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FOREWORD |

Oo]cara.do Rlvm ongmntmg in the meltmg snows’ of the Wyoxmng‘
a.nd Colorado Rockies and a.ugmented by rapid r run—oﬂ' from spaqmnd:c

©'rains and cloudbursts over a vast arid ‘region, ‘has’ menaccd“hfe fand *

property in its descent to the Gulf of Cahfo i ‘émce the da.ys of the

g . first, covered wagon..

- With incressed pnpulahon along the lo, er:
‘ problem of controllmg the Colorado. became more 1mporhmt..

- ‘Tecent years millions of dollers have been spent’in mitigating t.he: evxll
of silt deposwmn and in’ protmtmg; ‘the’ hlghly ult.lva.t.ed A

L Vn.llcy lsnds from annusl threats of undatl

7. 'The-need for'a comprehenslve ‘plan’ of ‘de

e ra.va.ges of. Colorado Rlver, to regulate: i

C pa.rt of its enormous energy:| led ﬁ.rst o mvest}gatlons 'by the

. mation Service of all water storage possnblhties next, to the Oolomdo
- - River ‘Compact, & mutunl agreement. for the probect.lon of the seven -
- 'basin States; and, finally, 16 .the n.dopmon of ,the Boulder Canyon e

o pro;ect. 88 thc initial develc»pment

. The: Boulder Canyon’ Prolect Act, apprOVed Dacember 21 1928
a.uthormmi & total -appropriation ‘of. $165,000,000 - for. the: various

features mvolved “These. include Hoover: Dam- “and/appurtenant. . i

"’ works, the power. plant. ‘the reservoir, and the: A]]—Ameracanm_Ca.nal
o Syst.em‘ The purposes of the project. are: (1) Ylood and silt-co _
- for protection of lands along the lmver nver, (2) lmprovement.-lof ‘
- nnvzga.tlon, (3) nVer regulation’ ‘and’ st.omge of water for-irrigation

2 pnd: ‘municipal use; und (4) deveIOpmexlt_ electric, power for domestic

‘and industrig] purposes. . The project” is. élf-hqmdatmg, largely

“._-.._through contracts. for: dnsposa.l of - elektrical - -energy.. - It ‘was eoD- .
 structed and. is being operated under/the ssupervision, of: the Bureau ST

| -"‘77“Lof Reclamation, United States Department of ‘the Interior:

- Hoover Dam is iocated on the Nf'vadmAnzon& boundary near Las . |

"‘Vegas Nev., &t 1 plsue ‘where. Co!r.orado River has carved s deep gorge

_between towermg rock cliffs, kmwn a8 Black Canyon The damis & _’;

- concrete arched-gravity structu,re with ' maximum helght of 726 feet
_above foundation rock, &’ mamuum bn.se th;ckness of 669 feet, anda
" crest 1ength of 1,244 feet. - The dam and appurt,enant works ‘contain -
4,400,000 cubic yards of oom:rebe of whick 3; 1250, 000 cubw yards were
w-mqunedmthedam P L R




a FOREWORD

Durmg construct.mn the nv was' dwerbed t,h,_ rh
dmmeter, oncrete—]med tunnels two on each i '
. tunnels were, subsc'quently plugg-e eal
spﬂlways, cach of 200,000 & {
“inclined’ shafts to 'rhe two outer
. power. penstock is ‘
- “from the reservoir Js,controlled‘b rylin
" ‘founded on ‘the canyon walls
. Four 30-foot ‘
" towers; conduct water to the
_ release of flood; irrigation, and
- plant dlscha.rge is insufficie
" the dam is 115 miles long’
- ‘the’ eqmvnlent of 2. yea:-"s normal ) ver"ﬂo
. The power: plant is in U
over:200. feet hlgh ‘and 1,500 feet. long, :
“The plant is designed for-an ult;
‘ b5, 000-horsepowe, umit makmg a .-

f caITy wa.ter to uﬂgate _lan
. 'The canal proper, with
- the largest ever const.ruct
‘The entire Boulder Can

. "'dmn.ry The heigh
power umts, t,he di

are W'Jthoutpreceﬂent "he
' many new. problems a.nd intensified mar
vestigations of an extensive and diversifi te
" tures represent,mg the utmost in- "iﬁclency, safe
. construction and operation. . <l 4
The major credit for the conceptic
~ tien of investigations: leadmg to its ‘udnptxon'musrt be”
lste Arthur P. Davis; former irector of the Ri lam,
" Dr. Elwood Mead, Commmsxoner of Reclas ) g
. part of ‘the’ construction period, passed away:

. * . Inonths. after the- dedmatlon of Hoover : _
- his untiring gervices on the Bouider‘ anyon prmect’
S created by the const.ru(,tmn of t.he dnm has been

" Leke Mead. < . W




- Intruductory stntement- Zas
Engmeenng orgnmzatwn durmg uonsb
. Foreword .

‘ :LExtent of present etpenmenta! program
. 4'Record of preﬂeut ex-penm vtal program ..

PROCEDIfRE

E\PERIMENTAL F‘QU PMEB.

. B Expenmental ﬂume._ .
9 - “Weir shapes’ teated .
: The coordtunmeters_-

: '.TEBT PROCEDURE

: Exp]nnataon of svmbols_____.
' Relation -of ;gages to welr .erest._

ANALYSIS OF EXPERIMELA TAL> ﬁESULTS

Cumpdatmn of test results
. “Method ‘of. cnmbtmng nappe. proﬁles_
" Relation of E to} sveloeity -of appronch
Dlsoharge ooefﬁments o
Mmor fact.ors aﬁectmg nappe proﬁles

Des:gn of an: ovarﬂow dam aecnou w:th vertmal u tream t'a.oe

: ) Determination of wall: hexghts for. overﬂow dam -sectiog.

‘, Debermmatlon of pressure reductxon on upstres.m face of dam_.' _




' ANALYSIS os' EXPERIMENTAL RESULTS

_',We:r shnpcs tested
"':'Oompllatlon of na.ppe-shspe ‘resul

" Bagzin's results on'2:1 and 4:1 sloping- wei
Relation of - E to vclomty of approach

8- Discharge’ coeﬂiclents

]Reductmn of prcssurc '

Des:gn ‘of overﬂow 'sectnon thh elc-pmg upstream faoe_
Design of overflow: ‘section’ with shallow. a.ppronch cha.nnel'
Design of overﬂow sectwn'mth shallow approack channel and gates '

| WEIRS WITH UPSTREAM OFFSETS‘ AND' RISER"
: . ANALYSIS OF EXPERIMENTA’ RESULTS

‘Weh sha.pes tested
Anal_r, sis of na.ppe-shape resul
Analysis of. napp&shape results, tvpe D. ‘weir..2.
“Flow characteristios of overbnng and’ oﬂ'ﬁet«type weirs:
: ‘Rela.tmn of E. Lo \eloclty of a.pproach

* Design of cnerﬂow dum sect.mn ;
: Des:gn of merﬂow dnm sect.lon

SUBMERGED F OW

.: lntroductlon :
: Summary of pmgram

' Test results on pressures. .
'_‘Applxcat.lon of results '




'CHAPTER VIII-—OVERFLO‘W ‘SECTIONS'FOR HOOVER ‘DAM
SPII.-LWAYS

‘Glory-hole spillwa
ASIde-ehannel splllwu.y with frec- crest—model 07
\ Side-channel spillway s¢ith: Stoney ‘gate .and:frec ores

\.. Bide-channel.spillway; ‘with drum. gates-—-—models M-
'fSIde-chanm.l splllWa.y——model G40

. Side-channel spillway—model ! 7ot

- ‘Compatison’ of mudcls M—5 C—ﬁ -and ‘C~6- (ﬁnu.ldesxgn)
;Sgational modol C—B-.."'
| ‘Couclusmns

‘BIBLIOGRAPHY

_ ‘Blblmgraphv ‘an ovcrﬂow dams__---'
]B:hhogmphv ol snbmergcd dams,_




LD:scharge-coeﬁiment curves from’ models ‘i ox
‘J‘Dam coordmates and fme c.'rat coeﬂic:ent—of—dxscharge LUrY

W




Submerged dn.m stud:es—results of e:mmple R JoE
‘ Sﬂhmcrgcd dn.m studxeﬂ-—result.s of exnmpleﬂ 1

Water surfaces and plezometnc preseurea-ﬂhnpe Ty modgl -8 faemg 178
B Water surfnces nnd pnezometnc presaures——shape 8 moqel Cr-8




[-N: - | o M- WL N

COF-]TENTS
LIST OF TABLDS

Summs.ry of to,sts on" weir wnth Vcrtwal upstre&m fa.m
Method of combining nappe shapus for, vertical: face wmr
Coordinates for overflow, section—cxample 1

Coordinates’ for upper. surfn.cqumplc 2; e
Summary of tests on weir, mclmcd dow nstneu.m on l 3 nlope-_

Methed of combmmg nappe sha.p(m for weir‘: 1t.h 1 3 downstream RS

“slope.:
Summary of tests on uelr mchned downstroam on: 2: 3 ntlope
Summary of tests on wexr mchncd downstream on' 3:3 slope.. - ot
Methed of - combmlng nappe shnpes t'or v«e:r vut,l ‘23, d 'nstmmi_. X
slope.

" Method of combimng nappe f:hnpes for nmr w1t.h 33 downstreamj ]

- slope..

_Bummary of tests on weus wnh 21 and 41 downstream slopes'i

(Bazin).

‘ Coordmates of lov\ er nappe for d:ﬂ'ereub 'mlues of -;-;—--— emca.l welg

Coordinates of lower na.ppe for dlffercnt vs.lues of 7}:’—

Coordmates of lower nappe for dxﬂerent. values oi -}’—}- -—-3 3 weu'-

“ Coordmntes of upper nappe for dlﬂ'ereut vnlues of T
. l

Coor.;uuates of upper nappe for dlﬂ'erent vslues of fT:: _ ;

Coordmat.es of upper nappe for dxtfcrent values of %f

(Bazuﬂ s e _‘.' l _

'Coordmates of - upper nnppe for dm’erent. va]ues of Ti’ --4 1 weu' SO

. {Bazin) .-

. Coordinates for overflow sectlon—exsmple 4__

Free overflow section with shallow approach chnnnel—-—example 5_..,_ -
Overflow aecmon mth shalluw apprga.ch chaund gates on. crest—
example 6 ‘

- Bummary of lests on weirs with: 45° upstream overhang

Method of eombmlng nappe shapes for weirs with45° overhnng-- e
Coord.l.nnms of lower nappe for. dm’erent va.lues of . Z —overlmng
[ ]




AR
'l

,;Coordinatcs of . uppcr nappe for diﬂ‘erent w.luea of L —overhnng_‘_'f:; o

Coordiuates for ovarhang overﬂow aectmn—examp]e

- - “‘35 Coordinal;es for oﬂset overﬂow sect:on—-example 8---;“_‘;'_-.

_Pressurcs on upstrca.m faoe of dam——exumple 12 .



CHAPTER I-—INTRODUCTION‘ AND GENERAL

DESCRIPTION OF LABORATORIES *
INTRODUCTION

7 l. Seope of Bulletin.-lnasmuch a8 the Hoover ‘Dam- str_uctums‘f f';" -
. were of far greater magmtude than sum]er structures; prevlously built; .
* thorough studies were necessary to. insure: ‘reliable ‘designs. One 0

* the more importent of these studies was concentrated o

channel spillways, which were of unprecedented i A’"for thlstype )
involving velocities of approximately 175 feet per second ok Bulletm 1 i

_part VI, of this series contains the results of the, ma)onty hyd:
model tests made on the Hoover Dam splllways 'I‘hts bulle
actuslly & sequel to the former bullet.m but is co i :
‘ overﬂow crest section. . F i o
- In the design of various prelunma.ry form- of spxllways proposed for it

Hoover Dam; many questnons arose in’ eonnectlon with the, overﬂow.f? o
crest section concerning which reliable data were msuﬂiclent, to permit . .
dependable ‘solutions.. Therefore, a series of tests ‘was' instigated to
provide mor¢ information. on the’ design’of the various overfiow crest .-

. shapes propnsed for. the. Hoover Dam - sp:llways +As’ this field of
study was oxtremely broad only a very few of the. expenments*wem'--‘,.ﬁ P

completed previous to the actual constructaon of the spillways. -

‘eubject however, was of such universal interest to dam’ deexgnem that o
- permission wes obtained to continue this work during slock‘penods :;lg_" ,

As o Tesult, the final program included a much ‘broad"
thorough study than was ongma.lly n.ntxcrpated -
. Included in this bulletin; in addition to the results obtamed‘exp‘

mentally by the Bureau'of Reclaniation, are: references to all other '~ _
available information on the subject. The combined informationis -~
now sufficient for design of the most common overflow. sections, ' An’ .

~ attempt hes been made to present this mformetlon from B practlcal RN

standpoint for the use of designers, - e
" With. the trend in recent ‘years: towa.rd hrgher dams and greater

depths of flow over fiood spillway crests, the: mportance of prondmg.?*-:-." R

‘the correct profile has been ma,t.ena.lly increased..” It has been:the .

- accepted practice for many years to deslgn the erest of an! overfaﬂff. O
dam with the sssumption that the space beneath the jot froma sharp- - -
crested weir is filled with burldmg material used in the dam. Deepite AR
all the studies prevmusly made on the charactenstrcs of ﬁow oversa

15as1s°—48f~—-—2 _ e e




R S swnu OF aussrs FOR OVERFAI.L DAMS

e wexr, the undersurface of the nn.ppe, bemg dtﬁicu]t to observe, haa. "

o recelved a rclatlve]y sma,ll ‘amount of attention. :

A deﬁcmmcy of Boction ‘at any point under t.lw nappe will. result in

" the formution of & eubatmosphmc pressure betwaen the' downstrea.m}‘

f&ce of the dam and the napps of water. ~With the formatlon of thm
. vacuutn, three undesirable condmons ‘can develop e
" 1.'Theresultant force on the spxllwny sectlon-mny be mcreased
- due to the reduction of back pressure, which may detract from. the v
stablllty of the 'dam agamst overturning ‘and shdmg _ SRR R
2. 'The. mst.abxhty ‘of ‘the subatmospher‘, v

. intermittent pressure ¢hange, can cause cavitation’ a.nd "ca,hzed_'_. .
« !disintegration of the boundary, known as p:ttm :
3. The intermittency ‘of the aubntmosphenc pressur caused by'-

‘ -“t.ha unstable conditioh prevmlmg .beneath :the flow: ‘sheet ‘can .. -

_‘cause ‘a state of vibration in the dam.  While. "the mphtude of ‘]"
‘this vibration may be exceedmgly small t.he ‘accumulation of
forces within the dam can’produce- secondary forces, particularly .

.- if the natural frequency of the structure bears a pa,rtmula.r relation, .
. to that of the vibration of the’ nappe; Thm event is usuﬂ.lly‘_‘_'
accompn.med by undeeurnb]e rumblings and may; even' gwe rise
to a movement resemblmg an earthqualke in the prommjty of the- e

) structure :
The under surface of the 1 na,ppe as it leaves a weir c.rest rises shgbt.ly, -

) 'gradually becomes . honzonta.l and ﬁnally falls, followmg & path. |

o ,approx}matmg ‘a pa.rabola. To the ummt.mtad the rise in this'c curve).; .

of travel is° mslgmﬁcanb and scaa‘ely notmeable ‘but-it constitutes an - -
L extremaly important phase of the’ fundament&ls of the contraction'of -

- g jet of flow ‘over & sharp—edged control Wlu.!e tlns shape has been:
*" the subject of conmdemble study in the’ past the results i in most. cases'f
- ’have been based elther entnrely on theory or on rather meager expen o
~“'mental data. o - B

2. History. of Préﬁonl Expenmentﬂ Work.HThe ﬁrst and ‘most ex—’jyf-' ,‘

2 tanmvc studies of ; nappe shapes were those of Bazm,l made in 1886-88,.
in which he‘reduced his observations to unit hes,d and constructed a"“f
base curye: representmg “the results of his expe;nments -In the present -

‘ "studleq on this subject Ba.zm 8 result.s have been used fortcomparat:ve'-

The terniI “na.ppe a8 appl:ed t.o the sheet of wnter ﬂowmg over a:__.: :
' weirapparently. originated with: Bazin. - Inthe tranl]u.tmn of his works S

~ from the French to Enghsh the transla.tor 8! commenb on the use of
_the word- “nappe” Bt ' &

- 1Bazin, M., Recont Elperlments on the Fjow of Wal.er Over Welrs “Annals des Ponu et'Chausséog s
. 'Ottoher 1888 (trensiated by Arthur Marichal and Sohn C. Tmutwine Jr., and published in the I’rweedlngs )
" of the Enginecrs’ Club orI'hlludelphia, Vol. VII. No 5. mu p 259 n.ud Vol 1X, No 8, 1892, P 21
. Quolutlnns reprinml by pm-mlasiun ! B N : ) :
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For want of a- convenient Bng]lsh feqmvs.lent ‘we shall deﬂignate “t,hls aheet by, : .- o
‘ita very ‘appropriate Frengh name, - the _mappe,’ & name . a.pphed primanly to. .

g “tablecloth,  the ‘form“of - which, ag it pnssoe from a horlzontal o8 vertio&l 'phne'j’
in passing-over the edge uf t.he tab]e‘ is well mﬁtnted by the s

- - -aver the weir.

- ,-‘anm, in dlscussmg the sub]ech stﬂfvcﬂ

_ The ‘upper suface of the nappe has n.lready ‘_been a‘tudled by nertam experl- X
‘menters, ‘but the- under surface, ‘while leas -easy 10 observe. ia perhnpa “of. greater .

interest from a theoretical ‘standpoint; for’ its: forxix*ahows accurataly tha mntrac-‘.‘

tion at-the erest. In’ ‘forwing this: contmctlon, “the unde r’g:de of the' na.ppe ‘lesves. P
the crest at.a certain angle, rising at fivst, then’ becommg horlzontal nnd fmally-;(;; '

falling. . This upward curve of the under snde of the Jiappe, scnmcly noticed until -

now, constitutes, nevertheless, one of the fundamental data of the phenomenon, .
:and M. Boussmcsq’ has made lt the haals of & BEW. theory of the‘ﬂow over weirs. F

- _‘Sofarasis known bhe ﬁrst. n.ttempt recorded in .Amerlca.n I a.thre:f :
. t0. develop the: lha.pe of a.n overfall dam to fit the overﬂowmg sheet was -

that of Mu}!er3 in, 1908 “He. a.t.tempbed to extand a curve from the:_'-‘-j o '

~-gion for the curve shown in ﬁgure l—A in, t.he t‘
.t;rea,tlse, m : ,

: _;;for the thrend of mea,n veloclty,

at approxnmntelv 0. 35 :hy Bbove :and- 0.09 hi downstream from - the‘{“? o
theoretical weir crest. ' He ‘measured downward ‘oné-third-the’ ‘thick: -

ness-of the neppe, normal to the ‘bhren.d of mean veloélt}y, to locate the
curve of the lower surface.. . Parker* reproduced Muller’s curve a.nd'f"

demonstrated that it does not fit well with Bazin's curve at the’ upper i
section.” He atiribited this difference to the fact that Bazin q’cu.rves‘ e
were obtgined with shn.rp-edged ;not.ches under heads of - "7‘_feet. or. .

- less, and Muller apphed them to 1Llud;\ nntches undef hea' 5 ¢
10 feet. ' R
Momson nnd Brodm offer the pa.mbohc equatnon

for the lower surfnce of, the na.ppe, where ku is. the head measured ﬁom-‘-i o

the. hlghest point of the lower nappe surfa.oe, ‘see. ﬁgur' —A The']}‘j,

origin of ‘the coordinates-in this case is at ‘the hlgheat. point’ Qf the -
“lower nappe surface. - As a factor of: safety’ for dam desxgn they

rccommend ‘that thc, Lquatmn be moreased to e

g ‘,—2.05 ho_l

1 Bouseinesq, M., Computes rendus do ' Acaiomic des Sclenm July 4, 1887, R PR MR
.. ¥Muller, B., Development olecﬁml Typc of Ooncrete Spillwm' Dam. Eng !I.ee Vol 58 Oct.oherzl, '
1906, 1, 401, = :
A Parker, P. A. M., anonhaDawuatream FwouvaerﬂowDams. 'I‘he Oom.rol orwmr, 1018 p 399. g
. D, Van Nogtrand.-Co., New Yark, ' . )
anrtL'um E., and nrmllc. O. L., Masonry Dam Daosign, 2nd ed ,ums, pp 120-133
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The: eqmmon z”-—l .80. hny was. used wnthout a.ny mcrea.se for factor )

of safety by- the Mis Conservancy Dast:nct in the 'desxgn of theu-
o :spﬁlwnys. Tt can be shown that actually the lower nappe ! surface
.. can. be on]y appmxlma.tely reprcsented by 8 pambola.

...-f.;_..;_.-.-...-g.__<_...;




!NTRODUCTION

! ‘Woodward ¢in the Mmm Conservatm'y Dlsm’ t

The profiles’ of the oges weirs' were desngned to: oonfonn approxlmai.ely to the
proﬁ!e of the lower nappe, of the overflow from & shnrp-creswd weir. a8 detm'mined
. by Bazin's experlments . The_profiles as. deeugned agree spproxlmabeiy in their:
upper portions with the formula 2¥=1. 8 Hoy, where'z/and ¥ are horizontal and
vertical mordinatea measured from the crest of the (ogee) weir, bl " ‘and Hyi 15 the
_ maximum eﬁective hmd on the weu-, ‘inciuding that. due to velocn.y 0f appmach (see -
figure 1-B). " The discharge over the spﬂlway: weirs’
_puted by t.he formula q-—3 SH i,

Crea.ger proposes an equa.tlon
' f-—z 732 y

“for t.he lmc of s,vers,ge velocat.y in the nappe, w1th t.h
_ nates 0. 063 unit upstream. from: the face of  th ir and 0.261 umt
" above_ the highest point. of the lower nappe: st

' shows that. the equstion: given by’ Crea.ger Toca:

“fall below even the lower surface if it'is: contmued 8
This discrepancy, however, lB 1ess thn.n t.h _mcrease ‘of ‘cross’ sectmn
: recommended by
Seimemi established a,n equa.t.mn: yr'8, PoT
beyond x=0.50, whmh is. :

(;r-—b 10)

y 155 +0 062:1:-—».0 :186

in whxch the ongm of the coordmat.es is at the sharp, crest of t weir.

_ ‘Unfortunately, this’ equation does ‘not. apply to ‘the mos nnport.a.nt.
portion of the overflow section, namely, the portmn bet.viTeen th 'sprmg” ’

point ‘and the lngh point of the tra;ectory s

" 'An empirical eguation for. the lower. sm*.fwe of ‘the
- by R. R. Randclph of the War Depa.rtment. is

 ymosmHm ,.
mth the ongm of the ooordmates at the lnghest. pomt. of the lower G

surface. A similar equat.mn, ‘with the same origin. of coordmat.es o

' denved by H. L Dw:s, of the Bureau of Reclamabwn,
-y~0 485H‘° ‘“:r“_“‘z

La.mb'i denved nset of paramatnc equn.t.lons\for the shnpe of bhe surfwe
of & jet issuing from & sharp-edged orifice.: - With some: modifications:
and the mclusaon of the eﬂect ‘of gra.vxty, equatlons mxght be derwed to

PEEENEEE—

'Woodwanl. 8. M. Hyd.rnuljca of the Mhmi Flood Omltl:ol Pm_lwt, Toduﬂm] B.emﬁl. Pll't Vll

P. 25, Quatation| mpﬂuwdhype:miss.lon. S s

1 Creager, W.. P, Engineoring for Masonry. Dams, lutod 19!7, pv 1ﬂ5—110 v
1 Scimemi, Ing. Prof, Etlore, Sulla lonnl delle Vene tru:lmm\ti (On tbo Fofrm o( (.he Cnaat Bl:mm). R
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g rﬁt. t.he observed data. Wﬂ.h the addltmnnl e\rpenmontal data, now,"f‘-
. available, the development of such’ equatmns offers an. opportumty for i ‘

K reaearch to some engineer or mnthemattcmn

~TIn recent years it hasbeen: cusbomary in. the desxgn of the

- sectionof 'a spx]lway to use’a vertical upstream face. T_he dam wcms;s; '
3,sectmn was dosigned to_ fit exactly or.to be shght,ly larger - than the: L
- .space ‘beneath the Tower nnppe of a shm‘p—creﬂted weir for & ﬁow equal n

“to the maximum discharge, as ﬂlustrated in figures 1=A and l—B The' { '
- shape was, in most instances, oomputed in swcordanoe_ wpth‘Bazln 5

" classic experiments, . Wluch covered a va.net of ‘ems butﬂi “dat,a.- T

~.for any particular shape were meager.’

- Recently, ]n.rge dams havmg other than pla vcmcal upstream;faces‘:ﬁf
: have ‘been built, for which the data of; Bazin ‘are not applicable, Tn =

one form,. the crest overhangs ‘the pst.ream.face of ‘the: da.m, see_” '

ﬁgure 1-F, Thls -type has been’ evolved as a result of its sav"mg of“ i
 ‘material. 'I‘he hbeoretaca,l “form fof . stuble nonovcrﬂow dam isa "
t.rmngle “with the water surface a.t the apex a8’ “shown i “12C
For an overflow dam, the con'espondmg shape: would be appromnat;ely‘ T
_the. tmpezmd formed by removing the apex from’ the upper part’of B
" the triangle dewn to.a distance equa.l to ‘the design head ¢ n the crest, -

H,, as shown in figure 1-D.  With an’ ‘overflow. havmg

of H,, however, the downstrcam. gide: of the’ trapezold;
sufficient width, and the ‘nappe Would spring free of the da.m,-,
in figure 1-E, and fall along 8 curve extending a maximum d:stamce N
- outmde the trapezmd -To insure freedom from undesirable vicoum

“effocts, the . ‘space. between the nﬂ.ppe “and the dam: ‘should be filled
. with concrete. " Concrete- pla.ced jn: thls locatmn,'_however, s not. in

“position to resist most eﬂic:ently overturnmg of the da.m "By moving
the point correspondmg to the weir crest upst.ream a distance N, the

: nappe can be brought tangent to- t.he downstream face of the tmpezoxd S

‘This results in a horizontal offset in the upper’ port.lon of ‘the spillway

" section equsl to the distance N.. The upstream: edge is. ‘commonly

* conpected to the upstream f face of thie dam, either by a amgle inclined . -
surface or by a short section of vertical face below which is an inclined " -

- face.. The first form,’ outlined by the’ heavy broken: diagonal line in

figure I-F, wes used on the Conomngo Dam on the Susquehanna River
and the Rock Canyon barrier on the Arka.nsas River:. The second’
form, shown by the solid lines in figure 1-F, was used: for the Wilson ™ -
. Dam on the Tennessee River, the Safe Harbor: Dam on the. Susque~" - -
* " hanns River, and ‘the Bull Run ‘Dam on the Bull' Run River.in Oregon. © . ©
" Inthis form, the concrete reqmrad under the nappe is placed where it ..
is most effective i in resisling overtummg, which' ‘therefore results in'a. -

more economicel dain. The: pro]ect.mg upstream portion of the dem

usually alters the shape of the nappe and causes'it to no longer follow_ i
oo the Iorm whith would result from 8 Weir w1th a vertical upstream face




Thc determmatxon of the nappe shapos and the ooeﬂicmnt,s of ‘dis- -
charge for. such.overhanging’, cresty was, one’ ‘phase:; of ‘the: ‘extengive. -
~geries of experlments mstugn.ted by the. Bureau of. Reclamatm
B Extent ‘of Present Emeﬂmental Progrnm.—l' the ‘design of -
- various prelunmnry forms of spillways consic ; )
_ there were many quest,lons in oonuectnon mthjnverﬁq
o which data’ were: insufficient to. “permit_exact solution During; tk
- course of the demgn ‘work, expenmental data were collect ted “which
‘ ‘_-“proved of “value in+ ‘the preparatmn 'of the: later. demg’ns‘of- the ide-
channel gpillways and ‘which“should’ be' helpful in. preparmg ‘future;
deﬁngns, not only of mdo—channei aplllways but a,lso f other formsem
p]oymg overfall. sactnons o S :
. The pnnmpal phases of spxllway
E ,by the Burean of Reclamsmon were as follo L
‘ 1 Deterrmna,tmn of the shape’ of- dsm.requlred to bes 3 :
lower nappe of the overfalhng stream. for any. practmal coudmon-
. ~of design. . Tests were, made:on’ sharp-crested weirs represent.mg.
T dam sectwns with vertnca.l upstream faces, with slopmg upst.renm
~“{aces, and also. with: overha.ngs and- oﬂ’sets in the: upstmam fa
3. A study of the -deviations of thie nappe. shupe due
' of approach: ' Bazin: covered & “portion of thJs;'ﬁeld
o penments were not, emnswe enough t.o__co npl t.el
o effect.
3 Determmntmn o{ t;he coeﬂiments of
fvertlcal sloping, overhanging, ‘and oﬁ'set. upst.ream fa.ces 8
R X Detemnnat.lon of the reducmon of pressure wluch,,oocurs on
0 fhe upstream face of a dam due to the increase of velocxt,y at:the
crest.. This effect, while alight, decreases t,hé overt.urmng moment i
-"ofthedamandlsconduczvet.oasmall‘_ tion i ,sect. '
e used as o factor of safety."
5. Determinstion of ‘the dmcharge
different shaped crests with and ‘without control. ga ‘
ptudies were 0 mclude t.he eﬁects of ad]acent t,erraan,
.' :p0s1t.10n of dmnl gates. e
o 6.In the case of supplanentm t.ests on mode of,aact ] de-;j
' gigns,. the pressures on ‘the crest and’ on the drum gat.es were ob-
gerved to prov1de miorm:mou for the use of the’ deslgn deparbment
jn computing ¢ stresses in “the struct.ural members :
- 4 Record of Present Expenmental Progum -—The labora ,_ry tes
.~ on the above Progran were ‘initiated i ry of
_ the Colorade’ Agricuitural Experiment ! St.a.txon at Fort Collins.in 1932

.. as.s means of providing urgently: needed ms.tenal for the mpletion o
" of the spxllway designs -for Hoover. “Dam. - Because of ' the routine. .

- ) na.t.ure o:f the studles, they were sub]ect 0. conslderﬂble 1nt.errupt.xon ~'
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field with msuﬁiclent
be cha.rged to lack of exp

T - this' type; lack of a deﬁmbely planned_ progra

. Iabomtoryi assistants in the: test

" was ereated

GENERAL DESCRIPTION OF LABORAT()RIES‘

P 5 Coloradn Agricultuul Expenment Statmn Hycﬁ- 4nl|c hbora '
‘ lory.-—~The original expenments conducted, by the Bureau of Reclama-

tion on overfall dam shapes were performed in 1932 in'the hydmul '
“laboratory of the Colorado’ Agncultura.l Expernment St.atlon, Fort
Collins, Colo;. F1gure 2 shows.s general plan ‘of the laboratory an

. the supply reservoir. - ‘The" exper:menml a.ppamtus was mstalled in”;

" the weir bex within' the laboratory building. A’ plan and section of
" .the expenmental ﬂume are shown in figure 3. The’ expenmenbs were ' .

.~ conducted on weirs 2 feet in- length, . this bemg the' greatest. length
. ‘over which & consxdembl ead could be meintained with the available
" water supply The approach to the weir and the channel downst,ream

e * from ‘the weir were: both 2 {feet wide, 50 that slde contractions wers

‘suppressed. ‘The “interior ‘of the - channel was" faced - with " I-inch
"ﬁmshed t.ongue-and—groove lumber Ib was approx:mately 16 feetr‘if
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:STU'D!ES OF CRESTS FOB. _OVERFATJ. .DAMS. ‘

| honzuntal ﬂat 0n top, .thh 8 56" bevel to the dovmst.ra‘
‘ ’The walls of : the 2-foot channel e\ct;ended a short '

- ‘hxgher elevatmn than the ]abomtory, see ﬁgure 2 Themul;ﬂow'imm

' 'the reservoir o ithe laboratory was. controlled_

- gircular slide gates by which major adjustme flow w
~"Miner: ad] ‘ments were ymade by mampul&tlon :«,of an, ad]ustablez
. 'waste weir’or a.:waste valve; shown in figure 3: - The waste weir was' -

- ‘hinged:et:the tbase and - WBS: adjusted in height: lby rotation of & hnnd- i
~wheelmear the head:gage.” The-waste valve, wh:ch was: used for very .
L mmnrrnd]ustments .could.also be: mumpulated from the gagmg statlou

-‘t,hmugh a’bevel gear and.rod ‘assembly.. T ‘
. "The water, :after passing over the test weir, . wuld be elbhar wasted _

(pumped back:into the. reservon') /O du-ected into 2 volumef.nc measur- -
. ving tankiby.a. diverter gate, a8: shown in figure:3. - The flow mensuring

“. .operation usually took- oniy a. small amount of time as.compared with
. ":thatrequiredifor the other:measurements; therefore, the water ﬂov. ed
; mto the waste tank durmg the! ]arger portmn of the tnme '




5.9
v m,.

grozo e

L)

G AR,

P aam u 2jsom

OISy~




. lower surface. .-

12 " ' STUDIES.OF CRESTS FOR OVERFALL DAM: = .

" The h‘ea‘.d.gdn the wewwasmeasumdbyﬁoatm hook ga.gesopemtmg .

~ . in en'open well. . The well was connected by heavy rubber hose'to”

two taps flush with the surfaco of the movablo flor, s shown in

- The shapes of the upper and lower nappe surfaces were messured with
& coordinometer located above the weir, see figures's, 4, and 5. A -
point was used to traverse the upper surface, sce figure 8, while a hook,

protruding through the sheet of water, was émployed to traverse the:.

" 6. Bureau of Reciamation Hydraulic Laboratory.—Tho Bureau of

:‘Reclamdti_én{hjd;@u}iq :laboratory, located  in :the  Custor:house, - i

g ‘Denver, Colo., was completed in 1937, . A" repetition ‘and: also & -,

continuation .of the weir studies previously made were commenced

*reguler laboratory woik. - In other words, they ‘were: made at times -
- when the laboratory pumps would otherwise have been Aidle;- conse-
‘quently the program extended over a period of soms five years. A

~ plan of the Denver laboratery is shown'in figure 7. The ‘weir flume

‘was supplied by & 12-inch centrifugsl pump with-a _capacity of 10 =

- second-feet, . “The pump is powered by & 90-horsepower variable-speed

. dlip-ring motor. ' A constant-level tank is used in- conjunction with. -

- this pump to regulate the head on the line: A short distance from:
the outlet of the tank, the line branches into’ an 8-inch and: s 12-inch’
.pipe in which are located Venturi meters for measuring the discharge.
Immediately downstream from the meters are hydreulically operated
Bato valves which are used for throttling the flow." This is the terminus
- of " the  permanent :cquipment. - From : this - point - temporary ' piping’ . -

conduets the water to the various models. = All bleeders, gages, and -

hydraulic and eloctric controls have been concentrated on one central

board, see figure 8-A, Ifc‘:’?ﬁ.ﬂthis- pm'tlcuhu- ‘portior of the. laboratory . -

o system. -

The equipment on the opposite s de of the laboratory consists of .

an 8-inch pump with & capacity of 5 second-feet and s 6-inch pump
with & capacity of 2.5 second-feet, both driven &t ccustant speeds, -

These pumps’ discharge through & bank of “three Venturi meters
 installéd in 4-, 6-, 4nd S-inch lines, as shown in'fizure 5.B. A 3-inch .~

line also parallels this bank, in which a variable orifice meter can be
employed to measure small discharges down to a few gallons of water

per minute.” - The system 'is ‘80 arranged that, by ‘meuns of :three
three-way motor-operated cocks ks, any one of the four meters ean be =
* connected directly to either pump, or any two of the meters ean be
© .used.to mensure separsately the discharges of both pumps operating
- simultaneously. This system is very flexible, and :all controla are
centrally located on the gage hoard. - The small buttons at the top - -
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- of the bonrd md:cate the posmons':‘.of‘ the' three three-wny cocks
“Another innovation, which adds to’ e.»ﬂexxblht.y of ‘this gystem is a

"+ . series connection leadmg from the’ dlscharge side of t.he 12-inch pum:i
'~ to the suction side of the 8-1nch pump, gsea: ﬁgure 7 Tlus makes it

possnb]o 10 use the 8-mch pumpasa booster whereby a. hea,d of approxr-f

. matcly 200 feet. ‘canbe developed

. A third and smaller system is located m the far end of the labora -
, ‘oory, see ﬁgure 7. Thls consists of an’ 8-inch: verlslcal pump ‘with &

- capacity of 3 second—fcet ‘which discharges through either a 1:5-inch

" flow nozzle or 2 6. 5-mch mod:ﬁod Venturi. metor; AN controls are .
locs.ted in close pmxu'mty to s third gage board smular 1o the otber
‘ Each meter in the. ln.bora.tory is connected dlrect.ly to'a S6pR-
ra.te mercury manometer gage. By this’ arrangement leakage. from -

- valves, cocks, a.nd bypaSScs is climinated, thus addmg to the rehabxhby‘

~of the system, "It can’also ‘be moted from' figire 7 that cach of the:
* three: supply systems are mterconnected “In: other words ‘any ‘one
- of the four pumps can supply water 0. any pomt in the la.boratm:y
_ These interconnected:lines: a]so lead to the';laboratory c&hbrat.mn;
-tank, see figures 7 and 9, by which’ all ‘meters in: he. la.boramry a.re
: cahbrated and checked at definite’ _mt_erva]s » L

" The volumetnc calibration tank, shown in ﬁgure 9—A has a capac-'
ity of approximately 400 cubic’ fee “The. size was_ lumted by the -

“area of the la.boram:ry reservoir; ‘consisting of - channels’ under the

- fioor, see e 7. This hmltat.mn resulted from ‘the- fact that‘ with-. -

drawing 400 cubic. feet of water ca.used the water surface in: ‘the chan- -
" mels to drop approximately. 0.3 foot. ' This in turn. produced a slight =~

change in flow because of . chiange in head.  The, limited size of the' .
tank, however, is compensated for by .a rehable and extrémely;dﬁcu— e
~ rate timing device, . The source of thé time signals is'a’ pendulum.';’ o

" clock aqmpped with ‘& phot.oelectnc cell ' The' slgna.ls ‘are 'trans..
" mitted’ ‘by wire toa chronometer locat.ed n rﬁ,the cahbratmn ta.nk :
- which, by means of a mag’netm pen, registers aline on'a; roll of. paper,';

L for e&ch meu}se or second. - The chmuometer is shown m ﬁgure 9-C. - :

A synchronous motor and a set of gears move: the paper. at: vario

- speeds,” depending on: thc_ BOCUrACY depxred ~A ‘second agnetic

pen, energized from a'mercury switch on the swing spout, records 8

" dash on the paper ‘at the begxnmng and the end of each run.” The

- chronometer makes it possuble to measure time within one-hundréath :
‘of & second.” ‘Incorporated in the chronomeber isa mn.gnetm ‘counter
~“-which records full seconds of time, This ¢an be cut in or’ out of the
circuit at any time, thus making it ‘necessary to use the pens. only',

. at the begmmng and end of & run to record fractxons .of seconds, \ .-
R The swing spout on the volumetnc tank is actuated’ by a pncumatlc; ;
VL cylmder which can be moved at any desn'ed constant rn.te oi apeed R
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thus n.ddmg to. t,he accura.cy of the tlmmg scheme.” If grenter accu—” s
racy is desired, the. chronometer can be Teplaced. by an oscﬂlogrnph-f o
' .whxch will record time'to one-thousandth of a second. - - :

" A smsll pipette tank, shown in figure 0-B, was used to cahbrate
‘the larger volumetric tank The pipette - tank consists of two com-
partmenhs one hnvmg o volum(, of about L5 cub:c "aet aud the other .
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8 volume of s.pprownat,ely 7

the Colomdo Agncultural E\'perunen ;

& portion of the testing was performed' o
. The text was cdited by E. H. Larson and the dra\nngs u.da' bed g

‘pubhc&mon by R H Wlllmme R




CHAPTER II—EXPERIMENTAL.EQ IPMENT-:
" AND TEST PROCEDURE

EXPERIMENTAL EQUIPMENT

: repeatmg the nappe-shape measurements 1n ‘Der
was mmﬂn.r to that used in the ongmal expenmeuts, cept for reﬁne-

' -by the. 12-inch pump, mensured through the B-meh or 12-mt R
meter, and dlscharged into the upper end of the 2-foot. channel through’ SO

a: 12—mch pipe fitted . ‘at the’ end with a; grwdua.lly ‘expanding cone *

' vae] baffles at the: upstresm ‘end dlsmbuted t.he flow umformly_ ‘
across the channel. The head on the weir was ‘measured by a Mook .

gage operating in an open well which was connecbed by: aTub
~ to a piezometer flush with the. tup surface of the movable ﬂoor
The movable floor was. “similar to that of the Fort Collins layout‘j
_but different in that it was covered with sheet metal and sen.led‘to the‘
side walls'and weir plate by strips of ﬁemble packmg rubber ¥
prevented all inflow-except for the ‘main stream The ﬁoor the
original experiments. consisted -of t.ongue—end-groove Tumber. laid nor--
* mal to the flow. - The corners: of ‘these. boards eventually X ed,
- offering. considerable resistance to the flow. In ‘addition, no-seals-
were provided between' the walls'and: ﬂoor or weir and floor; with the -

result that considerable inflow occurred especm.]ly up: the face of the
weir plate, due to the. static pressure under the floor bemg greatcr t,han‘. S
_that above it. . This latter wes & source’ of errorin: the' eoeﬂiuents of i
discharge and in"the nappe shapes ‘obtained from - the *’Fort C‘olhnsf:‘

data. The error was not a constant. but, merwsed as

9. -Wenr Slu.ines Tesf.ed.-——'l‘he :wexr' blndes used Sin the D m"er"_"”' G

expemmeut.s were of stainless. st.eel ‘machined at-an ang;le of 50° toa

knife edge, as shown in ﬁgure 6. The same. blades had been used ini
the Fort Collins_experiments,: except that t.hey hed been nwchmed,g. E

o :w1t;h a 90° edge. and a Ye-inch honzont.ai flat on- t.op Ib was observed <

in the earlier tests that the lower nappe did not spring ‘froi -the- 90“-,‘7‘_'_;_1; ;

- upstream corner but bad a tendency to cling to the flat.top of the weir. -

The point at which the nappe sprung free of the weir was not'constant =~

'but va.rxed with - f‘ow condmons The phenomenon is prmmpally u;a Sy
‘ ‘ ‘ - N 91; e "
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EXPER]MENTAL EQUIPMENT AND TEST. PROCEDURE S T

Burfnce-t.ensmn eﬁect Rouse a.nd '_ Reid, 0, at the Massachusett.sr o
Institute of Techno]ogy, had obsarve'dg ¢ same occurrence onasmall
weir that they had- tested.. The atte mpt meade to elumnate this .

variable in the Denver expenments by grmdmg the weirs-to. a knife
edge proved effective. Photogmphs of the vcrtncnl—face weu‘ ‘are:
shown in- figure- 11 g :

Figure 6 shows the 'varlous weir: shnpcs test;ed Type A represent.s«,
a dam with vertical upstream face, and type Biis upphwble toadem: "
with sloping upstream face.- ‘Ty'p C represents & da,m with an over-

.hang on the -upstream" face: Weirs of three sizes in type (s} “Were
_tested, all makmg an. ungle of: 45 degrees with the vertical, as tabu]ated;;
in figure 6. Type: D is: a,pphcabie to dams Wlth 8 45° offset on'the:

upstream Aace.. Three offsets were test.ed w:th ﬁve mt.erchsmge_

gble Tiser helghts s shown in figure 6.-
Piezometers, as shown in, figure 6, Were m-zba.lled in’ a.ll of t.he umr;

blades for the purpose of mensurmg _pressurcs on the upstream [a.ce‘j‘-“ A

of the weir.

 10. The Coordmometers.—The proﬁles oi the nuppe shapes weref';zm-i
. mensured by gpecially constructed. mstruments known as coordinom-

eters. The ‘instrument by wluch the. upper. surface was: measured

is shown in detail in ﬁgures 4and 5. It .consisted - essentla.]ly of a,“:::__“. o
_ 4-inch horizontal H-bea.m, x_nount.ed over the weir. chnnnel pamllel trO.‘
the direction of flow, upon which was mounf.ed an adjust.able vertlca.lzf ;

bar having .t its lower end .apoint to contact the water, surface. - ~The -
instrument, was supported pt-its’ ends by two I-beams. spamnmg ‘the

‘{est channel normal to the dm,ctlon of flow. 'Thﬂ heams were mnde‘ Vi

" sufficiently heavy to support & 11ve load of smeml hundu,d pounds_.
-without:a meusarable deflection. The carriage: supportmg, the verbmal i
'beam was connected through a horizontal slow-motion . SCTew.. foa .
.clemp on the horizontal: Hw-beu.m, by -which a.rmng,ement, fine’ a.d]ust- IR
“ments”of - the horizontal- position could be mnde The vertical ‘bar .7
" moved in & groove in the vertical beam and was fitted with 8 clamp,” . '

“slow—mot:mn SCTeW, ‘pnd vernier. . -Both honzontal a.nd vermca.l ‘scales

could be Tead to 0.001 foot. The Jower pa.rt; of :the’ vertsca,l bar ‘was -

-constructed to accomniodate” points or hooks of different styles, such - -
-ng shown in ﬁgure 6. -'The point was ‘used to survey’ the upper. nappe:
and the hooks were used to pomb—ga.ge Y downstrw.m portlon of the

- lower, surface. In begmmng ‘the survey of the upper: ‘surface, the - .

o .c,omdmometer carriage was set at a hor monha] posmon, g.nd the tip
of the point was lowered until it “touched the water surface.‘ ‘The -
horizontal and vertical readings were recorded, the un'na.ge ;moved

S toa new position, and the process repeated untll t.he emuce upper_-_'-
“nappe was traversed. :

—_——

18- Rouse, Huuver. and le.-oln Eeid Model Resee.rcb on hpmwny Cmm Clv Ens Vol 5, Janunn

133.5.:10 .




Thc lower coordinometer conmsbed of a sta.ndard 1a.bomtory pomt
gage mounted on a.carriage with the point-up, see figures 11 and ,
The curringe was mounted on a hor onal bar with  handwheels to

controt the homontul and yer cal movement.s Bot,h the \'el‘tui
. :




FlGURE 12-—L0\VER NAPPE COORDII\-OMETER

‘ u.nd horuontal bars were g u.duu.tud to 0.01-foot, with verniers rc,admg
to-0.001 foot, A number of pomt.s were prowdcd for the vertical bar,
see figure 12-A. One poini, ‘which - was - straight, ‘constituted ' an
extension of the vertical bar. The ot.hcr pomts were bent at various |
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" angles and could be placed in pqsitioﬁ cither sloping toward or away

from the weir.. -"A'ncon glow lamp was connocted by a single insulated -
wire to a setscrow on. the ‘point, which was eloctrically insulated from

e miing. By sonnocting the neon glow lamp to the ungrounded -

side of a 110-volt clectrical circuit, the Jamp ‘was made to glow as the L

coordinometer point’ contacted the under side’ of the overflow sheet.
This lamp was especially uscful in’ traversihg;tha“lo‘wer,nqppéf,‘dur_ing X

fuctuations when the guantity of flow was large and the velocity of

approach great. i:Since water tended “to run down _the point as it

‘moved upward into contact with' the fw&tiex_r_éurfﬁi:é, :i:rvdrip},j@up was
placed - at the base of the point, seo figures 11 and -12, to’prevent: - -

ghort-circuiting across Lhe insulated mounting. It was found that the
water discharging fiom this eup, if sufficicntly. steady, would cause o

o stight shock to the hand or arm of the operator; so # length of rubber - L

hose was placed on the outlet from the cup to render the ‘instruraent

" harmless. S R i AR i SR L SRt
* The under nappe was t.ra,verscd'in,_frdm_t_,hreé'tgfﬁ#e steps.. Using
a bent point in the lower coordiiémeter, with the slope of the point

" upstream, the under side of the joi.was carefully surveyed from the

“arest of the weir to a random point near the vena coniracta. - The

bent point was then replaced by the straight point, and observations
‘were continued in & downstream direction to an arbitrary point where

the nappe assumed & falling t:hafra.ct,grist_,ic.";';,'l‘he'ﬁ stfi'aighp]p‘_o,intwas S :4??»

then replaced by o bent point with the slope dowtistream, and the -
observations continued o the limit of either the horizon_t.al__or‘.‘vertiéni‘
scale, depending on the {rajectory.” Simultaneously. the, coordinates -

of ihe upper nappe surfnce were obtained by another operator using :‘_: :
the upper coordinometer eql_xipped lwit,h\one' of the hbb]{é"'ﬁnd points .

- ghown in figure 6. ‘ .

The resulting obsarn’atidﬁé‘ Jwéfe“.rQCOrdéd on'sui.t}dble'foﬁii sheets. -

Six observers were required to make 2 compiete set of observations:. o
Two to operate and record the.ob;ggér\zahions_of _the__lower'c()ordirnom-
eter; two to operate and record the observations of .the 'upper, coor- -

dinometer; -one to Tead andh record . the head “on “the weir ‘and the
pressures on the upstream face of the: “'g&ilj;!'and_'blie‘_ to_observe the = -

differential head on the Venturi mensuring device. © 1 Lo L
The upper coordinometer shown in figures 4 and 5 was used inthe *
Fort Collirs tests to traverse-both the upper eund lower.nappes. It

was not entirely satisfactory, particularly for the section of the lower
nappe between the sharp crest of the test weir and the vena contracts,
which is the critical portion of the nappe. 11 that portion of the spill-
way does not fit the lower surface of the sheet of water within 2
repsonable degree of sccuracy, the entire shape of the lower napp:

will change, which usually results in subatmospheric pressures on the

dam face. This was proven in a series of studies on & model ol viiv




EXPERIMENTAL EQUIPMENT AND TEST PROCEDURE : B

of the proposed crests for: the Hoover Dam sndc-channcl aplllwuys
A profile developed from: the orlgmul nappe studies, when incorporated:

into a crest, fitted sn.tlsfactomly beyond the venn contracta, but pro- - - '

duced negative pressures between the spring line ‘and’ ‘the pea.k
Numerous. trials failed to produce a completely sn.tlsfactory pressure .
distribution.  The difficulty was finally traced to & combination of.
two causes: First; as pmvmusly mentioned,’ the wa.ter ‘would' clmg
to the flat top of the test weir and- producc erroneous results; and
second, the original coordinometer was not’ adaptnd to" the- nxcced-
ingly careful measurements needed ‘in‘ the ‘criticnl region. In"the.
Denver laboramry the first dlﬂmu]hy was remedied by grmdmg the
top of the test weir to a knife edge, ‘and the second by constructmg
the new coordmometcr for measurmg the lower nnppe shupe S

TEST PROCEDURE
© 11. Explanation of Symbols.h—The followmg is n. complete Tist of

symbols as used throughouit thls buﬂetm lteference is made bo ﬁg-

ures 13, 20, 30, and 44, - . o ‘§~ i
Q= total discharge, second-feet B/
g=discharge per foot of crest, second feet. :
W=width of test channel at gngmg sectlon, feet
L=length of tesi weir, foet :
A=area of flow cross section at gngmg sectlon square feet
Va.=-gverage velocity of approach feet. per- sccond o
he=average velocity head of approach, feet. ST
h,=observed head above sharp crest oi‘ weir mcasurcd at, gagmg
station, fect. . R
H,=h,+h,—total design’ head abovc sharp crcst of We1r feeb
E=maximum distance lou.cr nnppe rises above sharp crest. of
weir, feet. v
h,=observed head above hxgh pomt. on ]ower nuppc, feet -
H,=h,+k,=total desngn hea.d nbove lugh pomt on: IOWer nnppe, -
feet. Lo
H=any tota! head above hlgh pomt of Iower nappe, feet
P=depth of approuch floor below sharp crest of weir, feet
P;=depth of downstream floor below shurp crest of weir,’ fcot,
d=depth of piezometer below sharp crest of weir, ‘or depbh of
flow downstream from submerged dam, feet. :

d=vertical distance from centro:d of pressure-reductmn area t.o
- sharp crest of weir,
h,=observed pressures on plerometers locatcd in upstmum facc
of weir referenced to sharp.crest of weir, feet. '
N=horizontal or vertical dlspl&cemvnt on oﬂ'set nnd overhang-;
" ing weirs, feet.
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M—helght. of riser on offset weirs, feet. : ‘ _
CO=codflicient of discharge for ogee sect.mn, not cocfﬁcmnt of"r e
“discharge as customanly computcd for weu- thh sharp EaEk:

“ .. crest, _LI?SM or LH”" |
’ h.,—totnl effective lmnd on qubmcrn'ed dam

The ongm of X and Y coordinates' was taken: at the sharp crest of HODRRS
the weir. Horizontal measurements taken upstream’ from  the weir . .-
are negative while those taken downstream. are posmve  Vertical " R
measurements above the sharp crest of the wen' aro pomtwe wh:lu e

those below. are negative.

An attempt has been made tﬁmughout t.he bulletm to express the:_".‘ ‘

"above symbols as dimensionless ratios wherever possﬂ)le. T

12. Relation. of Gages to ‘Weir ‘Crest.—It was not_ praétﬁﬁﬁle to

make the zero of tho scales on the coordinometers, head ‘gage, and pie~
zometer board coincide with the ‘crest of the - weir; s ‘the ‘position ‘of -

the crest changed for each: test arrangement.  Prior. to and at the R

- conclusion of cach test the coordinometer pomt.s head gnge, and pie- -
zometer board were referenced io the sharp crest of the weir. . Some
twenty weir set-ups were made; thus it was necessary to. keep 3 clear
and accurate record of -all | gage zeros, or. reference setl:mgs : ,

13. Test Procedllre —To keep the number of tests at a_ muumum ‘
~and still investigate a wide -range of conditions, it was necessary to

formulate a comprehenswe program" and adhere to it as" closely as
possible. * Each weir was tested for various combinations of approach =~ -

depth and dxscharge wh:ch were selected w1th the ob;ect of obt,ammg'

definite desired vnlucs of %— “This mt.m .was used as a cntenon for e

combmmg the runms, A run was started bv scttmg the ﬂoor and dis-

charge for t.he vnlue of b desued When the ﬂow" hu,d p*nb.]lzed_

throughout the system,; traverses of the upper and lower 1 nappe shapcs’, A

were made, which’ requxred about 20 minutes. . Slmultnneously, read- |

ings were taken every minute-on the head. gage and the dmcharge L
manometer.  Three pressure readmgs were recorded for each piczom- -

eter on the upstream face of the weir during this period. At one time,
velocity traverses of the approach channel were' made with s emall
current meter. -These, were " later d1scontmued ﬂ.s the velocxby ;
distribution was conSLdered satlsfacbory ’ « :




CHAPTER III——-WEIR WITH VERTICAL
UPSTREAM FACE

ANALYSIS OF EXPERIMENTAL RESULTS

14. Compllahon of Test Results .—The pnnc1pa.1 purpose of these"f-‘
experiments was to determme the effect of the velocity of approach on

the profile of the lower nappe. . ‘Various combinations of velocity of

approsch and discharge were obtaincd. by varying the depth of the
movable floor and the pump dJscha.rge Coefficients of discharge for

the corresponding- ogoe. seclions were comput.ed and profiles for: t.he."”“.f ‘

nappe slmpes obtained.  The termmo]ogy used in compl.lmg theresilts
is explained in hgure 13 and in section-11. A’ summary" of the test
. results on the weir with vertlcal upstream: face is’ showu in“table'1.
Nappe traverses were not made on the entire series; as some runs were -
made solely to obtain discharge. coefﬁc]ents Complete Tuns. ore .
indicated with asterisks in column 20, table 1. Bk e
The figures in column 1 indicete the test and run number rcspec-]-;‘('
tively. A change in test number. mdlcates a shift of the' movable.”
fioor. A change in Tun number’ indicetes a dxﬂ'ercnt dxs(,harge
Columns 2 to 5, inclusive, are sclf-expi&nat,ory, see: figure 13, The .
symbol A in column 6 xepresents tlle actuu.l w ater cross scctlon at the &
gun'mg stutnon or : Lo e :

A W(P+ h.)

Co]umn 7 is t.he veloclty of appwuch or e

Columu 8 is the average veloclty heud i the movmg “ater or.
h 2g L (10) o

with no correcuon {or unequa] veioc:ty dxsbnbutaon It appeared >

from current-meter measurements that ‘this correction” would’ have

_been small in the majority of runs.- To obtain velocity head correc-
" tions accurately would have required a sepamte study. " The rise of o

the lower nappe above the sharp crest of the weir, designated as-Ein_

column 9, was obtamed from the coordmometer tmversc of the lower
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nappe. The total head above _the high; pomt o[ Lhc lowo,r nﬁpptlz,‘
H,, column 10 is o\proqqod bv the oq\mhon ‘ T

A= Geh)=E un o

Columns 11, 12, und 13 are steps in thc compuhmon of the coefﬁc:mt-

of discharge for ihe overfall erest, ¢, column 14, Column. 16 is the o

ratio of the total head, Ho, t0 {he approach depth bolow the overfall " ’
crest, P+E, column 15. -The' total head on tl\o shm*p-creshud weir, . -
H,, column 17, was obtamed by nddmn' h, and h ~The dlmcnsmnless R

ratios ;i in column 18 and % in column 19 a,rc sclf—cxplann.tory

15. Method of Combining Nappe. Proﬁles.——Tlm upper. and lower-
nappe traverse mcaﬁurvmonts, s nbserved from thc coordmomet.crs, e

. ‘ ‘ + Y
B e H g

e

Mmhla figor -

L

W= Wigth of test channel 0 qngmq u:hon !m_ -

L ~Length of fest wir,fad! .

A~ Arag of §low cross sechion of qoging :
stotion, squore foet

Q ~ Discharge gquantity, second~ feet

\'Ad Vclmly o nuprn:h |||| per second

FIGURE 13- -——PRINCIPAL ELEMENTS OSA?,YERFLOW CREST FOR VERTICAL-FACE“-‘ B

were xdnt.e,d to- t}u- lmtungulzn (oordnmtvs P and l thh the orlg,m‘.‘,

at the sharp crest of the weir, sec figure 13, by ‘subtracting the reference..

values, or zero readings. The results thus obf, ained, still conmdu'ed e
as original data, are Lomplled in tables- for both the upper and lower .~ - ..
pappe shapes, which are on file in- the hydl auhc.‘labomt,ory of the . -
Burcau of Roclamation, Denver, Colorado The ta,sts 80, 1‘ecord xd_

are those indicated by psterisks in “column 20 of table 1.

If these nappe shapes were plotted and supmmposed one dn anothu',’ o

there is & possibility that no two of: {hem. would. be alike; however,
they can be combined: according to the laws. of similitude. It has long
been rec(ngzed that the nappe of water flowing fru.ly over a sharp-

crested weir has n similar shape for different heads. This was demon- '

strated by Bazin, who reduced all his expanment.s to the same'basis
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TABLE 1.~SUMMARY OF TESTS ON WEIR WITH VERT]CALUPSTREAM FACE
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TABLE 1—SUMMARY OF '[‘ESTS ON WEIR WITH. vzmu.n UPSTREAM EACE—: Gl
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TABLE 1.—SUMMARY QF TESTS ‘ON WEIR \VITH VERT!CAL UPSTREAM FACE—-—:
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WEIR WITH. vmmczu. UPSTR.EAM FACE

by expressmg the dimensions in terms of the head on the weir, - When S
this is done the results are in -dimensionless terms equally applicable -
to any system of units, For two assumed conditions of ﬂow, O s
flow with & large head and great depth of approach, and (2) a flow
with & small head and small depth of approsch, the nappe shapes will.
be similar if the ratio of the head to the depth of approach is the same ' -
in each cnse. If the X and ¥ coordmates are expressed with mspect S

to the head on the weir crest in each case, the I); aud ]? proﬁ]es should

coincide. - Dlv:dmg the X a.nd Y coord,mates by: H. &ctually reduc,es'~E :.

all cases to the same head, usually denoted as unit head. Thxs was
the method used in combining the results of table 1 into t.a,ble 2. :
The X and ¥ coordinates of the lower nappe: for each: run’ were

plotted to a large scale ‘and o smooth curve drawn’ t.hrough ‘them. -

This procedure rumnved megu]a.ntms that were na,t.urally ‘present due '

to fluctuations of the nappe surface; which ﬂuctuat.lons increased as .
the depth of approuch deer ensed Coordmates were then read from .
the smooth curve for each run and divided by H,,; the total head on 7
the experlmsntn.l weir for each partlcular run. - Thus'the: coordma.tes-l o
for all runs were reduced to unit head. The coordmstes in the unit~ I

head form were then combmed the 1elat10n b bemg used a.s t.he cn—r

terion. From column 18 t.able 1 1t wﬂl be obse.rved that the valusj._, o

of 1"3— ra.ngad from 0 to 0. 193 The runs were: grouped in table 2 wc- :

cording to theu' va.lue of ?:l and plot.ted wu;h as many s.s ﬁve runs m,_‘- e

a group. The curves in any one group ‘were superlmposed on each

other and an average line drawn: through them.: The average lines ..
from the individual groups wer(. then combmed mto a ﬁnal set of

nappe profiles, e}.prossed in. terms of umt hea.d for values of -H—- rnmg-”"f L

mg fror 0.002 to. 0.200. Thls ad]ustmwt was of m,cesslty per[ormed : -
n a scale too large to reproduce in thie bulletin.. However, ﬁgure 14 o
glves some idea 85 to its character.” As the" velocltv of a.pproach‘ e

increases (or as IhT mcrea,ses), _t.he nappe proﬁle for umt head ﬂutt,ens S

and crosses the proﬁles for, the smaller values of Ihf The greatsst de—_r -

viation oceurs close to the weir, whxch vernﬁes the prevmus st.at,ement.,

t.hat. t.he correct demgn of thJs portmn of an ogee crest s 1mportant

ln place of showing the final adjustmcnt curvas, the g and I?I’ values )

have been tabuln.ted for various va.lucs of ;i in t.able 12




i

36 - snmms OF cmss-rs FOR ovsnmu. DAMS
TABLE z-—mnmaon OF CDMBINING NAEPE SHAPES FOR vmncmmce wnm
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The X and Y coordmn.tes for t.he upper nappe surfaces were trentedf. K
in the sa.me manner as fo.r t.he lower proﬁles, and the ﬁna.l and ﬁ- ]

BRI E R TY R O.OIOD",“\J'." o

' coordmates are hsted in table 18 i'or dlﬂ‘erent va.lues of g These oo-' o
| ordma.tes are not as dependa.ble as t.hose for the lowar Dappe surface, s

since special factors may alter them. The upper surface of & sheet of -

water flowing over a dam is exposed to the’ a.tmosphere and may be -

. altered by wind, air currents, or. by the absor Ption of su.rrounding air.
When ﬁowmg wadter, exposcd to a.u', rea.c.hes a velocity of approx:-‘
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FIGURE 14.—TYPICAL LOWER NAPPE SHAPES SHOWING EFFECT OF VELOCITY OF
S CUUAPPROACH. i G sl

mately 20 feet per second, it begins to insuffiate air. As the velocity

increases, the penetration bocomes more pronounced and the air actu- Fh T
ally mixes with the water. -Thomas ! found that water flowing at a B

depth of approximately 8 feet and a:velocity of 80" feet per second .

absorbed 50 percent air by“volume from the atmosphere. . The upper-'. -

_nappe-shape cocrdinates in table 18 therefore represent only. theideal

. case, where air plays little or no part.  These, coordinates, however, .

may be used as a starting point from which the area of a sheet of water .~

" may be estimated- at various sections. The fact cannot be overem- .

1l Thomas, C. W., Progress .Re;iort.on Studies of the E;'low of Waterin Oben Channels withmzh .Gmdl—"- o

ents, Bur. of Roel, Hyd. Lab. Report 35 (unpublished), July 27, 1938,
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phasxzed tlmt the proﬁlo of the upper qurfa,ce dcponds largoly on existe.
ing conditions. A common mistake is to desigh spillways and’ chutes
with insufficient frocboard, whlch, n the end usually proves cost,ly‘ :
from the standpoint of maintenance.. (o R
- 16. Relation of E to Veloclty of. Appmch —Them ‘expenments V

were made on a shn.r“-crested weir'on whlch the observed hca.d h., was
the basic measurement. : In the design’of an overﬁow section it is more 1 ..

convenient to begm the computﬂ.tmns with the total head above the
ogee crest, H,. 1t is therefore desirable to be able to transfer from
by to H, or vice versa, see figure 13. This has been made. poqsnble by
~ evaluating the maximum rise of the: lowor nappe above the sharp crest,
E, and tho volomty head of approach ha, each in terms of the total
head on the shorp crest, H W:t.h t.he rat.lo I’:?( mcolumn 18 table

. 1 a8 bhu absussu, u.nd the rumo ﬁ' in: oolumn 19 lla the ordmnte t,he-jt”
curve sh(m non ﬁ"'uro 15-A was plottod Bv enterlng t.hls curve WIth
o given va,luc of L the value of E can be obmmed As H. H +E

the curve aﬂords a mothod for mu,rchangmg the vamous heﬁ.ds B
17. Dlachnrge Coeﬁiments.—The curve, in ﬁgure 15-B wa.s plot;ted

from columns 14 and 16, tablc 1; w1th the dlmensmnless ratlo PI_{_ 1':'.: :
as the a.bsolssu and the. cooﬁiuont of dlschm'ge 0 as the ordmo
This is not the cocficient of d;sohu.rg(- for the sha.rp-crested welr, butj’{

" rather for the cquwalent ogoe section, outlmed bv the shape’ of the .
lower nappe. ~As the value of P+ E decreases, or as the velocity of -
approach increases, the coefficient of ‘discharge decresses rapidly. .

. This is further demonstrated in ﬁgure '16, where the observed hea.d :
k., is plotted with respect to the discharge over the weir,

The relnt,nonslups shown in figure 15 have bcen camed t.o the hmnts S

of applicubility. As H and PI_:I*_ E® approa.ch 26r0 88 a.h.m.lt the va.lues ': =

:[Ef and C become constants for qu pracmcal purposes 3 “_‘:The ovemge B

value of BE— i80.115 on nvgh«rlble velocxty of approach a.nd 0 bemmes P

3.98 for the same cond.ltlon As the depth of approa.ch i, decreased o

‘and t.he veloc.xtv of npprouch moreased t.he values of ‘g and C’ de(,rease o

| Eventua.lly va.lues of;} and PI:{- Y a.re upproached where the rcluuom |

‘are no lomrer valid. This limit is nea:r the critical depth of ﬁow 4
ng 12 defines critical depth as (a) ﬂw depth -at which, for a given

n klng. ‘H. W, Hu.udhnok of Hydmullcs,adod mo,p 87:. MoGrtm HLI I]ook Co. Quulullmu- re-
printed h:. punuLsalon. Co ; . . ;
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energy c(mtem of the water in the chanml mazimium rhscharge omurs' SR

or (b) the depth. al whick in a given “channel a giren: quantity: of waler.
flows with the mm'cmum content of e'rquy In hls dlS(:ltSSlOll of cntlcal
depth, he says:

It will be obaerved from both of- th ﬁ;.,rures (ﬁg. 91 s.nd 92, I\ing’s Handbook of
Hydraulics) that at or near critical depth a rclatively la.rge change in’ dept.h cor-:.

responds to 8 relatively small change in energy. - Flow in this region is t.hereforu ‘
rather unstable, as is usunlly md:cn.ted by chn.ructenshc wnter-suriuce undulaﬁons

This limit wes. obvious in the test flume. a.nd Wﬂ.s mn.m.{es..ed by
quite unstable surface undulntions, as describad by King. " As: tllc‘ e
. test data were a.na.lyzod this hmlt becnme appm‘cnt. from the mcon- ; i 3.;'_

sistency of the resu]ts beyond 8 certa.m value of ;’1 : ;
15-A and 15-B the curves drop mpldly at the: nght -'and :t wns not

possible from the tests to determine the characteristics of, these; curvcs e
‘beyond the values shown, as waves in’ the channel produced efroneous . .

head mensurements. - Friction of the floor and side walls'of the channel
had a dominuting influence -on tln, .buhnv:or of t.he ﬂow For t.hls

reason, values of 77 H - above 0 20 and vn.lues of P + E above 7 00 have

no value in this study and consequbntly a.re not recommonded for
prototype design. -

18. Minor Factors Aﬂ'ectmg Nappe Proﬁles.—Some doubt. exxsted
gs to the possible effect produced by surface tension on ‘the’ shape of
the nappe profiles under small heads. - Hn.rns B recommends a molec- e
ular correction amounting to 8s’ ‘much as 10 percent. for coeﬂiqmnts of :
discharge.. He recommends additive. molecula.r correctlon nt heads
as low ns 0.15 foot. He st.nte5°' S L

The molecular effect seldom’ exceeds thiree percent in t,he z-unge of eugmeermg
spplication, * * * Wexm of large. ph) sncal dnmensnon neud no. oom:cmon a.nd
ihe smallest.ones need most. - ol B

The pr(,dommat.xng elmncnt. contnbutmg to the pruduct:on ol’ exccsssve :ﬂow R
in the smaller weirs, is the exisience of molecuiar forces del’ormmg ‘the stream

lines. This deformation Leing gradual and the ‘deforming forces static in theu-

nature, the deformation does not apprecmbly change the uxergv eﬂiclenc};‘ lt
affects-only the ares and therefore appears direetly .in: the qunnmv of flow., The
deformation is too slight to modify apprecmbly the law by whu:h the statnc [omas
influence the dynamic stresn lines.’

In other words, the ‘molecular effect for heads of 0, 5 foot or greater A

which amounts to 3 percent or 1éss, is not’ suﬂicnen‘b to be notlcea.ble 7'
in the nappe profiles. Runs made by the Bureau of Reclamation on -

heads as low as 0.3 foot, see table 1, show no ms,term.l devw.mon in the T

——
13 Harris, Chas. W, An Analysls of t.lw Weir Coefticlent ror Suppmased \\eln, Unj\ of W ash Enz Exp‘ .
Bta. Bull, No. 22, 1923 " Quotation reprinted by purmj.sslon )
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nappe shnpe from othcrs made at hlgher heads w:th the same va.lue of “ B

%}— The dmchmgc cocﬁicmnts for these Iow heads dxffer very httld =

from those for the larger ones, as canbe observcd from ta.ble 1. .
There iz a noticeable surfacc—tcnsmn effoet at very low. heu.ds but
it is difficult to define its. lmnts as the sharpness of the weir crest or .
a small amount of oil on” ‘the weir can cause & marked change-in the -
intensity. In the case of weirs sloping downstream, the effect of -
{riction on the water flowing over a flat, sloping surface is very notice-

able for low heads.  In an effort to eliminate surfa.co-tenswn effects, - .
few runs were made at heads less than 0.4 foot, see table' 1. In'addi- < .-
tion, the weirs were machined to & knife edgc to. prevent: the. lower 2

nappe from springing, from & pomt other than the sharp edge. It is .

believed thn.t vmcous effects were oi a neghglble chamcter-‘m thesc.f "ﬁ":'

tests.. :
19, Companson of Results mth an.-—»Bazm performed a senesf'
of similar empenments in France during the years 1886 01888 on

vertical weirs varying from 1 to 2 meters. in length ‘but his mvestlga-, o
tion included only two posmons of the approach ﬂoor. ‘ Thls hmmed S

his range of L va.lues from 0. 002 o 0 070 wh.lch 13 insuﬁiclent for '

the majority of dnm desxgns encountered in practme. Bazm per-“j“
formed numerous tests on vertical-face weirs of which a few represent- .
ative runs are summarized at the bottom of table 1. “The Bureau of

Reclamation nappe shapes agree favorably with those of B&zm, but o

the comparison has not been included, dué to. the. dlﬂiculty of repro-

duction. However, Bn.zms values of £ m ﬁgu.re 15—A agree suﬂi-li Sl

ciently well with the Bureau B values to verify the above statement.
The agreement is not as satisfactory for the cocfﬁc:ents of discharge:

shown in figure 15-B. ‘Bazin's coefficients are’ consistently higher L

then those obtained by the Buresu. His weirs. ‘consisted of wood
planking topped with a brass plate which, accordmg to Bazin's report,

had a sharp 90° upstream edge.  As judged from the results of other fo

more recent experimenters on shnrp-cres»ed weirs, Bazin’s values are

high. Schoder* attempted to check Bazin's discharge coefﬁuents by '
performing minor changes in the approach channel to the weir, but

invariably obtained coefficients smaller than those of Bazin.  Not.

until the sharp edge of the weir was removed with a file did his values £ B
approach Bazin's.  As. a result, Professor: Schoder concluded that =

Bazin’s weirs did not have truly sharp crests. - If this conclusion wes
true, Bazin would naturally have obtained &' ‘greater discharge for &
given head then did recent expenmentcrs Whether Bazin's weirs

i Schoder, E. W., and X. B. Tunmr, Preehe 'Hnir Measuremenu,'.[‘ms A. 8. C L Vul m, 1920 )

. ]063
5
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did or did not have true sharp 90° corners is now only a matt.er of" S

conjecture. There is no existing proof pro orcon. .-

‘Another possibility is that Bazin's weirs may: ha.ve been sharp,;-‘-'w
according to present standards, but an error could: have been made in ..o
the calibration of his first weir, which was used to ‘calibrate all others. BPa
A small error in discharge is magmﬁcd in the cocfficient. of dlscharge RO
It would probably be impossible to detect small differences in discharge " -
from the nappe-shape measurements, as dlS(.hﬂ.!'gO is used. mere]y to' SRR

determine the velocity head of approach in this computa.tlon R
No attempt will be made to compare Schoder’s and numerous obher -
experimenters’ work on weirs in this study, as the material is volumi-

nous and most of the experimenters did not measure the va.lue of E..
A mathematical analysis of the b(,havmr ‘of ‘ the -sheet of water -

flowing over a sharp crest, for the various conditions encountered in "
practice, is suggested for further: study Vitols 18 attempted such a -
solution, taking into account the vulouty of approach based to a:
large extent on the results of Bazin’s experiments: | "An. analysis of

the new data for higher approa.ch velocities and the nddltmnal overfall = .
dam shapes, using this method or preferably’a simpler one, offers’an .
interesting problem for o mathematically adept student or engmeerl- S
who has the time to pursue such'a study.. I{ was. wmln thisinmind = .

that tables of the original upper- and lower—nappe—shape coordmnt,es'-' o
have been filed for future reference. .
20. Reduction of Pressure on. Upstream Fuee of Vemeal Wenr.

~ Another phase of this study was the determmation of. the leduct;.on of',"" e

pressure on the upstn,um face of the weir due to the " conversion of

static to kinetic energy a8 §'the water flowsd over the’ crest. Piezom-
eters were installed in the upstreain- face ‘of each weir, as shown in-
figures 6 and 11, and connected to manometer’ tubes PI‘LBSUI es Were 1 .
recorded -during eénch test and the results ‘as’ digested ‘are shown -
~ plotted in figure 17; The extent of the pressure reduction’in feet of o
water, measured downward from the sharp ‘crest, is. plotted in‘terms.. . -
" of the total head on the weir, H, for: dlﬁerent approach velocities. i
The actual elevation of the water surface: in the manometer-tubes, - - .
related to the weir crest, is hy, ‘and’ the vcrtlca.l dlstance downward
- from the weir crest to the pomt at which the pressurc was ‘measured ‘is Sy
d, as shown by the dlag:ram in figure 17. The pressure reducuon is, R

" greatest for the lower approach velocities.

The trapezoidal pressure diagram, OBOE in ﬁgme 18 represents""- L

the conventional method used in computing pressures on the upstream’

fuce of & dem, with the resultent pressure, R;, acting at the centroid © - -
~of the tmpezmdal aren The | pressures mdlca.t.ed by tlus method are. S

1 Vitols, A., Beitreg rur Frage des Vacuuuuosen Dammpromes (Vacuumims Dam Proﬂlm), wusukm;
und Wauerwlnschalt. Vol. 31, 193¢0, ». 207, Translnwd b) Edward F w l.lsn; in Bu.r of RecL Hyd ub
Beport 22 (un;mbuahed) . s ‘ :
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RS

Presoure-reduction curves
arbitrarily ossumed 10
approoch zero whand = ZHs

\.'_“ﬁ. ]

040 _ T30
S ; Hgelp o
.FIGURE 17. -R.EDUCI']ON OF PR.ESSUR.E ON UPSTR.EA.M FACE OF VERTICAL WEIR. Ly

larger than those which act.ua.lly exlst. on overﬂow dmm as ﬂow overﬂ L
_the dam produces & reduction in pressure, CBO, wluch is greatest in -
‘the vieinity of the crest. - By pla.mmef.ermg the areas enclosed by e&eh_ o
individual curve and the axes in figure 7, the magnitude of the pressure -

reduction, Ry, for the wen' with vertnca.l upstream face is obta.med
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The result»s are exprassad by a smgle cur\re m ﬁgure IS—A (p 46)

The ares OBO’, expresses as gz’ is plotted for su: values of %— Wlth . o

 the coordinates in dimensicnless terms, this curve is appllcable to all © -
dams of this type, rega.rdless of size. It was assumed in the computa- . :

tions for the above curves that. the ogee section of the ¢ aam would fit -

ths Jower nappe of the sheet of wn.ter flowing over it. Should ‘thig
not be trne, the resultlng pressure reduction would be alt.ered To
obtain the total pmssure rcductlon in pounds for 8 glven va.lue of -

}}: it is necessary to multlply the correSpondmg value o ﬁ‘z' in .

figure 18-A, by the length of the dam, by H.g, and by the umt. wezght,’ e
of water, w

The posntxon of the resultant. Ry, of the pressure—reduct.lon area.,:-‘ . _. :

.can be obtained from figure 18-B. The location of the. resultant, -
measured downv.a.rd from the shm'p crest a.nd expressed 1n t-erms of

unit head, is plotted w1th respact bo F The d.lsta.nce a from the _

sharp crest to the rebultant Rg, for a gwen value of ;_J" is’ obtamed;e

directly from this curve. By s i [
Tt is evident that the ovu-turmng momenf, 8s cust.oma.nly computed

" for overflow dams is too large. The actual reduction’in pressure i
not appreciable; but wheré the moment arm is long, 8s in bigh dams, - .
the effect on sta.bxhty may be worth considering.  The. nommal‘ dh
method of analysis is not incorrect, but a factor of safety exists of

which the designer may be unawsre. It may. be feasible to effect a

reduction in other factors which are usua.lly overdes:gned for. thespke
of safety. The extent.to which this information is useful, however.".; T
depends on the pa.rtmula.r problem. . The pressure 1 reduction would be ' © -
negligible for low dams but may be significant for high dams’ w:t.h g

large heads over the crest. C. W. Harris '® "has also: dcveIOped riRE
~ theoretical as well as an experunent.n.l treatment. for the’ oomputatmn i
of pressu.re 1eduatxon on the upatream fa.cc of 8 vertlcal wur :

APPLICATION OF EXPERIMENTAL RESULTS

 21. Design of an ‘Overflow Dam Section” wnth Verl.iul Upstream' o
. Face.—An overflow dam with vertical upstream face can mow be de- - ', ..
signed for pra.ctmally any. field condition, 1In the following. example, - . .
the dem will be so designed that, for the ma.xmlum designed head'on™ '
the spillway, the face of the overflow section will fit the lower proﬁleff' R

~ of the overflowing shect of water with little or no negative preasuraf_
betweén the sheet of water a.nd the face oi' the | sp:llway

18 Bee footnote 13 in sec. 18,



1snmmsosam935010wmmulngmyﬁ‘%‘

0 /001 002 003 004 ons n.os o.or
A MAGNITUDE OF RESULTANT PRESSURE,Rg s

o oor 002 003 o.ué 0.08 - 0.06 om nos 009 040 "o.u s
o Mafugt o
8- LOGATION or-' RESULTANT PRESSURE, Re

c pa : ;
FlGlJE.E 18 —RESULTANT OF PRESSURE—REDUCTION AREA—VER.T[CAL—FACE WElR.f 2

Ea;am;ple 1) ~—G1ven a mammum water surface at ele\'nmon 1 000 0.
for & total discharge of 75,000 second-feet, with the average
approach floor at elevation 880.0. Determine the erest clévation
and eoordinates for the shapc of un ovcrﬂow soction wiih a erest
"'lengl.h of 250 {eet. . e
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The solution is by succcssxve approumatmns Fu-st a.ssume e :
cocfficient of discharge C=3.75. From the prrcssmn - ‘_ s e
0 CLHM . _’ (12)?'_’:_

75,000 0

K 75><‘>50—8° 00

IJ 3 2_._

and ‘

. H —-18 57 fect
Then ‘ s
P-I—E'-]2() 00 18 5"'_-101 43 ieet

H, 18.57 .

PYET01 43-—0 183 and from ﬁgurc 15—13 ’0*-3796

With this new value of O :
- 0007
HpPe= g Z»wao_‘f’ 76,
and
H,=17. 90 foet.
Then ‘ o
P+E=120.00— 1( ‘)0 102 10 feet

PI-::'OEV HE'IE:O To, a.nd i'rom ﬁgurc 1-)—B 0—3 96

Tt bas now baen ost;nblﬁhcd thnt. t.he valuc of H is. 17 90 und thc

coeflicient of dlschar{.,(, C, is 3.96. ThL erest of Lhu splllway is Lth
at 1,000—17.90, or elwn.tlon 982 10. T : R

To determine J1, anid H,ﬁrst, assume H, H -—l: 90 fect Then the _‘ -
approumutu value of h; ls compuhcd as follo“s ' SN
H.+P——]"() 00 feot (upproumutc de-pth of upp: on(,h)

q_?-f‘z—?gowmo qwond—foct pe; Ioot. ol' \udth R
PoBOD by e
| =155~ 2.5( :f.e{;.(,‘.per g\gsc,o\nd ‘(_vel‘ch‘ty,:qf ‘lﬁ‘_ppx qa-cb).'f' i
and e R T R
V Iy, 0097
: Ib,-—-*é‘g*-—-o 091 fccb and H‘ IT'Q—O—-.»O 0004.

From figure 15 ~A,H =0. 1125




- Now,
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HAE<H

cor 1790+0 1125}1 ._H,.:‘.__
" Then o %
17.90 _

_ Hp= 0 8875—‘20 17 feet (ﬁl‘St approtunatlon)
To obtmn & more accumte va.lue of - V,,, t.he a,ppronch dept,h h.+ 1.- .

should be used which is nlso H.+P—h,,, _or 120. 00»0 097_—119 90

300 ‘

V== 4-*2 51 feet pcr second

119 90
Hence, ‘ "
h., 0 098
: h —Q 098 d H 20 17-—-0 0049
From ﬁgure 15-—A
E = 0 113

and : ‘ . S
H.,+E—H or 17 90+0 113 H._H e

or’ R

17 90

ool 0887'_20 13 f""*"
\ h. 0098
' NowH 30.18

‘The final values are
g—-o 0049 ﬂ.nd H. 20 18

—0 0049 Whlch agreel wmh the prewous Btep :

“In cases where the depth P+E is sma.ll see ﬁgure 15 ‘more appnm- o
mations will be needed to rea.ch the ﬁnal value of H— nnd H. “ E ‘
From the expenmenta,l results on lower na.ppe shapes for vemca.l e

- weirs, t.a.ble 12, values of - il chosen, dependmg on the pomt- spacmg .

- desired. These are ta.bulabed in oolumn 1 of t.able 3 a,nd correspondmg o

- values of F a.re tabulated in oolumn 2 for H=O 0049 By solvmg )

for X and Y from the values in’ columns 1 and 2, respectwely, the
coordinates for the overflow section; columns 3 and 4, are obtained.
Column 5 expresses the values of Y in feet of elevatxon The pomt.a
are shown plott.edm ﬁgure 19,0 T A
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The design of the strmght portxon of the spxllway below the overﬂow‘ _—

' section depends on the stability determmamons a.nd cha.ractenshcs of
the stilling pool at the toe of the spﬂlway 3

22. Determination of Wall Heights for Overﬂow Dam Section.—
In desxgnmg spillway walls it is difficult, m ‘some . cases, to. foresee the

various factors which dictate the Decessary. “height, such as dmgonal e |

waves propagated by piers, waves created at d1ﬂ'erent gate openmgs, L
unsymmetrical flow produced by. unequnl approa.ch conditions ‘on the
two sides of a spillway, unpredlcta.ble air currents, ‘and waves crea.ted‘ ‘

by unsymmetrical gate operation.  The - Iatter condition ¢an be - ©
-eliminated by operating the gates in asymmetncal manner; if all gatea,
cannot be opened an equal amount, those that are opened. should‘-.‘_- =
be chosen so as to produce a symmetncal pattern of flow. - This .- -
" procedure of gate operation is mundatory on Bureau prOJect.s ‘The:
extent of the effects of the remaining factors menmonnd above, on the -

~required wall helght can be detern:uned sutlsfactoruy only by 8 model .
study. . , . T

. 768318°—48—5
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F]GURE 19 -—R.ESULTS OF EXAMPLES 1 2 AND 3—VERTICAL-FACE WEIR

Example 2. ——D(.termme the wall helghts for the overﬂow dam"‘
sectmn as demgned in example 1.; : ‘ ‘

As H and ;Jﬂ have been determmed m example 1 1t is necessnryv

only to choose vulues of ~X~ from the expemnental upper—-nappe results_ b

for vemcal weirs, table. 18 and record correspondmg vnlues o{ };

ior FI =), 0049 The results are shown in column 1 and 2 mble 4.




WEIR W’ITH VERTICAL UPSTREAM I‘ACE
'I'ABLE 4—-CDORD]NATBS FOR UPPER SURFACE—-EXAMPLE 2

X X R Ly g - } elew.tion
H. | Kofeet "'." fow. o

-1, 000 1) | —20,18 7 19,29 ',999 11

—0. 800 : g 118,73 1| 998, 55

-0, 300 .08 —, 18,10 .. 997,92 .
0. 000 3 - .0.00 {0 17.01 906,83 "
0. 200 - - JR .04 _‘1.5.‘90 E ‘._‘_:‘9953 72

0. 400 SEESTIE BT " VRS T R R
(. 60D ) 12 L1245 (98227
0. 800 o | 1R4 00,9870 989, 75
- 1.000 ) 20, 6.90. | 088,72 "
1. 200 [ 22 | 807 | 08280

1.400 | —0. 98,25 |- =187 | 07845
1. 600 . 318 29 | —6.42 . | 97340
1. 800 ) . 8632 | —12.07 | eer.75 |
2.000 | —0. . 40,36 | —18.26 | 061.56 |
2, 200 256 | - 44,40 | —25,85 |- 854,47

2. 400 i5 - X ~33.86" | 046,46

2,000 | —2 o 82 42,1800 087, 64
2. 800 ~2 R . ~—b51.52; “92B.30 .
3.000 | —3 A . . --61._15 ‘ 918. 67 .-

‘The values in wlumn 3 and 4 were obtmnod by multlplymg those--
in columus 1 and 2 by H,, or 20.18, The points for the, upper surface - -
are also +hown plotted in ﬁgure 19, This curve represents the actual o

water surface as obtained- in the expenments, with ' near-perfect S

approach conditions and with little or no air a.bsorptmn in the sheey
" of water. The amount of frecboard needed above this curve deppuds-j o
on the particular problem. Wave heights are' difficult to- predwt

The expansion of the sheet of ‘¥ater due to air entrainment incréases T,

as the water accelerates, but it cun be estimated with & reasouable :
dlegree of aceuracy. In this connection, reference is made to a study

by R. Ehrenberger,” to field observations by C. W. Thomag_,“‘_ and e

to an analysis of the latier ubservations by V. L. Strecter.®.

Dam.—

23. Determmatmn of Pressure Reduttmn on Upstream Face of ; '

Erample 3. DLtermmo, bhc magmtude of thc presswre reduc-

tion and the ]ocamon of its Jesulttmt :for thL ovu'ﬁow secuoni_,
shown in figure 19. : I RO A L

v Enrenberger, R., Flow of Water in Steop Chutes with Speclal Reference to Seif-Aeration. - Oster-
rejchischen Ingenieur und Architektenvereines No. 15/18 and 17/13, 1926. Translated bg E. F Wuseyiu B
Bur. of Recl. Hyd, Lab. Roport 20 (unpublished), Ou’.otn:r 1937 : :

15 Spo footnote 11 In sec. 14, el

19 Strester, V. L., Becond Progress Report on Studtm of the Flow of Wator lu f)pnn Lhannuls wlth ngh
Cradicats, Bur, Bee Hyd. Lab. Report w(unpubllahud), Oetober 13, 1008, .
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From the prewous cxamplos, H,-L’O 18 feet and % =0, 0049 En— o
tering figure 18-A with the latter valuc, the prcssurc-rcduct_mn amn“_"' s

CBO, cxpressed in terms of H,2, is found equal to 0.084. . = . -
The actual arca is therefore 0. 084)((20 18)3=234.2 squm'e feet, or

34.2 cubic feet of water per foot of dam, -This is ecqual to & prcssure' S

reduction of B,=34.2X62.5=2,138 pounds per foot of da.m length. -

The position of the resultant of this negatnre force is; located by: ; "

entering figure 18-B W1ﬂ1 the same value of % A value of Hi cquu.l s

to 0.216-is obtained, Whlch is the vertical distance from the’ point 0.

to the centroid of the area CBO, cxpressed in terms of unit head. The ‘
position of the resultant. prcssurc-roduct:on force, R«_., whxch acts in
an upstrcam direction, i is 3--0 216}(20 18= 4 36 feot, bclow pomt. 0 :
soe figure 19, - - ‘

This completes the solutlon to the nbove problem hOWever, as a

matter of interest, the extent to which this small force reduces the

overturning moment due to hydrostatic pressure act.mg on the up-
stream face of the dam will be m\'estlgawd If it is assume.! 'that low
water level downstream from the dam is elevation 890, see figure 19,

it is not necessary to consider any hydrostatic forces below this 'poi.nt o

The area CBOE in ﬁgure 18, consndermg the base at elevat.lon 890, is
20 18+ 110, 0
equal to —_——

bydrostatic pregsme is 5 846){62 5:365 375 pounds per Imear foot of
dam, "

><(1100 20.18)=5,846 squnre feet, and the‘_;i:j_ s

The resultent of the force, des:gnated as R,, acts at the centro:d o{. e

ibe area CBOE, elevation 924.6, shown in figure 19. " The magmtude Wy
and location of the force R, are known from the above problem.” .
By taking moments sbout the base of the dam,.point Z in ﬁgure 19, '
the reduction in the overturning momenb produeed by the fome R.,
2,138 125.46
365,375 X74.6
The relative 1mportunce of t,he force Rg vames w1th the lndlwduul
problem. : - wi A '

is found equa.l to ==0. 00984 or a,ppmxxma.t.ely 1L percent




CHAPTER IV—WEIRS SLOPING DOWNSTREAMV_ )
ANALYSIS OF EXPER.IMENTAL RESULTS

24. Weir Shapes Tested —In cont.muatlon of the expenmentn.l'- '

study, three weirs with-downstream ‘slopes were tested to- rcpresent.f o
overflow dams with sloping upstream face, such as Tmperial Damon - =
the Colorado River. - (See Pari IV Bul]etm 9, of this gseries.) The .

same weir plate was used as in the previous tests; except that it was - -

placed on slopes of 1:3, 2:3, and 3:3, making angles with the vert:cal '

of 18.43°, 33.69°, and 45.0°, respectlvely, see ﬁgure 20. “The knife

edge was maintained on this weir. for all . three. ‘slopes. - The experl-‘

mental flume and the instrumentation were the same as for the vertlml-v - '

weir tests, except that it was necessary to shift the lower coordmometer
and shorten or Jengthen the movable ﬂoor, dependmg on the weir.’

25. Compilation of Nappe-Shape Results.—The test. procedure and )
the compilation of the results for the three- slopmg Weirs, : ‘shown in -

figure 20, were handled in the same manner as for the vertical weir. -

The material was preparod and the results were expressed for. each . :
weir in the same form as for the vertical weu' No addltlons nor ..

changes in the termmology were necessary

A summsry. of the tests made on the 1:3 slopmg weu' is shown in 0
table 5, together with.a compﬂatlon of all of Bazin’s, da.ta oh 8:weir -

having the same slope. The form'is the same 88, that vsed for table 1
Nappe profiles were recorded for all runs shown in_this table.

The X and Y. coordinates’ for esch run. shown intable 5 were -

plotted to a large scale and sinooth curves drawn’ through the points.

Coordinate points were then read from the smooth curve for each run - -

. and divided by their respective values of H,, thereby reducmg all ©0
coordinates to unit head on the weir. . The coordinates, in unit-head
form, were then grouped a8 shown in t,uble 6and plotted the relatmn' e

ha
H,

being used as the criterion; An attempt was mn.de to cambme at

least three runs made Under dlﬂ'erent oondltxons of head and npprouch‘ Wi
depth. The average line from each group was combmed into'a final

let of na.ppe proﬁles for values of H-— rangmg from 0 002 to 0 20 >

' The coordma.tes -ﬁ- and Y for the ﬁnal ]ower—nappe—shape curves

are tabulated for different values of II:I in table 13. The coordmates B

93




S
M,
<

A

|
R
e
B

-

O
-4
Q
o
W
-
g
v
o
o
7]
=
mm

W

-.:.u ol cyaf ysonadds’ g0 duotuaa L
Lhpy-prodws ‘Apyeoal plazgdd ~ 0

) .t-. et l:!- -:—-u ..u .. i 48 $5043 BOj§ 40 DA = F

‘niw 480 o yiby

\z.u<-|l<u:paz;oa ouz_quz.maw.u;

FLUTRIIT o

T 2408 61 NG

»o_
llul»nz!oo nuz_._oz_

NS

LR s




WEIRS SLOPING DOWNSTREAM =~ = . ss
‘TABLE 5.—SUMMARY OF TESTS ON WEIR INCLINED DOWNSTREAM ON 1:3 SLOPE -

| ‘ g 4|8 .i- t;ﬂd;_.,“
sgcom- | - %o 1 SOUARE |FEET!PER| " M
“reer | FEET | FEET | pgev. | SECOND
" BUREAU - OF  REGLAMATION * DAT
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| o528 J11. 0.233 |
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TABLE 5, —SUMMARY OF rzsrs ON.WEIR mcuum DOWNS‘I'REAM ow 13 o
: SIDPE—Con:muod

B e r.,'_ﬁ ?‘ ‘.'S:
B NI L2 N
M| peer P E |
" BUREAU OF REGLAMATION

1.033 (3966 | 5.140 | 0. 25
10.289:1599015.132 | 0.Ga
0680 (3570|525 0.

2.205 (3864 | 3388 | 0,
1202 ) 3.931 | 25573 |

“].2.455 | 3.988 | 2.615.
{25177 3.943 2596 | 0.
{-0.861 | 39147 2.080.|- 0.
1.722 13:952 | 2/089.

1,220 3943 | /573 |
2.497 | 3.950 | 1.590 | 0.
11457 | 3.936 [ 1.067.(
2.54313.92¢ | 1,086 |:
07301 4.007 | 0677 |  0;
A.276 | 3918|0692 [ .

2.081 | 3.866 | 0701
| 2504 {3870 0636
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1.771| 3.
1716 [

L iy SRR LT ;

PPO—~. ¢
oL
OO b =~

no
t

0 o

[
[y}
-

oD ~0o~-
~
~

QmroD;
[P - -
— U - —
OICAaWNy

| 2ses.
Q74
1 1.099
597 3.
ATy 3?43

21081 3643
2592} 355¢
175413612
1:1.0861.3720

0787 3.736

1.623] 3385
| 0:368] 3.497
1:2.8121.3305

-

RLERT: NNR@oWw =
QLD

=g
NO oL -

| ocer0
00386 | 7 ¢
1.0.008r [

D DL =y

P00 ODODO oo

oo -
Ry

BAZIN DATA (TYPIGAL

|5az 4046 3772 | 0re3|
-2:133):4.16213.792 | 0198
.z.aoa 4.12213.806 | "p,237]. 0.
3.581 4.084)3.618 0278 1.
-4.349(° 405913834 03157 .
5.172| 40573853 | 0352 |




, © WEIRS SLOPING DOWNSTREAM .- st
of the fina] upper-nappo-shape curves, which were obtained in the
same manner, are listed in table 19, .0 0 T Ca e

The data for the 2:3 and 3:3 sloping weirs ﬁféf'c',.tréﬁt;éd in"the same

manner as those for the 1:3 sloping weir. Sumimarics. of runs made

on the 2:3 and 3:3 weirs are included as tables 7-and 8, respectively. ‘
The tables also include all of Bazin's work on weirs with these two

slopes. The method of combining the nappe shape data. for.

from the 2:3 and 3:3 sloping weirs is shown in tables 9 and 10, respec- .

plotting ‘:f.: S

~ The final ldﬁelﬁ-ﬂnppc—s'hap’c‘ “qodr‘cfii.i_lateé, 1ntermso{umthead,for
the 2:3 and 3:3 sloping weirs are tabulated in tables 14 and 15, Tespec- - "
tively. The final coordinates for :the qdr:éspbgdi:jg};’iuppe;fr;_g?ippe-’__.';.1-“;‘ :

shapes for various values ofllHi arehsted mw,blesz(]nnd 21 ,r pu:- o

tively. - ,

26, Bazin's Results on_ﬁ':l and 4:1 Slopmg Weirs———Inhls expé;'i-"

ments, Bazin included ‘studies on weirs with downstream slopes of 2:1

and 4:1.. Thesc slopes were not included in’ this program,- as they =

were not considered of s

afficient’ importance  to- merit, the. expense. 2t

involved. However; for the sake of ‘completeness, Bazin’s. date bave -

boen included in table 11 for the 2:1 and "4:1 sloping. weirs. Sinee - -
: : The s

only two approach depths were 'ue‘\ed,jl‘jt,hé _data are meager:

rnasimum valus of i-obtained by Bacin was 0.07, neuffcientfor the. .

design of meny low dams mjtﬁ_' ‘ elocities ch.:
The X and ¥ coordinates, in. terms of: unit head, for the lower -

mbdbré;fe'.véidcitiés Ofa.ppm“h s

_nappe shapes from Bazin’s 2:1 and 4:1 downstream-sloping weirs are- . o

‘tabulated in tables 16 and 17, respectively.” Similar ‘coordinates for - - |
the 2:1 and 4:1 upper. nappe shapes are listed in tabl_gs;zzfa;nd- 23,0
Tables 12, 13, 14, 15,:16, and 17, -in, which: arc: tabulated lower .

- coordinates for the “vertical, 1:3_','2:3,33:3’;;2:‘_l1“';;;‘_94‘ﬁd‘-‘_'4i:1v ‘weirs, have *

been grouped  together -to. facilitate: interpolation between tables.
The same is true for tables 18,19, 20, 21,22, and 23, in which:are .. i .

* tabulted coordinates of the upper nappe surface for the same weirs.

“27. Relation of E toVelocity of Approach.—To facilitate. igte‘r-;""":

i

change between tli_e v_a.ripus_ _.heg.d,é;_,_‘h,k,',_ H, h‘,_;_‘_g,x_\'d H,, t_lﬂxe“_;relat,i_o;hfg: B

g has been plotted with“i'eépéqt;"_:trzj g“mhgure 21-—Afor thethree : A
, sloping'Weirs test.ed “It',"is interéStiﬁg to 3pdl':e';,thﬁb:j§hei"vn.'luef‘yoif'E i % (o
decreases 88 the angle of the weir is. increased from: the ‘vertical, -

which means that the contraction at the under side of the jet decreases  _
as the slope of the weir is flattened. - The black: trisngles indicate -

Bozin's data on similar weirs, The agreement. between these points .
~and the recent data is quite satisfactory. . T R R




STUD[ES OF CRESTS FOR OVERFAI.I.. DAMS

TABLE 6. —-M.ETHOD OF OOMBINING NAPPE SHAPES FOR WEIR. WI'I'H 1 3
. DOWNSTREAM SI.DPE ‘ :
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WEIRS SI.OPING DOWNSTREAM R i'm

TABLE 9—METHOD OF COMBINING ' NAPPE SHAPES FOR WEIR wrrH 23
. ’DOWNSTREAM SLOPE .o ' ° . = .

| .-'ACT'"&L hofty | PLOTTEDA./H,

Sl 00088 .
©o002¥ ol
00019 "/

100203

TABLE 10.—ME’1'HOD

©0.1800.

S obee
- 0.2000
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WEIRS SLOPING DOWNSTREAM

16.—CNORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF p*—
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TABLE 19.—COORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF p°—1:3 .
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TABLE 20,~COORDINATES OF UFPER NAPPE FOR DIFFERENT VALUES OF ¢ ~2:3
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WEIRS SLOPING DOWNSTREAM T 83

Figure 22-A shows a comparigon of curves for the 1:3, 2:3, smd 3:3

weirs, together with similar curves for the vcrtlcal weir aud_‘ Ba(m 5
2:1 and 4:1 downstream-sloping weirs. - The curves are spaced quite
uniformly except at the right end whcre mst.abllzt.y of ﬂow 1s‘ '
approached. :

28, Discharge Coeiﬁclents.—'l‘he actual dlsclmrn-e coeﬂic:ents for"f

;.

the 1:3, 2:3, and 3:3 slopmg welrs aru ShO\Hl plottcd agmnsb P-I”E e

in figure 21-B. Bazin’s cocfﬁclenbs, mdlcuted by bincl\ trmn"]cs
are higher than those obtained. in the more recent’ o\pm iments..
This is also true for the vertical weir, as shown in figure 15-B. anm s
discharge measurcments are consistently 2 5 pexcent h.lé,hel‘ for a]l:'f.;
weirs studied in this series of experiments. i
For comparative purposes the above three curves have becn com-
bined with similar curves for the vertical and’ Bann $'2:1 and: 4:1"
sloping weirs in figure 22-B. It is interesting. to uote that the order
of the four-test curves at the right end is the reverse of ihat at the left.
The vertical-weir curve indicates the highest dlsdlﬂl""c cocffi emnts for-
large approach depths, while the curve for the 3:3 sloping weir shows

the highest coefficients for the smaller approuch depths, -In no case S
is the variation in coefficients for the four wuirs upprmmblc The " -
poinis for Bazin's 2:1 and 4:1 sloplng weirs are msuﬁ'u.wnt to (.Sl.llbllbh i

very reliable curves,

29. Reduction of Pressure on Upstream Face of 1 3, 2 3, and 3: 3{_:.‘ : e
Sloping Weirs.—The drop in pressure on the-upstream face. of the -~
sloping weirs was observed by means of pmzomvtms, as'in the caseof =~

the vertical weir. The drop in pressure, which is considered as H,—h,,

is plotted with respect to d, the distance of ary piezometor “fromi. thc.'“i 3
sharp crest of the weir: These two vurlublu‘; are expr essed in’ terms ¢
of unit head and are shown plotted: in fizures. 2.3 24 u,nd 25 for t,he_ S

1:3, 2:3, and 3:3 sloping weirs, respectively. S T :
The method of computing the magnitude of the’ ])I‘(’bSl]](, luluc.l.:on
was explained in section 20. The magnitude of the pn.asuu, re(lucuon o

on the upstream facu of the 1:3, 2:3, and 3:3 slnpmg vcus lS shown' .

plotted with respact to ?1 in figure 26-A. Thc curve for the vertlcu.l :

weir has also been included on this ﬁgure for (.ompmatlw purposes. - -
The term Ji.2 is the pressure-reduction area, as illustrated in figure 18,
or the volume of the pressure reduction when unit length of dam is
considered, The actual pressure reduction in pounds is obtained by
multiplying this volume by 62.5, the unit. weight of water.  The
companson indicates that the wduulun of pusaure increases as, tlm
weir is sloped downstream. '
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WEIRS SLOPING' DOWNSTREAM . -

Pressura-reduction curves
arbitrarily:-ossumad to
approoch zaro when d = 2He *
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* STUDIES' OF. CRESTS“FOR: OVERFALL'

“Pressure-reduciion curves'
arbitrarily assumedto -
oepproach zerowhan d = 2Hs

Q.0 710,50

- FIGURE 24.—REDUCTION OF PRESSURE CN UPSTREAM FACE OF 2:3 SLOPING WEIR,

+
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'STUDIES OF CRESTS FOR. OVERFALL DAMS

.

"}

T ; - I il I I‘
AL ALY o7 ©.0% .60 Oult . O, .
A~ MAGNITUDE - OF .. RESULTaNT - ansune S
: ! : I' : _ = anee )
P ——— . . . i . VERTICAL .
i e T R -wm:al-fuc- weir= g8 ¢

- PEED Stoping . weir N
Sy #2i3 Sloping . wait - qigpe
433 50ping . wair = ay0e

_~'~h

e

T
™

L ) ! L . : e ! . )
oq oQr Oﬂl Oul 0.4 ,.Illll PRE-X 0ad . nGy om [} X NE 2 ‘7.5 B oM

. AB~LOCATION -0f- RE/SULTANT PRESsuR" RPN A
FIGURE 26-—RESULTANT OF ‘PRESSURE-REDUCTION AREA, E(;R VERT[CAL-‘AND
‘ SDOPJNG WEIRS. R '

The ]’)O‘lltloll of the resultan, ViR whu,h uotq throup:h bhc controld:,;; o

. of the pressure-reduction aren, ean’ bo obtmm-d forithe:1:3,.2:3, and o

3:3 sleping weirs from fj igure ‘)b-B “The terin'd rcprcsuntq the vertical
distance, measured downward from the sharp crest of the weu' to: bhe,:ﬁ
uﬁultant at the controid of thc pressure-reduction arcu. o

APPLICATION OF EXPERIMENTAL RFSULTS B
'30. Design of- Overﬂow Section : ‘With: Q]opmg Upstream Face.—-"

With the experimental date for the vortxcal 11:3;2:3,°3: 3,:2:1, and 4: 1', ;

sloping wueirs, . it is. possible . to design . an LCOTIGI]llCﬂl and . efficient,
overflow section for g dam’ wn.h any.ona of bhu.a alopu; o.nhany mtu- .
mediate downstream slope.. ) o
Example 4.—~Design. the- ovvrﬁow su,uon of Iow com'rete _.’
gravity dam, avith- crest: at, elevation 180,0, for'n maximum dis-
~charge of 200, 006 second-fect. The, upproach floor is-at elovation .
153.0; the crest is 1,200 feet long, and the upstream’ Iace of the
“dam is on a0 0.75:1 slope.
The- solution is lmndlnd 5mu]ﬂr]y to that of e‘mmplo i. Sol‘vingf

‘eqnntmn 12 for .
AT

) : : ‘ .I‘fg;zt OL,
and assuming 0-:=3.80; ‘

s 200,000

H,~ 580X 1,200




WEIRS SLomNG .Dowmsmmt "

L H, 1244 44 .

. P =0, 498
“From figure'22-B, a more. ncvurate value of (‘-—3 01-is obtamcd for e
a slope of 0.75:1, or 36.87 degrees from the: vertical. SR Y
Repeatmg t.hm opuntmn with tlw new. vnluc of 0

W TR0 amee e g o
I \/-491\1,200 _\/4>m~ 12.20 fcet i
~and - ' R

" '“-7‘:-‘11" iz 20 | ;;!i
P+ETT ‘"”483 e

From figure 22-B, thr- LO(‘fﬁLlCﬂl: of (hsohulgc wmmns 3 91 for th |

",
.above value of - TLE

The next step is to find tho vnlue-‘-} of :'1 nnd H

: ] SO
g-_-_.%—g%%g —166 G7 sr-wnd-fu,t pc: fooLAof crest. Pben' o

n"*“?éﬁ;‘ﬁ:‘;{ﬁfag | (14).‘-*

Ve=577 35118.50°

166, 67‘”_"__4 48 fept, pur»Sébond)

and ha=0.312 feet (ﬁ]][)l()\ll‘nﬁ.lt‘ vclomty hend of appmm.h) ,
“ The process can he repeated to oblmn Q- mme ﬂu.urn.te vn]ue of h,.‘ i

g .‘(f1’_5)_:

Al(‘)b 67 f__ . o ;\. ‘ i
1780 031.,--45 -feet;‘,-per.swm_ld,‘ ;

I’+ﬁ +H - h

V,,== 3

and
S Chg=(. .SIS fect, {irue vcloclt.y of. appronch)

To determine H,, reference is madc tafi igure 27 wlnch‘was con- . .
-structed for the purpose:of climinating, a portion; oi’ the cut-and-try

- - process. “These curves were not used in_ the soluLmn of u.u.mple 1

. but-will be utilized in the prwcnb pml)lom ‘ ey



50" 'STUDIES OF CRESTS FOR' OVERFALL DAMS

*Entering figure 27 with tho_'nbov_ci_'vnluu,‘ %’=1.057 for-an angle of
36.87 degrees with the vertical. SRR
; TH=1,057X12.20—12.88 feet, o "
and ' : cer

Che COB18 e

IS TeEy oM
. With: thesc values and tables. 14 zﬁid"_15;f_'.hhcr::"_r‘._"t“:q'r'glix‘u‘:_:tes‘é’for: the
_overflow section ean be determined. It is necessary.in ‘this case to =
interpolate between values in the two tables, since the upstresm slope. .
of 86.87 degrees for the overflow section lies between. the:2:3:and3:3
slopes,” The coordinates have: been: tubulated initable 24 and are
shown plotted in figure 28-A. o PRl s SRt D

e ' ; T T - ll — -

: ‘ : l Hovernangiff a0 ! l ;t \-nn‘rﬂ_f I | E

1?7 ; | . ~All ongles are measured with—
: e 8 | relerenca 1::vert.ico1. e

~

1.1&

114

I3

hz:3or ¥
R

=3:3 or 45°

1

37

¥
XY 2 .

he
Ha

FIGURE 27.—RELATION OF Iflia TO

I.OO‘ S_GT_II.DQI 3 -4

4 g

il ] Lpeenor 7a
]

5

H,
H,




WEIRS 'SLOPING DOWNSTREAM

TABLE 24.—COQRDINATES FOR:OVERFLOW SECTION~EXAMPLE 4

: X foor | Yr 30,870 1 Vieleva-
R _Wcir_.J | ‘tion, feet;

450 | agert
'v\Vcir‘ Welr

R 4

0.000 | 0000 | 0,000 | ::0.00 C0,00 1 170,98
0, 032, -0 018 | 0.028°| [ 0.64 | 02807 | 17964 .
0.050° | :0.034 ST T ¢ 179..87 .
0,050 1 0041 1 00611 - 7| 170,98
B.OGL: | 0.042) 0.056 0 282 ‘0 180,00 }

0. 062 0,042 00050 3 180; 0[) :
0. 001 , 042 0. 050 ; '3] 80.:00
0, 059 0,039 L 053 | A1 170006
0,051 0,032 | 0046 170087 L
0. 041 021 - 0035 S i1 Vi IR I

0. 029 008 | 0,023 10 5016 0080 ) 179,58
0.015 | —0. 008 0000 580 0,127 117040 °
—0, 002 027 1 —0.000 | 6 44 0| —0. 1251 170016 ¢
=0.044 | --0.073 . 052 S73 0| =067 17861 0|
0,097 | —0. 127 105 | 0,02 | =1.85| 117708 #|

—0, 1578 —~0.180 | —0.166 | 1030 | - =214 V17714 |
—0.226. ) —0. 258 | =0.235 | 1150 | - —3.03.] 176,25
—0.310°} —0.336 | —0.311:- 1288 ] ~=1700 | 175
~0,481 | =0 514 | ~0, 400 | 15,46 | —G.31] 172
—0.692 | —0,727 L7021 1803 ] =004 | 170,

—0. 640 . 966 97 2061 1212020 167
—1.212 1§ —1.240 L2207 79818 1A 7L | 168
—1. 517 . 543 S5 1 25ITR L 1006301 150063
—1.860 L 877 8BS 2R34T 280030 ] (155085 |
=2,222 | ~2.240 | ~2.220 | 23001 | ~2R:71 .1 150.57 |

Aéw?wﬁ

Should the upper-‘szuce coordinates be: dc:m-d tthv Chll be’;‘."
~obtained in the same manner from tablds 20 und P DR T
- 31.  Design of Overfiow Section with. Shallow Approach Channel —
i In the design of spillways for carth dams, the: appmmh clm.uue s

-usually made- shallow: so as to minimize t.lu, ‘cost-of :the required

-exeavation. This type of spillway is quile common, and. the, dcsign

of the overflow section has been difficult breeause of the many unknown o

‘factors .involved.  With : the foregoing mfornmhmn however, safe
designs may. be. performed: with. conmdemblc ll'l[‘l‘(.‘ll.‘sb Jn (-fﬁcmncy of

' the splllways 4 : ;
“Erample 5.—Figurce 29 shows a plzm a.wl scctlon of an eath-dn.m .

“spillway with a net crest width of 77.0 feet screst clevation at -

460.0, approach channcl at celevation 455.0, and maximum reser-
~voir: surface at elevation 500.0. Invest:ura.te the (l(.swn usm"
"t]m results of the-recent weir experiments.
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FIGURE 28. —RESULTS OF E‘(AMPLES 4, 5 6, AND 9—-WEIR.S SLOPING DOWNSTR.EAM

In the otiginal mo«lel {ésts the coofficient of dxsdmm in tlu uquauonj’i‘

=COLH** was a-constant of 2.55 for ali heads.” Subshtut.mg values

ln th(. equation for the: maxinim dlsduugo Q 2 8.'))(77 X4O°’2—
55,520 second-feet. ,
Application of the more rL-u-nL dnta mdlca tes blmL Y savmg may be

. obtained in cither one of two ways: . by raising the crest; or by main-. -

taining the crest at thoe same eleva tmn and reducing thc width of the’

spillway, - In either u:nqc; the dimensions of the- gntes can be rcduced o
In this example the crest will be raised ;-and a free overﬁow section,

with piers but without. gates, with-a- net width of 77.0 feet, will'be .
assumed, - The new ucst elevation: (,nn bo obtmncd by solvmg" orj ‘
the head, I, B
Assummg C=3.60 for t,he new ovvrﬂow SC(’LlOIl w:tLh n 45" (or 3: ’%)
slope ou the upsbream face, and, solving: cquatmn 12 for H B
= Q 555
-and . :
' H =34.33 feet, (uppmmmately)
For smblo ﬂow sonditions in - which undu]ubm;, wavc Aac Lmn is:

a,bsent, P{E{%— ¥ should not L\ceul the valuL of 5 .0, sce’ figure, 22—B o

- Undulating waves in the approaeh dw.nnel will produua an umtcndy_"'- L

flow in the spillway. The result will not be scnom, but the demﬂ'n s
not sound from & hydmuhc standpoint.” - : .- ‘ -
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v o4 STUDIES OF CRESTS FOR OVERFALL DAMS

"To avoid this oondxtnon t.he approm-h depth m tlus emmplc W:ll be
choscn at 7. 0 fch below Lhn crest. Then

H m§i:3
P—l-‘E"' ~4 Sq |

Entering the 3:3 curw, in i guru -B Wi mh t}ns vn.lue, 0—-3 680
Sub%:tutmg the new vnluc of Cin the ﬁmt. uquataon, R

t.)d,c)uo

~and ‘

o I—],=33.74:'fee__t,.jf. =

The final value of B
“H, 33- 74
TTE "f“ﬁ*fﬁ4 82
From figure 22-B, thc v nIUL of Olcmams at 3 680 thoruforc H —-3'3 74
feot.
Before (-stahhshmg the crest dm atmn it is nctessm'y todetcrmnm
the friction loss in the approach ehannel-for muumum dxschurge
“will be nssumed that the npp1 oach. dupth is S ‘

Aot P—!—]L—~33 74+7 0 40 74 feet

and the (ouﬁjucnt of Ioughnoqs, n; for tiw approach channel iy 0 020,
‘Then the w-]nut\ of approuc h; ‘ : : ‘

. 55,520
v, W-—IS -7 feet: pcr qccond

nnd the hydraulic Judlus

L 40.74 112, 18

1025 S1.00 =24, 5:, basul on t.he upstrcn.m sectlofx

Subst: tutm" these. valucs in thc Mmmmn’ foxmu]n, P o

ol 4arrmsm

[ Y,m ] [ 13.2730:020 ] L
T TSGR LARBX (4. a?)"‘f'
"L =0.000446 foot :

loss perlinear: foot of (,hunnd \Iuwle( sbing the ontmnce loss and con- 7
stdering the channel 1,650 Teet ]ong, the total fm,tlou loss (R

8l= 0 000446)(1 650 =0. 736 foot




' WHIRS SLOPING DOWNS’FREAM R ,9,-1

A more’ accuratu value of s£ can be obtamed by ropentmg the last

- process nsing: Average vilues of: Viiand 7. ' For the sake of clarity in E
~.outlining ‘the over-all method of appronch, the” ‘final valueof  sliwill

“* be taken:as 0.736 foot. “This will establish the’ crost at-500; 0 33 74= -
- 465.52 feet elevation, and- the approuch floor.at s level 70 feet lower, .

" or elevation 458:5 as shown in figure. 28-B. Thls mquits in'a: saving .’

of 3.5 feot of etcavatmn in:an:approach chn.nncl 1,6.)0 feet m lungth '
The next step is the design of- bhe oyerflow shape. " L
Wlth H, -—33 74 feLt. and V.,—~ 1‘3 27 ie(.t per second 110“2,74 fect. and .

b -
CH, 3'3 "4

“Entering the 3:3 vurve in ﬁrrmo -”7 \\ 1t}1 tl

ITI-’=1 040

g, 081" e

:Then
‘ : IL—-] 04"}(3‘3 14 3.) 16 fLot
-and

“With these v‘ﬂues of H; nnd ;} 5 the coordumtcs for thu shape of t.hc !
g s

. overflow, section am obtamul from tn.ble 15.° “These. ure hsted n table

25.and are shown plotted in-figure. 28-1 by the: henvy full line."The .

. cocfficient of idischarge was increased’ from2:85'47,:3.68 by’ roundmg o
the overfiow section and placing hhu appreach: Héok at a level: 7 Teet, -

_instead of .5 feet, below the crest. - The mzthod  for. _obtaining’ ‘the
‘position -of. the downstreum ﬁonr wﬂl be e}.plamcd m chapter VHI }‘

. exnmple 9. i
“In cases such a8 th]S where piers are prescnt t.he ovcrﬁow sectlon BERS
designed to fit the shape of: nappe produccd by a strip of: water-one foot

_in“width flowing midway: between piers. . This pomon of t.hc, overflow -

' - section . -will- usually: be: unuﬂ‘cct.(,d by pier: disturbances." Velocities

near the piers will: naturally differ from those midway: between. pw]s,f‘; Tk
. _consequently. the sheel of water: adjacent to the piers Al kx}ot. neces-‘ s ‘
“sarily fit-the overﬂow shup(, ns:.designed. «Provision:for: thls dis~

"crepnncy n shape can be-made bv prowdmg blunt downstream noses.:

. on the iers, which wilt producc a rcnt in the sheet of water, aliowm S
p g o

-air to-enter beneath the lower nappe ‘When required:;. -

~ It:happens. that the spillway chosen for tlis problcni has t.hree shdeﬂ;:;j e
. gates.ab the crest for cont.rollmg thL flow. ‘Inthe nbova problem the
" overflow section was considered -as a- free crest with-piers, and: the. S

- coordinates: in table 25 applv for this cond:tlon




Ay 22

. The 1cﬁ produccd by* a‘pnrtlal gate pc‘ ing 'imny skip ove'f;the above‘-
proﬁle, depending on the. typeof gate:an ‘the. condxtlons e
.A.lthough the head: may be the: same {o < full_gate opening;

":The vexplanatlon i

“parallel as: they: leave th gat

. for full gate opening the streamlines:are nei )
a9, thoy: flow. over! the. scctlon, but; have. componen in
dlrectxon.-_ It. has: therefore been cust.omary to: des:gn t, ]
xnmple’_;s 1L

so far.as: eﬂiclency 18 conu,med is. thab pstrenm rom; th,
tten ng‘thaidownstream pomon, t.he uoeﬁiclen' ill no ‘h' d’c'




nnccommodate‘ three: vertxcal shd g&tes o' ‘the hlgh{'
vcrest. wﬁ;h pxer mdt.hs of 9. 04 feeb a8 shown in

32 .
_" 3 35><77 0“215--‘4

H 30 92 feet

‘Wlth the appronch floor 7, 0 fect below th‘ OVerﬂow . crest the ‘
uppronch ‘dopthiwill ‘be'35. 9247, 0=42: 92 feet. :
'l‘l'mn the velomt,y ‘of: apprnu.ch ‘ :

. . 0,562
‘fVa“-* 952;1;)2 73—11 47 feet per second

; and the hydrpuhc radms

R S 4292><11275
Lo T 102 FEXET2e)

-2340"

Assummg 'I’L—'O 0"0 as. xn t.he formt,r é\amplu,

VV.n. :""
"l l[l 4867’"‘-’-‘]

11 47)(0 020 -

1. 486>< (25 40)213 —-0 527 Ieet '

sL-l 650

The crest w1ll then be at :

500.00-+35°0 24-0 03—463.05 feet elevatmn,

: -and the approach ﬁoor at a level a.bout 7 0 feet o er ,01-/ elevs,t.xon

- 406 5. :
: The desugn of the upsta'ea.m portlon of the overﬂow ectlon s smular x
o to thab in tho precedmg example. : '

7588‘ B"-—-48———8 ‘




are t.n.bulated in the upper port.xon of tab]o 26

TABIB IG—OVERFLOW SEC['ION W]TH SHALLOW APPROACH CHANNEL
ON CREST—EXAMPLE 6 Ty

vi_lfY"“ U'_X,-‘ fegt‘ Y feet

000 ".0
(112 0
2:25 | -0

73038 L
4,750

1
25re2 1 .‘:1
16

b-:'n-lm-h-
5L mw%

875
oz

b

4_ :

‘md-




By assummg va]ues of. JL a,nd solvmg for'.
tuble 26 ‘was obt,amed The* vulues from; tab]c,
it ﬁt'ure 28~B bx o dot,t,ed Ime Thc overﬂo‘

| prm;enmng the abovu emmplcs Was not. ' cnmmzu bub to zllustmte t.he :
“use of t.he mforma.twn contsuued i thls bullet,m g




CHAPTER V—-——WEIRS \WITH UPSTREAM : OVER;
HANG AND WEIRS WITH “UPSTREAM ‘OFF.
SETS AND RI‘?E_RS :

. 33 “Weir Shapes Tested ——Two d1fferent uypes of.weirs were studled
.. in’ this test series: (1) the‘upstrea.m v rhang d:
éthe Aupstream: offset' weir with: risers, ‘type D, see:figurc:g
“weirs resemble each other in shape but the results : are widély
" The:-same terminology is used:as: heretofore, with the add:tmn ofi
- »gymbels M; the height of the riser;: 1d: N, ] ‘
-ures.6.and 30, “The offset. angle was'45-degrees’ throu
“The: resultmg overflow. sections ohfmned from: the bo
" weirs are decnt.ed in’figure: 1<F, :
* upstream face ig prunarzly an-economy: fo
:34. ‘Analysis of Nappe-Shape‘ Resnlts,
K weu's were:tested, each with: a dlﬁ'eren
iin ﬁgure 6, tests 150—1 to 177-1 :

W-w.d!n of test chorml of quqmq setnon ?eef o

B L Lenghh -of test weir, feet

5 'A‘lres of Hlow cross section ot Qoging shrmn sawu mn
oo 29 Discharga . quanity, secnd~Feet . )
: .;v V:locllyroi approagh, feel- per . uw-d S




THOMNO o= = -
W AMn0 DN =G
~noa®  Ranar
86000 00000
DI e S N =
mere R

WITH 45 UPSTREAM OVERHANG . |

)OI = -k
SHnm e
oo - d

So—= =,

FEET | FEET |

ot

i
‘§ECOND- |-
“FEET

;

]

2 i
P
“FEET

[

)
u
-

g
|

=
m ;
“R B
El§
s

—.
R

|




FOR; OVERFALL! DAMS.

g
E
m B
B
c
e
ey
‘_H;
-
]
|- gt
T
E
@
CE
A
.m.w
B
mﬂ_,
&7
ol
e
.
&
LB
7
TR
‘&
B

1014°
0.078 |
062

i0:122

059410103

0302 | 0.128
0602 10
09500

1212 1

1192 | 0062
0047 1:0.140 [ 0305

0029 {0:153
0307

:0.0507 J:0.128 |

0612 [-0.090 |-

0.06487] 0.9z |t

- 0.0904 |'0.077
0.0306 |:0.078

10024,

130 [ 082510
692 1089710
B52 | 0751

429

{
1
i
2
2

330 [ 0.843

0746

5

8607{ 0.843
Ba6 | 0408
815 {0387
803 | 0331

3877 [ 053

1093
- 82713

41213

1484 | 3908 | 0T

‘1:968 ;-3.877.| 0.

1.74)

1751

4176
177

-+ SAUNS I WHICH NAPPE PROFILES WERE: MEASURED.



] pre'sse‘d,as %—- "Nappe ahapes were) rmeasu d orlall runs shown' :
on this table, - A L e
- *The X and. Y coordmates for ench ruu wera'plotted to:u.
& n.nd ‘smooth’ curves’ ~drawn: through{the ‘point, )
“were then read from the curves:and.divided by their
‘H,. 'This removéd: 1rrep;ulamtmq nherent n’the
~points. :The latter coordinatcs, exprpss :

. -then;: plobtcd and grouped accordmg to thmr

;} and TT' as: shom1 m t,o.blc 28 In

0.09', .12,
_ and. 0.15, ree-].':cc.tuvcl*,r These su{ sets nf curves ould l'.hﬁn ropresenb
M

| j.; the entlre mnge of cond:tmns covered in th e

nhrough euch of the six sots, ong for each va]ue of. -I_- nn.me]y;

::0:03, 0. 06; 0 09; 0.12,/a0d 0.15. The coordmates,fo ‘the -fesultmg six
:: curves were tabuluted for the lower na.ppe surface i 8ble'~r)9-';:‘

‘5 mtermedm,te values of I:I in the t.ablcs wcre obtamcd b Allxi'terpolubmn-‘

* ’from the six curves. "The vnlucs in t}us ta.ble dxffer;consxdembly :from. :
'_ thosa of table 12 for the- vert,lcnl-ftu,e, wmr. : . X

The I]} and H coordmnt.es for t,hc uppe; nappe slu'fnoe wer _; ob-*

' tamed in the bame manner as those for tha lower surfaca. : These n.re B
Ty tabu]a.ted for. vamous vnlues of }I ‘m table 30 i '

L :85. Analysm of Nappe-Shnpe Resu]ts, TypeD 'Weu'.—The type D
- ~weir shown in’ ﬁgures 6-and 30, involved sti}l another variable; name]y, o
“the height of the riser, M. “N aturally, the number:of- tests- requu'ed ‘
“and the. amount of work involved to prepare the data from; this: ‘weir .
“were fourfold. This. is-evidenced: from: table 31, whxch conhams :
’ completa summury of tests madu on t.he type D:weu-. :




TABLE 28-METHOD or commms NAPPE SHAPES Fom ; EIRS wm-l 4s°
1 s E OVBRHANG B : :

PLOTTEGY |

00041
00027 -
‘0.0050

00037
/00026 . |

00047,

#0.0029"

1 00298 .
2 10.0302
. 00366
[ .0.0295
00307
00307
10,0307 i

651
166-1
1861
157-1
CT6-1
177-i
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AWEIRS: WITH, UPSTRSAM OVERHANG; OFFSEYS, AND'RISERS
TABLE 31~SUMMARY OF TESTS ON 452 ‘
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S'!'UDh.S OF CRESTS FOR~ OVERFALL DAMS i
TABLE' 31, --SUMMARY QF: THSTS ON 45“ OFFSET WEIRS WI'I.'H RISERS-Conunued
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g 15 OF CRESTS K R OVERFALL DAMS
- TABLE se.'omgr_wm,«', WITH RISERS=Conitinued ,
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WFIRS WITH UFSTREAM OVERHANG OFFSETS AND’“RISERS

'!mdlcate comp]ete runs, in. whncll tlm =nnppe slmpes “wero ,meaaured
i the remainder-6f the runs:were made: to:obtain ndditional data.on the
codhcmnts of | l’llbbllllrgt‘. Wurs woxc const,ru(-tud tmd testcd wnth_

vu.]uos of. %{thml 40 (].25 0 aO 1 0, ....0 30 )y and 5 0 sw figure 30

“The'X-and' ¥ coordinates: wnm lmndlvd i the. snmc mnmu-r aa dn- )
v scrlbed for the overhnng weirs; in tha: proculmg sectmn - ’

mg the ooortlmates to thc I\ and g, form, tho runs Wcr groupal ac- G ’

cordmg to thclr respectxvc va.lues of
32 In tlus case both ;1- mul fZ‘lé"v.'nre hLl(] const,antwfornaa gwon qet e

of curves, mt,h J]\]T us o vm‘mb]u In othcré
g '

T ==0 0[)2 a set, of mxrves was obmmcd wlnch»vm-md w1th=' '
2

0. 50 3 0 4; O und 5: O e!ccopt that m the lat.tvr caee : tht,'set. for
}ZJ -equal to 0 1" Was omltt.ed A]Logt,tlmr, 30 sota of curves were thus
> made, which is cvident h'om tnhle .39. ‘\s mn.ny nq thrw WGH‘S of dlf—»
" ferent: dunensxons but- lmvmrr tlm S!lm(, vnlu(, of N’ wer(, tested to ob—

tsm data for.one.set of curves. “This. was- prnnu.ulv to mnke cortmn .
that. thc slm1 xt,uriu lc]ll.tlmlshlps could be corrt.lau_d on tlns t;ype of
+ weir,

sAfter'the dats. Imd l)ecu prcpm'od as do_scmbul nimvc 1t. was foudd as
:in ‘the case of the overhang weir, that the nappe: %hu.pcs vmned only

‘ ~shght]y with:-the vnlue of g for t.hcmnrres travwsed m thcse tcsts It
;was ther(,fore declded to drOp the. vamahlc g -fand combmu the nappe

shapes using. only the cntcrmjé and !L »In other word,s e&ch of thc

.-‘,-,30 sets ‘of curves described. above was rep!accd by a smg]e avm‘age o
i curve, thus leaving only 30-curves to tabulate: mstend of :30. sets: of
-.curVes, 8 tremmdous stop in sxmphﬁcu.tlon of the process. T
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STUDIES OI‘ CRESTS FOR OVERFALL‘ DAMb

I‘ABLE 32.-—COMBINING NAPPL SHAPES—-WEIRS‘ WI‘I‘H 4S°' OFFSET AND R[SERS




) "'TABLE 32. COMBN]!\G NAPPE SHAgES—--WE.[RS WT.['H 45" OFFSFT AND\J'RISERS—
o ontinue -

.

S D0043
10,0022
Z'p.0029 "

0.0308
- 0.0308"
00303

L 00808 .
0.0604 "
0,060 1

. d.o8se | e

00914 ¢

£ 0.0895
TH0.08H07

-0 ll98
Q0 Ian .
LQ.1206

0. 305;,

% veoms -
R TNE

£0.155
203050

R N ' ‘%‘-" ‘woag
Cosegeal | o S heass: |
zo-a | ‘oser. | 0. | .io1ss”




‘00054
100030

5068
i0.082 1
120,105 ¢

Cp.02ev
‘0.0402

0.0603
10,0603
-0.0601




TABLE. 3 u(DMB]NING NAPPE smpas—-wgms WITH 45°fot~'1:_s'1=.1" AND RISERS-
inue SR

FagTuaL - | epLor
e Hs |,

Thc new: Lur\'ea were! l,hexr cumbuwd mto sevc :

value ”H_ a8 thc vamablu m ench The result Wg,s :

jna.ppe-shape proﬁles ‘m t,erm: of. umt hend ‘

0' '3.0,:4 0,-and 5.0, A compauson showed thm: thes- ven-sef
-f;cuWes were; practmn.lly commdent wn,h onc nnobhcr etcopt o

‘set. obta.med for % = 25,

" stable; ﬂow condmons “Thus: t.hc rcma.mmg 51.

sreduccd to 8- smglc set a.pphcab}c* to-all oﬁ'set weirsiwi
vithin: the range of: these experiments:~. -
It was a.nhmpated during the pla.nmng of: the' te _t, pmgra

,reéults from the weir for 1}{, equal bo 5 0 would very nea.rly appro‘ ch"'.

..vthose for the vertwal—face-: 7eir - Thls was appmenhlv'
egion ‘petween the.weir: -erest: and: bhu high'point ¢ »

~didrnot! hold: t.'ruc'farther downstresm. - From thehigh point’ :
ower mppe downstream, the profiles’: irom the oﬁset_ _ elrS,fc]l wn— -
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falls between 0.0 and 05 are not r'uommended
A table of coordmates for th ppcr nappe
prepnred for the oﬂ"set we :

( caliso of irregularities of ﬁo“ o the ove.rh g
and offset- Woirs, grmtvr accum in‘the. sn]e(,t.lori (
; surface coordinates.is siot warranted. - i :
:86.:Flow: Charaeteristics- of Overhang-and‘()ﬂ'se Type Wen's.

was .obsérved ‘during: the, ‘experiments-on¢ the vertical wen- nd
three weirs: sloping. downstream ‘that-th 3

-very smooth and-had a: crlassy=appeuruu

head-was: not - -excessive-or;the 014

‘-hl(.,h Wlth i’avorabl\ currerit—mebcr'

curate, and nappc—proﬁle Measure 4
previous . data. Therﬂ[oze, thé | xecordc,d ;
conﬁned to the region o stable flow, -
" iThe nappe: surfm,es prod u(,ed bv the 'o ‘
t.he other hand, were in, some -cases smooth bu‘ n LI' glassy In
every.instance,: splralmg Topes. p]nvc b smd ;f >rthiaer ‘
makmg it difficult to measure Tl
were sma.ll and formed only o Qasxona ly o the‘low
y. ]argoz and trrcater 1 > nuniber {or. the greatu' die-
‘n1id broke.a;s
_g the mau opwatulg the lou’er
. "Flow condl io) for the 1d‘offs

1 v vertical . an
or ‘deep. &pproa(,h c.ondltxons thaun;for:shs,
n the contmry,‘_the ﬂow for the. ovcrhang




N R
the: deupex ‘approach’ con(htmn
pmxmnty ‘of the weir crest., .

AL ﬁrst; L was, surmised tha the. spiralin Topes on th
surface were ‘eanised by the v*ator ot f i P
the weir but. s}uppmg at the ‘upper cornm - of: the (;,ﬁset,
sition, howevcr; was soon disproved by incaguren :

cen the upstream. face. * Pressures-at: th ppe
- those 'on the flatte Portions of the woir," by
sgifficient to indicate sktppmg h results ofiith
“ments on the upstream. face of theqc weirs are di section 39
iTwo other fncturs “hmh- - -nd 16 prove tha t-Io\vere pressur on: th
.upstream facewere ‘not responsible for, th
ame rough' flow. condut:ons existed
‘Tisers;-and. second Little unpmvcmcn
d vcrhang\welra, which were. wx'rhout m.ers
~‘Another: explanation: dorbho
ﬂset wweirs lies dn.. the® urbulcnc -‘creatcd., n: jh
‘ Long, slim.vortices  intermitt
of the weir.  These: formed in. th “apprcmch"
-mto the shect of wator: pasmng over. th(.“
+short idistance’ ‘downstream’ from; the: weu-_ :
‘sppeared.to be independsnt of the: ropés or the lowe
nappe. Rouse 20 noted: the'snm(, vortices on
xj la.natxon s _
D the case of very abrupt chm‘ges in:
. section; Lhe combmed eflect. o :
rise to,an.intense,: m‘rermluont
he existonce. of a free. <urfacc i
::may. be/observed dircotly, AUpstretin
velocmy ‘due to; drag - lxlnng the lower
~ i flow;in the region of, stagnutmn atthe -base of the \wu'
. defect. is- more-. pronounced at the it e
. which consnderably nugments ‘the tenden
leads to'the formation of a yorté rmal ta i
83 such &' vortex is establishad: 1he pressure ‘gmdmm; le
=]onger» e\mts, and the sccondary munon:abrn cease
begms onge. agaiy. < Binea:low Pressiires. secompiny the: igh nfmntng} elocmes, -
he vortex ﬁlamem. ‘may. be, venulamd from the' downstr(,um side, .
often penetrat.m;_., ‘the ﬂownve]l pa.st, tho plune of the wclr ‘

i

Reuse, gmmter “Pinig. Mcchnmcs for; Hrdl;mﬂ'|e-"“'Engiuée‘rs; 18804, preTly MeGraw-Fil Book C&
Qum.nuun mprl.ntcd hy m-rmisaxon. LT o e el




x 'nuppu smfnces rcuppenrod tropes n.vefe absnnt iand | there: were 'no‘
« visible signs ‘of vortices Jorming in:the npproach channel,: aJthough it
~was sssumed: thu,b o certoin:amount 6f: turbulence must existiat each

_end-of the woir. It is diflicalt: torunderstand: Why:a: small¢ oﬂ'sob or
~ -overhang: proloctlon on: the upstream ' face. of a - weir: with:aflarge
= ~approach dapth 18- suﬂicmnt to. dlsrupt the: E..XCLHBD ﬁow: condltaons

B - encountered:.on the- vortical weir;: 7 Ewduntly the: offsct ‘or. overhnng"’,_

greatly accentustes the ocvurmnce of: the, phummenon* descnbml L
“Rouge. This. effectwould not’be as’ pronounced on &' long: plllW&y. :
“gection a8 the tests on: the ovcr]mnn- and-offset weirs indicate ;-Bince
- the gide wa]ls ore respnnmblu for. n good shnre of the dxsturbn.ncc on’;
“the weir.
“From: conmderntmn of the. abovu statcments ‘one. “ould nob expect N
‘to ‘obtain ‘duplicate nappe. proﬁlos from:. the vert.lcal an Weirs,
even though the value of M for the lattor would be lnrgc ccause (1) ©
‘ the roughness of the nn.ppc surfat,cs of the oﬂ“sct* velr: indicates:that .
:some :dissipation of ‘encrgy has nu,urmd Defore: Lhe.water {eaves: the‘_
- weir, and (2) the resistance -of hho air to the rough nappc surfuces 18’
L gresmter thar it would be. to tho smoot.hu' nnppc surfnces prodvced by
L ‘tho vertical weir. '
" The conclusion to be’ druwn fmm the ﬂ,bovn dlscusmon that: over- O
“flow seetions with -plain upstream faces-arc: conduuve to: st.able flow..;
--conditions; whereas those with offsets.and. brea,l\s in thu upstream face -
“vare not, a.lthough many. of the: latter: sections .are in-existence and.
.pppear: to: be giving: sntlsfac.tory service. OnLgpomb_ls -definitely
-certain, spillway - sections -are . not | rLcommundud thh va.lues of .
% Jess. t}mn 05 un]css tins value:is: 7L1'0. P or; Vﬂ.lues greatcr‘,t.ha.n
~zero and less t,ha.n 0.5, ﬂow cnndltlonq are e}.tremc.y umtable as wns
ewdenwd by plot.tmg somc ofi thn napp 2 'oﬁles. ,or observmg bhe

coefﬁments of dxschn.rge for j}’\/{“ 0:26 in ﬁgurp .31

B Relation of E to’ Veloc:ty of: Approach —-—-To make 1t possxble t.o
~ ceonvert.any hend on the weir to ‘the equivalent-head onan overflow
sectlon, or vice versa “eurves have ‘been: plotted: showmg the relatlonv »

of ‘H— Ir—for the various vulues of A7 m,st,ed ’Fhe actual pomts

nare Bbown plottf_d in ﬂgurcs 31-A. a.nd 32-A." The va.luc of ¥ for ﬁhe
;' overh&ng weir, - when W*—O’ is conatdembly }ngher than tha.t"for"

B other sweirs:‘The value. of E for:; the weir Wlt.h—N-=0 25: a.ppe&rs bo*i'a.ﬂ :
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N:OSmﬁgure(«]l-A e
'-;'A.”cop;parison ‘,bf the .curves : o F :
“ from. zéi‘o-_toA'sj.‘O% is ‘shown fbr'_ft,hg overh
: -Vertical'weir in figure 33 If some all wanc:
- errors: and. éfft-pi's sinplo tting, it can ‘bhe’ Said

T F‘forf%éd and 0;25.43_;1_'1'61‘1'.11‘('-.::;:«%.1}911(5 .{igi

' ‘Tegion, “This. would ﬁ]dicgtc that the’

“be the samp: el e

L 38, eDiacharge .x:jCoeﬂiciénts:fﬁ'I‘hel‘.
S ‘;plo‘t,ted-in:‘"ﬁgdj-_es:‘3‘l\ ‘and 32-B- wj

- . -Made on thy overhang, angd offset, .

“the pointg itrg scuttéi‘ed f_ox_“!.—ﬁlv{,:. .

S0
YERTiCA-- -
-FACE wpin -

RELaTion . SETWERN "3y, a0

FIGURE 33.—¢Mp4msom.05 Ema,»m,nm.i'o_ 'ERHANG, AND Oy




“WEIRS 'WITH UPSTREAM OVERHANG, OFFSETS, ' AND RISERS
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weirs: show o reductxon of preqﬁmg.
medmtely gbove the upper corner of th offset, whi
”m‘os pronour.ced W1th the larger ﬂpprom,h depbhs
-'15 “wery little ﬂow up the fuce o{. the weir for;
“velodities. .- B

Figures 36 lmd 37 mdlwte thnt Ahe radm
~ the offset was insufficient for .most’ ‘of the weirs :
"ymended tlmt thls mdlus 3 mndc s Iong 45 practicable;on prototype

40 Desxgn of Overﬂow Dam Sectlon Wlt]l Ovenhang on Upstream
‘ ’Face.—The procedure for detennmmg the coord1nate=. fora sectlon mth
; fa.ce is, the' sume' s that sod for 8 Wen'.
‘with vertlcnl up“.treﬂ.m fane, , he us ; :
scurves. Tt is. ndvm&ble to. confine ‘the’ walt
“these expenments. " No dlﬁicult.ms are
_thourrh the upper port.mn of;"the range be- {.,\(.eeded modemtel
‘solution to example 1: s repmted Wltfh an overhang '-”the upstrenm'
fnce: of the domi. o
o . Example 7 —leon ‘8 mm:xmum water su;rfa,ce,‘ eleva.tmn’ of |
I 1 000.0 for a t,otal d1schargo of 75,000 second-feet \M'bh the' n.vera.ge"._
‘ :a,pproach floor at clevation 880.0." ' Determine the crest eleva.tnon '
- and oom-dmates for the slmpL ‘of n.n overflo Cwithi e g
_lengthof 250 feet and & 45° ovexhang on ‘the’ upst-ream fa.c the‘ '
*overh:mg huvmg 8 vertncal dlmensmn of 7 feet.; ‘
To figure 34, the' coeﬂw\ents of - (hschmge for the - -vertical . &nd-f
verhang ‘welrs: ncurly commdu Therefdre,” ¢ will-be as' ‘ed a8
306, which was the’ final value ‘obtained in exu.mplo t! ‘
:'th_”'snm(, source, H=17.90 feet:and P+E——_ 102:10 feet.” "
point-on thecrest remains the sameas in thc ﬁrst e\&m ple at dleva t.mn'
,982 10 and the velomty head of appmach h,a, Jemams ‘ot 0. 0977 .




‘ ‘mngeoftheexpenments : rhang 'w
cob;‘dina;tesﬁfori‘ the'lower: nappe’surface, o

by-usingithe above
hich _B,ntams-'e'xpe’ ‘m‘en'pﬁl
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t.he'-' xpp(_ porti
€irs The 'forc'_'tho cocfficient o{ j

;\!

Cummencmg w1th t.hese vulues diusing figure 33, Z

§
: M
value-of N——l 71

“Then

H.,H +E——r 9n+"

h Q. 098-‘
H. ] 20 20

1,€ﬂow sex,tmn can T omputed " Phese coor ar
135" aud -are shown- plotted by o dash Tine-in ﬁgure 8 11
©region. this profile; fo]lnws the -one for : ‘the. werti '
part,s from m Bs’ tlxc (,urve prorrmsscs.







abovc, as can; be, observcd i'rom ﬁgurc‘39fA ‘The :manometer; glass' 5,
shown in’ thls ﬁgure had the sanic’ hunzox‘ al spncmg ns; he p1 zomat,ers‘

‘thc photogmph Thc sma,llex lel
T apart model scalb.

' coordlnutes of table °4
--gection for :the dusngned hend o{ 12, 2 feeb or

1,525 feet, are.shown 'in figure:39-B. J;In tlns case, foi

" near:the.crest showed. negative; presswes. .
. +—0.06 foot-of ~water, model or - ;
s wh;ch is a. nep:llglble &mounl;




t.hcapressures on.a- model :n,sfa very.- mal

‘the- sprmg point greatly affects tho pressur,

' “Also) it s extremdy diffieult 'to vonstmct thes
s scn.le?in : aII! respectsﬂn‘d:;ixisthll.{'-ti] piczometer

‘ »emmpl 17 Was. constru etl ong
‘.:-,acale of :1: 30 from the: coordmu.tes of table:34.. Lxcep '
‘ha.ng' on the upstream face" condmon of ead

s demgned head of 17 90 feet, are shown' inifigure 40-A
- . The: extreme: upstream: piezometer: reglstered X poqltwc presstire: of
‘ ‘12 .7.:feet of - ‘water, probotype, ‘while: small: ne{,atwc prcs‘xumsi‘c‘nst.ed
“iimmedintely. downstrcnm. _The:} /pressurés on;this: ‘type-of: »
; 1;extreme]y sensitive to. any: :minute’ chﬂng(, in; shnpevnea.rfthc ,prmg
ipoint, ‘A shghb chamge could cause the positive as wéll as: ‘the negntwe .
(pressures -to coincide - with " ithe proﬁle Hine. - "'Neo'atwe .prcssures i
‘indicate :that «the sheetof - watervhas E tcndencv b skxp over the
urface, while: ‘positive pressures:arc:a dxrch m«,ult of mpmgemenb of
-the sheet against the overflow fa, 'e., L
Armodel of the: offset- overflow section of- o.\ample '8
| -struct.ed on:a '1:30 seile, and the’ coordmutes ‘used ‘in’ this ‘case are”
listed:in-table 35. "The: resulting. pressures. expenenced on th ""clown- :
. +stream face of: this: modelifor - demgned head of
- in:figure 40—B All pressures are: p091t1vc ‘fo
i head ‘
o1k s felt: that the abow, venhcntlon of pressures obt.mned from ‘the
4 models, awhich - were proportlonccl from ‘the. ‘forcgomg exper:menbal
“dataiin:this; bulletin, 'is. altogether »gnttsfactory ”I‘he rmults ‘hould
tbe as:favorable for:the. prototype. structures : .
. 'There.are many overﬂow spll]wuys dnc, etlsi:ence whlch opemte
- under negative: pressure mthout. detrimental : results.. -An7 fact, there
are’few: overflow- sections in existence’ that: will: perform mthout. sonie =
.‘*negntwe,pmisure on'*the face ‘when - operatmg ‘at 1 their espectwef’
designed iheads. ‘The ~above conﬁrmamon ‘tests {indicate ' the idiffi- -
redltiestinvolved. even. when .the. design :is: made from réliable. experx-
mental:data. Tt:i8/not: the. inténtion -to- create: the’ 1mprmslon’t,hnt
all OVerﬂOW spxllways clhmzld ‘he. dcmgned to opcmte Wlﬂlv]lt;ﬂe orno,
vacuum ' beneath :the, overfallmg sheet-of water. ‘Infact, ithere:are
cases:wherc it is economically: adv:sabie to design. spz]lwa.ys to qpemte
with, suba.t.mosphenc pressures as gr-:.at as'half an- atmosphere. :
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3 "houId:bc performed in-
-'monnechwn .wnth the: desugn, ; f'tho ﬁowyma be: ettremely unswble ‘
and - qulte unprudwtublc, it is"also necessary tto. b&ka theae lower,
;negative; pressures: intoiaccount. in’ the. structural i osign:
*-On‘the other hand, for: dnms! handling; greab”quanht
g ,:*adwsuble to; desngn spﬂlwuys with: vacuumleﬁ vproﬂl ‘
- /design will rosult in:the most stable flow \withitho least spl
~tionable neise, sand ‘maintenance. iIn "additic acuumleesrﬁi rofile -
- - designs can' bo made direetly from. the data: contained: ‘tliisﬁbﬁll‘etin;‘ !
- “thus the construction of models for: all but‘ the larger a.nd _more} cmnpll-
“cated: struetures can’ be. tliminntéd,.
43, Discharge Coeﬂic:ents.——'l‘he d:scharge uoef’ﬁclen
“from each of the four.overflow models for a number of heads be
- plottedin] hgure: 41.""The ooeﬂic.wnt btaincd. at/the d "lg'ned_, end,
“for-each shape are tabulatedt in’ table:36 Thuducharg : _,eﬂie:entsf
““vwhich:weres iused. in’ tho- design. of! these:shapes.are. iilso shown'in‘the -
= tablefor! the: purpose. of. compuarison.” 'I‘hc agreement i q' fe satis-
¢ ‘factory,:and: it 'can ' be- stated ' from : cxperlence that th rotot,ype -
- coefficients’ for these. shapes will: probably' be shghtly lurger than:those
- in'the table. - This:i is due to: the fact:that the roughness in;the:model -
18] mvanably greater: ‘than: it should ‘be. Tt is: difficult to. duplicate”
'-';:surfnce condltmns to:seale in.a mode],‘as th probotype" urfaces onga
. :structure ;6f this | ty‘pe are: usually ‘mide qiiitesmooth i '
- pressure under the nappe tends to mcrease" h “value of t
‘ oocﬂiment

Coefﬁcinm. of
dlsclmrge :

e Ty of overﬁow sectxon .

T From
‘From rimal
1. -1 design
: ‘xmodel‘r,»ri.da‘ |

Verf.ma! upstmam fane o
“3/4:1-slope-on upstream’ fnce ;
:Overhang on upstream’ faue
Oﬂ’seb on upstream fnca L
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'DECREASE IN COFFFICIENT OF |
: DUCED BY: SUBMERGED FLOW

‘on’ ﬂow over submergcd dams. , i
:,unstab]e, it is- not dxﬂuult to understand why ”heac a,tbemptsafhave
= orL )

suﬁimmt to’ rnpmsent the plcburo as .‘
' therefore made in an:attempt. to obtnin’as complete an.e count. as the
* savailable time. would: pemmL "The abjéct of: th study: :
Y general mforms,tlon to-aid. in-the design of sitbmer ]
' t.hls rea.son t.ho results hzwo he(,n e:s.presm,d in t-hq mos ‘

45. Summary of Teltmg Progrim.nT )
: "“muntal results from two small du.ms wi?uch we

'fiThe sbudy mcludcd (]) mvosugamon of i the "various : types :
cocflitients, an (3) the

e stﬂlhng basm, to md n stablllty dcbcrmmatloné
‘Four distinct types of flow: were prevalent oni the )downstrea.m
CEQ “Flow at supercritical veloeities,  (2) flow olving: the hyid atilic
. jump; (3) flow. sccompanicd by a drowncd ]ump and (4) low:approath
«ing complete submergence. - '
‘Dlsc.hn.rge coaﬂicmnts wu'e fu‘st- determmed. or Lhe‘,free—ﬁow condi-
,‘ mvolvmg sub-
- me.rgence. The dlﬂ'e:'encc betww.n “the: two: it #
‘in-the cosfficient of discharge due: to- bubmergulcc Thlb fncbon ex-
pressed;in. percent-of “.the fI'bC—ﬂOW coaﬁit.imt- “hagi be(m plotted “for-
practically. all: combinations of flow whlc,h can- OCcCur: on. smnll da.ms
_thh horizontal downstream aprons. . S
W&tcr—surfuce zmd pre‘sv.urc mcaqmbmants Aarg

‘_,These ploLs mc mtcnded to &ld hlle, dLSlgllel" in pmtunng -the y’pc‘o
¥ ¢ : a.lues.of ‘




"f(_) DamA/in ﬁguru"42‘ ’
T ect.angular sheet—met.al'c ined’

) n: the. ud]ustab]eﬂ
against: the’ dam and side i s to: prever
“The second: set of. experiments: was: per forme ‘
flume 1.05'feet in width-and 30 fuat; lbng
“é'dam, construeted accm'dmg ) 1
. was mstnlled..‘ i S ;
“.:In‘both. cases. bhe movabl fle e nnllarly constructed, he.
p051t10ns of the gages were. i smula.l lomtxons and:the contro]s Were.
salike:in most l-espectb. Th :
cosc,was located in'the movab {loor: Jat
or'15:times: the designed head,. upstream’ from he c _
“‘This was comlectcd to o tmnspar(,.nt potion the; outside of th ﬂume,
+.+ from. which; hend l'eadmgs Were: mu!surul? by & nook grge. '
< wwater level was obtainod: from. ' pomb,gn.gc located di
““downstream: from: the crest, of: the 'dan ‘ater-surface: p de‘
:the ﬂumo were obtained from & point: gage-which colld: bemove
& 4-inch. (Ahunmil iron:located over: ihe: center. of; bhc'ﬂume.
Trieasurements on. bhe dam and on. tho down
on Dam B ‘from’ piezometers. locatad norma,l :
+in; ﬁgure 43."The discharge. to: the: mode WA
«.accumtely cahbrated laboratory \Ventur
. -of the tailwater on Dain B was a«,complmh 3
E hmgnd gate loeated at the dow nstream: end-ol th ﬂumc
Test‘ Pr()eedure.-———.'{mt.ml tests vere.made to obni

oWl
tests. Thc curves. are shown i, ﬁwurea-’h for LWO 1
08itions’ for’ Dam A and one: floor. ) he.sec
Ir after changoa were: made. in th. ap-
proach dnanncl t,o tho dam. - Kiter the fests on Dam A it'w ¢
 that: the oﬁect on the’ flow: produced by . the upstream; Hoor: f
ould be. Begregated from the effect; produced by:the; downstream:co

ds ons -\In other words the ‘entire. eﬂect of: the upstream floor is -
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DAM A----- e
Dcsigned head, H. 3 osz
PYEr244'and
L!ngﬂl of Cresf-c.!z

gaccounted for i t,he free-ﬂow coeﬂicmnt cl.u-ves in ﬁgure 42 for, thls
Teason: it-was ‘not; necossnry to employ mon, than one pstx eam ﬂoor
posmon for. Dam B ‘
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<The posltlons of [‘hc ‘
test, are recorded
Columns7 and:8 involve urely/geor
‘degree . of submergenc un the-position of:the:
«respect toithe head:on st, - Column. 9:
"ﬂow encount.ercd‘ ow“qt,roum f oY

a.pphed to the same /dam
Test Results on ‘Coeffit en of Dmcharge.
: imensionless curves 1 figure:44

~inain coordma.tes in
~of the’ downstroam Boor. -
zones comprising the verious ty
: cntlca.l flow; t.he hydrauhr jump; drownod ,
np : 'dashed hnes 1nd1ca

"rea&mg downwnrd the flow’
elo l.tl("S ‘ﬂlusm ntcd by: plots
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SUBMERGED *FLOW' STUDIES

[y . . [T
-;l'uu . ﬁ—“-um

ST EA0Y GAES

:—_‘L.nn_x-

s

- (@ro) condrhon of Now s indicated o5 figury 48
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156  STUDIES OF CRESTSfFOR'OVEﬁFAi.L-'DAMS '

44—A The:hydraulic j jump. is shown in plots 3, 8 9, 13 14 and 17

-of fipures 45 and 46.

As the value of i’! contmued to: de(rcusc, a tlnrd t,ype oft ﬂow be-

came prevalent, dnagnatod as the ”dm\\nod ]ump” or “type TIT
flow.”  The jet. of water flowing over: the-dam. continued ito follow -
‘the dam face, but the tailwater: depth was too great to. allow a: pood
hydraulic jump to form. ‘This Lypo of: ﬂow is. ﬂlustmtcd in- plotq 10 o

and 18 of figures 45 and 46.

. With still further. dcuensv in the: vnluc of ”, i fomth t,v]m of ﬂow- -

occurred, which was truly qubmcrnod Tnt this. caqc, the. jet. of water: e
flowing over the dam no longer followed down: the face, bnt separated

and assumed a course ahead as indicated in: plots : 11, 1), and 19 of

figures 45 and 46. This typg of flow is. confined:to- tho zone desig-

z+

nated as “ty’pn IV.” Bxcept for small valuuq of I ﬂmx t.hroun'h- :

out zone IV was very unslable.

An inspuction of the dashed lines:-in ﬁguw 44-A Icprescntang con-r-_- 1
stant decrease in the discharge coeflicient, indicates:that where these = -
lines are vertical, the decrease inithe cocﬂlclcnt of- dlqcham:e was due .
principally to thf- effeet of the downstream floor.and was mdcpemlentﬁ .
of submergence. . As the downstream: floor: nc-mecl the: Lrest. of 'the

b

dam, or —"}:,—‘! npproachod 1.0, thc cooﬁlcu‘nb of dlbcharve chreased':_' '

to 23 percent. With the downstream floor! lovel with the crest,: thc_"’.’_
dam was virtually a broad-crested - weir - for - \'\hlcll the theoretlcal B

~decrease should approximate 23 percent.

Where the lmcs designated as-*decrease .in: weﬂlclcnb” -are hO.[‘l—.
zontal for values of é;d «rrvatcn than'1 70 thL downst.lemn ﬂoor no .

_ longer affected the coellicient of dh( hawe -and- Lhe decrease in: dis-
charge coeflicient was caused. entirely by submurg.,once For: values

of Pt

floor effect. or a combination of suhmergem c and: ﬂom eﬁect

It appears odd that. the dash:lines fox type: I]I ﬂmw should rxsc as
the value of f_%ld’ increases. - This was (m:so(l by a clmngo m ﬂm\ :

~and . can be clarified by ‘Iefoxenw to plots. e and .18 fn ﬁ"ure 46.
~Plot.14 is type 11 ﬂo“ and plot 18 is type: l[I flow, but t.hc value of

2{ is practically the same for the two. In the first ca.se, a’ true; hy-

“draulic jump existed and little submergence effect was present. In

5 d less than 1.70, the douc*a% in the (,oc-fhclcnt Was, produced by‘ i

“the sccond case, the tailwater depth was approximately.:the sape,

S e ST B MR S LA v, i,
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SUBMFRGED FLDW stxrs oy

. bub tho: bnckwater eﬂ‘ect ‘WAS. ‘more: promunccd In other: wordé “the
pomt o[ contﬂf-l. bobwevn tho Jet, fnllmg over. ‘thc dam’ and ithe tall—,,_ :

© . water.occurs at, +0 15 in plot 14 nnd 0 35 m p]ot 18 iIn ull casea, TR

the. depth: of ﬂow onthe downstream! floor was’ ‘measured at; a; pomb_:'- -

4H,, or:four times’ thc dcsngned hond downstrenm from the crest. of_

rthe dam. 2L "

Troe-flow cocflicients of drschm-wv ]mvubeen plot.ted in’ ﬁgum 44—B B
'agamst, the ratio of the opevating head to the' desxgned headon a dam, o
‘for: different depths of .the approach: channel. " The datafor plotting - -
sthe curves were obtained principally from models tested, -over aipe-
riod of time, in the hydraulie laboratory. . A checke: thh sumlur data
‘from: other sources *' showed excellent ‘agrecment. . The :purpose’ of .

‘the curves in figure 44-B'is to aid:the desx,mcr in:determining the re- .

.duetion or increase in the free-flow: coefﬁcmnt forsa gwen dam oper-_;“
.ating at-other than' the designed head. . ‘
49. Test Resuits on:Pressures.—In addmon t typmg‘the ﬂow and;}f :
-plotting the decrense in  the coefficient: of -discharge | ‘for ‘ench .case,
/pressures and - wnter—surfncc plOﬁ]ES Weres, mwsured along the/flume
‘for. a'few representative types of ﬂow on‘Dam'B. “Theruns were all
;made with the dam opemtmtv at the dc,s\gmd hmd H,, and the, resulbs}
‘have been plotted:in dimensionless: terms with respecb to: tl;us head,
see figures 45 and46. Tho axes of coordinates P;ngatea.t the crest of .
the dam. ~The conditions under-which the:runs were/ made.are indi-
cated by the. numbers within the: circles in figure 447, These: rn

were made.in an eil'ort to provule dat u on: stnbmhl,) (letcrmmatlons for- i

small dams.

‘50. 'Application of Resu]ts.—-—T]ne foi]mvmg e\amples :erve to ﬂlus—---ﬁ-‘

trate the use of the foregoing information on subrnerged :dams. Eartk
- dam spillways are usually {lat in longitudinal cross: sectlon, since:ihey
_closely. follow the profile of (he dam. - “The gate section and: upstream;{ ’
_portion of one of these is shown: hy the. dashedl: line in; hgure 47:1abeled :
"ongnml design.” The coeflicient of" (h:schnrge Aor 'this -spillway iis
2.85. In contrast, the cocfficient of discharge forithe shnpe indicated
.by the solid line labeled “floor posxt,ions producmg no decrease in. dis
~_charge coefficient,’” on the same figure, is 3.68.  The’ Tatier: shapewas
designed such that the overflow section would’ fit the shape of the u nder“

“inappe of the sheet of water flowing over-it for:the maximum’ dlschmge .

condlmon, ond the downat.ream floor was lowered: suﬁlcmntly to pro-
duce ,no decrease ‘in discharge Locﬂiuent from ‘that source;. 'This
- :phase -of : deblgn has bccn dlsc,uqsed in Lhe precedmg ‘pages. The

n Lane, E.-W,, Splllwnys and" StrcamaBed Pmtwtlnn. Davis Hnndhook of _A.ppllml Hrdmullcs. 1042, .

y p- 341, Vaorduln. W.:1., Hydmoulle Formulas, Davis’ Handbook of ‘Appled Hydranlies, 1942, p. 23.

o Cox. QGlen Nelson, The Bubmmed W nlr an 5 Mensaring Deviee. Unl\' of Wis.; Eng Exp Bta. Bull No. :
67. ’ : ! -
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SUBMERGED FLOW STUD!ES

economy 1nvolvvd m;prowdmrr n: smail og(,c ab tlm gntu sectmn i8
~evident from'the above. coefficient, and itis’ now common;; pructlcc to
design earth-dam gato sections in this manner.: The followmg' e‘mmple
‘illustrates: the method of. dctermuun«r tlu_ posutnon of the: ﬂoor down—
ereum from: thc ogee. - S o

- Erample 9. ——De‘:lgn the: downstream portlon -of - the overﬂow
section -of -the carth-dam spillway “in-figure ‘47 for & minimum -
amount -of excavation, ‘ullowing no ‘ decrénse “in “thc - frne—ﬂow
coeﬂ;cnent of dlschm‘"‘(‘ for the:maximum: dia,c]mrgc, vondmon.

The crest of the overflow section-is nt clevation 40552 nnd tlie: tota]
head on the crest is H,=33.74 fuet; thus the! cnergy gmdxent immedi-.
ately upstream from the erest wnll be at.elevation 499.26" feet. The -
Mlow immedintely- downstream. from il nverflow. su:t,mu will: oceur at
Jess than critical depth.and will thierefore’ resemble t]umt of t_ype 14 m
figure 44-A. Tailwateris not a considerationin thisiéase. . ..

By following down the:line for type 1 flow, see: ﬁgm-u 44—A to t.he
dashed line labeled “zero pereent decreuse i ncthe Locﬂiu(,nt cof - ‘dis-:

“charge,” the values of the-main. coorduml,es at thn pomt are ‘

I_};"— l...4 and ]—"%—:]E-d— .1 70

:h,,_=l 2433, 74=41: Sf fcct. nnd

hatd=170X33.74  57.40 feet. |

Th(, position of the: ﬂoor should therelore be 57, 36 ft.cL below the
energy. grudlcnt for. the maximum ‘flow condition, or'409,26—57 36-_:‘
‘441.90 feet in e]uvnllou. ’l‘}m floor:1s: mdlutted by the solld ]me m
figure 47.

The depth of ﬂow on this hon?onlul floor at a dislnncc 4[].,, m 120
feet, downstream from the crestis d=57.36—41 84=15.52 fect,.and
-graph 12 in:figure 46 indicates. the type of flow to l) -expecied, “The .
coeflicient of discharge for the downstlcnm ﬂoor a.b elevatlon 441 90
will be 3.68, see figure 47. '

“The above procedure illustrates tho method used in determlnmg, the
: posnmn of the downstrenm:floor for-the spillway: section: of, ‘example’5;
‘see figure 9, for no decresse in:the coefficient of dischar rge dute.to down- :
_stream flow-conditions.  As g matter, of mtu'est,, tha. downstlea.m ﬂoor
 ;positions for decreases of 5 and ‘10 percent in:the, s coefficient of. dlscharge

“»aTe also -shown in. ﬁgurc 47. The type of flow encountend dn the
“latter:two cases:will b¢. similar :to that shown in, grapn 4, hgure 45.
The three floor positions:in figure 47 show that the downstu,am ﬂoor
- «can‘be raised considerably for-only a small suerifice in’ ‘efficiency. In
any.case; however, Lhe efficiency. of u proposcd spillway will necessarily -
~ibe’ bala:md agamsL certain economic factors. "The:purpose: “of -the

b
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nfommtzon gwon in; ﬁguro s to ﬂllxatmta the possxblhty of mmea&
mg the. eﬂ:"lcsenu& of; ﬂ.rth-dam splllwuvs -of sthia:

~Given the.dam shown ﬁgu.u: 48—:\. or \\']uch:':f .

t.he shape and ‘free-flow, coefficient of discharge were: deterlmned,""

y:the-method, previgusly. desmbed “Compute: t‘m- ischarge. per.
fobt o:f creat, length und r e,;vrmme the type of ﬂow whmh il




Enberm,, ﬁgure 44—A wn:h t.hese\vnluos,
falls swithin region I, = A drowned jump - ml] occu" and "the co—'
Jeﬂiment ‘of dxsdmt'uo willbe 9, percent. less than the free-flg effi cn,t..f
The: ar‘tmﬂ coefficient of dmchargt, [or‘thc, ﬂow condltmns hown
wxll therefore: be. (,=3.90%0.91 =355 . "
The dlqcha.rge per {oot, of: lcngth of dam vﬂhbe ;

q_. CH:AIJ

as.an. mtroductxon to thcius ofithe curves .

" These exa:mples serve,
solution of tlm {ollmwng exnmplc requtres‘”_f

in figure -44-A. The-

“;-suceessive apprownmam)ns. L : o
‘ ‘Example 11, ~Given the: t.mlwatc,r enrw ;

for the dam-in ommple 10. Computc a lu.adwa.t,er* '
.same range of discharges. .~
:One-point cn: the head-discharge: curve WVas; d
10 “A-second. point will be chosen” for:a dxselmrge ofi170 seoond-feetf
.per. oot of: crest, which' will involve greater ‘than: the’ desxgned hea
con the crest. l'llS corresponds to.a. tmiwate yelcva‘mon o{ 112.

_-see figure’ 48—13 SR
‘ “‘L‘rssuvmmg-H— 13 feet

creasc- ‘in. Lha cocfﬁment 0 \diééhhj'ge,
eltent aud the ﬂow 8o

From ﬁgure 44—-A :the . de
compared to that for a: freL LIES$. 1"-'- Zo P

dacatwe of mgxon IV.
' The ratxo of the eshmated head to th(, des:gned head i js > 1‘, 31125 B

From graph B Ao ﬂgun, 44,4 th . [1 co-flow .« 1scharge coefﬁcxent for a.
f—i—g—-l‘*——a 165_’{13 390

.'head of 13.5 feet on the crest. and p: e

. 753318'»-—%43——#12 .




Lﬁ;whlch is: iargcr thnn the: assumcd“ uluc.
Chooszng 2 Iew vnlm, of‘H =13.0;!the;
ew vniucs uru

: ‘-‘Ofdr ec crest—-4 00 i
o ’l‘he actua,l coeﬂ:cxent of dxschmcrc fm hc As0:4 handiis

’whxch agrees: rcu.smmbly well mth thL nssumed vului,. y
second point-on thethe d~tllschmvo curve in: hgurc-" 8-C.

- An-attempt now: willtbe madeito determine: ithe. ab: whu:h sub-
‘ -fmerg,ence ‘begins. - ‘Choosiiyg: & discharge.of 100-second- éet, ‘the: tail
water is at o} ummon 105 0,. se(, hgurc’ S—B
;.Asfsummg :

‘From: hgnre 44~A C’——l 7 percenb debreu&, ‘and“:fré'm ﬁgu:e ~B,
the free-ﬂow coeﬂluent C-—-S 77 I N O
Then

C,~3 7X0 983 1706,

H‘""’"— 1?86——21 0, and H--Q 00.’feet.

Thts agrees thh the assumed: ‘head: and thus: locabes :
: close to.the: pomt at: whwh submerﬂed ﬂow begms ;




L‘mmple 12 <Ry m: the dimengions. hown in ifigure: - 48-D
determine - the approxunate water, sutface ‘and ithy hydrailic
pressures: opposmg llpllftl on: the. dam mul“npron‘forf%he ‘head; imd

tﬁallwnter <eie\m e :

-"The curves a.lso bhOW that. a hydmuhc. jump an'be (.“cp bed
" istream : “from “the dam Hor ‘thes conditions; ;a ompauwd;‘
\ percent deu-easu Jin :thie- cocfficient _of d1schn'“'
produced prmmpa]ly by ‘floor: eﬁc,c"' bnurgenc
“44~A also indicates that flow. over tho dam \Vlll bo SImﬂar,
“='m gmphs 8 an(l 9 of. ﬁgurc 45

sfor cmamp]e 12 can e;ob-

rtaymed by avaravlng the: éoordumtes from cnﬁphs
and multlplvmg th(. vnlues by H as outlme( n tabl
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11752——7 81° fee . er second

P 28 gy oot (vel e dof b
-Q-Eu-——ff ——’0 8 ect, (ve omt.}n 1e:1 0 approa,c

“hy _0 948
b ==0, 0948

' Entcrmg ﬁgure ‘77 thh thls value,
—E—ml 084 for the Bl'tlcﬂ.l-
0 s -

T

o Fntering figare 15-A with thisivalue'of 775 .

| .E;_olomji('io;s/i%;

- By choosmg valies of g and ma.kmgus of figu]

oK the: upstream face-of the dam are. obt,amed Them thod
trabed mgt.a"ble 39 for wluch the: coordmates e reierred"to th

pressures, Weight-
loads; t.hen the dam and '7




SBBMERGED FI.OW : STUD]ES

.j';whole for st.a.bﬂtby -~ This example purposdy suppl:es only the down-- "
wward ‘and } honzontally actmg\hydmulxc pressures on’ headam and

spooe
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‘ .51, Scope: of Tests.—-'[n tlm desx
‘ HOOVEI Dlun splllwnys lelmbl

nmthcr eﬁu-mncy Tor. safet,v couh

. -satisfactory design of: these: structures:
“inthis” bullelin were mstlgu,tedj :
' ew:pcrnnmtnl fmlcl provcd mucln L0

"'ﬁfrom the besb demgn dat '
: hydrauhc ‘models .of these"

. prosstres- eould 'be actunlly

iy less (,ut-and-tr_y busna.

‘concerned
' The followmg mformal,xon is: t,lncreforc n chronolovmal dquopment of.
.the. final :Hoover :‘Dam spillway averflow s¢ thou to supplemcnt h
»materml ‘in “Bulletin -1 -of ‘Part VI, “Model
-52. ‘Glory-Hole - Splllway, Model | (‘;—1 =
: ;spﬂlw ays were propoqed ‘sec pﬂgc 19 of iBul
conomically :
-pattem of. npproach chunncl 1'cqmrcrl' b seondit

vertlcal shufb VA concvnlmuon of ﬂow ‘ocet IrI‘(‘(I? lo_g
“from .the.center of ‘the shaft lo that: pm-t ‘of “the:cre:
canyon wall, where the two. npproach chmmcls met As a rec-ul :
oo t}us,gonccntmtmn water did - not flow down “ihe -shaft equall
0 distributed ; -around the wall, but rutlier. in a:concentrated gtrenm
‘ V\} Ahat- ‘jumped across:the - top- of the shaft’ “from .the :side next ito sthe,
“‘eanyon wall, :fi nnlly droppm(f down t‘le‘ slmft Wlth ran’ xrregu]nrix-
,dlstnbut,mn T :
Asthe deplh-of. ﬂow over the spﬁlway mcrensed the Lom,entrated
ﬂow over: the. cre,\:,t next to: thu cunyon wnll tended to seal: ithe: top, uf




the sshaft: from the. mde next’ to the canyon wnill':’,‘

“down! the- shafb with.an 1rregulur distribution; 7 - :

‘ *As thu depth-of ﬂow over:tho spﬂlwnv mereascd o conccntmt.edf
‘Hlow.over thecrest: next:to the . canyon wall tended‘to 8od). the top of
“the ‘shaft, causing” an undesirable: suetion ‘and pu.lsntlon whlc'hemter- '
’ﬁ'feredwmth the. aperation of the- f-xpﬂlway. ,Smco 1t was notf econom1
eally! fes.snble to. Jocate the spiliy 'ays 80.a8' toa (

-of flow,-work on the. glory-hole: typo of: spll]wny ”’wa
ﬁ studies wero concentrated on the. -side-channeltvypc.

+83. " Side~Channél Spillway' With: Free' Cre Mod 2, .
.mdc»-channel spx]lwuy ‘With free crest, sis - degetibed: n.,_pag 22‘0{,‘

Bul]et.m 1,:Part' VI. "The model- was’ constru(,fed,on a-seale 0
< Agprofile of the: ovcrﬁow ‘section, ogot,her ‘wit} coorc]mates and i the:.
coeﬁimenffof-dlschnrgu eurve ¢,:ig ‘shown : in ﬁp:um 40, “The soctlon.
-+was designed for-a head: 6f10.0 feet. and a. dmhm’gu ol:100: thousund'
-secondeet. - The coeflicient: afi dlsuharg(-uncw 8o mlformly ‘_‘upi 3
. rarhead of 14/ fecr,-at . which. . point-a cocfficien of 4.07, was ‘re .ched,

The. cocicient tht,n dxoppcd due: e submm‘géncc of the crest by :

backwater in‘the side channel. It appoars that,, were; it noti ‘for: this

ubmergence, the cocflicient would have continued: to increase: beyond

4. 07,‘th15 indicates that quhatmmphenc prmsures*e.ustm ‘on : .the

overflow sechon, S.UICL the :maximum - cocflicient obtaum.d on . tho

vertical:face-weir in. the e\penments dmmbe(! in: clmpber II1;of  this
. bulletin was: only 3. 95 “No: measurcmcnt‘a werL nmdc?-‘of pressures; :
on the model;” :

“1Utilizing hhe data from the vert.lr.al-fnc(, wen- erpcuments of‘

~chapter;1Ii, the: overflow- secmon -was: redesigned for. nidlscharge of -
71429 second-fee’o per foot of crest, n head of:10.9 feet, and.an approach
" . depth. equ&] toifour times the: head. " The- coeflicient of idischarge’

-obtained in- this study - was 3.98/for. the: design head. " The resulting-
shape is'indicated: by the: dotted: line: in; the. Jower; part of ﬁgure 49,

“The: profiles. obtamcd 'by the two! methods “agree: isi
. "{The : difference -in - m{\ihcxents plobably indientes |
negatwe pressures did exist-on: the: original section Bkl '

+ " 54.:Side-Channel - Splllway :With “Stoney Gate :and ‘Free :Crest,
‘Model: C-3,—The seeond  side-channel spillway design consisted; of .~
rchannel. with g St.oney gatoat the upstream: end.and-a freo. crest; length i
of 400 feet, as dwcribed on page 38 of Bullehn 1, Part V1. The-over-

ow. section, see figure" 50 Was dc51gned for o ma:umumcd:scha;_ of

‘thousand second-feet nt & head of.10.7 feet, and the model was oh a
-scale of 1:60. ‘Tho depth of: approach to the major portion of the g over-
flow section was § feet; this is: reﬂect;ed in the coefficient. of udxschm*ge,
which'"rreached &' meximum: of 3.82, but; .reached ronly’; 67 ifor: the
: es:gne rheed.” ‘Large contmr,txons at.; each end. of
t!on'mterfered W1t.h nomnal ﬂow ‘over: the _‘crcst, t.hu
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3 the overﬂow scctxon, as’ descnbed on; page:
thus mal-:mg a’ clenr crest length of :400: fex

”The coeﬁicmnt-of—dxscharge ciuve,f

-+ figure, for.the; ‘gates. fully< downt
i des:gned hend of ‘

o -page 97, of Bulletm 1. ‘desigr
: tlus chn.pter were, plannecl for a maumum dlscharge

S 100-foot. drum gates: on the\ ovmﬂow secmo . I’I‘wo shupes, namely,
£3:and: 4, wern, st.udmd on model M—-J for. W]J.u.h ca_lbmmon ur




T CaNGITIBN :
| CRIBINAL DESIGN AND TOPOGRAPHY|

| ORIGIMAL DESION AND
WITH WiNE '.ll.l.! ‘AB SaoeN m.uu s

Geast ELI122).3., Approtih chaanal - A e e e (C UM Y Wi

- Suela!u.a'm‘ gr_gnu - -\ i ¥ "
2 X - i TGt wair_EkIFELY

I
%Yo, 3900~ 5.4+

szunou orcmnu!l. : e Lo
. StaTion D : uooEL 6-31

ubseéluenb-_'designs u_was-'-ﬁxé ::b;tff: 1205.4. ‘ ‘::Shaip
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