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FOREWORD': 

: recent years milliol 
~i of Silt deposition :i 
• Valley. lands  from :_.-.~. 
/:..i:: i :: 'Tl~e.need foi:~a 
'::;:~ " ravage§.Of Colora ,( 
i . - . '  part  of its enormo7 

mation Service of 
: .... iRiver Compact, a .! 

?z :  ~' 
:,.: basin States; and, . ~ , ,  ~7 - - , -  - -  ~ .. :5: 

project, as the -': 
The  Boulde d December 21;11928,1' ~ 

authori£~[ a totai,-.approprmtmn: o I  ~mo,uuO,OOO: fo~iithe: :various .iii::. 
~;:/ .... .feature~ ,involved. These include Hoover: D a m  and~:fhppurtenant :~.:. 
:ii((:"- works,  .the power pla.nt, the reservoir:~ and. the-)Al:American: Canal :: ::::'.:i 
~:~: System.. The purposes of the pro :"' i:~ 
::':(i: for _protection of lands along the ~":~ 
!!'i: ''-navigation; (3)river regulation ~v , ~i!i;.i 

::~ .: and municipal use; and (4) development of;~]ectric power f0r do,mestic ; ctmc,power 1or( 
.and industrial, purposes. T h e  ~projecV is ,seff-n~itfidat~'?largely 
through contracts for=- disposal, of : ' : e l~ t r i~  ~:energY-: • !tw~ e~)n- 
. + _ . . + . . a  o..~ ;5 t,~;n~ nn~rated underJthe :suDervisi0n~of the.Bureau 

Hoover Dam is locate d on' the N/~vada- Ariz" oneboundary near.:Las 
• ' - pla~.e whereCol6~i~10 :River:has carved a deep gorge. " 

mckclitfsl kn?~vn as BlackCany0n~..: The darnis 
... ~)ncrete ax.cnea-gravity structv~e.withl a" m a x i m ~  height of .726 fee t "  
:.::.~bove foundation rock; a:maxhnum bas~ t h i c k n ~  of 660 feet,.:an d a ,  

-:~ crest length of 1,244 1eet. i: .~'he .dam and - ~ p  .urt~ eriant works .contain 
4,400,000 cubic yards of confer%Of which 3,250,000 Cubic yards were 
reqUi~ in the dam. ,. 



~ ? t l l  

, " I~uring 
diameter, 
tunnels were .subsequently. plugged near the 
spnlways, 'each 'of 200,000 second-feet C~apacityl 
inclined shafts to ~the two outer, t'unnelg:.~.A 
power penstocl~ is installed in each0f the inn 
from tl~e res0rv0ir iscontrolled by dylin/ier 'gat~ 
founded on the Canyon wallsn~ar the 'Upstx 
l~ou.r r'30-f~/Ot Steel+ penstocks:,. cdnnectdd:?'to ;f, 
towers, Conduct Waterto theP0:wer~p!an~:,a~Id 

50-foot 
These 

,m~t.~am en~s. The;/" : ~i :'~: 

,+the: dam 
o f  the i:intake 

plant discharge ~s msumcmn~ ior  such pu,p~=~o. - - ~  --r=- • /~:~ 
the dam .is 115 miles long andhas a capaCityl of 30;500,~0 
t h e  equivalent of 2,years' normal r .: 

power plaflt " (J-shaped, reinf0rced-concref~e':: structm;e .-:!/ The is in a . ;: ;~;,~ 
over.. 200 feet high and 1,500 feet longi •located ~edigtely. down. ..... ...:, 
stream fromthe dam i Theplant is designed for an ultimatelinstalla~: . ii !. 
tion of fifteen :1151000" and  tw° 55,_ 000~h0rsep°wer units '~making ~ 

T h e  All-American uanal,:,,locatec 
car ry  water  to irrigate ha.ndg in t he  
The  canal proper/with ,i 
the largest ev er construe 

The entire Boulder Canyon pro]e~ 
d ina ry .  T h e h ~ t  and,baiie.thiel 

s1( power  mit , the 
t h e n o v e l  system of :artificially. :C0( 
oo0rdination of construction, a n d  :O 
are without prececlent. : Themagnii  

---=~ " d diversified characte vestigations .of a n  extensive an . . . . .  
+,~o= ~ " n ~ , n  time -tl~e ~ n~most  in: ei~ciencY, safe~ty, 

:/;:-;;i, D r .  Elwo0d Mead, Commmmc'~ %i~er of Rec 
. part  Of: the c o n s t r ~ o n  i~eridd, passed 

Oover,I : months  ,after the dedication bf.H ) 
his untiring services on the .  Boulder C~ 

~ created by the construction of  the ~dan 
I.a~ke Mead. 

and: er~nomy- e l ,  : 

itia= 
the 

rice. 

the i reselVoir 
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C H A P T E R  I m I N T R O D U C T I O N ,  A N D  G E N E R A L  , . 
D E S C R I P T I O N  O F  L  TORIES ! 

I N T R O D U C T I O N  i i : : : i , ~, 

1. Scope of BuUetin.--Inasmuch as :the H00Ver Dam: structurcs ..... ' ':~ 
were of fargreater magnitude than similar structures2previouslybuilt i , / ~:*,~i 
thorough studies were necessary to  insure, rcliable:,~d~m,:~..ohe e l l  
the more important of these studies was ~ n c e n ~ o n  the.s ide- ,  :~ 
channel spillways, which were i Of unpreceiiented: s izefor  t h i s : , t ~ ,  I i : 
rave l ing  velocities of apprommately 17o feet' per second, :, Bulletin :1 ,~ 
part VI, of this series contain .~i 
model tests made ~on the Hq • : 
actually a sequel to the form /: 
overflow crest section. 
• In the design of various preliminary forms of spillways p r o p o ~  for i!~:!i!i 
Hoover Dam, many questions arose in connection with the  overflow- 
crest section concerning which reliable data were insufficient to ~ i t  
dependablesolutions. Therefore, a series of  :tests w a s , i n s ~  to  ,!i~: 
provide mot6 'information on~ the design of the various overflow ~ t  ; ~ ~i~i 
shapes proposed the  Hoover Dam-spillways. :As field o f /  
study-was extremely broad, only a very few Of the e x p ~ e n t s  ~ w e r e l  i i 
completed pl:evious to the actual construction o f t  he ~piuways, iThe ~ 
subject, however, was of such universal interest t e d ~ ~ d ~ e r s t h a t  : iii. 
permission was obtained to continue this workduring s lac~k"~S. '~  ., 
As a result, the final program included a much br0ader:and:~mre i 
thorough study than was originany anticipated. " 

Included in this bulletin, in addition to the results 
mentally by  the Bureau ~of Reclamation,. arereferences toa l l  oth~r i ' i  ~' 
available information on the .subject. T h e  c0mbined i n f o ~ t i o n i s  ~ = 
now sufficient for design of the most common Overflow sections. ~ An .~ 
attempt has been made to present this information from a practical 
standpoint for the" use of designers. . 

With the  :trend in recent years toward higher dams and:igreatea,: 
depths of :flow oVer flood spillway cresm;the importance of providing 
the correct ,profile has been materially increased. It!haS been :the 
accepted practice for many years.to design the  cres¢ of :an 0verfall 1 

damwith, the assumption that the space beneath the jet'from a Sharp- t 
crested weir is filled with building material used in the dam. ~ D~spite 

J all  the studies previously m a d e  on the  characteristics of flow 0ver:a ~ 
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, . . .  

STUDIES OF CRESTS FOR OVERFALL DAMS , ,- 

w e i r , .  the ,undersurface Of t h e  nappe,, being difficult  t o  observe, ha,-~ 
.received a relat ivelysmall :amodnt .of  attention.-~ .i.:~ - : " " " : , :  " ' 

' (A:ddieieney ofsect i0n ;at:any p o i n t :  U n d e r t h e  nappe:.will result in ~- 
the  .formatiOn of a subatmosphelSe pressure be tween  ~ e  do@nstream 
face of. the dam :and .the nappe ofwater . :  With the formation '0f this: ' '..;"..{.~':: 
Vacuum, three undesirable coriditi0ns ~ develop..  .i ~ :}.iii::-":i :.: . i~/::i!! 

1.. "The resultant fo rcb0n the  Spill~ aysect ion ~maYbe increased, 
due to the reduct ionof  back pressure,:which may de t r ac t f rom the ;'.iii:ii 
stability.of the dam against  .overturning ~ d  sliding:(":- ' /  :.. .: ./ . 

subatmos 2. T h e  instability' "of ithe ipheff~c~:pressure;,'-.with its . . / . . .  : ;~i=i; 
in termit tent  p r ~ s u r e  :c]~ange,. can.cause ~avitati '~n a n d • : 1 0 ~ i z e d  :: :• : ~, ;~:~ 
disintegration of the boundary,  "known as  pitting.:/:. .:,. ;~.'~: 

3. The  intemfit tency'of the  subatmosphericpressure caused by ~:.:.:. 
the unstable conditioh prevailing benea th  :the flow,:rsheet ' ~  "(i 
,cause a state .of :vibration ~in th e :dam.-.  While ithe ampl i tude  of . . . . . . .  
,this vibration may  be exceedingly: small;,:,, the. accumula t ion  o f - . : . '  ;i':: 
forces within the dam c a n  prodUce~secondary: forces,: p a r t i c ~ a r l y .  ~ 
if the.natural  frequency of the structure bearsa  i~arti6ular relation :~ 
t O t h a t  .of the Vibration of  the nappe. : :This:event:is .usually ! 
accompanied by undesirable rumblings ~ and may::~even:giv e rise 
to:a  m o v e m e n t  resembling an earthquake i n  the proximity Of the 
structure.  

The under  surface of the nuppe as it leaves.await  crest rises s l ight ly ,  
gradualiy ,becomes :horizontal, a n d  finally, fags, following .. a path. . :i 
.approximating.a parabola.  ~ TO the  uninitiated, the:Tise .in!this curve .i, 
of travel :is':inSigniJlcant land scarelynoticeable: ,  but  lit constitutes a n  

i~ extremely imp0-rtant phase .of t h e  fundamentals  o f  the ~ C~ntracti0n, 0 f . .  • '~. 
"::;~ ia jet  of •flow :o~;~r..a sharp-edged control. While th i s  .shape:has been"~ 
~ the.sUbject .of  considerable study in ,the past, the  results in most  cases. . i .  

:have been based eitherlentirely on theory or on rather' meager experi-. " " )  
mental ,data. " " . " . " : :~:; .!~. " : 

2. History.of l~rewous Expemmentt l  Wor i~ , -Thef i r s t  and most  ex, ~ ~ ":"~: 
tensive studies of nappe shapes were those 0 f B a z i n f m ~ e  in  i886-88, : ~ - ~' 

"-" m whmh he reduced :his observatmns to .unit;he~d: and constructed a ~iii.:!: 
• base.curve.representing the results of  his exper~en t s .  ~ t he  present ~ - :.~ 

:studies on this Subject, Bazin,s results have beenrUsed for comparative " ~ 

from the French to English,  the itranslator's~comment on t h e  u ~  of " 
£ h e w o r d " n a p p e "  i s : .  • ~.. ': 

| Bazin, l~f., Receut :Experira~ts0n the F~ow'of Water Over ~elr~, Anxkal$ des P0nts e t C ~ ,  
October 1888 (treuslated:by Arthur Mariehal and John C. Traut.wine, Jr.. and published in the Proceedings 
of the Engineers" Club of philadelphia, Vol. VII, No. ,6, 1890, p. 259 and VoL IX,  No; 8, 1892, p. 231). 
Quotations reprinted by pefmk~itra. 
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INTRODUCTION , . 3 

For  want  of a convenient  English .equivalent, we  shall designate this shee~ by, 
i ~  very appropriate French name,  the' nappe,  a ~ame:  applied.  Primari ly to .m 
tablecloth,  the form o f .  which, as  it~pasSvs from'/a horizontal"to a"yertica! - -p~ne 
in passing over  the edge~0f the  table, is  well indt~ted by the sheet of w a t e r ' ~ i n g : .  
over the weir. ' " ~ :'~ . .'., ': '", " :::") 

t h e  crest a t  a certain :angle, r isi l  '::i:i 
~falling. This 'upward curve  .of t '  
now, constitutes, nevertheless, o ii :; 
and M. Boussinesq ~ ihas made"i t  . 

"So Tar as is known, the ~ . 
to  develop ~theshape~of an 0veff~fll:dam to fit the o v e r f l ~ s h e e t  Was 
that  of Mutier 3 :in 1908. He  a t t empted  :CO e x ~ d  a~ c ~ e "  fi:om the 
upper section of ~,the lower nappe through Bazin'.sdata!"'/~'t~isl expres-~ "":: 
sion :for ~he curve shown in figure 1-A~ in i:the t ~ i n o ] o g y  of this /i 

for the thread of  mean  velocJty,::Wi~(~the:origm, of-.coOrdinates -:: 
at approximately ~ 0:35 :h. above':~md/0:09 ho downst, r e a m . ~ m  the ..... 
theoretical weir ,crest. ' He,measured downward ,one'third the:!thidk- 
,ness.of .the :nappe, normal ~o the ~hread ,of mean velocity, ~ to locate the 
curve of the lower surface.~ Parker '  repr0duced)Mull~'Srcurve:~d . :::~!~i! 
demonstrated tha t  :it-does not fit well  with Bazin!s icurve iat',~lie :upper ~ 
section. He,attributed thisdiiference to  the lact  thatBazin 'S  cu~es  ! :"i 
were obtained withsharp-edged ~aotches, Under tieads:of i:.7)feet or 
less, and Muller applied them:to ~hick notches, under heads of 5 o r  
10.feet. " " .. _ . 

Morrison ~and Brodie ~ .offer the parabolic .equation: ' _ 

r - .8o . /: i 

for the lower surface of .the .nappe, where h0 is the headmeastmedfrom 
:the highest point .of ,.the lower nappe surface, ,see .figure i-A~!:. The 
origin of ,the coordinates :in.this case is :a t  .the h igher :po in t  o f  the  i 
lower .nappe surface. - As  a factor of eafety for dam: d e s k ,  :'they 
recommend that ~the equation be increased ito i 

• : = 2 . 5 5  b o y  " ( 8 )  

2 ~Boubslnesq, M , ,  Computes  rendns  de l 'Acad~mie dt~ S e i e n ~ ,  JulY4,  1887. 
= Muller, R., Development of Practical Type of Concrete Spillway Dam,Eng. Rec., VoL 58, October 24, 

"1908,;p. 401. ~ " " " : 
.i Parker ,  P .  A .  M. ,  -Form of,the D o w n s t r e a m  Face  of Overflow Dams .  The,Control  of Watcr,,-~9i6, p. 899, 
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INTRODUCTION " " " " " *  

Woodward, e i n  the Miami Conservatory Dis trict  report, says: 

• T h e  profi les  of  t h e  o g e e  Weirs  were d e s i r e d  ~0 c o n f o m  approx im:a te ly  | 
_ . ~ ,~  . . . .  , . R , , ~  t ~ m  g ' s h a ~ t ~ d w e i r  ~ d e t e ~  

profile .of t h e  lower  . . . . . .  • . . . .  
by  Baz in ' s  experirv 
u p p e r  p o r t i o n s  witl 
ver t ica l  c o o r d i n a t ~  
m a x i m u m  effec t ive  
f igure l - B ) .  T h e  
p u t e d  b y  t h e  f o r m  

Creager ~ proposes an equasmn 

z2-----2:732 

" for: the line of average Velocity. in the nap  
nares 0.063 uni t  ups t r eam from t h o r  ace 
above the highest point  of the lower 

t h a t  the  equat ion  
fall below even the lower s l ~  i f  it"J 
This discrepancy, however,  
recommended b y  Creager as 

Scimemi established an e< 
beyond ~-~0.50, which is 

• eoordi .  

'cross ~e~tion i: L' ~/ii! 

"f .;! 

in which the  or ~:~*] 
Unfortunately,  1 
portion of the e 
point and the  ] ...~ 

An empirica- ~ . . . .  ::; 
by R. R :  Randolph,  of the War Depm~ment ,  ~.i/ : :"; . ~( ~. ~ " • =? 

0 5 2 3 H - ° ' ~  ~ : (6)  

with the origin of tt~e co0rdinates at  the h ighes t  polnt  o f t h e  lower ~!i 
surface. A similar equation, w i th :  the s a m e  orB~n of ~ coordiaat~,  
derived by H. L. Davis:, of . theBureau of Reclamation,. is ' .  : = : 

• 0485H-° '~x  ~'~6 : : ':: *i (7) :.i i 'i 

Lamb .  derived a set oi perametrie equationsLfor the  shap e °f  the surface • '~!i 

and the inclusion of the .eflec~ oX grav~¢y, equn~ - ~ e  .. :. 
s Woodward.  S. M°. Hydraul ics  o~ the  M i a m i  Flood ContrOl P ~ e c t ~  Tec~mlcal R e p o r ~  Pa r t  •VII, 

p. ~ .  Quotation.relented by perml~on. " " :. ~; 
! Creoger, W. P.,  Engineering for Masonry Daras ,  llg qgl,, 1917, PP. i o ~ - i 1 0 .  . : . . r~ 
i Sctmemi, lug. prof. Ettore, Sulla .forma delle ~ e  tradmanti (On the Form of the Cr~t Scrotum),. ~. ; '~ 

L'Energia  Elettr iea,  Apr i l  1930. " " . . . .  . " ~ 
S L a m b ,  H. ,  Hydrodynamics ,  5th ed., 1924, p .  95. 

• \ "J 



:'.-.:)::::: .- fit"the observed data. With the additional .experimental data~now 
~:. available, the development.of such equ/Ltions offers an opp0rtunity.-for 
~:,.. research to some en~neer or mathemai~ician, i ...'-i:..~. :.': " ~:~ ':~,: , ' 

, t :  

° . 

h8 

material. The theoretical f o rm  o f  s abe nonoverllow dan~ =is( a 
triangle~ith the water surface at the. apex, ~ shown :mfigure .I 'C. . j  ..~ ~i 
Foran ove~ow dam,tbe C o ~ p o ~ d ~  shape~wo~d be ~ppro~a~ly  ~ -:~ 
me .~ape,.oid f o ~ a  b~remo~ng theape~om:th~,~upP~ part=of : . ,,,~ 

the triangle downto a d i s t ~ c e  equal:to ~he.deSignhei~Onthe:cresL ~ :.,:,~ 

,of H0, howevex, the downstream side of  the traPezoid!" dOesnot  have . /'i 
sufficient Width, andthe napPe wouldspring free Of thedam":aS sho~n :( : i:i: 
in figure 1-E~ and fall:along a curve extending a ' m ~ u  m distance N ::~i: 
outside the trapezoid/, To insure freedom from Undesirable vacuum ,::. 
effectsi*~he:space, between the nappe ,and the ' dam- should" he filled 
with concrete. Concrete placed. in this loca~ion~ howeVeri is nbt' in - - 
position to resist most efficientlyovexturning of the d~.~ ~BymOving ~:-• 
the point corresponding to the Weir crest u p s t r e ~  a clistanc~N, the 
nappecan be ,brought tangent to the downstrea~n:faceof the tral~..zoid... --ii~ 
This results in a horizontal offset in the upper portion o f  the sptUway , : . ,:~ 
section equal, t o t h e  'distance .:N.: i Thei upstream edge iscommonly : . i:, 
com~ectecl :to the Upstreamface Of the dam, either by a single incl ined.  ~ :. :i 
surface or by a short sectionofvertical face below which is aninclined 
face. The first form, outlined by the  ' heavy: broken diagonal line. in 
figure :I,~F, was usedon the COno ~ Damon  ~e Susqueha ~ River ~ 
and the Rock Canyon barrier on the Arkansas Riveri.. The second :.i 
form, :shown by the .solid lines in :figurd.i-F, was usedfor the:Wilson " :: 
Dam on the Tennessee River, theSafe Harbor-Damon the Susque- 
hanna River, and the BullRunD.am on: the Bul lRun River in Oregon. - - 
I n  ~liis form, .the concrete requlred under the nappe is placed where it :~i 
is most effective in resisting overturning, which therefore results m a .i :i~ 
more economical d a m .  The projecting, upstreamportion of thedam 
.usually falters the shape of the nappe and causes it to no longer follow - /i:i: 
t~he:~orm which would result, from a weir with a vertical upstream face . . . .  .: 

• . . . . . .  



t ! , ' .  
. . . .  . , .  , ~ . , I N T R O D U C T I O N : . . ,  ' .... :. ,. :,. , .... ; ,i : : , :  . 7 " - : 7 ,  

The determination of the  nappe shapes aud,the/cocmeients,ofdls-", - .:: 3}".:i,! 
overhanging crests: was, one +phase "Of :!the .. exte charge for :sucli . . . .  • ....... -na~ve ' ":'~" 

• 3.. Extent  o f ,  Presen~ : 
various preliminary forms 

coume of the design work, experimetl 
proved of value in the preparation of 

I 

T h e  

by the . . . .  
1: Determination of theshape of,:d,~i _requireCt ~":~es~- ..... ,.. 

lower nappe  of  
' _ . ...... wex p .-~' of design. Tests were:made on sharp-cre~t~d 

dam secUons with :vertical:upstroam faces, ~ t h  d °p!>g u p s t r ~  
aud:,offsetsin: the uF ~ i f a ~  faces, ,and also with overhangs 

• deviatious of th~ [~ppe,shape d~ .,,~ :velocity 2. ,A Study of the 
of  approach. Bazin: covered a p0 ion 'ofilthisfield but'.tiisiex- 
periments were.not extensive enou3~ to ~mp]etely! mal ,  z e : ~ :  

.3. Determination of ,the coemaeul~ Of ~ ~ ; i  : WitJ, 

)tll~on ~ - " 

.# 

:be used as a factor Of safety. 
5. D e t e ~ a t i o ~  of"~e d i ~ g e  

di~erent shaped .crests wi~ and:with 
stud3es ~vere ~O include , ~  :e~t8 of ~ . . . .  

position of drum gates. 
.6. In the case of supplementary :t~ 

signs, .the. pressures on the crest and 
served to provide information for the 
in computing stresses in thestructur~ . . . .  --- . ...... 

& Reeor(! of Present Experimental Progtam.--The laboratory- tests 
.on the above program were initiated i~:the~hy draulic:lab°rat°ry of 
the Col0~do ~ g ~ t u r ~  E~per~ne~t S~tio~ at Fort C0~s::~!~S2 
as .a means ,of providing urgentlyneeded':material for the comple~xon 

- >:!::i-: 
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by:other worki •These.ddmgndsprovented:the"comp|ete.mn 
the, results at the -tim el,th?y i,~ere imade. :; In! the~! f011o~g :~ 
time and personnel became aVailable, the matefiai.was~alw 

~:: 

The inconsistencies were  t ~ :  tb: errors made. in. 
cedui~ and  to ther:fect~ithat ~' ~ a t t e m p t . w a s ~ m a  
field with~insufficient data~/i.::The U~cinal  di~r. , i l  

this type;:,lack .of/t d~-niitely~,p!ann~i , p r o ~ ;  .l~ 
ii laboratory assistants in t l ie  t es fwork iand  the.defi~ 
• personnel with: 'whi~ ~- analyze t h e  material, co 

actual iiieasurements, i':Testing of. thisi~nature req~ 
and expertc~rdinati0ni whicl~ .ican be"maintainedi:~ 

Accordingly, in 'I 936', authority. Was sought /rod! 
certain portions of:.the:originM~'~tp~gr~,inl 0 
complete record. This~new'program was.,~nduct~ 
I~bor~tory of the Bureau0f Recl~ation in the Cust 
Colorado." " " ' ~ " " .... " ""' " .... > • Cogmzanee:was take n of tlie shOrteon~ 
tests to  avoid .a repetition of.the failures: thus ~ the"  

l i l i e s  

 e:  ery 

| . 

that way inconsistent Or irrelevant i~nateri~ was eliminated~medi- '.~ ', 
ately. If the results of a pa~icular testwdre.not. C0xm~stent, the test~ ":~ 
was repeated. • -~ - . ~. ~: ~ -.~- : "~- . ~ .~, ~- '"r'' 

ii!i! conducted on weirs 1 2. f~t in length; t~, being.tlae ~/greatest!!ength:: 
over. which- a considembldJlead 'Could be maintain~l'.ivith ttle available :: 
water supply. The api~rbaCh to the we~ ~ d  the Chamie] d 6 ~ t r e a m  

...... " • from the  weir wereboth :2  feet wide, ~ SO that side contra~tions Wero i:i - 
suppressed.i The ~ interior O f t h e  ichanne[ wag::faced with~ l - inch , :~ i  - 
f in i shed ,  tongue-anti'grOove lumber.: I t  was approximately 16feet  " 

"c : - • 

'~ ~:/~ ~ ~:'~: -~- :"/:. '.:~ "/~-i"i'::f, ' ~',~- • .',. :~/%~.~ ~i.~ 
..... ~' .".."-. , ....... .'+~ r ~' .- ~ .:~': "~. ",4- • ' •" '.' • r: " ~ " '''~: ~., 
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~long and,7 ~feet,deep.. ::In~ord~,that ,the ~at~:imight :enter ~ 
,dhanndl ~withithe ]east ~pos§ible:~distUrb~C~,: ;t, he•,~m~(~ei~S 
i,~ith/~a :short~r~duis ~seCtibn on ~ead!i~ !!~de, ~en~g~i~snti ' 

.,~ i . ~ ~ch~e1~,walls.:::i i,The,dhannel was~tted:~tl/:a/m0vable::~flC 

-,,. 

f:; -. 

~of ~ithis ::~floating !floor, ~a~imoviflJle :~dined :~ramp ::was:::6onstructod:-!to : : :..: 
ibottom 

This ~ramp, ~combined ,~with the flafing'~si~e: , " -~'walls} :ma/le :s i_con~v6~ ~ ' " 
~entrane6 ito ithe, l~wdir: channdl-ifor: all positions. 6f ,.flae imovabl~ :fi00r. ~ ! 

The :test ,weirwas: sup, por~effon ,a ~,verti~al iplate ,nea/ithe. d0w~st/eam., 
end ,of ~the 2-foot ,:channi/l :by ,a:splice ~p]ate ,and ~athead: ibolts :flush 

• ~welrs ",w~e ~wit~a" ~the ~upstream ifaCe.,: The ~test ' .... ' ..... accur~tely.imade and:: 
.were .~of stainless steel ito :avdid:~.co~sion.,::,.iThroughdUt ~thg test.~~ 
program,.~',was.exer~ised ~to ~maintain! i/~sm0oth ,upstream :face and.,,. : /i! 

/. ,:a ~sharp .90 ° :edge .on~-ithe ..weirs~. ~he-.iWdirs.~¢ " -" ~:" 

~hofizontal :flat'on ~top, .~Vith :a,'56 ° bewel:~ito,i~he:. ~ ~:~ 
walls ~of ithe 2-~oot•,channel iextenfled ia " ~'I~ ..... ~The 

• :.streamifrom.lthe,~weir,=as Shown 
:cling ,the: overf~illing ~Sheet of,~wa~ _. i 
~in ~.the~left..wall ~to permit aerat'ion ~under ~th e.~o~er~nappe, :and.~a p]ate-i i . 
~glass'-,window',v¢~ )installed :~in~~the :,right/wail~or ,obse~]ng-ith:e !lower : ':: i: 
nappe:surface.- ~ ~"" .:- • ~ ~ ,: : ' /.:i.".:" , :( 

~he~water:supply\was~obtained;from :a stora~e,r'dse~'o~'~Iocated:~at:a~: " 

liigher,elevation 
~the :rese~voir_:to 
~circular ~slide ga 

-Mino r  ~ad 2 rments ,were :made iby,:: 
waste.wei :o .a ~waste~valVe, .sh0~ ih 
!hinged iat ~the!base and ,was ~adiusted~in il~dight:iby rotation iof~a !hagd- 
• iwheelinear ~the ihead ~g~ge.': Tlae-~waste -~alve,~liiCh iwas iused!for i.very 
~min0r!adjustments, :could ,.also::be m a2dlpulated Irom'the gaging :station 

thrbugh:a~bevel:gear~and~rod!assembly. : ' ~ 

The  =water, :after :passing :o£er:thditest.,weir, ~e~ttld ~h e ~either ~asted 
(PumpedibaCk:into:~. the :reservoir)or~directed into.a ~Volumetric ineas, r- 

. ;ing ~tank iby~ adiver ter  gate,~asshown ~figure:3.  The flow.measuring i 
.operation ~usuaHy ~took only~a:small amoun~of:time~compared with 

: :that ~reqUired~for ~the, other ~measurements; :thei~efore, ~the ,water flowed 
~into ~the iwaste tank,during ~the largerport ionof :the-time. • 

i ii! i '? 
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1~ STUDIES OF CRES'PS FOR OVERFALL DAHc, " 'iil !iiii 

• Th e head on the weir wasmcasured by float or hook gages opera t ing  ~ ~=: 

m an open we R. The wdl,was"connected byhe~vy r u b ~  hose :to ::~ 
two_ taps f lushwith th~ surface of. the movable floor, as shown i n ,  I 

lower surface. . . . .  " " : / ' ~ :'~ 
6. Bureau ofReclamat/on 

: ~ama~on hydraulic ~ ~horatory, bca~:  in ~ ~th~.~: C~o~0u~e ,  ;~i 
Denver, Colo., was completed i n  1937 .  ~ repetition i a n d i : ~ / a  i' i.i~. 
continuation o f  the ,weir studies previously made ~ i Wi~!commenced : ::iiii; 
soon after 0eeupaney. i~:These t e s t s  were ira ado d ~  Jul l s  in t h e  i ~ !  
regular laboratory work, ~: In other wordsl ~ e y  we~ made atl, times ~~,:,;/~i i~i! 
when the laboratory: PUmt~s would otherwise have  been id l e ;  coiise- ~ ii!:i 
quently the program ~ d e d : o v e r  aperiod ofsomeflve y ~ .  ~ A ~ :~i/~ '!i 
plan of the Denver laboi~Cory is shown in ~ 7. T h e  weir flume '~ .... ~ 
was supplied by a / i2dnch  CentBfugal pump with.• g i capacity o f  110 ~i~ii!~ 
second-feet. The:pump is powered by  a~ 90~horsepower variabl~peed ~!~ 
slip-ring motor. Acons tan t . ] eve l t ank  is used in  conjunction ~with /~ 
this pump to regulate the head 6n the line. A:short distance from 
the outlet of the tank, the linebranches into an 8,inch and a 12-inch ~= 
pipe in iwlfich are located Venturi meters for measuringl the discharge, i~!i 
Immediately downstream from the meters are hydraui ica l ly0pera~ ~ ~ i ~ 
go~te valveswhich are used for,throttling the flow. This is the terminus 
o t h e  permanent ~gquipment. ~From this point i t e m p 0 ~  rlipiping ~ : ~ 
conducts the water to  the' various models. All b l~e~s ,  gages, ~ and:  r ' : ~  .... 

hydraulic and eloctriccon~bls have been concentrated on one central :! :~  

employed to measure ~ ~ a r g e s  down to a few ~ O ~  of water 
,-,~ute. •The s y ~ n  ~•~ ~ a~anged that, b y : m ~ i  0 f ~ c e  

ce-way motor-operated cocks, a n y  one of the  four i n e ~  ~ be 
connected directly to either pump, or any two of themeters can be 
~e%~ m ~ e  ~ p ~ y  the d ~ ~  of both p ~  o p ~ t ~  
simmtaneousJy. This system i s  very flexible, ~ d  a l l  cbntroh are 
centrally located on the gage board: The small buttons at the top 
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- 18 "STUDIES OF CR~T$ FOR OV~RFALL DAMS. 

i~:i.:~::: of the. board, indicate the positions of the:three three-way, cocks./: ::: 
Another inno,~ation ~ which ~ adds to  ; the flexibility:::of]this :system is: a : : :  
series conabction leading from ~ithd discha/ge'side of the 112-inch: p u m v  ', .... 

!i:~ to the suction:side of the 8'inch pump, sees e figuie: 7. ~fi~uie: ~ :,::,: ThismakesThism i t . .  
'.- possibl~:tousethe 8-inch pump as g booster whereby a head of approxi- 

'200 feet can :be developed. : .. 
::'" : matblg d At-hit " ' "  .... ~ : , ' " and smaller system is located in the far end of:the labora- 

tory,  see figure 7 .  'This consists of a n  8:inch .vertical pump With a ' "~:iil 
capacity of 3 Scc0nd-fcet, which discharges thr0ugheither a!:5-inch. :~! 
fl0w nozzle or  a 6,5-inch modified Venturi meter./ ~ :controls -are i.~i~ 
located in close proximity to  a t h i r d  gage board:similar..tothe~other ill ''~ 

':= two. Each meter in iaboratb~ry is cbnn~ted directly toga sepa-.!).]~ '~' 
' ~. rate mercury manometer gage. By, thiss arrangement, leakage.fre.from,..' 
~" to thdrelishility valves, cocks, andbypasses is eliminated, thus~Sd~ling 
.~ of the system.-  I t  Can also benotec l  from t~ ~ tlisti~ i~c ~: 7 e~l~ of  the L fi~ 

three supply systems are iinte~onnected. In other words~ any one 
of the four pumps can supply water to anypoiilt~in the = lab0rato~y. ~ i~ ~) 
These interconn:ec, ted lines also lchd t o  the~ilaborat0~/calibration ( : )  ~ 
tank, see figures 7 and 9, by which all meters in!the laboratory are: • :  ! 
calibrated and Checked atdefinite:intervals..:. : r= ~ " j'g" .... .  *] "e 4' ==d" =~='~: *~" " : ~" 

The volumetric calibration tank, s b o ~  inflgure 9:-A, has 'a  capac2 ~; 
ity of approximately 400 cubic feet../iThe:size Was' iimited by :  the : : 
area of the laboratory reservoir, consisting:"0f cha~e l s :under  the : i:!!i 
floor, see figure 7i This limitation resulted from:the fact~thatwith' :~ 

- drawing 400 cubic feet of water caused thewater  surface m . . . . . . . . . . . .  the  :chan-. ~ 
nels~to drop approximately. 0.3 foot; This:~in turn produced,a slight. . .  ~:!i!! 

-.. change in flow because of a change inhead.:,Thel~initedisize0f the: . .i 
tank, however,-, is compensated for by a~ reliable and extremely! a c c u ,  i!i 
rate t iming device. : The source of the time S i ~ i s  a p e n d u l m "  ~ ~:. 
clock 'equipped with a'. pbotoeleetric: cell.:~ The ~ ! s , a r e  trans,: ~ ~: 
mitred by wire t 0 a  Chronometer located near the/'calibration:tank~ ::i ( 
which, by means of a magnetic pen, registers a l ineon a ~ l l  of paper ): ~..:~ 

".hrondmi foi ~ each impulse or second.- ~The 
A ~ syncliroho~is motor: and a - s e t 0 f  gears: move the paper: at : :v~bus i 
speeds,:depending on the:itccUracyi':.d~ired: : Second~:magnCtic .:: ::.~i 
pen, ~energized from a m~rc/d T Switch on the swing :Spo:ut;: r~r~ a 

cl~ronometer m~kes it possible t0mcasure time wit~ offal:hundredth ...... 
: of' a second. Incorporated in the chronometer is.a magnetic counter - 

which records full seconds of time: This can be cut  in Or out of the 
.: circuit .at any time, thus making it necessary to use the  pensouly 

at the beginning and end  of a run to record fractions., of seconds. .~; 
. The swing spout on the volumetric tank is actuated by a pneumatic. -- 
cylinder which can be moved at any desired constant rate of speed, . !/ 
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thus adding to the~aecuracy of the ~thning scheme. If greater accu- 
racy is desired, the chrono~neter can be replaced by an oscillograph 
which wiU: record thne~to one-thousandth °f a second. " ' 

A small pipette tank, shown in figure 0"B, was used to calibrate 
~he larger volumetric tank. The  pipette tank consists of two corn° 
partments, one having a volume of about 1.5 cubic feet and the other 

ii.~ I 
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a volume of: approximatcl~r7 cubic, feet: ::: Calibration O: 
rio tank: is aCcomvliShed:b#;repeatedi#/filling"~oilie':~piPe 

can b e  removed :if~m the ~s i t io l  
With theaid: of,':a sensitive" 500~n6 
water is about,450 pounds an~ .~q~ 
:'-'=7~ Personnel.-:~'l~he l~ydraiiiici:)l~ 
the g~neral sUpervisidn of E! W.T 
tjon ofJ. E. Warn0ck: ' J,N.Bra~ 
program,~ ¢lirectecl theiexecuti0n ~ 
bulletin. • ' ~: •~.~ ~:~ ' 

As the material int~s: bulletin J 
many individuals who/asSisted in 
ation of the eqmpment4 and ini:th 

acknowledg~ to ~ t-h6asslstance.of 
Ball, C: W. :Thomas-,-D. J..Hebel 

C: Weed, D..M. W. J. Colson, D.  ,FI C. IJo~ei~ 
C. Besel, F~ L0cher 
Floranco, J A. Langendoff, K e i '  
A . D .  Wilson, F .L .  Kelley, HI F 
credit is dueA, ~ N.-Smith, who C4 
compiled the data, and assi~tedin 

It is further kiesifed to ackno~Vl. 
of the Colorad0S~teCollege and 
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8. Expenme] ++ 
repeating the 
was similar to 1 
ments. A ch~ 
constructed for 
by the.12=inch _ _, 
meter, and discharged ih~ the upuer endof the 2-f0ot ehanii~] through 
a 12-inch pipe fitted at the enc 
GraVel ba~es a t  +the upstream- 
across the channel~ The head o_ . . . . . . . .  :~__ _ _ . . . . . . .  +. + 
gagboperating in an open well which was connectedr by  a r u b b e r h o s e  ~ • + 
to a piezometer flush .with the top Surfaceof the movable fioom :...:; :: r '  4++ J " 

The mova'ble floor was similar to that~ Of. the  F o f tCol l ins  layout + , 
bu t  different in that  i t w a s  covered with sheet metal and Sealddto ̀ ,the + : r  . + : : ~d + 

+ ' L ' ,  

~li-s~arge and in the nappeshapes ,  obtained 'from. the For t  :Collins 
data. The error was not  a constant:but  i n c r e a ~  as(+the?fl00r .was ..... ' 
elevated. 

9. Weir Sl~pes T e s t e & - - T h e w e ~ : b l a d e s  used++Jn~" the+Denver 
experiments were of stainless Steel,-machined a t  an  angle Of  50Q++ to+ a + 
kn~ife edge,+ as Shown in figure 6. + . The m e  blades h a d b e e n  used. in 

:~" the For t  Collins experiments, except  t h a t + m e  had ~ n m a c h i n e d  
wi tha  90 ° edge  and a ~6-inch horizontal fiat on top: +~ I t w a s  observed- 
in the earlier tests that  the lower nappe did not + spr ingfrom theg0  °+ 
upstream corner b u t  had a tendency+to clingto the ~lat.top of  the  weir. 
The p o i n t a t  which ~ e  nappe sprung free+0f the+weir was not  constant 

~ ' L " ' but varied with ~o+ conditions. The phenomenon is principally a +* 

i 

• , .  ~ + . +  
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surface-tension effect. Rouse and Reid, m a t  the Massachusetts 
Inst i tute  of Technology, had observed~c&e same occurrence on  a Small 

• , m  t made to elnmnate thi .: 
weir t h a t  they had  t e s t e d .  The a t ~  p ; . . . . . = `  ~ knife :!~ii 

• .~ " t b l n e l m g  o n e  w e a r ~  t ~  . . . . . .  . ~ ~i,~ variable m t h e  Denver e x p e r n n e n ~  Y g r . .  , ~_=~ w ~  are :: • 
edge proved effective. Photographs o~ me ver~cm-~a~. . . . . .  :- ~ --:~i:: " ' 
shown in figure 11. 

Figure 6 shows the various weir~ 
a dam with vertical upstream face, 
with sloping upstream f ace .  Type  

.hang on the ups t ream face.  ~ e i  
tested, all making an angle of 45 de[ 
in figure 6, + Type  D is :applicable ~,, . . . . . . . .  
ups t ream :face. Three offsets were tested with five interchange- 
-able .riser heights,  as shown i n  figure 6. • . 

Piezometers, as shown in figure 6; were installed in  ~ all of the weir 
blades for the purpose of measm4ng pressures  on the upstream:face 

of :the weir. 
1 0 .  The  Coordinometers . --The P.r0file~ nappe  shapes wer e ~ 

measured by :speciaUy constructed instruments "know n:~as co0rdinom- 
etel~. The  instrument  by  which the upper Surfacewas,mcasure  d 
is Shown in detail in figures 4 and 5. I t  ~eonsisted :essentially o f  a: 
4-inch horizontal H-beam, m o u n t e d o v e r : t h e  weir cha~eipar 'a l le l  t o  
the direct ion of flow, upon wliidi  was moun~,ed an :adjusiable vertical -.. 
bar having ,at i ts  lower end a point  :to contadt the water stomate:'. The  ): 

test Channel n o r m a l t o  the ciwec~!on o.. n? , , -  ~:~. ( ,  :~ ;~ : 0 ~ d s  
sufficiently t/davy to support a live load el several nunol'eO P ., 

~ • , ~" e su o ~ t i n , t h e  Vert ical  
wi thou t  a measurable de~leetmn. The  can tag :pp . g .~ ::. ~ 
'beam was commeted tlwough a horizontal slow-motmn ,screw to  a 
clamp o n  the horizontal H-beam, by  which .arrangeznent ~ e  :adjust- 
ments  of.  the horizontal position could be made. The  ~er t ica l ,bar  
moved in a groove .in the  vcrLical beam and. was:. fitted w i t h .  ac l amp ,  . . .  
slo  motion ve e . Both hor on al.a d 

" . . . . . . .  ~ - :  ~ . . . . . .  - , a r t  0f the ~ ertleal oar  WaS 
could be  read to 0,ovl mo~. xnv  ~v-~- ~, 
constructed to acconmmdate points  or :ho0ksof different styles, such 
:as shown in figure 6. : T h e  point was used to sur~,ey t h e u p p e r  nappe  
and t h e  hooks wereused  to point:gage a downstream p0i~i0n iof the 
lower :surface. In  beginning ~the survey of the upper :surface, the 
coordinometer carriage Was set a t  a horizontal position, a n d  t he  ~ip 
o f  the  p o i n t  was tower6d Until it t ouched  .the water  s u r f a c e .  The  
horizontal and  vertical readings were recorded,  the carriage moved 
to a new position, and the process .repeated until the entire •upper 

nappe ,was traveIsed. 
to Rouse.  IIunter ,  and Lincoln Reid, Model Research on :Spillway Cr~ts ,  Ci r .  Eng. ,  VoL 5, January  

19~5, p. 10. 
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STUDIES .or :cr, rs,rs FOR OVERe^rr D ~ S  : , ' ~  

F1GURE II .~TEST WEIR AND LOWER NAPPE COORDINOMETER," • ~ ~ 

The lower coordinometer consisted of.a standard laboratory point ~: :!~ 
• " 1 - 3 .  " -  gage mounted on a carriage wLth the p0mt: up, see figm'es 11 ~nd 2. ~:: 

Tl~e carriage was mounted on a hormonal bar  with handwheels to ~ ::? ::~! 
control the horizontal and ~-crtical movements.  Both the v e r t i c a l  • 

I 
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FIGURE 12.--LOWER NAPPE COORDINOMETER. 

and horizontal bars were graduated to 0.01 foot, with v~niers reading 
to 0.001 foo~ A number of points were provMed for the vertical bar, 
see figure 12-A. One point, which was straight ,  constituted an 
extension of the vertical bar. The other points were bent at various 
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' angles and could be placed in position either sloping toward or away q from the we i r .  Ancon glow lamp was connected by a single insulated 
wire to a setscrew on the~po jut, ~hlch was. electric~li_V, insulated from 
its m o u n t i n g .  By connecting the neon glow!amp to_~the u ng rounded 
side of a ll0-v01t electrical circuit, the lamp:was made'to glow as the 
coordinometer point contacted the under side0f thei0Verflow sheet. 
This lamp was especially usehfl in traversing the lower nappe during 
fluctuations when the quantity of flow was large and the Velocity of 
approach great. ~ Since water tended to run downflhe point  as i t  
moved upward into contact with the water ~urface, a! drip cup was 
placed at the base of the point, see figures 11 and 12, to prevent 
short,circuiting across the insulated mounting: : I t  was f0und that the ' :  
water discharging h e m  this cup, if sufficiently Steady, would cause 
a slight shock to the hand or arm of the operator; so a length of rubber 
hose was placed on the outlet from the cup to render the  instrument 

harmless. 
The under nappe was travc~ed in fr°m three t° sfi~oe : ~ t h e  Uo~inngt 

a bent point in the lower coord['-~meter, with thei  p ~' !: P "  
upstream, the under side of the ] e ~ a s  Carefully surveyed from the 
'crest of the ~ eir to a random point ~near the  vena c0ntracta. The • 
bent point was then replaced by the straight point, and observation~ .~- 
were continued in a do~-astream direction to an arbitrary point where : ." ''~ '~ 
the nappe assumed a falling Characteristic. The straight point  was 
then replaced by a bent point with the slope downstream, and the 
observations continued to the limit of either the horizontal or vertical 

, e end~n on .the trajectory. Simultaneouslylthe coordinates 
scale, d p g - ~ - ~ ; . . , I  ~ v  ~.nother overator Using : 

t~he~up;er - eoord~n'ometer equipped with one of the hooKs;ana points 

shown in figure 6. 
The resulting observations were recorded on suitable form sheets. 

Six observers were required to melee a complete set of 0bservations: 
Two to operate and record the observations of the lower coordinom- 
eter:, two to operate and record the observations of/the upper, coo h~il 

pressures on the upstream race oI me we~r, a ~  
differential head on the Venturi measuring device. 

The upper eoordinometer shown in figures 4 and5  was used in the 
Fort Coffins tests to traverse.both the upper and 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 contracta. 
which is the critical portion of the nappe.. If that portion of the spill- 
way does not fit the lo~er surface of the sheet of water withb~ ;~ 
reasonable de~rec of accuracy, the entire shape of the lower n~I~i ~' 
will change, which usually results in subatmospheric pressures or, ~1, 
dam face. This was proven in a series of studies on a model ~I ~.,' 
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of the proposed crest8 for the Hoover Dam side'channel spillways. 
A profile developed from the original nappe studies, when incorporated 
into a crest, fitted satisfactorily beyond the vena contracta,but pro- 
duced negative pressures between tile spring lille and thelp~ak. 
Numerous trials failed to producb a completely satisfactory pressure 
distribution. The difficulty was finally tracecl to a combination of 
two causes: First, as previously mentioned; the  water would Cling 
to the fiat top of the test weir and produce en'oneous results; and 
second, the original coordihometer was  not adapted, t o  the ~exceed- 
ingly careful measurements needed in the crit ical region. I n  the 
Denver laboratory the first difficulty was remedied b y  grinding the 
top of th~ test weir to a knife edge, and the second by constructing 
the new coordinometer for measuring the lower nappe shape. 

TEST PROCEDURE 

11. Explanation of Symbols.--The following is a complete list of 
symbols as used throughout this bulletin. (~Reference is made to  fig- 
ures 13, 20, 30, and 44. 

• Q-~total discharge, second-feet 
g----discharge per foot of crest, 

W=width of test channel at gaging section, feet. 
L----length of test weir, feet. 
A=area  of flow cross section at gagivg section, square feet. 
Vo----average velocity of approach, feet per second. 
h~=average velocity head of approach, feet. 
h,----observed head above sharp crest of weir measured at gaging 

station, feet. • . . . .  
H,----h,-~ho=-total design head above sharp crest of weir, feet: ~ 
E-----maximum distance lower ~mppe rises above sharJ~ crest  of 

weir, feet. 
he-----observed head above high point on lower nappe, feet. 

Ho=/~o+h~=total design head above high point onlower nappe, 
feet. 

H ~ a n y  total head above high point of lower nappe, feet. 
P~-depth of approach floor below sharp crest of weir, f~et. 

P2-----depth of downstream floor below sharp crest of weir, feet. ,~i 
d-----depth of piezometer below sharp crest of weir, or depth of 

flow downstream from submerged dam, feet. 
d~-vcrtical distance from eeatroid of pressure-reduction area to 

sl~arp crest of weir. ~ 
hp~-observed pressures on piezometers located in upstream face ~ 

of weir referenced to sharp crest of weir, feet. 
N=horizontal or vertical displacement on offset and overhang- 

ing weirs, feet. 
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M = h e i g h t  of  riser on offset weirs, feet. 
O=codffieient of discharge for ogee section, no t  coefficient o f  

discharge as customarily computed  for weir with sharp " 

crest - Q  or Q i 
,-" Ltlo812 ~ . 

h~----total effective head on submerged dam. 
The origin of X and Y coordinates was taken at  the sharp crest of~ ~ 

the weir. Horizontal measurements taken upstream from the ~ weir r 
are negative while those taken downstream are positive. Vertical 
measurements above t h e  sharp crest of the weir  are positive while 
those below are negative. 

An a t tempt  has  been made throughout t h e  bulletin to express lthe 
• above symbols as dimensionless ratios wherever possible: 

12. Relation of Gages to Weir C r e s t - - I t  was not  'practicable to ~ 1 1  
make the zero of  the scales on the coordinometers, head gage, and pie- 
zometer board coincide with the crest  of tile weir, as the position o f  
the crest changed for each test arrangement~ Prior to and at the 
conclusion of each test the coordinometer points, head gage, and pie- 
zometer board were referenced to the sharp crest Of the weir. Some 
twenty weir set-ups were made thus it was necessary tokeep  a clear 
and accurate record of all gage zeros, or reference s e t t ~ .  

13.  Test Procedure.--To keep t h e n u m b e r  of tests at a minimum 
and sti!l investigate a wide range of conditions, it was necessary to 
formulate a comprehensive program and adhere  to  it as closely as 
possible. Each weir was tested for various combinations of approach 
depth and discharge, which were selected with t h e o b j e c t o f  obtaining 

ha 
definite desired values of ~-.  This ratie was used as a criterion for 

combining the runs. A run was started by setting the floor and dis- 

charge for the  ]~ value o f ~  desired. When the flow had P~Qbilized 

throughout the. system,, traverses of the u pp er and lower nappe shapes 
were made, whmh reqmred about 20 minutes. Simultaneously, read- 
ings were taken e~ery min~e  on  the head gage:and t h e  discharge 
manometer. Three pressure readings were recorded for each piezom- 
eter on the upstream face of the weir during this period. At  one time, 
velocity traverses of the approach channel were made with  a small ] 
current meter. These were later discontinued, as the velocity 1 
distribution was considered satisfactory. 



CHAPTER I I I - -WEIR WITH VERTICAL 
UPSTREAM FACE 

ANALYSIS OF EXPERIMENTAL RESULTS 

14. Compilatioa of Test Results.--The principal purpose of  these 
experiments was to determbm the effect of the velocity of approach on 
the profile of the lower nappe. Various combinations of  velocity of 
approae~ and discharge were obtainc,  by varying the depth o f  the 
movable floor and the pump discharge. Coefficients of discharge for 
the corresponding ogce sections were computed and profiles for  the 
nappe shapes obtained The terminology used in corn ilin t h e  results • • P g . 

is explained in figure 13 and in section 11. A summary of the test 
results on the weir with vertical upstream face is shown in table 1. 
Nappe traverses were not made on the entire series, as some runs were 
made solely to obtain discharge coefficients. ComlSlete runs are 
indicated with asterisks in column 20, table 1. 

The figures in column 1 indie~.te the test and run number, respec- 
tively. A change in test. number indicates a shift of tile movable 
floor. A change in run number  indicates a different discharge. 
Columns 2 to 5, inclusive, are self-explanatory, see figure 13.1 The 
symbol -4 in column 6 represents the actual water cross section at the 
gaging station,, or . 

A =  W(P+h.). (8) 

Column 7 is the velocity of approach, or 

V.=~. 

Column 8 is the average velocity head in the moving water, or 

h,= (lo) 

with no correction for unequal velocity distribution. I t  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 separate study• The rise of 
the lower nappe above the sharp crest of the weir, designated as E in 
column 9, was obtained from the coordinometer traverse of the lower 

29 
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nappc.  The  total head above t h e h i g h  po in t  of the lower  nappe,  I 
/-/o, column 10, is expressed b y  the equa t ion  

e (11) 
H e =  (h .  + - -  • 

Columns 11, 12, end 13 are steps in the  computat ion,  Ofcolumnthe coefficient16 is the  

of discharge for the overfall crest, C, column 14. verfall 
cad He to the approach depth below the o . 

• t ic  of the  total h° , ' -  . . . .  shin -crested we|r,  ~a 15 The  total  head on the .~: . . . 
crest,  P - l - E ,  column • • • - -"  • ^--~ h The dlmens|onless 
H , ,  column 17, was ob ta inea  Dy aacnng #, ".,,,* o" 

. E "n self-explanatorY. ' he column 1 8 a n d  ~ 1 column 1.9 arc 
rat ios  ~ in . . . .  wer ,  

ombining  Nappe Prof i les . ' -The  upper-  aud lo 
15. Method  of C • _._;.~a from t h e  coordinometers,  

nappc  traverse measurements ,  as ,.OD~tS[¥vuv . . . .  

................... • " ' v  Z.~- 

- X -  

- - - - - - - - ' ~  V6 

floor 

L-Ler'Qth of te$! writ,fee! 
A-Areo of flov~ cross section o! gog~,~ 

stotion, iquore feet • 
Q - D~schorOe quantity, second" fet! 
Vl" Vslocay of OPlpmOcht lee! per second 

-v VERTICAL-FACE 
FIGURE 13. ~PRINCIPAL ELEMENTS OF OVERFLOW CREST FOR 

DAM. 

were reh).ted to the, rectangular coordinates X a11d Y with the origin 
• of the weir, see figure 13, by subtract ing. the refere~me 

at  the sharp e~est : . . . .  " r h a "  ,sults thus obtained,  still considered 
values, or zero readmg~ ..... lc tables lot both the upper and lower 
as original data, are compiled in in the hydraulic lal~o~tory of the 
nappe shapes, which are on file 
Bureau of Reclamation, Denver, Colorado. The tests so recorded 

nre those indicated by asterisks in colun~ 20 of table 1. 
If these nappe shapes were plotted and superimposed one on another, 

there is a possibility that no two of them would be alike; however, 
they can be combined according to the laws of similitude. It has long 

been recognized th~tml]h L :~|TyP:f:fr d.~:,re~:ie:~:rc~°v:~a;e[;: pn- 
crested weir has a .' ". i . P..[ ...... i~.....~'~ to the same basis 
strafed by Bazin, who reaucea an ms exp~,~ ..... 
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TABI~ 1.-.SUMM.ARY OF TESTS ON WEIR. WITH VERTICAL UPSTREAM FACE 

I 2 3 4 5 6 7 8 " 9 '~ 10 | 

"TEST I F:I,'- T SECOND- FEET SQUARE FEET PER; FEET FEET 
FEET l FEET SECOND 

I 8URE&U OF REGLAMATION OAT& 
I - I  5000 0.350 2,C't9 0139 10376 0,054 00000 0.014 0.1250 
I ' 2  0780 0257 10.574 C 074 0.000 I O,02T 0,2 I01 
I -3  1.570 0,382 10,868 0,144 00003 0.044 0.3583 

0.43~ 10,97 i 0,175 0 0004 0.050 0.3§44 
0 . 2 ~  , .0 .0008 C.0E6 0 .4Tq8 1-4 

-5 

i -6 
I-7 
I-8 
I -9  
I - IO  

1 - 1 1  

1-12 
-,15 
-14 
- I $  

2-z 
2-2 
2-5 
2-4 
2-5 

2-6 
2-7 
2-6 
2-9 
2-10 

2-1 
5-1 
3-2 
3-3 
3-4 

3-5 
3-6 
3-7 
3-8 
4-1 

4-2 
4-3 
4-4 
4-5 
4-6 

4-7 
4-8 
4-9 
5-1 
5-2 

5 - ]  
5-4 
5-5 
5-6 
5-7 

6 - I  
6-2 
6 - ]  
6-4 
6-5 

6-6 
6-7 
6-8 
%:; 

4.596 

3.497 

2497 

2 0 0  i 

1,500 

I 1,010 

1.900 
2600 0.540 l i .  le5 I 
3 14o o6o5 i 1.318 0.277 00012 O.OT. I  0.5552 
] .8 ]0  0.69 I I 1.490 0.535 0.0017 0.077 0.6137 
4.070 0.7 19 I 1.547 0.352 0.0019 0 . 0 8 0  0.6409 
4 805 0.802 I 1.714 0.4 I0 0.0028' O.OB~ O.T 166 
b. IO0 0834 I 1.779 0.453 0.0029 0.093 0.7439 

5.680 0.395 I 1.902 0.477 0.0035 0 097 0.8015 
6.395 0.96"/ 12.047 0:53 ! 0.0044 0.105 0.8664 , 
7.450 1.067 12.249 0808 0.0058 0.118 0.9548 
9.630 I i 9 ]  1 2 . 5 0 4  0 1 0 6  0.0077 0.126 1.0747 
9.(,00 1.260 12.639 0.760 0.0090 0.157 ii.1520 

2.080 0456 I0.204 0,202 OgOOO6 r+ 0'05 ~ 0140~6 
2,908 0.576 10,442 0.276 0.0012 0,064 0.5132 
].080 0.598 10.467 ' 0.294 0.0013 0 .069 0.5305 
3.633 0.667 10,626 G~]42 0 00 19 0.078 0,5908 
4200 0,790 10,674 0,432 0.0029 0.088 0.7069 

4 797 0,B0 I 10,897 0.440 0.0030 0.091 0.7 150 
5640 0.091 11.078 0509 0.0040 0.101 0,7940 
6.775 t004 t 1.306 0.599 00056 0;112 0.8976 
7.500 tD72 I 1,444 0655 0,0087 0.120 0,9587 
8.480 I. 162 1.625 0.7~' 9 0,0083 0.133 1.0573 

9,495 I 22 t I 1.805 0.804 00100 0. i43 I 1180 
0.340 O t ] 7  7,337 0.046 0,0000 0015 0,1220 
0.730 0 230 7.~25 0,097 0,0002 0.026 0.2042 
1,546 0.378 7.824 0~198 O000E 0.045~ 0.33'56 
2,430 0.5 i i 8.~92 0.]00 O.OC 14 0 059 0,4534 

4 t03  0 725 85~0 0482 0,0036 0.086 0.6406 
5670 0894 8 8 6 5  0,640 0,0064 " 0 103 0,7974 
7.735 1.094 '9.269 ~ 0.835 0,0,109 0 125 0.9790 
9.200 1.225 9.5]4 0.965 0.0144 O. 14 I~ 10984 
0.360 0 i41 5.52~, : 0.066 0,000 0,015 0.1261 

1.105 0.300 5.647 0 196 0.0006 0.035 0 2656 
1.695 0400 5849 0290 00013 0044 0.3573 
2,500 0.518 6.087 0 4 I I 0,0026 0~060 0.4606 
3.5 16 0.650 6.35,,I 0.553 0.0046 0 075 0.5798 
4.750 0.790 6.656 0.71] 0.0079 0.087 - 0.7 109 

6.125 0.935 6.929 0884 0.012 I 0.105 0.8421 
6.200 1.127 7/4 7 1,121 0,0195 0,124 1,0225 
9.560 1.247 7.559 1265 0.0249 0,137 I,i ~,49 
0.800 0.245 4.531 0;176 0.0005 0,026 0,2175 
] 760 0 408 4.864 0 362 • 0,00 PO 0 047 0,3630 

3.5 10 C 644 5.340 0.657 0,0067 0.073 0~5777 
4.670 0.779 5.613 0 832 0.0108 0.086 0,7038 
5850 0.897 5.851 .000 00155 0.100 08125 
7.1 I0 t.Oi5 6089 I 168 00212 0.111 09252 
9. I20 1.194 6.451 1.414 0.03 I I 0.128 1.0971 

1.000 0,280 3.594 0278 0,0012 0.033 0.2482 
1480 0,]65 3.7~ i 0.394 0.0024 0.040 0~3254 
2,410 0,502 4.042 0.596 00055 0.057 04505 
3.2 I 5 0 606 4.252 g 756 0.0069 0,069 0,5459 
4.695 0,795 4.634 1.056 0.0i73 0.086 0.7265 

6.180 0.914 4.874 1.268 0.0250 0.096 0.8430 
7,060 I 003 5 054 1,597 0,0504 0 108 0.9254 
7860 1075 5.195 1.51] 00358 0.112 0.9966 
9400 1.200 5.451 1,724 0.0462 0,124 1.1222 
0850 0,250 I 2544 0334 00017 , 0 0 2 7  0.2247 

1 

I 



32 STUDXES OF CRESTS FOR OVERFALL DAMS 

TABLE 1.--SUM.MAKY OF TESTS ON WEIR. W I T H  VEKTICAL UPSTREAM FACE-- 
Conc;-.cd 

-- 14' I 15 Vo H s ,  111 ,  , ~ ' # P £  I 
1 H I ;  12 1~ G ' ~',E, - -  H,-- " ~ j ,  FILES 

1EST L [ET ~ ~ E =EET 

).0~42 007 1 
:~ ~0,63 " I  ~. i .0 

~.2304 
-5 0,32.72 

:~ 0.3915 
0.4031 

:8 o.3131 
0.6066 

- I0 0.6416 

- I I  0.7176 
- 12 0.0065 
- 13 0.9330 
-14 I, II41 
- 15 1.2044 

- I 0.2563 
',-2 0.3676 
:-3 0.3861 
!-4 0.4542 
! -3 0.5944 

1-6 0.6020 
-7 0.7075 

: -0 0.0504 ' 

! -0 0.9387 
~- I0 1.0565 

- I 1 "~;.';~,-~; . " ...... 

- I 0 0426 
-2 0.0922 
-3 0.1927 
,-4 0.3053 

,-S 0.5127 
i -6 0.7 12 I 
-7 0.9700 

~-8 1.1511 
1- I 0.0448 

I -2 0.1309 
1-3 0.2136 
I -4  0.3 126 
i - 3  0.44 IS 
q-6 0.5994 1%1 #,:, ::; 

4-7 0.77~,? ~ 
4-6 ~<;~1340 
*.-~'., 1.2090 
3-1 ,0.1014 
3-2 0.2187 
5-3 0.4391 
5-4 0.5004 
5-5 0.7324 
5 -6 0.8899 
3-7 1.1492 

6 - I  0.1237 
6 - |  0.1656 
6-~ .0.3024 
6-4 0.4034 
6-'~ 0.6190 

6-E 0.7740 
6-1 0,8902 
6 - |  0.9949 
6-c 1000 

7- ' 0. I065 

. IUIIE&U OF IqlrGLAIdATION DATA 

000 g33 I .0 14 ~ 0~'3 L 13~i 
103 ,o4i i .027 042 1.237 

,395 ,iT3 I .044 0 06 f ).302: 
,478 . ,751 .o3o loo76 1.434. 
.657 .951' I .066 0 0g4 ).3.401 

706 .995 I ~71 I !0 106 ).606: 
.970 .946 I .077 121 ).602 
,030 q~l ~ ,OBO 126 ),720 
,217 .948 I ,068 141 ).004 
.260 .960 I .0g3 ,146 ).836 

.440 .944 ! .097 ,157 ).1100 

.619 .950 ,I03 I i '170 ( [).97 I ,673 .970 .I 18 C,107 1.072 

.236 .g4g .126 .210 1.200 
4,17 .972 ~.137 .220 1.269 

i.5 10 ~;977 1.649 .007 0.450 
L738 Lg40 1.660 ,I I0 0.577 

L775 1.074 1.065 .1/ i .I 14 0.39| 1.912 1.904 1.674 11.126 0.662 
I. 193 1.940. 1.662 .151 0.79| 

1.206 ;,971 1.6117 I. 152 0.80i 
1.420 1.972 I.C97 L.169 0.09' 
1.707 ~..939 q.708 I. Ig l  I.O0! 
1.004 5.001 q,7 16 ).203 1.071 
~. 120 q.O00 q,729 ).2 I |  I, 171 

;'.372 q.003 q.T3g ).Z31~ 1.26 
D.O~5 ,.,,nn. 3.5.1.~ ).03! 0 13' 
0.103 3.946 
0.387 3.993' ),09d 0.371 
0.613 3.964 

1.029 3.907 D. 17! '0.72 

i. ~3~o i,oooo I 
.2371 ) 0004, 
L3123 ).0008 ] 
1,4344 ) 0009 J 
1.5,4o6 ~0o1~ 
16o6, ~oo2o 
).6927 D,0024: 
),7209 D.0026 
).0046 0.0032 
3.8369 0,0033 

).11003 0 , 0 0 3 i  
[).g? 14 0.0043 ~ 
1.0728 0.0054 
1.2oo7 0.00,4 
1.26oo 0.007, 
o . o 6  o o 0 1 3  
0.5772 00021 
0.3993 0.0022 
0.6688 0.0027 
0.7929 0.0037 

0.8040 0.0037 
0.8950 0.0045 
I.OOg6 I, 0.0053 
1.0707 ~ 00C~! '  
I. 1705 / ~.'~.00'73' 

1.261o o.o~r~ 
,oj~7o:  0,000., 

3.542 0.3706 (}.~0 I~ 
3.35E ), I~1 0.3 124 1~,110~17,~ 

3.582 '0.7266 0.0049 
3.601 0.22; 0.9004 0.0071 

O.OP�~: 

0.00~I 

r ;, ~ 
,1007 
I, 1139 
I,I 131 
),1131 . :(( 
).1220 

I,I 171': 
1.1112 " 
1111o 
1. 10')4 ~ I 
1,11 I1~ . I 

).lOlO : ~  
).100 I / 
). I I00 ;~  
). 1049 
D. ~ OlO '=k 

D, 1150. ~: 
D.110~1 / 
D. I I"1 ~ ~1: 
D. I Ili l i ~ 
0, lOl~ ~ 

o. i t12 • 
O.L ~ZO lie 

fJi~f I 12 Ik ,' e 
9./ 136 ; //,,!~// 

a.I'134 #, 
I). ~015~ 

1,429 3.960 
1.041 3.973 3.621 

2.3 I( 3.982 3.631 
O.Og( 4.004 2.5 I 

0.27' 4.021 2.331 
0.42| 7.954:9~.5~: 
0.621 3,9~'~ 2.53' 
O.mm~; ~.968 2.57: 
:;~"0! 7.932 2.MI 

1.35 3.940 2.60: 
2.0'/! 3 .951 2.62 
2.42~ 3.94( 2.63 
0,20; 3 .931 2.02 
0.431 4.0 I( 2,04 

0.88 3.98. I 2.07 
1,18 3.04] 2.06 
1.47 3 .961 2.10 
1.70 3,981 2~1 I 
2.30 3,C~5~ 2.12 

0.24 4,031 1,53 
0.37 3.971 I 74 
0.60 3.97l 1.5~ 
0.81 3.9'6! 1.36 
1.24 3.94 1.38 

1.55 3.97! 1.5~ 
1.78 :5.931 ,L6C 
1.90 3.931 ~1.6 I 
2.38 3.94~ 1.6| 
0.2 I 3.97 1.0~ 

/ 
/ 

,/ 

.O~!.144 
0.27 1049 ' 0."1131 :~ 
0.30: i.~ 394;; 0.1130 
0.Oe, i ,0::.'.~;:] "~ 0.0007 O, 1063 

~:,~ 0.3006 0.0020 O. 1104 
0.14 0.4013 O.0032  0.1096 
0.10 0.5206, 0.0030 0.1153 ~- 
0.22 0.6548 0.0077 0~1 145 
0.27 0.7979 0.0090 O. 1090 :~ 

0.32 0.9471 0.0120 0.1109 
0.39 L I 4 6 3  0.0170 O. 100Z 
0.43 1.2719 O.0196 0,1077 *~ 
0.10 0.2435 0.0021 0.1060 
0.17 0.4100 / 0,0049 0.1146 

0.27 06507 . 0.0103 0.1122 
0.33 0.7898 0.0137 0.1001 
0.38 0 . 9  123 0.0170 O. I09E 
0.43 1 . 0 3 6 2  0.0205 0.1071 
0.51 2251 0.0254 0:1041 
] 
0 ,16 0.2012 0.0047 O,I iTd 
0.21 0.3654 0.0066 O.lOg. a 
0.20 0.5075 0.0108 0.112 :~ 
0.34 0.6 14g 0.0141 O.i iZ| * 
0.4: 0.0 123 0.02 I~ O. 105~. :# 

0.52 0 0390 0.026( O. 1021 
0.31 1.0334 0.029 d O. 1041 . ~jc 

:~0.6 ' 1066 0,032 I O. I 0 II 
0.64 1.2462 0 . 0 3 7 1  0.090~ 
0.2 2.2.517 0.107: 

~/~ RUNS IN WHIGM NAPP[ PROFILFS W I:'flE MEASURED. 

r.; 
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'WEIR WITH VERTICAL UPSTREAM FACE ~h~ 

TABLE 1.--SUMMAKY OF TESTS ON WEIK WITH VEKTICAL U P ~  FACE-- 
Continued 

. . .  .~ - , . - . r - - - ~ ,  ~ " • I , 

1 F I FE r i r :l 

! ....,a.-.-- M , DATA, 
1.730 ~1! ;I 0.4 t I ,2.e4~ i '0607 ' 1 0 ' C  57 l 0 , 1,0,3 27 

i,O,~ ; I 3.17 I t u 0 6 5 : 1  ,0.( IG I [J 0 | 0 , ~  96 
L 7 0 0  L g 0 0  'l 0.( ) * l  3.410 | . i  4 4 .  ~0.( 04 I.~¢ 2 I "0.! 74 
,I.670 I 0.. I L5'76 I fl.306.'.~ .0.1 65 I ( 2 I 0.1 53.  
. . . .  Z ),7~tq I 14'71'~1 0 1 ~? i ( ? t O ;  07 

9-8 
9-1~ 
9-[1 
9-2 I 
9-2, 

9"~2 
9-3 
9":3 
g - 4  

.SO0 

.500 
.6gO 
.650 
.000 

.600 I ).568 
t,670 
5.925 
5 .360  I 0 
9,090 

9;325 
1.7 i5 
2,040 
2.565 
3,500 

4 . i60  
4.740 
5.150 
6.585 
7.640 

9.130 
1.635 
.260 
.170 ' 
,630 

L400 
',395 
1,640 
L200 
5.000 

3.790 
4.540 
4,690 
5.060 

~ i iA21N 

4 4 ,  , 2 o 4  
5.494 | 
7.054 | 
8.321 / 

10.300 / 

II.g 12 I 
14.977 
17.479 
3~739 6,555 
5,5 tO 

7.761 
I 1 . 0 7 7  : 0.6 
14.655 .0.1 
18.013 .0:| 
21.153 0.~ 

24.652 : I ( 
26,194~ : ~ .( 
32.456 ~ I'r 

. " . . _ . . _ . _ .  ~ . , .  

I 0.1 

I 0. '  T 
$ 

. . . .  4 
• I 0. 9 
I O, 7 
I 0 )7 2.56b -I 1.390 | ~ 
I 0 )1 2.77b I 1.754 ' |  
I , O  )| 2.958 I .Z.O03 I ( 

)8 t 3.039 I 2;093 | - - 1  
zz ' l  3,226 i 2.50~ ! i 
I:$ I '~.406 I 2.738 [ ' 
'96 I 1.531 ~1 1.052 I '= 
30 I i,692 I I 205 "1 
03 | 1.839 i |.395 
02 I ,2.029 I 1,725 

53 I 2,120 I :1962 
20  I 2.235 I 2.121 I 
'50 [ 2.290 | 2,249 
157 1 2.445 I 2.611 i ' l  
)47 I 2,562 | 2 9,59 I 

5.9 ;674 '1 0 ,t ;36 I t 
4 . , 0 ~  I . 6gg  | ,g,I ~60 I I 
4 .430  I ; . 1 7 4  . . 735 [ i 
9,1q~ I ,I.912 O, [30 I i '  
2 . 380  t L 2 1 0  0 

5 :l 0.1 ;56, 
~5 I u. 1 9 0  
~6 I 115~ 
L7 I 0. 350 

z2e I ~7 I O, '29 
~,00 | S4 I '0  130 
476 I 75 I '  0 296 
624 I 8 3  I "0 514 
6 8 1 1  95 I 0 811 
976 I 9 2  t t 278 

16b :1 O0 I 1 295 
172 I 5 0  | ,C ,752 

)226 I 59 I ¢ ;136 
)303 | P46~1 ( )873 
)46=, i 354 i ( )943 

)598 I )50 ! t ~540 
D700 'l )62 ] ~ 1260 
0766 ~i )65 7716 
1060 | 070 893C 
1361 1 07.'3 OlOi 

{)42 | 7.744 I 3.335 I 1729 I 060 laq: 
353 | 1.00.5 I 1.627: | 0412 ,] 027 ,367,' 
434, ; |  L I69  I :953 ,t ,0561 1 032 ,4601 
533 ' |  1.367 | 2.319  | .0036 I 039 ,577q 
592 | 1.464 1 2,561 ,| ..1036 ,04"1 ,654~ 

,642 I 1.579 ~1 2,787 ,| ~. 207 ~ ,041 .721 
.086 : l  2.059 | '  5.592 I L2005  .059 t .027 
.337 | 0.000 I 1.047 | L0530~ .024 I ,.366 
.4 i3 ] 1.049 I 2 ,173'  '[ ) .0754, ,.029 | i:457 
.488 I 1.212 ] 2.475 ~ ) .0952 , .032 | 1.531 

r560 [ ,I.366 I 2.770 i| ).1193 ~,030: |  ),64] 
)~528 I 1.471 ~ "3.00G 0.15780"1480 ).044)'040 Ii ).77d)'73! 
).660 | 1 . 5 3 5 '  3.101 [ [ 0.1490 ).050 | D.BIq 

IN ~DATA |:TYPIGAL.) 
0.5 I 113.(~J24 0~298 ~ 0 . 0 0 1 4  0.050 0.460 
0.6~ ] ,14,269 0.30{) • ~0,0023 0.070 0.554 
0.71 14.634 ', 0.482 ! 0.0036 0,082 0.654 
0.8~ i4.922 : ,0 558  0.0049 0,092 0,733 
0.91 15.323 0 672 0.0070 0, IOE 0.644 

• 0.762: 0.0090 0.:1 I(  0.93| 1,0', ~15.642 .08i 
1.2 ~ ~16.197 ~0.925 0,0133 O. 13| 
1.3 ~16.627 1,051 0.0171 0.151 1.201 
0.2 9 465 0.395 0.0025 O.03q 0.27: 

:0.3 10.049 0.548 0.0047 0.03! : 0.35' 

0.4 1 0 . 6 5 8 0 . 7 2 8  0.0083 0.04: 0.44 
,I 1.497 0.g64 0.0144 ,0.06 O.5& 
12.245 :1.,197 0 . 0 2 2 3  0 . 0 7  0.67 
12.900 1.596 0.0304 0.08 0;77 
13.497 1.567 0.0381 0.09 O.BE 
14; 1 9 1 . 7 4 6  :0,0473 O.iC 0,9| 
t4.683 , I . 920  ,0,057-' 0;11 1:'0' 
15.326 2.1 16 I 0.069l 0.1,1 t ;Id 

2J121 I o.o631 o .  i |  i t.21 

~. o 

k . 

7 5 8 3 1 8  ° - - ' 4 g - - - ' 4  



34 STUDIES OF CRESTS FOR OVERFALL DAMS 

TABLE 1.---SUMMARY OF TESTS ON WEIR WITH VERTICAL UPSTREAM FACE-- 
Co.cinecd 

I I i ~  t 2  I~,  14 15 1 6  17 , 1 0  19 - 20 

r LH O~ G P~E, 8o " H I  , ~ ':~:E__ NAPPE TEST ,.# FEET P.~" , ,  FEET - -  FEET ~ H s  PROFILES 
I 

BUR£AU OF RECLAMATION ~ DATA 
7-2  0.2184 2.00711 0 . 4 3 8 : 3 . 9 5 0  1.054 0.344 0.4067 0.0140 0. 1082 
7 -3  0,3426 1'0,688 3;924 1:068" 0,450 0 . 5 4 7 6  0.0212 0 1059 
7 - 4  0.4970 I 0.997 3.912' 1.0827 0.580 0.6994 0 0292 O. 1029 ~.¢ 
7 - 5  ' 0.5925 i I, 199 37926 1.092 • :0,646 0.7875 ' 0.0537 0, 1041 
7 " 6  0.7004 I I7405 ,3'.912' 1,097 0.719 0.8757 0 .0385  0.0993 

7 - 7  0,8334 I 1,673 3.953 1,105 0.001 0.9606 0 , 0 4 4 5  0.0969 
7 - 9  0.9995 ] 2.0~4 3.937 I,:115" 0,896 i :1, 1040 0,0507 0,0951 
7 -9  1.2196 I 2,448 5 .934  1.126 '1.0 14 1.2575 0.0555 ~0922  
8"  I 0.2579 i 0.517 3.868 0.694 0.584 0.4520 0;0208 O. 1040' ~¢ 
8 - 2  0,3672 '0,737 3.908 :0.689 0.744 0 .5698 .  0 . 0 4 0 0  0, 1000 ~ 

0 -3  0.4799 | 0.'965 3.705 0.688 0,891 0.6770 0.0443 :0 .0945  ~'~ 
8 -4  0.6234 I 1.2SI 3.095 0.693 1.053 0.8048 . 0.0594 0.0932 
0 -5  0.7581 I 1.522'  '3:093 0,696 1.195 09  t44 r 0.0682 0.0906 :~ 
8 -6  0.8270 ] '1.660' .3.831 0.692 h273 . 0.9661 0.0705 0.0800 :~c 
8 -7  1.0420 I :2,091 3.869 0.668 1:559 I 90 0.0873 0.0822 

8 -8  1,2004 I 2 , 4 0 9  3.871. 0.574 1,676 i;2295 : 0,0948 0.0813 
9-1 0.2298 I 0.461 3.720 0.450 0.834 0.4 132 0.0416 0.0920 ;;: 
9"  2 0.2660 I 0 534 3.820 0.447 0.925 0.4526 0.0499 0 0862 :~. 
9 -3  : 0.3402 I 0.68.~ 3.755 : 0.454 1.073 0.5333 0.0568 * 0 .0663 ~:: 
9 -4  " 0.4582 0 920 3;804 0.457 1.300 0,6463 0 0714  0.0833 )~: 

9~5 0.5299 I 1,064 ~ 3,910 0.455 1.439 - 0 . 7 1 2 6  0.0839 0 ,0814  ~< 
9 - 6  0.6212 I 1.247' 3.801 0.449 1.621 -0.7900 0.0886 0.0765 ~" 
9 -7  0.6778 I 1.360 3.707 0,44i  1,750 0,8366 0,0940 0,0777 :"F 
9 -0  0.8439 I 1.694 3.769. 0,424 2.106 0,9630 ! O. I I01 0.0727 ~C 
9 "9  1.0152 I ~.0.~6 3.749 0.405 2.494 1.0851 0 1257 00674 :~ 

9-  10 1.2090 1'2.426 3.772 0.397 2 .859 . 1.2149 : 0 .1423 0.0658 ;~ 
I0- I U. 2225 I 0.447 .~.658 0.172 2. t35 0.3942 ' 0.1045 ' 0.0605 :~: 
10-2 L 0.3121 " I 0 . 6 2 6  3.610 O. 177 2 .599 0.4921 ! 0.1181 0.0650 ' 
10-3 0.4390 I 0881 3.598 0.163 i 5,156 0.6166 i 0,1556 0.0633 "~.~ 
10-4 0.5296 J 1.065 .3.603 O. 184 5.556 0.6956 ; 0. 1409 0.0589 

10-5 0.6131 I 1.230 3.577 0.181 3.967 "0.7627 ! 0.1583 0.053§ 
10-6 1.04 17 | 2,091 3.537 O. 195 5,324 1.0866 i O. 1646 0.0543 ~C 
I1-1  0.221 I 0.443'  3.702 0,116 3,155 0 . 3 9 0 , 1  0.1359 0.062" 
I I -2  0.309 ] 0.620 3.677 O. 123 .~.715! 0.486 I 0. 1510 0.060 .~ 
I I - 3  0.409 ] 0 . 8 2 0  3.659 0.130 4.238 0.583 :1 0. 1633 0.055 

I I -4  0.5(5 I 1,029 3,663 0.,139 4.612 0.679 I O. 1757 0.056 ; ;~, 
I 1-9 0.631 I 1.266 3.586 0:123 -5.954 O T7G I O. t907 0.052 
I I -6  0.681 '1 1.366 3.580 0.126 6 143 O. BIB ,J 0 .1929  0 . 0 5 4  
I I -7 0.729 ,] 1.462 3.461 0.128 6.328 0 . 8 6 0  ] 0.1742 O.050 

I 

BAZIN DATA (TYPICAL) 

2 -1OI  0.312 3.284/ 1.023 I 4.055 3382 0.122 I 0.517 0.0027 '1 0.1117 I 
7-141 0.412 1353 I 4.062 3.794 .0.1461 0.625 0.0037 I 0 v i i i 7  
2--101 0.526 , 1.735 4,067 3.806 0.172:i 0.736 0 .00491  0,11/5 
2 - 2 2 l  0.628 2.062 4036 3.616 o . , 9 2 ,  0 8 2 5  0.0059 I 0 . 1 , , 3  I 

3.630 0.2201 I I 4.0";9:1 0.949 O. I IJI2 2-261 0.775 2.544. 0.0074 

2-301 0.899 ' 2.951' 4.036 3.640 0.245 I 1.048 0.0086 0.1 I . I I  ] 
2"341 1,132 37716 4,030 3.859 0.28l  I 1.221 0.0109 I 0.1108 J 
2-381 1.325 I 433o I 4.016 3.874 u_~11 i 1.356 0.0126 I "  0.1106 I 
" ' '  ' 0.141 6 .555  0 9 2 6 '  4.040 1.173 0.2311 G302 0.0063 I 0.0992 I 
• .J-4 ~ 0.210 I 1.3801 3.993 1.184 02991  0 .395 : 0.0120 1 0 . 0 9 8 8  

I 
9-n  I 0.293 .92 4.039 1.193 0.3701 0.489 : 0.0:170 1 0 . 0 9 8 3  I 
9 -  12J 0.('~.2 2 . " 6 5  4 006 1.206 0.466 I 0.623 0 0231 I 00977 I 
9 -  161 0.552 3.619 4.049 1.217 0.~53 I .0.745 : 0.0299 I 0.0970 I 
9 - 2 0 1  0.677 4.439 4.058 1.227 0.6281 .0.853 0.0396 • 0.0964 I 

0.696 I 0 .952 0 . 0 4 0 0  0.0960 9 : 2 4 !  0.798 , 5 .234 4.041 1,236 

9 - 2 0 i  0.934 6:122 4.027 1.246 0.767 I 1.056 0.0448 I 0.0955 I 
9-321 h070 .7.014 I 4.020 1 .251  0.9561 1.152 0.0497 [ 0.0922 J 
9-361 1.229 [ 8.054~ 4050  I I 261  0.910 J 1.263 .0.0553 I 0.0916 I 
9~'40[ 1.412 19256 .  :14 021 I 1.271 .0.990 I t.385 0.0605 I 0.091 

i , J 

:~ RUNS IN WHICH NAPPF. PROFILES WERE MEASURED. 
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~EIR WITH VER.TICAL UPSTKEAM FACE 3~ 

by cxpresslng the dimensions in terms of the head on the we~r. When 
this is done the results are in dimensionless ~ r m s  equally ai)plieal~le 
to any system 0funits. For two assumed conditions of flow, (1) a 
flow with a large head and great depth of approach, and (2) a flow 
with a small head and small depth of approach, the nappe shapes will 
be similar if ~lm ra~io of the head to the depth of approach is the same 
in each case. If the X and Y coordinates are expressed with respect 

to the head on the weir crest in each case, th 

coincide. Dividing the X and Y coordinates by H i  actually reduces 
all cases to the same head, usually denoted as unit head: This was 
the method used in combining the results of table 1 into table 2. 

The X and Y coordinates o f  the lower nappe for each run .were 
plot ted to a large scale and a smooth curve drawn through them. 
~I his procedure removed irregularities that were naturally present: due 
to fluctuations of the nappe surfacei which fluciuations increased as 
the depth ofappr0ach decreased. Coordinates ' were then ~ read from 
the smooth curve for each r im and divided by Ho,:the total head on 
the experimental weir for each particular run. Thus the coordinates 
for all runs were reduced to unit head. The coordinates in the unit ,  

he : 
head form were then combined, the relation ~ ,  being used as the :cri- 

terion. From column 18, table 1; it Will be observed that the v~ue 

of ~ ranged from 0 to 0.193. The runs were grouped in table 2 ac- 

cording to their value of - ~  and plotted, with as many as five runs in 

a group. The curves in any one group were superimposed on each 
other and an average line drawn through them. The average lines 
from the individual groups were then combined into a final set of 

nappe profiles, expressed in terms of un it bead rang- 

ing from 0.002 to 01200. This adjustmeJlt was of necessity performed 
on a scale too large to reproduce, in this bulletin. However, fig~e 14 
gives some idea as to its character. As the velocity: of~appmach 

h~ increases), the nappe profile for unit head flattens increases (or as 

he de- and crosses the profiles for the smaller values of ~ .  The greatest 

viation occurs close to the weir, which yer~es the previous statementl 
that the correct design of this portion of an ogee crest is important. 

• X Y 
In place of showing the final adjustment curves, the ~° and ~ values 

° ha 
have been tabulated for various values of ~-~ ill table 12. ~ '~ 



3 6  S T U D I E S  O F  C R E S T S  F O R  O V E R F A I ~  D A M S  

T A B L E  2 . - - M E T H O D  O F  C O M B I N I N G  N A P P E  S H A P F . ~  F O R  V E R T I C A L - F A C E  

TEST Hs.  FEET p, F E E T  ACTUAL ,  ha/Hs " "PLOTTED : he /H. :  

I . -4  0.4344 ' " 9 ; 0 0  0.0009 , 
I - 6  0 . 6 0 6 2  ~'~ 1 S . 0 0 ,  0 . 0 0 2 0 :  : 0 0 0 2 0  0,0020 
I -O 0,7209 5.00 ' 0 . 0 0 2 6  ' : " " 0 ,0020 '  
I - 9  0.8046 9.00 ' 0 , 0 0 3 2  • '~ 0 0 0 2 0  .'~ - 
2 -1  0.4586 4 . 6 0  0,0013 " ' 0 , 0 0 2 0  
2 - 3  0.9993 i 4.60 , * : 0 . 0 0 2 2  i , 0.0020 ' 

2-11 1,2610 ~ 4,60 0,0100 0.0079 ' 
3 - 7  I . ' 1 0 4 9  3 . 5 0 -  " 0 . 0 0 ' 9 9  ~ ' 0 .0100 .: 
4 - 6  0 . 7 9 7 9  2,50 0.0099 ' . , 0.01 O0 
5 - 3  0.6507 " 2.00 0 .0103 . 
6 - 3  0:5075 ' h 5 0  0.0108 

4 - 9  I 2719 2.50 I 0 . 0 1 9 6  ' i  
5 - 6  1.0362 2.00 0 . 0 2 0 5  l , 0 0 2 0 0 .  • I 
6 - 5  0.8123 1,50 ' 0.0213 .... . 0 ,0200  , 
7 - 3  0.5476 1 . 0 1  0.0~12 ' 0 . 0 2 0 0 .  

6 - 7  '1.0354 1.50 '. 0.0294-  r 
7--4 0.6994 1.01 0 0 2 9 2  ! 
8 "  I 0 4 5 2 0  0 '647  ' ' 0 ~ 0 2 8 7  

7-6 0,8757 .,.OiO [ 0.0384...'. 
8 - 2  0.5698 0 . 6 3 2  0 .0400 
8 - 3  '0 6770  I 0~624 . 0.0443 , 

0 .0416 " 0~0400 "'9-1 0.4132 , ' 0.412 . ' :  

7 - 8  1.1040 1.010 ~ - 0 0 5 0 7  " 0 . 0 5 0 0  
9 - 2  0.4526 : 0.408 I 0 .0499 ' I 0 . 0 5 0 0 .  

8 - 4  0 8 0 4 8  0 . 6 1 8  I 0.0593 :. . ' . 0 0 6 0 0 "  
9 - 3  0 .5333 . 0.408 0 0 5 6 8  . . . .  0 .0600 

8 - 5  0 .9144 0.613 0 0 6 8 2  : ' " 0 0 7 0 0  
0 - 6  0.9661 .' t 0 .607 ' 0.0704 : 0 .0700 
9 - 4  0,6483 0 4 0 3  I ' *  ' 0 .0714 ~ ' ' 0 . 0 7 0 0  

9 - 5  0.7120 0 3 9 7  , , o . o a 3 e  : " , '  ' * o . o 9 o 0  

0-7 ,119o 0.576 ' OioeTz " 0 .0900 
9 - 6  0 7 9 0 0  ~ ' 0 .307 : " 0.0886 ~ 0 . 0 9 0 0  
9 " 7  " 0 . 8 3 6 6  0 .376 l 0 , 0939  ' 0 .0900 

, . L 

9 - 8  0.9630 ! 0.354 O.I.i 01 ' _ 0 .1000 
10- 1 0.3942 0 .145 ': ~ . .  0 .1045 " ' O. 0 0 0 '  

9 - 9  1.083 I • 0.332 0 1257 , 0 . 1 2 0 0  
10-2  0.4921 0.145 0 1 1 8 1  0 2 0 0  

9 - 1 0  1 . 2 1 4 9  " . I ' ' " 0 3 1 7  . 0 1 4 2 3  O .  400  
10 -3  0 .6166 ' 0 . 1 4 4  ~i~, ¢ . .0 1 3 5 6  .. 0 .1400  
I I -  I 0 .3900  0.092 j ' 0 . 1 3 5 9  " : 0 .1400 

'10-5 0 .7627 • 0 1 4 0  -~  O 1 5 8 3  " r ' 0 .1600  
11-3  0 .5830  " 0 . 0 9 8  0,16••: " " 0.1600 

10-6  . . . .  1.0866 0.154 ~ ] 0.18'46 i " : ' 0 . 1 8 0 0  
11 -4  0.6790 ,0.101 I " 0 . 1 7 5 7  t , O,1800\ 

T h e X  and Y coordinates for the upper nappe surfaces were treated 

in the same manner as for th8 lower profiles, and the f m a l ~  and ~ -  
d a . a  8 , a . . ~  I 

coordinates are listed in table 18 for different values of -~ .  These co- • . . L 2  a 

ordinates are not as dependable as those for the lower nappe surface, 
since special factors may alter them. The upper surface of  a sheet of 
water flowing over a dam is exposed to the atmosphere and m a y  be 
altered by wind, air currents, or by the absorption of surroundCmg air. 
When flowing water, exposed to air, reaches a velocity of approxi- 

0.01 O0 
0 .0100 "" 

: " 0 .0200 ~. : !~ 

. 0 . 0 3 ' 0 0  
0 , 0 3 0 0  

0 .0300  ~ 

O.0400 
0 . 0 4 0 0  ' 
0.0400 

i ~/i 

j : :  

% "  
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mately 20 feet. per second, i t  begins to insumate air. As theve!0city '-~ '.~ 

increases, the penetration becomes more pronounced and the air actu- " 

ally mixes with the water. Thomas it found that water flowing at a 
depth of approximately 8 feet  and a velocity o f  80  feet per second 
absorbed 50 percent air by volume from the atmosphere. , T h e  upper ~ .  
nappe-shape coordinates in table 18 therefor e represent only: the idea ! 
case, where air plays rlittle Or no part. ' These coordinates, however, . ~, 

may be used as a starting point from :which the area of a sheet of wate r i 

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

n Thomas, C. W., ProCmqs Report on Studies of the Flow of Water in Open C ~  with High Oradl- '.: - 
ents, Bur. of Recl. Hyd. Lab. Report 35 (unpublished), July 27, Ig68. 

4"  
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phasized that  the profile of the upper surface depends largely on ~e.~Xist- 
ing conditions. A common mistake is to design spillways a~ld Chutes 
with insufficient freeboard, which, in the end, usually proves costly 
from the standpoint of maintenance. 

16. Relation of E to Velocity o f  Approach.~Tlie~ experiments 
were made on a sha~-crested weir on which the observed head, he, was 
the basic measurement. In the design of an overflow section it is more , 
convenient to begin the computations with the total head above the 
ogee crest, He. I t  is therefore desirable to be able to  transfer from 
h, to He or vice versa, see figure 13. This has been made possible by 
evaluating the maximum rise~, of tlie lower nappe above the sharp crest, 
E, and the velocity head Of approach' h~, each in terms of the total 

head on the sharp crest, H,. With the r a t i o ~  in column 18, table 

E 
1, as the abscissa, and the ratio ~ ] i n  column 19 as the ordinate, the 

curve shown on fi~,mre 15-A was plotted: ~=B~ entering this curve with 

a given value of ~ .  me vame of E can be obtained. As-H~=HoWE, 

the curve affords a method for ini;erchanging the various heE~ls. 
17. Discharge Coeflicients.~The curve in figure 15-B was plotted 

'rh~s is not the coefficient o! discharge for the sharp-crested weir, but  
rather for the equivalent ogee section outlined b y  the shape of the 
lower nappe. As the value of P d - E  decreaseS, or a s the velocity of 
approaeh increases, the coefficient o f  discharge decreases rapidly. " 
This is further demonstrated in figure 16, where the observed head, 
h,, is plotted with respect to the discharge over the weir. 

The relationslfips shown in figure 15 have bee~ carried to the limits 

of applicability. As as a limit, the values . '~:.~ 

E of i ~  and C become constants for ali :practical purposes. The average 

value of ~ .  is 0.115 for negligible velocity of approach, and C becomes 

3~98 for the same condition. As the depth of appr0~ch ~ decreased 

and t~e velocity of approach increased, the values 

he / t ,  Eventually values of t-i~ and ~ : ~ .  are approached where the relations 

are no longer valid. This limit is near t h e  critical depth of flow. ~ 
King 12 defines critical depth as (a) flue depfl~ at wMc/t, .for a gi,:en 

I! King, H. W.. Handbook of  Hydraul ics ,  3d ed., 1~39, p.  ~7L McGraw-HIll Book C0. Qlmtalh~n.~ tv- 
printed b y  portal . Ion.  
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energy conte~t of the water ~ the channel ma~'mu, m disclm.rge o  urs: 
or (b) the depth" at ~zhich in a given chan~l  a given .q,t~nt~ty q f  wate r 
]lows with the m~nlm~t~n Co,tent o] ener~d. In his discussion of critical 
depth, he says: 

I t  will be observed from both of the figur~ (fig. 91 and 92, King's  Handbook of 
Hyciraulies) that at or near critical depth a relatively large change in  depth cot- : 
responds to a relatively small change in energy. F lowin  this region is therefore 
rather unstable, as is usually indicated by characteristi0water~surface Undulations. 

This limit was obvious in the test flume and was  manifes'~ed by 
quite unstable surface undulations, as described by King. ~' As t h e  
test data were analyzed, this limit became apparent from the incon- 

sistency of the results beyond a certain value 

15-A and 15-B the curves drop rapidly at  the right, and it was not  
possible from tlm tests to determine the  characteristics of these Curves 
beyond the values sho~m, as waves in the channel produced erroneous 
head measurements. ~'riction of the floor and side walls of the channel 
had a dominating influelme on the behavior of the flow. For : th is  

o ha reason, values oI ~ above 0.20 and values of 7.00 have 

no value in this study and consequently are not  r recommended for 

prototype design. 
18. Minor Factors Affecting Nappe Proflles.-.Some doubt existed: 

as to the possible effect produced by surface tension on  the shape of 
• 1,9 the n a , , e  profiles undey small heads. H a m s  recommends a me lee  

ular co'rrection amounting to as muclt as 10 percent for coem~mnts oi : 
discharge. He reconunends additive molecular correction a t  heads 
as low as 0.15 foot. ~le states: 

The molecular effect seldom exceeds three percent in the range of engineering 
application. * * * Weirs of large physical dimension need no correction and 

the smallest~:ones need most. * * * 
The predominating element contributing to the production of excessive :flow 

in the smaller weirs, is the existence of moleetfiar :forces deforming the stremm 
lines. This deformation being gradual and the deforming forces static in the i r  : 
nature, the deformation does not appreciably change the  energy efficienty. ¢ It  
affects only the area and therefore appears directly in  the "quantity 0f flow~-, Tim 
deformation is too slight to modify appreciably the law by Which the statlcf0rces 
influence the dynamic stream lines. 

In  other words, the molecular effect .f°r heads of. 0:5 foot or greater,. 
which amounts to 3 percent or less, is not sufficmnt ~ be noticeable 
in the nappe profiles. Runs made by the Bureau of lteclamauon on 
heads as low as 0.3 foot, see table 1, show no material deviation in the 

,t Harris. Cha~. V,'., An Analysis of the Weir Coefficient for 8uppreased Y,'eirs, Univ. of Wash. Eng. Exp. 
Sta. Bull. No. 22, 1923. Quotation ~printed by permission. ":" 



42 STUDIES OF CRESTS FOR OVERFALL DAMS I 

nappe shape from others made at higher heads with the same ~alue of 

ha ~ .  The discharge coefficients for these low heads differ very little 

from those for the larger ones, as can be observed from table 1. 
There is a noticeable surface-tension effect at ve ry  low heads; but  

it is di~cul t  to define its limits, as the sharpness o f  the  weir Crest or 
a sm,~l] amount of oil on the weir can cause a marked change in the 
intensity. In the case of weirs sloping downstream, the effect of 
friction on the water flowing over a fiat, sloping surface is very notice- 
able for low heads. In  an effort to eliminate surface-tension effects, ~ 
few runs were made at heads less than 0.4 foot, see table 1. In addi- 
tion, the weirs were machined to a knife edge to prevent the lower 
nappe from springing from a point o the r than  the sharpedge.  I t i s  
believed that  viscous effects were of a negligible character in these 

t e s t s . .  . 
19. Comparison of Results witE Bazm.--Bazm performed a series 

of similar experiments in France during the years 1886 to 1888 on 
vertical weirs varying from 1 to 2 meters in length, ibu~ his investiga- 
tion included only two positions of the approach ~ floor. This limited 

Ira his range o f ~ ,  values from 0.002 to 0.070, which is insufficient f o r  

the majority of dam designs encountered in practice. Bazin per- 
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 wi th  those of Bazin, but 
the comparison has not been included, due to the di~culty of repro- 

E in figure 15-A agree sufl~- duction. However, Bazin's values of 

clearly well with the Bureau's values to  verify the above statement. 
The agreement is not as satisfactory for the coei~cien~s of discharge 

shown in figure 15-B. Bazin's coefficients are consistent]~" higher 
than those obtained by the Bm'eau. His weirs consisted "0f wood 
planking topped with a brass plate which, according to Bazin's report, 
had a sharp 90 ° upstream edge. As judged from the results ?f other 
more recent ex-perLmenters on sharp-crested welts, Bazm's vames are 
high. Schoder 1~ attempted to check Bazin's discharge coefficients 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  web" was removed with a file did his values 
approach Bazin's. As a result, Professor Schoder concluded that 
Basin's weirs did not have truly sharp crests. If this conclusion was 
true, Bazin would naturally have obtained a greater discharge for a 
given head than did r e ~ n t  experimenters. ~/~nether Bazbfs weirs 

I~ Schodet, E.W., and K.  B. Turner, precise Weir Measurements, Trans. A. S. C. 1~., Vol. ~ ,  1929, 

p. 1053. 

J.il 
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did or did not have true sharp 90 ° corners is now only a matter of 
conjecture. There is no existing proof pro or con. 

Another possibility is that  Bazin's weirs m a y  have been sharp 
according to present standards, but  an error could have been made in 
the calibration of his first weir, which was used to ~alibrate all others. 
A small error in discharge is magnified in the coefllcient Of discharge. 
I t  would probably be impossible to detect small differences in discharge 
from the nappe-shape measurements, as discharge is used merely to 
determine the velocity head of approach in this computation, 

No at tempt  will b~, made to compare Schoder's and numerous other 
experimenters' work on weirs in this study, as the material is volumi= : i ~' 
nous and most of the experimenters did not  measure the  value of E. 

A mathematical analysis of the bchavior of tile sheet of water 
flowing over a sharp crest, for the various conditions encountered in 
practice, is suggested for further s tudy.  Vitols 15 attempted such a 
solution, taking into account the velocity of approach based to a 
large extent on the results of Bazin's experiments. :An analysis of 
the new data for higher approach velocities and the additional overfaU 
dam shapes, using this method or preferably a sLmpler one, oilers:an 
interesting ploblem'~ for a mathlematically adept student or engineer 
who has the time to  pursue sucha  stud~r. I t  ~,as with this in mind 
that tables of the original upper- and ]ower-nappe=shape coordinates 
have been filed for future reference. 

20. Reduction of Pressure on Upstream Face o f  Vertical W e l r . ~  
Another phase of this study was the determination of the reduction of 
pressure on the upstream face Of the weir due to the conversion of 
static to kinetic energy a~the water flowed over the crest. Piezom-: 
eters were installed in the upstream face of each weir, as shown in 
figures 6 and i 1, and connected to manometer tubes. Pressures were 
recorded during each test and the results a s  digested are shown 
plotted in figure 17. The extent of the pressure reduction in feet of 
water, measured downward from the sharp crest, is,plotted in  terms 
of the total head on the weir, H, for different approach::velocities. 
The actual elevation of the water surface in the manometer tubes, 
related to the weir crest, is hp, and  tee vertical distance downward 
from the weir crest to the point at w "h~h the preSsUre was measured is 
d, as shown by the diagram in figure 17. The pressure reduction is 
greatest for the lower approach velocities. 

The trapezoidal pressure diagram, CBOE, in figure 18, represents 
the conventional method used in computing pressures on the upstream 
face of a dam, with the resul~nt  pressure, R~, acting at thc centroid 
o f  the trapezoidal area. The pressures indicated by this method are 

I* Vitols, A., Beltrag zur Frage de~ Vacuuml~e~ Dammproflles (Vacuumless Dam Profiles). Wa~serknCt 
und Wasserwlrtschaft, "Col. 31,19~6, p. 207. Traus]ated by Edward F. Wilsey In Bur. of Reel. Hyd. Lab, 
Report 22 (unpublished). 
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FIGURE 17.--REDUCTION OF PRESSURE ON .UPSTREAM FACE OF VERTICAL WEIR; 

larger than those which actually exist on overflow dams, as flow over 
the dam produces a reduction in pressure, UBO, which is greatest in 
the vicinity of the crest. By l~lanimetering the areas enclosed by each 

" ° < t  • • individual curve and theaxe~:~n figur~:.7, the mai:n, tude of the pressure 
reduction, R2, for the weir with vertical upstream face is obtained. 
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The results are expressed by a single curve in figure 18--A (p. 46). 
. f ~ |  : The area ebb7, expresses as ~-~, is plotted for six values o 

the coordinates in dimensionless terms, this curve is applicable to all 
dams of this type, regardless of size. I t  Was assumed in the c o m p u t a - i  :~'i! 
tions for the above curves that  the ogee section of the dKm would fit 
th~ lower nappe of the sheet of water flowing over it. Should: tlds 
not be true, the resulting pressure reduction would be altered, To : i~ 
obtain the total pressure reduction in pounds for a ~iven value of ~ ~: :' 
ha ~ ,  it  is necessary to multiply the corresponding in 

figure 18-A, by the length of the dam, by H2, and by the unit weight 
of water, w. .. 

The position of the resultant, R~, of the pressure-reduction area 
can be obtained from figure 18-B. The "location o f t  he resultant, 
measured downward from the sharp crest, and expressed in terms of 

~{g • 
unit head, is plotted with respect to ~ The distance ~, fr0m the 

sharp crest to the resultmlt R2, for a given va] obtained 

directly from this curve. . " , - 
I t  isevident that the overturning moment as customarily computed i",:i, 

for overflow dams is too large. T h e  actual reduction in pressure is 
not appreciable; but where the moment arm is long, as in high dams, :: 
the effect on stability may b e  worth considering. The nominal • 
method of analysis is not incorrect, but a factor of safety:exists of ' ." 

which the desi$,ner may be unaware. I t  may: be:feasible:to effect a . ::: 
reduction in other factors which are usually overdesigned for the sake :: 
of safety. The extent to which this information is:useful, hoWe~;er, ::: 
depends on the particular problem: The pressure reduction would be 
negligible for lowdams but may be significant for high dams:with 
l~.rge heads over the  crest. C. W. Harris ~6has also,developed a " 

theoretical as well as an experimental treatment for the computation 
of pressure reduction on the upstream face of a vertical weir. 

A P P L I C A T I O N  OF E X P E R I M E N T A L  RESULTS 

21. Des ign  of an Overflow Dam Section with Vertical Upstream 
Face.~An overflow dam with vertic~al upstream face can now be de- 
signed for practically any field condition. In  the following example, ~. 
the dam will be so designed that, for the rna~rimurn designed head on 
the spillway, the face of the overflow section Will fit the lower profile ";' 
of the overflowing sheet of water with little or no negative pressure :."? 
between the sheet of water and the face o f  the spillway. :i'::' 

,ssee footnote 13 in soc. 18. 
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E~zmp~ I. JGiven  a maximum water sin-face at elevation 1,000:0 

for a total discharge of 75,000 second-feet,Determine theWi~hcrcsttheeleva'ti°"~'verage 
approach floor at elevation 880.0. 
and coordinates for the shape of an overflow section wit h a crest 

length of .250 feet. 
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The solution is by successive approximations. First, assume ~t 
coefficient of discharge C=3.75. From the expression 

and 

Then 

O = CLHoS/2 

00 
• X 5  " 

Ho= 18.57 feet. 

P q - E =  120.00-- 18.57 = 101.43 feet, 

I-lo 18.57 
~7_k-~,=1--0-i-74~=0.183, and from figure 15-B, C~-3.96. 

With this licw value of C, 

( ,e ) ,  

H zl2= 75,000 . 
3.96)<250 =15"76 , 

and 
Ho= 17.90 feet. 

Then 
P-4-E= 120.00-- 17.90-=- 102.10 feet, 

Ho 17.90 p q _ E = ~ = 0 . 1 7 5 ,  and from figure 15--B, C--3.96. 

I t  has now been established that  the value of Ho is 17.90 and the 
coefficient of discharge, C, is 3.96. The crest of the  spillway is then 
at  1,000--17.90, or elevation 982.10. 

hq 
To determine H, and ~rj, first assume H,=H,= 17.90 feet. Then the 

approximate value of h, is computed as follows: 

H,.-kP= 120.00 feet (approximate depth of approach). 

a n d  

75,000 
. . . .  -2-~jb-.=300 second-feet per foot of width, 

300 , " V,=~2~=2.50 feet per second (velocity of approach) ,  

V, ~ - - ha 0.097 --^r .  
h,=~--~=0.097 feet and ~-~=~-~•~-=o.oo~. 

g " B • 

From figure 15-A, j~=0.1125.  
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Ha+E=H,, 

17.90+0.1125H,=H, 

/1 1790 ^ ^ l . f  -. , = ~ z u .  t ee~ (first approx~nation). • 
( 

To obtain a more accurate value of Vo, the approach  depth h,r~P 
should be used, which is also H~+P--/~a, or 120.00--0.097=119.90~,~ o~ 

300 ~ • 
V~=~-1-~.9-0=2.51 feet per second. 

Hence, 
/~o 0.098 . . . .  

ha=0.098 and H~2--O-~.l,~=u.uu~u. < 

From figure 15--A, 

 .=o.li3, 
and 

Ho+E=H, or 17.90+0.113 H,=H,, 
o r  

17.90 H,= O ~  =20.18 feet. 

lh " h~ 0.098 . . . .  ow ~-~o-g~e=u,vo '~v,  which 
: ~ ,  . . .I~, 

Thef ina l  values are 

agrees with the previous step. 

Incases  where the depth P + E  is small, see figure 15, more approxi- 

mations will be needed to reach the final value of ha '= ~ and H,. 

From the experimental results on lower nappe shapes for vertical 

weirs, table 12, values of ~ ,  are  osen, de ndingon the point spacing 

desired. These are tabulated in column 1 of table 3 and corresponding 

Y ~----0.0049. ~:: B y  solving values of ~ -  axe tabulated in column 2 for ha  

for X and :F from the values in ~ columns 1 and 2;  respectively, t h e  
coordinates for the overflow section, columns 3 and 4, are obtained. 
Column 5 expresses the Calues of ~ in feet of elevati0fi=. The points 
are shown plotted in figure 19. 
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TABLE 3.--COORDINATES FOR OVERFLOW SECTION--EXAMPLE I 

V~" . .  o I - . t [ Y'elevatiOn'  
X - -  .A, feet  ,Y, tee f_ . 

1 2 3 ~ 4 " 

I 0 0 0  0.000 0,0000 . 
O. 050 O. 0569 , 1. 01 
0. 100 ~ 0. 0852 
0. 150 0 1014 
0. 200 0. 1093 

0. 250 0. 1109 
0. 300 " O. 1091 
0. 350 0. 1045 
0. 400 O. 0954 
O. 450 O. 0829 

0. 500 : 0. 069 
0. 600 0. 031 
0. 700 --0, 018 
0. 800 --0, 075 

0 , 9 0 0  " 0 , 1 4 0  

5. 05: ':' 
' 6.  05 

7 . 0 6  
• 8 .07 ,  

9. 0 8  ~ . r 

10 09 
1 2 .  1 1  
1 4 .  1 3  
1 6 .  1 4  
1 8 .  1 8  

L 15 

• 1 . 9 3  

98101  

982. I0 
982.  06 
98L  97: 

• ': 981. 79 - 
:':' :, 981. 53 : 

• : 9 8 i  2 5  
980. 4 9  
9 7 9  5 0 ,  
978. 5 5  
977. 03 

• 5 , ,  

i. 000 - -0 ,  215 : 20. 18 --4.  34 
1. 200 - -0 ,394  24. 22 --7,  95 , :  
1. 400 --0, 607 28. 25 - - 1 2 . 2 5  
1. 600 --0,  851 32. 2 9  --17. 17 

' 1 800 --1 133 36. 32 --22. 86 

2. 000 --1~. 4o2 i 40. 36 : - - 29 .  3 0  
2 200 --1. 799 44. 40 --36. 30 : 
2 400 - -2  180, 48. 43 --43. 9 9  
2. 600 --2. 603 52. 47 - -52 53 _ 

The design of the straight portion of thespillway below the overflow 
section depends on the stability d e t ~ s t i 0 n s a n d  characteristics of-,, 
the stilling pool at the  toe of the s p i l l w a y : ,  .~ i :  :: :i' i :  iin. i, 

22. Determination of :Wall Heights: for: Overflow Dam: Seeti ~ 
In designing spillwaywalls it is dJffictdt, in some cases, to foresee the 
various factors which dictate ,the necesst~Ty height, such a s diagonal 
waves propagated by piers, waves C ~ t e d a t  different ga~ openings; 
unsymmetrical flow produced by unequal approach conditions on the 
two sides of a spillway, unpredictable air currents, andwaves created 
by unsymmetrical gate operation. The latter ~ condition can be 
eliminated by operating the gates in a symmetrical manner; if all gates, 
cannot be' opened an equal amount, those that are opened should 
be chosen so as to produce a symmetrical pattern of fl0w. This 
procedure of gate operation is mandatory on Bureau projects. The 
extent of the effects of the remaining factors mentioned above, on the 

"required wall height, can be determined satisfactorily only by amodel 
study. 

7583!8°---48----~ 
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FIGURE 19.~RESULTS OF EXAMPLES 1, 2, AND 3~VERTICAL~FACE WEIR. 

F;'xzl, mple ~ . ~ D e t c r m i n e  the  wall he ights  fo r  the  overf low d a m  
sec t ion  as des igned  in example  1. 

As H ,  sad  ~r~, ha~e  b e e n  d e t e r m i n e d  in e x a m p l e  I, i t  is necessary  

on ly  t~ choose  va lues  of  ~ - f r o m  t h e  expe r imen ta l  u p p e r - n a p p e  resul ts  

Y 
for  vel~ical  weirs,  t ab le  18, and  r e c o r d  co r r e spond ing  va lues  off-g,. - : 

fo r  , ~ = 0 . 0 0 4 9 .  T h e  r e su l t s  are  shown in c o l u m n  1 and  2, table  4. ,  

• . r 
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TABLE 4,--COORDINATES FOR UPPER SURFACE--EXAMPLE 2 

3 ,  

--20, 18 
--12. 11 

--6. 05 
O, O0 
4. 04 

8. 07 
12. 11 
16. 14 
20. 18 
24. 22 

28. 25 
32, 29 
36. 32 
40. 36 
44. 40 

48. 43 
52. 47 
56. 50 
60. 54 

X Y 
H. H. 

1 2 

--1. 000 0. 956 
--O. flO0 O. 928 
--0. 300 O. 897 

O, 000 O. 843 
O. 200 O. 788 

O. 400 O. 712 
O. 600 O. 617 
O. 800 O. 492 
1. OOO O. 342 
1. 200 (} 152 

1. 400 --0. 068 
1. 600 --D, 318 
1.8(}0 - 0 .  598 
2. 000 -. O. 905 
2. 200 --I.  256 

2. 400 --1. 653 
2. 600 --2. O90 
2. 860 --2. 553 
3. O00 --3, 030 

X, feet Y, feet 

4 

1 9 , 2 9  
18. 73 
18. 10 
17. 01 
15. 90 L 
14. 37 
12. 45 

9. 93 ' 
6. 90 
3.07 

I Y, elevation, • ft~t ~ 

5 

999. 11 
99K 55' 
997,  92  
996. 83 
995. 72 

994, 19 
992. 27 
989. 75 
986. 72 
982. 89 

--1. 37 
- -  6. 42 

-12.  07 
-18.  26 
- 25, 35 

- 33. 36 
-42. 18 
-51.  52 
--  61. 15 

97& 45 
973. 40 
967. 75 
961.56 
954, 47 

946. 46 
937. 64 
92~ 30 
918. 6 7  

T h e  values in co lumn 3 and 4 were obta ined  b y  mul t ip ly ing  those 
in columus 1 and 2 by  H , ,  or  20.18. T h e  points  for  the  u p p e r  surface 
are also ,:hewn plot ted  in figure 1 9 .  This  curve  represen ts  the  ac tua l  
wa t e r  surface as o b t a i n e d  in the  experiments ,  with:  nea r -pe r fec t  
approach  condit ions and  wi th  l i t t le or  no ah' a b s o r p t i o n  iu t h e  shee6 
of w a ~ r .  T h e  a m o u n t  of freub�ard needed above  this  cu rve  depends  
on the  par t icu lar  p rob lem.  W a v e  heights  are difllcult to predict~ 
T h e  expansion of t he  shee t  of  "xater due  to air  e n t r a i n m e n t  incr%ases 
as the wa te r  accelerates ,  b u t  i t  can be  es t imated  w i t h  a reasonable  
degree of accuracy.  I n  this  commctiou,  reference is m a d e  £o a s t u d y  
by  R.  Ehrenberger ,  t7 to  field observa t ions  by  C. W .  T h o m a s ,  18 and 
to an mlalysis of the l a t t e r  observa t ions  by  V.  L.  Strecter .  1' 

23. De te rmhmt ion  of  P r e s s u r e  Reduct ion on U p s t r e a m  F a c e  o f  

D a m . - -  
Example 3 . - - D e t e r m i n e  the magn i tude  of the pressure  reduc-  

t ion and the locat ion o f  i ts  resu l tau t  for  t h e  overflow sect ion 

shown in figure 19. 

~T Enrenbet~er, R,. Flow of Water in Steep Chutes with Special Reference to Self-Aeration. Oster- 
relchbeben Ingenieur und Archltekte.vereincs No. 15/16 and 17/18, 1926. Translated by E. F. W/bey in 
Bur. of Reel. IIyd. Lab. Report 29 (unpublL~ht~l), October 19~7. 

i, See footnote 11 In see. lb. 
It Streeter, V. L., Second Progre~ Relmrt on Studies of the Flow of Water in Open Channels with High 

Gradients, Bur. Ree. n y d .  l a b .  Report 40 (unpublished), October 13, l~8.  
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From the previous examples, H,~20.18 feet and ~--~-~ ~ 0 . 0 0 4 9 m  En- 

tering figure 18-A with the latter value, the pressure-reduction area 
CBO, expressed in terms of H•, is found equal to 0.084: 

The actual area is therefore 0.084)<(20.18)2=34.2 square feet, or 
34.2 cubic feet of water per foot of dam. This is equal t o  a pressure 
reduction of R~-----34.2X62.5=2,138 pounds per foot of dam length. 

The position of the resultant of this negative force is located by 

entering figure 18-B with the same value a f ~ .  A w equal 

to 0.216 is obtained, which is the vertical distance from the  point 0 
to the centroid of the area CBO, expressed in terms of unit  head: The 
position of the resultant pressure-reduction force, /~,  which acts in 
an upstream direction, is ~--0.216X20.18--4i36fcet below point O, 
see figure 19. 

This completes the solution to the above problem; however, as a 
matter of interest, the extent to which this small force:reduces the 
overturning moment due to hydrostatic pressure act ing on the  up- 
stream face of the dam will be investigated. If it is assume,~ that  low 
water level do~mstream from the dam is elevation 890, see figure 19, 
it is not necessary t o . ~ ,  consider any hydrostatic forces below this point. 
The area CBOE in figure 18, considering thebase a t  elevation 890, is 

equal to 20.18+ 110.0 X (110.0--20.18)=5,846 square  feet, a n d  the 
2 

hydrostatic pressure is 5,846 X 62.5~365,375 pounds per linear foot of 
dam. 

The resultant of the force, designated as Rt, acts at the centroid of 
the area CBOE, elevation 924.6, shown in figure 19. T h e : m ~ t u d e  
and location of the force R2 are known from the above problem. 

By taking moments about the base of the dam, poin t  Z in figure 19, 
the reduction in the overturning moment, produced by the force JL.., 

• 2,138)< ~25.46 • is found equal to ~ . . - - w r - ~  ~=0.00984, or approxamately 1 percel t. 
OO;~,OIO~ i'~.O 

The relative importance of the force R2 varies wi th  the individual 
problem. 



CHAPTER. IV--WEIRS SLOPING DOWNSTREAM 

ANALYSIS  O F  E X P E R I M E N T A L  RESULTS 

24. Weir Shapes Tested.--In continuation Of the experimental 
study, three weirs with downstream slopes were tested to represent 
overflow dams with sloping upstream face, such as Imperial Dam on 
the Colorado River. (See Part  IV~ Bulletin 9, of this series.) 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 vertical 
of 18.43 °, 33.69 °, and 45.0 °, respectively, see figure 20., T h e  knife 
edge was maintained on this weir for all three slopes. T h e  'experi- 
mental flume and the instrumentation were the same as for the vertical- 
weir tests, except that it was necessary to shift tile lower coordinometer 
and shorten or lengthen the movable floor, depending 0 n the weir. 

2~. Compilation of Nappe-Shape Results.--The test procedure and 
the compilation of the  results for the three sloping weirs, shown in 
figure 20, were handled in the  same manner as for the vertical weir. :~ 
The material was prepared and the results were expressed for each 
weir in the same form as for the vertical weir. N o  additions nor : 
changes in the terminology were necessary. 

A summary of the tests made on t h e  1:3 sloping weir isshown in 
table 5, together with a edmpilation of all of Bazin's data On a weir 
having the same slope. The form is the same as that used for table 1. 
LNappe profiles were recorded for all runs shown in this~table. 

The X and Y coordinates for each run shown in table 5 were 
plotted to a large scale and smooth curves drawn through thepoints .  
Coordinate points were then read from the  smooth curve for each run 
and divided by their respective values of H,, thereby:reduCing all 
coordinates to unit head on the weir. The coordinates, in Unit,head 
form, were then grouped as showal in table 6 and plotted, the relation 

/~.2.- being used as the criterion. An attempt was made to combine at 
Ho 
least three runs made under different conditions of head and approach 
depth. The average line from each group was combined intol afinal  

set of nappe profiles for values of ~ ranging from 0.002 to 0.20. 

~ .  and ~ .  for the  final lower-nappedshape curves The coordinates 

/ t a  • 
are tabulated for different values of ~ in table 13. The coordinates 

, 3  
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TABLE 5.--SUMMARY OF TESTS ON WEIR INCLINED DOWNSTREAM ON 1:3 SLOPE 

I 2 3 4 5 ~ 6 7 8 9 I0- I 

FEET.PER /~¢ E, - H I , .  
SECOND- FEET F E E T  FEET 

TEST FEET F E E T  FEET FEET F E E T  SECOND 

BUREAU~OF RECLAMATION " DATA 

13-I 5.08 4,118 2.069 0,698 I I .955 .  0:344 0.0020 0,060 0.640 
13-2 5.08 3.J48 0.586 11.723 0.269 0.0010 0.052 0.535 ~- 
I 3-3 5.08 2.700 0.528 11.603 0.233 0`0010 0.045 0.484 
I 4-  I 3 . 2 7  8.520 I.I 45 9. 135 0.933 0.0135 0.098 1.06 I 
I 5- I 2 . 51  4.725 0.763 6.772 0.698 0.0076 0.063 0.708 

15-2 2 .51  9.790 1.220 7.717 1.269 0.0251 0.105 1.140 
15-3 2.49 9.925 1.239 7.715 1.286 0.0257 0.106 1.159 
16- I 2.01 3.370 0.611 5.423 0.62 I 0.0060 0.050 0.567 
16-2 201 6.805 0.960 6.145 1.107 0.0191 0.079 0.900 
17-1 1 .51  4.810 0.762 4.701 1.023 0.0163 0.063 0.715z 

I 7-2 1 .49  9.963 1.204 5.574 1.769 0.0486 0.100" 1.153 
18-1 0.997 5.735 0.940 3.801 1.509 0.0554 0.070 0.805 ~ 
18-2 0.992 9.980 1.185 4.504 2.216 0.0765 0.094 ~: 1.187 
19- I 0.630 2.925 0.532 2.404 1.217 0.0230 0.047 0.508. 
19-2 0.630 5.000 0.751 2.857 1.750 0.0476 0.062 "0.787 

19-3 0.628 8.045 1.006 5.381 2.379 0.0880 0.073 1,021 
20-1 0.554 9.690 I.I 15 3.453 2.806 0.1224 0.082 1.1"15 
20-2 0.546 6.510 0.879 2.948 2.208 0.0758 0.068 0.987' 
21- I 0.397 2.665 0A96 1.848 1.442 0.0323 0.039 0.490 
21-2 0.396 4.085 0.642 2.148 1.902 0.0562 0.050 0.648- 

21-3 0.393 6.350" 0.840 :2.551 2.489 0.0963 0.060 0.87.6 
22-1 0.353 7.260 ~.901 2 .59"5  r2.798 0.1.2 I 7 0.062 0.961 
23--1 0.320 4.400 0..660 2.028 2.170 0.0732 0.049 0.685 
23--2 0.321 6.745 0.858 2.439 2.765 0.1189 0.060 0.917 
24--1 0.266 6.490 0.822 2.251 2.883 0'1293 0.053 0.898 

24--2 0.263 10.030 1.069 2.756 " 5.639 0.2059 0.064 1.211 
25--1 0.232 2.810 0.495 1.504 1.868 0.0543 0.036 0.513 
25--2 0.237 4.120 0.624 1.781 2.313 0.0832 0.040 0.667 
25--3 0.234 6.000 0.778 2.094 2.865 0.1277 0.050 0.856 
25--4 0.234 8.100 0.929 2.406 3.367 0.1763 0.057 1.048 

26--1 0.171 7.680 0.886 2.187 3.51'2 0.1917 0.048 :1.030 
27--1 0.132 9.205 0.979 2.299 4.004 0.2492. 0.046 ~'1.182 
27--2 0.141 6.335 0.780 1.906 ~3.324 0.1718 0.041 ~0.911 
27--3 0.142 4.040 0.585 h504 2.686 0.11 22 0.035 0.662 
27--4 0.146 2.940 .0.486 1.308 2.248 0.0786 0 .031 0.534 

28--1"0.072 5.510 0707 1.612 3 . 4 1 8  0.1816 0.024 "~0.865 
28--2 0.076 3.035 0.484 1.159 2.619 0.1066 0.021 0.570 
28--3 0.069 ".9.295 0.992 2.195 4.255 0.2789 0.023 1.248 

. . . . . .  BAZIN [ 

14-1 3.717 6.392 3.281 0.666 
i 4 -2  3.7 17 8.864 0.820 
14-5 3:717 11.583 0.981' 
14-4 3.717 14.620 1.148 
14-5 3.717 17.657 1:306 

• I 4 -6 .5 .717  .20976 . 1.467 

i5,415 0.751 0.0089 0.089 0.901 
15.964 0.91"6 0.0131 0, I01 1.060 
16.481 1.072 0`0177 0. I17 1.207 

1.233 0.0236 0.136 1.355 17.009 I . , ' ' " 

,.;r 
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SLOPE--ContInu~ 

T 

13" 
13- 
13" 
t4: 
15- 

15- 
15- 
16- 
16- 
17- 

17- 
18- 
18-; 
19- 

9'! 
!0-, 
~0-~ 
',1-1 

2-1 
3-1 
3-2 
4-1 

~-2 
~-'1 
i -2  
i -3 
i -4 

i - I  

-3 

I! 

0.51 
039 
0.33: 
1.09; 
0.59! 

1.21'] 
1.24~ 
0.42'] 
0.854 
0.60~ = 

1.238 
0.722 
1.260 
0.362 
0.632 

h031 
1,2411 
:).835, 
~.3431 
).521~ 

).819 ¢, 
),9421 
).566. 
1.8781 
).851 £ 

.3327 
~:3674 
.5447 
.7920 
.0728 

0453 
2851 
8695 
5386 
3902 

8045 
4303 
3942 

~ l r  ~ . - - e  " ' ~ t  I i @ I -; P 

033 5986 5 ~ ; 0 0 ' : • • • ~ .7 0 0.0029 0 08 ro..o , o , /  . . . . .  . . . .   ooo, oo. 0.789 3.990 5.1. 0587 " 
f 0680 3.97, ] 5.~ 0.52i 
2.205 3.864 I 3.36 ,.15! 
1.202 3.951 ] 2.57 0.77( 

2.455 3.~88 ~2.~,' 1""'4" 
2 . 5 , 7  3.84~ l ~ 9  , 2 6 ,  
o.86, ~.9,4 ~2.o6 o617 
,.722 3.952 12.o8 0.9.79 

0.00,9 Io.oe 
0.0, 7 1 0 0 8  
0.0o99 1 o:~)e 

. .020 / :0 .08 
0.0203 | 0.08; 
0.0097: |, 0.08 
o.0195: 1~o.08( 12~o 3:943 I ' 5 ; '  o ~ ) ~  ~'~'°~': '~"''"'I : 2o9  , !o .o8 ,  

~.497 3.950 , ,.:59, .2526: 003. ; I :007i '  
1.457 3:936 I !.06i 0._875_4 .. 0.0404' I 0:08( 
2.543 3;924 I I 08( I 261 
0:730 4.007 J 067; 0555 
I;276 ,:~,918 | 0.69; 0.798 

2.o8, 3 .8 ,  =' o.~o, ,:0=9.:. 
2.504 3;870 |0.63E .237, 
1.685 5.864 |0,614 0.9541 
0.692 ~,.851 |0.435 0.528. 
L052 L893 |0.446 0.698; 

,.654 ~.839f04531 0936i 
~.900 1.82, I0.4,5 ,.022~ 
r.~43 5.85ol o.368 0.733= 
r.77, ,.8o9/o.38, ; o.976~ 

!se9 73, t0.327 .~ ,2749 
1.741 .792|0.268 '1 05493 
.099 .749 10.277 2 n'7n't ~, 
.5 7~ :757J0.284 3 09057 
,64, 743]029~ 3 ,:,05~ 

. ,06 .64310.2,9" 4 ,0777 
592 .55, ]0. ,78 6 ,:2282 

0.0605 j 0.074E 
0.0414k ] 0 .084;  
0.0596 .I 0.0776 

0.0804t010G67 I 
0.0989/:0.0663 I 

.0.0794.|  0.07 2 J 
0.061 |0.0719 I 
0:08051 0.07,6 I 

o.I029 |o  o64f I 
O.1190 J0.0606 l 
0 .0998 |0 .0655  | 
0.,2J7 I 0 0 6  4 I 
0.1359 :|0.0557 
0.:,6i5/0.~)502 
0.0989 ] ~0.0655 
0,1176 1.0.0566 
0.1410 J0055:  ~ 
o.s.~gs I 0.05,6 
o:t779 ] 0:0445 
0.20:,9. ~' 0.0375 

i i 

)571: 53 1521 I 

.086 7 2 0 f 0 . , .  3 08972 :~,609 0 ,.787 736,0177 3 0'56-° . . . __  I .0502 
I " ' : " °  ~"°~]°054.9 .  
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of th~ final upper-nappe-shape eur~es, which were obtained in the 
same manner, are listed in table 19. . 

Thd data for the 2:3 and 3:3. slopingweirs were treated in ' thesame 
manner as those for the 1:3 doping weir. Summaries. of runs made 
on the 2:3 and 3:3 weirs are included as tables ? a n d  8, respectively. 
The tables also include all of Bazin's work on weirs With these two 
dopes. The method of combining the nappe shape d a t a  for plotting 
from the 2:3 and 3:3 sloping Weirs is shown in tables 9 ~and lOi respec- 

tively. " . . . . . . . .  :~ 
The final lower-nappe-shape coordinates, in terms of uni thead ,  fo r  

the 2:3 and 3:3 sloping weirs are tabulated in tables 14and 15, respec- 

• i ~ 

tively. T h e  final coordinates f o r  the corresponding-upper,,.~ ,, ~. nappe~ '~1 

shapes for various values tables 20 and •21, respee- . I 
tively. 

26. Bazin's Results on 2:1 and 4:1 Sloping Wei r s .~ In  :his experi- 
ments, Bazin included studies on weirs with-downstream dopes of 2:1 
and 4:1. These slopes were not included i n  this program, as they 
were not considered of sufficient importance re: merit the expense 
involved. However, for the sake of completeness: Bazin's data have  
been included in table 11 for t h e 2 : l  and 4:1 sloping weirs:  Since 
only two approach depths were used, t h e  data a r e  meager. , T h e  

• . , ha -"  "--~ ~-- Uazin was 0 07 insufficient for the m a x i m u m  v a l u e  o i  ~ o D l ~ 3 , m e t t  u y  ~,  . • ,  . 

desi of many low ~ams with moderate velocities of approach. gn 
The X and Y coordinates, in terms of unit  head, for the lower 

nappe shapes from Bazin's 2:1 and 4:1 downstream-doping weirs are 
tabulated in tables 16 and 17, respectively. Similar coordinates f o r  ~,, 
the 2:1 and 4:1 upper nappe'shapes are listed i'n tables 22 and 23. 

• Tables 12, 13, 14, 15, t 6 ,  and 17, in  which ~ are T: tabulated : lower 
coordinates for t h e  .vertical, 1:3, 2:3, 3:3,. 2:_1,' .and 4:1 we,rs,, h l : e  
been grouped together t o  facilitate interpolation be tween  tam s. "'~ 
The same is true for tables 18, 19, 20, 2!, 22, and 23, ~ i n whic!i;a~e - 
tabulted coordinates of the:p~pper nappesurface for the same weirs. 

-27. Relation of E to  Velodty of Approach.:'To faci l i ta te inter-  
change between the various heads, ' the:~,relation 

t h a s  been plotted with respect to 7or the three _ 

sloping weirs tested. I t  is interesting to note that  ~the value o f  E 
decreases as the angle of the weir is increased f rom the "vertical, 
which means that  the contraction at the under sideof the jet decreases 
as the slope of the weir is flattened. The  black' triangles indicate . . . .  
BaziD s data on similar weirs .  The a ~ e e m e n t  bet~ een 'these points 
and the recent data is quite Sat isfactory. .  ' : . .  ": " ~ " 

4 ::/: 
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TABLE 6.~METHOD OF COMBINING NAPPE SHAPES FOK WEIR. WITH 1:3 
DOWNSTREAM SLOPE 

TEST 

13-1 O, TOU a.vo v , v v . .  . . . . . . .  
~3-2  o.59~ 5.09 0 . 0 0 , 7  . . . .  . . . . .  o . o o z o  
,3 -3  ~ 0.529 5.09 0.00,9 0.0020 

,4-1 1.1509 5.z~ 0 . 0 , 1 7  o.oloo 
15-1 0.7706 2.~, 0.0099 o . o l o o  
16-1 0 ,6170 " 2.01 0.0097 0 .0100.  

, 5 -2  ,.2491 2.~1 0.0201 010~00 1 
,5-3  ~.2647 2.49 0 . 0 2 0 3  0 , 0 2 0 0  . . . . . .  ~ 
'16-2 0,9791 2.01 0,0195 , 0 , 0 2 0 0  " 
17-1 0.7783 1,51 0,0209 0,0200 

17-2 1,2526 1~49 • 0~0388 0,0400 
IB-I  0,8754 0.997 = ,. 0,0404 -0 ,0400 
19-1 0.5550 0,630 0,0414 0,0400 

18-2 1.2615 0.992 0.0605 0.0600 
19-2 0,7966 0.5~0 0 . 0 5 9 6  0,0600 
21"1 0.5283 0.597 0.0611 0,0600 

19-3 1.0940 0.628 0.0804 0,0800 
20-2  0.9548 0.546 0.0794 0,0900 
21-2  0.6982 0.596.  0.0805 , 0,0800 

1.2374 0.554 0~0989 0,1000 
0,9365 0.593 0.1029 0,1000 
0.7532 0.520 0,0998 0,1000 
0,5493 0.232 0 .0989  0,1000 

1.0227 ' 0.553 0,1190. 0,1200 
. . . . . . . . .  i 

1.2749 0 .265 0.1615 
1.1053 0.234 0.1595 
0.6972 " 0.142 ~0.1609. 

0.2029 .... 
0.2044 

0.2195 

20-1 
21 -3  
23-1 
25-1 

22-1 
23-2  
25-2 

24-1 
25-3 
27-4  

24-2  
25-4  
27-3 

26-1 
27-2  
26-2  

27-1 
28-1 

• 28-3 . 

1.2282 
0.8886 

.L.~709 

0,132 
0 .072  

O. 069 

0.1000 
0.1900 
0,1000 

0.2000 

0.22_00. 

" . - '~  
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TABLE 9.--METHOD OF COMBINING'NAPPE SHAPES FOR WEIR WITH 2:3 
DOWNSTREAM SLOPE .... 

/4. FEET ' P ,  FEET . 'ACTUAL h,/., '• 
29-1 
29-2  
2 9 - 3  

30-1 
• 3 1 - 1  

5 2 - 1  

53-1 
34-1 
36- I 

35- -10556 I 0476 oo;,1 I o:10oo : 
36-2  08911  I 0 4 0 6  010  • I 0 . 1000  
37- 0 6 9 9  I 0 3 2 8  I 0 .09 ,8  : I 0 ;1000 . 

3B- 0 9 6 9 8  0 2 7 8  | 0.1400 I " 0 . 1 4 0 0  . . 
40- 0.8523 0 2 3 8  0 4 2 3  | 0 .1400,  " 
42-1 0.5744 0 . 1 5 1  [ 0 . 1 4 1 7  1 ' 0 . 1 4 0 0  

39-1 .o466 0 6 5 9  I | .  0 1S I I" 1 Ii , o:16oo: 
4 - • 0.799"/ 0 75 | 0 1622 " . : 0 .1600 ' 

42 -2  0.6925 : 0.151 I .  0.1593 " , " 0 . 1 6 0 0  

41-2 o ~ 8 7  I (). 7 4  ' 011~9~ j , I '0 .1600 ' 
4 3 - !  0 7 0 5  t 0 1 2 7  0 1 7 7 4 ~ :  I " O J 8 0 0  ~ 
, o o . .  o , o   o.oo 
, ~. ~ 0 ' 3 ' ' ~r ~ 0 ' ' ' : '~ I 0 ' ' 4 ~ o2ggo 
44 -2  0:7955 0:084 . • 0:2031 . . . . .  . ~0~  0 " 

61 

0 " 1  r 1 0 ~ ' ' 4  I 4 7 2 4 -  I 0 ~ s ~ 1% " ' 0 " 0  ~ 0 k r 
0 5 9 8 4  I ~ 4 72 ' I : 0 0 0 2 8  . ~ . -  0.00|0:~'~:: ;: 
0 5 2 4 0  I '4 .72 | 0 0 0  9 { : .  O.OOZO' :~ ' .  

, 2 o .  I 2 4 8 ,  0:o.  / ' o 0 , 0 o  
0 9 6  0 | 2 0 0 ?  I 0 0 1 5 8  ' 0 .0200 
0 7 1 9 3  I I 511 . I 0.0199 . 0 . 0 2 0 0 : : ! .  

, 0767 I 0 9 8 6  I 00601"  . : : •  ! - O . O G O ;  - :  

0 7 6 0 7  0 6 3 5  | 00601 O.OGO0 : 
• ' 0 4 5 6 5  0 4 0 5  | 0 0 6 0 8  r:~'- / ' " 0 . 0 6 0 0  " 

50-1 

55-1 
57-1 
58-2 

~" 58-3 

TABLE 10.--METHOD OF COMBINING NAPPE SHAPES FOR WEIR WITH 3:3 
DOWNSTREAM SLOPE ;~- ~ .~ 

TEST .,,F~T P, FEET ~ T ~ ' , .  

4.221 i , 0,0037 45-1 0 .6675 '  ; , 0 0020 
45-2 0.5504 ' . ~  4.222 0,0025 0 .0020  

16-1 1.1402 2.48~ 0.0195 ' 0 0 Z O 0  

0"7208 ' 522 " 0 0105 " r  0 . 0 2 0 0  48-1 ! .  . , . . . . .  - 

o . 0 6 0 o  I 01059e : ::~ i 4 9 - 1  1.0307 I 0 , 9 9 4  
0.7187 : 0 . 6 2 6  - 0 .0594 '  :G 0 0600 ~ 

52-2 0.4586 0.367 ' ~ 0 . 0 6 0 2  / 0 . 0 6 0 0  ; 

52-1 0.8214 0.384 0 1028 : ' ~ 0 . 1 0 0 0  
53-1 0.6648 0.317 I 0 . 1 0 0 5  . ; 011000~ . 

~'-1 o.9 26 o z . !  II i o 4o9 . . . .  ~ '  o14~0 ~ 
59-1 0 . 5 1 6 3  0.150 1 0.1420 0 . 1 4 0 0  

i o~3 o269 / o ST9 o.16oo 
0 7099 l 0 79 / 0 604 I 0.1600~ 
0.6207 [ 0 : , 5 ,  / 0.1606 I = . .  0 . 1 6 0 0  

57-2 ' o 6 9 5 5  I 0.17o / O. leO? ~ o . i  o o  
o 7 7  5 I O l 5 1  o . , e , 9  : . o. ~o0- 

60-  , 0 . , , 9 . .  O. OeO O' ' 7 ' '  r "~0.  O0 

60-2 ,~: 0 591Z 0,079 . 0.1999 ~ 0:2000 ' 

.• • H I 
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TABLE 18.~RDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF H ~  
VEKTICAL WEIR 

1 .  

I A 0 0  "0"031 "0'014 "0 080 " 0 0 8 5  " 0  0gl  "O *04 "0"108 "O,* I 2 "O'120 " 0 1 2 ~  "0. e $0 

1"800 "0  3 I ? "03Z2  "0  328 " 0 3  }Z " 0  335 "0  34 t "0  3~2 *0  3SS "0 362 " 0 3 6 1  *0 ) I 0  
I 100 "0 '450 "04~)8 O0461 "048S "0"4 ?0 O048 l  "0484  " 0 4 8 l  "0496  " 0 4 9 |  "0S04 
1.800 " 0 S g r  "CT0 i  " 0 6 0 ~  " 0 0 0 8  "O.612 " 0 9 : 2  " 0  629 ° 0 i S 0  " 0 6 9 6  ° 0 6 5 e  °0£41 
1.900 " 0  250 °0 TS4 *0 158 - 0  16l  - 0  I£4 "0  110 "0  7;4 "O, f l $  *O 183 - 0  786 "0 150 

2.000 1 " 0 g 0 S  "0908  "0~11 -0916  " 0 ~ 2 0  "092~1 ~'0,921 " 0 9 3 0  *0934  " 0 9 3 6  * 0 9 ) I  
2 I 0 0  - I , 0 8 0  - l .OnZ - I ,08S - l O l l  - 1 .0 |9  - I  OlO oi,012 - l , O t ~  "° I .092 - t  092 * I  OSS 
2 2 0 0  I *1.2S~ -1~64 - 1 2 1 1  °1212  * t .210  - I .211  - I , ~ i l  -1.16~ ~.l.~E4 - 1 2 6 2  *1.260 
2 300 - I  4 S0 "14S8 - t  ,46~ - I  4EA - I  .462 - I  450 - |  432 "1 443 - I ,44Z - I  4 }8  * l  4 $3 
2 4 0 0  - I  632 - I , I ; ~ l  "$.610 - I  6£6 -$.662 *l.lk~4 * |  ~49 "$.640 °1630  - 1 6 2 3  - i  dL20 

2S00 - t  163 -*.812 -I  ,180 - I  11£ - I .11~*  I~ * I  16q - i  . I~0 -1.840 -* 128 - * 8 1 8  - I  e tO 
2,S00 -~OgO -|.OSO -2.01k0 -2,086 - 2 0 I E  ~ " 2  0 6  I -2.0~1 -2 04£ - |  OE3 - 2 0 1 i  ~ |  ~ 8  
2 100 "~ .31|  * 2 3 !  I °2.~$2 *2.304 ~2 256 "2  21 ; "2 ~£4 " 2 2 9 0  *~129  -2214  - | , | 0 I  

2 ~)O0 "2 ?go "2 11r8 "2,26? "2 1S4 "2,140 "2  1! t) "~,101 -2.~10 "2 £ ~ l  "Z (#14 "2.~32 

3000  "3032  "302$ " 3 0 J 0  -ZSg~ " 2 9 e 0  -2.958 I ; 2 9 5 9  * 2 9 i 0  "2892  "2.889 * | e l 0  
$ 100 " }  283 "~ 212 "$ 260 °324S  "3.230 "3 208 I *3.192" ":S.160 "~$43  "3 ISZ ° )  i20  
~zoo - ~ * o  -3, . ,28 - s s $ s  -3soz  - 3 , , 9 o  i - 3 . £  I - 3 4 4 1  - 3 4 5 *  - } * o $  - 339*  - s s l s  
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NAPPE FOR D I F ~  VALUES OF ~- '~1:3  TABLE 1 9 . - - ~ J ~ R D L ~ & T E S  O F  U P P E ~  

WF.,L¢ t 

- - - - ~ ' I H  I . ' ~ I .  I ~ I ~ " .  
0.00~ 0,0~0 0,030 0,040 0 .~0  0 ,~0 0.070 0,080 0090 0,1~ 01120 ~140 0,1~0 0.1~0 

X / H s "  ~ " I ! ! , , I I : I , 

-4.000 08117 0.973 0,862 0,9)0 0,940 0.920 (1918 0.008 0897 O JIGS 0062 0831 0.614 (1790 
"3.900 (~8113' 087)  (1962 (1950 0.940 0.928 0,918 0.901 (1197 601~ 0.862 0.130 0 0 1 3  0700 
-),800 0887 0973 0.1162 0.950 0,940 0,929 (1810 0.1102 0.087 0.1185 0062 0,637 001Z 0780 
-3.700 0.88) 0.972 0.961 0850 0.840 '0,928 0.018 0,007 (18t6 ' (11185 (1862 0.137 O01 I (1790 
-&600 (1980 0,972 (1061 (1950 0.939 0,1118 E l I 7  0.1105 '(1885 E l l 4  (116 z' G136 0JII0 (17110 

-3.500 (18011 0.9?2 (1961 0.950 0,9)11 0,921 "6817 ' OJIC5 '0~95' " 0.81111 01611 " 0.8)6 O0 0 0290 
-3.400 (1880 (1972 (1961 (1950 (1939 (1928 0.917 (1005 0.80*4 ,0,8113 (1861 0.856 . 0.810 0709 
-3.)00 0986 0,971 (1961 (1930 (1959 0.9110 0.917 (1905 (1104 (1883 (1861 (1855 0009 0.789 
-3.200 (18011 0.971 0.860 0.949 0,958 (1927 0.916 (1110~ (1B94 (11183 698! 00$S 0000 0,709 
-).100 6906 0,971 (1960 0.948 0.938 0.927 (1106 0,005 0 J l 4  01186 l I E 0  0.834 OJ0|  0.708 

-3000 (1186 0,970 (1850 0,94? 0,93? 69110 0.915 0.904 0.09) (18811 0.880 0JD)4 " 000? 0.7)? 
-2.900 (181111 0,969 0.9511 0,048 0.936 (18115 O914 0003 0.882 0.881 0838 0.8)3 0.806 (1785 
-2~800 08011 0.9119 0.958 0.946 (1958 (1825 (1914 0,1103 0892 0.881 0008 (11132 0805 0.7811 
-0700 0.8118 0.1188 (1800 (1846 0.956 0.925 (1914 0.803 (1892 ,68111 (1058 00311 , 0004 ' (17111 
-2.800 (1906 0 9 6 9  0956 (1846 0,9)6 (19115 (1014 (1903 0,892 , 0.0111 ~856 0031 0,204 (1791 

-11.500 0.906 0.968 0.957 (1946 0,g36 (1925 6914 0.903 0.892 (1881 (1858 0.1131 0003 0780 
• "2`400 0,185 0.960 0,957 0945 0.9)5 0,9114 0.813 O902 0891  0,8110 (1857 OO30 (1803 (1780 
-2.)00 0,984 0.967 0.956 (1944 0,934 0.9115 0815 0.002 (1091 0.11/8 (1856 *(1821 00011 (17711 
-2.200 0983 0,966 0.955 (1943 0.933 n9113 0.815 0.902 " (1890 0878 0 . 8 5 4 : 6 6 2 9  E l 0 1  0.T7| 
-2,100 (1802 0.965 ,(1954 ,,0,842 0,952 (18211 0.0111 (11102 0890 0Jl?| (1853 OJl~7 0JI0i (1776 | 
-2,000 08110 0.963 0.953 (1842 0,932 0:9211 '0.9111 (1902 GIE0* (1577 '0.952 ' G$26 , (1000 (1774 
- I .900 (1979 0,902 0,952 (1942 0.8311 (191111 0.812 0.1102 0.880 (11177 0852 0,1~0 0000 (1772 
-I .800 0977 0.960 (1851 0941 0.932 (1822 (1912 0.002 0.080 01177 0651 0,|26 0000 (1770 
- I ,700 0873 0.9)8 0,850 0.940 0.831 (1821 0.911 0,901 0800 (11176 O851 (1826 (1000 (1760 
-L600 (1970 0.937 0.848 0.939 (1050 09110 (1811 (1901 (181111 I 0.876 0850 0.0115 0000 (1766 

i 
- 1,500 (1968 0.954 (194~ 0+938 (1829 0.918 (1910 0.900 •0.8011 0,875 0850 O.825 (1718 0.762 
-I .400 0963 ,0,9~2 0.945 (1937 0.928 (1918 (1910 0,|00 0.880 '01175 (1848 (1924 0788 0.780 
- I , )00  0960 0.949 0.942 0.935 0926 (1917 0.908 (189| I (1687 (1874 (1941 0025 0,7|7 0.TS| 
-1.1100 0957 0.944 0.938 0.9311 0,824 (1913 (1808 ,0)97 ! OIO5 (18711 (18117 (1020 ! 0.788 (1784 
- I .100 (1832 0,940 0,83) 0,930 0,9111 0.916 0.g0) (11194, 0002 (1870 0046 0,0110! 0,714 0 7 5 0  

• • I I : 
- I ,000 6 9 4 9 : 0 , 9 3 7  (1832 0.926 0.8111 0.908 0800 (1|9f 0880 0.068 '0.148 0 . 0 1 9  0.701[ 0746 
-(1900 0.94) (1931 0.826 (1920 ,0,012 0904 (18896 (1|87 (1876 0.1115 0.842 (1517:0,781 (174~ 
-0,800 (19311 0,927 0.921 0.914 0.906 (1800 0.890 0.0112 00711 (186i 0040 0.815 0.708 6730 
-0,700 0,831 0.920 (1814 0.808 0.901 (1885 0.883 0.877 0,067 0,057 0.836 0,811 0.785 0J'$11 
-0,800 0.92) (1911 (1906 (1900 0.89~ 0,085 0,077 0.800 0.860 (1050 0.850 (1105 I 0.780 0,1'~0 

-(1500 0,8131 01902 0.897 (1891 0.684 0.876 ~088 (11160 ~ 0.851 (16411 0i~26 0800 ~(1775 0.7112 
"0.400 (1800 i 0.891 0•886 (1080 0,87) (1883 (1858 0.8)0 (1842 0.63) 0.815 0.782 0,769 0,715 
"0,300 (1887:0, '878 0873 0.867 (1860 0.05) (1846 (1032 0.6)0 0811 OJJ05 0.781 0,751 ~0.707 
-0.200 6870 : 0,1161 0086 0.050 (1044 0,837 (1030 (1025 68 5 (1807 I 0.780 (1/70' G 4 H  
-0,100 0.852:0J~42 (18511 0.83) (18117 00110 0.014 0.807 0.7211 0,781 I 0,774 0755 0.735 0(1(~17 

(180(; i 0.000 (1830 0,820 08161 08121 I 0800 I (17141 ~ . . . . . . .  0.70? 0.770 0.771 ! 0.755 o.737 o.71o 0.6711 
0.100 (1803 0.795 (1701 0,786 0,?80 0.774 (1768 0.7112 0753 (1740 0.7)4 0,718 0~97 (1656 
0.1100 0.77) 0,765 0.761 0,756 0.751 0.745 0.739 0,733 07;'7 0 .760 0 7 0 5  0.608 GET0 E l l )  
0.)00 0 7)7 0.728 0,724 (1719 0.714 0.700 6704 (16811 (10113 0.687 0,674 ~ OI5(; 0,818 GG06 
0.400 0696 0,687 068)  0.678 (1673 (1670 0.6|5 (1660 (1654 0.646 0836 I (1617 0 5 ~  "0.5711 

i i i i ,  i * ~ 1 
(1800 (1640 0641 0630 0.6)4 0,6118 (1624 0.610 0.1114 (1608 0,60~ (1368 0.573 0 5 3 6  0,0)2 
0,800 0,586 0567 0.584 0.580 0.575 (1570 0.605 0J60 0.555 GD41 0.5)7 (1521 050~ : (1488 
0,700 0535 0~27 0 J 2 4  0.520 6515 0~1 I 0.506 (1501 (1486 (1480 0.470 0.45) 0.447 04311 
0.1100 (1466 0,460 (1457 0.454 0.449 0,444 (1439 (1434 (1428 0,4113 (1411 0303 0 ) 8 5  (1371 
0,.00 0.586 0 , . 8  0.584 (1378 0.)7) 0)70 (1366 0 , . i  0,556 (1 .1  0,341 (13. 0~13 (130, 

1.000 (15,0 0)08 0)04 0.300 0,289 0.200 o.11,,5 r (111. . 7 5  0266 ' 0248 (1296 0,220 0.1171 
I , i00  01128 0.219 01116 0.;[15 (1208 011011 0.197 Q l g l  0106 0181 QIT i  0 1 6 1  (1151 (114t} 
1,200 (1134 0.125 0.121 O.I I6 0.111 ~ (1106 (1101 (1083 ,(1080 '0,015 (1075 0068 C060 00G0 
1,300 (1030 0.0211 0.018 (1015 (1006 0.002 I -0004 -O009 ,,,0015 -0.020 -0030 -0.033 -O0)S -0.03(; 
1,400 -0.0112 -0.000 -O095 -(1008 - (1 i05 -0 ,110 j - (1115- (11110  -(11116 -(1131 -0.14| ,-O,141 -0141 -(1159 

l,S00 -0,203 -0.2,*0 -(1215 , -0.1119J-02114 I I - ~ " ' • ; , -0,2119 -(1234 -0J~)0 -0,244 -0,249 -0,250 -0,1157 *02,56 -0,231 
1.600 - 0 3 ) 2  "03)6  -0342 "0346 ~-(1351 -0.356 -(136| - 0 ) 8 )  -(1360 -0,)73 -03110 -0,)78 -0+)76 -(1367 
16700 -0.468 -0.4?) -0477-0.41101-(148~5 -0.480 -(1484 -0.4113 -0.501 "0,504 -( .510 ~(1507 -0~03 -(14911 
1,000 -(1612 -(16i8 -06110: -0 ,621-0 .826 -(1630 -(1634 "0,6311 -(1(140 -0.6411 -0,646 -0.640 -0,634 -0.620 
1800 -0,766 -0.769 -0,769!-0,769 -(1773 -(1777 -0.781 -ST0) -(1766 -0,707 -0.70t -6703 -0,776, "0,760 

I ' , 
2.000 -0,827 -0 .927-0 .827  -0,927 -0,831 -0,054 - 0 0 ) 7  -(1140 -(1t37 -61134 -(1927 -0.926 -00115 -(11110 
2. i00 -1.001 -I .088 - I ,000 -I.0911 -I .095 - I ,097 - I .100 -I.102 -I.102 - I ,102 - I . i 0 2  - I .004 - I ,006 -I ,070 
2.200 -I .266 -I,265 - I .266 -I .267 -1,668 - ,271 -I.1173 -f,275 - I .274 -I,273 - i ,270 =1.2611 -I,203 -I.24~ 
2.300 -I ,433 -I,455 -1.432 - I .450 - I .452 -I .454 -I .436 -I.437 -I ,433 - I .448 -1.640 - I .437 -1.433 -I.410 
11,400 -I .640 -I.647 - t ,~43 -1.649 -I ,642 -I .641 - I .640 -I.630 -I ,637 -I,633 -|AS)O - i ,666 - I A I 0  - I~01  

• [ I I I I I 
2,)00 -I,853 -I,852 -I,84~; - I ,643 -I.8411 - i ,841 - I .840 -I,6311 - I 3 6  -I .833 -I.8117 - I . I t i 0  - I .010 -i.7116 
2.600 *6,0?2 -2.0t16 "2,063 "6.050-11.05|  "2.055 -2,053 -2.050 .=2,046 "6,042 -11,034 - I ,624 -2,014 = i , 9 ~  
2.700 -2,292 -2,288 -22.113 -22.7~ -2,1176 -~.273 -11.27i -2,26) -11.283 -11250 -11248 -11.1155 -22111 -11201 
2,800 -2,515 -2.5 i ) -2~0~ -11.50~ -2.S0i -2.497 -2.4~3 -2,4)) -11.4011 -11.473 ~11.461 -2.446 -11.431 -2.409 
2.800 -2.747 -11.7,41 -2,7)8 "11.?35 -2.730 -2.?L~5 "2.7110-'2.713 "-2,707 -2,600 -~1111 -2.664 -11J946 -S'ASG 
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TABLE 20.-.CX3ORDINATES OF UPPER 'NAPPE FOR D1FFEREHT VALUES OFH~---:~-,-2: 3 
WEIR 

~ s  0.002 0020 0030 

-4000 0801 0969 0959 
"3900 0960 0959 0950 
-3800 0900 0969 0950 
"3 700 0980 0969 0956 
°3600 0879 0968 0957 

• 3,900 0g79 0968 0957 
-3400 0979 0960 0957 
°5.300 0979 0966 0856 
-3.208 0979 (1969 0955 
"3 I0C 0977 0984 0954 

"300C 09?7 0983 0953 
"2,90C 0977 0963 0953 
-2 801D 0977 0963 0953 
-2.70C 0977 0953 0953 
°200C 09?6 0662 0.952 

-2.500 0978 0991 0952 
-2 400 0978 n861 0.952 
-2 300 0974 0950 0951 
-2.200 0974 0980 095J 
• 2 100 0975 0960 0.851 

-2 000 0.972 0959 0950 
• 1 900 0970 0957 0946 
-I,800 0970 0954 0946 
- 1,700 0968 0952 0944 
-I.GO0 0,964 0950 0943 

ol,500 0960 0.946 0940 
- I .400 0.958 0943 0.937 
- I ,300 0953 0940 0935 
- 1.200 0949 0938 0.933 
• l . lO0 0942 0953 0928 

- I 0 0 0  0937 0928 0923 
°0600 093(] 0921 0917 
• C800 092t  0913 0909 
-0?00 0913 0905 0902 
• 0,600 0903  0896 0892 

°0500 0892 0883 0880 
• 0,400 0879 0870 0657 
-0300 0862 0857 0854 
-0,200 0045 0839 0836 
• OlOO 0825 0819 0616 

0000 0802 0.?96 0793 
0,100 07?5 0789 0786 
0200 0743 0?38 0735 
0 300 0 700 0 100 0,69? 
0400 0886 0660 0658 

0.50(] 0.820 0,812 0.909 
0600 0568 0561 0558 
070C 0509 0302 0499 
000C 04':,4 0439 0438 
o,go¢ 0,37 i 0356 0.394 

1.000 0.290 0286 0285 
1.100 0,202 0.198 0,195 
1.200 0 109 0 102 0.099 
1.300 0003 0000 *0003 
1.400-0109 " 0 |  I I  -0114 

1,500 "0227 -0230 "~0235 
1,600 "0393 -0396 *0399 
1.700 -0489 -0491 -0492 
1,800 -0828 -0630 -0831 
1.900 -0.719 -0781 "0782 

,2,000 -0935 -0936 -095? 
2.100 - IO0 -i.099 -I.100 
2,200 -I.273 -1273 -I.273 
2 300 - I  45~: - J450 -1.450 
2400 - I.£4!~ ' - 1842 - 1,642 

2,900 - 1.844 - 1,943 - 1.943 
2.600 "2.056 -~.053 *2.055 
2 700 *2`2?4 -~.269 -2.267 
2.800-2.488 -2.495 ~2492 

. 2900 j -2 .728 . *~725  -2.719 

0040 0030 0060 0070 0080 0090 0 100 0 120 0 140 0.160 0 i8,') 

0947 0936 0925 0 9 1 2 { . 0 8 9 9  [ 0666 [ 08731 0853~ 093210 '9091 07791 
0947 0938 0924 0912 0999 0888 0875 0853 0832 0805 0776 
094? 0.838 0924 0912 0889 0696 0.873 0052 0831 0804 0775 
0947 0936 0924 0902 0899 0886 0875 0052 0831 0803 0779 
0.948 0935 0,924 0912 0899 0.9118 0873 0852 0830 0802 0775 

0446 0.935 0.924 0912 0999 0996 0073 O.BS2 9630 0901 0,772 
0946 0.935 0924 0.912 0089 0866 .0875 0831 0829 0800 0771 
0.943 0,939 "~924 0912 0989 0896 0073 0951 0028 -,0799 0770 
0.845 09.~,5 924 0912 0899 QrEG£ 0873 085 i  ,0928 .~'0.788 0770 
0944 0.934 0923 0911 0989 0986 0873 0851 ~0628 ~0789 0770 1 
0843 0.953 0.923 O g l l  0896 098£ 0873 .0950 ~_827 9789 07~9 
0943 0.g33 0g23 , 0817 0896 0996 0973 .0850 ~0826 079? 0769 
0943 0933 0922 • o g l o  0896 0998 0873 '~0850 ~0628 0.797 0767 
0943 0.933 .0922 0910 0897 0985 0872 0849 0.625 0796 0798 
0~942 *0.932 - 0922 OglO 0897 0885 0872 0848 0.624 0795 0788 

0942 0.932 0222 0910 0897 0688 01871 0847 0823 0794 0764 
0.942 0.932 0922 0910 0697 0984 0873 0847 .0822 0792 .07Gr 
094 i  0932 0922 0910 0997 0894 0871 084£ ,0820 079 i  *0751 
0, g41 0 ,931  0921 0909 0895 06R3 0870 0845 01320 0790 0750 
0.941 0 .931  0 .921  0909 0896 0983 0e70 0845 0,019 0780 0780 

0.940 0.930 0.920 0.908 0.895 0983 0870 0845 oBIg  -0789 0759 
0939 0930 0920 0906 , 0895 0883 0670 0 8 4 4  0817 0788 0759 
0937 0.929 0920 0908 0695 '0983 0870 ~0845 0918 ,0?67 0757 
0.936 0928 0920 "0.909 0895 ,0883 0870 ,0843 0816 0766 0756 
0935 0.928 0920 10908 0895 ~0882 0.999 0.842 0815 0785 0754 

0,933 0.927 0920 0907 0894 .~98i 0,888 0641 0814 0783 0752 
0.931 0925 0919 0.906 0893 ' 890 0.867 0841 0,81& 0,783 0,751 
0,929 0924 o g i 8  : 0.905 0892 0879 0,888 0840 0 6 i  ~; 0762 C?4g 
0,927 0922 0.816 0903 0.890 08?? 0.864 0839 0814 0781 0747 
0.925 0.918 0913 0.901 0989 0075 0953 0639 0914 0.780 0745 

0948 0913 0907 0886 0664 0,972 0£60 0637 0815 0777 0741 
0.912 0906 0903 0882 0881 0670 0856 0634 0900 0775 0759 
0905 0901 089? 0886 -0975 0884 0853 O R 3 1  0808 0/71 0754 
0,698 0.894 0890 0980: 0870 0.680 0648 0.~;*.'~ 0803 0766 -10729 
0888 0.864 0.860 0 .971  088i  0.852 0842 0820 0,796 0761 0,725 

0,0?6 0.075 0889 0880 0951 0642 0033 0812 0?90 07~4 0.7i8 
0884 086 i  0858 0850 0842 0835 0825 0803 0,780 0744 0708 
0850 0846 0.842 0835 0827 0820 0812 0790 0768 0T34 0899 
0832 0.829 0.823 0819 0812 0808 ~ r799  0~?? 0 ~ 4  07~2 0 "88~ 
0 812 0809 0.805 0 199 0793 0.787 0 790 0 ?60 0~739 0 708 0877 

0.789 0786 0.782 0777 0772 0767 078 i  0741 0720 06g2 0663 
0.762 0739 0755 0751 0748 074i  0?38 0717 0698 0672 0846 
0.731 0.727 0723 0719 0714 0.709 0704 0689 067'~ 0649 0625 
0695 0£90 0686 0882 0677 0,8?3 (]888 0855 0641 0620 0598 
0652 0649 0844 0641 0637 0853 0828 0817 0.604 0585 0598 

0,605 0601 0597 0594 0591 0588 0585 0573 0561 0546 0531 
0554 0.550 0546 0543 0540 0537 0534 0524 0515 0500 0498 
0.495 0,492 0468 0488 0483 0481 0,4?9 0468 0458 0445 0432 
0.432 0428 0424 0422 0419 0417 0.414 0405 0398 0384 0 3 t i  
0360 0.358 0.351 0349 0.348 0344 0341 0.535 0525 0315 0301 

0.281 0,277 0,275 0.270 028T (~264 0.28t 0255 0,248 0235 0224 
0,192 0 i 8 9  0185 0183 0181 01?8 0177 0170 0195 0152 OI4C 
0.096 0,093 0090 0,088 0 .085 0064 0081 00?6 0070 0060 005C 

• 0.006 -0009 *0012 - 0 0 i 5  -0017 "0019 "0021 *0026 ~'0,03i *0.040 "0.049 
"0 117 *0,120 "0.123 "0 125 "0128 -0 128 -0 129 "0 155 "0.167 "0 145 "0.153 

-0255 -0,23," -0.239 -0.241 -0P42 -0244 -0245 -0250 -0.254 -0,280 *0285 
-05£1 -0383 -0.385 -0367 -0568 -0 .3 /0  -0371 "0373 *0375 "0579 1~0582 
-0.493 -0494 *0.495 -0497 -0499 -0501 -0502 *0503 -0503 -0506 -0508 
-0631 "0.632 *0632 -0634 -0638 "0658 -0640 -0841 *0641 -0642 "C842 
"0_782 -0782 -0782 -07(!~ "0784 ~0.785 "0286 "0706 "0786 "0787 "078~ 

-0937 *0937 -0.937 -0939 -0940 *0941 -0942 -0941 -0939 °0951 -093', 
- I .100 - IJOO "1.100 " i  I00 - I101  "1 102 *1102 "1099 *1095 "1093 *1,091 
• 1.273 "1,275 "1.273 *1.273 "1.273 "1273 -1275 "1.271 "1288 "1264 "126(  
"1450 "L450 "1450 "1450 "1.449 "1449 "1.448 "1448 " i 4 4 4  "1.439 " :45~ 
- 1.841 " 1,640 - 1.640 -.I,640 " 1,659 " 1.859 " 1,638 * 1,654 - 1.629 " 1.619 - I 902, 

- I .043 "1.642 *1842 -1040 -I.839 "1,938 "i ,834 "1.828 -I ,019 -I.806 "179 
-2052 "205) -2,050 -2 049 -2047 - ~045 -2.045 -2050 -2018 -2002 -199~ 
-2,265 *~,283 -2.261 -2.201 -22`60 *2`250 -2.259 -2,242 -2224 -2204 -7-18~ 
-2.489 -2`488 -2.482 -~480 "2.477 -2`4?5 "2.472 "2.455 -2.459 "2.418 "2.39' 
-2_715 -2.717r-2/081"2705i-27001-2,697l'2.683 -2.677 -2661 -2657 -2.61~ 

I I , i 
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80 STUDIES OF CRESTS FOR OVERFALL DAMS' ~ .  

TA91,It 21.--COORDINA'I~ OFUPPER NAI~  FOR D ~  VALUES OF Hb---'.--3:3 

X/\ff,\ 0,002 0.020 0.030 0:040 0~50 0~00 0.070 0.010 0.090 0100 -0.120 0.180 01860 0,180 : 

-4000 0~80 (1963 0.950 0.948 0'.942 0.934 0~019 0904 0088 0874 0 8 4 8  08241 0,788 0.780 
-3900! 0,980 (1985 0.956 0.940 0841 0.938 0,918 (1803 0.088 0875 0.849 08241 0.786 0767 
-3800 0979 0963 0.956 0948  0.941 (1g33 0,918 0.903 0.888 0878 0848 0823 0.785 0.766 
-5700 O979 0.965 (1g55 0947 (1959 0931  0.917 0.902 O807 0.872 (184i O888 0.?96 0.768 
-3.600 (197g 0.965 0.955 I 0947 0959 O.931 0.917 0.902 0887~ 0.872 0.1148 0823 0.794 0.?84 

"3.500 0.979 0.963 0;955; OS'47 "0,939 0.951 0.918 0~S0i 0.886 087! ~ 0641 0822 0.?|3 0.763 
°3,400 (1970 0.963 0.9581 094? 0.939 0,g30 0.818 (1got 0.866 0071 0.041 0.021 0.792 ' 0.783 
-3.300 0.970 0,965 0.955 0947 (1g39 0930 0916 0901 0,606 0871 0048 0820 0.792 ' 0.783 
°3,200 0.078 0.965 0.985 0947 0.939 0.930 O010 o.g0J 0.086 0.871 (184~ 0018 070 i  0.783 
-3.100 0.975 0.963 (1955 ~0947 :(1930 0930 0918 0.901 0.006 ~O871 0.044 r 08 i 7 0~790 0"76~ ' ] ' 
"3000 09?4 0.964 0"956 094? 0'g39 o'g30 0'9t5 0900 0"885 00?0 0843 0816 0'788: 0~762 
"2'g00 0"972 0'963 0"955 0g46 0938 0929 0915 O990 0085 0870 0'942 .0814 0.788 0'761 
"2"000 0'971 0863 O955 0'948 0.937 0'928 0914 1 0'889 0'085 0;870 004 ;p 0815 0.767 O781 
"2'700 0970 0"905 0"955 0946 0'957 O928 0914 0088 0.004 0.ik68 0.041 0812 01 ? O S O ? 60 
-2.600 0960 0063 (1954 0.945 0936 0g27 0913 0898 0.884 0.069 0841 0812 0.786 0.760 

-2.500 0g68 0.963 0.954 0.944 0935 0925  (191 I 0.Bg7 0.083 O800 0039 0.810 0.785 0.760 
-2400 0g64 (1962 0.953 0.944 0g35 0.925 091 I 0097 0.083 0860 0039 0.010 0.788 0.760 
-2300 0963 0960 0.951 0.942 0933 0924 0.910 0896 0681 0860 0839 0.810 0785 0,759 
-2200 0.962. 0.960 0951 0.942 0 g 3 3  0.923 0.909 0.895 0.681 006? 0838 0809 0?84 0.756 
-2.100 0.960 0.930 0.949 0.940 0 g 3 1  0922 0.908 0.894 0.880 0863 0.037 0.808 ' 0.783 0.750 

-2000 0958 0.936 O948 093g 0930 0921 0907 0893. 0.079 0.064 0.056 0 .000  0?83' 0758 
-1900 0956 0933 0945 0937  (1929 0920 0906 0.892 0.878 0.853 (1035 0007 0,785 0.758 
*1000 0.954 0951 (1943 0935 0.927 O919 0g05 0.891 0.077 0862 0.834 0 8 0 5  0.702 0750 
- I .700 O951 0.948 0.941 0.933 0.028 O918 .0904 O.090 O078 0.862 0033 0.803 0.78l 0.788 
-0.800 0948 0.945 0.936 0930 0923 0915 0.90: 08e8 0.075 0.061 10.032 0803 0.781 (1758 

- I  500 0,949 0.941 (1934 0927 0,920 0913 0900 0867 0874 10061 0632 '0603 ' I 0780 0757 
-1400 0941 "(1930 O.932 0925 0916 (1911 0099  0006 0074 0.061 0.032 0.003 (1~779 0 .755  
- I .300 0938 0933 (1928 0.922 O916 O910 0890 0.00~ 0 8 7 3  0060 0038 0.005 0.770 "0.755 
- l ,200 0g32 '0929 0 9 2 4  0.9t8 (1912 0906 0695 0.863 (1871 0859 0.851 OBO; 0.778 0.755 
-I .100 0926 .0923 0.9i8 0913 O900 0903 0892 0860 0889 . 0857 0.830 0.802 0778 0.753 

i e I 
-10O0 0920 0917 .0913 0906 0904' 0899 0.888 0877 0 8 6 6  ' 0054 0828 "0801 :,0~777 0752 
-0900 0913 (1909 0905 0901 0897 0893 0005 0872 " 0081 0850 0025 0800 " 0775 0,750 
-0800 0906 0902 0 0 9 9  0095 0.092 0,088 ,0.878 0868 0 .650  0 8 4 6  0024  , 0800 ~ 0775 0750 
-0.700 0998 0.0g5 0.890 0896 0883 0679 0670 0061 ' 0.052 0843 0021 O798 0.773 0.748 
-0600 0887 0884 ~008l 0877 0874 O870 0863 0855 0847 0830 O617 0794 0770 0 .745 

-0500 0076 0,072 0869 0866 0063  0860 085: 0846 • 0,839 083;  ' 0.811 0,790 0765 0.740 
-0400 0062 0658 ~0056 0B53 0B50 ~0847 0841 0034 0.628 0.821 0802 0.783 r0,760 0,756 
-0300 0845 0.642 0839 0036 0833 O830 0025 0 8 2 0  (1615 0810 0792 0.774 O781 0.730 
-0200 (1825 0.022 0.820 0.817 0014 0 . 8 1  0807 0003 O.799 0795 ' 0.778 0761 0741 O721 
-0100 ,0802 0,799 0797 0793 0793 0.790 0787 0.705 0.779 0775 0~760 0745 0.727 0.708 

i i , ~ I " I " 
0000 0775 0,771 0.770 0760 0787 0769  0762 0.759 0.756 0"t52 0.r39 0728 0.710 0693 
0~90 0740 0.743 0742 0741 0740 0739 0.737 ;0.734 O.731 0726 0.713 (17OI 0.600 (1674 
U200 ~..715 0.711 0711 0710 0709 0708 0.708 ~0,70. ~ 0.?00 0.697 0685 0873 "0.662 0650 
0300 0679 0675 0.674 0673 0672 0(170 0680 0.665 0.663 0660 0650 0.640 0.68~1. O&20 
0400 0630 (1635 0634 0633 0632 0630 0620 0625, . 0523 . 0,620 0611 0601 0592 0'~83 , 

0500 0593 0589 0.2*88 0560 I ," :~ ! 0585 0525 0581 0579 0,677 .0574  0.566 0,558 0.580 0842 " 
0600 054 l  0,530 0,537 053.5 0533 ,0531 0529 0.526 0.324 0521 0515 0,508 0.500 0491 
0700 0401 0.470 0 4 7 7  0.470 0474 0 4 ? 2  0.470 0.467 0455 O462 0.456 0.450 (1445 043g 
0000 0.487 0413 0.413 0412 0411 0410 0.407 0,404 0401 "03g0 0.593 0 3 6 8  0 3 8 3  03711 
0900 0346 0342 0,341 0340 0.339 0 3 3 6  0.338 0334 0,332 0329 0328 0.32( 0517 0312 

I I I I 
1.000 0268 0265 0264 0.262 0281 0.259 0256 0.255 0.255 0253 :C249 0244 0242 0239 
I I 0 0  0102 0170 0.177 0.176 0175 (1173. 0.171 0170 O869 0167 .0.185 0139 (1159, 0159 
1,200 0066 0.082 0062 0,08i 0080 0.079 ,0078 0077 0.075 . (1075 ,0,072 0068 0,070 i 0072 
1.300 -0016 -0.0i9 "0020 -0020 -0021 "O021 "0022 "0023 *O024 -0025 "0.O20 -0030 *O.O26, -010Zl 
1,400 -0.127 "0.129 -0.130 -0,13i "0  132 ,'0,132 -0  133 "0 133 " 0 i 5 3  -0.133 "0 135 "0.136 "0.131 "0.125 

1.500 - 0 2 4 6  -0.248 -0247 -0.247 -O247 *(12'47 -O,247 -0247 "Or~4T ~ 0 , 2 4 7  I " i I -0248 -0.249 -O243 -0.238 
.L600 -0372 -0,372 -0372 -0371 -(1371 -0370 -0.371 -0.371 -0.372 -0372 -(1370 °0367 -O353 -O.359 
1 7 0 0 - 0 5 0 0  -0.500 -0500 -0500 -0500  -0.499 -0.499 -0499 '-0499 -0.499 -0496 -0493-O.491 -0.486 
1800 -(1659 -0.639 -0639 -0.636 -(163g -(1839 -0639 .-0639 -O.839 *0639 -(1634 -(1629 *0625 "0820 

'1,900 -0782 -0,701 *0.78! -0.7801-0.700 -0779 -0780 *0700 0~180 -0780 -0778 7(1771 *0.786 -0.781 

2000 -0935 -(1932 -0.932 -0932 ! -0932 -0931 -(1931 *0931 -0931 -0931 *0925 -0919 - o g i 3  - 0 9 0 6  
2 100 " 1-10 I " I rOn7  " I . O 9 7  .* I 096 i -.I.O93 " F064 " 1.094 * I.O04 " 1.094 - I 093 " I.O86 * 1,079 "1.071 "1.062 
2200 -I .270 "1.274 "1.272 "1.269 - I .266 "1.263 - I ,265 "1283 -I.263 -1263 "1.254 - I ,245 " i .030 -1~27:  
2300 - I .465 "1.459 -I .456 "1.453 - I .450 -I .447 - I .445 "1.443 "i.441 - i .439 - I . 4 3 1  "1.422 "1.410 -I .392 
2400 -1.652. "1.646 -I .646 "f.043 -1641 .  "1.038 "1,636 -I.834 "1.631 * i .629 "i.6191 "1.609 "i.581 "1573 

2,300 -1051 -1043 -I.041 -1039 -I.857!'~1,635 - f 8 3 2  "1829 "1~028 - i ,823 ' - I ,?g8 -1611 "1779 -1.780 
~J500 " 2 0 ~  ~ "2 0 ~  ~2"050 "2 04~ "~ '0  ~ "2r041 "2 0~7 " 2 , 0 ~  "2 02? *2.022 *2.000 - i993 - I g5g -1.945 
2.700-2.2?5 -2261 -2.25~ " 2 2 5 6 - 2 . 2 5 4 - 2 2 5 1 - 2 . 2 4 7 - 2 . 2 4 2  * 2 2 3 7 - 2 2 3 2  -2.210 -2.200-2.171 - 2 1 4 i  
2 800 -2.494 -2.4?9 -2 477 "2 474 -2.472 : -2.469 -'2.465 *2.460 "2 455 -2.450 "2.433 -2.415 -2.302 -~ 349 
2 000 -2 721 -2 703 -2.701 "2 696 -2.695 i -2.692 -.2.687 "2 661 -2.675" *2660 -2.650 -2631 , *2.59? *2.563 
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Figure 22-A shows a comparison of curves for the 1:3, 2:3, and 3:3 
weirs, together with similar curves for the vertical weir and Bazin's 
2:1 and 4:1 downstream-sloping weirs. The curves are spaced quite 
uniformly except at  the right end, where instability of flow is 
approached. 

28. Discharge Coeflieients.--The. actual discharge coefficients for 
HO the 1:3, 2:3, and 3:3 sloping weirs are shown plotted against 

in figure 21-B. Bazin's coefficients, indicated b~, black :triangles, 
are higher than those obtained in the more. recent experiments. 
This is also true for the vertical weir. as shown in figure ] 5-B. i Baz in ' s  
discharge measurements are coltsistently. 2.5 percent higher for all 
weirs studied in this series of experiments. 

For  comparative purposes the above three curves have been com- 
bined with similar curves for tlm vertical and Bazin's 2:1 and 4:1 
sloping weirs in figure 22-B. I t  is interesting to note that  the order 
of the four test curves at  the right end is the reverse of that at  the left. 
The vertical-weir curve indicates the highest discharge coefficients for 
large approach depths, while the curve  for the 3:3 sloping weir sh6ws 
the highest coefficients for the smaller approach depths. In no case 
is the variation in coefficients for the four weirs appreciable. The 
poini s for Bazin's 2:1 and 4:1 sloping weirs are insufficient to establish 
very reliable curves. 

29. Reduction of Pressure on Upstream Face of 1:3, 2:3, and 3:3 
Sloping Weirs .~The  drop in pressure on the Ul)stream face Of t h e  
sloping weirs was observed by means of piezomete~, as in the case of 
the vertical weir. The drop in pressure, which is considered asH,--hp, 
is plotted with respect to d, the distance of any piezometer from the 
sharp crest of the weir. These two variables are exl)ressed in terms 
of unit head and are shown plotted in tigures 23, 24, and 25 for the  
1:3, 2:3, and 3:3 sloping waix~, respectively. 

The method of computing the n|agnitude of the pressure reduction 
was explained in section 20. The magnitude of the pressure reduction 
on the upstream face of the 1:3, 2:3, and 3:3 sloping weirs is shown 

h, plotted witlJ respect to ~ in figure 26-A. The curve for the vertical 

weir has also been included on this figure for comparative purposes. 
The term fl.~ is the pressure-reduction area, as illustrated in figure 18, 
or the volume of the pressure reduction when unit length of darn is 
considered. The actual pressure reduction in l)ounds is obtainj~d by 
multiplying this volume hy 62,5, the unit weight of water. The 
comparison indicates that  the reduction of pressure increases as the 
weir is sloped downstream. 
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!~ Pressure-reduct ion curves  ' j ' ; 
a r b i t r a r i l y  assumed to 1 I ' ~ ~ ~ " , 
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FIGURE 24.---REDUCTION OF PRESSURE ON UPSTREAM FACE OF 2:3 SLOPING WEIR. . . " 
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~ £  OF RESULTANT PRE'SSUR£ 
o, z l ~  

~'---~L.. - .~ " " ¢ - - - ~ c o l . : t o : ,  we,f- o..~ 

-R-LOCATION OF RESULTANT pRIr$SUR f- 
FIGURE 26.~P,~.SULTANT OF PI~-SSUR~'-RI~DUCI"ZON AR.F_~ F(~R V/:RTICALAND 

SLOPING WEIRS. 

The position of the resultant, R~, which acts ~hroilgh the:e0nt~roid 
of the pressure-reduction area, can be obtained, for~ t h e  1:3/2:3, and 
3:3 sloping wei~ fl'om figure 2(i-B. T h e  t c rm~  represents the vertical 
distance, measured downward from the sharp  crest of the;.weir to the 
resultant at  the centroid of the pressure-reductibn area. 

A P P L I C A T I O N  O F  E X P E R I M E N T A L  R E S U L T S  

30. Design o f  Overflow Section With: Sloping ! Upstream i Face.~ 
With the expei'imental data for the vertical, 1:3, 2:3;3,3; 2"1, and a.~ " 
sloping weirs, it is possible to desi,_,n an,~,.,~n,~,,i,,,i ~,~ .: -:'~" 

. . . . . . . . . . . . . . . . .  ....... cflicmnt . 
overflow section for a dam with any one of these sl0pcs :o~any inter- 
mediate, downstream sh)pe. 

Ex.ample 4.---Design the overflow seetio~ :of a!low, concrete 
gravity dam,  with crest  ~l; elevation 180.0, for :a  maximum dis- 
charge of 200,000 second-feet. The approach floor is a t  elevation 
155.0; the crest is 1,200 feet  tong; and the ,upstreamface of the 
dam is on a 0.75:1 slope. 

The solution is handled similarly to tha t  of example I. S o l v i n g  
equa.tion 12 for 

and assi'iming C=3.80, i I o ~ , 7 ~ '  
".'/al EIo= V 2 0 0 , 0 0 0  ~,~,+ . . . . .  • 

,'~..80-X--] ,~-~ = ~/43.80 = 12.44 feet (approximately) 

II  
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and 
He 12.44 ^ 4 .p-4-i~,=~=u. os .  

From flgurc22-B,  a more accural e value 0 fU=3 .91  is obtained for 
a slope of 0.75:1, or 36.87 degrees h'om the vertical. 

Repeating this operation with the,new vahle Of 0', 

and 

H 0 ~ = ' , ~ / ~ - ~ - ~ . - = ' ~ / 4 2 . 6 3 = '  12.20 feet, 

/¢;,i> ii 

From figure 22-B, the coefficient, of discharge remains 3.91:~for the 
He 

above value of -i;~,-/~,. 

or  

The next step is to lind the values of h,, and H,. 
Q 200,000 q=z=--~-~6-6-= 166.67 second-feet per foot of crest ;  than 

q 
v .  = 7>-~:-E-:4.-7io (~ 4) 

V 166.67 . . . .  ,, 
% =725-+ 1"2-)0 =~'4~ m(.~ per second, 

and h~=0.312 feet (apln'oximate velocity,head oLapproaeh). 
The process can be repeated to obtain a more accurate:value of h.. 

or  

and 

- q 

I' ° = P-i:,-~Jq:-il-, ----h~ . (15) 

z - - .  16fi.67 ~-=4.52 feet per second, - .... 
'[ a--25_I_ 12.20_0.312 

h~=0.318 feet (true velocity of approach). 

To determine H,, reference is made to figure 27, which was,con- 
structed for the purpose of eliminating a por t ion  of the  cut-andrtry 
process. These curves were n o t  used in the solution°of example 1 
but  will .be utilized in the present problem. 

h.~ 0.318 
/-~,---- i-2-~0 =0.0261. 

! 
[ .4 
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H ,  
Entering figure 27 with the above value, ~-o~ 1.057 ~for :an anglo of 

36.87 degrees with the vertical. 
T h e n  

: H , =  1.057X 12.20~12.88 feet, 
and 

h~ 0 318 ..... ) . .  
, .  

l-Is .~i. 

With these values and tables.!4 and ~15, the eoor¢!inatesfor the 
overflow section can be determined. ~It is necessa.ry m this case to 
interpolate between values in the two tables, s~co the upstream slope 
of 36.87 degrees for the overtlow section: lies between• tl{e 2:3 iand~3':3 
slopes. The coordinates have been tabulated in table 24 and are 
shown plotted infigure 2 8 - A .  

o : -  

l,II 

hi? 

I.II 

I.II 

I.Id 

I . I ,  ~ 

l.II 

I:I 

I.I 

1.0 

1.0 

L{ 

I.{ 

U 

,2 

L~-4 S 8 1' | t , O O l  --2 3 _ 4  S 6 7 8 !  

- - r l  , J 

FIGURE 27.--REI,ATION OF z~ TO He 

g,oI 
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TABLE 24.--COORDINATESFOR rOVERFLOW SEGTION--EXAMPLE 4 

9Z i 

X 
H, 

II, 

33.69 ° 
Weir 

X. feel, 

O. 000 
O. 0SO 
O. 100 
O. 1 5 0  
O. 180 

0. 200 
O. 220 
0. 250 
O. 300 
O. 350 

/ 
O. 400 
O. 45O 
O. 500 
O. 600 
O. 700 

O. 800 
0. 900 
I. 000 
I. 200 
I. 400 

I. 600 
1. 800 
2. 000 
2.  200 
2. 400 

O. 000  
O. 032, 
O. 050 
0. 059 
0. 061 

O, 062 
0.  0 6 1  
0. 059 
O, 051 
0. 041 

0. 029 
0.015 

--0. 01)2 
- 0 .  044 [ 
--0. 097 

" 0 .  157\] 
- 0 .  2 2 6 ~  
--0. 3 1 0 /  
- - 0 .  4 8 1  i 
- 0 .  692 t 

--0. 9-10 
- -  1. 212 
- - I .  517 
-- 1. 850 
- 2. 222 

45 ° 36,87 ~ 
' Weir Weir 

3 4 

0. 000 
0. O1S 

• O. 03,1 
O. 041 
0, 042 

0. 0.t2 
0. 042 
0, 03,11 
0. 032 
0.021 

0. 008 
--0. 008 
- -  O. 027 
--0. 073 
-41. 127 

--0. 180 
"0. 258 
- -  0. 336 
--0.514 
-.0. 727 

0. 000 
0. 02~ 
0. (146 
0.054 
0. 056 

0. 056 
0. 056 
0. 053' 
O. 0,16 
O. 035 

O. 023 
0. 0O9 

- -  O. 009 
--0. 052 
--0. 1(15 

--0. 166 
~ 0 .  235 
--0.  31 l 
- -0 .490  
--0. 702 

--0. 947 
- I. 220 
- - l .  52-1 
- -  1. 858 
- -  2. 229 

O. 00 
0. 6,1 
1 .29:  
I. 03 (~ 
'2, 32 = 

2/'58 
2.  83 
3.:22 
3." 86 
,t. 51 

5.15 
5.80 
6. 44 
7. 73 
9. 02 

10.30 
1 1 : 5 9  
12. SS 
15. ,t6 

' 18.03 

20. 6 I 
23. IS 
25: 7fi 
28. 34 

?30. 91 

0. 966 
- -  I. 2.10 
--I .  5.t3 
-- I: 877 
--2. 2,16 

Y;:38.87 ° Y~: eleva-, 
Weir tion, feet: 

0. 00 179.28 
0.  3 0  1 7 9 .  64 
0.50 179. 87 1 
0. 70 179. (,18 
0. 72 :-180. 00 ! 

O: 72 180:O0 
0:72 : 180.'00 

0 . 6 8  ~ 179.96 
0:59 : 179.,87 
0.'15 :179. 73 1 

O. 30 179.58 
O. 12 179.40 

--0. 12 179 ~ 10 ! 
- - 0 .  67 178. 61 
- - I :  35 177. 93 i- 

- - 2 .  l,t 177. 14 
- - 3 . 0 3  ,176. 25 
~--,I.O0 175:28 
--6.31 172. 97 
- - 9 .  O . i  17(I. 24 

=: 12. 20 107. 08 
--r 15:71 103,57 
- -19 .63  1 5 9 . 6 5  : 
--23.:93 155;-35 
--28171 150.57 

.;: t h e  r e s u l t s  of t h e r e c e n t  weft- e x p e r i m e n t s :  

. ( .  

S h o u l d  f i le  u p p e r - s u r f a c e  c o o r d i n a t e s :  be  d e s i r c d , : t h c s e  c ~ a  b e  : '  
o b t a i n e d  ill t h e  s a m e  m a t u r e r  f r o m  t a b l e s  2 0 a n d  21. 

• 31 .  D e s i g n  o f  O v e r f l o w  S e c t i o n  w i t h  S h a l l o w  A p p r o a c h  C h a n n e l . - -  
I n  t h e  d e s i g n  of  s p i l h v a y s  f o r  e a r t h  d a m s ,  t h e  a l ) p r o a c h  c l i a m m l ,  is : •  
u s u a l l y  m a d e  s h a l l 0 w -  so as  to  m i n i m i z e  t h e  cos t  o f : t h e , r e q u i r e d  
e x c a v a t i o n .  T h i s  t y p e  o f  s p i l l w a y  is q u i t e  c o m m o n ,  and :  t h c d e s i g n  

of  t h e  o v e r f l o w  s e c t i o n  h a s  b e e n  ( l i f f icul t  b e c a u s e  of t i le  m a n y  u n k n o w n  
f a c t o r s  i n v o h c d .  ~ A i t h  t h e  f o r c g o i n ,  i n f o r m a t i o n ,  h o w e v e r ,  s a f e  
d e s i g n s  m a y  b e  performe,  d w i t h  C o n s i d e r a b l e  i n c r e a s e  i n  Ciliciency: of i:J)i 
t h e  s p i l l w a y s .  7::~ 

E x a m p l e  5 . - - F i g u r e  29 s h o w s  a p l a n  a p d  s e c t i o n  of  a n  e a r t h - d a m  i 
s p i l l w a y  w i t h  a n e t  c r e s t  w i d t h  of  77.0 fee t i~ ( ' ] ' e s t  e l e v a t i o n  a t  

460 .0 ,  a p p r o a c h  C h a n n e l  a t  e l e v a t i o n  455 .0 ,  a n d  m a x i m u m  r e s e r -  (ii~ 
v o i r : s u r f a c e  a t  e l e v a t i o n  500:0 ,  I n v e s t i g a ,  te  t h e  de s ign ,  u s i n g  :;:: 
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FIGURE 28.--RESULTS OF EXAMPLES 4, 5, 6, AND 9---WEIRS SLOPING DOWNSTREAM. -~': ; 

I n  the original model tests the coefficient 0f'discharge in the equation * ~ 

Q = C L H  :~1" w a s  a c o n s t a n t  o f  2 .85 f o r  al l  h e t t d s .  / S u b s t i t u t i n g  v a l u e s  .:)i 
in the. equation for tho maximmn discharge, Q=2.85X77X403/~= 
55,520 second-feet. 

Application of the more recent data;indicates t h a t a  saving may be 
obtained in either one of two ways: by raising the crest; or by main- + i~ 
taining the crest at the sam~ elevation and reducing the width o f : ~ e  ' :i 
spilhvay. :In eithe: case, the dhnensious of: the gates cmibe reduced.-- !~::~ 

In this example the crest, willbe raised; and a free overflow section, 
with piers but without gates, with a , n e t w i d t h  of 77.0 feet,.~-ill:be i 
a~sumed. The new crest elevation can; be obtained by  Solvjpg'.+f0r 
the head, Ho. ~ 

Assuming C=3.60 for fit(,, new overflow section,, wJflt a:45 ° (or 3:3) *~ 

slope on the upstream face, and solving eqUation 12 for H0 ~/P, " ? 

1:~ ~]., Q 55,520 . . . . .  
~o +'=--",-~ = ~ 7  ~ 0 --=--ZOO Z~3, • ~ CL 3.60 X 7,. " +":+ 

and 
H,=34.23 feet (approximately). i:. I 

For stable flow ('onditions in which unditlating wave action is + 

He should not exceed the value ofS.0,:see figure 22-B. !).i:! absent, p_t_ i ~ 
Undulating waves in the approach channel ~'ill produce an unsteady 
flow it] the spillway. The resultwill not  be serious, but  fl~e design is i:+::i 
not sound from a hydraulic standpoint . . . . .  

".,+ 

.! 
+ . , .  
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94 STUDIES OF CRESTS FOR OVERFALL DAMS :,!(:, ' 

To avoid this tend ition; ~the uppro~,~.h.deptli ~in' this example Willbe ...... 
chosen at, 7.0 feet below the:crest. Then :.iii! 

"He , 34.23 ~i 89 = : 
. . . . . .  . , 

Entering th(: 3:3 curve in  f igure22-B with this vhluei(7=31680. ' " 
Substihlting the new value of 6' in thefi l~t  equation, 

OO O ~ 0  
-° 3.680 X 77.0-- xuo.:m 

and :~ 

H0=33.74 feeL. • 

The final value of 
He : 33.74 ,). :" 

From figure 22-B, the value of 6' remains at 3,680; therefore' Ho=33.74 i 
feet. . ~ 

Before establishing the crest elevation it  is necessttry~$o'~determine • ':I 
tha friction loss in the approach channel for maximumdiseha, , - ,e  , I t  . . . .  :~ 
will be assumed that  the approachdepth  is , -s . . / .  - "  :'i~ 

h,, + P +  E ~  33.74 + 7.0-----40;74 feet. .!i 

and the coefficient of roughness, n; for the apProach channel  :is 0:020. 
Then the  velocity of approach, 

1"~=- 55,520 -=13.27 feet per~sccond, ' ] i 40.74X 112.18 

and the hydraulic radius, i::J:i:: 

r 40,74X112.18 , =--lg2-~-'~4-()0-- =24.57, based o n  the upstream section. ~ 

Substi tuting these values in the Manning formula., ,..' i 

"z I 486r2/asln i 
v . ,  - ( ! 0 )  

.,=r. }2~5 :q :Lr  13.27X0.0.20 3: " - '  ' : !  
kl.4S6r2a ] " k  1,486 X ( 2 4 . ~ ) ' ~ J  ' :,, 

=0:000446 .foot • i! 

"loss per l inear  foot of channel. Neglecting the entrance loss and con- -.4 
s i d l i n g  the channel 1,650 feet long, t he to t a l  friction loss :~i 

s/=0.000446 X 1,650 = 0.736 foot. :~ ~:: .::: ~ili} i 



"7'•J 

), ~ , .  

A more:acw|rate value 0L sl can be obtained by,repeating t h e  :last '~)! 
pr0ces's :using: average values of: Va:amt r .  YFor'the~!sake'0fClarity I in • :i ::fill: :~::!: 
outlining':the over-all method 0f approach, the final va lue 'o f  !l!,,V,:ill : .  !:: 

'.be taken as 0.736foot. '! This .,,;ill establish ~the' crest:a~:500 i0 , :  33i:2 7 ~ '~ "~ 
465.52 ~feet elevation; arid the. approach :floor,at g level:7~o,fCbt~lo e , ~ i;i: 
or elevation 458.5 as shown in figure:28:B. :iThiSresults :in,a: saving :! 
of 3.5 feet of excavatmn m an:approach channel, 1,6o0 rearm.length .  

The next step is the design 0f:theoveriiow-Shape. ::~i 
With Ho:=33.74 feet and V,,= 13.27~feet per secondi h,--2:7"4 feet~and ::; 

h. 2.74 , , o ,  ,, 

Entering the 3:3 curve in figure 27 'with the," above, value o f  ~o : :i 

/ - Z -   .042: ' 
: ,!Y 

Then 
]] ,~- 1.042 X 33.74-~ 35.16 .feet,. 

• ! 

and 

, - (  

h, 2.74 
~-~: = g 5 ~  =0.0779. 

With these v,q.lues of H,  and ~],: thecoordinates for the  shape 0f the 

overflow section are obtained from table 15. These are:listedin table 
25: and are shown plotted in figure'28-B'by the:heavy full line. 'iThe 
coefficient of :discharge was increased from:2.85":~,~:3:68 t)y rounding , 
the ove~flow section and placing the: appresv.ch 'fld~i, iat a tevbl; 7/feet, 
instead of 5 feet, below the crest. T h e ' m e t h 0 d  for 0btaining::the : : 
position of the downstream floor ,will ~ be explained I in 'chaptcr~$~III, ~ .  '" 
example 9. 

I n  cases such as this, where piers are present~ the overflow section is 
designed to fit the shape ofnappe produced b y  a strip o f  Water one foot 
inwidth'f lowing midway~ betw}~en piers. ::Thispol~ion of theovcrflow 
section wil lusually be unaffected: b y  pier, disturbances. ~!Veloeities 
near the:piers Will naturally differ from thosemidwa~ 'beth'can piers;.: 
eonseqhenfly the sheet of water adjacent to the  pie,~:Will not:~ineces - 
sarily f i t  the overflow shape as: designed. Pro~dsion:for this;dis:  
crepancy in shape can be made by,providing blunt downstream noses 
on th0-piers, which .will .prOduce arena. in  tl~e sheet of.water, allowing 
air t o  enter .beneath the lower  nappe 0,;hen requireci.: ' 

I t :happens that  the spilhvay chosen for tltis problem has three slide;: 
.ga tesa t  the crest for controlling theflow, fin the ab0ve.problem the 
overflow section was considered a s  a free crest  with piers, a n d  the  r 
coordinates in table 25 apply :for this condition. . - 
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!,~ :.?... ,/~.~TABLE~25.:--FKEE~ OVEKFLOW,~SEGTION WITH '$HALLOW~APPKOACI~CHANN~L~ ' 
:. , EXAMPLE:,'$ ':" . . . .  : ;:. /:;,:.. • ,y. :  

': ~ :~I ;.2 " : 3  : .... ' . i4 . . . .  :; : " } ~ ' : ; 5  '~" ~" 

• 0 :000  : :' ;: ~ ! .r" L 2, : : 0  , O ~  d " ;:,0:00 0200 i404.~15 ; 
;:0.~030 :0 .O l l  : "1..05 , ~ ~O: 39 ' " ' 'r' :" :;:464.':54 i ' 

:: 'i • : ' i / ' 0 . 0 6 0  O. 021 ~ ~2;' 11 ' ,'0:';74 ;52278 ~464.,89 ! 
0 . 0 0 0  ":0.0201" "," 3.!16 '1:02 ~53.:83 ,'465.~17:2 I ": 

l 
"1.23 :54.89~ ~465.~38 : " i : : o. 120 0.035, ~, :~:~22 ~ • : ~  

:'/ !0:150 ~0.:037 : " 5:27 1;30 55 ~947:: "~405,/5 • 
t i 0.~ 170 O. 039 5,,98 : : 1 2 3 7 .  ' ~56~:65:! ~465.:i52 ": 
i!i . . . . .  6:.33 ~:(465:',52 

',0. 190 / 0 . 0 3 0  ~6. 68 = ,,! 1.~3,, ., ,,:57:~35 =~465,::52 
: 0 .  ~ 8 0  : 0 .  0 3 9  ' ,r : ,1.:~37 .~20+57::00 ::: 

- : t ~ ,  90.:200 0 :039 ,  7 . 0 3 ~  ' ~ ' •  '~1.37 : 57:~70 ~465.:~:~52 l : ~ , :  

~':0.250 =0.:035 ' '.8."70 • 1.23 :50.~40 
~'~" O. 300 . ,,0. 027 : 10:55 :0;95 # 61.:22 ':~465.!I0 [ 
i:~/!: : ~ - 0 . 3 5 0 ,  0.016 12,31 0,~56 : 0 2 ; . 9 8  ~464:!71 ~, ! 

: ~o" ',0.:400 : : 0.:,003 14 :OO ~ :::0.~:11 ' 04.:73 ! " {464:~26 I 

0::500 -,:0. 033 t 17.'58 - -1 .16 :68225 ~462;,09 
: ~.',0. 540 --0:050 ~ 18. 99 -~ 1.76 " , ~09:66  462::39 

:,0.600 --0.:077 2 1 : 1 0  ~ 2 . 7 1  "71:,77 : .~,461244 ~ ~ 
0.700 -:0:131 : 24;61 ~4 .  61 : ,~75.::28 :459154: 

~6. '  75 '~78.: 80 457;:40/ 0.-800 --0. 102 
'i~::.,:~ : 0.900 --0.200 '/ ' :i3h-04 :l .... ~9"A4:: :" ~82.:31 .:;455;:01 ~ 

:1 .000 -:0.:337 :;35:10 I --11.:85 i ~:,852.83: ,~452.:30 i 
:,.~446,::25 i : i  :~  • 1.!200 --0.'~509 .:42.v19: I " 1 7 , 0 0  ; , : 92 ;86  : :: 

.~1. 400 ~ - -0 .  717 r~;49.'22 j ~ 2 5 .  21 j !20~99,89 /~438:;94 

- '  i , .. eg p r o d u e e d b y : a p a r t i a l  gate::~6pe~ing m a y s - l d p  o v e r . t h 6 ; a b 0 ~ 6  
/ .  ~ T h ~  j ~ on  t h e  t y p e o f g a t e ' a n d  ,ions 0 f 0 y e r a t i 6 i / ~  !:  : prof i le ;  d e p e n d i n g  t h e  c0nd i t  . ~:i f~i:ii~ I 

.~Although the  head  mayi be: the,same! for:~a ~ tiff .:gate openmgfa~ 
!ill : ~par t i a l  o p e n i n g ,  t h e  ,lower. sur faees:of ' i  t he je t s :need .no t . . :COrres Im,  nd:,! 

!!i~i::/:: i " :i~even::t, hough :  n o : c o n t r a c t i o n  ex is t s  a t :  t h 6 ~ l o w e r . s u r f a c e : i n  e i t h e r : ~ : :  
: . "  : T h e : , e x p l a n a t i o n :  .is :~:as i f 0 l l o w s ' : ' T h e  :~ streamlines:~iarC: h o r i z o n ~ : i i i ~ d  

il i • ipa : ra l leLas:  thoyJda:ve: ,  the.~/gate::for: t h e  s m a . l ~ g a t e : o p e m n ~ ; ,  : ~ h ~ e ~ ,  
~:~. ~.: : ' : fo r  f u l l : g a t e  o p e n i p g  t h e ! s t r e a m l m e s ~ a r e  nmthe r '  h ° n z 0 n m ~  n°,r-::parane~ 

~.:~.~-: • . .:.asl, thoy~ f low: o v e r  ~ the.: s e c t i o n , : b u t ~ h a v e ,  c o m p o n e n t s i i n ~  a ; : a o w n w a r a  
!~,!,:: .; : :direction:.~It:has:therefore:been~:customary~to~:.:designi:.the'{i,uP s t r e a m  

:::!!:... : :~ :por t ion.  o f : a n :  overftow.i  sec t i0n , :Wi th -ga tes~ :as :  in:i;examPle-~'5;i:and;:tlie 
i:;.i:+:: ' : : : : d o w n s t r e a m : p o r t i o n  t 0 f i  t the.lower.:  s id e:of.: t l ~ j e ~  . , s s ~ g  f~om:a  s ~  
!::i: ~. ~: .:igate: opening, . -as  i l lustrated. :  in  ~ t h e  fol l0.wing : S e c t i o n .  : :.: ....:. ~ :::~ :. : .  : 

:::: : ( :i:32: ~ D e s i g n ~ o f : ~ O v e r f l o w : S e e t i 0 n  ~ W i t h i - S h a l l o w  ~ A p p r o a ~  !~ci!an el  

ii 
::ii!i:" ~: :~and~.Gates:on'i: C r e s t . ~ T h e  imp0r l~ant /por t i0n: ,  of:,~an:,overfl0:,v;sec~ n, 

t h a ~ i u p s t r e a m : f r o m  t h e  cres t :  ' " ' ~ s o  f a r , a s  efficieney::is concerned , ;  is: ~ ~.Y 
i:i "~: q i a t t e n i n g : t h e  ! d o w n s t r e a m  p o r t i o n ;  t h e  : i~Oef f i c ien  t ~ : ~  n o ~  b e : d e e r e ~  
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",:~EIRS :: SLOPING, DOWNSTREAM . . 

!i !/.'.~i;i i . - . " . ~ o w , ~ d o e s  :not;-exist'idownstream. " " " - " ~. 
ii: ~":. i,~: : :  ,"/~ : .  ,"F--~. m p / e ~ 6 . = R e d e s i g n :  th(  ~,,: 
,:': ,,, ; , a e c o m m d d a t e , , t h r e e - v e r t i c a l  i 

~::,~:~::, :, m a x i m u m ,  r e s e r v o i r : = s u r f a c (  
~ m a x i m u m  d i s c h a r g e ,  i s . 5 5 , 5 2  : 'i 

!?ii:~ c r e s t  i s  7 7 : 0 , f e e t .  :! 
" ~. Assuming C=.~:35~ WhiCh is .about 1O percentiless th~n in example:,5i. ' ":.:. ii 

• = : H e  ~ 3 : 3 5 X 7 7 : 0 = 2 1 g . 2 4 ,  / . . . . . . .  r "~ "./..i!~i~i:: 

/ H 0 = 3 5 . 9 2  f e e t .  - . " , . " : , ,  . " ..~ . :., : '::. 

~ W i t h :  t h e  a p p r o a c h  f l o o r  7 . 0 , - f e e t ,  .helow~:the~?overflow,crest:~the: ~":;::: i 
:"~i: : ~ a p p r o a c h : d e p t h i ,  w i l l b e : 3 5 , 9 2 J r T . 0 = 4 2 : 9 2  f e e t .  - " : : /:': ~~::~ ..~:, 

" ~ T h e n t h e  Ve loc i ty ,  0 f : a p p r o a c h  . . . .  " ' : " ~ :  " i ::::'~ 

• V - .  5 5 , 5  ~ " :  2 0  , . _  11:47;  f e e t  p e r . ; s e e o n d .  
_ a ~  4 2 : 9 2  X 1 1 2 . 7 3 "  

~,and the hydraulic radius, " " ..... ~... " :'~;~-: 

: 4 2 : 9 2  >~ 1 1 2 . 7 5  ~ , ,~ 
~.. ,- i0-5-4,+(~).=25.40. .-:. . . . .  

~::: - ,  A s s u m i n g . ~ 0 . 0 2 0 ,  a s , i n t h e $ o r m e r  e x a m p l e , "  .- ,,, : : :"  - / ~ i:i ,~ : 

}::::i. ' .... : sl----.i L1.486r~/~ J . " ' -  f "  ?i~ 

.... ': " ~.or [- ;.II.47X0.020 .T] ...... " t " 

. . a=. 1,6so L' . ssx • ii:, 
:.-, T h e , ~ e s t  wi l l  t h e n  b e i a t  -,:., . . :~r',~..:" : : , :  
i ; , :  
:,(~ ::: 5 0 0 . 0 0 ~ 3 ~ , 2 - - 0 : 5 3 ~ 4 6 3 , o 5 :  f e e t , , e l e v a t i o n ,  : : .~ .... 

.... ::!and t h e ; a p p r o a c h  :floor,,at::a']evel.about;7:0feegi~loiveri::or: e l e v a t i o n  :/,:~!~ 
.... " .;+456.5. " ~.:, ;.::~ 

!i!iiii ! T h e  : d e s i g n  o f  t h e  u p s t r e a m  p o r t i o n ,  o f  t h e  ove r f l ow: .Sec t !on~ i s , s i n~ i l a r  o. 
: , to t h a t : i n  t h e : p r e c e d i n g  e x a m p l e ,  - r :.~: 
'::: :' ' " \ W i t h  ! H  0------ 35;92" '  f e e t :  a n d  V o  = 11 A 7  ; f e e t :  p e r . , - s e c o m l ,  ~ , ,h ,~2;04~,fee t ,  ::i-i:il I 

!i~:::::~ :,,.,and ,: " 

::-, .-:, ,. : i  7 ; . for  th0 .  a b o v e . , ~ a l u e  o f ~ : ~ i f f : ~ .  L 0 4 4 .  ~ :,, :: ~ '~ 
. _  , ~ u s s ~ s . . ~ s _ _ _ _ s  , ; : . :  :,~: 



:~:~::: " :;98 STUDIES.,OF,.CI~STS;"FOR' OVERFALLLDAMS ~ " ' " r .  .'J 

::!i: ~ " : -  ~ H ~ = 1 . 0 4 4 . ~ 3 0 . 9 2 = 3 7 . 5 0  f e e t .  ,, , ,~ .~.. 

; : Z 2 # "  , ~ O / . D U  ~ :~  ' i!:,. ~Enter ing t a b l e  15 Witk the~above:Wlue  df~H, a n  
~::~,i!~:: .... 
~ ;:::= r' ..... ~'fOX' t he  overflo~; sec t ion  u p s t r e a m f r o m :  the  cresv a 

• i:(: i .r ~,arc tabula ted:  in  ~ t h e  upper,  p o r t i o n  Of t a b l e  26. 

., ,. ~ TABLE 2~.--OVERFI.OW SECTION: W I T H  SHALLOW~APPR( 
O N  CREST;EXAMPLE 6 

:: ) ' ' Y  x = ,: feet' ~Y,fcet '  ,~X, sta~tion, '  ~Y;':'e 
. [ ~'-'~, ! ?'tfo ' ! ]  : : ~.feet ~r ':'~ Aion 

: : ~ ~ : ~ : 3  4 " ~  -: ,,i! ~ 

: o, oo0!] ,o.ooo o:oo:I o.oo 
• 0.030i ,oolt ]:~21 o:45 - • '5~:00 

: 0. 060 I : 0 . 0 2 2  2;,25 I '0 '~82 : ::52.::13' 
' " ,0 .  090 t ,0 030 ,3 . '38 ~ ' 1.', 12 '~  :,53:;26 

' ~ 0 120 | : 0 : 0 3 7  4 : 5 0 |  .1;:39: ' :542~38 

' " ~ 0 : 1 5 0  ' " 0 .  0 5  o " r 5 ;  b 6 2  ', 1 ; ' 4 6  1 :55:', 
• 0 . , 1 8 0  0 041 6 : 7 5 .  ~ 1 : 5 4 ~ l  ..... ~.56::63 ~i 

"-: ' :  Cres t '  ' :0~19ff  ( 0 . 0 4 1  ' : 7 . ' 12  : 1 j 5 4  I 20-l;57;':00 

Iz" 

•/-:.- 

;Tra jec tory  C o m p u t a t i o n s  

I Crest . . . . . .  '"7"" ~0.00 I !.~ 0:.00 ~ 
::3"~00 ! .-.= O.UT; I 
,6;  00: ,:-,:-0;:20,] 
~-9. 00! :r--0:59iI  

~t2. O0 i ....~1~04:1 

~ 15::oo! . , = ~ e s  I 
~ 1 8 . 0 0 : - ~ 2 ; ~ 1  
. : 2 1 ~ 0 0  , - ~ 3 . : 2 0  1 
:25. 00: :--4353: ~ 
:30. 0D, :=6:~52i 

:35 :  Off -=& 88~: 
!40 . ' 00  ~11~60 :  

~ 45.:00 --; 14:!68 
:,50::00 ~ 1 8 .  1 2  

55; 00  --21;::93 

6 0 . 0 0  ~ 2 6 .  10f 
.65. 00' -.--30,.'63 

: 70 .00  - :35;  52: 
,, 75~ 00~ -~ 40:  78:. 
:-80:O0 - -46 . :~0  

" :.,~.462;.'4, 
' . : 1 4 6 2 . . 8 3 ~  : .  
. • '. -~463:~ 1 
: : ,  :~463A4 

.".~463 ~4 
' ~'! 463:'~ 5 i:. 
' " :~463 ; :5  

., 1 6 0 , 0 0 i ]  • :~463 .~48~  
, :~63::.00. l .  .~i::: ~.463~- ~ 

' 66f~00 ' i  I : :  '~462; ~96:." 
: / .  ,~:69~:00 i I ..:- ~462::51:' 

' :  ~46x~2o" 

2 0 + 9 7 ; 0 0  - 
2 ! + 0 2 . : 0 0  

~ 07:Off! 
~ 12; O0 

. ; - 2 2 : 0 0 ; i . [ :  
. :)27i~ 00;"~ ] 

,!:.', : '~32::00:-!  ] ' 
2 1 ~ 3 7 : O 0  !I 

~460:~35 

441::62 :" 

i437.~4s/: 
!! ::! . , . 4 3 ~ 9 2  

- :  ,~theoreticul t r a j e c t o r y  of. file je~ ia~uing: f r o m -  ~ 

• :~:maxlmum .head.  ~TWO;:factors of.: s a f e t y a r e  ~:ij 
- . ~ : . -  : 
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"-:,i, i ~iOJ~:i:, "~'/at;~ thi~! theoretical~/tra,] ec ~ i  slmu [di ~':fl:~tt~ri tI,~ 
:• ••..:'dUii• ix).air resistan¢~ :iti :tlid :latter; an~d secon'di"il;ii~.imp,'( 
• ., :-~!~lfill•wayiwill: eve~: be::apc'ratdd ~ate:fall ' lma'd:with:~a•( i~foo•{ 
' { ;:iT.he ;streamlltles R~ill i:iSsuoi from the';:gates ~,h0i~z~n 

:-"!The issui!~g: jet  ~, m a y  .be' treated' in, the;same mannei~.{as-,:~(proje~file; 
: Lhenee; the fbllowing ;equations are ~ applicable.:wheh! the: initial~v~loci}Y i 

:~Lhorizont~l direction;. , ,  " ~-' 'i 

' :; Substituting: the'.,valug ~ 

; ) ( .  • 

: T h e o r i g i n  of these cax)rdinates will be taken,at  t h e c r e s t  
~flow section, or; specifically,.at station:20--E:57,.00~di!bleiation:.463..8 . 

i By.assuming: .values  Y/ /~i~i i t~-eri  potfiofi;.Sf.. of  X and. solving! for..: 
{able~ 2 6 w a s  obta ined .  :The;values from~table:g6;ii~:re'i~h(~viv plot'~d :' 
ini;figure 28-:B'~ by- a 'dotted~lin~;: ::The: oVerflbw:-se:~:tion! isi!-tlatteri:for ': 

: 'flows at. small gate openings a ~ d : m a x i m u m :  i ieac[  tha~:fori  ~e:i!free 
.crest, b u t n o t  nearly: So flati~:hi,  th~ofiginiilidesign: . :.:"~:: - .", L : . .~/.;.-:: : .  

';~Whe sav ing  that  ~ n :  be'effecte(Lby~se of:themore.~cie~lJ .overf low: 

-':~.. 

) : i -  

.fial: to. be; moved,,,and,:geni~ral::pr0file~.0f:~.spillway.::~~Th~}pui'pesei i n  : :";. 
pre~emting the~above ~xamples was  nol~: ~ c~iticiz~' bu~l~:.to il]ustrato!the :: i -. :.::i 

::,use of. the  informat ion  conta ined h~ this bulletin: , ~, : ~!:"" : '( i:':,:;:::.. .;L ? i  
" " ' " , ' ; : 2 ' : : .  " -  ' : ,- 

q • 

: ,  E•.. 

' ~~': ~ :!.:. ' : =  i ~ ::!::ii 

: : • i!?i: 

;, •L • , : .  • :  . ~I,.;..L:(:. '~ .:'i 
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: :.:, ~ C H A P T E R :  '~ ' ' 5 ~ R : ~ :  
:: . H A N G  A N D  ,WEIRS W I : ' ~  ~OFF;:~.: 

iSETS , A N D  : R ISEKS 

: AN~kLYSIS :OF:EXPE~ ~ : ' :  "~ 

..i :'33. ~;.Weir Shapes~Tested,~Two different types'of, weirs were studie 
?!i::.i..:. i ~ in: this: test..seriesi. ( iy  the,:upstream.,overhang ~veir,~.t• : y~ ,ei:0i;and (,~!!:. 

the: .upstream: offset ~., weir. with ~ risers i ~ type i D,  ,see i. ~gur0:6;....!i~Thes 
::;.,< :weirs resembh " ~.eachother in:shape~ but the.results are:widbb~ different 
.:. .The:same terminologylis .used,~as:. heretofore,~wit~:the addition~:dfi the".: 
~, symbols ~M; rthe height, of theriser; :ands.N; ,, the.offse t~ t~imen§ior~see.fig_i 
:ii: .:~: u re s  ;6':and 30.  !The ,  0ffset:angle.was:45:~legrees.~ugho~iti:i~he~:series" 

::~.The resulting overflow, sections obtained from~ theia bove~ ~ o  types;df: 
.. *:weirsiare indicated ini:figure~l~F. ~In ~, both :eases~ ~he offsettingl;0fi thel. 

~-:: ~ upstreamface.is pi'imarfly an economy'forsaving concrete " ' '" ~e or~. masonry,. 
i.!!~:: :~: ::34./~KuMysis of Nappe-ShapeiResults,~iType CiW.eir; .-~Threei ~ e ~ . c ,  
:'- wmrs ~ere tested, each:witl~, a difference; overhang idimehsion~:~liste21! 
~ii!.!"/~: ~inf igure6r tes t s lS0-1  t o 1 7 7 - 1  :~The: • variable?N~see: fi~we:3o m u s t  :~::~ :also ,appear in: . . . . . . . . . . . . .  l . . . . . . . . .  - - ~  - -  V ' ~  the smnlitude:relatmnsifor, the: type~.C~,weir. ~L~Ai'Isum':'~ 

, L : , ~  ,: mary.:of~all: tests, made  on: the~ type~ @ .weir.:. is ~own:  ini tai0ie 2~,~. ex- 

r , / i :  : ! 

[ ' :  
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• . ~  : ~ . .  !: 

" ,  . . . .  , ,.." A -'Area d.~lo~ cross Se~;o~-ut ~ g  sfot~.s,~,~e teet[ 
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:~/: *L102 ~'J " -~ ~STUDIESrOF.;CR F.STSr'FOK(OVERPALL~DAMS 

FEET | ~ - ~  j FEET, ~-~', I- 'H, . FEET, FEE~ I,-?Ho 'ROFILE$ 

' " ~ ' ~ ' - " ~ ~  0,167 ' 0.960 ' 0.0041 ' 0.144 ' ' ~0 !' 00 '79  ' = ' '  ~ !:~-~ 160- ! ~!.L9~. 3.996 0,076 
4,892 ] 0.130 0.750 '0 .0027 O.IV*9 0 I01 = ,:t~.., .;:'~", 160-2 IJ)23 3.998 : ~" .. 0.075 ~...-~',-'"~": 

~,:~-,' 161-1 I.(;71 3.956 1:43B .0.615 1.014 0.0298 0 3 2 7  
~":' 162-'1 I . t13  3.998"! 1.101" 0613  0.774 0.0302 0 i 2 8  ; 0098  :'. '-"~ 

1 6 3 - /  1.835 3.91.1 08~,4 1 .104 1.039 0.0594 0103  . 0:073 =~ : i  

i: 164 - I  1.523 3.887' 0.7:36 1.130 0925  0.0602 0.101 ~ 0082  ~':~'  
i 165 - t  | .767 3.860 0.543 I..692 0.997 0.0900 0,078 : ' ,  0.076 :!: i~ " O .  1 0 4  -:- i~'i r 166 - ;  1.109" 3,886 01408 1.652 0.731 0.0892 0.078 0.076 :,: 

1 6 7 - !  1.827 .3.815 "0387 2.429 1002 0.12.12 .0.062 0 0 9 0  "~:':: 
$68-1 1.412 3,803 0331 2.390 0 .843 0 .1192 0062  : :  : 0.077. .:-;c 

::: = 169- I i 805 3.751 0.279 3.341 0.981 :0.:$499 0.050 
~' 170-1 1208 3.692 0.203 3.512 0.749 0 1487 0.048 +I'~ O. lOl" :.-',C ~ 

~':~:: , 7 1 - 1  1.950 5.928 5.296 0.185 I.,4"l "0.00'47 13.,/eO 0.305" ' 0  .. 0 .267 '  ~:'i~<: 
171.-2 1226 4.005 5,266 0.137 0.850 ~'O0029 0.153 0.359 r:. ;,~ 
172 ° I 2.024 3.967 1.605 0.626 1.151 ~0.0307 0.126 . :  ~ 0.265 

~' r:,:: t 7 3 " 1  1.707 3.972 IA39 0.624 1 . 0 2 3 : 0 , 0 3 0 7  ;0;.122 0.298 :7"."  
:~ --' 174"~1 1817 3302 0,829 I t29 (.029 0.0612 0.090 0,296 ~',C 

i l  , , , - ,  , , ,  o , , o  , o , ,  o , o ,  oooo,  o.o,  . .  
1 7 6 - I  1.968 3.877 0.590 I 673 1.069 0,0904 '0.077 . : 0.28,5 '~c , 

:~, " 177-1 t.741 3.877 0.539 1.688 0.987 0.0906 ,0.078 0.309 : ; :  

i i l i .  :~ , 
ii: ~ :;::: i 

• = 

~::" . ~:RUN$ IN,WHICH NAPPE PROFILI~8 WEREMEASUREO. 



• J';~W,~IRS:'WITH UPSTREAM 

If:: ~: on th is  table. • .... . 
~i' The 2(  and: ~eoordinates:foreachrunwcre:(~iOt~dlto~a ' ' 
'~'~ ." and--smooth  curves drawm throtngh~ thc::~points. ,i C0ordinatc,:pbint 
'!": :: were. ~hcn read .from the curv:~'s~ and !divided.~by,their, respeCtiv~:headi 

:'H,. '.This r emoved  irregularities:4hherent~ in,~hei::b,riginal~¢oo~dint~tl 
, ,points. T h o l a t t c r c o o r d i n a t e s ,  expressed ,in tei;ms:..0f,~ii~fiead,,.,werq 

:=: .... theni plottdd,' and::grouped according to ~ their ~,i:r~pec~i;iW '~'~Iues,: 6 
• ': h° , ' N  , 
: ~ a n a E r ,  as ShOwn in table:28. ,In:othcr~word,:; ' i  ?~h~' :S::, • 

cons tan t  at,O.002, a ~etof  nappe,profiles~ :in te rms  of  unit'::headi-~oUl~ 

.be plotted :for values of ~ ;  ranging from0:080 to0:360. : ;:~" ~:eWise;~;:: '" foi  

• a constant  value of ~ = 0 . 0 3 ,  a second sot, bfl lotted 

..... : fo r  values of~-~, ranging f romO:080 to !0:300: fifth, 

: • and sixth set could: also be plotted for :09;:0~12' ' 

~ a n d  0.15,respectively.  These:sLx sots " e p r ~ t  

:~ ( , ,  t he  entire range of  conditions covered :in'the,~ests=for ~7~=0. , : 

:The  variation in the nappe profilesMue to bhanges :in the  valUe~6f 

.... : "F-~/was found t o b e  small. :For this ' reason an'average~line,masMrawr/ 

through each:of the:six sets, 002, 

x.: 0;03, 0:06~ O:09~ :0.12,, and:0. 
. . . . . . . .  g s i x  

:. curves were . tabulated for t h e  Iower nappe, surface :in:i,table_'29:.:~!~The 

:.:intermediate values of ~ : : in  the table,: were, obtained :byAnterpola:t ion, . i :  

- (:from the six curves. :The values ill this table differ: 'considcrablTfrom 
• < ithose.of :table 12 for t h e  vertical-face weir. " 

" :X ,Y " 
and ~ -  coordinates for~ the uppe,, nappe-surface. ,were.ob.  -:~'" :The ~ . -, 

: . ,tained in . the  same.manner_as those for the lower, surface. These~are 

la rgwscale  

tabulated for various values oJ 30. -:: 

::35.:,Analysis o f  Nappe-Shape  Results;~:Typ~D!Weir._Z, Thel. type, D " iil I 
. )wei r shown, inf igures6  and 30;dnv01vcd sti!l ano the r  variable, namely,  ! 
,~ ' the,height of  the riser,~M. ;Natm'a l ly ,  the n u m b e r  o f ( tes t s : , requ~d 
~ and  i the :amount  of w o r k  .involved to  prepare  the  ~:data from ~. this~weir ~: 
: ,were fourfold, iThi~:is ev idenced  f r o m t a b l e  ~31,,mhich contains: a :.:~ 
:' omplete s u m m a r y . .  ,of tes ts ,made on the  type D~weir: :~The ~ asterisks . ,  



:.. ;'- , ' ~,'104 . . . .  STUDIES '  OF ,CRESTS'FOR OVERFALL: D A M S  

'" OVERHANG "- 

. ~ M  
"o.'~ ' 0 ,  , " M  ==:;0 , : ;  " " 

TEST ":Hs, : :'Iso ] . . . . .  
"FEET  ~ " H $ .  , j  : 'FE~T ~ "AOTUAI~'JV ' .  ,~"Hs" PLOTTEI)N' 

• , " h  

,i 
~;160-1 0.960 0,0041 - 0,076, i :"0.079 i ,! i:0,100 ! 

160-2 ;0.750 0.0027 : 0076  ),0.10 [ '0.080 ,: i 
150-1 1.135 0.0050 ,O,153 ~"0.135,  ~ ; 0 . 1 4 0 ,  i 
150."2 . 0.964 0.0037 .:, 0.1 53 ',; 0.159. "0.1-60 : i 
150-3 0.769 0.0026 "0.1 53 >0,199 0.200 
171-1 1.141 0.0047 '0.305 " 0,267 •0.2.70 
171-2 0,850 '~O.0029" 0,305 0.359 " 0,~-60 

-'H~ = 0.03 , 

161-1 1,014 0,0298 ; l-O 0 7 6  l " ' '~ 0 . 0 7 5  0 . 0 8 0  ' 

162-I  O,774 ,, 0.0302 .O.076 ,, ::0.098 7:0,100 
151-1 1.179 0,0306 0 ,153  'i,0~130 0,130 ; 
152-1 1,022 ,,0.02~5 '~0 153 : 0 .150 0,150 ; 
153-1 0,785 0.0307 ; 0 , t53  / 0 1 9 5  .; ~: 0,200 
172-I 1.151 0.0307 ', 0.305 0,265' l !.0,260 r" 
17.~'I 1,023 ;, 0.0307 : ' ~ ~ 0 , 3 0 5  0.298 ~ ! . "  

Hs = 0,06 " ' ' ;  , i  

163-1 L039 0.0594 0.076 " 0.073 ! ..... O.070 
164- ' 0`925 0,0602 0,076 :O,082 , ~0080 
154- i  ~ 1.033 00592  , ,0 . i53  0.148 ~. " 0.150 
155-1 0.934 0,0596 : 0.153 0 , 1 6 4  i 0.160 
174-1 ~ 1,029 0,0612 0305  0296:  :, ~0.300 175-1 ; "13.qthl n,'~cAo " , . . . . . . . .  

. . . . .  v ~ ,,.,.a U.;,'Ub ~ ~,0200 
1,76- I 1.069 0.0904 i 0,305 0 2 8 5  , 0 2 9 0 "  
177- i  0.987 0.0906 ~ .0.305 0,309 ~0310 

L 

. . . . . . . .  w,..,, o U.Ulb -';0.080 ; 
168- i  0.843 0,1192 0,076 , ~,0090 ~ /0 .090 
t58 "1  0993 0.1199 0.153 -0,15"4 ,i ,:;0,150 
159- i  "0,846 0.1203 0 1 5 3  . "0.181 , .  -0,180' 

,i •: i il 
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:+p : ' 0 !  +',+"hl, ; ";~'11 ~ ,+". + ' 'I" +~ W, , ' h , '  " + + + m  + + ' E ~ +  P ~  + r F m  ;+ " + , . +  , .  . , +TES+ I::FE+ ?~.~(+.FEET. I.-FIPE.rcI ? FEE.r. 1.9ECOND ' !.,+rmt + j-.r~e~r . '." • :.+ 

4 "1' . + ~  ' '  0 . ~ 5  + ' (+r '34 J; "p . 

9 4 - I  4;487 +,7A8 
94"r'2 4,484 :::,4;00~: 
' 9 4 ~  4.484 +"3;26 
, 95 -  I 1.900 ';6;66 
9 5 - 2  h�00 3:34 

g 6 - i ,  0.983 L3.32 
9 6 - 2  0,984 4.09 
96~3 0.904 6.95 
97"  I ' 0 ? 5 8  5,311 
97~2 0.757 +7,14 

9 7 " 3  0.894 7.15 
98".  I 0.894 3.57 
99-1  0.400 3+56 
9 9 " 2  0.401 4.95 
99~'3 0.401 3.29 

I O 0 - 1 J  0.552 I+ 4.50 

i R'EI~+~] 

.2.06~ , I . oeg '  ' l |  {137! l';0.~41181 ' 0 . 0 0 ~  0. |47!~0 '948(~r ]  '~0~z'39 I,~.0@~l I 
/ 0.717 + 0761 ,; ,~0.3721' 0 .0021 0.088 ; 0 .6331 ,  ~.0,5037 '~,,.:'+ ~ 

0.637 ~10,593" ;,0.308 ,0.0015 0,080 ' 0 . 5 5 9 5  +.0. 174 ' ;', i~ 
0.974 ~33.946~ ,' H 2 0  ~00195 0.080 ~0.9135' 7 0 8 7 3 1  "~,, r':' 
0.637 ~:.'5.249~ ~.~0,636 0.0063 0.076 "0 ,5683  ,~0.428~ ' ! 

03,~ ~3.3,3= ~,~002i: 0.0,'58 0 .0 .  ~0.~706 ,0, ,~,0 
0.702 :,3,488 +~ I . I 73  +0.0214 0,070 ~0.~934 ~0.5262 
0.967 ~;4.037 ~I,722~ 10,0461 0.063 L0.9501. ~'0.9261 
0.802 ~ 3.228' ;. 1.645+: ,~0~0421. 0.074 ~0"r'7~70 |" ~ 0 ' 6 7 ~  'I ' ~+  
0,966 : 3.563 ;Y2.003~: '.:0.0623 0~083 0 .9453 '  ~0.9164 ' "" I~ i 

. ., , ~ : , : . . + ,  .~i  ~ , - ,  , 

!o.soSo ; . . '~  0.96~ ~ 3,830;. r'1'8'373:/:" 0 ,0336  0 . 0 8 ~ 1 : 0 . 9 3 + 6  
~ o ~ . . 4  i i "i 0 6 3 7  :.3,168 ~, +t.127,; +30.0198 0.064 0.5928 

0.597 ; 2 , 063 "  ;+1.7261;' : 0 . 0 4 6 3  0.037 0:6063 0 4 7 2  I 
0.730 2:340; , 2;I,15 0.0696 0.053 0,7466 +~0.¢~1131 i', +: 
0 7 6 0  : 2.402~ 2.202 ~0,0753 0 . 0 3 9 : 0 . 7 7 6 3  ~0.614+!, : / : :  ~ 

r . [ 0 7 0 6 ~ : ' 2 . 6 0 3  ~ 1.729 1~0,0463 ~0.062~ 0 .6905 ' 0 . 5 7 3 8 . :  Jr : ~ I 

4 t - 8 6 ~  70-1 6.50 2,0~9 
70"2  4,865 4.05 

312 ~ 1-1 I ,. 6.37 
I -2 L512 6.59 

:'i' ! "~ ~ 1,512 ~8.08 

7 t - 4  1.513 .8.07 
+ 7 2 - 1  0.989 5,02 
72-Z  0.989 '. 3~97 

k=u I . l u , u ~ l  c uu+ f '+ ~"  I . . . . . .  I . . . .  : -  I 

0.9811 2:095 0.537 0.0043 OI  4 0 8 7  " : ; 0 . 8 | 4  12. ' ' .  , ,  
I " , 0.502 : "; : 0.714 11;343 +r~0;381; 0.0019 1.0-084 ~;0.832 

0.939 5.071 ' 1.256 .',0.0243 ~ 0.105 ~0.888t ~,,0,793 ;', + ~: 

I 094 5.392 ~ 1,499 ~0.0350 0,1.19 +,,,~'1 010;. ~,013.,~.. ++ { 

1,0941 3,394 1.496 ~0.0348 0 .Hg"  ~ | , 0 1 0 .  1,015 
0:788 ~.677 1.363 :'0.0z90 0 0 7 9 ; , , 0 , ~ 3 8 ,  ::o.ss4 : i~{~ 

I 0 | ~ 1  "4,399 ' 5 0 2.069 0.826 10.811 '/0.46~; 
1 0 i - 2  +-1.'399 4+07 0,726 10.60q + 0,384 ~ 
|01: '3 r+4,3gg 3 . 2 2  0,608 10.3~)9 "",0,3! I 
iO"R-I 0.990 3.22 0.588 3:.265 0,986 
102-2 0.990 4.04 0.689 3,474 + I ; 163  

015-1 0.897 4.05 ! 0.686 3.275 ' 1,237/ 
' |0~-2 0,897 3.43 0,G16 • 3.130 .I;0961 
-10~- 3 0,897 7.74 1.02~ 3 . 9 7 0  1.950, 
IC)4-1 0.684 8.05 0.862 3;199 I.~91 : 
04 -2  G.684 6.04 0,962 3'ri 99 | .888~ 

I 
104-3 0.684 +8:83 I ~'~ ~,419 1.080 3.65O 
. I04;4 0,60o, . 4,36 J 0.703 , Z.870 ; ~.519 
,103"! 0;553 - 4.~7 .0.713 2.623 1.742 
~105-2 0.585 .4.42 0.698 ~ 2.592 1,7,05 
103-3 0.552 8,34 1.022 • 3.257 ; ~,36 

1 0 5 - 4 : 0 . 5 5 2  8~1 1.o21 ,3:255 2.383 
-106-1 0 .509  7.07 0".921 2.959 2 389 

0.939 3.000 '.: 2 ,430  106"2 0.51 I 7.29 
, ' ,  , ] , I 

0,045: '  0.067 • 0.602.  ; 'O~S3! ~, 
i0,,10~:0 ,0.003 + i,.o4.1 : i 1.062~ . 

o.o81 + ,.o41 ~ ~ i 
0.0887 0 . 0 7 6 : 0 , 9 3 4  +~0.S03~ 
0;0918 0.073 ; o.gss~ 0,936: 

. ~  : 1  1 r , 

- ; 



ve~e,u.z.'~ . . . . . . .  . . . . .  : ! : ; S T O D I F . . , S !  ~!/]~OR~ 0 ~ DAMS: ~ ...... ' ', ::~ 

~ze.s-rs ;:TXBHI ! ~ A R Y .  O]F 

• ~ "  , . . . . . . . .  i , , .  J . . . .  , ' ', 
' I ' 3 4 5 '  . 6 .  ";17' .~ ' 1 8 ' "  9 20  . . 21 ;  . , . 22  ' ~23 : ;  

:. ::Z~ . ' 'P~ 'E,  ~'~Ho . . . .  He', '~' } lee ;)'  : ; E  . ' " : N ,  ~. /~M,  !~ "~;N ~. :::NAPPE'~ 

/ , , .  • 

103-3 "1.980:3.909 0.987 1:,004 t,081 
-104-1. 1,551-3.901 0.760 |.108 0.916 
104-2 t.547 3.904 0.760 I J07  0.917 

104,-3 2.259 3.909 0.773 1.400 1.171 
~104-4 1.115 3.910 0.747 0.905 0.739 
"05-1- 1,167 3.916 ~0.618 i.128 0.760 
105"2 1(129 3.915 0616 I ; i07 0.743 
s0~5-3 2(130 3.915 0.635 1.639 t . tZ4 

"i10~4 2.t30 3.§01 0.633 1.645 1..122 
':106-1 ,8! I 3.904 0~585 t.597 1.0!0 
106-2 1.876 3,882 0,586 1,631 1.0~1 

i i!ii !ii !i i̧:i:ii :: :r ̧  /i/?:iii.i 



: :  : : : ~0':~]]f,,S,,:W/ITHLUPS'~IjB,,~,M! OVL~Gr,,~OFFSETS,~,~:AND~RISEPoS : 

~i76,1 4,9E6 8 .9! : :  
;76r2  4:928 6;53:, 
7 6 - 3  4.928 5,795 
: 77-.:1 ,1~.506 9:06 
: 7 7 , 2  ,.80~ .74 

77-3 ! 1 . 8 0 6 7 . 9 7  
7 7 - 4  h506 
• 76~',1 0.747 
;78 -2  0.747 
: 78 -3  0.747 

7~-4 0:747 
79 "1  0.497 
79-2 0.497 

' 79,"3 0.497 
79"4 0.497 

07 ' i i  4,716 
07"~2 4.716 

09-~ 0;96~.' 4.00 
06--3 0.982 5.371 

~o~.i o6~6 336 1 
1 0 9 - 2  0 .658  5 . 5 5  : ! 
1 0 9 - 5  0 .658  8.961 : 
109,4 0.658 8 .87  , ! 

i 

~,:069 ~;~,06 i~,:651:070~::  :0;0076!0:z24 i:.oeo 
: ~ 0.968 12.199: 0 5 2 l i  :0:0042 !0:i07: 0;865 

0,72~ ° I I : ; 6 9 0  ~:0;325! ~0:00~16 ;0;082:0.642 
": I;1~7.? ":,5.551' ! l:,6321 0 :0414 :0 .125  1::093 

0;977 ~5.137. it.131:" .0.0268: 0.103' 0.:901 

3.$h: ! :0 .677 ~:4517 ~O.843 ::0:011 :;I0"076~ 0;612 
~9.19:~ :~ I . I 19 :13 .661  ~ 2.360 :0;086 : 0;097 I;I:1~0 

,6 .g406 '945:0 .947 :',3,505 I:~980 : ':0:0609' 0:082 !0i926 

,379 . . . .  '~'' 0.604 ~2.961 i~280~!: 0 :0255 :0 ,070 :0 :632  
9 :24  I;073 :~3 246 ":2.845 ~: 0;1259. 0;085 I : ; I  14 
7 0 2  !. 0.917 . 2 .926  : Z ; 3 9 9  ;0 .0894;  0~06510;943 
7:09 0.922 ~2.936: !2.415i ;0.0906 0:0.72:0~94.1 

.3.76 0:625 2.321 ; 1 .620 :0 ;0408  0i053'0~6L3 

s3s 'z.o69'o.667 ' i  i;33 ~: '  o.466 ~' o:oo:~4 0i()97, 0;~S~;~ 
3;57 : : : 0 . 6 5 5  II.I13:~:r0.3210.001.60.0:780i579 

0;627 : !3,329 I..057~ ;0.0174: 0;061~ 0:583 
0.6:76 . : 3 , 4~ .0  ~r1~;166' 0;02~11:~ 0°069:0.628 
0.816 / ' 3 : 7 2 0  t1:.444; '0 ,0324: : ) .061 0;'767' 

r: . . . . . .  
0 : 7 .  ~.3,00~ ~,~76~: ~0:0496 0:074 0:-~'6~ 
1.811 ~ ' 3 . 0 3 9  1 1 8 2 6 1 :  0~05:;9i  0 . 0 7 3  0 : 7 9 0  
~063 :i.:3.602 12,468: '0 :0962:0;090 I ;089  

I ;077 :~:3.590 ;::2.47 I 0 ; 0 9 4 9  0~090:.1';082 

. . . . .  = . ,  , , .  

0.805 : ;r 
0 ,614 : 
, l *143 i. ! 
0~855,: 

0~479 
illi170 : i o:6941 
o : . ,  

o:916 : 
o,913 i!i ::I ~ 
o : 4 e o  'i~:~i. i 

0',66~ 2:ooG 
0i44. I ,: 

o ~ . 8  

0:674 
0;702 ~' .... i 
;~:136 

I:~:126 

o~676 2.o06 
0,5l~ : ' !  :i: 
0 6~i "~" 
0 644 i ,::' 
0 :75 l  ' :  "~'~' 

0:766 :: ": . 
0 ! 7 3 7  1 
0:487 : ! 

oi96'6 ~ ;i 
0 ' . 7  7 ~ I : r 
0798 ! 
0~f,37 
0;5~6::  : : :  

o!s 3:~ : :  ! 
0;881, L : 
0 675 ~- 
0.576 :i 

::L: ~i: ̧ 

/ ! : 4 :  ~ ; " :  :¸ i i -  : ' /  



:~TA3LF, 31~ ~-~-SUMMa~ RY~OFII"F-STS 

• 1 9  , ~18 ,  : 2 0  '21 , ,~22 i : :23 i . .  .17 . . . . .  

i 

~ r ' T 6 ~  1.615 3;952 5;035 0,1'7.2 0"972 0 .0043  o.JrO , : 0.1.60 : I ~ ' - ~  

~ - :  ; L77- I  ~'.293 5 9 5  1.631 0 6 7 0  I ] 2 1 6 ' : 0 : 0 3 4 0  0 , I 0 3  ~ 
"77'~2 i ' .715 3 9 3 0  1.609 0 .560 1~;004 0.0267 0.103 '. ', 0,155 i 

,77-312,0~8 3 9 3 0  1;62010:622 1 ,121 :0 :050610 .102  ,, : :~ ' 0 ~  ~ 5 9  r'~ r~ ~ "~ ~ 

z 
r"77"4 0.961 3 9 6 5  I ; 5 8 2 ; 0 : 3 6 7  0.699 0:01611 0. I I 0  : : '  : 1 ' ~ 0:227 ~ i  
:~78- 2.347 3 9 1 6  0,844; 1'~315 :207  "0 ,073010;090 , . . . . .  : ~  0.129 ;~ , I 
:78~2 1',793 5;9?5 0.830i 1~118 I ;011 ~0:060210,082 : ~',,'. ' '  ~ 0 1 5 4  :~ - ; "" "' 

I 78 -3  1~787 5~894 0.829; I L I I 7  I ; 0 0 8 " 0 : 0 6 0 4 [ 0 , 0 8 1  ~r' ' :, " ! 0~155 " ' i=~ "! 

 ,8-4 1.00  3:764 0.9,:07,10,091 0.0,9 I°:' 0 . , ;  : 0.220 , . , :;  
,~79- 2 ; 3 5 9 1 3 9 [ 7  0 5 8 2 : 9 1 4 1  , t 9 9 1 0 1 0 5 0  0 0 7  ' '  : ~; 0 .130 
~79.-2 1 . 8 3 T l 3 8 2 !  0 5 6 0  684~ I ' ,006 [  0 0 8 8 8  10.063 , . "  ~i : . 0,155 " 
~79,-,3 P ,85113972  0 5 6 9  6 5 4 1 1 : 0 1 5 ] ' 0 . 0 8 9 5 i 0 . 0 7 1 L  ~ ,i 0,154 : ~;,~!,,~ 

, :- ', '79-4 0.96513~904 0i550 I~,I~Ir¢'I0666l 0 0 6 1 3 1 0 , 0 7 9  !! * ; 0 .254 r 
I 

Ol 4.794 0 12 0 . 6 5 7 : 0 ; 0 0 2 4  0:119 . . . .  " : 0~472 ' ' ! '~ :~ ; 
: 107-208.109953,9421.0430.5590:644 ~0.027010.095 ,i,::i'i i r " ~" ~ 0.481 ;~ ,: '  

108~2 0 9 9 9  4 ~ 0 0 4 1 : 0 5 1 0 , 6 9 8  0.697 :0 .0303 0:099 , 0;445 ~, : :  
• 109-3, , I ;346 ,3'984, ~ 1:063 0;722 0 , 8 4 8 : 0 . 0 3 8 2 ,  0.091 " , '  0.366 : 

" "  1 0 9 ~ 2 1 . 4 0 8  3:942 0 . 7 3 1 1 : 0 8 1 0  863 0 , 0 6 0 1 0 . 0 8 ~  ~ ': ~; i : :  0,359 ::~ ' 
109-~ 22793.9520.7491:4561.1790.08160,076 i 0:263 
[ 0 9 - #  2 . 2 5 9 3 , 9 2 7 0 . 7 4 8 . 1 : 4 4 7  t~.172 0 .0810  0.077 : ! i  : ~! 0.265 , ; : ~  

I 0 . 1  1.560 3,985 4,288 0,180 0,877 ~0,0048 0.120 0.07'~ 0,079 0.086 " ; 
10~2 1,027 4.002 4.271 0 .150 0.728 0 , 0 0 3 6  0.121 ~ , , 0.104 : : ~  ! 
I1 -1  1,246 3,965 I.~.095 0,665 0,811 0 ,0359 0.1,02 • ~ " ~  0~094 '~ . . . .  

" 111-2 1.09 3.969 1.087 0,613 0;741 .0~0308 0,101 " ~ ~, 0.103 : ~ . ,  
. I I 1 " ~  1 . 5 0 7 3 . 9 6 2  I ; 1 0 6 0 . 7 4 7 0 : 9 2 0 0 . 0 3 9 0 0 . 1 0 2  " 0,083 y ,  : 

" 4 ~: , ' " q J r 111--4 2"096 3'941 1"121:0"919 1"159 0"0496' 0'096'' ' . . . .  ' ' = ' ~0"067 := : "::~!~ 
112--1 1'537 3'923 0"736 1"!37 0 '917 0 ' 0 6 2 5  0 '087 ~', : C~: 0"083 

112--'~ 0"977 3 '941 :0 '721  0 '859 "0"683 , 0 ' 0 4 6 0  0 '094 • .  : 0"111 "'i 
112--4 2 "31513 '931 '0 ' 755  L461  1 "196 . :0 "0816  0 '080 " ] ~ ~ 0"064 ; '" 

13-1 1:976 3.897 0.5£0 1,904 1".064 0:1025:  '()i07(~" " 0 0 7 ~  ';  :" :i; 
13-2 I;5593.88105171.6340,9130.08870.074 , 0.093 ~ 
13-~ 11,60113,854 0,515 1.670 0,924 0 . 0 8 9 6  0.069 ' :  : . . . .  0.082 ": ~,~ :~ 

114=1 1.07713,863 0.540 1.944 0;707 ;0 .1052 10,065 " " 0 .104 i : 
15;'1 1".075; 3.916 0,394 'I.;675 0,711 .0 ;0930 0,072 : ~ '  ! 0.107 . . . .  : ;  . ,~- 

115-~ 1069  i 3 8 7 3  0 3 9 0  665  0 7 0 4  • 0 0 9 1 4  0 0 6 8  : " O. 08 :~-  ,~ 

113~8 1550  3,907 0 3 2 0  2 4 0 0  0 8  5 , 0 1 2 0  0 0 5 8  ~ : 0 0 9 3  ~ 

~ . i:~¢ :RUNS~IN'WHIGH,NAPPE PflOFII;ES WERE',M~A.TzU~D. .... 



. . . .  I FE 1~5EC 

1 4 , 5 8 3  !! .8 r~.o.71 o.oo o~ 
"7,,' ~ 1.7 , '.06 :,0.00 

~'~"~'~:,::" ' ;  , : '  '.'1] I 4 , 5 8 5  3,~, " 1'08311 

" ,5.5, ~ 1.6-~ ,'0,04 '~1 

. . . .  . . .  i 'o ~,~9 8.: ~'~ ~-~:~: . , . ~  O.o~i :0., !:ii~il 
8 I~49 6.C . • 0,~- ~4,91 1.2!  ' , 0 .0~ :  0 , (  
8 1.49 3,9 , 0,{ :.4.5,' ~,,'(~88 0.01; ,O.C 0630 

,, .," 8: 0,99 3,9 " 0.~ ~:3,4 ,: 1.14 ~0.02( 0,(3 (1631 
~-"/.:' . . . .  " ~ 0.99~ 4.1 0,6 ~'3~( ~ 1,10 :0,02i 0,C (1647 

r : ~ .  :~: 0:;,~ ~ ~.8 : 0.0 ~,.9, ~,..,4 0.03, 0.835 
• " 0.729 ,9.3 I.I ~,3.04 :'~42~ 0.09i  I , i24  

'~: :! - :03" 0.729 6,7 E),9 -~3 ,43 !1;961 0;059 0,90 
93- 0.7,9 6 . ~  ~.9 :.3.,~ . , : . ,  0 . 0 .  0,0, 000~ . . . . . . . . .  :i~: 

:.~ ". r : j  ' ] 0 . 7 3 4  I 4 . 4 i  ).7 
~' O~ 2,99 ' 1,47,~ 0,033 ',0.0~ (1679 • 8,4 0,644 l :43!  ),7~ " ?,78 I 57~ 0.036 -0.01 0,671 
8 ~  0 . 6 4 4  1 ,4 .7 (  ).7: ; 2 . 8 6  ~ 1,66~ 0 . 0 4 ~  ,0.01 (171 I 

• ,7, 2.,_, , 7 , .  0.049 0,0  , . , ,  : ii !! 
• - (/.642 j.3.4~ ).8( ~2.99~ 1.81] 0,051 0,0~ =762 

I , :  ~ l~ :)'642 1"935 " l l  3'831 P'571 3'1028 0.0 S I ' i2~ 
.r~: : /~', ~5' 3.499 f~4'Oe 16~ 2.39, L696 ~.0447 ,0,09 3.645 ~ i ' i ' : '  ,: 

L, ~5 ~ ),499 | 6.91 L�I ~91 ! ?.367 ~,0"871 0,07 1922 ' 
i . :~'' ": ~5' ~ ).499 |" 7.19 L�~ 2"96. = 2.4P5 3,09! 4 0,07 ).946 

>85-~ ).502 [8.32 .OI 3,f4~ 2.644 ~.1087 0.08 ;043 i! 

: ',='o2 / . .85 ~.o~ z473 ~.o85c 0,0o ,.,~8 ~ , : :  
L499 7.42 : 35 3.00E 2.473 L095¢ 0.07 L969 : : ,  - - 

 ii i: - L  
• 116-I .370 I 7.52~ 06 (̀  08 J,278 0,667 .0069 OJ~! 982'-"'- ,~. 

l i6-2 ~3701 5.45 87 0,844 0~03 ,0039 0,09| 779 
/ : i :  ~16-3 .377~,$~3.86, 69 :).471 ~369 .002~ 0.08. ~ 6JO ' i . ,  

117-1 .975' ]: 3.8Ti " 56~ ~.393 1.14l ,0202 0.06,~ 621 
I17"~ 915 ~ ~1.90'; 671 1,404 L I 4 6  ,0204 0.07( 620 !: - "ii! 

IJT'3 975 I 5.98 ' ~8( ~ 5 8  1.558 0377~ 0,08? 051; .. 
117-4 97~ i 7.81- 33( LI55 1.880 0549 0.102 989 .: .~. 
118-1 542 l r 5 . 1  I :  ~ r7-= L932 1.743 0473. 0,068 754 
118-~ 5 ~  |;5.41 )01 L986 r.812 : 0510 0.0?3 ~79 
110-3 S4Z / 1,97 )16 1.430 :324 0840; 0.083 1 ~] " , 317 

! ,  ' 119-1 563 / 5,14 '~3 330,  ,206, [:)756 '0.056 r63 I 
I l~'2 ~83 | 4.96 '28 299,  .157 : P7~3' (~057 '43'1 :" 
120-1 143 | 4.3l ,60 .075 .077 '. 3671. 0,044 :83 
, f2 (~  S 4 3 / 4 ' 0 0  25 ,003 .997 3620 0.048 ~39 I 

- I Z(  ~'A 93! 7 4  5 1 2 ; "  ,759  1 8 3 : 0 , 0 5 8  '32 
12(-8 ~ 80 2 3 7  6~0 067 0,0~1 

!:!i, : 
, !  

I 

,,~..~ ~.:. - '~ i  ,/,:4 , 

m m  



114 STUDI~S OF CRESTS' F O K ~  O V E K F A L L ~  D , ~ v [ S  

TABLe" 31.--SUMMAK~, OF:T~STS ON ,45 ~ OFFSET:WEIRS,WITH!R~ondnued 

• 13 14 ~ ~ : E  P÷E, 1"t4, h.e :*M, /!"N : NAPPE .,t C 
"~1 f I I " ,  FEET I II~E I FEET I T I 

TEST" t././~.l I ."~,: FEET .. ."~ PROFILES 

~ - -  N~,2 0 . . . .  ; 

80-1 2.277 
80"2 1.900 
80"3 1.521 
80"4 I.O4 I 
81-1 2.27"3 

81-2 2,036 
81-3 1.525 
81-4 1.003 
62- t I.O05 
82-2 1.043 

82-3 1.53 I 
82-4 2.369 
83-1 2.391 
63"2 1.725 
85"3 1.725 

83-4 1.123 
84-1 1.103 
84-2 1.204 
84-3 1.332 
84-4 1.388 

84-5 2.385 
85-1 1.039 
85"2 1.775 
85"3 1,846 
85-4 2.136 

85-5 1.910 
85"6 I 1.914 

I I 
116-1 1.89~ 
116-2 1.37! 
,~ 16-3 0.T)5( 
117-1 0.98: 
117-2 0.97~ 

117-3 1.52 
117-4 1.97 
118-1 1.31 
118-2 1.37 
~18-3 2.05 

116-4 
19 1 
19-2 

120-I 
120-2 

120-3 
120-A 
120-B 

. . . .  0.1~'8 ' ' ' '  39531,.18'0~.'1 P12. ,~,007' 0,10'0J58'0305 ~i~' * : 
3.947 i 4.707 0'205 I.O~q8 ',~00059 0`114 
4,069 4.686 0,1'17 0,933 i 00049 0,109 
3,794 4.664 0`139 0.725 00027 0,109 - 0'~15 : 
3,946 1.614 0.673 1208 0,034,, 0.100 0,129 " 

3.9,~)~ 11605 0.629 1,122: 0.0313 0.100 0.139 ' ; ~  ~': 
3948 I.SB9 0.524 0.929 0.0247 0.103 0.168 
3.978 ' 570 0`401 0.707 0`0170 0.109 0.221 
3.960 1.066 0.592 0`701 0.0292 0.100 0.22" ' 
3,960 1.067 0.606 0718 0.0301 0.099 ~ 0217 "':~ 

3,912 1.082 0.772 0921 00401 0.093 0,169 
5.934 1.102 1.014 1.224 0`0557 0.007 0.127 
3.902 0.825 1.362 1.220 0.0751 0079 0.128 . 
3.901 0.815 1.109 0990 00604 0`087 0.158 
3.896 081~ I 112 0,988 00604 0.085 0,158 '~ 

,3.927 0`802 0847 0.747 0.0452 0.091 0209 
3980 0.713 0941 0.740 0.0523 0.093 0`2i i 
3.953 0715 0.994 0.782 00550 0.09i 0.199 
3.941 0.717 1.061 0.834 00588 0.088 0,187 
3905 0.714 1.09~ 0854 0.0598 0084 0,183 " ~  

3.92'~ 0.739 1.518 1219 0,0843 0.080 0.128 
3.908 0557 I;158 0.703 0.0636 0.083 0.222 

1.775 3.893 0.576 I 601 0`999 0.0872 0.077 0.156 
846 3895 0.578 1.637 1.025 0,0802 C 077 0.152 
136 3.895 0.506 1.780 1:127 0.0965 0.075 0.138 * 

.910 3.901 0583 1.660 1.049 0.0906 0.077 0.149 
914 3.877 0.576 i.682 1`046 0.0906 0.074 0.149 

%, 

1 I I l ' ' l r i i 0,076 10,i55 1 0.070 L , 1.893 ~.973 4.496 0214 1,088 0.0063 0.116 
1.379 3.952 4.466 0.174 0875 0.0045 0 . i l0  0.087 
.T)56 4.038 4.453 0.137 0.693 0.0030 O~120 O110 

1.982 5.941 1.039 0.598 0.685 0.0295 0`093 0J I I 
).979 3.984 1.045 0.593 0690 0.0296 0.101 0110 

1.520 3.934 1.062 0.782 0.918 0041i 0095 0063 
1.973 3.958 1`074 0.921 1,091 0.0503 0.094 ] 0.070 

313 3.892 0.710 1.062 0.822 0.0576 0.083 ~0.092 
1.379 3.923 0.715 1,090 0.852 0.0598 0`086 :-~ r "0089"  
2.067 ~.~75 0.725 1.403 I.IOO 0.0764 0.067 0.069 

0.832 3942 0.698 0,797 0.612 00425 0092 0.124 :: 0.093 1.337 3.844 0.439 1:/'38 0819 0.0923 O.066 
1.285 3 860 0.440 1.689 0.800 OOq04 0.07| 0095 
1.132 3.807 ] 0.387 I;765 0.727 0.0923 0.O61 0.105 
1 025 3.902 0.391 1.634 0687 0.0903 0.070 0.111 

1.687 3.865 0.404 2205 0.953 OI 152 0.065 0.080 
1.805~3.839 0.399 2536 0991 0.1t94 0.060 0.077 
1.533 3.823 0.352 ~.375 0887 O.1203 0.057 0`086 )P 

:~ Rl.JH5 IN W~GH NAPPE PROFILES WERE MEASURED. 
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' , . I  , I  , , Z  ; 
: i 

TEST I FEET ! 
- . |  ~ 

/:. ; |  
. [ 

. |  I 
121"1 4234 
12P'2 4.236 
1 2 1 , , ' 3  4.238 
122-1 2.019 
122-2 2.019 

" 12~-I 1.511 
.¢, . 124-1 1.24 

: 125-: 1.015 
126"1 C/.T.3 ; 
t27-1 0.648 

128"1 0,589 
128-2 0.585 
129-1 0`502 
130-1 0,453 
131-1 0.350 

| , 

i~ L I , 
: 1~2"1 4.664 

132-2 4.6166 
132-3 4,669 
133-1 1.515 
134" 1.321 

135-1 1,020 
136-1 0.735 
137-1 0,644 
138"1 0,594 
139-1 0,507 

140"1 0.460 
1.14l-I 0.427 

r ' -  

f- 
142-i 4.776 
142-2 ¢776 
142-3 4.776 
143-1 1.514 
144-1 1,321 

!i '. ~i 145"1 1,015 
,"i 146-I 0,t32 

147-t 0.644 
148"1 0,596 

..~;: 149-i o.51~ 

ii: 

' 3 '  

SECONP 
FEET 

5.67 
6.12 
7 . 9 8  
5 . 1 6  
7 . 8 8  

7.69 
-6.25 
4.26 
6.64 
5.54 

4.86 
8,36 
7.56 
6.41 
4.32 

7,83 
4.15 
5.96 
7.67 
6.25 

4.29 
6,60 
5.44 
4.84 
7.35 

6.38 
5.72 

4 . . . .  5 '=6 , :  ,'7 :8 9 ~ 1,0 I I : 1 2  
W, • hs, "A, ~V, ~ ho 

FEET SOUARE' fEET PER , F , ~ ,  i i ~/.tO~ ! " : ,L ,  
FEET FEET FEETI " . ,  FEET I SECOND I r.t.r i I " I " I 'F~EETI  

2,069 0865 10,136 0362 ,0 ,0020 0.079 0568  0,451 2,006 " "": ' :  
0.941 ,10,711 0,571 0~0051 0.106 0,840 0,770 ." ":'~ 
1.121 11;088 ~'0.720 0,0061 0.130 .0999 0.998 i :i' 
0.826 " 5:887 :0.880 '0.0 120 0093'. 0.7~..5 0.643 
1.009 6.430 1226 -0.0233 0J23 0.909 0.983 : ;'='I,: 

1.059 - 5 . 3 1 7 '  ,446 ! 0,0325'  0.115 -0.977 0.966 
0.916 4.463 ~ 1.400 0.0305 0.094 .0.853 0788.  ! 'i! 
0.706 -3 ,561  1,196 0~0222 ~0074 0.654 0.52~ i ' : , ! ,  
0.917 3 410 1.947 0 .0589 0,086 ~ 0,890 0,840 
0.81 I ,3,0 19 1.835. 0 .0524 0.076 0.787 0.698 

0,745 2 .760 1 . 7 6 1  0 ,0483 0068 ~ 0,725 0,61"~ ~ 
1,030 " 3.34 I 2.502 0.0973 0.087 1.040 ,,1~061 
0,955 3;015 2,507 0 , 0 9 7 7  0077 0.976 0,964 
0.860 2.717 2.359 0 ,0865 0065 0,882 0.828 ";: 
0.663 2.098 2,06 I~ i t 0 0 6 6  I. I OL"~O 10,679 t 0559 I .. 

] ,- 
9 1.106 

0.724 
0,925 
L058 
0.922 

0.714 
0.91 [ 
0.802 
0.744 
0.942 

0.861 

~ I ~ 

-I 

l l .9 , . ' ,e /  0 . 6 5 6 ~ ' 0 . 0 0 6 7 0 . t 2 5  ]0.988 0.982 2006 • ,~, 
I 1.152 ~ 0,372! 0 ,002 ,  o.o85 1 0,641 0.513 
1'1,574 0.515 0.0041 0.106 0.823 0.747 r 
5,32q 1.441:, 0 .0323 0`116 i0 ,974 0.961 
4.64 I 1,3"47" 0.0282 0.098 I 0,852 ;0.786 

I 
3.588 ~1.196 0 .0222  0.077 01659:0.535 
3,406 ~ 1.938 :0 ,0584 0.086 0.863 0.830 
2.992 1818 :0.0514 0.077 0.776 ;0.684 
2.766 1.749 :0 .0476 0070 0.722 0.614 ':~ 

':-2.998 2.452 0.0935 0.079 0.957 0.936 

~.]33 z.3_34 0.0847 0.073- 0.873 0.816 :~"~ 

, .... i I i I I I , ~  

L:~,  = 5.0 
r z i , , _ 

7.89 2.069 I , '13  12.184 0.648] 0 .0066 '(7123 0.9971.0.996 2,006 
3.56 0(,55 11.237 0.317 0.0016 0.076 0.579 0.441 
5.93 0'}28 ! I 802 0.508 0 .0040 0.106' 0.826 .0.751 
7.62 1,054 5.3 I 3 1,434 0 . 0 3 2 0  O115 0,97 I 0 9 5 7  
625 0.919 4.634 1,344 0.0281 0,098 0.849 0.782 ! 

4.24 0,707 3.563 1.190 0 .0220 0.075i 0.65,1:0.529" : ; 
6,60 0914 3 4 0 6  1.938 0 ,0564 0.067 0.885 '0.833 . ~. 
5.46 0.808 ' 3,004 18 18 0 .0514 0,078 0,781 ';0.690 : 
4,85 0,745 2,775 1.748" ,0 .0475 0.078 0,715 0,605 
7.57 0.965 3.064 247 i  0 ,0949 0,094 0,966 0.949 

e 

2 

. I I I ~ 1  J 
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":' ~ STLR:)IF+~ OP-C~ESTS' FOII, 
+ 116 OF ,IF.~..,. c ¢~q: 450. OFFSeT;WEIRS ,WITH RISER__ti~u ¢~s-:.-O:m 

' .23, ,  ~ " ~  51 'I'ADI.~ ,31.-~,.~IJ~M A R ~  +~PPEIOFILt 

136 | n.b~T I ~ | 0,946 
• ~14.~_~.z.l~. . . ; , ~ , ~ z ~ l  

~'.~414,~6.~ ~ I o . e ~  1 

5970 ~ I.G26 )60 ~ 1.09~ 
, 1.937 3'956 | 1,335 )639 | 0947 
I 1.580 4:015| 1089 0.600|0.728 
| 1.0613.9,rt,3~0817 1069|0.976 
] i;6B~ 1'o8'1'/0,8+%~ 
t I.40 3.954| 0,7'Z 4 .; 
I t,23 3926 | O'65+~ 1,5481'104 I~ 0,7931.177 
:1 2.12 3'.9~9 | 0.671 I;686 | I,~054! 
i l  1.93 "3909|0.57 ,~?n~l 0.9 

I ~ , . 8 5 0 |  0 4 o  , 

::~ ~.' oo~ I o..,,~, I i '( 
I ~ 9 ~  I !.o~o 

., ; l~:~Ts l ' !  6, I:  

~-i .~ | ,+.964 ! o.~ ~ I ' + :~  ~ . ~  

+" o o,. '~. .  ~:=11 1 ~ r 

~0-1 70 | 3.89 t ~(: ++I-I 

~.-' 5.0 
-..--,----~" 
B99 I 0,204 | B , , 4 | o . l l g . t  i ~ l o . 0  oz. 

' ; ' .~ '1~.~-7~ 1 6 ~ o . 5 ~ 6 /  ~ 1 o . o ~ 9  

1 ;~ !  / ~.+''- o~olo~oo ,.+1 o.o2! , i ,.o++, ~p++~ , ~  o.o+! )'819 t I 081 I ! / i~.  I + , - ~  ° ~ o  ~ 1.o~ , . 

" ~¢ RUNS ,1.1 '#IHIGH N ~'PPE PROFILES wERE MEASURED. 

.+ . >, :.,i ~ ~ 

~'i+ • .~ • :~.,-: i%  ̧  : + 

' /  
i : i 

,o I * 

,16 ~ , : !  
OB2 

.o,,! 
i, I O 4 1  ' @ : 
) . 078  ' " `~ " 
).08~ • - ~' • 

/ 
| , . 

m 

. ! :  . .  i':~ :~ ~:. ~ 

":r:; i 

.+ . 
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(tile remainder.0f:tlm runswcre  mado,to:0htitin additional idata,on *the , '  .... ,-~,~ 
:'codfIieients Of idischarge. 'Wei l~  were eonstrueted,aml, tested~:with ~ :::~:~. 

A,z/ , o~. r. "valuesof ~ .  equal'to)0.-ol 0.o02 1;0, 2i0,~3;0,4i0,,and~5:0;setiifigure!30.~?. :.:?i 

~' The X and Y coordinates ~were ~handhid :in the  santo ma aner. aside- 
scribed for 'the ovdrhang weirs:in 'thepreeedin'g seetion: :After Chang- 'i 

h" : Y ing the coordinates to thc~ ~ .  and ~ .  form,: ~he• :runs .were.grouped, a c -  

cording to their respective values.of i-[~/.T]:,and,i~,,as'shownin table ..... 

32. In :this, case both T-,- amt.-~-~-worti'~nel(r constant; for~a., given, set ~ 
11 s ; i V  . - 

of curves i Mth NI.___/, as a va,riable. : In  for -~-T=l~,0 ,a~id 

ih~----0:002; a N  __ se t :0 fcurveswas  obtiSn&l which~varied with;value_, o f  ~:~ (:";! 

~ . . A  second, third, fourth, and fifth se twere  o b t a i n d d . f o r ~  1.'0 : ii. 

Witl(-~ equal to 0:03, 0.06, 0.09, and.0.12;respectivbly.:.'~The: same '.::,;,! 

, , M  , i ' , M  
procedure was repeated m r  W equal to  2:0, and,for ~ ,  equhLto!~0.25, :~?' 

".'0.50, 3:0, 4.0, and 5.0, except: that ' : in~the latter: cases-'the-serf,for ilili 
..', h;, ,). 
i, ~~] equal to 0.1,  was onfitted. ?Altogether,: 30 sets Of curves werethus  i::: 

: made, which is evident from tahle 32. ~,ais,many, as three weirs 0f!dif- ':ii 

,ferent~dimensions, but having the same value of 2~,, were tested tO 0b- : 

:.tai~ data for,one.set of eurv(,s. T i f f s  was primarily to :make certain ....... 
tha t  the similitude relatioJ~ships could be CO~Telated on! ~his: type: of : ;il;!~i 
-weir. // 

:After the data had beeu prepared ~s~dcseribetl , ahove,~it ~as fomid, as " i '.~!: 
, in'the case of : the overhang .weir, that  the nappe~shapes:v~z~ed :only :~: 

~ slightly with the valueo [in these tests.i I t  

. .'.,.was therefore decided to drop :the variable r-r.' and combine the nappe " ~:i~,?.~ 

" : shape~,:,~ilNonl 5 the e r i t e r i , ~  and i ]  ,. In  other,words, each,of the : 

' ;30 sets of curves deseribedabove was replaced~by,a single .. average i!; ) 
~: curve.. thus.leaving on] 5 30-curves: to tabulate b£tead  of 3 0  sets of ~ : ~ 

. ) ~ curves, .a .tremendous step in simplification-.of the process. '~i;! 

.... i 
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118 '>:STUDIES OF~ CRESTS:FOR, OVER.ALL!DAMS :., . : ~.. 

VTABT"E' 32.-~'COMBINING NAPPE: SHAPES-~WEIRS,:WITH,45~OFFSE.~:~AND.:RISItRS~ • 1 :j'}:;d C 

'~ TEST FEE 'H";" FEET. i UA .... 

94 ] 1.096 
:94' 0.719 
94" 0,638 

96.'1~ I '0.7~3 '98- C }.65~ 

~7- L02 I 
~0- 0.752 

0.835 

70- I 0,986 0.0046 : 
70-2 0.716 0.0026 :" 
01-2  0.720 0.0032 
01"~3. I 0,610 "] 00025 

~1-4 I 1.129 ~ ' .,.00308 
r2-4 | .,0.725 ~ 0,0284 
)2~'2' I ,'0.710 ;0.0296 
)3-2 :.0.635 0.0294 

| 

3-2 J [ 0 0 8  0.06~2 
4-2 I ).917 , " 0 0 6 0 4  
5 - 2  L 7 4 3 ~  0.0608 

I 

~'2:  I 0.999 0.090 I 
~ - 4  .122 0,0903 

,03 1 0.0890 

0 . 0 0 6 0  0 , 0 7 9  " 0 . 3 t 6  0 . 2 8 ~  ~o.28 ' ~:; ~i 
1,'0.0029 'i 00?9 ~ ~0,31 ~ ' " , 0 . 4 : } 1  ', '~,028( ' " ~,~ 

0.0023 : ,0 079 " ,0.31 ~' 0~486 : , 0.48 ( ' ~: ":r" 

; ,H-T : o.o3 i?Z 

0.0296 : 0 ,079: ]  , 0,3i - 0.429 ~,'i0.~30' . 

. =  0 0 6  • :. . .;! 
$ , , 

0,0525 0,079 ,0,311'0 ~ .. ..,!,~';: 
0.0618 ' : .O~9  i =,0.310 i: 

/ . --oo9 
~ . 

0,090 I 0 079 0.37, ~;0:370 i ~ 

~¥ : 0.50 :~i :.",' 

.--. -=.0.002 r li  
~ : '  0"079 l = 0 ' ~ 56 : " O" i S 8 :" ~J :."O, ~ 6 0 '" "::':: r : 
~ 0 , 0 7 9  ! |  ,0.156 ! ~?0 218 / ;,0,160 

"'~0,508 ~ ','0.500 ~ 0 . I 5 5 l :0.3,& 0 ,r . 0 . 1 6 0  . ;,:i i 

I H £ , ' : '0 ,03 

.,0.079 ~I ~: 01 56: ,.0.~36:-~..,0;F40 ......... 
o.o79 [ , o .  s6 ':0.215 . 0.140 i "~':;::"~ ~ | 0.155 i ;0.310 . . . .  ~ :,:;~ i:O 437 ':0.140 

.o.o 9 I o.•,56 o.,5  i ....... / ..... 
o.,55 :r ~o.3,o '! 0,338 i'; 0.,:160 r~ ' ~' .~.;; 

0,079 ~ "0.156;; " - ~ i . . . .  . -c - . r  !:0.156 . ( ' 0 .  160  : " :, ' i . . ,  
0.155 / • 0.310 ~ ,'0;276. i < 0:160 : ' : 

030,  o:3ob ~ ~ : 

•....:. ! 

i 
,:% 



!;:;il;i 

!:f . . 

WEIRS ~/ITH:.UPSTREAM OVERHANG; OFFSETS,,'~AND~RISERS 

T.~BLE 52.~COMBII~I%G NAPPE SHAPES~-:WEIRS"W~TH:4~ 
Conrinu,'d 

' "H., '[ "he " .M, 'N, . ~/ P. 0TT~.D'Ni' ~,CTUAL i , LU r. "~-~, 
:TEST " I FEET ~ "~.-'H'~. ~' ' i . . . . . . . .  FEET • FEET. :I "'ns' I "ns~,~ 

10-2 0.728 0 .0036 " ~ $ 0 0 7 9  i "0 .076 ~ "- '::'~0,104' , :O I 0 0  
76~'2 ' 0 , 9 7 2  : 0 . 0 0 4 3  .: Z0 ' 155  i '. '0 156 ' i  ' , :0.160 ,0  I 0 0 "  

' 7 6 - 3  , 0 7 2 4  . C0,0022 . '0  155 ~ 0,156 .; 'V0.216 <:0:100 ' i 
, 1 0 7 - 2  1 ~ 0 . 6 5 7  I " 0.00"24 I__'0'305 ; •  ; .0 .310  ; .0.472 i i  ;0 .4701 .~ 

77~.3 I 12 I 0 .0306 0 . t 5 5  ~ I "0. .  5 6 '  : ;0 .1~9 ';:~0;.'100-~.'~ 
108-2 ' . '0,697 0 .0303 0 .305  .J  ' 0 . 5 1 0  "~0.445 : 0 . 4 5 0 " .  

i [ I t i 

112~'2 
7 8 " 3  
109 - 2 

r l 5 - A  0,979 
115-B 0.915 
I 1 5 - C  , '. 0 .733 

h •  s H o o ~  . 
~0.o79 .6.o7~. 
' 0 1 5 5  "0,156 ~: 
r 0 " 3 0 5  I :' O'3lO : 

' . ~  = O I  

o ~ 9e So:or~  
' o J 2 b ~  : 0 . 0 7 9  

0 .1206 J 0 . 0 7 9 ,  

?.-'-'-'T" ~ t o I 

;o ~,~ 'o.o'76 
~'0. 9 0 076  

O. 9~ I " 0 . 0 7 6  

" o ; o e , ~  i 

c,0.359 

- . ' 0  0 8 0 :  
i .:.o.o8o "~ 
- " 0 . 0 8 0  ! 
• : , ' . , 0 . 2 7 0  

. i 

r'~, O , O e O  

;.0.080 
~i 0 . 100 .  

/i s : [ " .i: . 
116~"3 0.693 0 .0030 '  0 155 0 0 7 6  ~ : :0 1/0 ~ ' . 0  I 1 0 ~ i  

8 0 - 2  1.088 0 0 0 5 9  0 3 0 5  -' 0 .156 ' . l  ~ ~ 0 '143  O. I:10 
0 .0049 , 0 .305 : 0 . 1 5 6 : 1 , i ' ; : 0 . 1 6 7  ,; . ~ 0 ; 1 7 0  ; 

. ~1 I e o - 3 - ~  0 .933 I 'ho - - o o 3  ; I  ; 

I 17:"2 ;0 .690  .0 .0296 /"/$: 0 " i 55  : O. I;10' ',o~o76 :, ,. :::o., ,0"~ 
81.-2 1,122 0 .0313 r : ~0=305. I ' ' '  0 " I 5 ~ I r ' 0 . 1 3 9  : :c'r'~':;'O.|'| 0 ; :  

' i . I  , 8 2 - 2  I ',0,7.18 t 0 .0501 , "0 .305 ~ ~ 0 ; . 2 1 7  ~ ; : ~  ~:"':-(.,:)'.220 , I  

$o-.~55 , ".o.o76':' ..... ;-'~i'~0~09o,'! : ~.;0 0 8 9  : , 
118-2 0.852 0 .0598  0". 505 ~' 0~156: .10.;I 58 :'": ":0~.090 

. .., 83-3: " 0,988 1 0.0604 .505 I ":r O | 56'':' 0,193 ;'0, 160 
| 8 4 ~ 4 '  I r:: 0 . 6 5 4  : 0.0598 ~- I 

lha . . . .  • .'.T" 

,~ ~a9~2 ; .o .soo :o .o904 ~s : ,= ,oo9  • 0 .155 .  ' ~0.07611 
120-2 :0 .687 0 .0903 " 0 .  :55  0 .076  

!~ I . :85-61 I 1.046.. I : :0 .0908 I~ 0 .305  I . 0 156 
=n o • , .o.i 2 .ii: ~ ; " : 

' S ~ o . , l S 5 .  ,o:077 t~O-A 0.991 ; 0 .1194  . ' 0 .076  
... . ; ; I 0 ,076 I ":'120"811 ",0.887~ I 0 . 1 2 0 5  ~ 0 .155  

: ;0 .095 " : . ' 0 .090  
m 

. , 0 .  I I I  "~  ~ 0 o 0 9 0 ' : ~  
~ 0 . 1 4 9 -  ~ 0 . 1 5 0  

I 

0 , 0 8 0 -  I 
;~ O:  0 6 6  O.  0 9 0  



,~" i:~,"; '~" , - ~ l . /kDJi~J~ 

"s - ,  

. . . .  "' I: "1:~{t "' :1~ '~' r ' ' ~ " " : S T U D I E S "  " : , O F ~ : ~ R E S T 5 ' ~  ' F O R : :  O V E R F A L L . , D . K ~ S  

~T. , 'LBLE 3 2 . ~ C O M B I N I N G  N A P P E  S H A p E s - - - W E I R S  W I T H .  4 5  
: ;.. : C o n t i n u e d . . :  - -: .,. ~ .i . . . .  :~ <>,;~ 

W s , "'ho .".M, : N, ACTUAL,::Hs.< PLOTTED i, 
"~TEST FEET ':t"~s ~ :FEET .  FEET ', ' - " _ . .... 

ili: ̧  

:: ,L" " 

13~'- t I I . I I 3  
132 -3  " 0.929 
132 -2  -, 0.726 

ho = 0 0 9  : " " " 

0.09z6: 0 .233 ;0.076 < 0.072 i ~ 
0.091~ ~0.233 :0 ,076  ~,,0:080 i' :.~0.070 "~  0 .070 
0.090,T '~ '~0.233 ,0 .076  z I ; 0 . 104 .  ~;] 1,0.100; 

' M  = 4 . 0  
N 

o.oo6o ~, 0 ~ o ~  o : o o s e  ~: ~ 0 1 0 7 0  

0.0044 /; 0,305 ; ' "0 076 ' r~'i0"082 ~ ;:0o070 
0 . 0 0 2 9 J /  0.305 " 0 . 0 7 6 ~  C'0. '105 ~ ' : , 0 : 1 0 0  

- h.° . - - ;  = 0 ' . 0 3  .~ . i 

~ lHS ~ ~',0,070 133-, , 090  0.02:;6 ~0305 !  0.076:~ , 0.0"~01 
134-1 . , 0950  0 .0297 '  : 0 3 0 5  , |  '0.07~",' -~0,080 :,0,070 

~135-1  0 7 3 6  0.07~02 0.305 i~ " 0.076"~ "0, '103' ii, O..lO0" 

~" / ' / S  

1 3 6 -  I ~0.969 0.0603 :0.305 .0.076 ,,0;078 i 'i ~O.oBO 
137-  t ' L0.653 10,0603 :G.305 0 .076  • ,0 089 . . . . . .  " 0 , 0 8 0  
138;"1 0.792 O,0601 - 0,305. 0.076 ':'0 096 : ;,0.100 

1~j~:l 1.03~ 0,0903 0.305 I o.07s. 0.073 , 0:070, 
140-1  0.946 010895 ~0.305 | 0,076 : "0 .080 . 0 : 0 7 0  
141 -1 -  o.eeo 0.0895 : :o.so,~ ~ <0,076~, o.oe6 . .0 .090  

,= , 



• " . . .  !:, , / i  T A B L E  5 ) 2 . : C O I ~ - B I N ~ I N  G N A P P E '  S I R S  W 

' " ' ' : : ~ ' = :  ~ o . . . .  i i 

! 'Hs - - ~ t  : ": 
;';': '- . 9 :~=0,002; i , 
~:: , , ,  ! i : i ~olo~s :[ ~o.o7o. .  ..... 
~:" : "  1 4 2 " 1 '  ' 1 1 2 0  " ~ 0 . 0 0 5 9 .  i 0 3 9 2  ;, :; 0 : 0 7 6 - :  [ - ! : : 0 ' 0 7 0 ~ ' ' ~  • " : " '  

1 4 2 ~ ' 3  : ' - 1 0 . 9 3 2  ' 0 . 0 0 4 3  0 . 3 9 2 "  ; 0 . 0 7 6  ! 
~ii.:.;:::i~i.~o.i; I , |Z , .  z : . - 0 .00z4  0 39z  ~0.0"~0.., - ~ . 

..... ' .... ! I I ! 
• ' : ,7 :0~070 . - ,. 
':'?" ' ":" " ''~ 1 4 3 - 1 ~ ,  I ; 0 8 6  : 0 . 0 2 9 5  ~ 0 . 3 9 2 ,  , 0 . 0 7 6  ~ 0 . 0 7 0  : -. : ' :0 : .070 ;. 
~:.," " : 1 4 4 " 1  , ~;0.947,:=, : 0 . 0 2 9 6  .0,3920.392 ~ ~ 0 0 7 6  ' ~ . 0 , 0 7 6  i 0,080".0~104, ":" 
, :  ,~' ' ~ 1 4 5 - 1  _ " , 0 . 7 2 9  0 . 0 5 0 2  ~ - - [  

. . . . .  " - - - - ' " - "  h a  ~ . . . . .  " _ ~' ' " , '  } 
:-::: : .  : ~ ,~-~ = 0.~ . . . . . . .  

'~i"!-:: ~ , z a ~ -  I ' ; : 0 . 9 7 2  ' 0 . 0 6 0 1  ' ' 0 , 0 8 0  

.......... . i o:o7~ " ,o  0 7 2  ~i ~ . ~:: 
"'~ " ' : , , 9 . , . . , . 0 6 0  • 0 . 0 e 9 5  0.392 ,;,' ~" . 

then: combined; into:seven n e w  Seis, With":the.: :i/:(-i =;. 

~ ~ ^k+abaed; forM=0.25,:-x~,hieh :-was :erratiC, :du~ undoubtcdl3~!:t°! m~ _ 

i i ' : : :  :"set'"~ . . . .  . / v  " • - .  ~ . . . . .  '- 
:::,. .,stablei flow conditions. Thus~,the remaining :'sin se 
-:'" ~rddUcdd tO s single'set:aPP licable!:t° all. offsetwcirs  
....: :;:"', .:;withim the .range oLthese  experiments. " ~t! the ' '~:.( 
:::::-.. : :-:: tit::~as:az~ticil a ~tdct aurmg the  planning 6f. : thetestprograml.tha~~ 
):~. . .. .~r ' "::,l~;-:approadh 

A'r " iiresizlts!~frora~the weir  f o r ~  ~equal tOr:5.0:r.~colild~YerY:.. . : . ,  near 

~.ma~z ot!hold'! t rue~ 1 archer., u,, . . . . . . . . . . . . . .  
;~.i6wer~ ~mppe~ downstream,  the~-profiles~ f rom t~e. Offset.weim~fell c o n - - .  ":'~ !ii~.:.:~ 
: . . . o . . . .  . .  i::: '~ 
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r :  " = 

I 'I ' I : r  : ~1 

<:  

, ~ O k  

! !  , . -  

• . o .  o .  o 0 : o .  0 • O o  o 0 0 ~ o O  o o 0 ~ o  0 0 .... ~ . . . . . . . . .  ~ - - ,  . . . .  o O  

:,<i 

, i  
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;.:, :. mst.en.~y, n~slde: of: .those,:obtaXngd,:frgm+ hh0,verti~!:,~Vbfir2: -~Anc:~_~xpla:: 
;/;::7.. :natron! ~or  ~ s  devmtma:as  g iven  h~'.:ttie' f011b~g~s~etibn: .  :/:.:ii.!./. : ;~ 

',The ,tes.of. th?: lower n~,pp~.:shapei;for offset 

-. -, t h : v a l u e s o f , ~ r a n g i n g  fi'om 0i50"toiS.:0~are,tabfflated:~i;~bl(~ 

• , :~33. .~This  range  includes:mos~.:0f the.urac~,ie,~l+,~h":/;~C+.);*+: ;~n  :,^:::,:~:, 

~<ledbl~l~ ."?:;' '.:~ 125" 
• • . : .  : : .  

i: : i. • ~:.falls .between 0.0 a n d  , ~-~: ~ :~;:~.!! 
).'!: ::::!~//. ~A: t ab le .o f  eoo~;din~ = 

~i;!(~?~~;:,~J 18,; f o r  the. vertical:fabe-::weir,~bb:~,used...:~Therd.~is ~ little: differehce:be= !.::/!: 
:::: :-: .; : . tween.  the  ~w0, :? .d :  :]J,~causo Of i rregular i t ies  :Sf~:fl0w:.0n~ t h e 3 o i ~ h a n g .  .i 

:!:: '- ~::a~doffsetweirs, gre~ti:r~accuracy.in:thcsblection~Sf ~ .  . . . . . . . .  .: 
..:surface coordinates. is  ~iot w a r r a n t e d .  : ( . ;: 
' : . 3 6 . ~ ; : F l o w : i : C h a r a e t e r i s t i e s  of.~ Overhang:  and;, Of f se t :T  .... ~' ..... ;::":' ';'!~: :" ' y P e ~ + ~ e t r s . ~ I t  ~ --! 

i I - ,was.observed during~, the /exper im6nts :ow: the :  V(irtiCal.iw6ir:;and;:.flie~/::: ,:: 
!~: i ~hree .weirs> :s loping downStream,,  tha t  :.the i 10werinappei~surface. w a s  ::-:.:.: 

very+smooth:~and had  a g lassy  ~ppearanc~;:  ht ,r[ng:rUns!h{'whieh the  . :::: 
: ::i. i ./::head-,was~ n o t  .ex~ esSiv¢. Or( tho/.;~.r,~,,,:,,~,i;": g~~;,;;:~; " " ' 

:disturbanhes. 0f :ahy, consequcnce;;were, not iee 'd;apstreami .. : 
!~::ii: : : "~,vo~ces  or  . . . . . .  v r  . . . . . . . . . . . .  , , . ,  too:+~shallow;, "N0'!: :.i~ 

:i?~/ ~.~:~whi~h~with~ ~fav~rab~:~urrent-m~ter~' measureme~ts~ ~.w~i~dd~i~h;~;i~ :.. 
: n i n e  ,e: 

, . . .  

ii!e.riticidiflow.:m,-{he channd ,emls6d  undttlating,waves}i.ltho,enifii:(~sheet ::;, d "  . . . . .  " . . . .  * " " " 

? ~ , :  <:of:,water.springin~ :' " ~:- a _ . . .  f rom the  x*'sir'th,ctuatdd perio(fi~all):affd:the..glassy::, 
,i.: ~ . :  : - n  ppe..surfaces disap] )eared.. : Head-gage  readings'i,We~e~ nb:;'longer,aC_ .: 

, .and /).: ~-' C ura te  naPPe:pr0fi le  :nieasurements could.  n06!:bO:c014£1- e ~ :  ,,;~,r: 
; : : ~p ous,  data.. !Therefore, the recorded,  e x p e r i r a e r ~ ,  d a t g  '~ere  

;i;:f :--:. .: ' " P ' P  . :"~. P i dUeed, b~ . thc  overhang  a/a;d: 5 f f s e t @ ~ ;  On:: : 
:,hand, i:..:: ' i_:~he. Other ' .were:in. :some 'eases::smoothi/buti~ne;¢er:iglasSy::': in.,/~i . 

:... ( - > :  every~Jnstance,~spiraling.r01~e s plavedi  baci~m~d Sdt;tl :> .... " " th~:~.~ ' "  .... " . • - - . . . . . .  l/across;: ~elr,.. : 
...." : ....: .:' malting. . i t  :difl]etdt to measure  the  ] o w e i : " s u r f a c e :  :' These':(i]St~hrbances . . . . . . . .  
: " ..: ~wer6:small  a n d f o n n e d  only' occasionhlly~[0rlthe~10h;erhedds, bu t  Were .- 
;:': - .  '::.proporti0nately:::larger:. and  greater,  :in ~ b e r  :"fOr.: the  :.:greater:~:dis, i:.:-: 

• ~ ;" . ~:eharges. ' :They formed at  t he  weir :a i id  b r o k e a  :short  ::diStance ]do.wn, 
!!i(::::..:::-;:stream,i;spraying:th~ man  Operating the  lower  c0ordinomete~::: .  :;- .::_.: " 

ili:-:::i:: :.:: (i"i P •.: , i PD•!~" ~:i ~ o~ t, h0se-encountered:  o n  ~t~he ::vertiea,l'..:~+oi~i a ~ : d  :.~•:::~ 
i!i~;: . (/'.:~weirs :;~oping:. Aoi~n Stream. ~,.lqo~v;.for:thC~Verfieal~.and(sl~p'mgi,~eirs:i~.:: :~ 
:~.:.: /::: ~.was steadier; for d e e p  approach condi tions~ than:::f0r.~ shallow:: .~n),~h.( .  :.:;~:::... 



ov.i 

x ~ l t h o u g h : n e v e r ,  eompai - ing  i m  s tead in i~ i .~  
: .we~  or., Wei rss loph~g .:downsi, r e a m ; u w a s ~ S i  
?:the: : d e d p e r l a p p r o a c h  eo i~di t ions  i ~han +:++Wi 

.~:,: ...... ,"-.~.. .. /-;' sitiOnion. ~he npstream::h°wever"waSface.S°°n.7 d i s p r o v e d  by,  ~neasuremc-n t s  0 f . . :  . . . . . . . .  thie:q~ressui;~.:..' . . . .  
. -Pressures  at ' :  the.:upper~ cornec. ;wer  

i~.i:,-: ~!:~:,:": : ~tho~e.,on t h e  f la . t tbr /pof t ion  s 0fi~ 'ei:;less!tJaah') h e W i~]r], b u t  .:th'd; diffm:en C es+.Were :n6t  r: 
. ~' suff icient ' . to '  in dieate,  i~l~ipping!..::: T . h e r e s f i i t s  6f.! ' t l ie;pressure i ~ e "  .............. 

• ~.~ . ; . :  .merits  o r~ the  ups t a ' e amf ik . e lo f ' t h i  asurea:.:: ese ~weirs  a r e  :diseussdd!dn. is~t i0n-89:  : 
~Two ,ether.  f a c to r s  ,which. terid%o:prove!,. • that~ l b W e r d d ~ ; p . r ~ g u r ~ ! : o n .  . . . . . . .  . . ::.. 

:~(-";.:• :: ' : : : ~  : ~ u , ~  ' w e r e n ° - ~ . r e s P 0 n s ! b l d  f°r '  t h e ( d i s . t u r b a n c e  :ar t :  :~rst?~ ~e! .  : 
:'. ". . ~ : ow c o n o m o n s  ekist6d:on~.wSim,,V.Atl~both(~aighi,~ml.lO~v:. ., 

.:"-.+~.:. - : : r i sers  ;+ and. ' seeoad, :  l i t t l e  :imp,'ovement~,:~ if-lan3;~i,+.Wks notiaeabla:fm.,  el, 
~::i~.')" ~-: /::ovei'hang+weirs, Which .were ~ i t h 0 u t . r i s e r s ;  

::~, j / :  . 'Ano the r :  e x p l a n a t i o n  :fpr+. ~h , f : rough  :f lea:  : f r 0 m ~ t h e : : b v e ~ l ~ g : : ~ d i :  . 
-_ . . . . . .  ;OffseVweirs  lies: in ~he: ~urbifl0nCe,. c r e a t e d ; i n :  th, .: . . . .  ~aimbl~:+.~i:: e ' :approach~ 

_ ~;of. t h e , . ~ e i r .  :TheSe',formed;-bl:.:£he . a p p r o a c h , : c h a n n e l ;  ext~n~ded u p  :}i 
:: ~ in to  : the  . shee t  of:.;wat~U,~ Passifig. Over.. t he )Wei r ,  a n a l  u m ~ l y :  16r0ke =a~ .~ 

::i.:::.!": :- .. . " : shor~ ;d i s tance  d0~ms t r ehm; : f r0£ ; thc~ :we i r :  ::Thes~ " " ' ':: 
~:~:" ' : ~ :  #r ' b II " 'k ' "  . ++. vort ices;~ . h o w e , T r / ?  
,~ ;.! - . '" ' . a p p e a r e d  to  be i n d e p e n d e n t :  of  the.  r o p e s  ;on:.the:..lower.+surfac~.Bf(the :.:.: 

i;'~~)::! "' : : ! a appe .  • R o u s e :  ~ n o t e d :  t h e  s a m e ; v o r t i c e  s ;omw:vert icN¢;wgii: ,  
i~:).~).: ' :'. ( .  explanation is: " r . . . . . .  " . . . . .  ;'~ ~ d : ' ~ i ~  1: 

~,In t he  ease of very:abrupt?changes in:direet:io,i :ii~::e~onduitS of ro~i::;:~.i:.: _.~5~'": :' 
~i~.. ~ . .  se~Uon, t he  combined effect.of, s,;paratiou'iari'd.seeondar~ spirat:ifiotion :ina~;~vF:/: 

.. :~ . rise to an in~ense, intermitteat~:;ortex motion :in each of the.outer cbrfiers. ~ ~Vl:iile 
~'? :" . ?'Y~ ;,'theexistenee, of a,free..Surface is• not dsseniial to  :this-i)henoinefioh;, ] i  ' similar, effects- 

:i~..:-: : -::vel(Jcity,:due to[drag along, the.lower .li0+ti'mlarv:jJroddceg.;a; ' '  
i :: +:maybe.observed+direcfly:.upstrdam frona+a:shdce gage orweir.  :y~Tho.~+duetioh~dn 

normal, rdversal;of') 
~flow in :the regiori oLstagnation.a~ the base:of the weir. However~;¢he~.vel0dit:~:!:.i::?~ 

ii;:ii!):::::i;. - -:defect ismmre.4)ronounced;a t the juneti0nhbetween.)the, fl0or-antl: either .wall; : ::i. 
- - +.which-considerably augments .the tendency :t6ward:'fiow-.reversal at~ :the/sidemand. • : 

:i!:ii::..: ; . leadsto the formation oLa.vortex nbi~mal:to the.ifloorihear~edeh:e:6.i,+~er.,. :'~ASs06n ::' i 
' .:: . +-as such.a:+vortex is established., the pre~ure..gr:adient3eading:fd~it~+.~forma~on+:no ..:: .:: 

]>: - : -  ~ ,longer exists,:: and the secondary.motion abrupl, tptJv, ceases.ceases: .C, thereupon,; " " the(cycgcle 
.:' i.'~beginsonee again. / Since:low pressures, acComPany tlmhigli tangential x(eiocities, ~ "i 

' "Ill+" m .::~'the. vo~x,m~?e,]t~ay: be ventdated  from .the downstrea,h"side,=a tribe;of.air ~i!+( 
• - - : : :mmn:penetraung :the now..,well pa~t the  plane of thmweir . .  .-:--. ~+'.. ~:;+ ~ ..+: ..:..::-:: .:~:!: 

:Mr . .+Rouso , includes  t w o  exee l len t - .pho tographsLof . th iS  jPhenbm6nOn:~n:i!!':!.~;!! 
.:+:his b o o k .  

: +',V ROusc,.+Humer,-'~'tO.td M&hanics for "IIydraulle:Enmineers, Ist:ed., p;~; .  McGi.aW:nin:B~+k o5. . Quotation ~prin~ed by l+rmtmion. 

• ." ~: : : ;~. .  . . : :  .,~, 



:;::::'::~',::ii~..': . :i -,::': ..:: ,-: !~.?:,',,::i'.::.,:".,. :, . ~".:~~::,'!, , ~ : ,  ..,,,~,: : ,. ',',:~ ',:~',"~:~: :::":?,~:i:=z'~":. ,....,,,-:., ,, ~,:.:,,. '. ":':. ", ~', ,,.,; ,.:., .,, ,, 
: : : . :  : .  . :: , . .  : '  . . . .  . : , .  ....... 

,!~,,.', ~ ='~Aftc~: the  vort ices:ai id rough: ' fow :ontthe overhang ~ d ( d f f s e t : w e i r s :  :!: 

~had("beon, 0bservdd,::~theso'woirs.,were-ropla~d,,,witli, the~ ~ertical~,woir :::: "!ii:: 
;~::' :,for tl~e purpose .of:,again:,eomparing~jflow.::Conditions. :::The:~glassy/!::~i~!) 
i,,i:!/, :;nappe': surfaces~ reappeardd,:~ r0pes,,~were: i hbs0nt, ,,,:iand :: tliere ii,were , h~ ~ :.:":: i .' 

• :; visible .sign S' Of- vortices forming ,in i the,approaeti:  channe, l,.:al'though i t  
~::,:: ~,was'~assumed~,.tha~-a c e r t a i n : a m 0 u n t 0 f  tu:rbulence~:must e~is~";at:'each 
ii{ ~ end of . the ,  weir. I t  is diflicult, to',:understand',why a smhll, 6ffset or 

,overhang :p ro jec t ion  o .n~the, ,upstream:faee 0 f . a  weir,~ith~,a!,,large ~'i,,ili, 
::: . . . . .  ,app, roach!depth  'is sufficient, to :disrupt'. the~: exeellen~.flow,con:ditions ~:::,!: 

encou.ntered,on the vertical, Weir: :Eviden't,ly~' the~ioffset :.or: o v e r h a n g  . ,":: 
;~' : ,:greatly accentuates '  the ,occurrence. of  'th~:;phen0menon,. describe~di:by ':: ' , :  
' ( i .  :Rouse. This effect:would:not! be:aS/proi;out~cdd!on:,,i~,,lOng~:s~illWav .... ' / :  
:, section as ~he tests .on, the .overhang:andoffset.,~'Cirs:'indi~te~;,since ' , ~ " :}'i! 

t,i{ i the  side walls areresponsibld~or~a good. share, 0fithe:,!disturba~ce:on (::/ 
I:;il  howelr. , , .  . . . . . .  

.... F rom consideration of,the above s ta tements ;  one 'Wo~d: . ,nbte~ect  
~, to obtain duj~licatc nappe profiles:from!the Verticali(and~)dffset~Veirs; 
.,-. even though the value o f ,M for the lat ter :would be large,:because,' (1) .: : 
"--. the  roughness  of the  nappesur faces  of: the offset:~vei~ indica tes : tha t  ~,, 
,! .: some .dissipation of, energy,-,has: 0ccurrcd:-Imfore::~he',waterileaves,,,the - .~: 

Weir, ,and ( 2 ) t h e  resistance of the , a i r  to the  r0ugh,'nappe, surfaces ' is  :: :-:,i 
.}~ ,:greater than  i t  would be to tho,.smoother .nappe suffaces:pr6duced..by. :::,::!i 
'" ' the vertical weir. " " • ., .~ 

::-,,: The conclusion to be drawn f r o m  the above :discussion,is tha t  o v e r -  
;:~ i:"' : ;'flow sections wi th  ,plain :upstream fa ces"are conducive!to:,st~ble Bow . 

:; ':: conditions,  whereas those,with offset~s and  breaks i n t l m , u p s t r e ~ f a c e  .. " }iil 
~:¢i...,.,- :axe not ,  a l though many,, of thc:, latter secti0.ns::are in ,exis tence a n d .  ::':::,~': 
~:. . . . .  appear  t o - b e  g iv ing  sat isfactory:service.  • One ~p0int,iis,:definitely i(ii::::i! 

zero a n d  less t h a n  0.5, fl0w conditions are extremely:, unstable~: as ,was -,;:. : 
~evidencod b y  plotting somc of: the.~appeipr6files,:,0r~ o h s e ~ i n g  the : : ii::i. 

• . " M " . " : ' '- . . . .  
, c o e f f i c m . n t s , o f  dmcharge for -~-~0:25 ,m figure.;31. . ::  ':: 

3 7 ,  ~ . R e l a t i o n  o r e  to,Velocity of  Approach . - -To:make  "it: possible to " " 
• conver t : any  head on the weir  to, the equivalent: head On ~ an overttow 
:: section, or v iceversa ,  cm'ves ,have been plot ted ,showing the  relation .... 

: / E  : ' :h .  i l l  , ' . . . . .  
values :of:,~ -~ tested. "~The actual .points : : ' . • t o  ~.~ for ..the various 

: :~o shown plot ted in f igures ,31"A:and32-A.  ' iThe value of:E~for.the: .,/! 
:M i .overhang, .weir , :when . ~ = 0 ,  .is eonsiderably~higher : f lmn that~:.for " ":!(i 

~,M / /  
, ~other,~veirs::The vahm,ofE for-.~t~e.weir, witlt~=O,25':appeaxs:to~~lili'..:"-"- 

i:i' 



r" . . . . . . . . . .  F , , , ,  . . . .  
• " -~ .L  ~ '~ ~ I 4 

S : 8 g ] 8 ) ; I ~ 8 : 8  ; : , " ~: ~ O:': : r " N  

:i 

- I - -  

: • x"rTe~l ' G 0 -  t o  70'-  :: '" ~ " 0 - 0 7 8  , : ~  

' O " l ' e l  7 1 " l  0 7 7 "  ~ :  ~ ; :  

: A  : : :" : ' 
' i ,__... 

i : :  i l  

t 

-4  

--1 
:.,M • 0.5 

.N  
o Test  . T O - I  to  7 5 - 4  " . N  , . 0 .  56 
X Test  l 0  - I tO 1 0 6 " 2  . N , :  0 3 1 2  " 

o " .Test  9 4 : '  t o  0 0 -  ! N  , : . 0 . 3 1 2 . .  ~' 

' . . . .  ' I" . 

' , - 4 -  ~ -  

" I  

o o o a o  o o " H o  

° ho M :'~'T'£ • 

0 T * s l  I 1 0 " 1  tO I I  e*. ( ;  N . ' O . O T B  
~c Te ' ; t  7 6 " !  tO 1 9 - 4  N , .  0 .156 
• T l $ t  . 1 0 7 "  I , . t O  1 0 9 " 4  N ' .  0.312 " . 

R V E ~  . F O R  V A L U E S  O F  1C .* B - G O E F F I C I E N T ' O F ' D I S G H A R G ~  C U R V E S  

IGURE 3 t  -VALUES OF: E AI~D C FOIL OVEILHANG ~AND OFF'S~-I',,WEIRS. 

.~: i~ : ' i :  ~. : :.: ~ : / -  :~ ' . t , -  • : :  ::~."'r!/!'?~i - ;~  • : 



;?~?'""' : ..... x~rl~In~'~'lTH UI~STREAM.'OVI~"RHANG,~,OFFSET$, 'ANID,'RISERS : :.~ ...~1297.; .', 

: . . . . . . . .  1 " m l n l  ' I - -  . . . .  I a ] ' 
, ' " ' ~ '1  1~11  *: f t  " L " " ~ I 

o o o o ~ , o o , o ' , o : ' o  r o o ' . o ' ¢ i  ~ ' -  '"  , ' " *  , :  ' " 
. ' , / ~ : - I '  ' o " o  ¢ ,  o ~  o o o , ~  - 0  o o , 0  o ' ~ e ~ O  " ' " ~  ~ ' ' '  " 

{ , ~ .  : ,  ~ ,  
" ' * Test I 6 -  t 0 '  20-B ~ N ~ 0 0 7 8  . . . .  ' ~ 

• '~ Test ' 8 0 -  ' i ' 0  O.S*6.: ".No'QIS6 : • ' , / 

~ Lr I I I I 4 4 ~ ' ~ w i: : . . . .  ' j : '~ 
~d%[:: : . " 0.  , -- 1 'L . . . . . .  ~ ' 4 ~ :  j .1 ~ ' ,~:: 

' ± ' 4 1  | • : ~/~ 

......... . ~ '~T30  .' .... ... : , .-.. . ... ;.. 

I r ..... ' d ~e " ' ~ " ,,, "J " r: : **. 

i.;i } ' "°'" I .]..I I fill I 'I . ''~ - I I 

• } ,i 

I i • - ' ~ ! i • 

:~::: ~ ~ 0 : :  -~/~0 . 

:![ ":':[ :' : A:'T~$] * ~ Z ' '  |0 ' 4 1 - |  " N ' 0.0?O .:! ;.~:- 
' 1 A ~: B 

"°" ' ,  ' ' ' " ' 1 1  I - 
ii != ) I " : ..41~ ,I I I 

- i :. .,I ... -., 

:: :::!: ° .... I ' ' , 
°"'-': I I ,- 

" ii! A-GURVleS F O R  V A L U £ S :  OF r. ~ GURVF.S 

:-- ...: .:i! ~-I 
~ FIGURE 32.--VALUES OF E AND C FOR OFFSET WEIRS. f"~i:-: 

- -  ' ,  " 

: . ' ,  . .  . : , .  . 

. . . .  . • , . ' . . 

i toni i w 



~: "~i ~,',. ' " iso ' ': . " ":. . .. VB, I~A: , ": ......... :- :: . : ' : ..... !~':. '" 
: ............ mewhere ~ between ."that :fermi L~.~D.A~rs....,. :,. .... ~... .... 
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nounU~ual ,pressure. :.,.:.:: : ,~igure 35 showg,~ . . . . .  ;.,eonditio~:O~ 

:,]aang weirs: .:This i s  ~lso:~true ~forth6~offset.weir With 

:.flow .conditions. were uust~ble. .  ~Ti~e! ma  " 
,set~:wdirs show a ,reduetion;iof :~resSurc:,dUi~e/fach 

~[ , , i O r i ! ~ y , : o f , ,  t ]~ 

(ii~e,~i~tely above the..uppe~"CO'uae.r 0 f: t ~ (  Offset,'.,.. -.-w] 
; pronounced 

. . . .  3oc~ties. 
:[::i Figures .36 .and 37 . . . . . . .  ~ . . . .  . ~ . . .  , . • 

t h e  offset was insufficient:for .mostof,  the W'eirs tested. , .  I t  i s r ee~m,  . ':::: 
• , m e n d e d  tha~  this .radius.:he:imade: as iong:asprhctieable:on,prot0t'yPe : :: 

:~ APPLICATION OF. E X P E R ~ N T A L  .RESULTS. 

: :: ::!:.~. ~cur~es. I t  is advisable to eonfi~ie, tJae: V~l~'::!of~ N .to thei"ra,g~ 
;: these expefimeuts::: No difficulties, are: antiCiiSated: however ,  

" i " d e a  -m6aerately.:,  "! ~though. the upper  portion.of, ;the range be  :exeee, ;tr~ 
solution t0 .example 1 :.is repeated; with an  overhahg:on.the::up. '  

: , i::: i :face :of t h e ' d a m .  " , : 

- . )  

. :  : F _ z a m l ~ l e  7: - :Given  a :maxfi_mum :water surfac, e ele~afi01{~ '-~' 
1,000.0 :for a total  discharge, of :.75 ~000 second ' f ee t ,~ i th  the av6r~og:.:.::/-:- 
approach floor at  e2evation 880:0 .  Detea'mine the:crest  elevat" ~ : . .  

ow:/sectioU:'witha ~:er6st:: : '": , and coordinatesfor  Oae shape :of .an ovenq 
:1~,,~,',,,~ . ,~a ~eet a n d  .a 45 ° overha~lg~0nitlie Upstream fa~e, .the :'. 
,ov~rhang~aving a ~ertical dimension Of 7.feet.-': ! :~  . : : . . . :~:L/I . .  '.~ 

. .  " i'.In figure .34, t he  coefficients : of: .(hschm'ge .Ior me~ ~;~ma~ ~ ~,,u• : 
. . . .  C ~fill b e  ? :~o~erhang weirs nearly e0iucid~: TherefthZe, ::a_.s~ea/.as ::: 

:::::3.9fi; ~liioh was.~the final xalue 'obta indd in.,,example.!t(.:.:~:;~So,::from..-: 
' feet. " " ' " ~ f e e t a n d  P ~ E ~ ' 1 0 2 . ] 0  . . . .  "The>high:.: ;.:'same source,, H o ~ I  7.90 

::::i: : poin~ on ,t~e,~rest xemains the ~same.as ,lO .the :first example,~ at: e levat ion .,/ 
:[::.:-::i982A0, :and ithe velocity head of: approach, h,a, r m n ~ S a t  O:09Z.. : ) .  

/ ; . ,  : ' -  • ] . .  " .. 

"::': " f : = L ' 1 7 t 5  for ghe:~ :~!!!! 

i~:!"~'~." ":~: :'::: t t , =  1.t72X17.90=20:98 f ee t .  " " " 



i" " '- ' "" ~ ,IX ~ D,~[S . .' -..~i:: 
• . . .,, 

< 0 : 0 9 7  ...00,16,-,.. - ".:i:i ~ 

q '! 

f, 

coordinates~for, the, lower-/neppeisu i ~ . w e ,  r s .  =.:J.'able"~ ~hd~s'~th~ 
e, , :obtal~  ' • ~ liy'usl the~abOv~ 

• -~ 'and, ~ table  29~  '~-~ == ":- " " : ~ ' -  
, - ,  . . . .  ' . , , ,~:~un~ ns :exper imentAl , ;data  

. . . . . . . . . .  , ~  o v e r h a n g  on:the.Upstreanli./aC : i. ~:: ~ : 

¸̧ !i il - • ,::, :" " i t i on , f f e  
' :1.: - : : 2  : , ' ; :, :,,:4 5 - } " i  

0 . ] 0 0  0: '1173 : 2 I ~  " " , : "  i: i ~'981.:07 
:' 9 8 1 : 6 3  

o.:2oo 0. z3ss .... 4::~o i :: :~:, 
: ~:2"91 ~:; :98R'08 ] 

'0.-250 '~0 .~1396  ¢1 1:5~'24 iJ , 2 : 9 3  '.! 1 9 8 2 . i i 0 .  
, 0 . 3 0 0  :0.~i370 ~~ : 6 ] 2 9  I ':'~ . . . . .  r ~0 .350  ~:0.~1298 :'l : 7 ' : 3 4  / . , , ~ . o .  ,987,,:04 ~ .- 
~ 0 . 4 0 0  ':0. i1196 . / . ( ~ , 3 9  ~/ : ; : = ' : ; : " :  j ~.981.:89 " ' 

: ,:0.~450 " L0.:I067 ' /  ~,9~44 : : "~"~';' : l  ~981.6R" '::..~.,.-: 
~ ; ~ L  r " . ~ 8 1 . ' 4 1 .  L. . : . : , :  . :. 

O. 600 : 0 . 0 4 6  :12:59 ~ 0 : ! 9 7  98o.:14,:, 
O. 700 ~ ': ".= O. 008 14. ,69 • .-=O.!'l 7 979~fI~ '. . 

'. 0 :800  - - 0 .  069 "~16.78 i ': ~ 1 . : 4 5 ' , ,  9v7_,:?~ ! 
~.0.900_. ~ --,0.'.139. ,~1&188 : , , 2 .  92 ' .976.~2Ji i :: ~ 

1"000  ~ - 0 : 2 1 8  " : .20:98  "'~4::15'7":'::i :" 974~ 6i) :!;,! ! :'. : / : i  
1:200  ":0.~405 ,25.:18 ~--&50 : " 9 7 0 : 6 7  .:.. " 

1 . 6 0 0 . .  -- 0::892 : 3 3 . 5 7 .  ] :I&'~71 : : 9 6 5 : 9 3  i 
,1.',800 , ~ 1 . : 1 8 3  ~37. 76 1 1 - = 2 4 . 8 2  ' 91:Rk":46. 

" 2 . . 2 0 0 : 1  " 1 ; 8 0 3  i! 2~16 "1 "r39:'(]9: i i947.;:53 I " ~_:': 

: !':: ~as .a dotted line 
:-~ ii:'~ :by~a i full !line. 

>, . : , a p p r o a c h  condil 

or~ t i l e  
m.n ~ction 





i'i:j:i.i:.J-J ..... '~- :" ~xamlde":~8.~i~:en: 

.:.. a I2~foog ~riser ~s spedi 
• : O  : . . . .  .section.: ~Dei~ine"!t'l 

ijl ::I:!I :k 

shape of  :~he overl~ 

"In figure :34, ~the cc 

.tically coineides:in:thc 
the .overhangl;weirs. :. Therefore, j.tno.!.coemcm: 
taken, as :3+i96,::the, same;as: for ,.examples iil:.,and 

!~a'om ,pr0b]em ~1, the  ~flzml../~lues ~of/H~- 

. ..j .. 

Cbmmending with . . . . . . .  these Vaues ;-~d Us~g.fig~ird 33:.~:0. ~III~, ::,: ~ .:.. 

valu;:oi 
- Then 

:and 

H , = I I o + E = ; I . ~  ;90+.0 . I  ; 

h ,  ;0.098 

- ~. "C)" . 

. ~ ,  :.0.20~ ; ,.. :j:i.,"?: !~ 

:.w~Ch~is.within,the.rangeof;.these oxpcfimentsj :is~'itable:32"j! :":i 
" " , - :.. - , ?";.: '7:~', . ' 

:. ::. ~ W i t h : H , = 2 0 . 2 0  ~ e e t ; ~  0 .0049,  . . . .  

:flowisection can :l~ omputed. Ti~ese:.:c0oi-dinatesaro ~l:istcdl~m ;tai6ii 
:J ~- :$5::una :are. Sh0wn-,piotted iby a:dash ,line fin ~figure ~38 ,In;:tthh ~tlp:pei 

i:vertical~,face :i da'! :;:ii>~i' ;region this ~profiieJ::f61 lows :the °ne ~for'the m ib:u~i~.d~ 
.ii'i'~: ': . '~parts.from it:as~theeurv e pmgresses~ : ,: ,...: . :: ";:~:iii!:,!i:" .: 

i : : : :  -~ : '- i~ : '  " .. 
. . -  . 

- . - -  : - • 
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,PR!ESSUKES ~ON ' ""  
. . . . . . . . .  " , ' U ,  

SECTIONS ,,AND DISCHAK@E/COEFFICIENTS,:., . ..:,;,: 

' 4 2 .  ~]~e,sures : o n  Overflow Faces.--Mti,oughilittle'iaoubt::!~Xisted: :.::.; 
that~overflow. sections designed :from ~thc, provi0uslyideS'cribe~t,,experi-:/i 
mental results would:~perform.as.ex:peeted; i:someifdrm.,Of v ~ c a f i o ~ : .  ::::. .... 
was,desired. This  Was,aceoml ):::: 
flag andtest ing models 0f:the d ~ C  

, ;Each .model-was~ constnlcted: a ~., ~ 
was:provided'.w~th a sufficient, n .,. 
ing ~the ipressures ,over the ~er ~ 4:~:i( 
:Mthough all 'models .were ~not constructed .to ~the same[scdle, call :.were..;. ;;':, 
:l.5'feet wide and each was testeddn:turn~inaiflume.ofith-esame~,v¢idthi':ii':.jl :!, 
'The section with ~vertical _~ 
, o n  a , 1 : 3 0  scale:from ~the. ci - 
.at the., designed"head, 1t~; ":::,:,' 
model o f  0:597 foot, all ~piezon~etric ~pressures ,were'iatmospheric ,.or 
above,as can .be observed !from~figure 39~2~: '~ The~manometer~glassesf ,:'..~ 
• shown in this figure,had the same~herizontal spaeing~.as:~the piezomet~i~ ::i/:;?!i I 
;in:the overftow section;hcnce,:the~pressuresmayibex " ead~d~ctly.:from ": '~i 

ithe are ,:0:61 ~f, :the :photograph. The smallerdivisi6ns~'on !board , ifoot: "!: 
'. apdrt,,model scale. As :the. manometer ~tuhes :weresm~ill,a:few~drops- ' /:: 
of aerosolwere placed in each glassito ~reli~5~:surfa6e:itensio~'iThe : :/.:::i: 
pressures,as ~ observed with ithc. small manometer  ,.tUbes ~were,cheCked ( ":':~:-: 
using manometer  tubes .with ~one-half~inch '/inside .diameter,"iand qJae '::~; 
results,were;found'to agree. ' ' 

A model.of the,overflow-secfion~of,example 4 ; ' w h i c h : r e ~ s e n t s . a .  
comparatively low dam, was constmieted,' On ~a: scale~0f)ii8 ifrom ;the 

:coordinates of table 24. Pressures ~0n.,the downstrealn .face":of ,this 
section, for the  designed :head~ of :12.2ifeet, o r  a ~:head ~on,~the :mOdel ~of: • ... 
1:525 4eet, arcshown dn figure:39-B./~In ,tiffs.case, f01ir~:ipiez0meters. :.J 

• near~ the. crest showed ~negative pressri'r~s. 'The '.largest ~.01;served , w ~ :  :.:.i: 
--0.06 foot o f  i,~ater' ,model, .:o[ ~'O.~8~theffOOtslopingiuiOf'~,wager,::'prot~type;:,:i/~ i 

-',which'is anegligible amount. Beeatme'Of m[ream'ii~,::!)i:i.i: 
:.this. section, did not .possess ~ as. definite aispring ipoint :as .the. ~eti.on.:~: : :/ 
~.in'thefforme~: example, whieh.m~y aeeountfor!the!faet,~that~theiwat~r":... =4 

:: surfacesin the  manometers.did:not coincide .with the ioutline,Of ~the .... :~ 
1 4 0  ~ ' " : 

: . : : , : . .  . . .  . . :  . : . . .  , ,  : . . . .  . . . . .  ; , : . ; .  : . . , . . . , . : , : , !~ . ,~ :~ . ! i~  



• " " : "  ' . . . . .  , ' : "  " : ' : , .  i ' . " ' ' , ' ,  : , :  " - " :  : , ' ) : , : ,  ": : l . ' ? / :~  " ~ : ' ~ . , ' .  :"  

i :I: ' ;stream ~piezOnleters : : , h b : ° v e r f l ° w  :~eetion'.  : In  ~b?th ifigurds : ; 3~A ,,and :394B,  a,i few,~ of ~ the  ,un- 

: i "the'. e~vp, erimental~ re~ul t s  
. . . .  ~ t he ,p re s su re s ' on ,  a , m o d e  
• • ~ h n '  " ; the  spi-ing~point g r e a t l y  a . . . . .  : ...... r - - ~  . . . . . . . . . . . . . . . . . . . .  ,y~ . . . . . . . . . . .  , .  

'2klso,:i it,, is ,. e x t r e m e l y  diIfi c~fl t ! t~ i. con S ~ i c t i  these  -sedt.io~s , exac t ly '  ~o 
scale:in,  i i l l , respec~: .and:  install/rill p i ezon te t e l~  c.~/cfly,~orn/al .~t~,the 

,, overflow!face.  ~::" ~'. .'/:'-: : / : i  :: 
A~model, Ofl the  overflow, sedfi0h,!Sf(&~ample:~7~vas,,eonstru~ted(o~i: ~ 

i "..:" .~--scale of  ~1:30 :from~ the~ coordh  "" " 
~,. ~hang on the  : .ups t ream ~face, 

: , , c '  

:~ .... ": a designed~.head:of717~901:feet,.ard Sh0wn: in i f igu re :40-~ .  : .' ~ 
.~ The ,  ext reme:  upst ream~piezon~eter :  r eg i s te red  ~ a :Positi,:;e @ressure, of.::  
:~',. ' , 2.7. ~'feet, 0f~ wa te r ,  ~prototype; '~whih:,  smal i  inegi~fivc ~press~ .~  ~ e.xisted 
:~ • ~ ~ immedia t e ly  d o w n s t r e a m .  The,pressures0on~this,type.::~f~.section:are 
, : ex t r eme ly?sens i t i v  e ,:,to, a n y ; m i n u t e  c h a n g e  ~ in,-shape ,near  ~thc ~ p H n g  

/:~. ipressures  to: , .c0incide ,wi th  : the profil e ~linc. ?Negat ive  ipressures  ,/: 
:: : ~.h~dicate : t ha t  ~ the ,  shee t  .:of wa te r . ihas  a t e n d e n c y  ~,to-skip,.over : the 

. - . . :  !:surfaCe, ,whilel posi t ive~pressures:  a re :a  d i rec t  resui t  Of imp~Jgement i  of 
the~sheet aga ins t :  t l ie  ove r f l ow/ f ace .  • 

i:i . .~  m0de l  off the  offset, overf low~secf i0n  of.  ~xample~:8 :Was~alsb, c o m  ::~i ":: 
: :-,:: . s t ruc ted ,  on:  a :1 :30  scale,  a n d  : the : coord ina te s  .: used  ! in ;  ttiiS ic~e~ are" .... 
: ; . : ' .  i l is ted~in-table  :35. 'The , res f l l t ing :  pressures ,  expeHenced:0n i  
:.. ~ s t r e a m  'face of, this', modelff0r,, a, desiglied ! h e a d  of !lT~.90!feet!, , ,  ~ & I L I  W 1 1  ' , ' ' 

....... : i, in:figure~head. 40:B.~ All;pressures.are:positive~for:flow:at~the::~designed., : :  .-. . . . . . .  . i: !:ii! 

. :  ~! • 

: I t .  is  felt. tlmt., the  a b o v e  verif icat ion o f  p~essUres 0bta in:ed. f rom. , the  :~ :., 
!:::: , models ,  ,which  w e r e ( p r o p o r t i o n e d  i f rom : i he  : foreg0ing :e~per inlental  :.: .' i,,i: 
i"f:: :da ta~in  ~,this~ bul le t in ,  :is a l t oge t l i e r  sa t i s fac tory . :  :.~l~e::resultsi:sh:0uld : 

~be as~favorable:for~the,prototypestructures. .... . :~: :: 
,~~' '~There :-are.  m a n y .  over f low :spil lwitys ,~ i n  exis tence  wlfibhi: ope ra t e  
-: .... :.under, negative-,  p ressure ,  without: ,  d e t r i m e n t a l ,  resul ts .  ! Inf fac t , ,  there  
.. - . .  ::are~few~overflow: sections:in::e,xistencc tha t=wi l l !per form-Without  some  " ' 

• ~eetive . :.: : , e g a h v e  ipressure  on  ~the :face :when o p e r a t i n g  :. a~ ~theh " 
ind ica te '  the~:d~ ~ : . f ies igned ~heaits. ~ h e  ~above .  c o n f i m m t i o n  .~tests iffi- : ,  ~~i 

:i/i i cUlties:::involVed e~ en :-when ~the, design ~iS°~ m a d e  i f rom;re l iab le ,  e~xperi- ,  :' ~,~'~i! 
-~. ",  ~mental ,  da ta .  :.It :is, not~ the~ in t en t ion  :-to Create ~ the  : impre~ io f i ' i i ha t  - 

i i:,:.: ' ~.all~ 0Verflow~spiHwaYs.:sl~ould:be des igned  ~ to  ope ra t e  .~witltllittle, o r n o  ,: 
!:::! " i~ivacuum!beneath:~the,  over fa l l ing  . shee t -o f .wa te r .  :~In, fa.ct, there-:are ~ :/:(:!~: 
:~:/: i eases. ,where i t  i s  e c o n o m i c a l l y  advisablei  to  d e s i g a  sp i l lways  to  o p e r d t e  " !': ~:: 
:i-i: ~ ": :~with~subatmospheric~pre~ures: aS g rea t ,  as  ~half. a n  : a tmosphere .  ~:.iIn ! : :  ~!~i. 
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OF~CRI~rS!~¥OR~.OVL~RItALL~DAMS : ,/,:, . : . . .  

'ithese cases/h0wever , thorough~mokiel~studies, bhouM~b 

~:" : :,,and ~quite :unprc~lictabl0i':. it,is~ilm"~ ~necessary,~' --" - 
i,~~i:ii.~, ~negativo~pressures'.into~accountiin:th0,struci~u~s 

~On ~' the other' hand, ifo~ ui kiamSi han~llingl, great ~ qui 
advisable~ to 'design., spillways ~dth'~vacuumlessipl 

"~: ~. ,"design. will resull i~t~ ~i ini the  most,stAble~ow,,,~with 
/ . ~ ~ tionable ~ noise,,.--an'd ~ maintenance. ~In'~,i~ddition 

these ilower 

• ,~ designs can~ bo:m~e directly'from, th e data~:containekl, ini tliiS' b~et-ini 
thus the construction:df~riio~delsTor~ all' but' tla ~ A;Jo~ ~~.~ ~.~r 
,cated stralctures can ,be ~liminated.:.. " ' :.-,! ..... 

43. iDischarge ~:Coeflleieats,~The, discharge/codilicien is ,,~db~ekl 
;from eachof ,  the~fourovefflow:mokibiS,for:a, lnumber df~hea¢ls~iiavelbeen 

• :surface:cor/ditions~.to;sCale in:a me, 
:,,~structure ;of ~ this.~ type -are ~ usuall~ 

!pressure, under the n~ppe: tends~to~:increase~ the~.vaiuo 0f~ the.klischarge 
coefficient. ~. il ~ ~': 

TABLE'.36.--C.L)MPARISON O F  D I S C H A R G E  COEFFICIENTS-~EXAMPI~ES 1,:4;~7 .~AND:8 

10 ~ ] 

7 , ' .  
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:DECREASE.  - IN  COEFFICIENT:~:OF :DISCHARGE,":PRO~:',~:: 

":'~:; "been: m a d e '  t_ . :::.::~,;::!: ,:~ -::- x" .... o 

..... s .~submergedi~ :,fi:~iits::besti i-is !i'!:: ~ :., : : on~: flow, over :  submerged  "3- Iow~ 
.(~:...::i.,;'. " ; unstable , :  it,  i s m o t  difficultl to : u n o e r s t a n d : w  
:_ .: : ~ been  o n l y  pa'rtia]ly Succesgfi~i: :::A: ~s~,ing0f:. the:~nostprominent(~v0~k ~:: ~ 
ii: . ~ 0n  !si~hmerged'flov: e v e  ~dasaS:is, incl~id e,d.:in~ the.;".bibliography.:: :~:Even : ::: 
:,: .:.: :'. i,if ~ this>,material  cou ld  ! be,  pieced together;  : its :.s~p.~:'.~/o'uld ;n0 t  i b e : .  :i 

~y:.stu'dy, was :i; !:/:-i::: .... • . sUtfi6ieht to : represent  the  p ic ture  a s a  Wh01e: .i:~labor.ato ~ :'-" 
i,i~i~;;i::i~:.. : ' " there~ors,mdcki in a n : a t t e m p t  to obtain~aS:complete :m~,account,as the  ":"- 

)::( :,avifilkble' t i m e  ,would, permit .  ' T l m  object: 5f~ the(stu:dy:.~-aS':to~obth.in" : :  
::::: ::. :gehera l  i n fo rma t ion  to ,aid, in, the  des ignof ,  submerged  'dam!;:andi  for 

i th is  re~son~ the  res61ts have,. 5con expressed in" the -mos t  general~'form, : 
i .  . ~ ,ha to f ' d ime~mion les snumbers .  : ~ ": ~' '- : ..... 

m e n t a l  resul ts  f rom two small.:damS ~:hich.wer~;~estedir~.~ho l iydraa l ic  ,:i.!,'; 
:i ' and, 'deals ent, irob :'.'these:dams.: .:::.: / labomto~3r, 

:The : s tudy i  inclUded (1): inx:( , , ypes. :6f,;'flbW .: :i(:::. 
: ~":::: " " de te rmina t ion  6f~ discharge.,eoeffii, iehts,:(an~!i:i(a)~thhf:":i ;,.:,;.~ . . . .  ~encountered, :  (2) 

...: . ; ,measurement  0 f :wa te r  surfaces-andpressm'es: :on:  the.!dlmi':ii~diin ' the  :.ii 
-,:.::... , .. s t i l l ing basin,, to a id  in  stability, dcterminhtiohs.:.::i.://,~ .::: .,:.:. ::::i..: :: .... ;.. ,::, i: ~ 
!!~i!ii::.::.:, : Four'distincttypesof'flo~v:~:ereprevalentonthe"d0~nstr6~"apron:-::: 

.... . . . .  . . . . . . . . . . . .  ~);:flow~ inv013fing! ~h;~.!. hydrau! ie  ,::: .!!~i 
, . " :  i j ump;  (3)  f l0w.accomp~nicd  b y a  d reamed  j ump,,and::: :"- . (4). . .  , : : . , : .J 

" ee:fl0w, cohdi-:,: '~:~: i i n f f c o m P l e t c  submexgenCe. 
: : ~. D i scha rge  coeff icients :were :firs~ determh~dd! for~.the:- fr 
'i(:: :: i t ion ,  then-~:redetermined : fo r ! the : .va r ious  coi~ditions ~;inV01Ving:sUb-: ,:.:::! 

~aergence::::,,The. difference:betwee~l.~e:.two!is:termed~the:'decrease::ii' ! 

~:presscd:, i n  p e r c e n t  of: the frce-flo~ coelticient ;:ha~ i been :p lo t thd : f6r  ::. 

: .: :, :-.~rith"hofizontal d o ~ m s t r e a m  aprons.  . , " -. 
:i,: ' . . . :  ': Wa te r - su r f ace , and  ~ pressure: m e a s u r e m e n t s  are i hidUde~l dn::~imen-..:.. ,  

::: : s ionless .e~0rdhmtcs  for  :a~representat iv&mimber  0t~ ri0.w. 
i;i ,.These: p lo t s -a re  in tended:  t o  aid:. thc desigaer;  in~:picturi; 

t ~floW.i,tO}:bo enex~ tmte red ,~and ,a t .~e . s~ae ,  ime:::Offer~,~ac 
..,. - ~ 1 4 6 "  "" 

f .... ~ . . . - 



?i f,br': i l s t i i b f l i t y :  de~e~ina' t i6~s: : : i .~ :  

i!iiiil, pment. :The :first:.~ " , .lcren,~ ~omces ~ oI~ eqm] act ~. Of iexperiments :;~¢asi: per: 
':!:f°~m'~d:;u~g::a:;~:~e6~Umeta1:0verflowdarn :.i;e0nstr~tC,t/d i~accoMin~:i ~ 
:-:~ ~(~e coordinates ~ for~Dam,,~A~ in: " " iled:in,.~ 
!.::~ rectangala~(~heet2metglflined flume ii~52(fect::,wid0:anB~,approxunatel. 

: :i:," 24 feet , , long. .  ~d] ustable, floors, were ~ provtded, both: Upstreami,,ani:l 
:!.'%~'.)~ Mownstream; from~ t]l(i 'dam:. in- addition~, to!,thei main! flool:~.6fi!theTflum~i 

:::. ", see'figure 43: .;'leer.all poSitibns, the adjtistable flo0:rsWer~'/sealed~:~~fiy 
' .:agtfinst~ theTdam azid:,side:.~:aHS~ t0~ prcv0nf,! flow.( 

!(?!The seeond:,:se~, .of. experiments,, was: pc/'formed iin;~iid~6r'~ but:~,s~ili~i 
.' ,.::,flume,1.95:,fee~ in:,~vidflr, aiid 30 fee ~,long,, in Whicli~irn0t~er sheet-met~l 

:.- ;,~ 'dam, constmmted according to the coordinatesf0~(: D~iBiin~figu re;.42;" 

:,positions Of-the gages wcre:.:in.:similar locations, :ai/d;the:c0nfrols~.~:ere 
;;alike:in most respects .  iTlm"-~YLreaiu~ h. 0a~l~: ~adzgage~ic0~ccgion~i jh~ie 

:~ : -case;,wastocatCd in'the movabld]ioor~a dist~mo ai)pmximat~l~ 15;He, 
!:: .Lot!, 15: tinies the::designed: het/d. Upstrcami fi.omi~ the:crest~6f~,the(dam: 
:: :iThis.was connectedto a transpare~nt~ po~ on! thci.0utsi~lc': of  the!-fi~di 
.. • ::from.which:head readings:were:.mcasurc~d: by:a:,hookigagc:.:~Ti~e i tail. 
--:. ,,water.' leve! was  0btained~ from. a: point gagd!,located: , distafiee-4 :~r 
:: .... , :o"~stream. front the:crest of fire dam. ,,Watc!;.surface~-profiles.:~along 
: "', ~ me numewere:obtained from.~point.m~e, whiCll co61d:bei~:~;'3:~^..r-" 
. . . . . . .  a4-mCh Channclr ~ron.located over: the:.eentcr, of~,thc;'flume. :iPressure 
:.:i::: ::::measurements°n the dam and on the d0wnstreaz~ floor,,were:obt~in~d e 
:' .. i, ,:ior/'. Dam:: B~from piezometers located, normal to: thesesurfa,ces ~,as:Mm,i~m: ~, 

,m figure 143. iThe :diseaha,rge, to.the: m6del,:~:as, measube'd,,: t~ar0Ugli: the i:: 
i:aeeurately~ calibrated:.lab0rato~T;,Venturi~meter sy~tcnl..; . . . . . . .  iReg~atibfi ~ 
:. of,file tailwater o n ' -  Dam B .was aee:)mplihhed by means:6f:an k~justable: 
~h'mg~d:,gate:located at the d0wnst~eaan.end,:ofi.~CiflUirie. : ,.ii 7. :.... 

_ .: ~,4~.•~Test~ Proeeflure.--Initaal- tests:werem, ~ade:.to 6b~~:the,.!data-re~ 
: :~: >:iquired~ to.:, construct : curves .~ for : the.~frc e.,-dis c h a ~ : ~ i ~ h d i  tion : ,~rre-. 
( :  :: ~;spond~g to.:di~erent positions of: thb ,upsi.ream:!flo~'i~l~c.::downs~ream ) 

i)!i:; " t~oor  ~,W~-~ ramoved.-compietely, and :r fl,ee i flow ~,kli0~l :i',t6i prevail :.for-: 
,. these tests, iThc,curves,are shown~ m.-figure,42 f0c two: Upstreamifloor 
i p0sitio~isr)for; Dam :A and 0ne,:floor:.,¢m~itini~:r.i.~~;.. ' ;..r~.;::~:^: ~B. 

on the ttow!.produced:.by: th~ 
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) -  
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Designed:head,Ho ..O.S2' . ~ ; D e s i g n e d  head:;He, i.~i6' ii! ' i ,?.i.i: 
P,'~ E '.3'44'.~.nnd: 0.25' .  "~P.~ E~ 3.54' . ", .~..j. : .... 
Leng?h of C r e s t , L $ 2 '  Length~of~cJ, os~ , i .~$,  .~ ~ 

i/:FIGUKE 42,--DAM COOKDINATF_..S. AND FREE.CK~,ST COEFFICIF.,NT.OF.DISCH.4JLG E 
C U R V F . ~ .  . ~ ,  

: ::accounted for i n  the,fi.ee-flow, coefficient cm'vesir[  ~figure:42. ~,For:this ..:~ 
! ! : / r e , on  ~lt: was-not , .necessary to~. e~, pl0y~. moi.e : than one: :uPstream!,fle~r ~i::! 
,: ,position for~Dam B; ' " : :.: . : :.:: 

. . . . . . .  • , , .  • 
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i = P L A N  ::.~ . . . . .  , ~ ~,  : 

: h e e d  ¢ 0 ¢ e ,  "~ • :". " " "  " 

~i ' : : -  Upon complet ion ;of the;,free:flow~coefficienticurves,(thi,~iuPstre~•:,: 
: ::!aoor  was set! in one of the  ealibrated;positiong:and~the(do~g£1e~ ~ '  - 

~ ~i~floor,,was/fixedlin a~position approaching/thelcrest~:of~tlie'i,:d~. ;A~- 
ii~ .~:eonstant~:head .was ,maintained o n  the  :da~:~.w.hile .readings Of: ghe:?dis- :, : 
ii:::•-: ::chaxg~i.an d. depth 'of; :flow over; thc~:dos~nstream:'floor::~rc~-~d~for• ' ' 
:~: : var ious  t/filwater~ .depths. , Flox¢, conditions ~:encounter6di.vai.i6d! fr0m : :, 
:-:: :. • supercriticaL velocities' t o  :flow, at.~:practically~.c~mple~o::.submergcenee, ' : 

:~ t h e : d i s c h a r g e i n ,  the!,l:atter case~::approaching.(zerdi~ ~iT]~di:prob~dure:,-:J'~ 
• ' :.. ~involwd.fr0m6 to  8 runs., ea~h:,made ~with:.the./~/]~ieadbut~.~with~:~ the  ::-:~::!; 

: .g , ; . ,  ~ 

:. :: • . ::coefficient of~discharge ~wasobtained .fori:each r~ 
• )effiCient ,of :discharge-due ~to :submergence ;aI/ 

i(:;~,: ~.. ence~ :of~. the  ;~downs~eam :floor:.was: obtained ! 
: .~:t~acting~,.the~:,coefficient. eL!disCharge, as~ com~ 

:~ ~::~ee:flow~:coeflleiCnt ~of~figm.e ~42~...f0r:~a. Corr~p 
i:: ~.~:e~xpe~imental:ip0ints~.tJaus obtained:.hav 

runs, outlined~above , repeated/  ;This entir~ fou~ine-~as~r~pd/~t~d:~o~ 
floo~!,posi:tions:~varying from the  ~crest, Of~ the:;dami!:toi:i~he~ipe~6nt'  

lUstreami::fld01 floor::.~f-~i~the;i;:fl.ume, ~"~In~ the.. ease::qf.~Dam,~A,~: thc~,up~, -::flO0r~i~was 
shif~li~Jt~!:, the.: se, eond Cal!bratfid:position~.and;i:cert~:-iiims:Tgpeated:.i 
The~ ,teg~ing 0n: Dam 'A~s a.s~ ;limited ~to ~ist/percfitical,: velocities:,~on,..the 
downsta'eam;floor..while t lmt  Oa':Dam]~ ,hlCliided 
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:. ,.~ "i T,h e,-.,.no m ei~C] atui ;e  '~ d 
r : =~ ~;11. ntra.t.dd i: bv~ the.i Skc£ ~ , C o l u m i ~  i 1 ~ i ~ i . d i e a t O ~ i , t h e ~ d i / ~  ~: ;: 

3!iS."the}¢ ' • "~ ' .,, !oOfficmnt Of:dischaxge ,obtained;iby:s~!b~ti tut~ 

~tion~i in the ,  expres s ion  C = ~ ' .  ,. ! T h e  t abuh  . . . . .  ~:~blumn;4 

d(fference":,between t h e  ~ frce=disehaxge::coeffmmnt"an : 
~ , i a : g g a  . ~ ,  ~ , h m , ¢ c , , a  :floW.:¢or the  s a m c ~ d a n f o p e r a t  

respec t •  toi the" ,head~on:  the,:: crest.  ! C o l ~  
:~ow ~ e n c o u n t e r e d  ~d0wnstrea m~ from'., the,!da]~ 
=44,-A.  !The~symb01):Ho,- ,when e n c 0 u n t c r d d  

, app~ed , to  the  s a m e : d a  ; . . . .  - • : ~:• ::'•:'••" :~ 
: •  ~.48.3.:Test Resa |ts;Ol]~r,cOellicients of Di~charlge~ ~l~6r:?di 

~'::~7)~ i'in " the ' ;d imensioI l less 'curves  i n  :,table: 37, were ' ,used t0  :p!0t . . . . . . . . . . .  
~,Fbr('the( sake  ,of, c la r i ty ,  ~hepbints : i  axe: ,no~ §hown,~on~(the 

• " - " i{ " • m a r e , c o o r d i n a t e s  inv01ve: t~ .~:degree of . ,s i ibmergencd iar/C 
. . . .  • • ,  : e  solid:ilin  :iai  de. .... of t h e  d o w n s t r c a m f l o o l .  ,,~he .h ayy  

~.: . ; ,zones 'compris ing t he  vaxious: t ypes  of :,flow,enc0un~erdd::/: 
,. crltical:flow~ t h e  ,hydraul id  j Ump~ ,dro~¢ned : jump ~ '~and~fl,6~ 

. . . . . . . . . . . . . .  t,e:th'e:'d :cofi iplete submergence .  / iThe: 'dashed l ines  , i ~ d ! c a  .: ,~ , .  
• 6rd i schaxge  in'per/Cent~::based o n  t h e  coemcmv ,,coefficient 

. .:::~3fo~.freO~flow: a t  t h e  same::he~ad:))Beginhifig~i~v t h e  itopi:6[ 
;:'.!,.-~ .~eading~ : downward , :  the, ~ f l o O  des l  g:nated ~;as ~ "%ype ?~:!" ='~ 
,~.~ c~t ica l :weloc i t ies~  i l lus t r a tdd  by, p lo t s : 4 ;7~  12i~;and i16:5f: 

: ~.46: ':~The :decrease: . in  the" coefficient' of dischm:gei:~:-this 
: :  .: caused! :by • submergence '  ',in~.:the:.usual sense,:obut:;~iS:~ent] 

p r 0 d u c e d : b y :  t h e ! d o ~ n s t r c a m ,  apron.  

?,As,the t a ihva t e r :was  raised,  or the  v a l u e . o t : ~ a e c r e  

', i j u m p  :.: occurred~ , in  .whicl, i.lbbth;~ supercritiCid;~:and ~ t ranq 
:/i,-::i.present. ' iThe: formei~,is~Lihc ' type~ I~flow:and~,the:Jat~er. 
::::~ ~i,b the i  zone  :des ignatod  a s ' " ' t ype  i•II::flow."i•:'~Th~ • 
, . t h e / d c p t t ~ Y  ~: • ~, types:)L and!:,I]3shbuld:nOt: be  confused:  ~ r i t h  

. . . . .  ,:cur ve,!:-comm0nly ~assoCiatdd : w i t h ! ' h y d r a ~ c i  Jt 
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1 ~6 STUDIES OF CRESTS : FOR OVERFALL DAMS 

44-A. The.hydraulic iump:is shown in plotsS,:8, 9, 13, :14, and 117 
of figures 45 and 46. 

As the value of ~.~ continued to.decrease, a ~hlrd~type~ofiflow'be - 
/ 

came prevalent, designated as.l:.ht~ "drowned jump" : or + "type :III 
flow." The jet of water flowing over the dam continuedito:f011ow 
the dam face, but the taihvater, depth was too great to'allow agood  
hydraulic  jump to form. '.[his type of flow is illustratecliin" plots+10 
and 18 of figures 45 and 46. 

~$ith still further decrease in the value of ~.:/, :a. fourth' type of flow 
' : .  ? 

occurred, which was truN submerged. In ~this case, the je t :of  water 
flowing over the dam no longer followed down the: face, but separated 
and assumed a course ahead as indicated in'plots~tl ,  15, and+19 of 
figures 45 and 46. This type of tlow is  confined t o  the zon0 desig- 

+ h~.-kd . . . . .  , ,  
nated as " type  IV." Except for small values of--/:~-,:flow throu~,h- 

out zone IV was vetT unstable. 
An inspection of the dashed lines in:figure 44--A, representing con- 

stant decrease in the discharge cocfficient~ indicates that where thence 
lines are w:rtical, the decrease in the coefficient of discharge wasduc  
principally to the effect of the downstream floor, and was independent . 
of submergence. As the downstream floor n e a r e d t h e  crest,,of ~the 

h,~.-kd approached 1.0, t he  coefficient of discharge decreased dam, or "--/T/- 

to 23 percent. With the downstream floor, level wi th  the crest,:the 
dam was virtually a broad-crested weir, :for which t h e  theoretical 
decrease should approximate 23 percent. 

Where the lines designated as ."decrease i n  coefficient" .: are hori- 
h ~ + d  

zontal for values of --:/i-" greater than 1:70, the downstream floor no 

longer affected the coefficient of discharge, and: the:decrease +in dis- 
charge coefficient was caused entirely by submergence. For values 

h ~ + d  of ---~)-- less than 1.70, the decrease in the coefficient was produced by 

floor effect or a combination of submergence nnd,floor effect. 
I t  appears odd that  the dash:lines for type+lli-flow should rise as 

h,r + d 
the value of---l]-- incrc.as~s. This was caused~by a change in'flow 

and can be clarified by refi,rencc to plots 1 4  ~nd 18:in:_l]gurc '46. 
Plot.14 is type II  flow and plot 18 is type: I I I  flow, but the-value of 

hA is practically the same for the two.  In  the first case:., a : t ruelhy-  
H 
draulic lump existed and little submergence effect wa~present. In 
the second case, the tailwater depth was approxhnately~thc -same, 
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:~i i: ':ibut ttle backwater effect .was:n,orepronouneed. .  !]n,other, ,words,*the ! 
' '  ipoint o f  contact ~between ~the i jet falling over ithe :dam andi the  :tail- 

w a t e r o c c u r s a t Y ~ 0 . 1 5 , i n p l o t X 4  and~0.35!in~plot!lS, iln~all,cases, ' : 

the depth '  of flow o n  the downstream*floor :w~m~measured ~ a t ' a  ~ p o i n t  
~$H,, or i four t imes ' t he  designed 'head, downs t ream: f rom, the  crest 'of 

: the dam. 
Free-llow coefficients of dischargehaveibeen plottedinifigure:444B ::!:if' 

against the ratio of the operating head to t h e  des ignedhead:on a dam, 
for different depths of the approach chmmel. T h e  data:for':plotting 
the curves were obtained ~ principally .from models~tested, over:a~pe- ":i: 

:tied of time, in the hydraulic laboratory. A Checkwith similar,data 
21 ~ • :from other sources silowed excellent affreement: The~ ,purposeof '  

the curves in figure 44-B is to aid the designer.in:idetermining~thexe - '~ 
duction:or  increase in the: free-il0w, coefficient':foria(glven ' dam,oper ,  
ating a t  other: t han  the des igned head. 

4 9 .  T e s t R e s u i t s  onPres su re s .~ i l n  add|tmn:to:typmg::the flow and 
~plotting the decrease in the coefficient of :discharge :fox" each~case, 
,.pressures and water-surface profiles were ,m~sured  a l o n g t h e  :flume 
for a few representative: types  of  flow. on ~Dam'B: ' T h e , r u n s  wet5 all 
made With the dam operating a t  tim designed, hea~t,'H,, and:the results 
have been plotted:in dimensionless tern,s with respect ' to  this:~:head, i: 
see figures 45 and 46. The  axes of coo "d inates o~,igilmte a t  the crest of 
the dam. The conditions,under which: the runs wercmade :a r~  indi- 
c a t e d b y  the:numbers within the Circles infigure ~,--A. • TheseT tms  : 
were made in an effort toprovide  data  on st,ability determinations!for 
snmU dams . . . .  : :i 

50. 'Application ofResul t s .~The/ fo l ]owing examples,:serve toiillus: - 
t rate the use of the foregoing information o~t submerged dams: iEartli- 

o, • • . . . , ' . • . .  :, dam spflhvays are usually fiat m longitudinal closs sect|on,-since they ~: 
closely follow the profile of the dam. The  gate sec t i0n :andiups t ream 
portion of one of these is shown by the dashed!line in:figure 47,labeled 
"original design." The coeflicient o f  discharge ,forl, thls •spillway ; i s  
2.85. In  contrast, the coefficient of discharge:f0r~th~, s lmpe!indi~ted 
b y  the solid line labeled "l loor  positions producing;nodeerease:in dis- 

• ct,arge coefficient," orl the same:figure, is 3.68. : :The~latter.slmpe w a s  . :i 
d~ igned  such that  the ovedlow section would fit' the Shape of~ the under  
nappe of the sheet of  water  flowing over:itffor, the ma~ximum flisclmrge ii 

• condition, and the  downstream floor was lowered.sufliciently~to pro- ~! 
duce no decrease in d~charge coefficient f rom ~that source, :  'This 

:phase of~design has ~been discussed in t he  :precedingpages.  The 

~ L a n e ,  E . = W . ,  S p i l l w a y s  a n d , S t r e a m - B e d  F r o | c o t t o n .  D a v i s  H a n d b o o k  of  =~.pplied H y d r e . u l l t ~ , : l ~ , 2 ,  
p .  3 4 1 . ~ V o o r d u i n ,  W .  L . ,  H y d r a u l i c  Formula~% ] : ) a v i s  H a n d b o o k  of A p p l i e d  H y d r a u l i c s , :  1942, p .  2 3 .  . 

~Cox,  G l e n  N e l s o n , : ' r h e  S u b m e r g e d  Web" aa  a M e a ~ u t i n g  D e v i c e ,  U n l v ,  of  WIs. ,  E n g .  E z p ;  8 t a .  B u l l .  N o .  : - :  : 
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:SUBMERGED FLOW~ STUDIES 

economy ,involved ~in ~provlding a ,small ~ogee ~at t h e  gate ,section iis 
evident, f rom the above, coefficient, and~it'is 'now eommon~:praetice to 
design eartl~=flamgate sections in this manner.  The' following example 
illustrates t h e m o t h  od of, determining:the ~pogition Of:the !t'loor down-  
stream f r o m  the ogee. 

Example 9.--Design the ~ downstream portion~ Of ~the ,:overflov~ 
section of the earth-dam spillway in figure 47 for:a !minimum 
amount, of excavation, allowing ;no decrease in  ~the free-flow 
coefficient of discharge for  t h e n m x i m u m  discharge eonditioi'~. 

The  crest of the ovel/low section is  at  elevation 465:52 and:tl te total 
head on the crest is Ho=33.74 feet; thus t lmcnergy::gradient , immedi,  
ately upstream f rom the c,'c~ wi l lbe  at  elevation499.20 elect. The 
flow immediate ly  downstream front ~hz c,~erflow section will~occm.-at~ ' 
less than critical depth and will therefore rescalble t h a t  0f.~ype 32 in 
figure 44-~A. Taihvater  is not  a considerat ionin tMs~ease. 

:By following down the line fox" type I tlow, see~figure 44-..4., 'to !the 
dashed line labeled "zero pe,'ceat decrease :ill ,~he Coefficient~of dis- 
charge," the values of the main coordina! es at  this point are 

1.24 a n d  -~7-~ . . . .  . / u  

ha= 1.24)<33.74 =41 ~84 feat ,  and 

h~ + d =  1.70)<33.74 ~: 57.'36 feet. :' 

The position of the floor shouhl th~refore be 57.36 fee t  below 'the 
energy gradient for the maximum flow condition, or  ~I99.26--57.36= 
441.90 feet in elevation. This.floor is indicated by the solid iline :in 
figure 47. 

The d e p t h  of flow oil ~his horizontal floor a t  a distance 4Hot o1::120 
feet, downstream front the crest:is d=57.36--41.84=15.52 feet, and 
graph 12 in figure 46 indic~tes the type~of,llow to be expecteit. The 
coefficient of discharge for the dowr~stream floor at  elevation 441.90 
will be 3.68, see tigure 47. 

The  above procedure illustrates the method used in deterniining the 
position of the downstream floor for  the spillway section, of exampleS, 
see figure 9, fo r  no decrease in the coefficient, of disc!ta~gd du e~ to down- 

t " ' ¢  ' J  s .rean|.:flow cond|tions. ~s a m a t t e l  of interest, the:downstream floor 
,,positions for decreases of 5 and 10 percent in thelcoeflicien$of discharge 
~are a l so , shown . in , f igu re  47. The type of flow encounte/::ed ~in-the 
latter : two  cases~,wi]i ~b~ similar t o  t h a t  s h o w n  in:gTapn 4,  figure .45. 
T h e  threef loorposi t ions  in figure 47 sltow that  the dowI~stream floor 
can~bc raised:considerably for  only a small sacrifice in efficiency. :,In 
any  case,; however, the efficiency of a proposed spillway will necessarily 

:be ibalanced against certain economic factom. T h e  purpose of , the  ; 

:159 . . . . .  
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encounter&l::for;,the~ Conditions~sho ,wn. i~n~,i'freert,°wSc0~mcie~ ,' 

o f  discharge :is 3.90..: - 

. . . . . . .  26 ~ lf~8 

iEnter ing figure 44-A with~ith6sewalues; ~il~ds:f°un'd~tl 
i(falls .within reg ion  !III. ,:A., drowned i jump ~i~vill. occur" 
eltieient Of discimrge,.wiil be 9 percent  ~ less tdim!i thei:fret;aft, 

T h e  iaet uat *I coefficient,:0f :discharge "for:the v flow/con{ 
will: there fore! be 6 ' .  ~, 3.90 X 0:91 =3.55. 

~The d ischargeper  foot of length o.~ dam wilUbe , '  

-. , .  

or .g=a.55X123a=14a75 second'afeet . .  .~ :i"? : " 

These exampms" serve . . . . .  as an intre a ' ' a i i"n  ,tr,;tlmmse. of~the :curves 
in figure 44-A. T h e  solution, of 
successive approximations.  

the: tail' ~Example .11. - -Given _ 

°:r " ~ One~poin~'-em LI~e ~ head-iiischargc~curve ,was; determined 
~ii{:-~ I : ,10. 'A: second po in t  will. be chosen  for, a disdhaige df~170 
:.::!:':"'/:::,:.per., foot. of~ crest, .which .wil~ involve greatei" ttla~{ ~the(de 
~"-' : ' ,-on t h e  crest. This cmTesponds to ~- a; tailwatei~::elevatic 

v 
:~:~: ~see .figure 48-]3. ' - ~ 
: ,~ssuming,H=13.5~feet,  " ":::, 

. ha 1.5  ~. ~ =  1-~.3=U21 it ,  and ., 

h a + d  275 o ^ .  ~ - - - = v ' : : -  = ~ - v ~ .  

. . .  

" : ";]':" 

"¢ 

"From:figure 44-A, the decrease in the coefficie 
,mn..red ~ m that  ~ for a ! free: crest,,iS,25' percen~ ;, and the ~flow,ls~ m-. : 

cOeffiCient ~From :grapR:B;in~ figure 44,~ the free=flow, mscnarge 2, 

, .  ' - : P I + E  t4 
mad of 13:5~:feet . . . . .  o n : t h e  e re . s tand  =4/.~o--=:~--1". 165,fis:3:99.. . .  

- . L  

r ,_ a~, I;.!~ ¸ 
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" . .~hiCh.isilarger '  than .  the. assumecLvalue:  !.' ...... ' . ~ . . . . / . . . ,  
• :'' : ~Choosing a, new , v a l u e ~ o f / H = " 1 3 ! 9 ; ,  ! t h e { p r ° c e s s : l s ! r ~ p e a ~ : ~  

ei t . . ; -Oth 
F ~ 

e r F 

~: :.q. . ~:now,va luesare  

• , : ,  : . ,  ? ,  1 :  

~: r.: m and  : ,  "i : 

- 

. . . .  r O for ~ee crest=4.00. '. ' :::: ~: 
• " T h e  actual-, coefficient o f  d i scharge  , , ~ . = , : f ° r ~ t l i e : c a s c ~  at~ hand'is.,, 

i - i i: 

, . H = 9 3 e e t ,  

./-I, :9 " . " . - 

-"~)¢ 

,~ - r ~ _ ~  b , ' ~ - " ' ~  = o  558, . . . .  " 

, n u  H : 9  

/ ~ = ' ~ 2 = ' 0 " 7 5 "  A._ :~)t7:: 5, 
. . . . .  m. i i  u r e 4 4 - A ,  C = l : 7 p e r e e n t ,  deereasecand~fron~!f igmd' . '~  

the:free-ffow,.coefficieng C = 3 . 7 7 ,  :~ , ~:: .~ 

 hen ~'C,:~3.77 X 0 . 9 8 3 - - : : ~ • ' 7 0 6 ,  

/ ~ 2 _  :100 -----27 0,. a n d : H = 9 . 0 0 . T e e t .  
: ,  : . . .  ' " 3 . 7 0 6  . . . . . . .  

........ -_.~...:.l ~,;,*d, . . d  ,thus',loc~tes:a~,thi.~d '~ 



: : : - : = i d e t e r m i n e  :the 

r;fre~,~flow~"e)oefflcieiits;in 
, , t , , . ,  , c  

a m e n  ~ : g e ' : c u r v o : ~ s ? s h o w n  

: ~ , ta ihvnter  i ei0/0~t, i o n s  . . . . .  " . . . .  y O ~ -  . . . . . . .  :g l~  era. "~he  : f r e e + f l o w  c o e f f i c i e n t  
/ :::/!", " ' ~i:i r e  4 4 - A ;  :80 .  ~,:: 

1 5 0  " ' ~  ' )~ . . . .  L :" • : 

i: .. ~' ,Tho curves ' -  a l so  •.show, t h a t  a~-hydraulJ  . . . . . . . .  ' . . . . . .  . . . .  t c ]  u m p . . c a m  be.. e x p e c t e d ,  d o w n : .  ' . ' 
s t r e a m  ~ f r o m  thedam:foi'!fliesc,coilditions;'iacco~npim~,~'d "b~; a i~2 :5  : / : : i  

ii:~:: .. , , p e r c e n t ,  d e c r e a s e  ha ~t.hc c o e f f i d i e n t .  0 f ~ d i s 6 h a f g e . .  :Thc". :~ : l ee rease  : ' is i:-': 
p r o d u c e d  : :prk '~cipal!y ~by  f loor :  e f f e c t  a n d  n 0 t  ( s u b m e r g e n c e :  • !~Fk, u r e  

• .~:444A a l s o i n d i c a t e s  t h a t  t l o w  o v e r . t i m  d a m ,  . . . . .  . . . . . . . . .  - -  " ?fll) b e s i m i l a r ~ . t o : t l l a t  shown..-  ::i 
; '  ~i. ~ i:in g r a p h s  8 a n d :  9 o f :  f igm ~ ~45.;:, : I t .  Should:::a " :  ~ : " .... " zam~ b e  ment :q~i i~d: t l iagi the: , :  .~i- 
!: i:: ::.~ i t i a g r a m s  in~.figur es.~o:.a~ ¢l- .461are:fo~!i if10w.,a~!mea . . . . . .  e s igned ! ] i ead¢  o i i l y ,  ( : :~!: 

• J i :  

i~,,:" ~a t '~whieh  p r e s s u r e s  o n , t i m  dam.:for:tlm:'fred:fl0w~d0ntlitionl a p p r o a c h  ~ ' ": 

• ::fl'he:water-s,irfae&and.,pressure. c u r v e s  " • " : , ,for• e x a m  p l e , i i 2 ( e a n  ! b e ~ 6 b :  . :::: 
~ -  ~:tained i by. :  a v e r a g i n g  tlle.coo~dinatesffrom.~,aphS:8~ond!~;ifigure::tS,,.,i:::!~i 

.,, : a n t i ' m u l t i p l y i n g  t l i e , v a l u e s b Y , H  ~ a s  o u t l i n e d ~ i n ' , t a b I c : 3 8 .  

.',T,~,2LE 3S.-PRE~SURES AND WATF_,R sURFACE PROFILES ON DOWNSTREAMXPRON_ ! 
, : . :  . , 

. : ' . W a t e r s u f f a c e .  : "  " " ......... ...... ' : :Prb~sure,Proale!' :;~: "::';ii!;iill 
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:.~:plotte~l;in~:fi~, - ~ ~ ~" 
.above!the 'points  at  wlib 

• ~figure:l . .  To!i 
,~upStream~faco= ( 

/ble. 

:and 

::: " Then 

. ~ . .  . 

~ a = ~ = ~ = 7 . 8 1 : t e e t i p e r •  , • • .sec°nd' : , i :  ,~:~. 

, 2 781 2 F " ' ~ ' " ' ' :~ :~ '  ¢ : "  : : r $ ' : : ~:" ~)(: :~ ] " " ' ~ 

~-~ = ~ . = 0 : 9 4 8  feet. (veloc, ty}heat} of approx, h);:. ~:: ~ ;:: 

,:h~ 0.948 . . . . . .  
.71- 

~Entering figure27 with:this'value,: .:... ~ :.;.~ . 

"" ~H, , . . . .  for - ~ = ~ . u ~ -  the  

; . . . . .  :; ;: I !:Entering:~)~ure: 15-~/A,~vith this  :value of  ~o, ; .~ :. :, i( 

E=0.078X10:84~0.85i  feet. ~ . 

-. d : a k i n  ~By Choosing values of~/ ,  a n d r e  g use,,0fifigu~i~iTj{the;p ~ :ss~ :~ /~ i  

=on the,~upstream! face%of;,the dam -are, Obta ined: /The~meth0d 5si:illus-.. 
'i:trated;in~table:39,ifor which the..eo0rdinates a r e : r e f e ~ e d i t o ' . t h e : s P ~  !~;: 
i.::~(poir~t, 0f. the0ver f l0w ~section anfi;=are;shbw~plotte~dii~ifigare '!~'(:{:!I;!!! 
:;,The n&xt:step; constitutes, det~rmifiingithe:ffor~es proaueedib :iup ft;: ::::i: 

" ret6iifi':: the ~dam ~and~i:~api'on~, '~ and~:other. (,~ ipressuresi,~X:~-eight;:of the cone . . . . . . . . . .  : ~  'i 
i i:.ile en:the,, ,ads;~ th dam: and~apron ~Can ~bo i :a~Yzed"i~  isecti°ns..!:?riaai 'a'~, 
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~ w h o l e  f o r ~ s t ~ b i l i t y ~  ~This e x a m p l e l p u r p o s ~ l y  s u p l s l i e l  
:-ward : a n d  ! h o r i z o n t a l l y  a c t i n g  i h y d r a u l i c  ! ipressures  ~ ¢ 

.: . . - a p r o n . . . , .  "~'~"::!i:.: ": ..... :• 
'~TABLE:,39.wpREsSURES: ON , U P ~  FACE :: O F  DAM--EXAMPLE ~12 v., 

~ - -0 .0875  

'i:- |:,d, feet 

..r 

,i,; ~:, 

0.0 
0 . 1  

0 . 2  
0 . 5  
1 .0  

2 .  0 
3. 0 
4 . 0  

:d 
: " H i  

~ O: 000 
O. 009 
~0. 018 
O. 046 

:0. 092 

0.: 184 
O. 277  
O; 369 

1. 000 
0.:400 
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CHAPTER "VIII-- O EK F OW: SEC ONS : i:mR 
. .HOOVER DA:M NYS 

'ANALYSIS ::OF :DISCHARGE :COEFBICIENTS .,, 

!!/ 

. " . q 

the  few, mon ths  al lot ted for stu~y~'pridr~ . . . . . . .  
,Therefore, ~ the: next  a l t e rna t i ve  Wa~,i ~t 
f rom the best,  design 
hydraul ic  :models of :t 
pressures, Could, be  a.ctually:.observed. ': :. Thi  

, less  cut -and- t ry  bas is .  The  :..studies: descri 
;made  :previous to • the  d e v e l o p m e n t : o f  ,.tl~ 
scr ibed. in: the fit~t chapters  0f~ this bfillctin ; 

• ~t, ': )': 

:!i 
da ta  ~ de:-'., .~! 
.m~loe~  !:::i:!~i~!: ii 

connect ion ~ be~weem the'  two, as  :far~ a s  0rder~ or material:is:, concenmd:": : 
The:fol lowing infolTaation:is therefore:a:chron01ogical,:do~velopment.of 

~the:final Hoover  D a m  spi l lway,over f low s~Ction :t o supplement,,,; ~,he ::,:: 
mater ia l  ! in ~Bulletin 1, of P a r t  'N~I, "Mode l  :Studies ,:of :Sp i l lways : "  

: 5 2 .  : G l o r y - H o l e  ~ S p i l l w a y ,  M o d e l  ~ : C ' l . ' ~ / T w o  : mornn~grgl0rY:tvpe ::'::I 
: spilhvays ,were proposed,  , see page ,19 OfriBulletin ,,if~/,p~rt~:i~i. :, T h e  

~be m o d e l  showed,  t h a t  i t  .,would economically J m p o ~ i b l c ,  :.wi~h,the ::  
pa t t e rn  6f..approach. Channel .1;equired b y  conditions:/at  ~Hoov~eb:iDam,::: 
to. secure: a, satisfactory,  condii,i0n of :flow over *.the ~crest ~ai id i in- the/ i  
vertical..shaf~. coneent:rationi of flow~ occurred alon :.h:'ra~al d i n e  : 

Crest.  nearest> i the' .  : f r o m . t h e  cen t e r  of~the s h a ! t , t o  that~par t i :of  time g: • 
canyon wall, Where .; rite t,~ o.  approacl~ ichalmels :~met: 'As i a . i resu i t ,  

: of ~ this ,  concentra t ion,  wate r  did not  flow:idown :tlm.shaft:. . .egually: 
" ~distribtited a round i the wall , ,  but.~ ratlier ~ in.  a .  concent.rated-~stream " 

~ii~=?': distr ibution.  . ' - '  , ?':~:- . . . .  : 
-:  As: the. depth,  of flow over  the  spillway: increased, ~the concent ra ted : ( :  '.:! 

"~~':, ::~ f l o w o v e r  the e rcs tnex t ' . to : the ,  canyon~wall , tended to Seal~thh ~ p  of - 



~',~.~~-:/~:::' '-:. ' • / : ~ - O V ~ F L O ~ : ' S ~ . C T I O N S  . . . . . . . .  ~167 "FOR ~ HOOVER .~DAM '~SPILLWAY$ . . . . . . . . .  . . . .  :; !:: 

i~!::! ,!:" ~t3ae ~.slm.ft i from: the ,s ide ,  ne.xt  to ! the~ canyon wal l ,  ~f ina l ]y : ;dmpp~ ~ ::'~i 
,.::.:.:.;~ do,~.f-flm,sh~ftlwi~h an irregular,.distHbution.. .  

::.'.':, . ;~As! the: :depth: 0fifl0w,:oVer! the spillwaylinet:eased,.!Lt~e c o n c e n t r a t e d '  
:" -: ;flow~ .0ver' the"crest, next: to  the canyon, wall, tended, t0  Seal the::top, of .! 

:,:: ~the "shaft, eausing:an'un'desirhble,.sucfion ar/d Pi~lsation,~:hi~]t inter- ! 
.~,~:t"~!= ~. ;ferdd ,,with: the: oi~eration 0f tile Spi]|~v~y. ;Since;it, was not~.eeonomi::: :.'. : 

eally~'feasibl0 to .locate ~ the spillways so:as '  to:~av0id the concen  
!ii~.',..: .of~ flo~,~.work on  the glo.ry:li01e type0fsp i lhw~y"wa  nuedi,andtrati0n"::~:" 
:::::. ' .  ~.,stildies,~ ey~ coneentratc~d.:0n - the,side-tihannelI~pe:.S/dJsC°nti: :), "~:~: .:... ,.~ , : .  : ' .  

;Bullet in: l ,  :,Part~VI. "I ha; model:was,~const;~cte~ii!oni~,,,scal o,6f~i 50 .  ii 
:';;:": . A iprofile of! the~ overll0w..section,, together wifl~ic~or.dinai 
~":i/ eoefficJent-of~diseharge -.curve, ~ is : shoum: ~ in ; figure. ~9 'iTlie • SeCtion . : 
;::(: . .... ~was designed f o r : a h e a d  0fil.0:9' feet,, and a dist'ha,:gC::0fi.100~ t h 0 u s a n d  ; 

~second-feet. , T h e  coeffib, icnt of; ~schargc:cincreascd :~miforralyi:up;b5 ..i;: 
ficient o f ~4:07-'~ was :.reached ,.ai,head, 6f 14. feet, ~at~ w h i ~  point a eoef ' ' ... 

'~!: .:~ :The. :,eodfieient ! t h e n  'droppeci, :due : to- submergence 0fl tl~e crest; by .... 
ii.:~: ,. baek~a~erAn the side channel. ~ ~It appears:fliati, Were it  notif0r:tlfiS ' ::',: 
::)/~ ~'.:.( '/ =/submergence,~_tho cocffleient, would have con tinued~ to i,w.r,.,,:~.~-,,n~ ~.' .... : 

~es~:ant! i ~he: ."'i. ~:':! 

i:! 

~142,9 seeon'd-feet, per foot Of crest,-~ head of. 10~9~feet, and an.approach• :::. i 
dep th  :equal t o  ,.four times t . . . . .  ; "  , " . . . .  • ~, he h e a d ,  . the  ~coeflmmnt, of ~ discharge:..-..~:::.: ~:: . . . .  ,: obtained in" this study was  3.98(for, the~ , :-" ?::i:::': design' head:. ~Tlm,resultin~ ..... 

. . ::shapeiis:indicated;}Jy~thc dotted line in t lm:lowercvart  5f~fi~ur~.!an :,,:.,~: 
: ~:The, profiles, obtaine'd ~-. b~ 

i.The : difference in ~ coe~] 
_ ;:negative pressures d id  ex 

Y~4. : S i d e . C h a n n e l  vSpil 
?Model~; C-3.-:-' The second 

:. ~e,~annel ,with aS toney  gat 
• ,  of;400 feet, as  described o 
' -':: fIo~w: secti0n, see. figure! 50, was.designed~ for al max/mum-discha~el-of :i: 

~;50~:thousand second-feet at  s head  of, 10.7 f e e l  and: t~e'.model.was o/z'a ~ 
.-- ,,,scale Of. 1:60. ~Tho :depth of.approach.., to the  m~jor  porfion:o~ the  o~er- ~:ii 
.i. !:~!:]:~0w section.was 6 feet;: this is .reflected. in-the coefficient~ ~£:~lischarge, ~:::,:.~:= 
-?: ~ ::.~wliich,reached ;a, maxunum" ~ o f  .3.82, :~but ~ reached ~only ;. 3.67i~for ~,t~o ".(,: :~:~::~: 
~: :~:~designed~head..Large contractions, at./eaehend(0f!t~e,0verflow~:see.. :::~ 
~.: i , ta~;Jnterfered~wi~ n0rmal : f l0w:over  the:eres~i.thuS:~reduc~g.~:the....::i,: 
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FIGURE.49..-COEFFICIENT-OF-DISCHARGE C U R V E S - - M O D E L  C - Z .  



(remedy, 

~!i ~ t n e s e ' : w e r e  v e r y  : e l l e C t l v e .  T h e :  m a x i m u m :  c o e m e l c r l ~  ~,vcas ~ r s  

:~ :!: ~,teHstics'bf~ thc~Ston~ 
: : iW. 

.. ',:55JoSide-Gham~el 

, ~discharge. capacity, to200 ~thousar/d~ s'econd~fee~ per.spiliwa~ ~ f0~ 
,~of!26:6 feet  on ~ the crest and ~ inst£11,: fom!:l"6 byi'i00~foofdrunf~ 

:: .,the overflow/section, as?described:on., page54,  of~B,~letin: 1, ]~ 
::thus' mak ing  ,a clear: eres~ length of ~,400/feet. ~Xddifioh,.6f~ tb 
~::gates .made it necessary, to:abandon the mor~: efficient ove~ibw: 

. ' . such  .as..:were used on, models: C-2 and: C-3 .  ',In! this:series ~ o: 

'i tho: ': :~ 

, model i ,~I - l ,  .~ i th  coordinate:~ points :is..shown,.at(the 
' ~ h e :  coefficient-of=discharge ~.curve, :~shown :. at~; the:i 

:. ~. figure, .for. the " ' " :coefficie ., , gates~i!hlly~:down; indicates :.a 
~idesigaed :head ofi,26:i6 feet. '~This: is. cons[der~blyi:l¢ 

twO~ previous,  sl ia~e~,fas .w0uld.::be~ expecte~ ~ . ~ThC 

. y : , , .  

1:100,scale, ,.was of~ ~ oppo~:tc! hand,i.:and~ waSLwith0Ut 
N o  record Of ~ calibration-can' befound/for~this:m6d~] 

:M0del:~-~[-~3, was, constructed to.la :.scale ~:of :i1:20,~it 
i page  :97:of~ Bulletin:  1. iThis andi:all SubseqUent:desi~ 

. i this .chapter, were p lanned  for;,a; m a x i m u m  dischergeii~ 
,second-feet, ~ maximur~ hes:d of 26.6~fcet",on~ith~ crest, 

• .: i 100:foot: d rum gates on:i the overflow section: :~:~T.w0 ~ 
• 13:and~4~ were s tudied o~t.model:.~I~3;~ for ~'hich ca!ibral 

.: :av~.ilable,~see figure 51. ~The~M-3 shapes  varic~-fr0m 

id! o n .  ,",::?.: 
,6di in " ,, :": 

S , '  . : . . . .  ; 

: .  :point of compound .curve..were: t he  same:in: all: three.cases: :Shape::3,:: 
. .:::model:~M~3,: is' indicated!by t h e  fall' l ine  on ~ the: r ight  P r o f i l e : ~ g u r e  .i. 
~ 551,~ an&the  coefficient c u r v e  is,' p lot ted ,.as al full ]ine::~ati,thei t0p~0f(the ::.i 
. . ,: .s~e:figure, ~ :The: " profiles• .fort model::M=l; shapei:3,:::,and~m6del:~:.~I~3;"?",: 

, ::, shape?3;:areidentical ~,xcept tha~ the crest  was estab!ishe~i,at elevation 
:. ! 1265:7~=on ~ the,:former- ~ad: elevat ion 1205:4 :on~.i,,he!]a~tter::~:~:The :~ei f i , .  :,. 
~.: :. cient~of~diseharge, curves;for:  the.se~ two.  are.,a}s5 i~r~aetically i ldentical  
.:, :i-~or~ hea~ls, up/to":201:feet: :~Ab0ve :thisl pok~t, the::vari~io~i:,is: !due:i:,toi!a 
::.~!:i;aifference:ini.the, degree.of~submergence.: '~The 'crest ele~atioh~for:all: i 
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(DAM,~-$PI~WA¥$ ( 

: :::shows, a : m ~ u m  coefficient0f.3.~ 
~::!Shapd 7rwhichwas  c~ibra ted  for fi~ 
", dffliand, t0:represent~ tho:best desi~.. ~: i, 
: . ofily'3.67for, the gates down. ;.The discharge coeflicients~forlthegates 
:.:', in/i.thel ~ raised ~'p0§itionS ,: do :~ no! ~'.comparei.~favorably~ i~i tli :~th0se/for " : ') 

: ~shape !4,i model ~M~3", ;:shown i in ~ figure (51:-. :.~However;~ coefficient, data " 

, de termine theeffect  produceklon~ the coefficient ~ 0f.disdhargeby~. chang- 

I:! :~: '  ,~ ai~d, :a~, Shown i byt  tl~e, coeffieient~Ctwves~in~figure ~;53; ~tl, e :effect :of 
:: iing.'the~length, of,::the~nose:on;:the~piers.. ~Fo~ pier~noses~were t~rie~i 

[::i~,ii '~length df:.pier, nose,was!practically,negligible. ~ ':;The) total :+spread ~in 

i • observer's~, standpoint,  !fl~w ~ conditions . . . . . .  " ':~ /.. 
!:/~:; ~longer~noses:are preferable;!however,:th ". ~.."' 
) ;/~ :~ be carrie~| to,an. ~xtreme. :.Of: the~.foUi-~ p 

/ : /  ~isiprobably!the most :prac~cal . .  • - :. .,: :" (: 
i!.i:~. ~57. S i d e , C h a n n e l  • S p i l l w a y , / I ~ .  . . . . . . .  . . . . .  . . . . . . .  ii~!'~i 
:./%strutted, On: a I i60 scale for, calil ..... :. 

:.:~i .~.was constructed to-conform tosha 
-., -% 

i')' ' : g a t e s "  : :The is!de-channel ~ port!or ... 
ratio~, would dictate, im Order: ire . ~iii::;: 

"i :,..,at: the:higher discharges,~ and, t he  

i 0f:studying.. the~effect.-of ithe., ups t ream exca~ation(un~the, coefficient 
'~of, d i s c h a r g e : "  :The:,resUlts~ are i p lo t t ed  ~- o n ] f i ~ e i 5 4  ! for : five:i di f feren~ :. 

~.., ,:depths Of excavat iom 7The~ ma~ximum~de~iationiin the coeflicientlfor ~ .... .  ./: 
::.:j:~ :.:~ thedes igned heart amounts  to 3 percent.: for. the: t~o.:extrem~elevatiolts ~ ~ :::!: 
:.- i0f~cut; namely,  ;:1,200,:and '.1'~055. :,some intex~ 
:/::'i: ' ,  cuti-~iould ~.no doubt  prove: t he  most economical ~'-;.i 
:':! :::.~ . Of,. approach, excavation: on i th e: NeYada~.and. the :~ ~ ~-,::i 
iii ~determined~ from; these tests. '~ • ' :  • : ~ :i!(,i<~: 

i ;/::58.,~,Comparison ofi'~Modeis ~M-~5, ~C=5,;and (C- ~:::~.'~ 
isection bf~ the. tinal design.overflow: Shape, ishape:8,::whieh,was, used., on  ~):;~i~ ::~.~ 

!~:::'-:~ :i.the!~Hoover ~Dam~spillwaysiis sh0~m+in!:fig~e~'5:& +~The ~,,cres~/~Was :.: :~:,;:~ 
• i located at.elevation;l ' ,205,4: and :the/drumgatesihad:ailift~of::le~feet • .:. ]::i/ 

; to ~ devation. ,  !.,221:4. :Xhe "~pstream,!,faces~0f ~ th e .:spillx~:ays varied :': ,/-~i:/ii 
~'from.vertical: to a Slope~ of q/2:l ,~depending;on the: topography a t  t h e  ,:: /°"-~ ~;, .... 

, :::'site. . " ~ s h a e  1 ~ ,  
: : : i  /:!~Three .-:.identical ~models were constructed ~w~tl ,p . 8,:i to  sea e : "::": ::~':: 
!!!i ::~,.ratios~ of :1:20;i l :  60;. and  ~i 1:100. ' ~ h e  ~ first : two ~were! complete with -:'~ : / / : :  
.:: : i!gates:a~d i Piers,and :the. third, included!piers !but:not;gate. ~ T h ~  ! ~: : i  ~:i~ 
ili: " , , t e s t s : w e r e m a d e  when! h~draulic :model: testing was  in: i ts~iafancy:.:~!~ :.~: :.i:, (~il 
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i,:.::.i:.".:::, - " , to invest i  ate the w~ctiCabilit~; o f ; t E e  i s i  • :.it,,~as • _ des lre l :  . g ,  ,, .I ~ °. ' :_.. 
-: :: ::tionsfips. T h e e  'three' .models and i their, !behavior ~h~ 

cussed o n  p~,ge 122 o f lB~l le t in . t ; )P~r i :~  [ :  ij~The d~c lm~ 
are:compared in figures55. ~For the 

" -,~:;*~ coefficients f o r  t h e  three  mod elS. were~ plotted, agaiast~.th~ 
~;:: i~,i ~averagc c u r v e , d r a w n t h r o u g h , t h e ~ p o i u t s .  There ! i s / so  
'~'~?:'~" :" the points but ,  ~ a , w h 0 1 e ;  t im p!io~.is.as sat is factory e~S cai 
:~:.. ,:,: iFor-the~raisedp0sitio~.:of;t,h'c:gat~, only.~two-,:se~S~i:(~ 
: ::-: r ,osmo! 
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" F_.XCA VAT~ON--MODF-L, C-7. : :': ,:- ='-" :~ 

i.-: ~Tho agreement: in: this. c~e :  is. not,  eneou,'.ging. ?.(rhe~ points;for~-tho-::- .:::.~T,:. 
;1:60 model,  are consistent,ly:lfigher.thanltltose for:tho.; i :20:model .  .:~i)}, 

:~: ?A. closer inspect ion  .~,ill show: that;this~ is ~!so(-trus;ito!:a'~iekser~e-xteat, :-.i:!. ;:' 
; .for ,. the - points, obtained ~ t h  ~.the. gates f~]lly., down. ':.The p0int~: for-...:: ! • L, 

,.::~ ~the 21:100 model: are ; higher ~ than . those ': f or'the~: t:'60imodel: b u t ) t h e  ' :):~:: ;:"/ 
orders]s, not. consistent;: ~owever, ~ m! general,: thc sm~] te~. scare model  

'.: and i tli6 T h ~  .~st:scale ~model :il i-'~.~ ~appe~rs ~rtO ; have  the'.' h ighes t  coefficients 
: .  :~tlie lowest  coe~figients. ,T0:.wliat;ext;entiexperln~ent~., errors, ,such:.as :i!'::.i 

; . . . . .  - m~y: have.', been.  madel in the. discharge and i h e~d measurement%, mje ~ ~ - ,  :, 

'!'iii} i';%' :iinvolvecl,, it: i s -now difficult)to surmise.., itIowever, :it:is !known :thet  ~!i 

:i:, :ithere;:iwas considerably ~morc turbulbncc present:  in ,~theilaNer s c a l e  :':!:' :: 1" :. 
x:. ,:. ::i.~0'del thanin. . the:~mifl ler~t~o.  ,Therefore, . if:aay difficu!ty.~was,.e_n- - 

; . . .  
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~countered i in :: aeration . under file nappe, the  effect  ,~vould :be mor:e ~ 
" ~pronounced in~.the: smallest  sealc .model  thani in  the; larger:one:  :L~.. :.: 

: ' o~er~.words/, t~ei,1:100: model ,would  show: aih igher  eoefficient,~,d; ¢i5 ;?~,~,!~:i 
-., .~laek o~.aerattoE, while, the turbulence m. the, l-.20 model~m~gh~ Imp my. ~: 

. . :!:i.its.aerationCharacteristies;'.:fliis,,woal, " ~ t-he~!~re tim i:: 
:( ::: :::,:..w.asi:not to.scale in,~ thd:three, c a s e s . :  ppeai~ t0~be,  
::::::. :.~.flae~:m0sVtogical..one: " : ,  .~/!.::i: .::.~.:(i 
(:i: :/i :: ii59:;:. fieelio~alModel~. E-8 .~Th .  iS model,,.whiel~ included: shapes  'an¢": I '~::°i:: :"i, 

i£~:~,~,:~ ~,~:/~ ,~::i~:i:,~ ,- ~/~'~~~~ 3:: / , :~" ' ~  {L!I~ 

• .- ; ~ "  ~ • r ̧ '. 
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~ases?Were ex-pccted~ to,. 

ever,:.~vhy: t h e  pressure ,condiifioiis 
ibis ShoUld not, .b0-the+.samel;provi 
cobz'tiCiez~ts:of:'disbharm++fm~,+~th!+ 

i ¸¸ . . . .  ++ 

+?::: ! .  

:1~I75.0 .. . . . . . .  :. 

ccdetfieientS were '.att~in0d ,'with !the !<]'~i60 ~ sod61 (l 
+~.!.:modb ,-: the.:approac~+~oor: bemg + 

:~":~ ~iShape: 8 a p p e a r s  to! be. a more 
• : c o ~ c i e n t s :  of; dischm.gc. for this :sectiom-~ sb, eLfigure 

tavorabl~.~Up: t~':a head o f..21, feet: with~, tho:.approac 
' ':1" I75:01.;.i :For~.heads::~above ~ thiS:,val.ue,: the,:~cffici, 
:.~ :~ tl~e; :l~2O. modhl.  ~'.Where , wasi no : SubmergehCe~:0n.i~t 
: .Submergence did occur, on:.the)l,:60 sodel . )v: :  ! :. '! .... 

:!.Pressures.and,.water Surfdces~have been:iploi~ic¢:~ 
,~ for,shapes+ 7 and-8:.respccttvely,i model ,+, C==8, : 

,i,: :i.i+four or five.r.uns were- made fo r  eaeh'gatc+.positionb 

57. ~ P0sitive~:m'e~UreS :'axi~ 

iOX+S ?1~i121o~iand .":":: 

+)'f.+: 

J.D.OI:i ~ L ~," D t l  I~ ~:,.+ 
• .:. .. . . . . . .  :,, ~~ +, ,++ ~. 

t "  " a ) ,~. for; runs  :!:::~ 

i~is : 1.5" fee t-abe re.." ma  .dmum, ~, tb e~'c :. was~a ~ subaCmosphe .r:i~ipr.e~ur e~: of 
~ 1:.5:feet: : ~This;subatmospheric pressfird.reaclted?:;5:'feet ~:ithi!.i~h'e:Water'i' 

-::,surface. in ~ the:reservoir..at:elevati0m'i-,239.3. ( :  i: i . , . . . .  ...- " ' :  
.!]~ rom~ the- s tand .post  off-pressures , =shape/:.8, ~ thp: finab ~emgn, :!:.~vas 

.?not :as favorable:as :shape. 7. :The drum-gate .~vasinot~;insta~dd omthe.  
~m0del;.for Shape.!8; therefore, all  results, arc/shown~:f0~the,:~gate i s . the  " 
:~,'down position./`. :Pressuresare  shown plotted" ~:,.ir~:figuro:58;:fo~fivd h e ~ s :  
:~on~ the crest-and two.lapproach dcpths~for::eabti~i~$rl. .~'I h e - a p p r o a c h : +  ' . . . . . . .  .. 
~'~oor ~was '~for::teSt ~.55 . . . . . . .  i75.4'~Ior at  e levat ion,  l, 1 i l ,4  ;;~d,:=eiev, ation :ii; 
• ~,":!~est.:,56. ~oruthe::designed~ reservoir .elevation, of~1:;232.0,-suba.t.ni~::~oi 
,i::phei'~c'i:pressures ~. as;:large ~ '~3 ~ feels?were' .observ.eki~;-/i:.~Whey "~e i.m:Uch ~:: 
: . . ] ~ r : ~ M t ~  the,,.~vat~er sm'face: in~t~a.~reserv0ir:ai~ elevation ~i,237~.0.': ', : .  :. 

~h0;dS::that i the 
fi om:Which to ~Vof, l~. 

t h a t  ,!. 

~ the~ ex'pefimenml 
~u]d~ b e  ~a minor one. 

tilth 
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. . . .  -" An  attemp.t::was~ made: to. cover', thc~:field a.q. comp!et~l T. aslp0ssible:. :: 
.,in: the~ time availabte,:yet.:much, remaias ~:to i be?. donei~ : ~ ~he  i field, Stfl[ :: 
~::remains.. open :f0r.;,:re~arch::on; 10~: d ~ s ,  :iwhi.ch; [in :i.the~.~jQ~ity,:of. ::i 
. . . . .  ; involves: the:most difficuli~,'s6lUi,ions., !!n:atlditi0n,:the~;alu4..:'of:::;i ,.-eases, 

:~ the :. experimental., i information; Cond eased: in~ this ~ bulie ti~ i~ll::!dep~.-'~l ':ii 
i:(on' lJhe extent, b0 ~Vhich:°iti pl~ves!t~ bei practical: d~dd]sefuL ': Tliis,:caa ~ 
s .0~ly be: deterp!ined~bygeneral:.piiacti¢'e,~;o :over:-:diperio~l: of ( t~e . :  i ; :  ) !(: 

;)This ~ stUdy:::does : not; include, the ::design i Of,:overfall'~iS~ii~ = wi th  :~i: 
. . . . . . .  :~,;,,-: 'o r , ; :cer :  :-; i:~a~uum press, res.on' the)~face: :-Sueh~desi~lS are !Perm~ibg i i  ,~ 

. . . . .  ~Hence;bn~ i~Ji~ih...>~ndi Lions ,:~ but: .re.quirg, c0nsider~bleij udgmenti-and,:e~..l~ (: 
~ thei part, of.: the~ designer: .: ~,..  :;.:.:: 
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