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The formation of a pool below.a 

%erested not only practicin~ engineer 

in research institutes, so that-latel 

built on the basis of model research. 

been done on this problem, no researc 

that, in ~eneral, solutions have been 

~eneral rules ~mve been .formulated. 

The author has ~de m~nyihundred s i ~ _ .... 
• :.. ~'-~..:~ 

years whion pertain to the formations of~pools :and ~heir p~even%ion~. - 

carr~n5 out these experiments it is shown that the simplest oa,l 

purposes of" research, is that ase wherei-an:owerflow faila'~t~pon. . 
J 

supported, movable apron. This special case ,was :therefore Closely 

suudied and an account of the results will be ~iven ~-hlch~these ~est~ 

brought out Concernin~ the formation ~ pools in .. • o..,. 6the r str:uc:~ur e,s ,... 

later report will follow. -.... 

't~hen a falling stream of water meets ~he unproteoted~ m6vab~e/~p 

it can bescoured out to.a considerable idepth. Directl.v.::Unde~.i~he!i!~% 

lies (Fig. I) the bottom:Of the pool from which tho attack on the"/apr 

starts. T h e r e ,  the soil is whirled up and torn ap~r%far~her u p .  In 

begiztning most of this whlrled-up soil ~s held in suspension over the 



. . . . .  .-,- ...,. 
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.sloping part of.%he~pobl 'and :ks dragge'd:~/a~ 

of formin~ ~the,lpo01 goes ion, t~e.~;gre~ter. 

onto ~he sloplngi~part..-Of, t  :,p0o'i i'aurl,n :.it  
pended matter,., and 'tiis .:isuspenRe~.., ;m~tter;.s] 

pool. ?Pinally.-:a ,~state .ofl equilibr'ium.i!~S..i~fo 
so~l extends• over the I sl0Pin:g ~part ~of .ithe',i ~ 
tion of :the pool--:is ended, i HoWeverj in:,do~ 
is not completely at ,rest,.but. is wKieled"U 

~falling onto the slopes :and slipping b""C~ii't 

clouds of soil.~are broken:~u p :into:;p~eces., ~a 

that the particles of :so flcanib~e~it~~:i'.a~ 

clouds, The 'deepenin~. of the pooi:.due :~o~:~t 

however, very -iinsi~ni fi c ant, so ::that .no .~he.e 
~. /' :. i ~, 

tests ~were carr.l'ec The series of " liL0Ut~iiii 
meters width. Since 'the ~si,ze of -the '-L~ "~'' 

;' ~ , ~  ,..' 

,nsportag£ 

,~he se.,u' 

," / ~ ,W .h 

dimensi ons.of the pool, ;~a~ious "size ~!whe~e%an~l!ysiis i~ 

de sc ribed in fi gu re,. 2 j •five kinds ; 0~ ' i~sand : of t he. imo s t .un£Torm ~ g rai~:"~iiwere 

sieved; the others were~nl 

series of experiments .war, 

stant and the-depth 'H lit, 

pool, it was suff~.cient c~ 

results of the ~estswere 

figure 4. A very quick..cbnclusion can i~be~ 

of-QH but depends .greatly .upon Q,..wh£qei.~he<fall ,H has" lii~t~ie~influ-~;~ 
• ~ . • t ence. iFi~ures 6 and 7 ~bea ou.t :these ~wn;~e " ~asi~i 

from figures 4 and5 that the-depth of 

T - a H 0 ' 2  Q 0 . 5 7  

where a is a constant whlch depends .upon ~ 

ture. The tests have shown t~t<!in the ~for~%ion Of the 

of the mixture is an i~portant.measure, of,the.constant u. 

mixture, that grain diameter is taken below which 90% ere smallerand the 

rest lar~er, This "measuring" diameter is indicate d!n figure 2~. ~ 

not ~a'~ l~noti-dn~ 

r.• ,• 
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Finally;in figu :again!withl. 

constantsa.v&th.:res to "measurin 
" -. b 

tion is expressed by ~ the.,.~stralghtline. 
7 

meters,- the flow Q of a~ unit .width ~of 

"measuri ng" grain ; 'diametier  ~" d m~::'i s mea sure d !i_~n~, I' miilii"me te 
!:~. ~' ,  ~- o . : 

T (in meters), is ~iven ~y'~; :"i'- i i'".'~i: " .:" " "~" " 

: . 4,75 ~.0~2 ~, - " 
0 '3"- .tl . Q ~. . . . .  .:. 

If the falling wzter:i,~s: n0t~ sufficientlyi~"iaerated, ~.i 

more steeply .so ~that it finally.~cl~ 

is the most ~dangerous"~fo~.%he stabi 

pool is formed:~h~ ~ ~, ,chis somewha~<gr 

s~ream, since the greatest' thickness~of~,pool!:is 

as one man see directly-;from~figure~:9, 

T h e  plun~in& stre~m:.(.nappe):,~.as.:.the.i~estsi:h:, 

pletely stable form. At ~: low<flowsL:%he<paz~ of: tl 

the water surface oscillates between .the ~twc i!imi~sl;~Sh0wn ~in: 

At larger, flows this oscillation oannotlbe~:obs~rved .... .. ,~. 

As c a n  be seen f r o m  .'. f t g u r e  11 e~.:at'ii"the, r e g i . o n  

of separation betweeni~pool~:bottom.. 

there the bottom of ,the pool.:is set,:a~ • 

~zle of :slope in still water. When 

then.the soil immediately goes Under t 

ure II, whereby a part of the;Pool is b: up,:~"i. : ~' ~: 

in every pool a sortin~ Of. grains takes:~place; 

pushed out, while the larger:~sands:~remainlin~the.gool, .andi~/as/.has ~been 
['L 

stated above, :.arena measure of the~.size~of .the pool, 

"~en the falling .stream brings soil into the pool, then the. ~epth of 

the pool becomes smaller, andmore so if more sell is brought!in, :Oftthe 

soil thus brousht into the pool, the coarsest remains and in t~e course 

of time forms an ever progressing paving o['. the bottom of~the pool, :whioh 

:~.°, 

e 

f 

:;. ! 

i!! 
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uni ~ orm, i far Kes Kr sin ~ s i ze, '~i an~d~ il t~s~ !'pOi 

• '~ brinzin&,'~i n, O f , ~ t h e ~ > ' r  Olll .~ 

L ~ : ' ' 

A8~'i an~ex~mple: of th [,r 

12 shows ,by ~ curv~ D ~ the ahKlysis ,oD.~.a:,~ 

t}~e.analysis Is~'also: 

o2~ ~the ~ bottom, Of ~ the~ | 

the weir~for~a~ , ion~?p~ 

i~;I~! • ~ ~;~ 
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h<:schltft+l~t t r o d  cs ~md-~n-:dci-icizi~nZ¢~t" "die '  m e , s t c n  + I~ ,~e= ,hcJ ' ; e  ~ d = l e , t r i l f l . ,  '~o k,ann '+le ; l id.  h e t r a c h t h c h e  I f e f c . ~  
I~r68ertn"%Vch're.  auI (Jrund ~()n Model lver. , , | lcht ,  fl ~:e'l}~rmt. a u s ~ e ' ~ n L I l t .  ~ ' r d c n .  t Jnm=t tc lh .~ ' r  + unte, r "  . dem.  5 t r a h l  l ic~. , 
w o r d c n .  \Void" ~nnd ~chon z&h l r c , .he  " ~ cr%uctie J 'ns£ctuhr t  
w(~rd©n, d=c dcr Vcrhdtun~; dc r  Kolk'hddun~r ~al tcn,  : r h e r  last 
l i l t  bishe_r bekannt  ¢¢~n rdem:n  Ver~ucln~rcd=cn ,~ar~n h = c h t +  
htnreichen;i. t  systemat isctn ausge l i i h r t  so dab ~le m dcr  R e Z t I '  
nur die L 6 s u n =  IQr c inch besondercn  ~'all. aher  keme al l -  
I e l b¢ |n  I~ . l t igcn i~egeltl I~acht i~n::  " • " r . , % ,~. 

" '..Vom" Ver lasse r  s0'n,d in den le tz ten  J a h r c n v ~ e l e  t lunde~te  
voo s y t t e m a t i s c h e n  Ver,~qchen au.~=e|t lhrt v ,o rdcn ,  die der 
K e l ~ . ~ l i d ~ l l  and der  Ko l kab~ 'eh r  an S~auwerkcn  ~ a l t e n ,  P , ¢ i  

d~r  [ . )m 'd l lOh r~n I  d ieser  Ye rsuche  z e i g t ¢  es s ich,  d a B  ve r -  
• m m : l ~ l l i c k n l ~ . h . d ~ r  e ln lachs lc  .Yal l  ,vor l le=t ,  w+mn c=n I re i c r  
U l l ~ r f l l ~ I n l h l  die un l [~ch~ I t x te ,  b ~ w e I l l c h e  ,.%ohl¢ t r l f f t .  
l : ) l l ~ e r  ~ o ~ a l l  ' ~ t d e  d a l ~ r  in e r . , + t e r  l ~ e i h e  I t cnauer  un te r -  
sueht  u n d e s  sei nun v o ~ r s t  (Iber d~e E r ~ e b m s s e  I ~ r i c h t e t ,  
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( A b h  . I )  der  Kolk l~)den '  auf de~t~-dcr . "~hlcnan~rrHf crh~ltz 1 
Ih ) r t  w l r d  da, .  (ie',chu¢.l~e aufKe~, ' l rhel t  u'nd = . hL. .d!c t l . h t .  
~ c r ~ s e n .  Anl~n~rhch ~,¢la'n~ da,~ n~e'=,~tc rOJe~¢', a i~f l~ewirhel tcu • 
Cie.~chleh~ ~chv, ehend uher die k o l k b ~ h t m ~ ' ( H )  und ~'~rd 
~om VV~),~er fnrt l~eschl 'epp! Jr  ~eJ-l~r "cl{c~ K o l k h d d u n ~  fo r t~e - ;  
sch r | t t cn  ~%1." dt"~lo m e h r  ( Jc~h~ebe  . i . l l l t '  ~.':~hrcnd" de,, 
~chweben~en I r a m ,  porte, ,  aW d~c K o l l t l x ~ s c h u ~  (F~I u n d '  
z le t tc t  a~jt doc~er wneder aul d. en Kolk~ '~den z)]~'uck ,t-ndJ~ch 

• h i ldet  ~lch eir[:.(Jlcjchl~ewicht~z'u,t~and au'L hel dem ~eft1 
" ( Jesch te l~  m e h r  ~lxH;,.'d~e, Kolklxi.~¢h.unK h, m w e ~  i~elan~t. "~lhe 

Ko~J~bildung " , l s t  danf l '  beendet.  Al~er "auch '  I r n " v o l l k n m m e n  ~u~- 
Rebt ld~ten Ko l k  ~.~t da~ (Je~ch~ehe m c h t  ~n I~uhe. ~ o n d e r n  Wi rd  
unau$1~esetzt hochl~tW rbe l t ,  f i l l !  0her  I m m e r  wzed'er auf i  d~e 
K o l k l ~ , c h u n g  ul~d .~l¢~tct w ~ e d e r ' ~ u f  den K o l k h o d e n . . z u ~ c k . .  
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)e'~¢<.~tfta;u+,Ze'~e r ~ Kr/r~.~., '.,, (~-,,~.t,eh.,- fu /'r~ z encr f l  ; d("r d c  k ~rr'tr," dc'.. '(~crfi l,.chr.., er rr , ~ h c , J , :  ";d ' 

,ch,ehe,duetJ'ch ~ ,¢~ . ,  ,~hr ,~ . "  ~c',enth~.h .~crkirtn~r! ~,'crdcrx: J ~.,n~ h~, den , n  d c r : A h h ; "  ~; , r~c, , tc lhcr ,  ~K,c,.~.h,rhe;:c-m,.,chc,, 
"+ k<mnc.n-~e!  'fnrl'~¢'~i:hle~p! . :und  arn, K n l k ~ , , : ,  ncu ,n  da,, ~.be~.ondcr,. hbr~.orgc,hol'~: i ~ - i • 

grez~.err cdh~zngt..ni'~'er,'d~..,! I ) c  K n k v e r f t r f u n ~ .  mfo 'ge  d~ '~+ /  ' 1 d c f  A h h  ~ ' l . lnd %~1 (-|( , ~tt e-rt ' .r  !',r'~ ] ~ r "n . " 
' " ' - -  " L - -  i p  " + i q . + I P " ' , i p ~ - -  % . . . . . . . .  ~ . . . . . . . .  . . . . . . . . . . . . . . . . .  

t ~ c n i e n e a n ,  r~cl~,, z,~t ;~hcr .~+~ ~ ,e rmKf . l l~ ,  dab ,+~ i~ullcr Acht  T. '~;HIs, tat-<n: ,d c" ' :+. ,  ,' d+.. ; \ ~r'. • ~.'r~ ~l'+',,:~c~tet~+~'~ -t+,r v, r r  , 
N c h ~ n  k z l ~ n  I - J "  ' : ++ ' ' . : + . . ~ h l a ~ '  ~ k e c t  v+ t t  ~ ' n l ~ t "  +tr,d+_ t ~ , +  n d i r ~ h m ~ - < ' . . c r  , t t l  . • ,.,. + • . . ++ - . • . d +  . 

,~ l ) m .  ~ e r ~ , u c l l ~ , ~ z h t . l z +  ~ , l l )d  , n  C l l l r m  i +~5m h r c z f f ' r +  ( I I ; ~ ' , - +  -- - - • • • ' ' ~ + " • 
. , + . , #  ! , . "- ' : . . . 1. K ¢ | r a K t , ' l l .  u l : r 1 ( . r l  ~ I r  I @ l O ' , + ' ( ' 7 C l k h l l C l C  ( Jc+ra.(Jc c n t s p r l c l l t  \l+'~'r'r+ " 
kcrJnne ahszc fdhr t  m~rdcr i "  I ~  dlc ()c~E+ r t ~ ' r , d +  vo+. + d~+ A I ~ I  . . . .  " '" " " ' 
r ~  ° I - -  [ " • • , p ;  t i l ' Z (  ~ I C  l /  l . n  ' ~ c l r r  

~ U I e l i I E h T I  I-.mlh++.'.('/ au( ~hc "Krdk 'ahmc, , , ,u . lcc.  ,('~t, m u H t r .  +'P e nhe,t dr,, W c t  rt-.. + r+ ' . f ., ] "  " ~ " "  , • I :  ' ; { 
' ~ r~ch lede : l~  ~and'a)rtt.lr~ v~r~,*endcl ~.erdt: "d~rcn M ~chung~- .~ . . . .  +. . . . .  ~ ,, 
h~,+n in ~+r-Ahh.  l -  > in ++r+ubl.chc. V+r,,.e dar~-e+tell~l sl, n d . : + - .  . . . . . .  ' + .,* 
, , [  • • . t '  | , " + ' ' + + O ~ I ~ + O I K ( I ¢ I +  I i r l  ~ I H c r F L  II  lqr~f. .%anupnrtcn . jar+ i t  aul molcli~:h',l e m t ~ l h c h ( r s . ~ , o r n  aus- + + . " . . .  +,. , 
. ~ ' ~+ I !; , , 11 O C t  . ' % D D  ~ .  : • 
ze~eJ~t, d,~ uhrtlcep dre~ ~,atcn na t i i rhche (~em~ '+¢he,  ,1~1| j ~ ' d ( ' r /  ~ ' :+ j l  

.':?,and~,e+rl¢l stud ++pr~ehrer~: ~,~r'+uch+,re~hcn ausgel:.u..n.rt worden. :  , , ~!T ' 
he~. dencn~je~lc~m+l der' I,:t'lluB Q knn~lant '  . l l 'el ]a: l len-und . d ~ '  , ! d ~  

, "  Ah,',turzl=(~fe H verander t  wr i t .den,  i~ . l -Z t ,  r Cha~"++klerislerung ~v~enn. der Ubher fa  I+ 
de,+ Kolke's zcnu¢~<" d , c  M¢~'+un,' dcr  icri)Btcn Waa.~ert ©|¢ I; s t rah l  n cht  h nr.e,c:h~hfl b<. 

' ~ " " , r n  Ko lk .  [ih.e Er~hn, ' ,~.c d c r  S, er,.uchc stud. aul  Io [a 'h th 'm lsch ,  d r i e r  tv t rd ,,,, ne,!gi cr  ",. e l  
IC¢le=lteml['J=~¢~; / . * , t z c t r ~ i c n .  ( n d e r  A b h  4 da~rge~+tellt - s=¢ Immcr  ~[te'llcr u n d i e e l  , ,ch 

• l . t l c n ' v # r  a l l e m / d : , ; '  u h ~ r f - ~ c h c n ,  d e - r : r g e h n i s ' d i O  d , e  Ko k~ s c h l i e l ~  l e f t  a n  d a ~ J  W c h r  a ,  
% | + ;  " + " " , i  , • ' 

wz' .  Crtll~lc T night enn+ j taunkt0on dc,~ Pr(m~fdktes,. QII i s l ,  cr k leht  a l s o  ] d~nh  f i e  ch- 
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