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Subject: Seoond progresq report - The das:.gn a.nd model s'tudy of
the trangition .end exit of ‘the 102-inch river outlata -
~Friant Dam, Central Vallay projocﬁ Ce.l:.fomia. ’ ‘

1. I.z'rbro'dixctmn. The prelinina.ry design for regula.ting o
the flow of weler in the San .Joaguin River, and ‘also for diverting -
the river flow dumng ‘oonstruotion, 1nc1uded four 102-inch outlets
to be installed in the Friant Dam (figure 1). The outlets would | .
be placed in two pgroups and would discherge on“t:c an apron and into
the main stilling pool at the tae of the dam, ‘The ‘dXscharge through
the outlets would be regulated by tube velves et the upstream ‘end
of the 102-inch oorduzts, ‘the maximum discharge ‘being 4 J._QO _seoond- Y
feet through each outlet, under @ head oi‘ 220 feet. B :

I'l: is desirable that a ;;e'b :.sauing from al ou‘hlot ot‘
thia typa should spread-quickly on en apron 80 a8 to.form 2. hydra.ulin‘
Juip in the pool immediately below. If the. flow is not aprea.d '
but is-allowed ‘to enter the stiliing pool-es a s0lid jet,. aavsre
. oddies may form and these, to”ethar ‘with exoessive suri‘o.oe and
bottom velocities, umy: ee.use undea:.rable flow conditions in ‘the s
pool. This disturban~e may even nontmue far enoug;h dovmsbram 'l:u ‘
oause scouring be -ond +ha e.,;ron. ' e

Previous rodel 8uudies of the Grnnd Goulae .and Sha.lta
Dams did not ‘include any outlets from which the J.ssuing Jet ‘had ,
to be spread’ immediately. The outlets in these studies ‘were . laoutod
higher on the face ‘of the .dan than: those of the Frient Dem, thun
enabling the jets to sprend of ’cheir .own ‘accord” as they flowed | 5
down the-face of ‘the dam into the- atilling pool. ‘The f3rat problom
roqu""ing immediate spreading of a et a.ssuing from.an outlet
coourred during the model .studies of the .outlets for the mrshe.ll
Ford Dam. ' From this .study it wes found that ‘to spread a Jet .
quickly and-.efficiently & transition .should be plaoed in the out-n
let proper, followed by -an ex.it trough or “ban.ver-‘ba.il" ou‘E in 35
the face of the dam.. i :

: The transition dasigmd for the 102-3.n0h rivnr outlotc of E
the Friant Dam (figure 2) euhodied the principlss of ‘the: }h.rahall '
Ford Dam outlet studies, but instesad of maintaining conatant aree :
throughout the length of the transition, the area has ‘been: gradually




redused until the area of the. extreme ‘end eection of the trani-.
%ion is 86 ‘percent of the area of the 102-inch joutlet, ‘The ‘method
of designing the transition for the Friant Dam outlets and the -
basio essunptions made ‘are desoribed in full in the Appendix. .

‘ ~ Hodel studies were incorporated with the ‘design of the
Friant Dam ‘Outlst'-trnnuition'a,nd exit to :determiney 1) The preg- -
sures within the transition under differert heads; (2) the -
spread of the issuing jet on ‘the wapron, and ‘other flow ‘conditions; -
(3) the velooity distribution ‘in the flow at -the ‘extrems ‘and :seo=
tion of the transition, at ‘the .end of the exit, ami ‘on the ‘hori
sontel part of the apron; and [(4) the onlibratich ourves for the
transition, treating it as an orifioss - - . - . : .

The first progress report, ‘October 12,1939, included =~
drawings of the .deeign of the ‘outlet trangition and exit (figure 2);
end of the pressures '.wi‘th:ln]:bho.tranaition'ii(-figunasru,‘.l‘.ﬁB_;'ia'.ntl o
4C), as determined from a study of ‘a 1 to 24 scale ‘sectional model

(see pardgraph 2) . The tests on this ‘model “have. now been ‘completed

and ‘are discuseed ‘in this report,

model ‘(s8 oompared to tests onia ]l to:2¢ moale .gectionsl ‘model -« .
desoribed ‘in thie report) o deternine a correct horigontal spacing |
of ‘the outlets on the face ‘of ‘the ‘dam, and to loocate training walle :
in the stilling pool for improving the hydraulic jumps formed dur-
ing operation of the outleta. ‘This study, however, has been Aaban-  t
doned, as the preliminary ‘design;of the outlets hes :bear. ohanged,

Additional tests were made on & complete 1 to €0 mcale / g

_ ‘Beoause of ‘the. difficulty sof ‘regulating ‘the flow in the -
outlets by tube walves at the upstream ‘end, ‘the outlets have been
removed from the :8pillway and ‘have been placed to the left of the -
‘main stilling pool. The tube walves, ‘morsover, have been placed -
"at the downstrean ‘s’z‘ul‘.»of"-tha-;'oti_tlatq,'wadlimirmf'l:ing“;the].kout'la‘t'i:rfa.n-;: ;
#ition and exit. This design requires ‘@ .seperate .gtilling pool .-
‘belaw the tube valves, :sinoe it is Ampractioal ‘9 plave the tube -
‘wvalves at the faoce:of ‘the main spillway. ‘on'u_'ordix_:gJ,y,- & 1t0:34.376
. -soale model ‘study is now in progress-to evolve a setisfactory dee '
‘#ign of this separate #tilling pool. Upen sompletion .of ‘thess .

teats, & report will be submitted covering the ‘Getails of the design, -

'2+ 'The .model, - Proliminary tests on the Shasta Dem == < —
‘apilliway were nads on & 1 to 40 -8oale seotional -model, +Upon come .
pletion of these ‘tests, the .same ‘model wes adapted for togts of -
" the Friant Dam spillway, but on & soale of 1'to 24 (figure $). ‘One

of the four river outlets was installed on this model, but lack - .-




of . sufficiant ‘depth of tho head ' box mado it necesss.ry 't:o ple.uo g3
. a reverged ourve at the upstrean: ond - oi‘ the outlet (Section on
f’Cenﬂr Line - figure 5). : |

The. model transition s ma.de oi‘ ma‘tal 'temple'tll, whiuh ok
were out to: oorrect -shape and pla.oed gt ‘aqusl /intervals along the

transition (Enlargen Detail of Transition, figure 3). Piezometers .=

. were attaghed to each tenmplet and were made ‘£lush ‘with ‘the ‘lnner -
gurfece :of the transition; formed by plaoing oamant-plaster mortar

between the tomplats ‘and ‘soreeding to e smooth ‘surfaca. Addltioml o

piezomtorn were . placod a.lonc, the floor of the o:ut. L

,L(

3 " Pressures ‘in trnmition. Pressurea within tho tra.n« o

:ui'tslon were recorded for heads ‘of 220, ‘160, 50, and 25 feet: ‘above . - o

slevation 358.00 {center line of 1oz-imh outle’c) i8ince there

was no upstresn control An"the ‘medel outlot, the. disohargeu for -
thewse heads were greater than for the actual oconditions. A study
of ‘figures 4A, 4B, and 4C reveals that the presgures’ wit:h.‘..n the
“transition are: sa‘blaf‘aotory. "The greatetrb nepgative pressure ooours
-at piegometer ‘18 on the :orown, but At ‘is corly islightly: greater than
<10 feet ‘of water, prototype, It is believed that the :pressures o
within the transition would be: mtiafactory for all oPGmt.ng oon=
ditions, even though the tests were made for & ‘greater dischargs -

than m.l‘ e:r.ist in 'l:he prototypa, ‘and tho a.linemsnt wa.s not mc't. o

4. ‘Spread -of issuing jot, and o-!:her flow oond:d;mm.
'Hydraulio 1literature .gontains little date relative toc the spreading
.of & jet ona horizental .or. sloping - ‘surface.’ Moraovar, a mathe= =
mtionl goalysis is particularly diffioult ‘becEuse’ flow cof “this
“type is three=dimensiomnl, One of the most resent a‘l:udles of the
-spread of .a jet on a horigontal :surface -was made &t the Unlwruity :
of Towa. ’Ihn :atudy was quite- eleman'tary, but aerved to. indioato
the nature of "he prcﬂ:;:&.em.3L | | R s

1 "Spraﬁmg of & Water Jet on, Y Flat Floor (at Super-ontma.l
Velcaities); .a thesis: by ‘Enver Hurstrade; August, 1£39;. Univur-
g8ity 'of Jowa. Copy on file in U.S.B R ‘beohnioal librm. -

© . ¥o. nttempt was ede dur:.ng the atud" of‘ the Frumt r-.wer o
outlets ‘co ‘make & mathematical .anslysis of the .spread of ‘the ;,wt
‘but - deta were taken to record the.amount of spread. It. is pla.nned
at some later date, to make an' a.ttempt at.a mthemtmal a.nalyain
of the uprea.ding of the jet. : : S ,

- 1t was pranoualy noted that to upren.d a jet effootively. o
@ transition should be ‘placed in the routlet proper. 'This: ‘enables
the flow to diverge under pressure, The addition .of.an exit cut
in the froe .of the dam'is required becausge of ‘the nsoessity 40 o~
bed -the -bmrm:tion in the c¢onorets of the dems Accordingly, the.
‘spreading i the jet 1s: #till oonfined in the exit and does not




: suread freely- until the flaw reachas the : apron- Fig;ure 4E ahows
cross ‘sections of tho flow:at ‘various points in the-exit. It oan -
be ‘seen that a fin: forms along ‘the .aide walls -of" ‘the:exit (figures =
 4E ‘and 6A). ‘These fins were not excessive and oould mot be elim-
“inated, because, when a high-velooity jet is allowed to: expnnd or .
‘spren.d fins will form-along ‘the walls whish confine the ‘jet. Any e
‘further: oonvergengs . of 'the oonfining walls will: only a; gra.vate ‘this
condition. ‘It is important, therefore, ‘to make :proper: allmnno *
- for: diwrgenaa An- tho e.xi'b 'below the transit:.on. [

Figures 5 and ‘6B show ‘the spread of" the iaauing jot on

*the 2Pron’ proper. ‘Under -normal ‘prototype uondit;onn, ‘the: ‘tailwater = -

'will be considerably greater ‘than thet used ‘during these tests.

. 'However, ‘s -problem may:develop ‘in'the: ‘futurewhich will require:a .
‘jot- isguing ‘from an outlet to be .spread -over. an apron ‘and enter e -
stilling ‘pool wiformliy -enough to allow:a hydraulic -jump to form. f
..Aoaordingly, +the spread  of the jet was recorded. assuning ‘free flow"
-on.the ‘aprouns. .By. a‘tudying figure 6, 1t may be -seen that the “Jeot
‘ apru.ds uniformly, -and ‘on ‘the. horizontal ‘part . of “the: -apron : (Saation -
D=D, figure 5), the jet is of nsarly uniform depth, - ‘exoept for the
,‘aide f£ins  oauged by the ‘imtersection of the : aprca,d:.ng Jo‘h ugainut
the aide \va.lls .0f the pool (figura BA). -

_ Obsorvationl, only, were mad.e of: the flow on. the apron e
.for normal tailwater-conditions. These rewalod ‘thet :as ‘the . |prcad-_=;
ing jet plunged into the tailwater, return flow ocourred aleng the
‘side walls. 'This condition was:also prevalent in:the ‘1 :to:60 sodle
model, but ‘it -was eliminated by training walls ‘plased ‘in thp stlll- L
'ing pool. "These test- hmwr, pere nnt oonplutod.‘__m g e

lmfa.vorabla flaw condltionz ha.vo fbcen found to ozil‘t / S

;when flo'll in.a :spillway passes over an‘outlet: e:xit.- :Buoh oondi-
‘tions were fqund. during .the model ; stxdiu .of the :Bhaste Dame | P
‘these studies, after the outlets had ibeen spaged .properly, it: wu

" necessary to:add & atreanlined deflector or“"ayobrow" -on-the. faco

of ‘the dan” inmediutely ‘8bove the exit. By doing ‘this) ‘the :flow . .
pasaing ‘over -the exit.was deflected upward, ithus. elimimting oX-
cessive ;splagh and gpray,. normlly oaused by ithe : spillway Tlow

~plunging into the exit. ‘It.was wlso Lfound m.th ‘no ;Lflow - through
4he outlet, but with flow:over the :apillway, ‘that: the iflaw, po.ss—

" .ing .over the. exit ewacuated ‘the .air from the outlet. With the
pressure in-the outlet ileas than: a’tmoapharzo, ‘the apillmy flcw :
-wag pulled down into the .exit, ocausing. ozoosaive .8praye. ;This con=
-dit:.on however “wes roadily slimm"ad by aera.t:mg ibhe . out].etn.




JL similar n'tudy wu m.da of tha Friant ‘Dam : rivor ou:blota
“to deteraine if any -of ‘the mfavorable condit'ions wers prelorrb R
which "had o:usted ‘on the.:8hasts :Dan for flow :pver ‘the . npnlwq?.
éI‘ortumtoly, the iPrient Dam - -outlets were.much : nearer the ntilling
‘pool “Than ‘thoge ‘on the :Shagts Dam’, As ‘the 8pillway flow inoreassd -

- ‘(no:flow in the outlet), ‘the- ‘water ‘plunging ‘into- the ‘exit ‘was deo='

fleoted upward at the .floor of: the -exit until ‘its ‘trajestory v oy
‘nearly ‘parallel with ‘the slope of the -apron, rhe £low then - ontnr-
‘ed “the tailwater immdia.tely without oraating ‘Any undesirsble dig=

- ‘turbanes. < Ttiwss . TECeSsAry, moreover, ‘to supply alr ‘to the .outlet B
when ‘the ‘spillway flow ‘approached Ata ‘maxtimun (figure TA). ﬂi‘h!{nu‘hgr S

air, the flow plunging Anto tho exit wa.s ba.dly diai:rbegmted mun-
ing uanaidorable upru.y.‘ ' .

: ~The £low. condit:.ons were alao fmmd to be satiafuotory
for flow’ ‘both “inthe -apillway ‘and {n"the outlet, iNo: gtresmiined i
deflectora or "eyebrows” were requirsd as 4in ‘the -case 'of the Shas-lm‘. -

‘Dam, The imtersection of ‘the spillwsy flow with the outlet flow

‘onused ithe former ‘to be :deflected upward ; “but‘the ‘two Tlows Ap=
.peared “to blend together .and - entered the - tailwater without : oy -exe

‘eossive :disturbanae ! {Ligure. 73). The. prosence of apiliwey flow @ e

‘has. praotioa.lly o sffaut on the spresding of.‘ "'ho Jet iasuing frvan o
the . outlet. . . SR o poon

‘ It ‘can e . oonoluded from 6 comparuon of thn studiea mde'
on ‘i:he Shasta ‘Dan - a.nd ‘Friant :Dan - outlets that, in: any . eworxt %he -
.8pillway flow which 1s deflected £rom ; an exit ‘has @ Llat 'bre.joctory,_ﬁ
‘and .arches -away from-the face - ‘of '8 ‘dem. shsoordingly, the higher
‘the .outlets are on the fase of a- .dan; “the more ipronounced is the ¢
disturbanoe saused by the deflooted wa.ter 'bei‘nre ‘1'!: entors a. rhillul-.»

‘ing pool. _ _ _
B, Yeloci‘c' dm‘tmbut:.on., Figure 8 shcws the velocity
-dia’bribution, An"terms of the :prototype, at- the dowmstrean ond nf
'the ‘transition, .at the end -of the axit and <on the: horisonta.l ‘
‘Part -of ‘the .apron, 'The- velocities are greater on the ‘laft nido
‘of ‘the model, ‘which g probabk {due %o the reversed ourve inthe
~model outlat (figure 3), .and may :be.due 506 Blight. error ‘in model
. .construstion. In. any evont, the-velacity .distribubion is quito '
o 'uniform for f].ow through this typa Aof tra.naitlon. S .

SRR . P enlibra’ciem of tranaition.‘ Tha tra.usrbicm. mu i
oalibra.ted t0°] & hea ot .8oharge .ourve and hea.d-ooefficient
© -of /discherge ourve (Ligure ; :9)+ “3%he ‘head, H, wes teken to the - .*
center 1ine .of ‘the ‘extrene _ond ueotien of the tranuition .and the
‘ares -in .the relation Q= fA N 2R was that of the ‘BaI. no’cion. R
The qoefficient of . dincharge L, waried from 0480 to 0.85 with an

: ,_inoreue 4n hoad irom 35 teo 230 fae'b. L . .




A.lthough thore WA ‘10 uprbru:n oontrol ‘in 'hhe modol -
' ‘«Thc ‘prototype flow will be. oontrolled by 102-inch tube Folven - -
~ “this oalibration is particularly walusble immmh &p theysyare -
‘little or no deta awailable ‘on the coeffioient of dianhn.rge Lor
khis pnrtioular typo of transitiun. ' : , : o

--:'I. Bonnlulionl. '

(1) lhoan it is nooannry o’ spread . 301: 1nau:lng frnm n.n T NC’"
outlet quickly and -efficiently; @ transition similer to the ome | -
disoussed .ahould 'be "placed in the outlet :proper, This will proe

duce, under pressure, s di'vorgenoa oT the flow. vrhioh will con=

'tinua to apread "Latera.lly i.n 'bhe opon beyacnd ‘bho trmsitim.

B (2) To. prevant eddiee and high-velooi'by flaw :ln st:.lling o
poole during operation :of outlets, it is deasirsble to obtair a
‘hydraulic ‘3 as the iaming jot ‘anters. the tailwater. 1If the
Jot exters %ido poal; it is necessary to confine the, hydraulio ,
Jump, ‘otherwise .return. flaw will drawn the jump, a;_nd. addin will RS

(3) Qutlets ahould be - plnoad ‘a8 ToATr 85 possible 'I:o tho o
‘bottom 0f ‘e spiliwey or dam. Submorgonae of the outlots hmmvur "

18 not recommended.




A.PPEHDR

DESIG}T OF OUTIET TRMISITION

-- : l. Introduotion.‘ Tha ,purpuae of 'Y tra.nsrtion plnued .L'n BRI

' ‘;n.n mrtlet ‘and 1ts jperformance for wious Llow: oonditions ‘has bwn SR

. disoussed. in: ‘detail in ‘the- preoading ‘roges. Tho pro gdufo uged
" in the daaig;n of the tranuit:on for the Frisnt Dam rdvu- o\rblo'bs
.ia .disousssd in thism appendix to- fuxili-ba:to any fat:urs dnign of

.- this type. For convenience, & mmry of tho dnaign prooeduro is

';g;:an in paragraph . R R _

B Bas:.o ABEUmpP ions. Before tho :tra.nlition ‘oen é'be

' stsigmd 4% is necessary 1o mLe tho following msmmprtiona oon-
: Ausrning tho tranu:r.tion: " _ ‘ .

23) Iﬂng’ch a.lon,g; inw;-t‘ (N S R SER :
b) . Reduotion iz ares fram bogmning %o end of tru.ns:ltion.

" {e) - Totel drop from inwrt of mrl:let 'to ond oi‘ tra.nsitian.
- (d)  ‘shape. .

(@) .Amount -of connreto hetwaen crmm oi‘ trmitim (at dmm- ST

‘stroa.m ond) and face of dam,’
(;f.') Fillet ra.diua.

o (&)  Length: a.lm;.g iuwrt. '.Eho lenghh of tra.nnitiun :I.s da*t:er-
: mimd ‘by inspsction and its cholce is: -desoribed more filly in’ pn.rn.- :
- graph: ‘6o However,' the length should: be lept ata. minimun, ‘@8peo~
ielly if the tro.msitmn is to be pade.as.a . -aagting. A‘br iptness -
~ should ‘be avoided, :zincea short dzvorging tmmition my damlop
" high mg&ﬁw preasuroa nlong its inmr auri‘aca. SRRE o

by Raduction in area from be inni to ond of tra.nlition. e B
The redwotion in area from the tbeginning to “the .end of the trangie s
“tion may ‘be taken -as 15 peraen‘b; that ‘is, the. ‘axrea of the extram
- ' end.section of the transition will ‘be 85 pornen!: .of the’ ares of
- . o the ‘airoular outle’b This :area reduction is unii‘orm ‘but is nc.rt
.  negessarily a. straight-‘linq variation bstween seotimu oqually
#paoed along the invert. The walue of raduotion, 15 ,peroent Was
- determined from studies’made on the outleta of the Grand QJoulee -
- - Dam. . In any event, gome raduotion ia requirod to. prevant exoes- -
sive nepgative: preasures from ooourring npstream '.'m the outlet. .
_ However, :if the flow through the outlet -will ‘be. controllod i’a.ﬂ:h
o %upstream by & -welve, ‘the -amount of reduction uued must not oe.ull
8 - the transition to a.ot Yy a non‘brol (figure 9).

{a). Tote.l dro frem invert .of outlet %0 ‘eml of tranntion.
The total drop in invert is arb). ‘rary ‘and is depsmxient .on P
cumstances of ‘any pa.rhioular problem. Any oonsiderable drop my
oreate negative pransums din- the tmnsition \mlou the e.roa o.‘l‘ 'hho




‘end -gaotion-of- *che tranaition is rcduoed anrrespundingly. ERR
most oases the redius of ‘the invert will ‘be . largoeemugh to oon-
. forn-to the neuseaary ta.ngen‘b roquiromenta ot the frog of ‘the iam,

‘thus - prevan‘bing a.n;v e::cass drop m in'mrt or {3 too rapid downstronm k
“ourvaturs, SR IR TR S S R R,

L(d_) j Sha;m “The: uhape of tha' tramition nuu'L osume ‘the. 1ssu.‘mg' :
Jet to spread. It ‘isievident ‘that :a jet ‘of ‘oircilar oross-sestion .
impinging ta.ngent %o an:apron will :not apread - quﬁ.alﬂy Maording-
1y, ‘1t has 'been ‘found that ‘a transition -should: ‘liave a -ssotion which
iy ‘elliptioal above the center 1ine ‘and “restangilar below the oene .
‘ter: line with fillets in the corner of the rsctangularpart (Seo-

‘tion BeB, figure 10), ‘This shapa tonda o flatten the Jot and %o - R

ao oslerate sprsa.dmg .

. The 1ong:.twdimn.l shape TRy aunsist o:t‘ @ aonlta.trl.-r-,dius :ln-
vert with a: pa.rabolio ‘eroWn; ‘ar:a. camhimtion .of en: are at the
upstrean end of ‘ths -9rown tangext: to . stralghb um o::bom!ing
" to the end o:[' 'bha tranaition. S L

“The a.momrb fof' divargemoa in pla.n my be batman fiw md ,
- eight -degrees; dn exoessive diwrgema Ry ‘cause ‘the ‘flow o npu'-
-ate ‘from the walla apd oreats: negative pressures. 8inse:therexit
cut in the face of ‘the dam s mede’ tangant 40 the walls .of the

“transition atfthe start -of ‘the exit, ‘the. ‘divergence will algo: bc" : e

-governed ‘by ‘the distancs between otttlota,_ ‘The -exite must net - -
- imbersect -sinde. tha jo*bs would ‘causs emassin fina at 'hhnir *poin‘b
.-of in eraectiom. 7 . _ ‘ SR iy _ :

: (e} .Lmount of. aoncreta 'batman orown - cf tra.mrbion ’at d.mm-ﬁ

‘-streaam ond ) -and face of dam. Th 8. .ano ~ :not :be E Lo E

‘Three Teet, inless & d?ffélﬂ:or ‘or,/"eyebrow" :ia pleced. ubova thn
.transltion oon ‘the ‘dame .In thza en.so ‘the ‘three. Loot muld mbo

‘ masurgd t‘rom the i‘a.oe oi‘ the: derlaetor to the ordlm.

(f) 1?1110'1-. ra.diuu. 'I'he aha.nge of. fillet rn,dius from aootion

+to section is.a -straight<line variation. .Thefillet .redius-at tho" o

_start of the transition will ‘be the radius.of th. oiroular outlet,

and-the £1llt radius % the end of the transition ‘may Do taken as .y

_ "th.ree or aix imhos.

‘8. ‘Equations' used in dos n, '.Ehe doaign of i e trmition e

'-requiros eerbain equationa and uaTl Jmon rala,tlom, f_rnm ml.ytioal =

( )y F oyl - m, tha aqua.tion for a. stm;tght lim, ‘lhnrs tho
: EXEN .
i N - L S




*Poin“ﬁ P (:1, yl) da knmm, a.nd m ia tho slope oi‘ the lino,

w) - (:: - h.) gy - k), the equa:h:!.on of g 1 pa.raboln with
R -.oanter a.t(h k) -and "i%s ‘axis parallsl to the y-exia; "a” i
oongtant and if :positive, pa.rs.‘bolo,, opons upm.rd :E nngativa,
" parabola. opm dounurd. ‘ e - L ‘

" (o) 1 o' linss nre noml to aaah othar thair nlopu ure Cedva

<mgativ9 raclproualua i

i DS 1(';'1:;.?&00?39&33

Cions. - Thn pralmmary a,rranga— AN

ment is shown om Iigure l. Tt 1s required ‘to design the dowm= - . .
gtrean end ‘of the outlet (shown ‘dotted, figure 1). ‘The elevation
- of ‘the cernter: ‘1ine 'of the outlets, - ‘§lope of -dam, and ra.diua intn o
. pool are knowh. Ehﬂ rollmd.ng assumptiom are md.a: : :
B (Y g ‘Length- oi‘ tramition - 14 feat.
(b} Redustion. ‘of ‘area = 15 pernant. .
(o) Drop.in: ‘4nvert = 10 ‘Poots - B SR
{4 -:8hape of trensition =i ‘Circular 'bo alliplo plus reo‘hangle .
"7 Divergenows :about 6 d.ngreel. S
(e) " Amount . of - .sonorete ‘betweon. orown of and aectinn and fnue ‘
o _ oi’dam'-Sfeatminimm S
(£) Fillet radius- Btralghb-lim va.ric.tion. _‘ Bs.dius in ond
ueotion - 0.50 foo’t‘.- . ‘ _

5. Gomuba.tions for onid - sootlun of trmit:.un. ‘-‘.‘I’.‘he n.rea o
_-of tha loz-infoutlet ia kno'lm: _ e

.4;0 - TT (8.5) nse.ms . rt. S

.'Than a.rea of ond aeoti on by .A.(b) is: o
A, - o.ea x 56.,745 43.233 aq. ﬁ:. T

'Referrmg; ko i‘igure 10 the ‘!I’ld.th of t}'e .ond’ oo‘blon ma.y ba de’cer-
‘Projeot the i.mrt on the -ohord, a8 shown, :and aasume chord.
‘length is -equal to length iof “4ransition, or; 14 feet. This is. neo= -
; #the invert . .rediuse ‘and the: oexrbre.l a.ngle are - not ‘knomn.e:
Assuming, a8 in-4(d), that the d:.varganoe is 6. degraes, thep-re-
-,fornng ‘to figuro 101 _ UL e

x*l&*ban6°

0!' x - 14 I Q. 1051 ‘- loﬁ"

. +hen w/z - 147 + 425 = 5 72 feot.,_ ;s:e!,ﬂZZ‘ o575 faets




Thu is or.ly a.pprcmma.ta winoe the a.ctusl diwrgeme will d.opond

~ on the projection of the invert .on & horizomtel plans,; but the . -
' length of this projsction is not yet imown. A.lthough ‘this hngth
will be less than 14 feet, if the original’ mgln of divergence

 pagumed is nnt 00 great, them the aotun.l /divergence will be with-L f_

in'b to B degreas a8 ia dasirld. - '.K‘his u.pproximn.tion 'ill 'bhon
auffioo. ‘ B BN L e - R e _

. iNow:on! Seotlon B-B, ﬁgum 10 'c/z is: ].:nm ond hanca w,
. and the fillst radius was assumed to be ‘0,50 fact as in 4(L). ’LM;-" SR
ting 8 = b, and knowing the area of the end sectiom A, = 48.253
‘SQuUAre i‘ee‘b 4t ia posai’bla 'ba find A a.nd ‘b ’ahusn : ‘
A, = 1.7854WD ouzsze®, ‘which is derived somsidering gemeral
_terms.of ‘the ‘end sec'hion adding urea of ellipua and- motlmglo wi‘bh_ s
'filla‘tso ' S

Thersfors 43.253 - 1. 7854 X (z x 5 'TE)‘b -0, 4292 (c:‘,so)2

< beas 2.35 i‘eat. :‘- SR B
‘How tha end section is nompletely dotarnunad s ind:.on.tcd ‘on: :t‘iguro' 10. ‘

& : Loce.ting invnrt n.nd 'brnna:l.tim. A ake‘hch mm‘b now
?;be made to- noal? Tooating ©he .outlets and face of dam and radius
in the pocl, &s nhmm on figuro 1ds A horisontal Aine is’ drm 10

feat ‘below . ‘invert .of outlet {elev. 343.76) reprmentizxg total

drop ‘of invert) as assumed in 4(c). Verious lines.are then drawn
- tangent to the 100~Toot radius apron a.nd made to intersect: the . -
line at alevetion 343.76. The distanoe A ie now lmown (figure 11),
.sinoe the height of end megtion ig.a -+ ‘b = 4,70 feet, md ‘the

- amovnt of ‘oonorste naeded ‘above crown of -end ses't;inn iz 3“-1‘oo‘b
. minimm sceording to 4(:); henua, A= 7,70 feot minimuma. By :eal-

~ ing. from the point of interseotion of warious tangent: 1inss with -
the line at elewation 343,75 to the- 0.7 “to 1 slope “of .dam, this'
velue of A osn'be satisfied; however, for an.k:s of nimpllnity, ke
slope -of tangent line an even angle nuuh a8 the 39-degres alope on
figure 1l. This will ‘make A 81"a.tar Ahan 7,70, but it ghould not -
‘exoeed the minimim valus too muoh. "Whan th.a oornot tangent lim
16 ‘located, extend it to interseot ‘slevation 353,76, the Anvert
olevation of the outlet. Then: £ind oenter of ourwturo 40 'bha.t
“invert arc will be tangent | +t0 the invert at .elewation 555.75, o :, '
‘and tangent to’the 39-degran ;elopo at the exit. This central ~

angle will be the sams valus.as the o,nglo i‘or slopo of tlmgont

lim, or ‘39 dng,raes as on figuro 11-

_ It is now ponsi‘blw to ompubo tha ra.dius at tho inwrb :
uund -.11 orthor dnta. L] indios.tcd on figure }2. Thege compuba.tiom




‘are no‘t g:.ven ‘ginoe tiey rsquire ] ampa.o applioa.i:ion 01‘ trigondm-
etry.. The :point of interseotion of. the line through the end s
-mection with the 047 0 1" lllopo of the dam is tegt found by m'i‘b- o
ing equations of each line, ‘taking elevation 308,878 a8’ the ARTERE
‘.origin :and - golving ‘the equa.tions fnr tho poin‘c of urboruot:wn. SR

‘ If the ‘asgumed length of tranu:.tion appea.ra to be too RN
‘short it cmn ‘be - made to suit by trial on a sketoh gimilar to o' 3
_'i':.guroa 11 or 12, Tt 18- probablq,r desirable: +o. make the length - lo
88 to heve the central angle. equal to about one~half this total -
cen‘l‘.ral angle. If the length ix changed ‘then the. diverganﬂe  » o
should be recheaked follawing ‘the "proasdure ‘s in (5) above, If .

" the divergence is now toop largs, it shoild be redus od using tho o
correct value of invert length ‘mrojected on horizon-tal Blnne. Thon
the dimensioms of the ond ‘section n-ua'b be roaompubed ‘88 in (5_,) _
above. . . o

.

T In tnis partioular prcblam the actual hor:u.:on'tal leng‘t;h
of :anurt is 12.368 f.‘eet henca the angle of di'mrgcmoo O m;y bo
Vcheokldz o .
an '0 - 5. 75 - 4.25 = 9 - 70-5.3-
S D e g
' In the orivinal aumptim, ,uning, the mthod a8 on i‘iguro 10 ths

vangle ‘of divergence was @ =:80, The aotual d;vargsnno is thoro-
Tore atill within the limits of .5 tu B degreen. ‘ e

‘ "'i.. Establ:.a slde-mll ourves, kb th:ia pom‘b :Ln
~the dasign, the position of the Transition has been aata.blishod ‘
‘4 sBhown -on figure 12, - It 1: TOW ‘negeasary to dwhormim the - BN
 ourveg for the side walls. By projeoting the invert ons her- . .
izontal plane, it is poss:n.bla to write equat:.nns for the side
walls, iand @t ‘the seme time “to .obtain trus widths of the gee- S
tiona sima 'hrua width 1!111 -how in 'Lhil '?riaw (i‘:.guro l&B). e

o ‘The a:.da-wall eumn my be ‘ba.ken e pa.ra.boha w::bh tho
~worigin es shown on figure 138, ‘The -wertex .of the’ ‘parebola. :!.s &t
‘the origin and the pare.bols. nmat go through the point P (:: - .068

;Ho noe - K-y

Cer '.x = :&2 - (12.0 32

/S 1 w:,9.7;,0911 S




: Ihe walll of thn nxit mmt ba ta:agent %o the parubolu
at P(12.068, 1.50)s Hence, it is necessary ‘to find the. ‘equation 4
: of the straizht line. ‘passing ‘through P, and tangent to the paraho;n"
S x® = 9740811y et P, and passing through poinl: Pl, where tm exit
‘ tormimtas on’ the ‘apron (ﬁgure I.SB) o S

s.‘topo of para.bo‘l.u. v:b Pa
::2 = 97.0911y : L

é' 2:: anﬂ.forz-lzooﬁe

th’“-?- 0. 2486 N

Sy

Equa:bion of straight lim ia:

y - ﬂ-n_‘
- :1 - 7
‘or -1~ '-0.2433‘
. oEe 8_

" henoe .- t.omy - s.ouz -0, natisfien tho oondi‘tions. o

16 is mbw mcenury to find the width of the o:i.t ot its tangenqr
to the apron. st PPty (figure. 15B)s At this point X . 44..872 feet,
:whioh is found fmm %ho d.atu on: riguro 12.-4. S R Ty .

| Henne using the equ!.tion jnut fmmdg :_ - t -
:-4ozzsy-s.m-o o R |

and for x = 44.872, it 1s foun.d thn.t y - 9.0551. ,-}:{énoaf, width from =
:nentar line. to Pl or Py il : LT T

u/z - 9.5551 * 4.26
u/a - 15.9051. =

e _D@tormimtim of .orown. of tra.nni'bim. ,!l,’ha orawn. of
the tranntim may conalsy .of two pure ‘whioh are tengent to oe.oh
. . -other at.e section hnlfn.y ‘batween. +the bogim:ing and end .of the. tran-
.gition. .4 conveniexnt origin is 3hosen for these. para.bolas as fnhm
 on figure 14. Tho coordinetes of points P) and Py are obtained I‘rqm E
. %he data .on figure 12, but referring these data to the now origin =~
_of figure J4. It raminn to dotermine the Goordim.‘bns of point .Pg
- -vharo the parnbolu will be ta.ngmt. ; o




On figures 13& exd 14, the traisition has been divided
into ten equal arc lengthe:mlong the invert, and each seotion =
is drawn radial. ‘By using the data on figure 12, it is ‘possible
to compute the .elevation and the distance from the axis of dam
for the point.on the invert.at section 5, or for mnaro length
of 7 feet. It is found with referemce to the origin om figwe
18B thet x = 6.3088 (figure 13A). To detgrmine the width in plam .
st the midssotion, we let x = 6.3088 in x* = P7.0911y (figure 13B).
Henoe y =:0.4097 | o o |
Then width of mitesction = 8450 + 2 x 0409
or W 0.51040 RS S

It is assumed thn't “the ares of ‘the mideeotion will ~'bi'3-t‘ho_' average

of the area of the beginning and end sections, henocer
Ay = 1/2 (Ao + A,,j:.‘a.nd‘froh pu.ngraph B ] :' '
Ay = 1/2 (86.745 + 48.223) Sin

M 4 v 520489 g, ft.

Bince ares of any ‘ssotion exoept oiroular onily) is fram :
paragraph b: A = 1,7854Wb ~ 0.4208V< we can find'h. But r, £illet
radius for midseotion, is1/2 (4.25 #0.50) = 2,375 feot, .

| Henoe 52.489 = 1.7854 x D.518Gb ~ 0.4202 (2.378)2
from which b = a = 3,326 feet. - . '

Aot 4 - 2 x 3,325 = 6.85 (figws 14).

_From figure 34 it 46 now possible to oompute the ooordimmbis

of poimt Pp. The angle ¢ -to seation 6 is Pm69056116,8%, which may

be obtained from the data on figure 12, "From peoint R {figure 14) .

to point Py, the distance is 44.872 + 5.325 x 2 = BleB22; them =
x = 51,522 cos (5906611648") = 26.809; and from R, y. .= 61,528 sin .
(59966116.8") = 444681, or referred to the origin (figure 14), .. =
¥ = =0.28l; hence the .gcordinmtes of Fp.are Py (25.809, =0s281). © .

. Toraviews It ie required to pass s parabola (figure 14)

- through the point Py and tangent to ‘the .orown of the ciroular oubt~
let at that point, and to pess through the point Fp; furthermore, -
ancther parabola is to pass through Fp, being tangent to the firgt

_parabole (conneoting P) and Pp), and passing through Pg. All oom-
putations should be carried to at least four elgnifioant plaoes

s



" past ‘the douimal point, Ii‘ this is not dona, . chook is: dl‘i‘i‘i- s
oult to make. Final tabulo.tion, hwmr :’m o.nly moeuwy to L
“two ‘significant pla.on. A _ o

. Zhe - ooordimtu ui‘ tha lmmn poird:u ln'a (ﬁ.guro 1&): ‘

P]. (19.235 4.915) L

By (26609, --"-0.‘281-)-

Ps (31.197 -6.347)
'The squation of the pursbola through Pl a.nd Pg w.!.ll ber o

(x-h)z -p (y K) e e e e .'. o ._.‘. - e .(1)
substitutings ST e "

(19.:35 --h)2 -u(c‘gm x) e e e (2)
and (25 80® < h)2 -a(-o.zs:l - x) DTSN ‘... .' “ e e -;(s)_
in whioh h, K, ‘and %" .are amkriown, It ho.a 'boen npocifiud thwb
this . pa.mbola. muat ‘be “tangent: - 40 the outlet :orown at Py, hence the
slops at this point will bs- the negative reciprocal .of the ‘slope
of the line oxternding through R and uotion 0 (figuro 14),,

'J.‘ho slopo o.f' 't;his li.ne il, t:horefcre. B
m e m g - 4-9135% 8?8 - a.seszs. L

Ndi ‘alopa .of paubolaat?lg |
n "E‘?%‘éi‘s' - :40.138_3351.

"?From the, genora.l oquation of the _pu.ra.bola.: . ]
| (x - h)z - a.(y >K) ‘the . slope at any point 18:

n -%i 2/& (:: - h) uhore x is amy point ontho ourve,
"'thex;efore at Plg T L | BRI
n = 2/& (x - h)

~0,3B636 = z/-. (19.285 -h), thomf.‘ora
a-51785h-99.5705... PR TR IP .(4)

14‘




\;

: lubrbituting th.u value d‘ 'n' u (z) ul (s), wa mna _
(19,286 - h)’ (5.170511 - 99.15708) (4.913 x) Y iviele (5) R
(w.&os - \:.)2 = (s.rrssh - 99.5703) (-0.:81 - x) o e ‘(rs)

o (5) u.n:l (l) are colvod ror h 1t is rom 'bhn.t R
h = 16,0896 o ' FETI
| How from (4): a = 5.1751; - 99.8708 -m ntn hm zs.oasa.
‘than w = -16.2830. | i :
Fram (2) or (3); bub uatng (z). |
(19255 = B -a.(i.slt -E). S
and sinoe h = 18.0895 and : a = -16.2830 :
m.zss - 13.03::5)2 - -16.2850(4.918 - x) |
& K = 55206, o

Henoe , the aquation of tho pa.u.boh puaing through B and tangsnt to
the outlot oerown at PJ., and pnsing thrm.gh sz I

= 16.0885
K= s.azos
' v -16..2880
(x = b)2 =a(y = )
henoe, o |
(z - 16.0895)3 - -16.2830 (y - s.szoe)
which reduces toy I ST Sy 3
2 - sa.rrsou * 16.:550, . 168.9801 =0, . » e (7)

" Now s p.raboh. mtb be- pu'b i:hrouh Pz and ‘r.:o tmglnt 'ho
equa.tion (7) at I!z, and :alse ms through P; Ooordimtu Ares . -

P2 (25,800, -0.281)
Pg (51,197, ~6.547)




.hanca’;‘ y . e R
| (250809 » R )2 .‘-ﬂ(-ao:al - K) . e e e | .. o_ . e 0 K3 : . c (8)
(51.197-h)2 --.(-s.sn -K) e e e e e e e e e (9)

Fel@ow o
at By X -'zs.aos‘

- .'Vle;z'asd' S

K = 16,0996 | ; e

o dy/dz -m = z/-1s.za=o (za.sos - 16.089& )

‘orm = —1.1989 at Pp ~ | |
Forpu.mbohthroughl’gmdl’;aa.‘, R

'-1.1959 -a/a (zs..sosv - h) st Ppeoes . e (10), :

Ina ma.nncr si.mihr to that for tha pu.,mboln. through Pl

‘and Fp, squations (8), (9), and. (10) are solved abtaining:.

h-'?s.oam R
x - -38.4992 "
.- 79.1595

‘ : Ihnraroro (x - T8 .080&)z & 79.1895 (y * 88.499!) which
roduoea tos _ 

z3 ue.lsoax- 79.1895y +5m.sovs - o . (11)

. Haw oqmtion (7) 1a & pa.rabnla 'ta.ngon'b 'ho -l:ho orown ut
. the outlet st Fp, .and passing +through Pz ard Pg; and. equa:blon 0.1)
o ise perabola to.ng,ant to oqua:hion (7) 8% Pz, and pning thruu@

: - 9. Hoi: "l: of enoh nmim. Tho hoight ot uoh uutun -
nll evidently be the redial qdi o8 from the inmvert to the erowa

.of the transition, 4 on figum 1. 1‘0 deternine these valuse of = -
4, it is necessary to fipd the ooordinmtes of the’ po:’uzbl of in'ber- :

_ noc't;ion of eaoh seotion with the invert and the orown. With thou :
ooord:.natu, the values oi' d oan be o‘b‘bainnd As 1111 ba ahm. o

Ep.ah nec‘t:mm or ra.dio.l lim thruugh tlm poi::d: R (figu.ro
14) may- be expraauoﬁ a8

16




y'nﬁ-&b.. |o.~.- UOOOSQOQI‘II‘QGGOOO00(12),‘.
«whemm-unﬂ,tooo.oh m,mdb-mu»agyfor;.o, -

ginne the 5.nwrt ‘has ‘beean dividod utl:o uqun.l aro 1sngths, th.
velue of § to each line mijy be readily determined, using given -
angles on figure 12, The' value of b im, b » -M.B?E (i‘iguro 14)0 _
‘Henoa ‘equation: o.f uv wotion 11:10 .'m-. L . N

" ﬂx‘tlnﬂ “0972 ‘. » .'-'o;t o.o e e .,.‘. o e . (13)

N % umplo aompmu'hion will be ‘maide lolving for the 1ntu-

motion of thi Line. ‘throwgh section 1. “A. .chsak ‘on’ “the soordism
s Pp,- ‘shouid :algo "be ‘maie by Finding the intersestien .

, ‘oi' 1ines throagh seotion 0, section B, snd gectlien 10 ‘(figure M).

In the case of: uutiun 5 both pu.rs‘bolu mn.;y bo und aimo Pg il

& oonmm poirrt. S
. he angla to ueation 1 my bo fomﬂ et
¢ ev°-os.mw and tnn g o= z.aeao:..

: : Thln tho qut:l.on of +the rndi&l 1in. ‘hhrough R lnd. uc—- L
,tionl(fzguro‘u)is: _ o R

v -‘z.*seson\- 44-8?211'_1&- S
from oqu-.ti-:m (7): _ | |
2 - sz,rrsoz . z.s.zsmy . 168.9801 =0,

' . By solving 'man equa.tim, it 13 fnuml ths‘b tlu oo- LR
‘ordim:bus of ‘the. point 3 intornoution, P (figuro 14), ms T

P, (20.7577 4.1935)

How it 48 nooossa.ry to. dctaminc 'bhe nnordim:bal n!;‘ 'tho poinh of
interseation of the 1ins through moctim 1 at the inwert. Thiz -

. is best done by uning #in. und 08 fumtiom or # to- 'hhis lim, R .
‘n8 £ollows: | | A L

- As just sagwn: to naui".:.on 1 9’ 8‘1°-06.31264' ror whioh
ein ¢ - 0.92111 N " o

cos WD.38931. : ‘_ AR
s;tnm th:a radius i- 44.81! tronn to the mvut, thm




x = 44, 372 cos p’ = 17,4651, andﬁ'om n

'y = 44,872, ain p’ 41,3220, “but: mferred to_ the orig;in (rigum '
._14), tho ooordwn.tos &ren ‘ T

By (17.4691 -5.5400) e |
| !ou 'l:he:o uoordimtun are knmma R
At orown, r,. (2047577, 4.1935)
& invert, By (1?4391 -3.5400)

‘The uope of the l:lna through thole pointa is, =8 befom, ﬂf ".
‘670-05.31264' It :!.s poas lblb to Pind. d thcrei‘oro sinoag

rdi"--‘.yr‘ Ji
T ‘-‘ain-‘

a4 ‘-_‘_,;l',i-::i SR
(008 B .
He:_-ioo : DA
4.1936 - 3.5&00 - 8.8959

di"

o 20.7377 -917:.4691 -8, 3959'

xaw as on: f:lgure 10, eseutlon n-s, & b cv.z = 4. 1979.

Pach | ueotien should . ba- tmtod in this mnn-r with a ohack
- on provn.ous ‘eomputations: a‘mihbh &t -points - s Bo, Pa » ‘At the .orown;
and ‘corrssponding poinbn on the .aeme linss at ha inwrt. It is

- advisable to make a large-soals drawing of the’ tra.ns:.t:.on u::! uheak' S

_:oo.ch ooordimtc and’ "d" mlu &’ :Lt ds: omputod.

“Width n.t onch locbion. : It rom;.inl, fz.m.lay, to : :

' , . :When 'the progedurs in pa.mgra.ph
9 ia oomplotod “the x-eoordinat-o of . uoh ‘point- of ‘intersestion.of

radisl geation line with the Anvert will :be imewn, “How ; reforrmg

“to figure. 188, -reduoce these valueg iof -x 40 the . orig.,n for the sido- -

wall pa.rabola. thul, in the -oase oi‘ loction 2 TR




'-:and fm:n ﬂgurc 1&:
"¢-16.1714-;- : ST TR e
he ‘point ‘P (figure 14) ds a.llo ths urig:m for tho pa.rn.bolu ok

the side’ 'Iafl- ‘on ‘Tigure 15B. 'Then the valusvof x. for: uoticm 1
which :is to be lubntitubad in :?- - gv.oany iu, Sy

x = ""L ::o: - 1.8977

) -00175 |
*-I:horerora: : | _
u/z - 4.2500 * 0.0173
: w/z - 4.2678 |
and . 8.53&6. ‘

“ , ry leotion 1! 'hmmhd 111 thii unnax- to obtain 1'!:5

- - Fim.ll . to.bulation say be made of emoh santium dna
m.nnnr ‘similar to *l:lnt follcu:l.ng, raforrmg nluus ‘bc the origin
of figurb 14: ‘ _ _ , :

" ﬁ’oordimto e Uoordim:ha pr

:'Seafion cofinwert "q oi' roof | antion dats.

-number

e T R w7°r

' 3

R T B
Sy g

nau--n--ja

FEREY B "-.I R 2 T SR B S SR
17 .47,:, .-'3:& ‘2_0-‘74‘:. 044193 4e20 24420 & ?3_‘588?::' .
1
1

‘ eFlguro 2 shcwu tho de‘ba.ils of thc uomplete duisn.‘ : T

: 11. ,:S Ay of design - roooduro. & briaf ‘l\mmry ot‘ ‘
-the mmerouu stepe taken in the design of the. 4ransition is £iven
- and reference As: mde ‘o tho parugnph oxpla.inwg the desim i.n
. d.tAil- :




(m) Buiu a.umnEionu, ggmph 3‘ o ﬂ:

(b) Eqm‘cim uud in do%ﬁpnmgnph 3. :

of tramitiun auoordim to a.ummption .tn ps.rn.gmph 2 (h). | Detor:nina
width of ‘end ‘sectiem by projaoting mwtfon oshord (figure 10), 'and
.;aauuming chord 1ungth ‘A8 ‘same ‘agiars lengﬂt ‘a8 ‘taken in parn.graph Ry
2(a)e ‘Angle -of :divergencs . ‘(engle @, “figure 10) imseumed a8 ‘inpera- 0 R
‘gragh2(d). 'Using width of end sautwn -and; nraa., onmputo _e.ight o
-oraemi ‘a80%ion. ; : L

‘ (a) - (Lnua:l:i invor"b?b.nd tra.iui‘bion ‘ ‘pﬁgmnh 6. Make o umlod

' ‘dmi:ng of :apron, face :of ‘dam, .and loaate outlets (figuro 2i)e: Uuing
‘agsumed drop in -invert from pm'e.graph 2(c), :dapth .of ‘conorete from

 paragraph.2(e), ‘and’ heigh’c :of - ‘ond .seotion from: puragraph B, draw 6
‘1ine tangent:to ourved apron ‘sc:as to intersest horiz:mtal BET. T K
‘reprosenting ‘elevation -of drop: An. invert.. ‘Soale ‘perpendiocular .dig- .
‘tence .from'this point ‘to face .of dams This distance (A, figm'e 11)
‘must be.at least agual to ‘height of .end ‘mection plus depth of -

" eonerete reguired above orown of ‘end mection. Extend tangent lim S
 oorreotly established to intersect iinvert .of ciroular. oublet. Do«- R
ternine -oenter .of curvature (figure 11), With date gzven, ‘a0m~- '

[;pute a1l 1nfomtim as: ahmm on. figure 12. o e

‘ (f) Erba.blishin;; aide-wall aurvna p.ragmnh '.7. Projaot inv-rt
established on horizontal plane (figura ‘13B) ‘and ‘using - ‘soordinates
‘of ‘invert at :start.and emd .of ‘transition ((figure 12), :establish:a
‘parabola- '!;h.rough 'bhau poiubs.. Gompu‘t:e oqua‘hn.oun of aida m.lla of
‘Oﬂt. ) 3

(g) Detamim.tion of ‘orown of tra.nsitim‘ pa.mgra.ph B.‘ Divide '
transitien imto . :aeqtiona, «oguel .are lengths mlong '~ . "
~invert (fizures 13 and 14)3. Datermino width and height jof. midneo'bion Cooe
‘assuning ‘arsa of midesction-to'be averege:-of firet and last: ssotions.

- ‘Compute coordinates of orown at:midsestion. . 'Knowing the, ooordimtu

_-of the orom .at the .ftart of the transitien, :atithe mideeotion, and’
.at the .end:seotion, deternine two parabolas, (figure ), whioh “will -
satisfy thege: coordimtu, and ahioh will ‘be 'tangant at: tho mid- e

' _;smmn. ‘ N _ :

(h) Haight of - eaoh seotion, pnra.gmph 9, Dntemine oqua.tion
‘of .eaoh radial-seotion Lins ﬁ'féure '14) ‘and find their point .of -
interseotion with the parabolas of the .orown. Also find “the points
‘of interneotion of tlw radial sect mn linu with tho inverb Wa.th

L e

20




“the - ooordim:ben of *thue poinba of mte'f"eotion.'a.'tﬂ the alopu of
-each ;1ine, find the height 'of essh: -seotion ‘indluded tbetwaon tha{_
: finvert a.nd "che arom u.long on.oh uf,_the‘ mda.ul lim-_. S

(i) wid'l:h oi‘ vl.ch loo‘hion, Wplwlﬂ. ;:Using 'bhe gcoor- o
-dinstes -of -each.gection ‘atthe invert, :refer lhem'to. ithe ’_urigin of
-parabolas :for the ‘side walls - (f:.guror,-l.SB) o vand uomputa ‘thy B
-of ;each ‘seotion. Tabulate data of ; uotionn. ', “
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