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THE REhULATIDN OF SHALL STREAMS

kstroams‘with Particuldr Rsfarence to

’the Fare-AlEs

.The. following accoount of 'the problﬂms involved iin the regulation

‘of amall ‘streans was motivated by:an Angpection trxp.l“

1
‘This ‘inspaction ‘trip was.mede in 1934 under:a stipend ‘of ‘the

Willlam G. Kerckoff Foundation. Bad Nauheim.

‘Extensive systens- of drainage - cannls_introduced ;88 & result of

agricultural expznsion into marsh land and areas covered with sour .
.grasses, which often are.of :kittle value for pasturage, ‘cauge ‘& Aow=- -
ering of the water table. 'These cansals: must ba'large -and ‘deap - anough
‘to - earry ordinary flooda‘without overflowing the banks. ‘Only . during
wnususlly high floods 1gfthe flooding -of fields psrmiaaihle._ Grooked
unruly -streems which meander through the :countryside . .shculd be - short—
-oned by: excavating cutoffs, and their bottom-slopea ahould be“reducedq
‘However, -this may ‘involve ‘building:entirely new - streama with fixed banks
/{eanals).. ‘

The primary requirement frr regulating -streams passing through :
~towns and cities is the: .prevention of floods. Wide, ahallow streams
-with -easily -eroded banks. should ‘be replaced by - ~anals which can . carry
‘the total flood discharges and whose: watar surfaoes lie at low -enouygh -
-elevations to.eff'ectively.drain- the districts through which they paBS-
Furthermore, ‘the shape of the-:eross . section'of -the -canal muat :be 80
‘chogen that the valocity of flow, duringlow: water ;porieds, is- high
encugh to pravent sll:tut a smallvamount,of“ﬂilting.




If “the: existing ‘361l propert.les w31l not permit. the rnew bottom
8lopes . rasulting Lfrom. short.euim, streams, deep erosion of ‘the ‘hottom
‘will ‘ensue. This: produces- underscouring and -caving in-of the ‘banics’ :

-and *re-—élig\ment -of the -streams. .In. case ‘the charﬂcter of ‘the - so:l.l

will .not permit the Tecuisite -slopes, the’ bottom and : auies of ithe. canal

.mst “be !lined. wj:bh ripre.p, rubhle, concrete ‘or bi't.umen. However,, 1n
.most cases a:gpecldl’ lining ‘i3 ot economj.cal. r’i‘hareforea, An, general,
ithe maxinum parmia&ible bottom : slope ds. chussn and 4the surplua faIl s
taken ‘care of by drops. The na.ture of "bhe cterra.’me govems the 1ac'=:bion
of rboth_-e‘the.:cg.nal:‘anc_ll--.:the drops.‘ .f.the Jlatrbgr.ms.y .ait.her ‘be “huilt as_..over-, -
‘fall atructures, —— nibét'."frequen‘t;ly :the case, 'dr a8 chutes - *&136-‘
‘known as 'nglides” ; (Rutchen") ‘Drops -often involve a lane part . of tha
“total cost of “the wark of . regu.lation, -wiich mst be kept. ‘a8 ow al
;pos"ible, 8ince -e- consj.dara.ble part. of‘ the cost: mush be borne by - aaao— ;
-ciations of . propert.y holders who from time to (time he.ve little financi.&l
TeSouUrces. Since the :amount. . of‘ Taxcava'bion ds. govameo by the properties.
-of the. so:i.l, ‘the: most. 1ikely -source of : eanng iis ‘in- &he - coat caf : special L
structures.. ;Drops: must ‘have the baat design from a: hydraulic standpoint:'
and, .at the same t.ime My Jxodld requ:.re the *laast nut.la.y An: mnex Ahie -
“being ‘dependent, on ithe: mst economical choice:of building materiala. PR
;Durinb ‘the ;pagt ;year, a; numbe.r of distinct ‘t.ypes of : struc‘huras N
' »ha.ve been ‘tuilt by ithe Jvarious boards af works, the- ou‘bs‘banding;examples_' , e
; oi‘ which w11l ‘be . considered “An wha‘t. ifollows. ' o |
_ Essentia.lly different. requirements snd ﬁewpoints -govern . regula'bion ,
T .of’ streams pasaing sthrough . -elties -where: freedom from - i‘loods 4n ithe thickljr
set.r.].ed m.i.ning :md j.ndustrial d:lstnicta, is*the essentie.l reou,‘._reml:lt...2
:Here, in order to .combat i’loods, :the - ' |

:Bulow, F. ¥.;: Die Lei«-t,ungsfe»mgkeit ~on : Fluss-. ‘Bach .~ Werl-:kanal -~
sund Rohrquerschnitten untnr besonderor Berﬂcksichti mng der von L




‘der maoherganoasenachaﬂ in Esaen zu kﬂnstlichen Wasaerlﬂufan
_ -ausgebautsn Emscher und ihrer Nebanbllche (The »Gapacity of R'iver,
Brook, Ganal, and Pipe ‘Cross - S-ctiona with Specia.l P.ai'arance to the ‘
Emscher River and 11'.5 Trilmtar:i.as Rehuilt a8 Artificial Canels by -
; : : ts nieur, 1
most economical -cansl :mmst have & 1arge crbs's ‘séﬁtion'and 'ba"é#élivafad :
to ‘a 'coneiderable depth. ‘For axample, ‘the maoher River wag 1oweraﬂ .
about 4 meters (13.1 i‘aet) 86 & eonaoquence of regu.latim._ These
streame ‘are required 40 tremsport ‘quickly -and safely ‘the drainage of
:¢itles .&nd. md:ustrial plants 3 which coritzing a consiﬁerable amount
‘of :gilt and .other refuse, and sometimaa, An addition, grmmd wa'ber
pumped to the *aurface from mines.  These damanda are met by relatmvely:
‘small ‘channél :sections and xalat.ivaly ‘Bteep. Blopes»; thus such \streams |
st ‘be completely 11ned with conorste -or :some - other me.terial. Tho -
- -design of drops amployed heras -also merits fconsidera.tion.‘a The type of

'conatruction -uged in

3
Ranshom, A.; Die mergievemiuhtnng bei Abstﬁrzen und Schunsstreckan
4in uffanen Abmaserkunalen (‘Energy D:Lasipat:.on s»t. ~Drops and Chutes 4n
I . , —, page 139.

Andustriel Qistricts is not .-aui‘l‘.abl-e ;fo'r .a_griculmra =ragioria :ﬁe’caua'e ‘
-of ‘the .cost invoived. , : )

The design .of .eanals and drups may ha considered separately,
although the deaign of one is iniluanced to & large extent by - the

1°ther-
. The -Cah&l 'be‘tw'aen Drops |
1. Forin of Crasn Sac't.ion

The discharge, ‘Qp 18 al.vrays g,i.ven =£'or the design of aa. ragulat.ion

project. The cross—aectional anaa of ‘a cana.l govems 't.he amount of

‘excavat,lcm; the - canal depth gmrerna tha e.mount of . urainage; the width o




of the cenal governs the land ares required' the-ﬁetfed pefimetar
governs the amount of bottom and slope protsction, and the s0il pro— .
perties govern the permissible bottom slope. The most economicul design
is to be found from these Tuctora. | |

A trapezcidal goction 1s b? far the'most popular Section:fof a
canal {figures 2, 1), and its area is easily computed from tnbles iound
in most hydraunlic construetion handhooka\4

Meyraucn-Strobel; Hydraulisches Rechnen (Hydraulic Formulas and

Tables). Konrad-W&ttwar, Stuttsart. 1930.

Bela von Kenessey cancludes 1rwm his obse“vatians on artifici*l
canals that a trapezoldal section does net retzin its originﬁl ahnne
bacause of silting, bank dimege, stc.5 3imilsr to '

5

Kenessey, Bels; Heder%aelvenyek es Medsrszelvenytablazatok (Bed Pro-.
f1les and Bed Profile Tables). Vizugyi Kuzlemenvnk, Yol. 15. 1933,

page 298, : @

naturzl streams, artificiel cenals almoét with no excepticn chunze
their form so as to resemble conis secﬁidns. He proposes that such

changes be anticiprted, and instead of ja trapezoidsl ssctlon, a. eenic
sectian, corresponding to the expected chang be used in design Ir

this 1s nat done, the caefficient in the velocity formula muut oe aljusted.
The circle znd parsbola sre the two conic sectionu most easy to

comﬂute.

¥or = trapezoid suﬁerposec on a circular segment (fi?nres 2, 2)

~we haves

Ares
2

A=(3'5 +s)t - ...‘l.é._’...ﬁ . tz(\/ THa7 -1} - n arc a]
A(‘\! I+l'.l:' - o i !




"Wetted perimeter

o4 \/ 14mn<
n

Rndius of the circg;ar‘bdtpgg

&( 14 \L 1+n21

a2n
2(\/ I"‘nd'l ) en

'
o

Height of the junction of the circular bottom with the tangential

For o section c,onan.s‘t.lng, of a trapezoid Buperposen on a pmaholi.c'.

bottgm (figures 2, 2) we havos

- Equstion of the parabols with the orizin =t the vertex . .

YZ:EsX

n
Parameter B

P-= 8_
n

Ares of cross section

Wetted perineter

2_ log(n+ \/ T9% )

'n




Helzht of th: junction of tbP Earabolig bottom with the tangential

s8ide slugg

in most _caBes the most .economical sectiﬂn 4s wlso the most eificient ‘
from-a hydr&ulic Bstandpoint., Purtharmore, Dy adopting such ‘a sectinn,
the excavatlon costs, the dand ares. required, and the :mmount of ‘5ide
.8lope protection, depending on the .8lope of the sides, are 211 rauuced.
The: ‘discharge for a given bottom slope 15 a maximm 13 o

, 2
a8 = and _d“a .
dpP ‘_ ___dPE >0 | [figures_.:;, 4)

‘The mathematical derivation for -the ‘best dimensions will be disnenaad
‘with here. Kenessey englyzed most favorable aactiona, ‘hydraulically
speaking, consiating of trapezoids .superposed on .cirenlar nnd persbolic
‘segments, respectively. He -demconstrzted that the best section is one
‘having =2 cirecular bottom. & parabolic bottom bacnmes less fdvorable the
greater the slope of the sides of the trepezoid. In aenprnl, the
difference is not 1arge;fwith a-slope of“l:B, it amounts to &bout 11 percent
An sectionzl area and 3 parcent in hydraulic raflus, with a slope of Lsl,
the difference is only 3 percent in area unn 1 percent in hydraulic radius.
If & parabolic bottom 1s chosen, it ahould ‘he noted that the angle
of inclination of the sides should not be .more -than 0 degrees. With a

greczter sloye s 2 parsbolic bottom cunnot ‘be used, for then 4its verter
Jles within -the trapazoid

Kenessey ‘tabulated the diﬂensions cf various crose aéctions in
relatlon to the slope of the sides. Theae tobles facilitate c¢m,utations
particularliy for curved ‘unsymnetrical seections. '

It should be mentione: in this conuaction that ~eomputztions for
true parabolic cross sections at curves .nd in . the atraignt parts of

;me&ndering streams -are also.given wn Xenessey's paper.,ﬂ




<« The Tiacharge CanacitJ of G“nals R » '
‘Numerous .so-called "velocity formilag® are zviilable Tor computing

the discharge of open chennels.
. ‘Using ‘the Chezy-~Brahms eguation us a ‘besis, other investigatora
‘have flevoted their attention elther to determining the sizs of tbe

roughness coefficlent for various types of beds (sand, graval, etr.)
or to deriving ner ecuetions in .hich the ruuﬂhness of the channel iB
expressed as an exponent. '

Of the. various formlas for the value of -G, the Ganguillet—ﬁumter

formula is probablv the ‘most witdely ‘used especiselly ufter qchenlor B
Etbblesé and & vraphlcal cchart appeared.

6 ' . ] : .7 . .
Schewlor, G.; Hilfstabellen zur Bearbeitung von Meliorations -

entwﬁxfen, Kenalisationen und anderer wasser -fundftiefbautechnis;v
chen ‘Aufgaben (Tables for Reclametion Gapelizstion nhd‘otheriﬁy- .
draullc and Foundstion Pronlems), Jrd Edition, . Paul Parny, Berlin,
1930.

Lindquist investigated Mamning's iormulu in the liaht of uumerous
.additional date, devised a nomogram for it -and recomuendsd it as the

most ushblu formilea.’?

 Lindouist, E. G. W;.0n Velocity Formulas. for Open :Channels und Pipes,

?IngeniSrsvetenskaﬁeakademiens, HNo. 130, '193&, or Neﬁenyi, Prul;
Wagserbeuliche atromungslehve (Hydruulic Textoook), J. 8. Barth,
Leipzig, 1933, :

Fc*cnheimer ‘adopted Manning's procedure and o“tainsd & discherge

qu&tion based on mezsurements din large eunals,®

£
' *orchne1mer, Ph., Grundrisa“ der Hvﬂraulik (Fund*mevtals of Hydrau-

les). =«nd Fdition, Teulmer, 19326,




In Austria and SWitzarlandg‘Gtﬁickle#tsiibrmulaEEEuthg'ﬂanning,*j

type 1s preferred.
‘R. Wiokel started from the Chezv fomula, arrivea at a tnew
‘aquation for the :roughness coe‘iicient, and obtained z- dlscharce ;ormula

‘without arbitrary cneffn.c:.ents.9

9
Winkel, R.; Die Grundldgen der Flu:aregelung (TTe Fundamentuls of
_River Ragg;rtlon) Tm, ¥rnst snd Son, Berlin, 1934.

Among the equnticns‘WIthout«roughness coeffic1entstiszthat"of' - o

MatakiewlczlO which was derived from dat= on ‘vivers, rcanals

10 ‘
‘Matzkiewiez, M.; Die Ceschwindigkeitsformel und lhrs adawendungen.

(The Veleeity Formula :nd Its Applications), .Annales -de 1''Acndemie
des Sciences Technicues a Varsovie, Vol. =. 1335, page 115,

and mcuntain streams.

These formilas z afford & rm.atively apeedy cz.lculstinn of the dis-
charge aond are satisfaetory for the ornlnary connitinns met in nractice."

3. The Limiting TractiVQ,FOICE,fOT.Vatl”US‘T?peb of Beds .-

The cause of.therdeepening (ercsion) of the bed in the upver posl
at a drop is the so=c allen tractlve force or drug. ‘This force -shoves
the particles forming the .8ides and botton of a gtre.m forward, If this
trangportution of bed mutanihlris to :be .prevented, the resistance to |
.seour of the slopes -and hottom must beélaﬁgar=thqn'thewtracttve force.
‘Tractive force.canwbeféxpressed;as‘a-ihhction-of_ihe~d¢pth of,floﬁvand
the slope afvthe.wﬁtergsurface‘1Tor:uniform-flow;the~slqpexpfftpe-ﬁater
surface :is equai‘fo'tﬁe'bottom:slépe) thuss “ :

”Ei 162.35DS\

F, .= the tractlve “force in pounds per 5qpure;£oct,;
the depth of flow in feat B

‘slope‘nfw;he.wghar,surface,




For narrow can.ls‘

F oz 62.3 & DS
+ 62 3.‘n7, DS

~Acecording to‘Schoklitscﬁ;ll<a‘ is.épproximatély unity‘fbr,channels

11

See_tootnote 4, puge 79.
of u width, b> 30d. ¥For nerrow chénnels,'he Lropuses

th

6‘4.,‘ ha
whersa ‘ R = the hydrdulic radlus in fent.

Tkis iormula for the tractive *orce VI8.8 bdsed on the following e
argumsnts ; A
Krey derived a‘relation‘between thé;tractive rérce :nd’the’éver.
age “ameter d of the bed material. ‘He obtained for the idmiting
depth, D, , and for apnro&imately uni-‘ rapular sand, the emgiricai
relationl, '

‘léThe'variouS‘tractive rorée Formiles nre given ins: (a) Kr‘mer, B;
Madellgeschiehe und Schlepykreft (Mndel Bed Lond wnd Tractlve rorce),
1932; (v) Ceser, H. J.; Uber Gescheibebewegung (On the Motimn of
Bed Lond). b5-th rapers aprear in a publication of the Preuss. Ver-
suchsunstslt fHr Yigsserbau wnd Sohifhan, Ber]in, 19
Tos = __ m ;
2440 to 6100

vhere ' 4 the sversge diameter in millimeters.

‘Therefo:e;3A,.

62.3 D58 = 0.025 40 0.1 d_




‘For .a c_nté ‘o uniforn *oughness, twn 1imiting valuas:of the .
‘tractlve force ara of “articulur aigniflcance. The grepter of tha
two nbtaing when a level bed st rest s set in motion, the amhller,
when the movine bed materigl bevins to deposit uniformly. Accurding
to Kreuter ths -difference ‘tetween the two in natural strecms emounts
to about 30 percent. In 1nborat Ty tests on fine wni-granuler wsterial,
accorﬂ‘ng %o ‘the obserwations of Schoklitsch, the difference decressea
elmost to zero. ' o B _ .

“Trunsportgtian of' ‘hed material snd the amount;of erosionAinécanala
_8re indeed extremsly difficult problems in hydrzulies to'anlva ouan£~ :
itotively. 45 loug as no riald formia for the movement of bed 1ateri£1 '
bused on measurements on naturzl streams 15 possible, raat expe*ienve'
must suffice in nractice, o , _

If the tractive ferce, F '", ot fbhe flow is gre&ter than the limiting
tractive force,.Fo Yor 2 given type -of soil ‘or artificial liniug of the
channel, then the p.rtlcles of the bed will Le set in motion. It has
been observed thet verious beds present different reslstances to the
tractive foree,  If the tractive force of the flow decrerses to less
than A certain vulun ﬁeposiflnn oceure in the channel The size of the
ferosive ErrCtLVe foree" as well as the "seoimentutlve trective foree?

must be conh1deredsin design.

. l: . . N ) ’ . '
Kreuter und}LuegerlJ determined the “erosive tractive

13 .
__See fonstnote 4, pagre 80.

force? from'absarv1ulnn, on varlous tyyeb of bed m&ue*ial _
 Measurements by the Nureprrf ﬁgriculturgl EnW~neprinc Boardl4

gave g number of walues for the Iimdting trective force of

lz' “v - . .
{a) Scheklitsch, A.; Der Vinsserbeu (Hydr:ulie Construction), J.

Springer, Vienna, 1930, (b) Strele, G.3 Grundriss der Fildbache .

. verbauung (Fund.mentals of Checking "ild ‘Stre-ms), J..qpringar, o

Vienna, ;94




beds couposed of ouartz send and gravpl loam, and str tifla€ Limestone.
The Ingolstadt Agrlculturnl Ingineering Cnmmissinn baSPs its -
deslins in mocordence vith the folluming vzluas’tﬂken frnm pest
experience: S
1. For firmly packed s:nd snd fine gray%l

F =0.16 to 0.18 pounds per:'square foot for normal
Tlow ‘

Fc = 0.7 to D0.24 pounds per scuare font for brier
flonds .- -

e Tor loamy grovel

¥ = 0.3 pounds per.sﬁu&ra foot for normal fiow

Fo‘" C.4 pounas per équare foot for brief loonds.

6.
Remehornl® Flves:

15
S2e rontnote 5, fipure 6,

?o = 0.5 pounuy er sguare foot Lor w»b&ﬂdl lined wilh cone
crete. I this 1imiting tractive force 1. excesded, the cinder brse
of the slahs is removed nd thevéntire iining is dispieced,

In connecti n =ith the work in the {tinsberg district of the
Agricultursl Board, the suthor observed that on the Zusaim hna Laugna
Rivers rith approximntely eousl bnd.conniti'na and slopes, an unimportant
vet distinct deepening .of the ners of over 1.97 feet nccurred.

The bed of hoth str.ums congiutg of sund to hvr" loam,partly clay.
At severul places on the Zusem lvver vth& sandy loam is nixed with small
stones, with both beds, = diﬁnlxic&nt rogion occurred during flooda
with & tractive torce of

= 0.254 pounds per sguure foot (S = 0.0007).
pure sundy loam ot utner places was eroded aurlng flouds by a tract;ve

Tarce of

'Ft“=,0.206Epounds;per;BQuafe foot {5 = 0.006).




Inclusions such ze emall stoneg ccn;iderubly‘reducetihe:bed's resis-
tance to scour. - .

Since this erosiovn, Lor the mest part, wnsAproduced.by-thé:pro;
trected normel dischorpge, the limiting tractive force:must Lie below

0.2 pounds per square Foot for this typs ol  bed. ;

o
g

The "gedimeiititive tractive force®, that lis, that,rorceint.which

gand und silt ore deposited, s .given as follows: , “ﬁ
1. ‘According to observatious of the Ingolstudt Agricultural

‘Engineering Coumission on enrth canrls withcut Yinings

oL 0.08 to 0.10 pounis per scuare fo-t.

.y

2.  According to Ramshnrn for can:'ls XYined with concrste :glabs,

Flé ='0.05 pounds .per square font.

The roughness of these two canuls is differcent aﬁd therefore
the limiting troctive forees -re different. The great:r the rough-
‘ness of a channel, the lerper the "sedamentative limiting tractive
Torce! muat be chosen in orderrto.prsvent silting.

The relcotion .between the tractive force, Ft’ snd the thydrsulic
radius, B, ror various slopes, 5, according to Schoklitsch's formule
for narrow channels is .shosn in figure 3. For exumple, if & valﬁe of
“Fy = 0.4 pounds per sguare font 4s permissible Lor'avgivenzétrenm;béi,'
for R = 6.56 fest & slope of 5 = 0.001 ‘may be chosen. ' : . -

Por 2.= 3.<8 feet, then o =,0,002;:thué with ehallow‘stre&mstthe.slbpe?iwwﬁ‘

can be almost dcubled. ' -
1he=tractive‘fcrce!mgy.be expressa: &lso in terms of the averuge

wvelocity. A limiting velocity for varinus types of heds can ‘be ohtalned

in & similer wey =25 the limiting trective foree wus found. Figures

4 and;é are ‘based on Schoklitsch's tractive force eguetion -and :Forchh-

glmer's parmissible'relocityﬁfcrmulg. Using a value for the roughmess -

:eoefficient equel tn‘ABJQ:injForchheiﬁef'siequation,xmefhaves_




= 62.3 RS (according to 'Schoklitsch)

= 48.959+7 803 :(according to Forchhelmer)
Qa7
=.48.9 . F.‘b
15.5 g0e2 | I

where .V = the limiting velocity :in (eet .per second. H
“The functions, f(D), f(4), and t(ﬂo 7) are plotted in figure 4 fur ‘a
trapezoidal canal whose sldes slope l:l.5 ana for bottom widths ﬂ%om,
4 feet to 20°feet. Similar graphs can be drawn for other:siue:alspaa
end bottom widths. .Figure 5 shows the relation between ‘the hydraulic
‘radius, R, and the bottom slope, '8, .for various values of the aean ve-
locity and elsc for various values of the tractive force, :fy. The fi-
curves intersect the ¥ .« curves. The . point of intersectlion of -any ‘two
such curves gives both the tractive force ana- the corresponding aean
wvelocity for & given slope. snd hyaraulic radius. :
Example gliven:
Depth of flow, D=6 feet.
Bottom width, ‘B =.10.feet
‘Blope of sides .= l:l.5
Choose the limiting tractive force, Fp = 0.4 pounde .per :scuere
-foat for ‘the given type .of bed and‘choose.the‘bottom.qupe,,S;—,D.DOI.
To find the discharge and :the tractive force, Ff¢.
From figure 4, R = 3.66 feet.and A = 115 sguare feet; from figure
5, V = 13,8 :feet per second and h=nce § .= 440 second-feet. from the
ame figure, Fy = 0.22 pounds per square foot which is less than ‘the
limiting ‘tractive force, F, .= 0.4 pounds per sguare feot. Similar
.graphs can .be preparsd for different side .slopes, bottom widtha,
‘and - depths . of flow encountered in design work.




The following re some nbaerved vuluen of the limiting velocity:
:According.to'Ehgelélézthaﬁliniting-velocities ares '

P S

it
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Fngels, H. '; Handbuch des Wasserhaues (Handbook of 'Hydrsulic .Construction),
W. Engclmann, Berlin-Leipzig, 1914, payge 94. See also: *FOctﬁote,L;,,‘
pepe. 43.  She results of Reinhard and Telford are given dn this referenge,

1. For lig*t sandy woll, .« « .« . V= E.B*faatgper:sécond.

- .
Py i g

"

2. For-averag. sandy soil, . . . . .V ='2.5 Feet per sscond,

.-~

3. For:loam, « « v © s o o o nw eV

4. TFor grevel and compacted seils, . V= '3.9.feet per second.

B

3.0 feet .per .second.

The meun velocity is greater then the bottom welocity; hence in

:considering tke cmount of eroaion, the-velodity:neércst.the'bottcm‘lagthe

i e

true criterion. -Schaffernak17 darived :the following eauution from-an

‘apalysis of numercus current meter messurementis of the

T R

L7
Schaffenak; Heue Grundlagen fdr die Berechnung der Geschicebelt#hrung

in Mlssen (New Basls for Computing the Beri<Loud of Alvers), ﬂienna;

1927,

o e g g

.bottom veloclity:

: i - 0.5
-Vb Q.65 DS

g s

Kozeny proposed the following retio of the botiom yaloc;tyfto*ther

.mean velocity:

v
b = o0.38
v,

‘Thether or net:the water was clear or laden with.siltvwaqtnot'taken

.“

into -considerantion in ihe above ¥ lues of the limiting-veloﬁity, ‘Actually
the silt load of the flow 1s noi unimportent dn . commection with the limi-
ting velocity. Budendy stzles that.erosion of‘a‘stre&m‘bedsbqgiﬁs,if

the tractive force is larger :than :resistive force of the b:ud.. As-the



r

ercairn increases, +the wnter increases its silt load, =nd ‘ite sversge

velocity ecreases. A cert+in Hegrec nf.saturaﬁianVis‘renéhed?aska‘_
result of which the erosien ceases. Pure weter has'sn greaterlerféiye
power than sili-laden water, 'hence ‘the silt load inereases:until ‘the
saturetion noint ‘is reached. The stwlles of Fortier snd Scobeﬁlg'in:

1926, gave verious limiting velocities ‘in relation to ‘the silt

18 :
Fortier, S. ¢ni Scobey, F. C.; Permissible Canal Velocities, Trans,

A.8.C.E.,y Vol. 89, 1520, p. 940. 8See also: Hjulstrom, Filip;’
Studies of the Morphological Activity of ‘a River azs Illustrated b&
'the River Fyris, Reprinted ‘from the Bulletin of the'GéologicdlAIn-
atitute of Upsale, 1934, page 502.. This interesting disseration,
vritlen fron 2 noatechnicul ‘viewpoint, gives 2 rether comprehen:ive
present~tion of ‘the pertinent results in foreign literrture on ‘bed-

iozd and silt movement 'nd.accompanying questicns.

proverties of the water (table I).

s e vier g e ims s ag.g s o
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TABLE 1

Maxigum .Permissible Canal Velpcities

3 Velocity, in feet :per :sscond, after

2 Aging, »f Canals Carryin

-3 Clear tWater Trans—:Water Transporting

¢ Weter . porting :Noncolloidal 8ilts,
‘Original Material t  mo .t .Colloidel :Sands, Gravele or

'— Excavated ‘for Canal sDebritues Slies  iiock Fragmente.

. 3
‘1 Fine sand (noncolloidal) ‘2.50 " 1.50
R Sandy loam .(noncolloidal) 2.50 2.00
3811ty loam {noncolleidal) 3.00 ‘2.00
4 ‘Alluvial . ailta(noncolloiqal) 3.50 2,00
'5:0rdinary firm loam 3.50 ‘2.25
6 'Volcanic ‘ash 3.50 2.00
7 Fine gravel 5.00 3.75
B 8tiff clay (very colloidal) 5400 3.00
9 Graded, loam to cobbles
:(noncollbidal)
10 Alluviel sllte (colloidal)
11 Graded, silt to cobbler
{colloidal)
12 Coerse grmrel(ncncolloidal)
13 Cobbles and shingles
14 Shales and hard-pane

o .9 s
A¥
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5400
5.00

5450
.6.00 i
5.50
6400

‘5.00
3.00
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6.50
5.00
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In general, water laden with. co,loidal 811t - penmita ithe greateat
average velocity. .In seversl .cases the limiting ‘velocity of water
‘laden with .silt s greater by ‘about 40 percent ‘than for clear water;
HoweVEr, the takle shows that water ‘laden :with ailt will erode 'loam,
.volcenic. ash, alluvial silt, and ehale ‘beds as much as or: mnre*than

clear water.

In determining the depth alope,'étc., of a'regulsted streﬁm,

‘1t must previously be ascertained whether the Btream Llowe clear or ¥e
laden with detiitus. ‘ -
4+ ‘The Protection and the Lining of Artificial Canals

The side slopes andlbottum‘afe not protected by :e lining in ‘the
uajority of cases. The .foots of the :side slopes is-often_protected
by & layer of ‘brush with wopden croas'pieces‘laid:oa'top;ﬁthe‘slopes
are covered with sod. 1f.properly laid, the‘sod.coieriia‘gn-éffec-
'tive.protection huving & limlting ‘tractive force up to F, = 0.6
pounde par equare foot. ‘According to a statement?bytrheuerkauflg

19Theuerkauf;-Hochwertigerpﬂaaen als Beiestigungemittel :bel ‘Wasserbauten.
(High Guality Sod as a Means of Protection at ‘Hydraulic.Structures)
Die Bautechnik, vol. 14, 19306, No..
the cost of laying high:quality :sed.amounts to 22 can¥s per square yerd
’(1n.Germany);includingra;base-of'top:soil;about 4 ‘inches -thick.
For larger canals, the ‘total cross section is often .diviaed into
normal :discharge and flood channels. & trapezoidal chamnel with wide
‘or .marrow -berms -according to the ratio .of the normal diecharge to -the
filgod discharge, is used. A compound :8ection, :howevsr, dn the course
of time uhdergoes a change in form due to depositions of .gilt. ‘This
‘gan -be -observed .not only in canals:in;industriai:diatrictsgtror;example,_
the Ensher canal), but aleo in the Fore Alps (1sen -and Hott canals).
Bulow?0 states that the lower trapezoidal -section of the

205ee_footnote 2, ‘figure 4.
‘Emsher .canal has acquired s triangular fora.due to the progressive
silting.of the channel (figure 7). .More .specifically, layers of silt

17
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are deposited which chenge the slope of the banks from 132 or 1:1,5 .
to almoet vertical banks. These latter are repidly covered with plant
growth but threaten to cave in constantly. 1In addition, the discharge
cepacity decreases perceptibly as & rasult of the reduction of the
cross-sectional ares. In the Isen and Hott canals, silt deposite

even extended above the rim of the normal discharge section (figure 7).

In both of these ceses, th: decrease of the sectional area led to a
lowering of the bed. Hence, for streaas transporting a large amount
of silt, compound sections are not to be recomnended. ‘ ‘ -

The foot of the side siopes is often protected by woven mattresses
or mats of resds. This typs of protection is advantageous only provid-
ing thut the erosion of the slopss can be repaired in 2 short time and
providing that 211 wooden parts are completely submerged since wood
rapidly succuanks to rot with & fluctuating water surfece.

Side slop2s during winter are subject to powerful attucks of floating
fce. A wicker mat is a betier protection of the banke than a sod cover.
In this case F, = 0.8 pounds per square foot. nesults found by the
Kleden Company at Munich indicate that the cost of leying a wicker mnt
made entirely from locsl materisls varies from 43 to 50 cents par ecuare
yerd according to the locetion at mhich it is laid.

» 1f & steep slope i5 demanded by the topography of the countryside
and the actual tractive force ie larger than the limiting tractive force
of the prevalling type of soil, then the bottom of the cenal mugt be
Pprotected by sone effective meuns. One of the oldest remedies of this
kind is the driving of piles into the bottom. The Salt Administretion
in the Trein district in Upper Austria hae used thie scheme. A row of
piles is driven across the cansl. This is repeated at wide intervals.
Each row of plles serves as & sill in preventing rapid scour of the
bottom. This type of protection ie beilng used with good results by the “_
forestry service in Karnten. Logs lald across the canal at zaximun |
permissible intervals have a similar effect. As a rule, these logs are
leid directly on the floor of the canal., The Ingolstedt Agricultural
Engineering Comnission pleces them on a fecine mat. The distunce be-
twsen the logs in this case is from 3.9 to 4.6 feet. - The logs serve to
bold down the mat and, in addition, act as eills. Bottoms protected thus

can withstend large velocities. Such e protection bas s long life since
‘the logs are covered with water. When submerged in water containing

18-




lime, an action similar ‘to petrification takes place. AHowefef,gﬁhé‘
‘use of mats in silt-laden streams i8 Tuled .out, for the transported
material disintegrates them rapidly. On unothef-stream,‘bottomfprdtection
was ‘achieved by placing logs on evergreen branches. For bottom slopes
from 0.004 to 0.006, the logs can be placed at wide intervals; for
greater ‘slopes they should be placed nesrer ‘together. . ‘At 5till -enother
place, the tottom was protected with;gnudrreaults-by«eVargreén?branchea
‘held down 'y ‘& layer of coarse gravel. I1f :sulteble timber is. availabla,
the bottom can be protected by ‘split logs. The Jdoge may ‘be laid close
together with the rounded side up. This corduroy construction can be
-carried out in two ways. ‘If unskilled”laborgis;ayailable, the raila
are nailed down to o frame close to the location where they .are to be
used, 11 akilled lator is available, the bottom is covered by the
rails end ‘the side slopes protected by reed mats at the sane time.

The rapid wearing asay .of wood :by .detritus.and its . deterioration
due to tetting snd drying painted .to the poesibility of using stone
for protecting ‘the bottom and part.of ‘the sides.

Paving ‘the ‘btottom and the ‘base of ‘the .slopes with rubble is a
weane of reslsting large tractive forces, and the welocity is.also
reduced due ito the increase in roughness of the channel. ‘Dry masonry
linings are .sometimes used. That part of ‘the benks above thé magonry
is protected by a eod cover. ‘The Lanks are protected by aasonry din-
ing up to a height at which the tractive force is less than the limit-
‘ing tractive force.of the sod. i

1n-one cese, & trapezoidal canal with e rounded bottom wag pre-
ferred, the botton -being protacted by a dry masonry lining. °'The cost
of this protection bag been -stimated at 0.67 cents per square yard.
‘Such canale permit large bottom slopes, in ona case proving adequate
with a-élope of 6.5 .percent. ‘Mascnry with join;gufilledfbyxcement S g
sortar is particularly effective if well placed. A flood canal mnear
‘Deggendorf (fipgure 15) has a ‘bottom slope .which'varies between O}DLB_"
to 0.020 and the average wvelocity wae computed 1o be from 16.4 to 19.7
feet per second. :Originally this .section was lined with rubble mason-—
ry to arheight-of.from,s.éftoqt.g‘féetgabove:theébottom. ﬁ;ﬁbd;alqpe _
of 1:1.5 was added to the top-of the 1:1.25 rubhle_slqpe,v»ggflopd in
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1932 due 'to heavy rains over the amall watershed ‘created a ‘heavy

‘runoff{ ‘in the etreoams: of ‘the region which was . -found ‘to ‘be ‘a8 much as
91..4 second-feet per ‘aquare mile of - draiuage :area. .Because of thia many
‘streams overf{lowed their: banks. ‘Water dincharging ‘from a trihutary _
‘Anto this canal. over-topped the sod ‘banks. The :mod was ueatroyed ‘and
the paving underscoured. -Since the :stones: ‘were ‘held firmly ‘together by

‘Cement mortar, the paving was moved and .broien .up ‘in large pieces,
iThe-damuge.progreaaed‘untilfaatotal=lengthfof<linedfcanal of :about
0.62 mile was destroyed ‘and parts of the .side slopes were coapletely
:ruined. -When the canal :was reconatructed, rubble macsonry wae used ‘to
.repair ‘the damage to the Iining and to replace ‘the ‘sod cover. For &
‘more complete protection, the .paving was divided into sectiona by
concrete ribs:placed across the tottom andaupltheiﬁanka of ‘the canal.
In the future damage ‘to the paving should be -confined ‘to ‘individual
.sectiona. .Therabova’flood-attacked:the;pavedgslopes.with.auch=a force
‘that stcne blocks up to B'B-cubié’feet 4n volune were displaced from
‘the .lining. 1ln .order to prevsnt demage :to the banks from apreading,
logs were placed :in the gaps and anchored. This is the quickest -and
most -effective means of ‘temporary repair. o

'Unféforable»expanience with ‘the ‘8ilting.of compound .cenal
sections led to ‘the development of .simple :sectiong :for strgémsrin
‘industrial regions :such.as the one .shown in figure 19, which, due to
its peculiar shape, is called.a "steep profile .canal". The dished
‘bottom ‘itself is ‘omposed of two parts. The -sides are protected by
-one .or more courses of ;side slabs, one over ‘the other, the nuaber of
courses depending :on the local conditions. ‘¥he .concrete lining was
daid.on.e cinder base 15 cu. (5.9 inches) thick. .According to ‘the
-results of :the Emsher Board the cost.of lining the canal in 1936
-amounted tos | :

- ‘Dished bottom including side slabs per linear foot
of the canal. . . o ¢« o .« .4 s ee e e w e a e o 819040

‘Dished bottom without‘sidelslabs'pér_lineer*foot

cof thecomal. o o ot 5 06 0 80 0 s e e ow e 11.85

This price -holds for ‘the Emsher district.

‘The cost of laying the ‘slab lining ‘including .storage -and
delivery of -a cinder :base 15 cm. /(5.9 dnches) ‘thick dss




Without side slabs per 1nzar 100t o e e e oo o0 0 0§ 'B"Ji S
With ﬁid; .slabs per Ilinear foot .. e e e e .V. 13 95_
The 1limiting tractiva force of ‘this Yining.is relatively low or

£, = 0.5 pounds per ‘scuare foot. ‘Scouring out:af - ‘the .cinder baﬂe willj

‘Tesult, 1in the majority of cases, in ‘the uumplete ‘destruction of the

‘lining. ‘ ,

:Heavy cdncrete slabs on a gravel base;for;prwtectingathehuppafr

-part ol the slopes and.rubb1Euwork,fo;;protecﬁingithe;féot‘and;lowar
part of the slopes, have been used with good results. :Goncrgteﬁskaﬁa
laid dry and the joints sealed with bitumen, ‘have & ‘concrete cover - -
which resists the tendency of tha side 'slopes to settle .and ‘to be
wnderecoured.

Canale lined with concrete are very resistant to -scour by -clear
water, but they will not, in the long. Tun, :withatand the corrosive B
effect .of detritus.?l Furthermore, they :are vulneratle to frost . and

‘ZlSchoklitsch, As; Stauraumverlendung undaKolkabwehr{(Siiting-of
.Reservoirs and Prevention of :Scour), J. Springer, ‘Vienna, 1935,
‘page ‘8t ) ‘ ‘ .

.marsh - weter. .Qccasionally these;two;factors-completély ﬂqatrby can-
crete in a .short time. ‘For smsll structures, necagsary care is.not
‘always taken to lnsure that the aggregute of ‘the concrete:is.freegaf
detrimental‘inclusions:such;as;sand‘céntaininghiron,.loemy;gravel;-etc._
‘Sometimee a woter-tight canal is-desired. fA:concretef&ining-will.meét
‘this . requirement after being in service .a .year when the pores have ‘been
ctlogged. The eadition of an ai ffective abent ‘to-the cement ‘such as “Thurament®
~will.also reduce the. seepage. ,
 ‘Since experience with concrete linings is often- unaatiafactorj,
:bitumen linings have been ‘tried. Since 1929, systematic tegts on the
-applicabllity of asphalt.ana tar for both.dry land. and hydraulic atruc-?
‘tures have been perforaed:at the Reaearch.lnstitute;for.ﬁydraulic :
‘Structures end Water Power .at Muiich. Teats on -the -internal .structure
.of :the ‘materials showed -that linings could be -made .either ‘tight .or per—
‘permeable and could resist weathering .for- yeara. '
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The growth of plants such as thistles, willows, . etc., 48 accelérateﬂ
as a result of the absorption of heet by the dark surfaces. Plantq puah
through the lining and loosea it. 1t 1s, thererore, nacessery to treat

“the soil base by eprinkling with a plant seradicater hefore‘applying the
bitunen cover. | :

1o 1933 the Deggendorf Board -supplied a mastic cement lining to
the bottom and lower part of the eides of the .circulation canal @&t the
Banbach pumping plent. The canal is ‘656 feet long. . The lining, 1.6 -
inches thick, with and without Grainage holes at ‘the foot of the side
‘slopes. So far, this 1lining has been satisfuctory. Howevér,:itfhab the
tendency to flow .during hot weatber when the 80il is dry. ‘

laportant projectse, in which asphal* hes besn used to ;some extent,
have bLeen completed during the pest ten yeara.22 However, B longer -

'22Vogt;‘Ver3uche mit Asphaitdichtung»beim'ﬁau dea‘Adolfintiéf -~ Esnalne
{Experiments on the Tightness of .Asphalt for the Construction of the
Adolf iRitler Cenal). Die Bautechmik, Vol. 14, 1936, No. 28. Schiller-
‘Gorgee; Versuche mit Asphaltbuuweisen bein Erwelitungsbau des Dortmund -
fmp - Kanals (Experiuents on -the Structural Dses of‘hsphali'for'the
Widening of the Dortmund - Ems - Cenal), Die Bauteghnlk, “Vol. 14,
1936, Hos. 21 and 32.
experience racord on lerge ;sbructures awaite the future.

Lining the 'bottom and :gide slopes,ﬁf.a,atream-mayibe=aconemical
.depending on the nature of ‘the territory through which the Btrea@\paas-
5. 1t veduces the cost of excaVution;bﬁcauae a<steeperibottom~alope
is permiseible, and 1t prevents silting end scouring. Howewver froa.
the angler's viewpoint, lining.e stream i not adrisablﬂ ‘because ‘the o
.natursl -hiding places of .the fish are.eliminatgﬂ. Artificialxbiding
places, dezanded by fishing experts, fall in thair'purposn vhen install-
ed economically. They inevitably increase the cost of cnnatruction.

111. Drog
1. Galculation of ~the Discharge : E

The uiacharge of drops is usually computed from Welsmbach's formula._{‘

" 1f the discharge ie free, thet is, 1f the tallwater lles below the '




' elevation of the crest of ‘the drop, and if the‘cross Bection gt‘*he' '- 
‘drop is equal to tbe crosa ‘Bection of the canal 80 that canLractioné B
and expansiona are suppressed, then: |
¢C= 2;;\/_— b[(? + v;)B/E (;2)3/2J
3 : 2g/ - \2
4in which | |
the discharge in .pecond-feet.
the drop coelficient.
= the mean width of the drop 1n 1aet.
= the head -on -the drop in tfeet.
‘the mean velocity of approach in feet,
per second. ‘ .
Only in exceptionsl caaéafoT'Btream‘régulatinn,:is it necessary
to know the diachargeqat'theadrop, for theldischa:ge-dependefnn thescﬁpac-
ity of the cenal. The flow in the cenal produces a certain head, h, on
‘the crest of thé drop. This etztic head prpducesfaadrqp—downiof the
water surface from the canal to the crest of'yhe‘drop.‘.Aalthe-depth de-
creases, the velocity increases, -and, in certein cases, the bottom of
the canal is eroded. Therefore, it is important to know the walue .of
h for determining the type and extent of ihe1lin1ng-juatinpﬁtreamrfrom
' the drop. The Welsbach foraula yields only epproximate results since
it does not -take into consideration the‘flow.conditiénﬂ-a£7¢he-drqp.
A rationsl formula is .only possible on the basie of the potential .
theory. However, such a formula is too complicated for use in practice.
BosgR3 developed a method for calculating the dchharga and the

’233088, Berechnung der Abfussmengen und der Wasserspiegellege bei
‘Absturzen und Schnellen unter beaonderer Beruckeichtigung der dabei
auftretenden Zusatzspannungen (Galculation of the Discharge &nd Water
.Surfacd Curve at Drops and Sdlla by Gonsiaezing the Beck-Pressure. ‘
iOccurring thare), Tasserkraft - und*Wasserwirtachaft, Vol. 24, 1929,

Apage 23 , s

drop-down .curve by considering the presaure on the floor juet upatream

frem the drop, From a .condition .of -uniform flow upetream from the drop, .

the'waterlaurfaces fall and pass through the so-called critical depth,

der (figure 22). 1f the stream lines are still atraight and parallel to
each .other &t section 1-1, then :
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‘The height of the energy gradient at 1-1 is:’

3 3 2g

Downetresa from 1~1, tho‘preasure ob the bottom becomes notice--

.

.ably less than the stutic pressure due to a certuin back pressure.

<4e this back pressure increases the water surface falls repidly. The
megnitude of the back pressure cen be expressed in-terms;of a number, Z.
By aspuming & straight line prespure distribution the eguation for the
diacharge ‘becomes

bv’_'z J{H— a(1-z)] ¥2- (u - d)3/2}

‘The two linita of z are z =:0 (mtraight perallel etresm lines)}
and Z = L (meximum discharge). If Z =1, the total static pressure
is transformed into wvelocity head; thie can only happen when the over-
falling nappe is completely aerated. In general, Ebss obtxined the
following equation for the depth at meximum discharge, the~badkjpreaaure
‘being the independent variable: '

¥ 8/9 g (2% - 32+ 3)%

from this analysls and thé‘reaulta ofre;pgriments,-ﬁnsa con-
cluded that for the maximum discharge, the form of the drop hes little
inflvence on the discharge. His equation, however, presupposes un~
‘¥nown values of 2 and d in the calouistion of (. Hence the dischargs
can be computed only by trisl and error.

Somewhat more difficult $s the getermination of the depth (static
head) at & drop when it is submerged. The tall-water elevation 1o thie
case lies higher than the crest of the drop. ‘The discharge is uswally
computed from the following equation: '

TS bﬁEEhE + &)32. :-33/;]+ uplly =)oz Tn, + &
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4n which
h2= elevation -of the tnilnater sbovs the crest o” the drop.

-hl : the head on the drop meaaured'upatream. : T

‘92
2g
The use of thie formula:giiés-only-approximate raonlts since

) ;and g 5 camnot 'be -deterained with sufficient accuracy.

= wvelocity head.

The author was able to ahow by means of model tests thet a sub-
merged weir can be considersd in the light of a weir with a free nappe,
thut 18 .85 the tailwater rises, the flow conditions for the letter
change graduslly into the flow conditlons for a submerged weir. 24 The

245 eutner, C.; Herleitung'eihea.neuen.Beréchnungsvérféhrens fir den
Abflus an Wehren aus der Geschwindigkeitsvertellung des Wassers
dber der Webrkrone (Development of & New Procedure for Computing
the Discharge of Weirs Based on*theiVelbcity Distribution over the
¥elr Crest), ‘0ie Bautechnlc, Vol, 7, 1923, Page 575.

dletribtution of welocity directly over the crest wag Bespured and the

data wae snalyzed according to Weisbech's formuls. Figure 23 ahows
the repults of these tests for e given discharge but with different
4ajlwater elevetions. The water surface drops from h to h' for every.

condition of eubmergence. Folr ‘the unsubmerged~meir in (1) of Tigure 23,
the area 1, 2, ¥, 3, 4, shows the theoreti:i. L. (Weiobech's equation
withy =1.) The experimental G- area is given by 5, 64 Vgy 3, 4o The
retio of these two areus is the coeffisient, pn, in Weisbach's formula.
The tests chowed that the theoretical welocity eccording to Torricelli's
law, '

V= Jdgh
ig valid only at a point on the water eurface directly dvefrtha7weir
crest. Ae the tallwater ripes, the head, I, is not effected until &
ratio of hi to hp egual to 2.5 is reached. Thiz value will be .consid-

.ered &8 the point of transition from the [ree welr %o tbe gubmerged weir.
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As the tallwater rinee,stili:farﬁben,‘%he>veloc1ty'in the‘nappe,=ﬁ;,
decreases ‘a5 a consequence of thégback;praasuie'uf'the tailwater. The
;theoretigal velocity is &ttainéd only dt‘the‘watarspu:face for 211 tail-
water -elevations. AB by increases, the‘veloclty'in‘the nappe-dqcreanég
‘and the V- curve ‘becomes flatter. Ap the ‘welocity decreages, the head,
‘m', at the crest of the weir incremaes. ‘The 8ums of the kinetic- and
pPressure-areas a8 well &8 the total areaa.bounda&'by the V,~ curves,
remaln ‘corstant, I the welr cosfficient, p, is computed as the ratio
of the actual G- area to the theoretical G- area, & series of velues will
be pbtained, their«aize.bedng>uniform1y dapandenthnvthe'tailwatermeleu‘
vation. Amnhg other things in these graphsj?the~quareaa:representﬁng the
theoretical discharge for a submerged weir (eguation without coefficients)
are also showmn. In (3), this area 18 given by 1, 2, 6 Vy, 7, 4, end
although they represent equal dischargee, ‘they are not equal in;unea,
Therefore, the equation for'the}auhme:ged;weir-cannot1be-qomputed-using?a
wiform relation between the heaqa, 'h, measured upstream {rom the welr
and the éubmérgence,ﬁhz. A subamerged welr possesses two types of nappes,
‘& dlving nappe when %1' > 1.1% &8 in (3) -and & weve nappe‘ when hi/hy e 1 .
2 _
as in (4) and (5). The critical depth tor straight, parallel streanm lines
was computed from o

and 8 also given in the graphs. With & {ree nappe, the head, b'; on

the crest of the weir is significantly smaller than hi/h.r.  With the

type -of discharge shom dn (3), h' is etill less than hep, but with a

.ware;n@ppq,}h';; by The retic b'/h,,. 1s‘dqpendent on ‘hs.
‘GeneralJeguath?-fdﬁﬁthese_?low.relatione.canfbe deza;mined from

the repults of measurements op #arioua»ahaped,uwirs;having.ditferen$

heights of crest.?? The function ‘ S '

W= fog)

'd,cr P




“25Keutner, C.; Der ‘Einfluse der Krﬂmmung der Waaserfaden auf die
‘Energiebilenz und das Wasaarabfuhrungavarnogun von -abgorundeten : und
scharfkentigen Wehrkorpern ((The Influence of Curvaturs of the ‘Strean
Lines on the Energy ‘Balance and “the Discharge Capacity of Roundad -and
Sharp-Crested Weirs); Wauserkraft und. ﬂaaserwirtachaft, Vol. 28, 1933,
‘Page 25.

is.plotted 4n figure 24 from wiich vaiues of y .can :bs read. ‘dgpgor-

:responds to hyy in flgure 23; d; :is the:.depth oefore the dropodonn curve

‘begins. These p—velues are ‘the new weir coefficients in ‘Weisbach's
equation. In figure 25, the following function for the submerged weir
‘18 represented:

dz,/
The iboundery between ‘the two types of nappes is olso -Bhown in {igure 25.

K=

‘From these two graphs, beth p ard dp can be quickly determined for a

der

-given -velue of the ratio, dl/dz.':ﬁftar camputing d.y .from the ratio,

dg, ¢ can be calculated. For.a first approximation set dgp = dj.
der

According ‘to Musterle, the curve of ‘the water surface .can :be
.correctly computed by means of the impulse lal;Zb It was observed in

aélusterla,“T.g;Abfluasbatechhungen;bei”Wehren mit bretter Krone zit
Hilfe des Impulssatzes (Calculation of-the‘Dischargerfor;BtoaGACrest
%eirs Using the Momentum :‘Principle), Die Wasserwirbachaft,*ﬂol.‘23,
1930, Page 441.
.model tests that the critical depth for .straight parallel flow does not
occur direcily at the -brink of :the .drop, (section J1-I1 figure 22) -but
at some distsnce upstream.. 1f ‘the discharge is:held conetunt -and the
tailwater 18 ralised, (there is a limit up to which:thé,uater level up-
etreem 18 .not chenged (defined by the author as the transition from a
subnerged weir to an unsubmerged weir). In Husterle's .analysis, -the
.eritical depth is placed et ‘the brink of the weir (figure 26), and can
be computed.by:meanaiof‘bhe.miniﬁumﬂdynamic capacity. The gum of the
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‘potual dymamic capaoitys, S +‘Dﬁ, upstream must equal Ttajvalugdgﬁ‘
dormatrean from the drop. Further . ) e

s‘wi ‘ -2"}61‘ g

in wnich Ku

, ’ j I’
: N e
Aor Byin N bg

du can be computed, or Q may be caleulated from dcr'

The anelysis for an unsubmerged weir is similar, only in thic oasge
the dyuamic. capacity et a oross section of the canal upstreem from the
drop must be set equal the dynamic capacity at the drop.

‘Jacubyav developed & method of caleulation based on model tosta
which is‘espacialxy:well:adapted,tofdete:mining.the-diacharga over .6

ground sill.

27.Jacoby. E.: Die Berechnung der Sta;hohe.boi-Wahrenz(fhe Calculation

of the Eead on Veirs)) Wasgerkreft and Wesserwirtscheft, Vol. 28,

1933, Pame 79 ' }

¢. The Calculatisn of the Drop-Down ‘Curve
After determining the depth et tue brink of the drop, it is HEcas-

sary to find the extent of the Grop~Govn CUrVe and from this the extent
of the lncreased velocity. Culculations of the dropdown curve by the
moat-populur‘formulas usually do not agree with measurements. In partic~'
ular with narrow ‘trapezoiful cunals, the difference between computed and
messured curve is very conslderable. ,vl(r:ozeny"'ﬁ8 developed u semi-graphical




L28Kozeny,.J_;{ﬂber.d1E'ungleichformige:Béwéﬁgﬁng'des|Waaaein]1n»elomen~
tarer Darstellung. 'Mit‘éinenJZuaatz.uhar aie nicht st&tionnraiﬁbwe-
gung (On Non-uniform Hotion-of:Hdter»RapraaentedEEleﬁﬁntafily_ Mith
n-ateadx’uotlon)JDieEWaBserwirtschaff,3701; 22, 1929,

e an .Appendix -on -No
Nog. .29 and 30.
method for computing ithe :drop-dczn -in marrow cchannels, wh
agreesent with measureaentes.

Pigure 27 :sbows ‘a comparison of the drop-down curves computed by
Kozeny'e and Fuhlmann‘s methods. Phe difference is very noticeable
chiefly ‘because with the drop-down curve .according to Ruhlmann, the
.depth, d', was computed from Weisbach's equation -and therefore 18 too
According to Kozeny'tne'drqp-doun‘extends;aboutll,lﬁo fest up-

ich shows good

large.
gtream from the brink of the drop. The velocity of approach .eccording

4o Xozeny, VK, and according to Ruhlmenn, ¥R likewise .are different.
1f, for the exanple showmn in figure 27, -8 liaiting tractive force of
0.4 pounds per sguare foot is permissible, the -allowable velocity is
5,45 feet per secona. The bottom of thé cansl must .be lined to a distance
ot 574 feet upstream from ‘the drop in order to prevént acuun; According
to Ruhlmenn the lining must extend stlll farther. ‘However, the drop-
down curve computed by Eozeny's mahhod‘agraes well with the measured

The agsumed tractive force ‘is -also plotted in the figure. “The
determination of Fi for a single section iB however, inaccurate, since
‘the tangent'to'the»aater‘eurface must;be-intrpducedzﬂor the slape of
Sinilar coaputetions can best be evaluated in terms

curve.

the water surface.
of the velocity rother than the tractive lorce.

‘Kozeq329 also advenced a method tor computing thq?drop—donn.cnge'
in broad canals which likawise shows good‘agreament'iith msasureasnts.

‘Kozeny, J.; ‘Berechnung der Senkungskurve in regelm&asigénfbreiten

Gerignen (Calculation of ithe Drop-Down Curves in ‘Uniform, ‘Broad

channels). Wasserdraft und Wasserwirtschaft, Vol. 23; 1928, Page

232. Here the values in the tables are plotted dn grapke. See
also footnote 4, page 248. :




‘Fgure. 28 showe ‘backwater curveafaa far a8 131 feet ‘above @ drop
‘computed by Kozeny's-and :Schaffernak's methoda, respectively. The two
‘eurves deviate considerably (from one another.

Ae already noted, -a .ssaller depth than the: critical depth, dup
exists directly over the creat of ‘the drop. According to Rozenys

g =aa¥2 = 32092
-+

‘in which o = the discharge per foot -of width in :second-feet and d' =

'the. depth on the brink in ifeet. This velue of ‘0 sgrees -approximately

‘with ‘the value which :Bchaffernak found for.a ‘broad-crested, hordzontal

and gravel-studded weir, namely: d = 37.6 10 30.%9. .1n the example,

d' .= 2.20 feet. '1f the drop-down .curve 1s extended td :a depth.d', the

‘position of the brink ofAthe-drqp should be approximately given, This

lies at about 6.56 feet downstream from the :gection et which the critical

‘depth occurs. The point at which the water surface ‘begins to drop is at

a distance, 1, = Bd, (approximately) upstreas {rom ‘the computed position
.of the brink, |

3. The Form of the Cross Sectioun at:the_Drcﬁ

Since the drop-down curve beging upstresm from the brink of the drop, .
an attezpt has been made to contractnthe;cross:seqtion'at the drop, in
order ‘to localize the.drop-down curve. Bith .some ;suitable tructure
such ag a sill or side contractions, it is possible to raise the pﬁrface
curve upstrsan from ‘the drop. To accompliab this, a-vertical contravtion
such ae & 8ill !s preferred. Often -the brink of the dropvis:placed-a '
few inches fariier-domstream. However, the -water surface curve :1s only
affected at‘helatinly_nmall_depbha:pf flowuwhenlauch;a-spheua 48 -used.

:565323_gives_a.method:for.computing the“height;orsa;eill‘which
will -flatten out the drop-down curve. He sterts from the ceritical depthe

for gtraigat and for curved,atream;lines.(sﬁa,figute'zgy..?Lf:the eapression
for ‘the helght of the energy gradient for etraight stream lines and maxi-
aum discharge 1s set equal ‘to the height of the energy gradient tor the

flox #ith curved stream-linaq,'bhe.height,vhﬂ,‘or the sill 45 glven Dby:
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‘hg =3 Ggp [1+ 22 - Z + 1 2/
27213 3

Fur'the,cumputation,ra‘croasaaection is chosen‘for‘fheacandlffor
which the locallzed dropndown:ia:notrlargei(figugéjzﬂl. ‘The;dépth.of'
flow at the ‘section at 49;2?feetiiﬂ;4,66;féet,xand'theuveloéfty:ha&d
there is 0.8B7 feet;ftherefore,'the‘héight.of:theuenengyzgradiént;at
this section is 5.53 feet. Assuming that ‘the meppe springs free, 7 can
'be taken equal ‘to unity and .the height oftthé‘aili,;hg,.from?the;BuBa *
equation is 0.9% feet. .For Z = 0.5, hg =-0.87 feet. For ‘a 8111 at
least 0.95 fest high or about 0.145 dg, the drop-down curve mill not
extend back .beyond "the critical depth which will be ai the .pame place
as -without a 9ill. - However, the water purfece at the drop will ibe .relsed
-an.amount Ah. Thus if a .depth or the crest of the sill equal to 2.2
feet is assumed pufficient for the given diacharge, the new water pur-
face will lie 3.15 feet above ‘the brink of the drop. During floade, &
8111 of minimum height will 'be effective, for the most :part, in pre-
venting erosion of :the bottom of the canel just above :the drop. ‘That
height of sill .which .will -not raise the backwater curvevihgthe-canal is
ghown in figure 28. The water surface is suchfthat“the;dqpth of flow
in the canal as far ms a section nesr the drap,ais:constant,hae'ts»seen

from the localized drgp-down curVq,.and,vtherefdre, the veloclity is about -
.equal to the critical welocity. If the head upstream from:the sill is

" computed from Weisbach's formula withp =.0.736, a-value,__ = 3.68

:feet, 18 obtained. :It should.be noted thet in order ‘to carry tha given
discharge, the maximun height-of 831l is, hg =:6.56 - 3.68 = 2‘83 f9°t
or about 0.44 d, ~The new depth at the drop, dg, is :found from :the
depth.over the .crest of the 8ill, ‘h', which is. compubed from the author's

formula .3
0.2




i Althoughxa‘s_ll,inétall diat & minimum hetght, I
'f“fduring flood atages,ﬂthe "ﬂte‘*- ; ko
S d i >

 '3-in the canal thE‘hEight)Of 5?.1
”1jm1nimum bs in tne comput“h’

%.floou discharce. Honever, since the,hei”h_xcf the dxop a*relatively

1“_amall o f ood will submerga the'

‘ ’height : hs-
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starxeu7Gef le (Regu‘at n
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drops with aide-céntradtiona‘for-éliminaﬁingfdrop-down‘curvés. He
‘employed*a‘parabolic-ahape:for*theadropfnnquomputadfitaJoutliue methe—
'matically,employing‘Weishachhacequation]furriétrs:wiﬁh-é:fréewnappe'
‘and the general equation:for:aubmefged welrs. iTabléa‘fadilfﬁate‘the 
calewlation of the parabola. The.dropAﬂuunacurva~was‘éltﬁinat¢d?at'
all discharges. The larger the discharge cadfricient,1u,.tsruaéﬁﬁeﬁﬂte
be, the smaller the area of the pnrébpla. For the subaerged wd$g5qpr,
is put equal to ps- Weir shapes computed witbupr=‘0.75-and:0.83raccord—
ing %o Gfllich are showa in Tigure 30, The sides of the weir are dis-
.conﬁinuouB-AS Computed,\as'iB:Bhown-bthhe;broken'lina. The transition
from & weir with ‘free overfall :to a ‘submerged weir causes ‘these sharp
breake in the curve. This-dan‘be-explained,by,therfactithat the
Welsbach equation and the equation for a .submerged weir are entirely
different structurally. They do not merge ‘sacothly from :one ‘4o the other.
it-is possible‘to'apply-thg;results alre&dy“ODtgined%byithe:authon,
in model tests on the maximun variation of ‘the coefficient of discharge
for submerged welrs, to.Gallich's and Wagerer's acthods of calculation,
-otteining the best shape of the parabolic crest from & ‘hydraulic view-
polnt according to gfiiiich., -Usiag this improved method, .8 curve for ‘the
‘crest -cer be compubed which changes unirormly_throughout evenkatfthe'transi~
tion from.subme;ged;to'frse-wein. ~The»unﬁightly.andAexpensivé Jagged
crest in figure 30 can be assimilated to a parabols, the amount .of
assimilation being left to the designer. ‘AL guch -a Grop op :the Sulz
River at Berching, a flood of 2,6&8‘secondvfeet_overflowedxthefbanka _
«of ithe canal;-yet'the;poaiticn_of>the;dxqp and ‘the localized drop-dosn
curve ware clearly evident. :Although'with;thiaadischarge,athe;drqp‘wan
submergad,.andLQﬁlyla small -difference in elevation exlated between the
‘headwater and tail :mater, yet for»a=considerable.distance-dounatreanffnogl
the(drop,.the'flbw~was seen to Dbe varyidiaturbediand‘jtrriolentiygﬁftaék-‘
ad the bed and banks. 'Iha.secbion,atxtheadrqp compared‘to.the;c:oaa:aec—

tion of the canal above the drop pq?aeaaed.a rel&ﬁitely:small=¢ontrachian.

This design corresponds e a-valuéhof:p“of:about 0.70.
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. :The ‘larger pu'is taken-and:the :amaller the net | flow-area, ‘the .larger -
‘the velocity and ‘depth of . flow-over ‘the drup. The.vange of ‘the ‘trajectory
‘of “the nappe increaees with an . increasing wvelocity ‘over ‘the .drop. iAt.:e
‘arop- at"wettenhauaen'on*the‘x&mal ‘River,' the oirex"failling nappe ‘ caussd
tthe . banke ito ‘cave :in -at ~the end: of i rataining wall., The. lmg'c.h ‘of ‘the
-a%111ing: pool about 79 feet, was too short: reldtive: toct.heﬁrange rof ‘the.
.nappe. :1t was.resolved, therefore, to shorten: the : renge of ‘the nappe
‘by :increasing the. area: ‘of :flow:at ‘the drop. 'Hence :the ‘top:portion of
“the parabolic 8ill ‘was :removed .for -a considerable distance. By doing
-this, “the: hackwater affect during-high. ﬁatsr ‘due ‘to the coatmction ‘wa.s
‘necessarily lost. During the: follouinb FeRT, ‘the :sand.ang gravel ‘bed : of
the upper csnal 'was -gcouredto 4. depth of -about "33 feet. \

‘A narrow parabolic crest by creating.a . large: contract.ion, .raguires
‘a. 1ong ‘snd-wide stilling: paol._ ‘A-drop ‘on ithe ‘Strogen River atiLangen— -
pr:aiaan :hag the widest pr.rt. of ithe :a8tilling poal -at  some:distance :from
the ‘drop so.as . to take account of the ! ‘trajectory of : .the: nappe.

‘A peculiar .type:of .drop.ie found -on: ‘the! linual ‘River ot ‘Thannbawsen.
“The s4ll ‘is paraboli:: An form-and iis: [ATTOR . :ln compariaon with the width
of the-canal.

tremities of the. gill. "The ;.s!;or.t : aection .of .,.the g cam.l ;Juut .above the

.drop -mas:now.shaped like -a nozzle. Mot .only was the backwater effect .
due-to ‘the .contraction at ithe 8ill lost, but .also:the.nosale-ehaped ..
;structure created.a. shm;io .drop-down ;curve which was lfjux'-t :mg ilarge ‘as “yhough
.the canal was cnﬁtinuod directly to tthe :brink of “the . drop-wilthout :a:sili.
-Bence, & contraction in. .the ares.of -'fldw is.cnly -effective; ‘iﬂ ;produciag-a
-backwater effect when :the banks of ths. ca:ml aze nod warped igo .£1% ‘the
;8111 ‘at the drop. .

‘The .Ilngolstedt ‘Agricultural ‘Engiaeeriug Coenisaion -acquired:a ‘lacge
.amount . of :worthwhile -date at:a drop on:the regulated Weilach River. :The
Crest -of ithe. dmp was dealgned: m:caming 1o, Gaxlich‘s ‘mathod .withy =:Q.,85
and 0.75, respectively (figure 37). '

The relative) - large.coatraction: caused  the nappe ito’ have & lm:ag
i;trgjecbox_y. "The ilengtk -of :the:; e&tilling - pocl “prmmd e be 400 : short
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espsc¢ially with large *,.p=values, ':;éo_t.tbat i-thg; ';-:baaks ‘atithe ‘end of the
-side wdlls of the+gtilling . pool "ﬁere rerpded, | 'Furt.hemore, ‘the. canal
railted-upiin ‘the .coures:of:a year; :thus: t.ha contraction ‘WA tuo :grent
~egpecially. at normal waterilevels. .-.The.redeaign\of the;crest:accor&
‘ing to'Ragerer resulted in-.a ‘somewhdt ' better: nha.pe. “The “aill““we.'s |
‘parabplic iin. fom only up-toithat: elevat.ion at- wh:lch the. nappe became
ssubmerged. 'Abowe thilsn elevation t.he cremt cconsists- oi‘ g atraight Iine
which: meets the. parabalic.part-tangen 1ally. Upito ythis*transi*!'.!on,
‘the contraction 1s:somewhat: -spaller ‘then-for- Gullir-h‘s duai@ and hence
-the danger-of- silting 18, greatly reduved. ’Ai“be;rm da, 8. ‘rectengular
‘opening was .cut.out -of "the !lower part:of 'the rmr&bolic aection. 'l'hewe
.changes -in:the shape of .the drop have- v’innicated ‘thewsalves. &uring a -
‘perior.of:a .year. At other drops the parabolic.demign. hasrbeen:die-_
_penséd . nith at.the outset:end-eimply a.rectangular-slot used. :Bowaver,
rthe resulus .do.not come upto-expectations. ‘A proposal :by ngerer for.
~the design of a-drop-is shown in figure 37. ‘?lt-‘conta‘.iné:-&-'i'&rge TeC-
‘tangle at the base of ithe-aill-ehich takes care. of the :emall: dischargea‘
‘with:enly. & very ‘-’mallk-backwater -effect, ‘A tx:apezoidal secticn ds
-superposed on the: recta.ngular -slot, -and- ext.encla laterally farther than
:the parabolic crest. The amount-of contractioniis about the :ssme .go.
'4hat .the backwater effect is. approximstalyfthe 8ane for ‘the itwo desjgne
~duzing - {loed dlischargas.

Ailler31 proposed, forithe best: dcnign, a: trapezcidal nat\,h _
whpae sides are: ‘parallel ‘4o the.sides -of ‘the trapezoldel canal. (figure 30} .
"This design. hes not groved. aatisl‘aci’.ory and:-sall:further details -are: dis-
-penged alth ‘here.

"Slﬁasere:; ‘Zur Berechuung a.buankmg’aﬁ'rei-ar..::.&butﬂrze{ffoh -_me_be&i;gn -af
& Drop. Free from a Drop-down ‘Curvs) «and :Alller; :Die Wasserabffhrung
‘abgetreppter regulierter: .Blche ! (The | Discharge.of : Strem Ragulatad
:by Drops). .Boih papers- ‘werTe. .pablighed :in ‘the "internal . publicaﬁicna
of :Agricultural Engineering ‘Board,
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“Other drops are. des‘igned'cli'fferenﬂy 'accordiﬁg ‘to ‘their ‘various
Tequirements. Rectangular.notches contract the: nappa very markadl_v
-especially during. :floods 80 ‘that extensdve prot.ection ‘of ‘the ‘banke
dowostrean from the drop-is: neceesary. o - ‘

‘In ‘Austria, drep creata are-usually ‘lined -with: natural atma, 0
“the :atructure ‘is‘a concrete one, in order resist ‘better ‘the . -scouring
‘ac_tionqof.nater and silt. 'Saall triangular.no_tcpea iproduce -only ‘a
.small ‘backwatar effect during .flood atages. 'They ars -satisfactory ,E:l’i“'
the :floods. are ‘small -and of "short: duration -and ‘1f ‘the .stream 'bed
_possesses a large ‘liaiting, ‘tractive force. _

‘A compound - .cangl ‘cross: aect.ion requires.a couplex: drop crest.

“The drop on “the Sulz Rivaer: 4t Bail:lngriaa ‘hua a ;peculiar design.
The crest is divided ‘into .a normsl flow -#sction, ‘an . average ‘{lood :sec—
+tioh and a bank-full :zgection. '.!'I:ua slopas of ‘the :8ides are different i‘ur
the ditferait -sectiona. .The ‘lowest section :is.a rectangular:notch; -the
-other two :gections have :side ‘.::slopes of 'L:l and Iiljz-l +5, respectlvely.

‘The contraction-at the drop ie cons‘i'dérablo 'diming;;paripda ‘of "high
water. MNo scour was observed. ahov'n ithe - drop- .

“The Weilheim Eoard .of Works when designing drope of -emsll height
-departs eatirely 'fromithe ddes of contracting the crese section at ‘the

drop. -Diffarent 'desigris at warioue locations ‘were ‘tested in .which ‘the

| .eross :section gt ‘the drop -was expanded ’in*cempal‘.iaon with -the ‘canal
cross section. :Such drops:sre submerged. during {loed maﬂs. “The
‘bottom of ‘the capal above the drop A8 xdprapped ‘to :provide .& ‘High 1is-
Ating trective force., Expending the- c;oss‘aection,,at. ‘the drop, .j.ngofa;'
88 the best hydraulic design .of :a .&tilling pool ;i;a concerned, contrl-
‘butes toward reducing the dlatance in shich ghe distrubed flow s convert-
ed iinte quiet {iow, -or, An other words, ‘the diat.ence ‘in which :the kinetic
enevgy 18- ‘tranaformed Anto potent.ial eaergy. Uuii‘om flow ‘began at sbout
6546 :Teet downstrean from the drop. ‘This deslgn should be classed awong
‘the best, hydraulically -spsaiing. - '

4. The.Design of the Shape of ‘the Great

An:figure 43, diacharge -curves for various ‘types of crests are
‘sbhewm, the napge :Being frae. The -canal. sacticn .is ‘aguumed ‘Lo ‘he ‘trape-
‘zoidal with.a bottom width of 9.8/ :fest and eide ‘elopas of 11l.5.
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‘According to curves 4 ‘and 5,tthezdiachurge«ut~a=depth;-df:”ﬁ:ﬁéfraet,‘
and a slope, § =-0.0015, e ¢ =.646. R‘aacon64£eet. ‘The diecharge
capasity of a canal for & given-depth cen bs: ‘obtsiined Lroa .curve ((1).
The firat form that will be diecuseed iis ‘the pavabolic crest. Thie
erest has“such dimenaidns-th&t:itiiasdaacribad'aasaiﬁeir’“without:atdiop-'
down curva." By naglectingfthé:velocity of :approach in ithe censl, the -~
first approximation of a- porebolic ‘creat . {1 in the : ‘skatch ‘in figure 43)
ie obtalned. In the majority ‘of cases, :however, it is: neceaunry %o
conaider the velocity ef approach.

This gives purabola (2). The difference in the areas -of -thesa two
.parabolas becomes considerablie as the depth incrsases. :Discharfe .curve
(3) :for ‘the parabolic crest follows the diseharge curv. -of the -cansgl
‘very closely. The amount-of backwater, -or the amount :f -drop~down dn
‘the water :murface ‘for various -depths of flow is given ‘in dable 2.

TAELE 2

Rater: .tBackwater Height:Drop~Doun ‘Heighi -:Drop-Down Height
Depth; .t .above ‘the ‘s Above -a Trapesclid-:Above 'a Trapessid-
‘in 3 '+ Parabolic ¢ calfirop Orest ¢ gl ‘Irop Crest
Canal;Discharge: Drop.Crest 2 3Bide alops 1:015 -Side . Blope 13015
Feet: Sec.—Fi.s Foat 3 Feat : ‘Faot

+0.00 . +0.00
015 Co =QudD
037 t 0 H2
~0.05% -~JB)
=046 =097
R Y —l 11
=055 =le26 -
—0955 ""-1-043 o
-0.51 =ile 59
~Qabd =loTh -
-0.37 -1.88
-=0.28 202
~0.16 =216

~+0.000
+0.205
+0.180
40,150
+0.114
+0.096
+0.090
+0.086
+0.080
m 5068
+0.062
+0.053
+0.036
+3.000
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4 backwater beight of 0.18 feet is oxperiuz:cnd with pnmuolﬂc
erest (R) when the depth of flow in the cenal g 1.0 foot. With an
ineresaing depth of flow the hs.ckweter he:lght decreases wntil at &
depth of 6.56 feet 1% becomes zero. These backmt,ar helghts are so
emall that this drop may be descrd bed as ™free from a drop-dom curve.H
Whoether or not 8ilt is deposited upstraam from the Qarop @z & conssguence
of the contraction will now be discussed. Yhe imcreamse of the avorage
velocity im the canml ns the depth in the canal incraases ip shomn by
velocity curve (6). The veloelity curve for parabolic drop {2) is given
by curve (8). This curve indicates a minimum average velocity in the
ceual or the velocity st the maximum backweter, that is, at the begin-
ning of the localized drop-down curve. Ir the limifting tractive force
for sedimentation is aaesumed o be o = 0409 pounds per square foob
corresponding to an average velocity of 2.00 feet per second, then
with a depth of fiow, d ¢ 1.74 feet or with a diacharge Q & 52.97
sscond-feet, the possibiiily of silting exiets providing the mior
carries =31t and sand in sufficieat .,_uantities. ¥hetber or mot, dan-
ger of silting is present, can be deterained caly in connect,ius mth
the local condltioue. |

A trapezoidal crest 15 now congidered. 1f the cross section at
the drop has the seme dimeneions 28 the canal cross section, the dig-
charge i3 given by curve (5). The mmount of the drop~down for various
deptha of flow can be determined from table 2. For & depth egual to
6.56 feet and congidering the wvelocity of approach, a drop-dmm of
Z:31 feet 1s attained. : ‘

A trapezoidal crest has been desigued to discharge G46.2 second- |
fest without a drop-domn., For a bottos width.of 9.84 feet and s slope
of the sidea of 110.15, the discharge is given by curve No. 4. Tals
aeviates considerstly from thet of the camal itself. The mean velocdty
Just upetrean from the drop ig greatéer than the canal velocidiss at
ell depths of flow with the exception of 4 = 6.56 feet. Thé drop.
dowr for various @iepths is given in the tatle. %he sexisum velue i@
zZ = 0.56 feet et 3 depth, € = 3.28 feet. 1n conssquence of these




wfﬁ.;glgced bi tha total head, h +; k, where K = EE

‘ u - o TSI N
amall values of the drnp-down of the watar surface‘~n
reaue in velocity occurred 1n the canal. o

In all cases in’ which & danger of siltihg exia 'ﬁ,thégtta'bzgiHQIfQCF*Qz

“ahape la tu be.. preferred to the paraholic shape g L
3 The diacharge capacity of triangular, rechnngular,vtrnpezoid31 
'{and parabolic drop crests 18" easily computed by aimple formulaa"hbnm

lever, a circular crest 1nvolves & solutian of an allipbic 1ntegr51i>‘ . R

f  (figure 14) SiuoBz atudied the aquationa‘

325110 Attila, Kﬂlenfele al&ku nyilaaokon Bzabadon atbukp vizmennyi-

seg meghatafozusa azamitaaael kﬂlﬁnba tekintettel a8 viamoeaskstagga-’:"

Aakra’ (Mathematical and’ Graphical uetermination of: the Discharge ‘of

_ welrs. uith Free Rappes of Varioua nhapes with Special Reierence *; 
' -gte thair Appllcation to- Check Daxs for Hountain Straama), Vizﬂgyjf
- K;leemenvakt Yol. 16, 1934, Ko, 3s (Eunggry). ' S
, crests and recommended that Y par‘bolic crest b= used;in placa_: T:“

'circular Lrest pulnting out that thay both give approximately the
 seme results. He ﬁeveloped 8 methud for’ calculating the discharg
ffor any given shape of crest which. gives a‘vapid and reliable sol

o im general, accorﬂing to figure 45,' ' IR -

dQ X /E—E dh
.Q ;12 x /2515

The area bounded hy l, x, 3, and A is aqual to;iﬂ~3
v P DTt
A PR
7 "56-5_‘,ff ~:‘o_-_'. Y g 1;_,bi g "tfd'
'fConsidering the veloclty of approach“" the canal, tbe head ia re»

- 2g

.l' 2, 3, A representa the zheoretical discharge,  fQ§h:“ﬁTh§ ;}*
actual diucharge i8’ given byz SR PR
o Q EFch




This-comput&tionfmathod:&s:devélopedJforca;pardbﬁlickcreat
An figure 45, The numanical5dimenaionaﬁare:taken:froﬁ}the:preceddng{“
example. The equation of auparabdla.throughfthezvéutex{ia:

¥ T4t 5R
b2
which may be written:

iy 3 0.268x°

‘Table 4 :shows the balculatioua;for.ahaaVarageﬁincrement~df:heud‘

Ax = Cadh2 feet
fhe actual discharge over ithe parabo’ic creai is

‘@ =2 (0463) 514:2-= 6479 second-feet
.assuning a coefficient of discharge, p = 0.03. uxhia~mhlue;of

‘correspends ‘to the average coefficient for a welr #ith side con-
trections. >

533Keutne:,fﬁassermengenmaaaungxenzﬁehrenfmjt“zwéiquudadrdiaéitiger
f(Poncélet-Uberf&ll)‘Einschnurungf(Dincharge;of-ieira‘ﬂithiTwoeand'

-®hres-Sided ‘Contractians — Poncelet :Weir) Die :Beuingenieur, 'Vol,
131 EZQ Po 399- '




Table 4

:Parabolic Drop f‘C’reg&
oy = 0,268 o

‘hifta t.'g 2 ‘§x fEibek L£ts £t ./sac, 325XV m* T0t. i aac.-ft.
2 ¥ '3 "1 -3 ) M 1
Q.00 }6.561824”_43:4.952 G000 2 “0.00 14 0.001 ;3
05230'76t331 3230623£.e 863 0-6173 :i6c30 155, 4 2R 730*2303 '..60'!;
0:49216.000322.6514.76: 0.871  7.55 365.1 36€0.330.2621 15.8
0.98415.5T732048L344542 Y1387 9.42 4T7.8 3L 51044928 35.2
Le4T635.085118.97:4435: 1.864: 10.990 8643 182.130.492: 40.4
15683459331 73434142 . 2.3568 12,34  :192.8 189.630.492: -44.1
2.46114.100815.3013:912 28481 13.55 119660 194,410,493 46.5
‘R4953:3:608:13.4613.678 33408 46T 19707 219691044828 47.7
304455311681 00383408 348328 15.775  a97.) 89742004928 47.9
"3.0%732.60248 9.7923.138 L3248 16070 219447 1195.980.4921  4T7.2
4al2952.1328 T.96:2.828 44817t 17.62 219042 192.5:0.4921 455
4e92151 640t 61282478 5,309 (18,50 38300 286.7:0.4920 42.7
5413811482 4.28£2.07: 5.80%ks 19,36 $TR3 27707104492 38.2
5.50610.6558 2.4421.562 -6.293: 20418 3576 :365.0:0.493: 32.0
6.234380.327s 1.2281.103 "6.621: 20.67 .141.41349.510.328: 16,2
6;%8‘0.163: 0 l6130078! 6-?85! 20093 ‘530-2 :35.8:0-16"0‘ 5@9
6.56131.0001 0.00i0.00: 6.949: 2L.16 1 :0.00:13.1:0.163t _ 2.5
] °3 °3 i3 3 '3 H 12 2 Blbe2
2 1 -3 ¥ 2 3 ;3 ) 8

zg® =1/ (2 + 250)

jy=t-h 3 i §V- 28(h+k)g g A0 1AG=Z, &
$ - 15
%4

- 'SUMMARY

The bhefght of a.drap 'is.a given guantity for the design. Using

‘this height,.a calculation is made 'to determine .whether the napps is
" .free or:sutmerged during flood discherges. :Ehe:uaximumtVéiocity-aﬁd
maximup tractive force are:alao-computed;

For an ordinary drop with:a free.nappe, the depth of flow at the
drop is less-than the critical depth. .Just:upstress fxom the :drop,
‘4he bottom and :banks of :the canal are.ercded in .consequence .of ‘the
‘high velocity -existing Lhere.

%he distance of ‘the beginning of the drop-down curve {rom the
brink of the drop depends on‘the“bottaa;alqpecof-the.csnal;;the: .




greater ‘the :8lope, the nearsr is the ’beginningfof the@rop-odown
-curve to ‘the 'brink -of ‘the .drop. _
1n order to combat:erosion:df ‘the bed, .itiuia:'neceasaxiy to .con-

‘tract ‘the cross section at ‘the drop relative ito ‘the cross :secticn
‘at ‘the canal. A flow "free from a drop-dows curve .can be estab-
'1ished by a properly designed drop. However, in the majority :of
ceses, this 13 not - expedient. -

1f floods havea ‘short:duration -:often they laat .for only:a
:few hourn out -of & year — a tractive force larger than- the 2imit-
‘ing :tractive ‘force of the bed material :is permissible. . ucontracted
-drop ‘1a:not edvisable 1f silting of -the .canal -occurs ‘frequently,
fer tontracting ths:nappe also incroases ‘the Tange of its trajectory.
‘The stiliing pool must ‘then be lengthened which incrsasss ‘the v'cost nf‘.
‘the -structure. 1t 'is proper to choose & lower 1iait for the con-
:traction.

‘A contraction =mhich rprod_ucea -a ‘backwater .affect - :in contraset
‘to & drop-down - is not permissible if:a velocity .lower -than the
limiting sedinmentation velocity 15 thereby .créated. iin .genersl, ‘a
‘trapezoidal crest s to .be prelerrcd:to-a parabolic:crest ‘because
with -the former there 'is no ‘backsater effect at low.discharges.

'1f -the height of -the . drop:is.go amall 4hkat the nappe ‘ig pub-
.merged-at higher discharges, ‘then a contraction :ghould be -used. _
‘Wdening the canal 'juat upstresm from the drop will ‘insure a quiet

uniform Clow even with flood diacharges.

“The frequently used trapezoldsl canal .cross ‘pecticn 48 .often
dsformeG in the course.of :time due 3o the scouring of itha botiom.
‘From:a bydraulic wviempoint :the best form of croas section s
trapsrold .euperposed on.a parabolic or circular fbattoui. Compound
‘eross sections are:not - racumenden since ‘they have & tendsncy 4o
.silt up; .also ‘the -trannition i‘mm the .canal :to the- drop increamsa
the difficultiea of construction. i

-An earth canal is :the cheapest ft.ype. 1f, -however, the
‘bottom of .such-a .canal -has.a .gteeper slope than is permiesible with

the given eoll _‘prapert.ies_, @ 'lining aof ‘the bottom and .eide .slopes of

42




‘the canal iafreqﬂired. :In .genersl, ‘a 1lining need not ‘be ‘dmpormeable;
346 clitef function 18 to rediat the -scouring action ‘of ‘the flow. For
.siltwladen'streama=a:liningcof;fascinea'or%bitumenﬂis‘not~expediau§,
and in :streams coutaining marsh water or carbenjc:acid, thé:usagof'

.concrete ‘18 inadvieable.
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