
‘which has. ﬂ”FOrcalation ‘coofficient of 'k (i.c. that of ‘the; matorial _
~of tha uppor wndca) Uuing tho notationn of (4a5) we cbtain tho R

we



[454} bv - (‘72}'\; + (b.j)v“— O" 2b2 +O“r'h-—-

FTom these dimﬂnaicns we can dﬁ-iv ; hefprorile of the “equi—‘i--f
valent" barrage (retaininL tbe upsvrpam slonew(m)\unchanhed), and for
it we can obtain the: nercolauion quentities ete. inithe gamo mz;r.mr as '
shown inEDE(‘:._ Tho Jtransfor fram the Moquivelent barrag" ‘to.the given.
18 mado in‘the ‘samo mannur'aq dcscriuod‘undcr‘ as0: (il of

'Iis;paragranh;z, ‘»




Wb ow turn‘to ba:rares~with drainaue"vsvem and shall takevf:
up. two. different cass s T i

(l) ,a“rabe with;upper wedsu a1d drainaga vstam D:as shown‘f

in: Fig Ir W8 ‘compare this cessuith: ‘theiease: B
‘earth- dam ‘as. given" 1n Tige: 538 (Chaptar V) WG /800 tha

'-peroolaticn thoye is no difrerenco bctweon ‘the 'two,

‘uso what ‘has boen: said about tho" construction of tho?

in AP 29, Tithout:any. chanae also. ‘for ‘the present: problcm . The
tations: usod ‘on Fig. 58 ‘havo: tho samn mcaning;aq‘thoac usca 01.
Tho -hoight of ‘tho ‘barrage ‘is; ‘as’ : don

':parabraphu, donotod by HB.

; . 5. ;9. .
‘aodgo has no" mnaningbin robarﬁ to porcolation,wﬂj”
- locted .in tho: drainage pipe: buforo At iean.; ¢
s wedgo. Dua to.: this fect the: analysi‘
-:vuarrasc s vory much simpl1ri'l‘

. -Lf-wFTom cquation {10), o'havo;forfth non uniform rlon
- ground waoter- On a hO"iaont&lflONQr ’
aquation=" R

Wo asaume, as ig ¢ hown in Eiq.‘ﬁg thﬂt tho doptn or tho pornolaumon
rlow: ubovc the - drain pipc (in tho soctioq Tyl 1o 'zoro '




Thc ;irgt cnqo (i.cf;hﬂr kno n bDfOTLhﬂnd)ch ; ,Mbrff." ]
amplc if "uter 46 belov hc barragc thi ‘at,r) -and 7rc con
noglcct tho hydrauiic reasiitiuncs 3 {:, : ‘-ur thiu
casc . : K ' R

In;thiﬂ:ﬁ‘ L 'iéf,‘_lroot1v aovnwtrc*P from thg‘fx‘
‘barrage. C\”l cqua‘tlon (4‘)?‘) 1'=e cnn no: d}rﬂctl" Ob'f",-‘?*“ uhc Valuc Of el
.Euund Qo 20 | S v 5

‘_,cdond caao¥ﬁff

%0 want- to culculntc ‘the hrdray

or tho other typo ‘of b‘rraguf'

the problom in’ the seme menne

anelogous. ceses of soarth dens (soc ﬁp
solu~1on Jill ho olapllficd duc to 4

no uppor wedge: haﬂﬂ” aka :

tho discusaion inrthe nbovc‘mﬂntlunud'”“
hdr'ao ‘then: can dctonm ino’ q and g

S '“hc dbDICSolOH curvc for bgr1a5-~¢w1th lover wodpe” qnd draln—f
age ygzcm~(s‘0 Pig, 59) “is ‘also’ cowpuuod rrom cau tlon' ot
tho presont cvsc_hns th, fonn-‘,y, R e




'\;;dhzihiqhifccan t giiaﬁ}diffeientjvﬁiﬁés;ﬁﬁtﬁiﬁffhaiiﬁ@ifé}ﬁ

R " Remarks ‘to ‘the pemolation, £ weiter throueh earth
: _;undar tha condition of' & -owered haad water levalo S

(3 ( the ‘pmsant chaptar and witn 1. :r_-e Ty itk

_ . aion of our analysia ot ,percolatmn o_r _wator hrouph,_--..aarth
dama) with ‘some ‘Temarks which,: ‘while 'they havs no";aimediate bearing

on ‘the subject of thls chapter, are_ of Lsoma aignificanco fo,\ '

o gartamr Fhisbook. i ' : :

+ ‘Footnote: :The. ifollowing chapters m and vn:r can by theiragenor ;e-:
‘naturo. ‘bo - regarded a8 8" couclusion "1ncc ‘no rurthor‘ ow ‘casas. o parco-

~letion:of wator ithrouszh .oarth'dems ‘ate discussod ‘in- thom.)ug; G

. Thoqueetion:which will 'be aiscusssd DGLOW is -tho. :;porcolation - of *wator
through'*‘ arth: damé whan ‘tho haad wator doos mot hav ;

thr ithe ‘pstroam :omcr of: thg " _am ‘Dp (I“ié‘le AL 1o
.pute’ the»depmssim curvo ‘for:given’ ator.depth Hi. . 18 depth

cofieourse “to 'be - tiiculatud *Prcm 'Lhe ’conditw ons!a:[‘ rivar ita: ctc., .

iand fromit ho additional ‘hoight:of tho dam: Ay "iﬂ"dﬂmmi’i"d (sga

) ;T 8)... t “it may ‘happcn ‘thatifor. somo .roason T

“t.‘ma dopre ai,c_mg urvey, for tho caae that ‘.he _h ¢




?}Iﬁr'thia case'waihave'to notica that'tha oint whera the head water

_'1flevel Iine intersects*the upstream raca 18 1more ‘or leas Par: rumoved
~fyrom the line W,- or,’wha “ig, ‘tho “seme, ‘the line Wi\ ‘Tomoved - down-;n{
'*g*atruam 1nfregard ‘to ‘the rpoint M. Iet.us: ramambar what haa ‘boeen ‘paid

{infP9) ‘sbout ‘the influonco.of the location: ‘of “theidiviaion: ‘sec~
‘tion-W-.on ‘the olomonta sof itho dcproasiah CUTVe . Wo' notice that for‘”

" “tho givonicase(ii6: H fHu) 1t:w11l bo.safor ‘ta lay ‘tho division:

.saction withiva. cortain g’ eraga margin" not. ‘through’ ‘tho upatraam
:cornor of tho dam-tor, but through “tho” intorsocting‘point”of dho o
3 B ‘iSuch:a. 1ocation;1

dem iS'dumandod thc hcight dgilas to” bo solcttod mu" _ han = °
£or “tho ordinsTy: do"lgn.‘ In:such a casc At is: als ’aLN‘aabla 10" usoﬂ

a-location:of :thc division 2ino- like In Fig. ?ﬁ',jand not likc inf773:7‘f

Fig. 5 !W) *f tho dvprossion Curve sha‘l bc coﬂputcd..m”

Wb °hall now,uct up- thc systom of pcrcolat1on cquntinna ﬁo
‘a homogonouu ‘garth: dem undcr ‘the. condz iions .of ‘lowored: hoad wator

level: Hi(vig. 60)_ AItiis. obv1ous tha*‘cquation III of - the systcm (41) |

s romains unchangcdf Ecuat1on TI 19 chungad (usi tho notationn or
3 ;Fig. 60] into xfﬁ G o S s

gqamﬁﬁriéal4rbl&?iqﬁ$ﬁi§@f"ff:




tD: .

in which‘bH 16 ‘the m.dth of the.dam ot the elevatlon ‘of ‘the head
,‘wa‘ter level at dapth ]I, bI{ is known anﬂ equal to.‘s‘ ; s .

(4'75)

,r-usiné. the no‘te*mnu o .ng __60‘

o It vumains 50 set up equatlon ‘T for the prc»Bnt ‘ense, e
shell do this ‘in:a: coewhat. more Aotailed mannex ‘than was used . inFP: uﬁ."j{
For this purpnso “We! buJoidOr an: arbit«arv £1ov- alement (sec. Fi"”ﬁl) ‘
within .ty 0 rugion of .ho unner~wcdgo anz;using tha gamo- 2Ing ot L
’reasanlhg as:in P4 weonly’ ‘have to obsérvc ithat the len"th of 'the 3 'Kf‘
“Llow elemont itor thi presont’ prablam is: oxnrcssud,;n a fo1m’ whlch is; :
8lightly Qifrevont rai thatiof P 4. i oo ;
‘Footnula: | It is: nﬁtb ary 1o, go b¢ok to. Eb, ;and remcmbcr thoa@nrlva-:

- $lon’ rlvan tnuru. : \ g e s L L

.'.Footnote- Tha notatlons 2y m,gb; a vnich gre 10171 1n'FJg. 61 can:,
- also ba undorquood ;ram Whet' ia aaid?.n Chantor, RS :

‘rcnlation

d L'rlrr -— k_ﬂ_ d"

Thc 1ongth of thc scpalatc flov alcmnnt {nlr ”61) is. equal:”‘hl:, ;f:‘v



‘percolation ecaations for the case of lowered head:water level ls:




v IL nC watar\downatream trcm the dem (hg
. "corresponding system ot emolation uquatio 3 :

.in which we h&ve /to %.remg;;ibar thntfao ‘ia the eigh- o "the
‘the" depmssio' Y T




el ;‘We shall concludo,. hia pamgmph by diecussing‘;t‘m wintere.

S ?.madiate“ locaticn of ‘the:divieion: aection, Lies the division; sectinn PR

i 1ocated,‘betweon' he: positicn or ¥:and WH. 'I‘hia "mtamaiate" il
.-”-location i mhm on Db ¥ ' ' ‘ ' '







41¢, Mnthnd of rupruﬂanting the depreasion curve
‘ fstraight J_lne. L L i : P

S n thta chanter we 5ha11 diseuss th o-motho‘”‘ofudetennining L

ﬂ-tha depression Qurve: which wWoTOQ, racommondod by ‘other: authors.. Tt

soems ‘Justifiod to analyzethose methods ‘on the "basis: of “tho* hydruulicfﬁ':“
theory of the: wholo queation which was’ dcvoloped inc tho prcvious chap=

‘tors. Lot us:at £irsttako up'a mothod wWhich:-up to a'Tocent ‘timo has
- ‘boan: widely uséd ‘in Amorica as: ‘wall’ aa‘i‘gs;s.s R..and 13_1n Taet’ cvun
‘at tha: presant timc often: uaod in¥ projacting earth: dams.fﬁSinco dtisy

‘impossible "to connoct ‘this'mothod :with tho namo ‘of “ono: particular yfjiﬁy'f&i;
'_author W shall call 1t "mothod of tho atraight 11na daprassionﬁcurvn.

Thia mnthod wes- dovoloped in a numbcr or Anelo-Amorican

‘handbocks for:tho: construction of ‘oarth dams. and ‘wag. takan ovor' into f'f 3f'
tho Russion’ hydrnalic litnraturo -and" practico without ony: chanbos..3;‘j1;/
The method is baséd on' ‘tho rullowing cordition-<or: rathar hypothosxs-‘;“ﬁ

In.a: hamogeneouSJGarth ‘dam-on-an: 1mporvious foundation thoi"line of ..
 saturation,“ i.e._tho line:of .tho: pcrcolatinn flow is ‘A straight 11nﬂ,
. the: inclinatinn of: which depsnds only upon the’ nature of ‘the: material

‘of “which ‘tha ‘dem’ body 18 made. The inclinction ‘of “this” line 1ncronsos ] 5~“F9h

' jw1th tho dagree orfﬁnbarviousnesa of the matarial.;m nz}

‘L_Footnota This 18: exactly how this rorm is: usod (l1np of saturation)°‘

. . in the- woll-known handbook. creagor and‘vuatin "Hydr'fEloctric Hand”

'abook Now York,” : .Q223 howcvur tha’mathodﬁq+ thb strai&ht lino

usually assumod to bu-~

(487)

according to a highor o1 lcsaar dggro f imperviousns
 materiel. . L

ancc for;a[éivcn ‘dam profile tho: 1m0 ofjaéﬁﬁfétiéﬁﬁiagﬁl1,“’:“

“hava’ ditrcrunt poaitionb. (300 rig. 64)..,“-"




- (1) Poution n-x'
at the polnt . A 3
(a) Poution u-x, ror which tho dam foundation 15'?‘1nteraacted ,at'

: (3) An;intomdiato positian M—KQ (apac:l.al case} ror which the
"line of: sahmtion“ ‘goss through the point -Ko. /In: othor ‘worda, ror
one "and " the 'seme dam profile all “threc %charactoristic spositions. of
the: ‘Nline’ otmaturation" are: posaiblo ar.ﬁ only tha naturo of 'the.
.matorial of : tho Tdmm dotominos whi¢h:of tho :three: Ca808" wﬂl oxist
~in theo: givon am},. trnctum. 'The : :poaition M<K ia: regardoﬂ ‘an the mst
) ‘4esireable:position of ‘the #line. of saturation” and seoms to *bo nocus--
W'uryinorder*"" gu&mnteetheaaretyof thodam.,-_-‘ ‘

;thiaf*'point ar now tho conditions of 1mpart10usnose or
_Hriﬁ.od " 1n a vory simplo;; way:: ;: sol.eeting arbitrarily

g %mt accoptabla:f-aﬂdfwu ‘can: nocordins tq ho : ahovu "dcsq;ihod' g
"foutf”ot tho ditficu]:ty 1in ‘ tho wost: simplo:manner: f 1iwo havo ito @ ";ia
*to:tho. dmntmam rncc tng.’- : “th

’_;faoo n‘g.x,ﬁﬁ ‘“’1'1. ;::' St
Sy thin® tho m*proﬁlo and doos nct 1ntoraoct ‘the. downntm:am faco. =

* Thus:wo-ildd :toitho original ‘dem praﬂlo the- parts which are hown in g
.‘:ng. eo, as ‘tho ahadod: aroaa. | e R

jrtor having pointod out thc charaetoriatic reaturos of the ‘

"nothod of ‘the straight lino deprossion. curve™ wo shall discuss a -
goneral cmpanson batweon thic mathod and ‘tho thoory ‘dovelopod ‘in this

-book. Wo. ahall 1imit-our diacussion to hemogoneous ‘eerth dama, ‘sinco
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_‘3ths nnthod qr the "straight lino dapression curve" waa suggusted Juat J'*'
~for: that type or earth dam.;‘;~ 8 : Sl MR L e

"jrbotnote-- TS attampta of using This method ror dams uifh ES core
¥all. wo_ shal"say a rew words 1n H? 43.-

ST The hyﬂraulic method or analyzing the percolation rlow 1n :
earth duma, ‘which was " developed by .ua; leads to .the’ following ‘con-"-

clusions;, (sae FP 7): fThe shapo orf ‘the depreaaion CUIVY 18 1nde”onduﬁt'§?-

_ZThehahn--~or?thsidé'ranaiou curve is doterminod b' tho: ~eomotrical and |

Y : Lnt us’ soo now how the porcolatiun coorflciant inrluorcos‘~~

‘ -tho eloments ‘of :tha percolation flow., Providinr wa “hava: found qk from'

- equations (41) -or (41') wo. shall oall 1t "thu computod diSCharga"
Uainb thc notatton L;‘ a‘ S e ‘ R

(488) -§ ) ‘we‘.,ri'zid‘_ :-th__nt.“ L

(489} q= k-qr-

T.0. it doss mot dopcnd on the “porosity. propertiaa of “the maxorial~.~'”'“




“that menns, the percolation discharge(q)chunges (ror given hvdraullc

coafficient(k) “Cn the- other hand we ean- noint out thﬂt by the method
~of -the "straight line depression curva" the percolation discbarpe ‘can
not bte determined at all, ‘since it Ash not poaaiblo ‘to say ‘at what o o
depth of the percolatiov flow: une can write the genural equation for
tho discharge q = w.V (the depths alonr “the flow according’ to. this:

method chango fram Hyin the. point M- to uero 1n the point-?K o_r to j} ‘_~5 SrEr T

50me rinite value in thﬂ puint K' 1

Thus. tho rundamental concluslons which we drow fram our hy~
draulic method of solving ‘tho: parrolation problam An: aarth damn aro
cuntradicting tho: baaic conditions ‘of: tho “mothod ‘of straight lino
‘dopression curv'o. ! R Ry SEP

i3 4z, Diﬂcuasion of tho "straight line‘dqprnssion mothod.-f¢‘3f‘"

Sinco ‘tho: mothod or tho "straight line dcprceaion curvu"
does ‘not have: any thoorotical basis which- could bo* comparud with. our

own baaic: thoory, wo. have ito’ oxaminc aaid mothod mainlyifrom tho point i rf

of viow of tho 1051c of tho hydreulic roasoni'

(1) We asn: rron Tig. 64 and 65 that tho cross scctions,availnblo
‘to tho porcolation flor ‘docTroass’’ (1n ‘tho. downstruam dirnction) ‘and

honee tho volocitios V must’ ‘inarcase. But  tho incruaso ‘ot volccitiaJ“‘= w

demands also an incroaso ‘of- tha: hydraulia gradicnts alonb the r107~u
whilo according to tho" nivcn method ‘wo havo:a: utrnight doproanion
lino which from:tho hydraulic point of viaw should rudult dn‘a con
atant volocity of porcolation V' along tho wholo porcolution floh.

Thus we can find a hydraulic inconsisto v alroady ‘in tho- busic as—:_:,\:fg

sumption of . a straight doproaaion linn;_ Frum ‘this it bacomns cloar .
that tho deproasion lino ("lino o“‘aaturatxon") 1n a homogcncous uarth
dam cannot ‘bo straight.~“;," Cod - : :

fiod ‘to ask. onosoll “the qucation.,‘Whon the porcolation flow has
roachod tho: point X, what. happcna fo:it: aftcrﬂardsO‘ ‘Tho ot canrct
~bo "srnllovad“ in this" point K, sinco thoru ig: no druinagg at: thut "

peint: and ‘tho- foundation ol thu ‘damiis . SUPDOUQd t0be impcrvious, bu»‘fJ\n

‘tho flov can alao not move onwurd,”: aibcc accordin“ to the sasunption .
of tho diacussod mothod tho straight lino M=K roprasontu the ‘vhole
flow (?ig. 64) But thiu lino "onds“ for smo mv“tcrioua rou,ou in
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'-tha point X and beyond the point X the’ "dry" part of ‘the profile be-‘.ui“

gins (the: main characteristic’ cf the ‘line M- 1isa- that 1t does ‘not ‘go. ;‘,”,

through" the ‘downstream face of the ‘dam and’ does ‘not: even "approuch“
it) . Thus the question asked " above 18 not answered if WO sta" withini

the’ boundaries given by the mathod of the straight 1ino deprousion J‘?lﬁi" ‘

CU.I"VE .

In realit; the porcolation flow will not behave quito;as“”ﬂ xR

 politely es the authors of this: mothod ‘want' it: ‘After: ‘having roachad

“tho point:X the flow has ‘to movo on. An tho. only posaiblu dizoction—-];
~the direction towards: the tail watar, with ‘an.outlet on tho downatruam
faco of 'tho dam.: Thoro it actually discharhos,‘and tho "point ‘o dis-}
charge" of the- deprossion curvo has been: dotanninod ‘byius.in. Chaptcr i
I. Tho poeition o' thﬂ‘doprossion ‘1ino: M-k 18 aiﬂplv 1mpossiblo-—‘ﬂ e

" that ia the: only answar to tho quostion asked ahovo. - i

(3) In tho dlscussion ‘of tho last point wc had assumcdathht tho

dapfh of tho wata“ directly bolow tho dam HEB zoro {(hg = 0)v- Lot us. S

‘now taka tho case ihon hy > . O (Fig. '66). If tho matorial of ‘tho
dem is comparativoly 1mnarvious thc "liqo of satur&uion 1srstoop,

according to tho adoptnd mnthod. ﬁ : ill hav‘ “th ‘p051tion M~K‘

is shown for'hy = 0’on Fig. 66. But if wo nov assums that'for tha' °amo
dam {i.e-also for thc sumc material of thc dam) “the t&il'atbr hEs

" risen for some rcason to’a dopth hoyU, it secws that any enginser vill

draw.this "straight line:of satura ion" to. the. point K‘.”thutJis:this

linc will bo loss steep than the linc }M-K although tho 301l of: ‘whieh

the dam 1s mado has not been changod. ‘Doing this wo find: ‘that only .

duo to the riso.of the tailwator. to a depth ho tho pcrcolut1on propor;h "‘

ties of tho dam material havo for smnc unknown rcaaon becomo doc1dedly'f7 
WOrsg . : : : e
Of ‘courss there do not exist such reasons, =nd. the above
said aruin only rovoals -the lopic inconswstcrcios of thc horc discun—
s0d mothod. : : ‘

164




.ferent manner of: drawing the aaraight dapreasion line ror the caso

-a construction of 1inos of saturation according to rig..ﬁ?—qm eon= .o f:‘.,‘f: -

_mthad ol' the - ”atmight lino o:t' e :\tumtion'

.,of “tho i tm MK (Boo ‘Pig. 84 .and 66) o.ro not ;poaaibleiin: a; hanogonnoué ‘
- earth:dam: without L dminaso systom “In p:xr*:;renh (1), wo “heva furthor—-f
" .moro . shown Wiy in . such on carth dam tho dapmsaion eurvo cunnot boial

Fig. 64 ic impocaiblo.

These. inconsistanciea alao cannot be. Bliminated for a dir-.‘-“’-‘- L T

of ho > 0: If we 'draw ‘the line M-P :(seq. Pig. 668). rur ‘the unper ..

-&nd middle:part of tho- prcrilo in‘accordance with:ithe «percolation

:proporties:of tho matorial, “and ' fram "Pontho horizontal atraigh‘l:
1ino P-K*, which is:cn the. clovetion-of ‘tho 'tail wator lovol- tho
question arisos: Hew'is it: paaaiblo that tho purcolat:lon ‘Llow cnn :
move to the.right from point P.aince the: ‘hydreulic @gradiont ‘thora. .sis
zoro? It is obviousithat. sucha. movamont : 18 not possiblo. Ifiwo . i
draw ‘the lino M-P-K' in such e mannor ‘that ‘tho ‘point P is. slightly
highor thanitho. olevation of ‘tho ‘tailwator. 101'01 (1.0, 80 ‘that tho
picco P-K' may. havo somo:slopa) “tho linc of ‘saturation has a'broak
at the point P,: for - whichiin a: hunogoncoua aarth ‘dam‘no: oxulanation §
whatovor can be:given. !'innlly 41 wo could ‘have:a: atraight satumtion
1ino M=K (Mig. 67) thon for hy)> 0 wo would with ‘tho same. :'right_ hoo
juat:lriod to- drav:-also a straight lino ‘of :satiration ‘A=B: Tom thn,_adorm- S R
streem 2ido. If those two saturation: linos ‘:'ould h.avo a:sumwhdt loss ST
stoop olopo thoy might intorscet at a- point C. “But it da ‘obvious thnt L

‘trary ‘to:common:sensa; ‘thus  thoy - ean: k.lso‘not got"us "uround_tho abov i
-pointed out diacmpanciaa. R ' ; :

Hencn WG soo tha.t alao for ‘the .cas lg.o} 0w
& satisfactorw ansver o tho" criticnl rom;:\rk brought .o

(4) In, parasraphafz) n.n.d (3) 5o, ﬁhavo u‘uoml Ahnt aproaeion, inonm

straight lino-at-all. ¥rom this wo then obtaintho. follou:l*xg mthor

cqnpact formulctiont eordig $0 tho mothod ‘diacussod hore nonc of
of ;tho ‘throo. chnmotoristic oaitions or tho do rcmlon,iinou uhox:n 1n




The above given ramarks to tha mathod or the "atraight line-
of saturation" are rather:-simple and: elemnntary. but the discuqaed
method can not even stand such: alibht eriticism, and ‘we: havu to.say.
that in point K (Fig. 84) not only the "individual saturation™ ‘ncomes P
to an and,"” but alsc the last remains o ﬁlogic or;the authors and e T e
supporters of this mothod._fjg_ﬂﬁxg _,g - e o

In concluding tha prosant paragranh it 15 intorosting to G
notice that not only in the’ Rusaian but also: in tho ‘foroign (Anrlo-.
American) hydraulic litaraturc wo ! do not find any sufficlont: amount
of criticism of the method of :the "stralght 1ine ‘oft: saturation" ‘t'rom
a gonerally hydraulic point of. viow, "BOMO. soriouo handhooks oL nost
rocaont date oimply avold: mcntioning thls mothod.; Wo shall’ shorulV-~
dwoll upon two of ‘thom.. . Of -coursc tho“o ‘isno: noc’ssity ol diucus-
sing thosc handbooks and nublications which. Lccont tbo mothod dip_‘
cussed hora w1thout anv rosorvationa.‘_" : S

At rirst lot us mﬁntion thc WL11 Lnown uncyﬂlonodla ot
Parkor {Parkor: "Tho Control of Wotor," 2nd edition: ‘London, 1925).. e ST
In tho cheptor on dams ho’'discusscs’ (Chaptor VIT: (aoction A), p.328)
the profilc.of .one. of tho ‘dams  (dobihiof iwator 46%; mi= -4 forup- oo o
stroam faco aﬂd m 2 for downstrcam faco), and” does not obiect to o
tho slopc of ‘tho donr0531on lino: 1 1/6 which was Ude us thc uasis,
for the denign, but. says that p i 4 would bo botter oi*hor to: mutually i
intorchango tho: ulOpOS of _thc uppor. and lovor Taco end- mako m='2and
m) = 4 or-to mako hoth uloncu ‘oqual m 1,=F . .J“hus, Parkor pOlntS‘".f: "'
out ‘the" dop:ession lincwith the . slopc /€ woul dfboﬁrun mpchﬁ;dﬁor BN
than the point Ko (soe Fig. 64) 1.0, 1 )
sect tho ba:c lina of the dam 1ikc th

calculation _nd constructlon of ourth dams ‘on.a orvioug ’undat1on i
~and doos not montion thc "method of the Suraipht”linc of tur ttion.!
But giving a- schomntlcal (Chapt xIII pD.. 227—228) design of an: enrth
dam on an- impcrvious Toundotion ho pointsiout .that if tho: mutorial of
the dam is bub little porvious, tha suturation linc mnv iqtorsoct tho
- downstroan faca: at a point: nhlch is cowsidor"bly highcr thcn thc point B
Ko ‘(sco Fig. 64) . Tho -author 2dds that “such o demiio. ‘most probebly
dostroyed,” ‘and as- romcdy agulnst “4his nc rccommcnds tha: const:uc-"“
tion of o concreto corc in ‘the dam body, and also. mentions the cffeet .
of n rcfully plcnned and conutructea dra iuetc uyntem.- T -
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~ We shall not dwell upon the two latter preventive means =
since their effectiveness fram 8. technical point of view is heyond ..

any doubt, but weywant‘to{underlineithdjrﬁctjthat,Iu§t1g15§é§ks brfw“f&;ff f£

a rise of tha‘point‘K!:(sée;Figi?ﬁé)%iﬁﬁéoﬁhdptidn[witbfdfléséff7jx
pervious materialiof‘thg;dhm‘ﬁgdy;}.Thig;:amarkj1Sﬁg§ﬂyafhavcf#edn_
contramy:to1the'basicféssumptionvbrfth§ mptnbdf¢g¢th¢;5;na1gh§jlih¢

of saturation. 'Basédﬂbnfthafthqbryféf;ﬁqr#oldtiépgrlbwfwhichQﬁdf :
devoloped in"thia‘book”ﬁc‘éﬂnfheithcrﬁeg#hogwith]thqfrumarkkor{Jhstip:u‘
as it stands nor with the conclusion which ho draws from 1t in ro~ -
gard to tho'Bafety'brgths hqm6geheodshdam‘qt*thc?g;yen;d¢51gn,3_Edf
belicve that_the'ahbrtfmcntioning:ot;thd[état@mgntsédtithis'author~;;
illustrato thc unclasaifiod pointsﬂwhichzwill“a:iséjinﬁth;éfqucstion ;;;e

if Wo do not approach it from at loast & hydraulic point £oviow, - o

43, Tho practical application of iho Mmothid. of the straight
saturation line.” B T T e O P R AR e

Tha}basic‘practicél appliéﬁti6n 6f'5ﬁh§‘s%?éigh#ﬁéétUratioﬁ{”'j:”f5

line mothod" is cloerly s

ggm“frﬂmfyislfs5;7&nd;fraﬁﬁﬂﬁafThEBVbOQn%sh;df,*ﬂ“"V

about that in #P 41, Thoro it wee shown how tho ‘safcty of the dem ' @ o0l

structurc in rogard to percolation cen bo ox inod with the help.of = .

thia mnthod;;-Thagusoqu;aybﬁgkriliuBfAhdﬁthc;bnléréﬁggqigdr;thdﬁ;;yg‘{;;"“”

downstroam slopo (longthoning of tho profilo in downstroam direction): -

soe Fig. 65 is moent, &s i known, to provide for a dam-profile:in . ..

vhich tho satdratidnulinouatgysgﬁitbinjthb]pratildﬁénd;doos{nbtfin¥'?fy_af;{f

torsoct the downﬁttpam;taéoi-‘This*éoﬁdiﬁibﬁiiéfov¢n$aaid$pd‘bd’gb;¥<°?f""
solutoly nocnssary;inﬁozdnr'tcﬂgﬁdranyﬁﬁf;hafdﬁ?ﬁbilijy[orithqﬁdgm :
But in the‘prﬁcodingfpqragraphjﬁd]hﬁ#ﬁ?@lraady«pointédfbutgthd5ix4
posaibilify-or‘xhb”loc&ﬁipnfqr;th§5dépiﬁéﬁiop5line;écg@;dihgftd?thc_
straight.11no-M;rjinyrig,154;ana;65g$:3n§;thuqf;tyistopyidq;ﬁtnatqtha
recommonded  practical maané;:orﬁédcnringﬁthe‘"gd:afﬁd¢éiéﬁqpritﬁdf““
profilo (beckfilled and onlarged downstroam.slope)scanng . possibly
_ . Purthermore such & real signif cance 18 assigned to thcso.
moan5~thatjthe'quostionfabﬁut;fhpfﬁlimiting'hﬁight?fptjthoﬂbgrthfddﬁ ’
of a siven-trapczqiﬁaljproriléjisﬁdiﬁtchtlythKGG:andﬂanSwéiOH; We
‘thinkwit]hocassary]tb‘civcﬁa«sannwﬁﬂt;mbroﬁdotai;édﬂdiecuééiénl6rﬂv*
this fallaeious ddea, == - o0 it s n T R TR
Ir;wa_tukéiaftrnpczbidal'prorile‘df‘anjearthjdaﬁﬁ(sdgjEigaf-

68) we soo that if tho doprossion lino M-K'"110s within tho profilo®™
{using the terminology orfthe.diSCugsad”ma;héd}"“””\“'Q‘g”_ T

:Iiﬁf”<:iﬁi;1 ‘-E‘
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'of, if ‘we use rf'lﬂ.,e?n.d‘ta"b‘ioné‘ of .?ig.&a -
(490)-
‘.whe_re‘ o

deternined B8 fth‘i_:_“.'_;ra't;’;jo rof 't

| WEth(a91) ena (40

Ctass) B
S

from”lwh'icﬁ : S

(494)

that means the depth of the _f".afer r',up'a_tream' Irom tha dam hes




smaller than =~

i

in ordar to satisry the "durability condition" (490)

| Footnotc' ST should ba' mantioned that in mgard Toa neccsnnry;:Tor
‘at least dosirablo) len.gth H-Ko i (see I‘is. 68) 1o indicaticr ‘hat-
soover are” given in the discussod mothod,.‘ S .

This condition ne not satisrieﬁ 11 the dupth 1'5.1 is'cqual '60 ‘o 81'9&?9‘
" than ‘the valuo givan in . (495), and ‘thorofors:; ithe i ‘
the. discusaod mothod is givnn b:.r tho exprassion- S

a;,,.. l.C and’". .«.‘.O"m, ,
1/3, 1/4. and 1/5

for thieh (aoe rig. 68)

bo-b+(m+m1) do—_b+5d
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' AS waksee from’ the table even rurumedium:slopea>(and more
so for small) of thae "depression atraight line" ‘the. limiting: height
of the dam become very: small ‘for the above: Given conditions. :But we.
can by no means recormend these .va lues which have “boon obtained by
the method of the strai&ht 1ine: dopresaiow fori practical ‘dam: doaign;
#c went to emphasizo that they are ‘Just as:unfoundodias - tho*"mothodﬁ
1tself and ‘tho-samo is true for the vory?idéa‘or' tho' '
of the dam rith a trapnzoidal profilo.

If mo - think of an application or thoudis
carth dams with innor core’ -and baso t4is on | ‘the or
wathod :tho construction of:a: ‘dopression’ 11n0 might ‘bo::th
From the intorsection: point of ‘tho wator lovol lin ﬁ ,h
faco wo.draw a:lina.: with the slopo.j i;:
the deprossion ‘line drops“r&pidly
the core}; ‘bolew the. .COT0- ‘ ;
vhich has ‘boan: ehoson. according tc;tho poro&ity qualitids ot the ma
tarial of the:dam ‘from (487) or by ‘some -other such msana” : g
lower part of the dam we thus ob ( 0a
(x, K" Eb) which have been sho

: Tﬁia mathod whichiisrsametimos used: or'practical design-
1ng, but is not diroctly msntioncd in sarious handbooks does .not . con- ‘
tain any additional inconsistoncies boaides : ithose which have a’roady i
been mentionod in tho above discusaion of tho. application of theo =
"straight deprossion line mathod™ for’ hamo:aneous carth dams. Vo canV
- only point out that tho loss of "hoad within.the' eorc .ean-of ‘coursg
‘hever ba calculated by .any dofinite ‘and - woll ‘oatablished mothod ag a -
cortain porcentaze of tho- wholc hoad - within tho dam, Ir ‘therefore 'in
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some’ hydraulic handbooks. ‘we :find that a’ cora of "wol ‘rolled ‘'¢lay”or .
clay-camant has a heed ‘loss: prer cent than thisainformnttnn% n-

cludes a two fold misteke. ‘In‘ithe first: place ‘the comuission:of ex:
parts which was: rormed by the administratio of tha croton wutor U
‘velopment in New York ‘determined- ‘the 1osa iinthe: ccre ‘of "tho; Qam t .
Now Croton to be 17 par cant or tha depthr j

Footnota' 839 ror e

have ‘boen:discussdd by us ‘n;Chaptnr “ITI ‘of ‘this _xnatiso.,"“
epplication:cf ‘tho : parcolaxion cquations ‘g1ves-us ‘tho poasi i
mako & hydraulic ‘calculationiof “the ‘hoed : ‘lossiin ithe ‘ecro of i dan tor[f Gi
any given conditionas," and ‘a8 | In ‘have 1 ‘soan chupter III‘thi alcula—f_;f,
tion is quito aimple..; R i I .

Tho abovo aaid aooms to bo surticionx in ordor_to cunrincu
the reador that thn mothod or tho atraight aaturution“lin

The 1mpoasibility or;giving evon “awnrago values_ TR
‘haed .108s in ‘tho corc:of &.dam and: 'protnotion ‘layer" ‘robs Aho s~
cusaed mﬂthcd ‘for these ‘cases eovon of ‘tho:formsl. ‘%gorractnoss® which

it has. for tho homogonaous aarth dam whoro. no mattor howgurUM5V1t

only s= 7 that for thia cnsu thn mathodfof thn—straight ‘
is givon anothor: chanco to- disclose ‘its logic dofficionoy
oxample for ‘tho . dam nithout drainng tho matorial iof ‘tho dem s chnr-
-xt_‘smo !&gf 69) hnn unya

the dsm hua nnt bcen chnngod. : ;
the dum.mntariul acquiras quito unoxpactpdly difrnront porcolntlon
‘proportiua, which aro: charnctorilod by ‘1stoapor daproaaion lino SN s
(slopo 1), :But this doos not yot ond:‘tho strangunsas of ‘this nthon-“_""-' e
If no:artificial’ druinngn ‘is prosont, and-if the dapth: or tho uuter ;“”*,:
‘below the dam:is ‘b, '='0 .aueh & ‘dom ‘has @ “nnturul drainngp" A0 ‘the T,
naighbor hood : of ‘tho point N/ ‘(itho . diachnrso point ‘into “‘the . utmoaphnro)yyf‘\‘”
‘but for that caso ‘the straight doprossion:line is not:drawn ito- tm-
point ‘but oither. highar ‘or louar, daponmnU on ‘tho mntorial or tho

dam.




In connoction with thn last quoaticn WO hnvo t .
wC can by no manns ‘prae with Pror..ﬂ- J. Aniaon 7h0 BryO:

Foornote: "Dams" aocond oditio;l“pqgo 21 1928.“

"In succoessfully working hydrfulic structuros ano can sumo, hot

the saturation line has q olope: rhich i3 atoepcr than thot of tho;.¢ﬁ1 {'u

streight lino MN." But in fact, if w0 'have to 'taik. tbout
gaaturation. linoe" then it eon only hnvo Q. BlOpO which is nlo; : "
than the line M-N, since.for o atoapor snturnticﬁ liro’ ould ob= i
tein a 1lino of tho typc M—h (Fi@. 64), aﬂd "o ‘havo: cbove shotn 1%3
impossibility.nh.,n i A L

Supplamnntarj rnmrrks. -now shortly ‘take .up a:
mothod - which wa 3 -somotimos (if not ortcn) uscd by Russinnﬁdoaigrnrs _f
hydraulic structurcs.'»nﬁ which ropres onta*nnthing but
changas *mothcd (of. the atrnight awtur“tio. ‘ ; i
discussed in this plhco Wo' think of thu prnctic11 mothod wh s
bosed on tho well known. mothod of ‘Bligh who' doveloped it only rofj ho
percolation of - Tator. bolor'hydrnulic st*ucturﬂa.; By this motbod
find the sufriciont width of ‘the dom bage B(scc Fig.g i )
gcrd only thc lowost porcolntinnﬁldyer A~A"“ om. g

rhoro ¢ is the krow* ccofriciont cf Elxgh.'

The f ct nlore thgt Bli{h dovolopcd this mnthnd for the movo—

: mnnt of undorground vz ters undor ‘prosgsuro ond. bOlOn ‘hydraulic! struc—»-;~
- tures, and not for tho movement without prossurc in-the body of an . -
- earth dem is not. sufficient 15 discard the cbove monticned’ mathod' -
The lattor could heve beorn rugnrded &3 boing. corract AT tho mothed or
Bligh itsclf tould bo cbrrﬂdt. But alro_dy in 1922 o hcve,ccroxully
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discussed Bllgh's method and have qhowr its fundamental incorrectnesa '
and summarized our opinion in the rollowing words

Footnote: N. 'N.. Pawlowaky "The Theory or*the UOVBmﬂntﬁOf ‘Undexrpround
Waters Under: HWdraulic Structures" ddition" ”the Scientiric Malc'r—
ation: Institute 1922 p. 74l.m~w.i- B :

"The hypothesis in regard to the 'path‘o prcolation' .
used as the “asis.Tor ‘the m@thod (the'whole method is callad dfter
this hypothesis Ythe theory of the: -pathiof: poraiation_:or * theory
‘the contour line') . is.inits naturo: entirely arbitrery, ‘physically
not explainable, matermaticallV—-impossiblc angd : hvdrdmachanicall. -
inconsistent; but the .two central 1docas: which form:the basis for th
mothod (tho line of the distribution of " the hoads (prosaurns) undor E
tho hydraulic:structure, and ‘tho : by
length of thoir undorwround
wcll as oxpcrimcntally disprovod ol

ffraacs 4= gt

-FIG. 70

A,

- Aftar aha+ has bccn said above Q. _bard tli.s;h'
.complotulj fallacious also if appliod to arth da
it 15 nGCﬁasary to say any morc in rozani to. thi

In connrction With our. abovo statod opinion o$ Bligh -mathod
. WO have’ howcver ‘to clarify a misundorauanding —Such:a isundoratand—
ing of this question may: ariso Tor: tho: ‘roador bccausu\ n-his: book:

_ "HYdraul}g Denas’ N. T Aniaimow(z) rorora ‘th rcador to ona of_our
v articlos SN - TR o . e

4ootnotc (?) "Hydraulic Dana " znd odition, Hﬁprint YKPS, 1031, pago
114 . : .
Footnoto (3): "On tho Dotcrmina*icn of tho thicknoss of the Channul :

Bod; No. VI, of tho Hu’lotin of tho Scicntific holcorution Institutc.
1923,
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‘jfThl '“oxperlmental constructlon'“

 for the purpose of acouuinting the reador with Béigh'sMrethod or determin-ﬂ"
~ing the thickness of “the .channel. ‘He does this ‘in’ ‘such ‘unclear texms, .
‘that the reader may’ conclude that the author of this" booP ia - a’ lupportar S
of ‘Bligh's method. Thererora we ‘find 1t nacessary ‘to’ point out hare: that S
in fact our: discussion or. tha quostion,.n ‘tho -abovo named paper is in no
.sansa - conrocted with' Bl1gh's method (i.e.'

ﬁwith hisu"theary of ‘the™ path or L
“porcolation“) nor with: ‘his formulas :for tho’ dotorminatiun of tho tnickneaagf[ﬁ

- -of ‘tho ‘tumbling besin slab. “and theroforo also can ‘not. sorve ‘as ‘a: mMoans " '

. toogot acquaintod with: tho quostion of" dotormining tho thicknoas of " tho
ltumbling ‘brain slab’ accorﬂing o_BligH ncithcr rrom a historical*nur
Lrom any othor point or viow - B R

‘ g That this 15 true will bo easily scon ir we/romombor whut was ﬂ L
”sald in tho rospoctivo articlo., FBy tho' way: alroadv in ‘tho first. parabraph**=‘ :
i3 said:’ "Lot us- assumc, “that: throughout the wholo further discussion wo ‘B
~shall’ rngard tho prcssure distribution undor ‘tho: tumblinc ‘basin: as alroadj',-fx?

being datorminod - by ssome. mothod, sinco tho balow givan: rolutions ‘can ho - ot

applied for any. oxisting ‘law oftho: prossuro distrihution ror nxumnlo ulsof*fﬁ-
for the ‘straight line’ "law" (moro corrocth—-hvpothusia) of " Bligh oria.

more. rough. assumption of.av constant prcauu1c undor tho tumbling basin

(tail raco), -oquali ol ‘tho - rrcasuro hosad o hc uppcr basin or,. at. last
“the more” cowpliCJtedw-but {ron our. p01nt of 1icw morc corrnct--la 'at

?thh we arrivod in our abovo ):namod articlu.ﬁufuw?W

‘Footnotc- Wo havc ‘in: mind-~"mho thuory of tho movomonu or undurground
water under hvdrgulio structuros"?--lg 2.. > fo i i

. e Ir in concludin” wo roturn to tho mctnod of tuc."strniﬁbt
_'saturatlon llno" P hav 50 p01nt out that wc think ltu criticel: dis»ki
ﬁ~cusalon was’ ngccssarv ospeciully sinca it sooms that this: Amaricun muthod
‘has bcon: 1nc“oducod 12) into “the-'Rus 31an hydraulic litcraturo without any e
eriticism wo. ‘that it is not’ ‘possiblc for tho practieal cnbinoor to judge R
~dtsoreal value._ Of: cou*so:in itd time th 9 mntncd ruprcscntcd a cortain RS
';V_iwprovomont of hvdraulxp gi i Ay -

‘1 fFootnote (2) Soa for axample ‘N. I Anisimo* "Dama FirSu:“ i‘;t;’ﬂwﬁ
-_€od1t10n --192% = pp. 19 20 8L, e R

‘fwis 1n this field ‘as’ ve’l as in o*hor “iolds of conatruction 1o oxnnnsivoj”‘.
" and . 1nvolvou as-a: rulo ‘a great loss or matorial ‘money and timﬂ.'” N




1017

Thererore we have 15 years ago'found s naceseary
Ruasian-: h?draulic onginears iwith’ tha,_ror that ? fozcellent book
‘of the American engineer Bessel "Earth Dams” 3) .4n.which at that

time umong other thinga a]so the discuasod mothod‘ SJprasentad.g"_fu;

‘s cquaint tha

?Lirootnote (3) See my translation of tﬁo boor "Bassoll, "Earth Dums"

triaaft  point out ‘this mothod ‘has oW to

‘be regarded ‘as’ ‘obsolate, 'and ‘1t /seoms. to'mo. that &’ ‘bottar namo for

1t would :bo wthe' wothod of tho impossible struisht anturation “1ino.

‘ASo_far“as]itiiapstill*:otained AN our ‘own . litoraturo ‘and practico;*

But as wc have

: n*crs" who uso it uttomot %08
~tain tho. impoasiblo , : ' mtgnd_to tho unrcnl—
attompt to:obtain ar saturation 1inc which staya“

-whon ‘710 drainago is providod ror.~-

P 45. The lnfluonco or tho width or tho dam eruat ot
'porcolation flow.‘;:ar R _ e » e

‘ Tho onginoor who dosigna an oarth dam ortcn wunts £0 knoﬁ;“,; fﬁ
: what inrluoncc a change of vidth of . tha ‘dnerogt: and a- chanFc ‘of “slopes: -
- of tho up-,anﬂ downstroam ‘facos miuht haveon “the oloments of ‘tho pcr-““

colation flow 1n tho ‘carth dam.” Artor wo havc closcd our: aincuusion

of tho ”straight aaturation 11ne" mothod o thercforo think - thut A%

will bo worth: ‘while “to tako: up - hydraulic d1scuasion or”samofpointa _
_of this mothod, :and %o shall so that vo. can*in‘tho coursn ¢ thoso . o
arrivo at:som3. practical rosults. ' ) R ﬁr;ﬁ

" The location: or tho diachurgo point of tho doprossion curvo f;‘;"
Mo (aan for oxample Fig. 5, in:the rirst’ chaptor) 18 dotorminoc. as
has boon shonm by tho quantityfiao}'*hich e ! ahall horo OXprOgs by‘»--
the rolation pivan 1n Chaptor a1l ‘

CX: Hﬁ ﬁg bc

for ﬂhich tho meanings of tho symbola aru oxpla'nod .n‘chaptor ) &
From oquution (96) o havo for (bo}g, o :

bo = b+ (m.+-m1) do c LA
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Fram this wa can exprasa tho 1nr1uence oraincroasing the L
width of the creal beyond b. .On the qpantitv ao bv difrarantiating'
(499) with respect to’ b' - T ‘ _ ‘ ‘

{500}

i,.e. with incroauinr crcst width the "dlscharso point" 15 lowurﬁd

(and vice versa), but thoir influcnco of -an’ incruaso ‘of b 'is not’ vary'jf;”

grcat (for practical’ casca . ‘We:.can seg- this ocasily by 1uok1n€ up
~the numerical valuea of in the granhs l—u of CbaptorﬁII};F-i;“

Thus thc incrcaso or ‘the crost“widtb of tho dam-can‘not
bo :recomnonded as:a nractical mcana or loworinr tbo downatroam part
of tho doprcsqion curvo. Tgﬂﬁ*y ‘ i . e

?ootnoto- As is ohvious from tho diacuasion this rcault portains to
‘earth dams without coros and without an unatroam protcction 1nyor

(clay - puddlo) IT ‘wo have g coro.as a protaction layor and its: width BT

is incroasoed then tho ‘hoad ‘losg oi tho parcolatien flowiwhiehiis "
causad “hy thoso ‘parts ‘o the dem’ can' matarially ‘lowor-itho downs_.-am
part-of tho: dcprﬂusion curvo this lc7or1n Qifthq:dcprasuionfcurvo
in its domnstroam part can bu culculetod by unﬂnc'thc cquationﬁ“or
-Ohaptora III and- IV - LR g . ¥

Exactly tho* samo thing Lapncns' hcngt i holo.dam is not oaignnd'to :
be wider ‘but, only a dovmatroam backfill: {scu’ Fiﬁ. 71) ‘is usod,’ ‘aineo
according “to tho: systcas ‘ot oquations (41) and: 41") for e widoning of -

tho dam of ‘coursa tho: auantity b¥entors ‘the squations“ rogardlesa of ,:-"

tho fact whothar tho wholc dam 15 mado uidor, oxr only.nﬁhackrill is o
uscd thich: haq thc sz':mo slopo a‘tits lo or part as - tha“dovnstroam _ _{f :




Do For the 1n1'1uanoe or the creat width of the dam on- tha perco.."_ifj-ri”
lation discharge - {Q) o We rind rrom aquation 80 (table 5 Chaptar I) i,
_ similar to (500) L . "

csonif::- ey
o 2

£or the case of by = 0. For the cose B 0w find fram equation

R ( )2 (-

in whioh accox'd:lne, 'to aquation (43)‘ i

. .ao

'antzhsnce for this cu,.‘_

: “denmue the percolation diacharg-'e. : But this 1n-
fluonce of ‘the ;..iidth(hlon ‘the discharge niq)(tor practical ‘purposes)
is still*mro hmi.gn{r cant. than tho ;influonco:of it ‘on tho valuo: or
‘a9, ‘since :according to {(E01) ‘the .coofficient /3 s divided by my. Wo
‘thorefors ocan’ ‘ropoat: .what was :seid: about the ‘practicel ‘usc of widon-
Ang ‘the dam: ‘crost Lfor 1owor1ng tb.o "dieohargo point“ ulao for dimin-
ishing the diacharse quantity. e : ‘

The seme 1 truo alao tor tho -caso. h } 0. wecﬂnmwrito
oquation (504) in the following my-j_ LR i e

{s05) 3 (") F --@ o -+ n “0 + bo _

k Bo"‘ho . 8g
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in wnich secording to (2):

and hanca:‘.;-‘;“-‘-f'f':* N : .4 ;

(soe)f;fr';__
) ab

in which of douree .

L

If byf(y") we daaignata the i‘\mction wnich 13 ancloaed by

the brackets or aruution ('30&) and‘co:npute ‘a table of ‘tho: ==

{Bec tablo 22) ) wc, aeo that the nunmricnl valuns oi‘

‘ 593 i e
(= ) CE )C(m S

‘are for practical va.luoa or yo nml ao a:-e not sreater than 1.0 to -_l' 5.-:'
' "momforo tho nmmrical valuoa or th A ~

':Bpoct to b will bOeqr“thu semg o“dar)a “tho mumorical
-»cocfficiont ’ ,g.‘_:‘ . ' s ‘




7 mebloER

| veluos of tho quantity

, }stroam racn 51upa cooffiuionts‘m_énd‘ml on he? 1amontﬂ¥of tho’ crco—
jlﬁtion flow wo agsin start with tho rnlation ot \499)"

'-and hy dividin& throurh with Bu
'(‘msy | oc 6[""‘"[’“”‘3‘1)
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is surficiant to take:

.('5_1_0) "

“‘Fbotnbte- The numerical valua cf tha Becond tarm {) NS thc ribat member
of (509} is small 88, ccmpared to C{: i

'andkirrwewintrpduuoathewnqtation

aend ceall. 1t tho“rareranca'elavation" of

| ;0 point of tho .
porcolation flow it is- according to. (509 L T

.Footnote-. or ¢ (hov$‘~.o)-tbo bovo hm"n
[.rcmain *he samn :

the oC and ﬁ Valuos ‘from tablc 2 ‘in Chaptor II. [(Fi
Fib. 72 wo can druw tho follotlng concluuions-

T‘" et"ﬁ(upstroan ;ucc) fucﬁ»ofitho

10 w? Yant 1o obtain a generul 5olution of;tﬁéfﬁﬁéétibﬁﬁrﬁb”wwW:a

dem “tho’ dounstrca1 part or the. dopreasion curve ‘is raisod: for ihcrcas—:”'

ing- slopo coof"icinnts-OI the "dry“ facc (dO”nutrO&J fuco)

(2] Por a civon slono or thc "dry" facc of th, dam‘tho downutreum
part of tho doprossion linc is loverud for 1ncrcubinr 5lops GOLfllC1—
o.onts of the "™:at" faecc, - This. second conclusion is mors cloarly 1llus-

treteod in Fig. 72 in which ¥ is: pJoftod as & function of i(m) for
difforont valuos of {m1}).
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‘the .dopréssion curv
Ticionta ‘of ‘tho "dry"
mlr— 1. 5 to ho 100 pnr

SRR Aa ‘WO auo rrm tnbla 23 tha 1ncroaao nt nlopa cmrficiont so:'_
the dmstrumn faco msu]:ta j.n a rathor nubstantial mlativo elovation'_;;






of the dmatmam part or the dapraaaion ctu've That mana that less

“steep- ‘downs tream raaes or ths dam do’ p only pravent tho location of
the deproaaion curve ‘"within the dennfprorilo " butieven: raiao ‘tha
deprwasion curve in tho’ duwnatream\part of; thc dam” (eontrary ito tha o
™mathod of. 'tho: straight saturation: lino") . Thororom,ﬂ'hon CWO aoloct E
‘the ‘slopoof the: downstrcam facoof tthe {damiwe :ahould.ib guidod by .

“the stability of tha. givon dem’ matcrial in tho doms‘i:roam. : -and not‘:f " E

by tho: dosiro to "lowor" ‘the dopreasion cuIVo.QJ(,

In mgard to tho 1m‘1uonco oI‘ (m) and(ml) ‘on’ i ho pnrcolutio;x"
dischargo wo can mako use of ‘tho rolation- whichuwn obtaincd n¢ aquu-ﬁ‘ :
“tion’ III of tho. aystem or equatiOna’(4lt‘ e S SE SN

throws éumo light on ‘tho: queation*of dnmﬁ bdilt of sand&'mntorials.

" If tho doaignor used tho mothod of ‘the "atraight scturation’lino®. suéh' -

dams domand & vOry: considorablo:width at: ‘thoir beso, and 1nvolvu 1
' groat omount of work (and. matorml).‘ “Wo ‘have ‘aeon thot ucconnng 2 TR
this mothod tho slopo 'of tho "atraight sauturation lino” should bo a~
bout.l2 ¢ .10 for sandy mntorials. ‘But wo think that-what wo hovy







said about this mathod and what e huve ahown 1n our%diacuaaion ur
the percolation problama ‘in earth dums, ‘andbles’ us. ‘to -consider thﬂ#‘
quastion of building saprd: dams with smaller bﬁﬂe widths. ‘At loasty
wo think, that 1t should :be'encugh . to stimulate & serioua 1nterost ‘ot
the practical enginoer 1n thn deaign or such dams.ava e ‘

In the ‘noar. futurn it would be very dosirable to uae savural"

sand dams of tho "shortansd type" (narrowor baao), and theso would

have to bo built ‘with tho.holp of exporimontal congtructions {modcls)

This is noceasary: bocausc :tho. condition of: waahin” out of ‘tho ‘dem “j”___ SR
matorial in - the downstraam purt ‘aro ‘not: known, ‘and’ Lonerally tho me~ . o0
chanical action of the percolation rlow ‘on ‘the ground’ throush which At
flows arc not sufficiently. invostigatod aithor’ thoorntiCally or. oxpuri-'ﬁf
montally. Tho practical 1mportanco of tnis lack of knonledgo ‘howovor -
is substantially minimized if a- drainaao svstum e providod ‘for n: tha';{‘“
dosign of - the - oarth d&ma (and in: ‘this. caao sand dams) C,Aﬁarainago :

syston is an nxccllont moana to: avoid or. at loast: aubstantially roduco R
tho demaging offact or tho parcolation flow on: tha dornatream'pnrt of Lo
the dam.- 4 S , ‘ : e

) Bocause of thiu fact tho ruturo mndol oxporlments should by
all moans: invcatiguto ‘tho” quostion of - draxnago not only ror ‘the . con- ..
ditions of tho commonly uded dem:of: sand-and—clay thorinl ‘but also.
for the dam of 3and motoridl of tho' "narroved basc® dosian.. ‘Bosides
this one ahould also have in mind doms with cn inner corc’ or gipro-
toction (puddlo-clay) . 1ayor, ‘both of thosc dasiuns can ‘Eroatly: ro~‘['
duce the porcolation dischnr“o.‘ This iz aspecihlly,truo for, damq if
such a roduction of: “tha: pcrcolation dischargo ia; 1mportnnt fo roa--’
sons or thc wator supply ‘ e o

Lnt us concludo tho prouant parhrrﬂphjwithHa'discuESi" )
tho relations batVGon the alopc coefficient of ztho downutrcum rhce ‘
of the homoge1anus oorth dam and the slopa of;tho dsprossionfcurvo
at the poini of! tha vertical’ soction:" : 5
‘wholo nrctila\of tho dam ﬂnd Fig. 76 ‘for n-dotailiof i

"‘F?am gquation (7}5wc\hqvc: i

516 S = :
L L
and the value of*fﬁé:ofdiﬁitb:af~thbquiht;ﬁbviéi?H 

{11y y-yo =no ¢ hc

whonco tho dorivrtivo rill have tho vclue.
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The tan'ent P-T to the depression cu*ve at the poiqt Mo forms an S
.acute anr;e ég with the abscihqa axis (see Fif.:76) For this an:la:;“ o

(519)




O tba contour lire or ‘the- downsuream face: isw the_‘ LT

That means for h
L‘Io (the "discharga

tangent .to the. depression curve at the point
* noint“) ' L st N

. But. for ho } 0 {seo F:Lg.- 76‘)' this ia not trua, .and sin
ao + hy = ¥, We can writa (520 1n tha rom' [ h

'_(534)

vaence

(525)
and hence-

(562)‘

" That means when h) 0. tho dupmaaion curve is, s b
losa stccm than tho downatream racu oi‘ tho dam (seo ",Fig 78

W ’JI;"
./'.f .
A

. R
P
Ry
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ﬁD 4?. ‘The: mathod ot Lprenz and ‘the: method of scharrernak._if“_*'

. AB’ the firat 1f not vary camplete, attempt o attack tha

percolation problem in’ homoganpoua ‘earth dams by means’ orihydraulic e

considerations we: ean regard ‘the: npplication’or ‘the ‘wall known: equa~i .
tion of the: nonhunirorm mnvamont rof undergrounﬂ rlows on: a hcrizon-._;u
tanl layer. ‘For ‘this ‘the oqpation ‘was -ugod only“ror tha

af the profile whilo ‘tho uppor and lower "wodgo" wore camplotalv
aut-.ef’ tho discuasion.”; > i .

. ' YT EE »-w e g5l £ _vlr ;',:‘,_r'ﬂ i . i
////H/I//lffflllﬁ///// nrrrwr,uumlr_wu(/,{{{

S 1° Such a motnod wmch wo find in He LoTené ("Tor'hnischo
-,Hydrumnchanik" 1910 ‘p. 438.)is illustrated ‘on: Fiﬁ;ﬂ73.r Tho - dapth :
in esction 1" ig: aasumnd to' be oqpal to By (T or our: otation).hﬁ_ _
in section "2": coqual to hp.: 4nd if wo do. ‘noticonsidor :th “hyd:aulic
rosistancos ‘betwocn the. ‘boundaries: of tho uppd ‘and'lower !udgcf '
obtain froam’ (10) : O ; g

('saa)'

in whichA% ia tho: only: unkncwn quantity which can’ na doturminnd frﬁm |
{528) tor that the. daprosaion curvo cun bo plotted frcm thn oqua-f'
tion: : a -

for tho coordinate azge-ag;ghownjinixisiIﬁa.J”‘




‘ 'nw crudo thia mathod is ca.nibo soon rrom the nmwrical

e

table 25, in which wo show!how substantial ‘tho percentage of ‘tha: up- .
vor and lower: wedgo s inamaking up +tho ‘total hoad . loaz. Tablo 25 o
18 campilod from tho data:of ‘tho oxample- which havc ‘been solvcd ae-

cording to our:own: mothod in P13 and 14.
B - hy, tho ‘loss in- tho uppor: wodgo Fo
middle- part =h - va and 1n the lowor wadge yo

Tﬂhlo 25

The total head loss is.

H& -ih (aoo Fig. 5) 1n tho '

hoa0‘

Lpaaes ar houd in the difteront parts of tho dam 2
‘body in & cr tho total ‘loas - - . o

Data rﬁum QﬁHu -h- o TH=i¥o f ;;‘_j
"Hu_‘;hof -‘”ﬂ gfﬂhhjﬁﬁo u
ample trom P 13f  .31.0 8040
.meplo‘t_ran;;-'ﬂ?,,lé ' 28.5 b 55.0

- ‘:.}_\ 3

¥ Loronz dons' not draw any practical or- thcorntioal conclu-l? -
aions from his proaontation of the percolation problam in dGMﬂ und
~ho also doss not make any Temarks ‘about “the caae hc =.C, ulthough“‘“

it is.tho moat -important for: practical problums Thus O . can say

that tho given mothod of . diacusaion uinco 1t doos not: include but.
tho middle part of the dem: (shadod portion ‘on Mig. 78) &nd thnt only

unsatisfactory, can hardly be rYogarded. ny a first stop towards-a more .

oT less satisfactory. solution of “tho prob;om.‘ S
‘book, .loronz dovotea only very little spaco and attention to this Sy

problnm.

‘In tho abovo numnd

2°, 1In his short article which was published in 1917(14 HE,
Schaffernak invoatigatos tho' part of a dam prorllo which is sho"n a8 o
2 shadoed aroa in Fig. 79. : : P

Footnota- ”Allgnmorie Bauzoitung.“ 1917 Heft IV-

When I worPcd out

my method of solving tha percolation problan this work, vhich was.

publishod in 1917 in the form of & nagazine article (in: Vienna) vas. . T
unknown to me.  As vo shall- seo furthor on, the solution.of’ ‘Schaffer-
nek is only a very spacial ‘case ot tho: problcm vhich“is ‘in this book =

prosonted ‘in a much BOYC camgrahansive and gonornl fanner.

o see that . Scharfernak nnslocts tho hydraulic rcslstancc"in tho up-?””‘
por wedge. For the lower Hodgo [according to our: tenninology) 'tho




discussion of Scha*fernaP ‘is: anglogou,'tu our d*ncusaion 1n‘ﬂp 5.
Schaffarnak has limited hih discussion to the hcmoreneoua earth dam.m

alao see, tha+ ithiu‘u,—sﬁ

From the above riven table ?u wc ,
Wo soe that - tho haad

‘roneous to: nerlact ‘the upper: wodge of ‘tho:dama.

lossos in the uppwe Wedgo: constitute o ;
‘head loss of tho parcolation flow in: ‘the ‘earth’ dans Furthornorc Wy e

have to notico that .the lossos in’ thc unncr wodro ero about twoioT

threo timos Greatrr than: thoao of thc lower: wodfo, ‘which: iqenot RiTAE
s " glostod by ‘Schaffcrnaks Thia soams thoorotically ng woll hs: practic-*

a1ly vory unlo cical, Tho author dOOb not givo any: oxplanations An

repard to this nuesilon,’ Yut 'wo ‘ean nover the,
to "avoid"’ this rucstion. “Thus ‘the s"vtch .of . tho ‘dam” profilo in+vhis:

articlc shows an upstream fsco withia alops” of. about- 3 4 but 1n tho
oxporimonis the models: had. a vorticul unstrcum facof : e

%

-,E:_- _

. W W\"‘W‘T‘i‘\\\ ‘i‘\\\\\\\\ \\\‘.\\\\\\\\\\\\\\\\\\\\s )\ 7ol

?IG. 79

 u5cful only ror?this l&st
cass:is: withou

' o Thus tho mctnod of acharfczmgﬂ'ﬁ
caac. but for" tho ‘dasign of oarth ‘degn thi 1
Furthormorc the mothod- cannot bo' uaod at all for dmns with protection
layers (puddlo-clay otc.) or inﬁide corca and thorororo it is oaay to
soo why thoso casce” wore: not ‘takon ap, and cculd not bn: takan up by,
the abovo montionad guthor. Schaffornak ‘glvos-a- ahort ﬂiscussion of
one caso ol a drainpgo BYuth (1n ‘tho: form of a downstroum bacxrill
of pcrvious matorial) . SForithe main: body of ‘tho: ‘dam ho’ usen Iprenn's
mothod of analjsis, and for: tho hac?fill hiu .ovm: mathod. But: esrcc—'
: inlly for tho cass. of a drainafe syotom in. tho darm : tho ‘losons instho
lowar Wadgo aro -vory: gmall Or QVEn Zoro; and for this caae At would
bo important ‘o’ conaldor tho : 1nrluoncc of thn upncr wcdpo but L

Schaffarnek doos not dao this.

?rom thﬂ nrevious pagas it boccmna ovidcnt that hn work of:

! 'Scha:fnrnak eovers only a vory: apocial easo af ‘¢he, much mers gonoral o
. dlscussion of tho diffﬁront main. charaotnriatics ot porcolntion in“

~carth dams, ahich have beon. proaantod in“this’ book.

o

substential partiaf tho total

luss-noticc a tcnaunc" s

interoste



P 48. The method or Schoklitach and Schmidt.l ;fjiff'

varcolation iniearth.

thoso mothods. whieh' 13 givon bolow.‘

10, aAnali:

dotormines tho “"dischargo: ordinnto" ‘of tho" doprussion curve on ‘tho
basis of ‘the postulate of  tho: maximun’ porcélation: disunargo ‘aidro: e i
rarding tho uppor wodgcs Thus wo ‘havo' osacntially tho semc: uchnmo as R

uscd by Schaffornak.

in tho lower wodpo.

“The . formulh vhich Schoklitsch giv:s fo" tho ordinato (yo) |
the discharqc point of tho doproasinn curva is (usina ouriovn’ notationn) o

Although ‘the methods of Schoklitacn and ‘Schnidt have been
. published only: recently wo do not i £ind*" in" “them anything that will'be = - Coil
essentially. important for- the further davologmont ‘of 'the quoation or

proach: consiats m&raly in o diffaront way ‘of" analyzina tho pcrcolatton

tic foaturo of Schoklitsch's’ mothod--tho poatulnte~or “tho: maximum i
pcrcolation dischargo. ' i R RENE TR SR S

‘dams . WO shall ‘seq this

‘in]hho short roview of

1n£ the porcolation through barragoa, Schohliach

‘Tho difforonco - botwoon tho two mothods ‘of ‘ap-

‘Vlo-shall thorcforo only -tako up" tho charaotoria--

/Ifo/ryff)}rf

In this formula-f, =

my =

a7 FIG. 80

'thé-slono-éocrriéioﬁf ofdth&'doﬁnztrcéﬁ*raca'

According to what was ssid in: FP 47 (2°) thiu rormnla can’ not bo COT~ . _
roct for dams and barrasos with an uppar mdgc, ‘and thcmi'oro ':'o s‘wll :

l

nb ﬁﬂnr”r 771{717[1!{1111{”/”[ S St ,

- .4...____._._-—-~-.. -

A .

dopth of ‘the headwator -

thc Width of. the rrorilh*at thc olnvation of
thc upstroam hoad retor lovu].x :
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From FiG EO we see

that moans we : obtain ‘tho . ;onmula Whiéh wo dcrivcd 1n fF’Ss (401)
a barragc With lowo; wcdgo for tho case hﬁ‘- 0 ) i

. For the discussion of tho applicabilitv of tbo pos latoucr .
maximum - porcolation discharge we: uso rormula I and III of thn aquation
aystem (400) oi‘ FP 35-' : o ‘ ; N

.(5:54) %=f‘u?‘ v2

(s8)  Lo=myv,
whonce:

(s36)  S=Rloyed
s 2"5:"91?61

" .For tho- datomimtion of tho- qunntity {yo) ‘wa’ hppl‘y tho postulato or
tho maximum dischargo guantity (doing this wo notico ‘tho rethor. c¢loso
‘analogy to tho known:postulato of Bolangor who proaonta 1t in hia dis- |
-cusaion of .the” broad crcstod ovorrlon). B LA e




oy

A8 we ses from {556) “the parcolation dischargo qise

function of ‘the variable (yo) , a.nd thorafora wo trito Lit in the rom'”‘-‘ s

(887 o=ty =

and taking the dorivative oi' f(yof lwith
it to zero we obtain' L

(538) dffvo’-— kmlmuz Fo?‘) ~ 2Ya(B - mi¥e) o
: dYO‘ P z(B e mlyo)y R

whonce:

(539)  mm° = 233,'0:- mlvg,"’_

From this- equatlon we' obtain tnat valuo or(yo) for which the

percolation: diachargc ds 8 maximm, and we: soe that the solution is thn

samo as {533). In+this way tho poatulato ‘ol 4ho’ mim diacl'argo T
quantity for h = O loads ‘to ‘tho 'samo ‘rosult which wo obtein AL wn do=~

rivo tho hydraulic mﬂistanceu -:ithin thc boundarioa or tho owor wedab

{for a vertical: upatroam faco)

But tho above developed line or reasoninp rem.aina | OXAC! ul}’ itho sama

also for hgd 0, and 7o saoc that also: for this cane the " T
maximm discharge 1s: oquivalont only to ‘tho samo oquation i 2

systom (400). Por o discussion of ‘the hydmulic ‘resistances ‘in- tha o
lovor wedgo for ‘the casc of hyd 0 ho'"mmr, Yo arrivod--in ﬁ’ 34--1;0 ol

a difforont.cquation, nmwly oqnution II of the syatoxr (380)

In this way the law of maxﬁufm dischmﬁrniabms thn ‘Scmo
solutions for the cases of hg) O abcllg = 0. Thisyap no1. bo accopted
as boing correct since tho: prossurcof ‘the water bolhe the dom (ho) Q)
obviously affocts the Glomonts of t¥ porcolat*o" T Ic through tho ‘body
of tho dam: Tt will "press® upon th dcprossion enie: and mduco tho
porcolation dischargse. L ,

In view of thoso facts wo con suy cuuy the low of moximum |
discharge has only a veory limitcd sienificancd for the discussion of
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percolation throuph earth dems. Whllc tuis an wan poinueu out* hv us -
a8 one of theo mothods of noLviqr the ﬁrohlpm ol wercolut on in “he:1o- ‘
sencous earth dams at thc and of 1827 (in our: wwork in the Scienuific—_[u.
NMeliorization Instltutm), it “WAS 1oft ‘out. coﬂnLu~~;xkin tho Fiual v
draft of the work sines it wus romqrdud‘usirot bolii:iof qu11C1ont
fonnral immorianco . f or thU‘sclution o tho problcm ot h" o

20, :‘mho natiire of: chmid*'s bocrht‘l)__= ‘baxthldhmar&ﬂ{gimoét-“f.f o

oxclugively ox*'rimuntal.:

Footnoto: Schmiud "Die Paaacrbowugungmim Dammkﬁ*}or" Wiei lgﬁﬁ..h

© The thhoreticsl {hydrnulic) niscussion o th‘ oru oi thu dnprussion
¢urve is givon vory 1ittlc opeeo “in the' huok(“) Lalrcn: Schmind bBbLB ‘
it on the schematieal drawinL -shown in Pig bl.‘ In the sume way' BY
Leronz doos, ths author basos‘his condvxuctinn of . thn dcnraasion curvc

on the cquation of nonuni¢orm moVﬂmnnt of ugduru;ounﬂ watLPB ‘on-a hori--‘ o

zontal imnecrvious duysr, hut hé rofors itho initial:;dopth’ hyoto: the
vortical saetion OA (“i; 81) which . aled ‘luused asi “the ordinato uxiu
of the ccordinato decon.‘ Thcrororo tho uuuution uoriv~d_bv Sohmiad
haa (uuin! our own nota ionu) thc orm-*" SR A L

(540)

It ig obvionu thut this fornula dou“ not roicr to thn rcnl
dam prof*lc. .but “to & fict*tioun profil~ which io bnundod by ‘the two,ﬂ‘~,
vortical scetions ‘OA and. hoNb So that: thu porcolatio turaa plvqu ibo=
twoen tho limits 04 UoNg, as thiu is. shcwn by thy 'hudcd arca on Mgl

8l. But tho author doet not mike any romarks. ‘about this sftuation; and -
only whon he describea his laboratory xnorimonts ho” mpkea n. ‘onu plaece

the rathor haﬂy romerk that; y ‘“Monly that ' n nari o tho! dcnrbu:iov curva,
which lines within the body of ‘the dum,; hoqu bo - ﬂcgardcd'uu boiny
roal” (the avthor. rogards ‘tho curva M—ho us Quch | "roal" purb ’uuc
Fig., B1). ‘ R L

But the part M-Lo.iﬂ 1?0 nnL roul it 1z ictitloua, Qi

the wholo schome .of thz author, We shull soo- ahy.,:“hc "ﬂudya"‘OAL_”“ o

is in rcallty of courss not £illed with goil and by introduclnpaquch -
an "additions}™ risistancy we naturally inercas : tha drop {IOhuring)
of tho danroncion curve in the - uputrwan‘q vt of tho ‘dum; docrouso the
porcolation discher<c quantity. 4s & consoquenics of this slao thu“
"discharge point" i, iz lowered. Jt s eloar thiit ueh o proceduro
cannot be justiTicd aven by fthe wish ‘o "introduce some selcety morpin®
into our culeulutions, since we do not obinin . any "safoty surplust by
using 1t. rurtncrﬂorc iﬂ the schqmo of dchmiﬂd thc point M {(gco Tig.




Bl) is located lowor bhan the point \, L.e. 1oner thun tho hfaadwater
level, *vj;_hir'h is im_-aos'aihle, t fho pOi'-u M the denma...icn uurva ia not

normal to the upstream face; Pi:ially the fafluence of tho lowgr wudaog 7
ot the depraﬂslon curve is *heorotlcell"«:‘-not»a’(’:‘cbm. ed i‘ or Al

Footnote: - 0n pago- l?l.. of hm ror] Scrn.;ied ‘,1‘4\.3 hu dl-:-cu‘BiOlf of
Schaffcrnak of ‘tho conditions in tho lowor wod{ ¢ for ho =0, ‘but ho -
doos this. onlyt‘; in connsction: with e ramark.. thot buf" influﬂnco “of. ‘cho ﬁ_%j
dovmstroam faro on’tho discharpc noint !IQ ‘Ro05 not contrudict tlto
laboraton' armoriments (...11nh WOre rmd-a ‘*"‘S\.hmi Sy ) MR

Schmiod docs not disf‘u:s thc casc hu'}-() at all..\’ ;";."'" RO

Thisg: diucua._aion chamctc...m“s thc 1nsuf‘i'icicnc" und 1rtifié-. .
cially of thc the..orotlcal schcmc of.; .:cmm_, and w;. think a ;ur*hur '
discussion ef his fo"mulus Tor, tha. dt.prusnion curve umxcc'..ﬂs..ry a.nd
shall’ on.ly aud & %ifcw rems.r}cu abcut h n 1aburatcr-v cxrcrimont ;

 Tho .nain part oI‘ th‘. _,rp.,riw-nba Wi calricd uut L.lrc‘ady ini-
the yveoar 1806~ lOJU but 1or dlffcm_n:‘ r"ason., th,y -,om zorked- nut unrl
published only in - thu veaor, 19.:.8. The - oxperiasnts ware mﬂd(s""in o ..cmdon
flumo and mainly with send:miodels of o heiiht of only Bicm.. ..A’f‘smgll '

part of the oxperimants was: carriud out wWilh: ‘¢lal; and mixcd mhterials,

Unfortunatoly the author docs not givi Us photorrapnd ‘of ‘the oxpori-
ments, nor dravings of “the -flurc anl 1ts - dotdiles—-with thu. c.xcnption

of a diagram for tho cowrutation of th. presatrs, - which wore médsuncd

in 3 to 4 points alens the basc of $hn dam model. .Each cxiivkimont
had & duration of &/4 of an hour on ‘.h‘ nvmmbo; th totel snumbor ol
cxpoerimants iz -100. ; . R EA AT A TS

As sz thc tochnicel u.n.d me.torial mmmﬁ \.'Hic!".)chmiod hﬂﬂ
at hiz disposal Vor:s very limitcd, but -thoe oxperiments themsclves wore
carricd out writh grat accuracy, co relulness and cttantion. Tho
author says that tho "harmonic play" &t the piozomcter madings ~ihich:

]
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he obtsurved gave h11 the seme 1mp"euaion of beau v7asﬂiT7hefE9ﬁq~‘f
listaenins, to a: PM?iChl “orrormance.“ ; e :

Te. are the 1 gt to tu*n down uuch an. imnrcssicn,vnut WQ
have to ﬂantion, that Tor: tho‘ﬁivcn Casc WG diacDVurad iy d0] dis-_
sonances in- thig "nuslc,“ ‘and -one - of - thun’ia, that" t&a piC&UMUvbrﬂ
in Schnied's’ uxporimunts heve ahcwn thogﬂ“nSHu”as on; uho ground
{bottoir), end tharsforo those rcudih.s?ha?c not @ivon: “he outl‘no .
o the daprosaion curve, but only ‘the. distributiou ‘0f “tho pressurﬁ “ﬂ.
along. tho. fou4datiow of the- dam.‘ Thuse oircumﬂbanous, An: cunnoctio“
with tho amallness of irodel sodlo (tho hotgat LOT tho modol .
not allow us to cormearo tho" thaorgtical’ dorivatiorns: of itho euthor wi*hg“
tho laberatory oxparisonts: which ho carzicd out and whieh: in o hdr s
rcspucts ara vory 1nswuctivo._f : S T L A REEE

~ W0 can add- that tho mothoda of Schoklitach and gchuiv do k‘ﬂ
not conaider the cajes of oarth ‘dams’ with 1n*cﬂral core Tall
toction layor (-clay ‘puddle) or: draineis systim,  With thian; | S
cludc our discussion of sther mcthodn of solvinw “thg porecoloetion: prob~_]*
lom in oarth dams: whic™ have: ‘basn nres crtaﬁ by cuthor authora and bo 8

ovar to tho conmeluding cﬁaptur or thu ﬂru&d“t uorh.i




49. 4 cumparison or tho thcoroticc- and:exporimnntnlado-f RIS
prossion QUIVOS. L _ » . SRR & etk o o w
\t ' f\\\ . i - : : : o
Undor our gonaral 5uparvision ?. N. Davidonkow carricd>out S
experimonts of tho porcolation in the body of humogonooua oarth dums;b'.,
in tho years 1928-29 at tho- deraulic Laboratory ‘of :tho: sciontific—,;vw‘
Molioration Instituto. For ‘thoso oxporimonts -a: Spccial ‘wooden rruan[ -
of & . length of 3.0 m, a width of 0:7:m and a: hoight 0f 1.0 m,wua e i
built. The expcrimonta wore carricd out with: dam modals of & hcith 
of about 0,50 m. As:a material for ths;modola we usod rothor find . .
gand, tho mean grain.sizo boing about 0.4 mm and their. offoctivo di- "
emotor being about 0.26 mm. ~In: most of -tho. axporimnnts ‘tho .partibe- . *
low the dam was dxy (hg -‘O}, but. uovorul exporimnnts woro mado also"ﬁ,__,
for the case .of hy,> 0.. Asido ‘from ‘thaso wo 8lso carriod . ‘out ‘cxperi--
monts with carth dams with drainage systoma.‘ ‘The drainazo aa pro— ,_ :
vided for by a backfill of gravol in tho dornstroam part or tho dam R
modeol. ' RN S T

WG ‘ghall in this placc not Eo into a dctnilcd doscription of
. tho above moniicned oxporimnnts‘ﬂ?~-= ST _

?cotnot0° Scu for thoso in R. N. Dav1donh0'- "Expcrimcnts on thc
Dorcolution throuﬂh carth. damu.u.r‘.g . o L Ty

but shall compdrc sovcral thcor\ icallv camputcd anc oxpcrimontally G
obsarved depression curves. © In Fig: 82 wo.sgiow 4 cross-sectional promx“j”
filos of carth dum modols,‘nith an: unbtraam faco: at m=2 and a dovn- o

atroan faco, nt my varying from-2 to 3. “Tho ulopc cocrficxcntn ‘of ‘tha
dam faces as noll ab .the main dimcnsiona of tho- modol and tnﬂ'dcpths
of tho headwutor aro dQHOqu on tha drnﬁing,i tho! dimcrsinns arc, givon
in em. Tho daprcnsion ‘turvas are plotted cn?tho quiB of the thcor-*”
cticel mathod which we. rccammonded ubova, ‘and uro uhO“n us dottod R

lines; the oxnorimnntnl eurves’ nro shorn ag solid 11nos. S o

On profllc I or Flb.:Bd the oxporimontal and thooretical
doprossion curvos coincidc so closclj, that it was not possiblc to L
anoy thom sopurntuly, dﬂd the roforc .on this" profilc onlyonc’ commnn S
depreesion curve.is ‘ghewn.  In the profilos I to IV’ the louor: pnrt
of tho thoorotical cu"v"“ is scmevwhat higher then the oxnarimnnthl
curve. Tho middlo and uppor pert of tho theoretical eurve is oithor
higher or lowor, but clso here tho thooreticel cnd experimental curvoa
aro extroioly closs togethor. We have to point out -that it "ﬁs»not f“ :
posaible to inereceoso the dopth of the hecducztor boyon +ho amount which
is shown on the drawinge,: bccuuse if w0 did thﬁ dovnutrncm L2 couzaa '

Y
A%
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rapidly weshed away. Thus “the. e;evation of the crests or the dam‘i_
models above the headwater level was grﬂater than it would be in :
the corresponding dam structures of.:natursal: size cand ! full ‘head~ -

water depth. Therelore the theoretical daprossicn curves .were
computed fron the ayutem or porcolution uquationa givon 1n (484')‘

e
CRRRIS

On tho wholc wo Can notico that tho shapo of ‘tha' thaoronical
depresaion curves, which. havo beon computed from ‘the: mothod doveloped
in this book is (as wo can soo fror Fig.'82) very: closc 1o 'tho ‘shupo’ ;
of tho deprassicn curves which havo boon dotormincd b} diroct 1abora—_
tory measurcments.: : S . o '

Tho dl ehur“o p01nt oL tha aonreasion curva (Mo) which wo o
cbtain from the thooretical computation is’ slightly hi"hcr than thci"
oxncrlmcntally dctarmlned point (sec Fig. 82), thus thc theorotical -

omputatior provides for a small ;safoty ﬂarrin., Butﬁﬁhis fact has no
nubstalt1al significanco in ro; uni ‘to thn ahapo of rhc‘theorcticul .
deproasion enurvos as o wholo as %o’ can oasily seo fTom: Pig. 62. "Tho: '
question of tho oxucf location or thu didcﬁarpd polﬂt ”o for ‘tho caso
of h } 0 was not fully enswered” bv the! modcl cxnorimonts but this . -
fuet is not essentinlly imnortdnt for Judginc tho - valuu of “tho roccm- -
mended hydraulic method of c0ﬂnutinp tho dunression curvc: for such.
cascs tha *hoorotlcal and xnorimontal ‘euUrves ,ulso show a’ Gufficicnt
simtlarity of shupa, a ia”shown for one exporlment on Fig. 85 P

Footnote: 4 moic oxact Langlor to’tho uuoatlon ubout tho "disahurgc ."5
point” caon only b 1von hj & hvdromghnurlcul annljsis. ' .

&

Txo oxuerimJntq wore madc malnly in ordcr to comparc"tho
thrcrﬂt1c1l deproasion curvostvit i 0 '
: CQJpaltbivo"uuntitativo vulufs

of thc tbuovctlchl pcrcolaulon diucthso guantiy 'bnd “tho mctuL,cpcrco—,f‘*‘L“

lation dischurge quantisy.  Thic.is mainly duc’to an: 1ncomﬁ10tﬂ“
knovledge of  tho porcol_tlon coc;ri01pnt or the mutqri_l ol whlch the
don modsls wcr: mhdc ‘und bﬁcau 50 no SDuCidl dJ"iCD‘” 5 uoad in ordor
to facc the dom mode;u from . tho air andlosed: *he*oiq.: Pro ioneg of air
in tho dam modcl craisas the pox colrulcﬁ dia churvc 0L tho oxporiﬂuntq
To docrsazc substaftic llv. ThUd thc thaoruticﬁl dimchhrra nuantitics:
for our’ufparlmnnts‘m-e 2150, grcatcr than the oxrorlmcntﬂlly mOEJUde
yzrcoﬁhtion dischnarges, whicl doos int lex bu inalﬂ to thot tho rccum— .
mended method” of “erleulcting ‘ho ncvcolatlon ﬁischarfe throufn tho ddn ,
tody i sufficizntly "ﬁfc. Becouso of the Just dtated oo sonv'ma shnll
not roproducs the . “un:ricg__v~luhd of. the :porcolntion disch €0 quantie
ties s th: hove woon mc?sur“d in tho modo* tosts. ' :

Footnote: Thcse d=te tre givenm In thc‘wuov mﬂnticncd ToT Sort. on tho
oxparimonts byin.'u. Duvldonkon; ' : : : I

'1'99‘




- ]////]f,fx’l//’/l-’fﬁuI"’Y lffi/f//‘ /{///,],jfllfa'/ff/ﬁu Gl /r’f,-"////: e d’rr’f//fa - (-’IJ"

Dimensions 171 Crry.

_fxpcmmenfal
:.3}; .Pa v/ovs/\‘y




- S
W hrynen

& ?L\ ) o
S 081 1.1:3:. i e

%E.U. _rt wtﬁa% ngﬁu

RO At ?}Afiu.l),.‘r.t!rlla.:r»r!.l%,..{ vt

e et T Q\Q\‘,,.‘, - s S mt&u oo
e : £ R o o ,wﬁ\\w\\ \\\h\\\uﬁ\a \.\\..& ek rrss F \\.b.xu‘\\ «f \\\\&.\\\L \\\\\\\\\»:Q\\

\T.S,,U &Qbﬁm L ,
uk..S.U Qwak e

\.\ \\\ \\\n\\ \ \.\ \.\\ s \\\\\ \L\. V\\.\\ .\\.\Nm.u\\\ &, \ 25 .\ \\\\f_\\

\n\\\\ \\\x\\\\\\\&\ \\\\ n\k\\\\ \h\.\..\\\\ \x&\\\ LLELHLLL & A8

_‘_bs..,.ﬁ .w ..Smh\ (/- :.. i_! - ﬂn
w;.&U &w@




';‘JQQ continuation._“¢ﬁ?“

, Turnin@.now to the resulta of 5
 models’ which wers rurniahad with a-drainase system wau an p :
 that aside from the work one in the’ Bydruulic zaboretory dr
| cientiric-huleoation Inati ute. auoh oxpexdmapta s ‘aleo ‘oarrl

'1nn1nsraﬂ ﬁydrmurie
‘Inntituto undor our su“erviaionéfin?t] . : ho attor.
' Y. h mdam Btructufu o

 [} 0,40 m._dnd thc haiéht 0.80m 1
: [ was" poasiblcxtcanako thn flow lino
| i whioh poroolatod through

ﬂootﬁotc'f
Iahﬂsk-’f

Tho natural dcpth o‘ A
laves lig = 5.8C m;fih
aouPris 1cnt"-‘
‘di:nsiones. of

drainu:c syqtq

of a'diaa;tor?o _about.l.

: On tho photo"rhph iR
shorm | ‘~.ﬂolorz'_fthu 110;
on tnr f,lu35._w

‘_-th ﬂ“th Q,:.
tax:u '*"
ion c.\tho LpﬂfronJ fdc. '
nours and 45 minutes, photo: 4 aftn._
color lwros “hed ru_rhvt.uh»fdruin-’”?V'”
tho upper dotiod linn denotus. the upnar
netion- of thi uter. Nabsorved dinthe Aodol. ‘ ,
ghet the ricturs off the- nn“colation &lon 1incn ror G Jamc%hat dirfor- w
snt-duproriles {ane i samewhat largor: Sculo o1 tho phnto) and ‘a vory;Q
lon: time atftor the coloring: mutcriul had " been: iuuroducud into ‘the e
rosion of tﬁc upstruaa rucc ror un v'5.:'.31; tino., Luc timc waa lﬁ days.¢
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The - percolation took place < ntinu

‘from photo No.-S and 5, the dapth df : ha percol ti
above tha drainage point can be; assume

Footnote' _.Also wheu‘
Trom oquation systam ({598) the c ‘
“that which is shown on "1_5. 84.

‘ 2otted linc fho uxnorimcqta]ﬁ'
of tho coordlnato"axos 0Jc and

From tho
dralnarc sys*er

Fo* tho ome rim
.mMcbe.ﬂ.DmumMﬂ'
. ..shown.on’ 315.‘85
) mmtcrs.

 ports. our, thuorctical analysis.

Wc can, add that by tha cxporimaﬂtu vhich‘ncro carrlcd ouﬁ 1n ot
;thc Hydraul1c Iaboratory of thzv Scie ntific-holaoration Tnstituto also
~ghovs the question.of “tho compara*w\:ly small imluunco of tho: crost
width of the dem on. the deprossion curvo is. clarificd.  The. orpcri— R
ments corrospond .in this rospcct complotely “to our thoorotical rosults
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(aae ﬁD 45)

'qaootnuta" Fnr the exp-rimantal data ‘80
qc N-DEViC\.BIﬂCO’W :

: 51.’ Summury of thc rundamnntulvconclusionS\drawneframftho
dlscuasion orf’ porcolauion through narth dams.u¢

_sions in: e somcwhat dirfcront o;dor as
chaptors.-of this book._ W shall alﬂavs rnfcrﬁto hc'chaptcr, pura
graph, ote..of this book in which derivation “ip

- whe rospectivo conclu»io 3 1s riven

l " In the mntnod of analy51a hich is racawmondo b ua,

tho oarth dem is troated us somc hydraulic systom, “thc parts.o nhich;ﬁff.

. togothor form an intesrsl wholo,; through which tho rovomont. of: “the
~porcolation: Tlov takoso placo.w;nor tho homogvnooua_carthfdam,
-system is forméd- by ohrﬂ“ sparta: uppor’ﬁadbo mlddloup"ta '
wodgo. - For earth dams’ "ith 1nnor ‘earc. wall or proituction la
systen is corraspondingly moro: cbmpllcatod and: for ‘dons

ago . and sqmn cascs of barragcs the aystom 18 simrlifiod.

T 2° Tho basic’ alenants or tbe porcolatlon flov*in5onrth dams
are ‘dotorainod bv ‘the .systoma of four porcolation cquations: ‘givan in.
{41) ang 41') ‘corrosponding to-he.> 0 and hg = 0 ‘rospoctivoly (seo
Pig. 5}, if *0 rogard the qucstion from a hyﬁruullc point of vin“.1?‘

" sog




Ifran ‘these equations we'can determine the main 'pointu of the depression 3
curve and ‘the percolation dmcharga. The® intem_ediate points of the i
depression curve in-the Tiiddle part of- “the-dem can be_compu*ed from i
equation (10) By determining the main poin ‘ &

upon the parcolation eoorficicnt ‘of " tho matorial ‘a‘ ;
body ia mado. (P! 7}; the. shapc ‘of “tho dopmsvlon- mc
by tho hwdraulic and gacmotrical conditlona (4’) -

‘lower thoe "aischargo part" of dapruaaion curve andgto diminishptha por-
colation dischargo in the: dam‘bodygS;ﬂD 45), sinco Trithin tho:prgctical‘
1y pmsiblejlimiita.’:‘tho"influonco':"of tho ‘:wi'dth?',( b) l,on ,ﬁi‘thdsc tWo qlemnnts‘f_‘
of the percolation £low 1s; nop'lif"lblo. Tho influenco oI‘ tho slcpc my,
and m of (tha downstroem and ‘upstraam’ facos of tho dam on tho 70 01.0 _

ments of tho. porcolaticn flow 1is the" rollowin " thy" dmmstrc,am part of

tho dopresmion eurve is 1ifted whon tho cooff’iciaqt my 18 incroasod’ aIlld‘--‘i;-':

lowercd whon the coefficiont m is indroased (/P 46)." The mumorical

valuos of those conditions can be calculatod from" 1:11(_; nolutions ‘of tho
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systems (41) and (41') (see Fig.

- BOme slight simplification of the analysis

‘of percolation through an: ”equivalent" howbgenedus eér

“with 1nner core wall. =

‘puto tho losses of.}

increase of" the alope coefficient (flattening of the slopes) of both'
a:d he'nercolation dis—”

(150) . The method of solving: ‘these equationsmis shown 1n
The determination of the elements of the;peraolat ;

of percolation” throunh a8’ dam wifhscore wall

and 18). ‘The shape’of the deprossiOn curvein a: givcn dam'prorxle
with core wall: does not dapnnﬂ upon' tho“absolutc ‘values: ho: perc:
lation coafficient :in - 'the core: wall *ké and the percolation cocffl_
clent of the. other parts“of_tho d t. da

O—-.......'”

kg -

) 70 y
{clay nuddla etc ) We' obtain‘a aystam of five percolation oquations
{274)." In order to: simplify ‘tho: dotorminati ©0f tho: 'lcmuntS'othho
percalation.flow wo lagain . recummnnd a myirtual @ i '
2?7) which is scmowhat: differont from thc}msthod usod

coefficiont (ko) of "the: yrotoction laycr ‘and ho  romaining:
of tne dam have on tho:shepe of the: doprﬁssion cu: C,; can repeat
what has baen_said{about ‘tho" aamc quostmonain*§%~
point out that:tho: S us

stream);protbétidnft_._;

' . 8° The“ “z i, :
porcolation through doms’ with drainage systam. a) B
tor V. Thero: wo show. ‘the systcms of pcrcolntion cquntions corrcvpond-
ing to ‘soveral diffcront cason: B ‘
hg > .0, for tho homogoneous-'dem and for dam profilas with core wall
and protoction laycr otc. mha systums of uorcolatlon oquations uhic
Ve obtainad thoorotically charactorize,dhn drainago as.an. oxcellont
moans :to lowsr the ‘downstream part’ of ‘+tho denression curvc +and make © LT
it possible ‘to- carry out a: hydraulic calculation of the: olemcnts of
the percolation:’ rlow in dam protilos with draln&so.,; T w-n-"‘u

Ca0



. say the’ to
“line" ‘whicl
hydraulic‘

" nak, Schokritschaand Schme
- - thosc: motho&a o ican not!
“for the:

'nothinr of

it sooms:
bring up’
ﬁhcn'drainq:
“ing effeoet |

L shapes of

’modol.-

Lfore very dDuirublC thot the: pron
should bo coqtinuod ‘and expanded.

'quastions,.ccm to- das Ve to bo gi

_mental atudlas.‘ﬁgs”

cally.;‘ft 13 tnore-
of axpcrlmental invosti&at1un S
n. P 50 w6 ‘point cut which'of. tho
_gprofercpce 1n the future expori-‘ﬁ
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