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IN TROD l£ TIOH 

It is tho intention in this memorandum to r,ive a. short 
description of' the so-cC'.lled "roller {;nte" nnd nn outline or the 
methods developed for the design of tho 75-foot roller ga.tes for 
the All-.Amoricun cano.1 hea.dwork.o of' the Imperial Dar.i, Boulder Cn.nyon 
project ., nncl the proposed 110-foot roller t-:nte for tho Roza. Dru11., 
Yalr..inn project. 

It nppoa.rs tha.t very little i�f'ormntion is nvnilnblo 
in tochnicnl li tora.turo concerning the deto.ils of dcsisn of th.i.s 
�-po of gnto. It hns ., thoroforo, boon nccossa.ry to develop tho 
mthods givon ho roin lc.rf;oly from b:uiic principJ.cs of llyclrod�-n..'l.raics 
nnd nnnl:{tica.l moch::mic::i. 

In this work, vn.lun.blo contribu·i;:i.ons ho. vo boon ::nJc 
by tl.c vnrious mombors of tho Di vorsion Drun group a:�d ether cm­
ginoors of tl-io C[l.:nAl section. 

Ae DESCRIPTIOI: OF G.ATE 

Tho roller i;nto -:-,r rolling weir, nlthou{;h a. Europor.n 
dovolopuont,hus boon used extensively i:n this country ovor r1. 
pcriocl of· more thr.n 20 :.roa.rs • 

Ono· of tho c::i.rlie;st A.-.c,ricnn in::;tnllnt:i.o:1s vr.:.s fer t:-10 
diversion dnm nc ro:33 tl·:.c Colorndo Ri�ror :::.our Gra.:-.d .J 1.�:1c tion., 
Colorndo, built by tl'.c Buror..'-1 of Roclc.r.u�tion. TL.cso ·,f'.tcs hr.vo 
boon in continuous opcrc.tion ninco J.Glf.i w�.ti1out C:if'i'ic·dtios of 
any )dnd. In lr1.tcr �-curs ., -t;10 rollnr :��to has 'boon usod cxtor.­
sivol:,· b;') tho v'Iru- Dcpnrtmc:::it for do. .. lS on tho Missio:::ippi c.r.d Chic 
Rivers r.rid �-.t tr;c pruscut time (H3'i) four [/1.tos nre boL1g in­
s-tnllocl by tho Burca11 of Rocl:U".mtion for the All-A.,i.crion.n o�t:i.L".l 
hondworks .:m the lower Colorado River. 

The roller t;o.tc consists of t', l:orizontn.l :10110·;1 stool 
plc.tc cyl:i.:ntler ,·.ih::.ch cx-ccn�s into n rocess in cc.ch or..d pier. .An 
a.pron, ,.::xto:�dinr, c.lone; the lcnc;th of t:10 c:·linc:.cr, of..'.'cc ts n sea.l 
with tho bottom of' the ,vo.tcrwr.-.�- ,vton tho 00.. to is at t:10 lowest 
poj_nt of its trc. vol. In en.so t:,c 6�tc is J�ot dcsie;ncd for p::-..ssin5 
ice or t ra.s: .. over the top, it is 1;,c �rr.ll:,· pro1,riclod vn.·:;h a. flt'.s11 
weir, s i;.tll�.r to the c.pron but e;:do::1di:1g .tpunrd wLc:-1 the :.;::-.J�o is 
i:?1 t'.:c nlc-sed position. The pnr)ns0 of t:10 fl.:i::ih weir is to �:ro­
vont oirorto;:ipill£ of tLc �:t.to b�; ;-rnvcs a.>d tc rrovidc i'rccb:,a.rd 
o.bovo t:10 h�.[;host longi tudina.l ofomc:.t of '..�he c:.1linr:!.rica.l sl10ll. 



Around ea.ch end of the cylinder is a. rim consistinc of a rn.cl: a.nd 
o. smooth trc.ck. Tho trC'.ck rolls on c. s i1nilQr trr.cl'.: plc .. cecl in the 
recess in tbo pier und the teeth 01' tho rack enr;Lgo with the teeth 
of o. s ir:lilc.r ro.ck c.lso pl8.ced in tho recess. A guide ring fnsten­
ed to t}:o [_;n.to n.nd a. coun-ccrcuicle supported on the pier in tho 
rocess opposite the tra.ck provont tho tooth of tho racl:s from 
boc ominG disone;C1.g;od in ca.so tra.sh should o.ccumulo. to on tl10 trncl: 
or bctweo::a. tho tooth. Tho go.to is opora.tod from one 011d on:i.:.' 
by moo.ns of o. s prockct chc.in wound nround tho o:.:.d of tl.e cylinder 
o.nd ca.rriod to a. hoist pln.cod on top of the pier. 

Ono a.dva.nta.c;o of the roller cuto is its oxtre:'110 rq;god­
n0ss a.nd simplicity of constri�ction c .. nd opora.tion. Another c.d­
vc.ntc.ce i3 the wide unobstruc ted opening :.vn.il��'.:ilo 1.Jotvmo:t �,iers 
for pc:ssngo of ico or treos. Althoue;h inctc.llo..tions wit!1 rr..ore 
tho..."'1. 150 feet cloa.r oponing a.ro re.re a.t the pro:.rnnt time, it 
would doubtloas be fuc,siblo .to dosit:n {;r.tos of considorc . .-..Jly 
greater lc::.gt11. It is ir�-toresting to note tl:.c,t for over 30 :·onrs 
hnrdly v. single cha.nco llc.s boen r:1D.dc in t'10 structurn.l detc.ils 
or method of oporr .. tion of tho ca.to, 

Wc:.tortic;htness nlcng tLo sill, in tho CG.so of n rJon­
submore;i blo er� tc, is usunlly of'fcctod b�' noa.ns of Cl.!l OQl:: boam 
bolted to the npron rnd rosti!'{; on c..n o.cljustc.'ulo I•Lcx·.1 sill. 
The proport:..ons of the c;nto s�:C'uld bo auc.!, t 1 �nt tho sill roo.ction 
is not less thri.n 2,000 ·bo Z., 000 pounds l1er 1.i.nc��r foot w1.ton tho 
gntc is closed. To obtain Y,�1,;crU.clltnoss r,lonc; t:10 oirlca, tho 
gnte is provided with flexible s:::i.01,1.s c.ttr:.c:·r.u. to tho upctro::un 
fc,co -of tho �r .. to a.nd e:ctonclinc from tho bottou s oc.l on the a.pron 
to tho top of tho flash -vroir. To :_;;w upctrucu,t cd;_:o of ouch shield 
is boltoc'. nn or,k or rub;;.ur sec.lir:g otrin. Tho sea.line; strips 
trc.vol on and �;er.tr n:_c,L:st stool or i.ncl!iaed co.:,t-iro:1 o.rmr.turo 
plate::; set in the pier::i. In some i::1.stallations tl,.e armature 
plates nre set a.t a sJ.ight angle so that the aea.linr; strips '.)ear 
ac;ainst tho plates only when the cato is near its closed position. 

In tl1e case of subr:-.orgiblo go:i;es, n vrell ii:; provided 
in the crest of tl:o drun. When the t_;nto is subm,3rc;ed to allow 
ice and trn.sh to pass, the apron ox-i;encls into t:1e well and a 
special rubber seal usually rna.inta.ins contnct iJebveon the apron 
and tho upstream wall of t:10 well. On submcr:.:;iblc c;a.tos the 
lower parts of tho ti·acks in +._he pier rococso:� o.ro · u:=:ually curvod. 

plishod 
one ond 
hoist. 

The rotuti:.m of tLe nt·�c to 1.d'foct rnioi:rlf: ic a.ccom-
by mcanc of n sprocl�.ct- c:.ain o.ttc.c�.od to n c:,o.in a.:1c>or nt 
of ·tr:o ;..,o. te a.r:d nctuntcd by t-1. moto1·-dri von cpr,·,ckot-cho.in 
The ho:i.st is usunlly located in o. i1e,i::;t .1.ou:.;o on top of 
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one of' the end piers • In the oa.se of' severn.l 1 : a.te :. in a. group, 
two h oi s ts a.re of'ten plo.ced t ogether in one h oist house• Only 
nlterna.te piors will thus hnve h oist h ouses. A l oc kinc; l ink is 
usun. lly ;,rovided wh ich mn.y be latched to the ;;::i.te in its f'ully 
ro.ised pos ition, thus securely h oldini;; the go. to a.nd !_;err.titting 
the sproc ke t  chain to be removed. . Fi[;uro s 1 to 5,  inc lus i ve , s h ow 
typica.l dota. ils of' rol ler t;ntes • 

Be  GENERAL DESIGN 

Tho l oa.ds on t'!i.o ca.te a.re deo.d loud a.nd wntor pross;1ro. 
The supp orting rea.c tions, when tho go.ta is suspend.od, a.re : The 
cha.i n  pul l ( usu::i.lly pc.rnllcl vri th the tra. c k) , tho tru c k  r oo.c tion 
c.t the driven a nd (normu l to t.11e truck ),  tl 1e tra.c�:: roo.ction o.t 
tho r.ondri von e nd (nor:r..n.l t o  tho tra.cl: ) , the tooth rcn.ction n.t 
the driven ond (pura.llol ,·rith the ·!:;rr.c l : ) , a.nd tho tooth roc.cti on 
a.t the nondriven e nd  ( p:.'..rul lel wi tj1 the truck) . 'iJhen tho i;nto 
is rosti::1g on the s il l  tho chc.in pul l  is zero a.nd tho s ill ro­
nction is USll..'"\lly Q. S S \lI:J.O d to he. VO 0. directi on nl Ollf; the to.n{;ent 
to the f:i.cc pla.to of t! 1 0  a.pron or tungent to tho c ycl oid desc rib­
inu tho m ot :i.on of the tip of the c.pron nt t�10 point 1·1here t: .c 
cyc loid intersec ts the sill . Thero nrc th�1s five reac ti on::; to 
bo detcrr.unod ;  but sinco thoro a.re a. ls o  fivo equ i librium o qun.t:: ons 
in n tl:reo-dimonsiona.l s�rs tom ( throe proj ection o qun.ti ons r.nd 
two moment e quc.tions ) tho systoin. is s to.-ticn.lly dotormi�10.to us 
fur a.::; . ren.c ti ons a.re o o:::i.cerned • 

Tho d oa.d we ight of' tho r;r.to mny be e stL:nte d ,  with 
sufficient uc c uracy for ;:,relimina.ry desii;ns , from figure 6. 

The vn·:·.er l ood• when the g::i.te is restinr; on t..11e sill a.nd 
there is no overpour , is t: 1e h:_;dros tatic pressure on tl1e a.pr on, 
the upstre n..':1 c ylinder 1,vall ,  o..nd tho flas : 1  weir. Sinc e the fc.ces 
of' b oth the o.pron nnd the flc.sh we ir usuc.lly !mve the form of' 
c irc ula.r o.rc s ,  the deter�:d.nn.tion of t2 1e hydros ta. tic pre ss ure is . 
pa.rticularl? simple • In figuro 7 i s  shovm a. cross s oc ti o:n of the 
e;o.te . Divido tl1e vro.ter depth into n. number of e qun.l parts , for 
ins tr.ne e ,  0:10 foot . Mark tiw point of a.pplic n.tion of' the water 
pressure or.. en.ch element of tho wo.11 ; on tho first o le:mc nt the 
vro.to r  pros suro r..cts o.t a. de pth of tv,o-t1,irds of n. foot , on a.11  
others tho Tnter pressure mc.y be n.ssu1.10d t o  net �t tho c ente r of' 
tho slic e . The wn.tor pressure on cc,ch e l o:.10nt h�,s tr-.e d irection 
of' -tho ra.dius t o  tho point of n.pplico.ti on .  Ne:�t, drm·; o. f orce 
polyg on t o  tho ymtcr pross·,lros 1 ,  2 ,  3 , e tc. In drn.winc; tLc f orce 
polyg on it s hou ld be remer..bcrod t:c.t tho :norizont��l c on,.: ::mcr..ts  of 
tho wnter press ures oqu:i.l tho depth of tho rcspcc ti vo p oints of' 
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., 
application below tl 1e water surfac e, 1,iultipHed by fuo 11c ight of 
the slice ( one f oot )  and by 62 .5 pound s .  In the c ase of force 3,  
the magnituc� of the horizontal component equals tl1e de !_�th below 
water s urface multi!)l iad by 11a 11 and by 62 e5 pounds .  Tho res ultant 
R, of the water pres s ure on the wall A-B is ro pros o:rto d , i:a �iroc­
ti on lllld :ma.gni tude • by a lino from tho beginninz of 1 to tho c ;-:.d 
of 3 .  In l ocati on it is represented by a line e qual P.::d para.l ).ol  
to R1 and g oing throut;h tho conto r c1 • 

The res ultants R2 a.nd R3 aro r ound in siJnilc.r un.unor 
and the t otal res \.\lta.nt i s  obta.inod in location, diroction, c.."1.d 
rna.gnitudo by go omotrico.l a.c'.diti on of R1, � .  and R3 • To avoid 
tho a.ccumulati on of errors duo to tl :o la: ·ing err or t!·:o :�nd :.vid.ual 

1" .., 
f orcos l ,  2 , 3 ,  etc • , dra.w a. c urvo x = 2 G2 .s y'· where: �- is  tho 
dopth of vmtor ( fig . 7 , c ) . Extend tho h o1·izonta.l l ine s ,  which 
di vido tho ·wo.tor depth into o qua.l po.rts , to intorsoo t t! 10 c urve 
EF a.nd cl ro.w· vcrticnl lino s  ti :rough tho points of i�torsootion .  
It is directly e vident t:10.t the 5.nd ividuo.1 f orc e s  o f  ��1:0 f orce 
polyg o11 mu s t  fall botwoon two o.dj acont vorticn.l linc s e 

When the LO.to is  pn.rtly open the det.o r1.1ino.ti on of t:1e 
vro.ter pres� u.re i::; more 0 01:tplica:bed . The ne t ,va.ter pre:r n ure on 
the fac e of the cate i s  obvi ausly the hydros ta.tic heo.d less the 
Ye l oci  ty heo.d of the ,rater fl owing a.dj nc erst to the en.ta • 

Thora c.re two go11ora.l a.p;,roc.c\e s t o  ti .o  detor:!linn{;ion 
of the velocitie s upstre ru:i from tho ;:r.to . One i s by tho mntho­
:ma.tica.l thoory of hydr odynnmics ,  t: 10 oth0r b�,c J.; : 1.e us o of ono of 
tho 11o.nnlogies 11 , tho electric a.nn logy or tho mo11brnno Cl.!1.0.lot;Y • 

By tho t:io ory of hydrotl;.rnnrnics , tho r.q,plic a.·i;io;:-1 of which 
is c onvenient only if the fl oor or t:.10 vmto rvro.y i s a.� a.p;;-roxir;io.tely 
pbne suri'noe or ho.:., tho s ha.po of a circu lar c y l inder ups troa.--n. 
from tho s i l l ,  tho c irculo.r ru-c of tho a:)ron is ass ume d o:x:tcnding 
a l l  tho way to tho wa tor ·surre.co nnd the :prob lon is to f ind tho 
expre ssi on for fl ow botwcon a. c irc ular a.re and a. straight Eno , 
or botwcon two c irc i1lar a.re s ,  wl,ich interse c t  nt tl �o point 31 .( f'i �� . 8 )  
Tho f' oll owi ng invostignti on is  coni'inod t o  tho c o. s o  w' .oro .:mo 
bounda.rr i s  s tra.ig�t . In tho o o orcli:nL'.to systo;,1 indi oo.tcd ori i'i[;uro 
8 th e stroa.m func tion for tho fl ow r.ny bo oxpron s od n.s f oll m·;::; : 

· · · � · · · · · · · · · · · < 1 )  
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whore o. is o. oonsto.nt o.nd Ji i s  the d i s tance from the or igin of 
the c oordina.to system to the point of intersec tion be tween tho circ le 
a.nd the stro.ight line. 

Z = X + iy, ·  i ""  v· -1 · nnd <p O.nd </J a.re dofine cl by 

the fol J owing re lationships : 

C :c u, C �--· = V 
() )( 

u a.nd v beinc; the vo loci'b-.,r components po.ral lo l  with the x-n.xi::; 0.:1.d 
y-axis, r espec tive ly , or , in polo.r coordir .. n:ces :  

= _! � "" - 0 Iµ_ = Vle 
r 0 6  J r  

wr o.nd vr bo inc; the vo loc it:r conponc nts .:..n the ra.d inl o.::1.d. tv.r.gentio.l  
d1recti ot rcs pocti vo l:,•. 

<:p v.ncl 1../,1 o.re ren.l f ·-1..YJ.c ti ons of x ru1d ;,' tw"1tl ,nay r) e, dc te r-
uinod a. s  follows : 

Z - i = (x  - i. ) + iy = r1 ( c os  () 1 + i sin � 1 ) . . . . . . ( 2 )  

It co.n now be si 1 0vm thnt 

C OS � 1 + i S in  6 1 = e ( O, . . . . . . . . . . . . . . . . . . . . . . . . .  ( 3 ) 

By ins ortinb ( 3 ) in ( 2 ) :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (4 ) 

By s imi.lc..r roc..s oninc : 

Z + J. = ( x: + Jl, ) + iy = r 2 ( c OS J ,, + i s in d 2 � = ... 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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By iMerting (4 ) and ( 5 ) in ( 1 ) : 

F ( Z )  = a loge Z - i z + it.� 
= a r loge r1 + i ( � 1 - h 2 ) J = 

L r2 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ( G )  

By a eparating real and imag inary parts : 

and 'f = a ( 6 1 - a 2 ) = a a . . . . . . . . < ·r ) 

Fr om the fundamentals of hyd rodynamics it is known tho.t 

«.p = C • arbitrary cons tant • • • • • • • • • • • • • • • • • • • • • • • • ( S ) 

represents the e quat i on for a c tream. l ine .  

The equation Y = constnnt, howe ver , i s  the equnti on for a. c ir c le 
with its center on t:ie y-&xis . ) "  • CIC  represents one bounclo.ry 0£ 
the fl ow, name ly ,  the face of the apr on, a."ld r = O the other 
boundary , nrune ly • the x-o.xis beyond th e points B1 and I32 . The 
Etream !' unction therefore satis fies the bound::iry c onditi ons 
n.nd henoo c orrec tly represents the flow between the b ounda.rios . 

It i s  f urther known tha.t ii' tho nrbitra.ry o o�s ta.nt C 
is assiGned s uccessive va l ues : C 0 , c

1
, c

2
, c3, etc . , whero i 

c1 - C
0 • C2 - c

1 
=- C3 - c

2 
• • • •  e"Lc ., 

the amount of water f l owing be tween two :rnoces s ive s tr onm line s 
( corresponding to succe s s ivo values of C) will be equal. If it is 
des j_rod, f or ins ta.nce, to divide the flow in s ix pa.rts, ea.oh p::irt 
c::irr:,i:ng the s runo a.mount of wo.ter , the differo�ioe botwt>on · tho V:llues 
of C c orre s ponding t o  e a.ch b ounda.ry is divided in s ix o qua.l pa.rts 
and o irc los drnwn c orresponding t o  ea.oh va.luo oi' c .  The d i fforonco 
botweo n tho va.lues oi' C in tho ca.se c onsidered h.oro is 

Q. cC - Q D a,o(. 

s o  c irc le s s r: ould bo draym c orros poru.: inc to 
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a o = n. �, a �; a 3 CC , a 4 o( , and a 5 OC 
6 6 6 6 -S 

or o s= �· 2 « , 3 ((' , 4 a: , and 5 OC 
0 -r ---r -r -r 

As mentioned , the oenters of these c irc les lie on t:·.e x­
e.xis and all c ircles go through the points D1 and B2 . The radii of 
the respective circles are determined by : \ -

.J. = 
r 

r = 

sin r 

__ L ,  
s in � 

6 

i,, -----· 
s in � 

6 

• • • • • • • • • ,  etc • • • • • • • • • • • • .  ( 9 ) 

If t:1.e tota l d ischarge of t!'le :.:;ate por linear foot is known 6r ca.11 
.,e estimated , the amount flowing in t he stream tube adj acent to 
the 6nte is one -sixth of the total ,  a.ri� the veloc ity along the sur­
face of the !-.� ate may be computed bJ· divid ing one- s ixth of t he 
total f low by the d istances fr om the fac e of the cate to the neare s t  
strewn line at the various points • 

•. . 
There is,  however ,  a more d �  rect :net},od of finding the 

velocity along the face of tho r,ate • 

From the fundamentals of ! 1: ·clr odynamics it is l.:novm that 

d F ( Z )  
tl (z ) 

,.. u - iv • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 10 )  

Tne quantity u - iv 
compared with 

VI = U + iv 

is called the " conj ug:ate" comple x velocity as 

which is the 11 roal 11 c omplex velocity . The conj UGate ve loc ity re pre­
sents t:ie image obtained by re flection fro:ui t'.1.e real axis ( tho x-axis ) , 
of tho real ve loc ity . S ince tl ,e absolute length of a vo o tor is tl�o 
sane as the absolute length of its reflecte d irna{;e ,  tho act ual 
veloc ity may be found as the actual valuo of tho reflec ted image. 
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G 'rom ( 1 )  

d F ( Z ) _ 
d z 

d ( a  l o;,e Z - ) )  
i+:n d( l n;_:; e ( .::  - i )  · ·  l : ,ce ( '1, +i)] ·- a ct f " d z 

• • • • • • • • • • • • • • • • • • • • • • • . .. ( 1 1 ) 

By i ns e rti on fror.i ( 4 ) and ( 5 ) 

d [,' ( 7. ) = a a = - i 1  
_a_e 1 a e 

·· i 6 2 • •  ( 1 2 ) 
d .., 

;, r l e j  6 ;  r2 e 1 ,-S 2 r 1 r 2 

B earing i n  mi nd that t • , e  c omnlex quo.nti ty ;: + iy m,w .:i.l:3 be wri tten 
re i � where  r is tho rac1 i us vectnr  to tho roi nt and b is t ho ang le  
of  the  ra.diuc vector wi+l-t the x-uxi s , s ee a l s c' ( 2 ) ,  ( 3 J ,  o. :1d (4 ) . 
the expre ·; s i  on ( 12 )  i s  t, e o n  t .  · re pre s ent the d i ffe renc e betvroen 
two c omplex qu antit i es . 

and a - i6 ')  e � .  Ob und O D  i n  f j �ure 8 .  r ...,  
£., 

'.i'l � e  nc tu a. l  va luo o .: t ,, i s  d if .:'arer .J e , wl1 i •J1
· i r· t ho actual 

vu ] a e o f' the ve l nc i t:: ,  · . •  r�o. ·/ 'J e f . ,nnc�. b: · ap nlyi n:� . ,r( i na.ry -� r ii;0-
11ome t r i c  f'orm1.1 las  t , , t r i a,1 1 ; l o  : ' DE 

Wl 
,, 
(, 

= 'fff 

= (a.  

,, 
, ,  

.., 
) ... + 

Cr2 > 

- -� - ') . _ _., 
OD + OE 

L: 1 2 
,, ,_ 2o. 

( -
( r l ;  r l � ·2  

2 2 
') + 2 r �_ r 2 C 0S 1' . r i  r ') -

c os · '  = a. - .:., 

r �_ ... r2 -

., 2 a. l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 7 ' 
,, ; 

t r  i; •,o cl i :r nhar ; e v nr 1 c r  tJ , o · nto , q rn r l i ·  ou.1· � . . .  ,t , b 
1:nown f'rnm I y cl ro.1 , J i c  ) ,  . e l. te � t s  , , r c :1 · 1 bo Er n t i ma.te (1. ·:ri t \ ,  � u f f i ­
c i ont o.cc u r u.cy , t l . e vu l 1 ie : , i ,� r.1. n l i e  -� · · 'i ; pu tmi , l i ro ct l. : ,: . 1 t C (l ll 

b e  s hown that t he c ,.-. : 1 s t an t  a i : ;  d e t 0 :rr, 1 i :10 d hy 



honc e 

[1, = - ..9.... 
0C 

w = -

who re 0( i o  , .·ton.s ur ed in ro.dians 

· · · · · · · · • • • 0 • • • · · · · · · · · · · · · · · · · · · · · · · < 14 )  

D.:':1r: the ve loo i ty he::td hr; = 
. . • . • . . • . . . • .  ( 15 ) 

If t . o  cU.s ck:.rce q i :::;  not !mo·:� , ctc vo l oc it--y 1n..1.y bo cJ.o '.e: r: .linc c.1
. ��s 

foJ. l o,;s : At cLo l onor end of t !:c  ·.'. pr on a. 1 1  c. ·:ai l::tJ:. lo : .c ,,d ! ,r.s ':ioor 
cmngod int o  ve loc ity hoc.cl s i :10 0 tho ro is ::-. free r: -...rft\C O inu.10di:-;.to l�· 
boyonc: t ho  o dr; o ,  ; .o nc e  

(Wt ) 2 •tc.2 ;' 2 

2c "' h ' ,
= 

( r ' r 1 ) 2 2g l 2 

,,ih orl:l Wt  i ::i  t: 10 vo l oc ity c.t t; . c  o d: · o  of tho C.j_,r m�,  L '  tLo de � ·th of 
tl 10 ,J d6 o bo l ovr tqs tro cJ,1 v.-r.t 0r s ·, ;r fc.cu �id r1

1 [l"ld r2 ' t:':, o d i :::; tn.,.tC o s 
fr om t '. :c po :i.nts I\ :1. ·"!d B2 , ro s :· .c c ti-rc l :: · ,  t o  t l 10 o d �;c . J�t c.n r.roit­
rary point of ·t. hc : ... pr on t :·w vc l oc it�: , :c r.d : 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ( 16 )  

By s ubtrc. c t�. ne; h.J n. s  d o  :_;c r ; .1fr.c d f r c. "t  ( 15 )  or ( 16 ) fr o� t :10 :::; tc.tic 
hoc..d r.,t th e arbi trc..ry- p c: i 'l.t ,  t> ·J : ' ,: t  · , . ·c.: r 0d�rnnnic pre s s ure is f'.'.'lund . 

It s l i c, · : ld '.)c ncto c'. t : .at t ,c ��l •le c,f h-
1
-i outn.ino d fr om 

( lG ) is  us ·..1r'.. l l� t oo c: r.:: ['.t . T� :o ro ec::; c r. is  -c, :r.t t:..c vro.tc r f l o1;:i..vig 
o.dj M011t t o  ti1c a�:ron d oc s Lo e c ont .�:· u.) o.l on;_; t· ,u . 3 ri,ri10 c ir c le: o. fte r it  
lc nv c s tl 'o  ..:,dee of' t : ,o : .. pr . ·r. ,  �s !· ,_::; to cn r.s .:: �.ir..:..: d : :o re .  C omJc.ri-
s ons i.·/i th h;',:d rc.ulic r.1c-i u l  to ::, ·;,;:: , 1e.vc inc1 ic ,itod -�· ,a. t r 1 ' a .. �.d r .., ' 
s 11 ould :1ot be rr.c as wod  t c  t: e; cJco of t: ,0 [, pr 0r.. ( p o�.nt A ir. f!s urc 
8 )  but to ['.. po int A 1 l oc -:-, cc d  en the s ::-i.:-:10 c ::..r c lc  .i. d i s tc..:r.c c bc J. O".: A :  
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It is upp ::•.ront tta.t tho above meth od for dotormini:ng il1 0 
voloci·tio s a.l ong tho a.pr on d oo  s 1;.ot h old nea.r tl-.o vmtc r  su rfo.co, 
no itho r d oc s  it a.pply t o  g;c.to opening s which a.ro lo.r�o compc-.rod 
with the tota.l de pth of vntor . L·. ti�o s o  ca.:Jo s tho o.c tuo.l strorun 
li:10 s do  not ovon a.pproxim .. "l.to ly a.pprot'.Ch tho strc a.m  l ine s  dotorr.dnod 
by ( B ) .  

If' a. bettor nic turo of the strc a.m line s i s  desi red, it 
rn::J.y bo obta.ino d by :man�s of the oloc tric a.no.loi;y n.ppc. rntus . A 
sl(O tch of' this a.ppa.ra.tu s in its sinplost i'orm is  s ho·rm in fir;ur o  9 .  
T�10 ua.tor surfa.c e upstroa.m f r om tho Gnto, tho fa.c c of t:.o go.to , 
nnd tho vm.tor surfa.co of tho j ot oi:icrr;ing bolcn-1 the {;a. to f orm ono 
oxtromo stroa.m l ino c..nd tho b ottom of t.l-io vlt'.torvro.y forms tho o-thor 
cxtrorno stroa.m l ino. Inte r:nodinto s troa.m lino s rno.;:;· be do tor:tln.ed 
by f orming the o:r.:trorao stroa.."ll lino ::: of copper und sending nn ele c ­
tric c urrent from one o f'  tho so oloctrodo s t:ll" ough a. s uita.blo so lu­
tion t o  tho otho r a.nd doto rmining; J.;ho point s 1Jotv1eon the o lo ctrodo s 
v.rhoro tho potentia.l hC\s n prodofo ri!l.:i.nod  c onstant vuluo . Lot tho 
poto nt ia.l of ono o lo c trodo b e  P1 nnc� t;.rn othe r P2 , o.nd lot -tho 
tno o le ctrodo s bo c onno c tod by a. x·c s OL ::i tnnc o v:iro of lonsth, J!_ • 
If it is  intend ed to  obtnin f ive L1tc rnoclic.to st ro a.m l ine s , c onnoc t 
c. s to o l or brr. ss na odlo thr o ug-,h a r;nl vnnomoter to a. ;_:,oint of t '.10 
ro sist c.nco wir o l ,c..ving [',. 11 otontin l  

c.nd doto r1·tlno , by moving ·tho noo d lo f.'r om point t o  p o i:-it i n  tho solu­
tion,. tho:, o 1_)oints yzhorc no current f l ows through tho g n lv::m or,10 tc r. 
A line tlu· ouch t i 1c so points ropre sonfa; ::i, s tro a.m l ine . By movi11{; 
the ncodlc conne c t i on suc c osn ivcly to points on t: 10 r o s i s t."!.noo 
wiro  ho.vinf; po to::-,tio. 1s : 

other s tro nm line s r.ro oY.;n.ino cl .  

S inc e onc - s ixt: . o ;:  t! �c tot:1. J. ,,mc ,e1t of ,·ro.to r fl ow bo �vro on 
oa.cL tno c ons oc --itiv-o � tru nm  J. L10 G ,. t;1 c  vo loc ity c..J.:; uny r:io int o:C the 
fluid 1.my bo d o  :�c rmJnod if tho t ot['..l f l <m ic 101.ovm . In g e!1e rul , if 
the dis charge per l ino o.r foot is q , t i 1c vo l oc i t-J is  d otor: : 1inc d by 

\'I = � • • • • • • • • • • • •  • • • •  • • • • • • • • • • • • • • • • • • • .  • • • • • • • • • • • • • • • ( 1 ', · ) nL 
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·whore n .1 s tho number of st roar.i. tubo s • As  st c.tod o.bovc,  o.11 nvo.il­
nble hoo.d is t rrnsforr.iod i!1to vol() city hund nt the lowe r odgc of tho 
npron. Hon oo ,  if tho disto.nco botwcon this point o.nd the nenrost 
strcnr.i. lii.o is o., tho volocity o.t sor.10 othor point or. tho flow whore 
tho disto.noo botvroon o.d j o.cont st rorm line s is b is oxpro ssod by: 

w = g. 
b 

• • • • • • • • • • • • • • • • • • • • • • � • • • • • • • • •  ( 1 7a)  

who re h'  , c.. s  be fore, is  the hoo..d o f  ,·mtor  t o  tho odgo of the ::-.p ron. 
In t}:l.is m •. ·uu1o r  thu c..ctunl velocit i e s  nlong the co.to ::-.10.y be found 
Yli th close o.pp rox :i.rmtion . Instoo.d o f  tho olcct ri c n.na.logy r.ppnrc..­
tus, tho s o-cnllod ne:r.i.brnno nno.lo gy a.ppnro.tu-c; r.1£'.y be l.\S od i'cr ox­
po ri:r.icnt nl dotc mh.o.tion of t he strc :.'..r.l lir..os.  For descript i on c.:ad 
:r.i.cthod of opera.ti on of t!:is r.ppr.ro.tu s,  soc  J .II .A . Jrr.ht z : " Pressures  
Due t o  Pcrcolo.t ing; 'l;'fo.t o r  n�1d ti1o i r  Influ ence u p :.m Stress e s  in Hydrau­
li c St ructu res" , Cornunic:.,t i on :i.o . 1, S e cond C ongre s n  on Lr.rr;o Dro:is . 
?e r conpn rc:ti vc st roOJ:). li::c s s u e;  fi iuro 10 . 

I f  tho ro l l er gnt0 i s  u sod a::; c ru st gr.to on o.n ove rfl ow 
w-c i r  o r  i f  t: :u bott on oi' tho vrc..to rrrc.y fo r other rer. s cns ha. s on i rre g­
ular sha.pc, :., lc:wwlocl ;_;c o f  the �.ctua.l st ror.r.1 line n is  e s scntio.l fu r 
even npproxi11c.to dut o rr.:inei.t ion of' tho p ro s su ro c  , i!l th.o.t fo n:rulc,s 
( 15) 0..:1.d ( 1 6 )  obviously r. rc :-:.ot a.pp l i cr.bl c . I f  02: cloct ricnl rma.1-
0[,Y O.i1pnrr.tus o :i:  c.. !.:.0:1.brc,no nnC'..lo6y � -;_Jpa.rn.tu s i s ::at r.vc.ilo.ble , the 
st ron.r.1 liuos nny bt,; d uton.-tlned with su f ri c i or.t ::-.. c cu r:i c y  by froo-hc .nd 
sketching. Ir. tho cc:. sc  of i r r0 !,;Ul c.r Lounda.ri c ::i  ti'..o strec;r.1 funct i on 
F _ (Z ) i s  r.ot k1ovr-1 c.:icl, us c-. rul<.., ca .l .ot bo d �:to 1"T.li:1.0d. �Tovorthu­
l c ::i s the fo l lo".·r.i.: :g ru lr.ti onship holds:  

F ( Z ) = F ( x  + iy) = t.L"'· + i  .:,;  ' 

, :h e ro .:J rn<l , _�., 
cu rves 1·ep re s e::t ed 

r..re rer.l fur: cti on s o f  x o.LJ Y•  
b<J 

' t' = C = Qrbit r'.:l.ry consta.:.:t 

The f:mi ly c f  

has been sh o·, r:1 t o  rep ro so: :t st rcn.r:i. lL , c s  o f  t !1e f l('W ��nd it cn.:1 
i\.1rther be show;: t:·.r..t, 

(;) = C 1 = o.rbi t rr:..ry const c.: :t 

rep re sent s  n!1ot) 1o r f'a.::ri.ly o f  curvos T1 Li ch o. 1 1  l! ·.to rso ct the st roan 
line s c.t ri :;� .t n2.,_glos . 'i'ho s o  cu rcos ::-..re cr.tll ed the c quipot cnt io.l  
li:10s . If  t :w  o.rbit r::,ry c o. 1 st � , ts C ��:-:.d C ' � .ro so  ch o sen tho.t 
tho consta.:::t di fi\;; ro:-:.cc :  b •.:t...-r0on tvro S\1 c c o s sivc vo.lu o s  o f  t ho C 
ccmsto..."1.t s uquo.l tho di ffo ro:1.co :-iot...-roo: � su ccc s a ivc vc.lv o s  of  tho C '  
cc:1 stants, the two fm:ti.liu s · u f curves vtill .f'orn a. �ct o f curve lir:oo.r 
s qu::-.ro s . !i'u rthc rr.i.oro ,  if tho curve lir:cc,r dio.gc:rn.ls c. ro dra.wn , these 
uill o.lso fern n net o f  curve lir:ec.r s quares .  Dy T.J.oc.:::.s o f  thi:::; i: :f0rr:u-

ll  



ti on ,  and a. little ;ira.ctice, tho two nets of squares can rendily be 
s l:e tched as silown on f igure 11 .  v,:1cn the stream l:i.nes ha.ve been dravm 
in th is manner the fu�ther procedure is as g :'...ven b:,· formulas  ( 17 )  
or ( 1 70. ) . 

If the r;ate is submerG iblo s o  tho.t wo.te r mo.y pour over tho 
crest possibly to a. depth of s everal foot, knowlodse of the pre s sure 
due to tho ovorpot�ring vro.tor is dc s �.ra.blo e Abs olutol�r rolia.blc 
vnluos f or these pro::; s uros a.re bas t ob -l;a.incd from u h;/dro.ulic 
model or from one of the mmlogy modoln mentione d  ubovc • Howc ,ror, 
since tho r:ngnitude of the pros:n.T o fa ::n1.a.ll a.s cor:tptlrcd ,·rith t ho 
other prcsc urcs on t11e catc , c.p pr c,:d.mn.tc va lue s, clo s e  cnoU[�h i'or 
hoth pre limina.ry dc n igns o.nd most fina.l designs, may :::io obto.ine� 
o.s follow::: : 

A::i s umo a. strcrun f unction : 

F ( Z )  = F' (x  + iy )  

,;rhero C is roc1.l. 

iC log 0 z = iC lor, 0 

Hence : 

(j} = -C Q 

= iC log0 z = 

( ro i o 
) = iC 

Ll,• = C ] v· r T . '-' O 

(j) + i if· 

log; r. r - c� 

The r. trorun lino ::; : 

4,1 = C log r = c 01, st . 
C 

:'.re obvio 1 , c l�r c ir c lo s ,  s o  ti1n.t 01�0 bo1 .md nry cf tl1 0 fl ow, nrui10 ly, 
the s ur face of the drur.,,, i s  correct. Tho otLc r bound o.r y ,  tho froo 
surfnc o ,  is ILOt corre c t ,  but tho o f1'oct : �cro of on tho pressures 
a. lone the c ·:1rroct b c,unc o..ry i n  not vo r:,-· -�ro u t .  

S ince t he s trc ::-J11 lino s c.ro  circle s, tli.o ve loc ity 1 1..'\y bo 
obt:iinod b:,r pnrtial d if'foro�1t iati on of r:p with ros1 c ct to Q :  

w = w e = = C 
r 

To dctormino t t  .. c . C l ,rJ S Jvo..nt C ,  L1tc .::rD.to bc t"" ' C l' t ' • c  l ' n ·• ts r " '1d r - , .. ,, . . .  - '"'" 1 - -· 2 
wLoro r 1 is  Lhe rn.0.ius oi" t: , o  d rtun ::md r2 i:.: t>c rri.<l �. us to s0: ,10 
c..rbitrnry p o .i.nt of u : o frc o ::; ·, '.r f�'.CC e 
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q = 

n.nd w = q 

C 
r 

clr 

The ve l oc ity a.t the surf:::.c e of the go:i:e is , therefore : 

q • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ( 1 8 )  

curl a. t the free s ur fa.ce 

____ s, __ _ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 1 9 ) 
r2 loge 

It !"emnins te de·�er: :.inc r2 • At tho free surface c.11 
c.vui lo.ole enere_;y k::. s �'0 011 trr-.r�s formc d into ve l oc ity, � L ene e if tLe 
t otal [1.--.-ai lo.b lc 'r:.o ad nt s o::-ilC point on tlic ,vn.tor s urfn,ct:, i s  h. : 

= 2 ____ --9.. __ _  _ 
2g r.., ,., l o;;c, � '> ( r.-,

)
2 

.., , r 1  

== :1 • • • • • • • • • • • • • • • • • • • • • • • • •  ( 2 0 )  

Fr om t, 1 i s  c q1-�0.ti cn r 2  1;•c.y 'ce d e termined if q is �:nown . 
The quic ke s t  :·,-e ·l:;hcd is t o  dra:w c irc le s  wi th c:iffercri.t rud:Li r2 ::url 
clotu rmino tl:o point c;f tl 1 c: poript.c ry whici1 '1c.s t}·,e vnl1:e of h 
dotermi!'. ed fr: - rn. c,b c•.rc oqu'.'.t i .:>n ( sco  fig . 12 ) • ·iJhon -{:;}-Le surfnco 
0 1.:rvo hr:,s ::;eo:.:. dra.vri: , the vc l oc .Ltios ·;rr1 

a.�·.cl t}10 ;_Jre s z ures OE tLc 
i; o.te r..n.y be dctorr;1inc d in t ;1e us 1:n.l !ne.2�nor . 
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In order to got c onsis tent results, q, ii1e discha.r[;e per 
linoo.r foot, should ho detorm:i.norl by u , lCtLod a.nc..l ogoU/3 t o  t:i:c one 
usod for deter?.linirlf; tho vo loc itio s .  For th i.s purpos e  t:10 �1ichost 
p oint of' tho go.to (huving h ori z ontc.l to.n.cor.t ) i s  o.s sum.:d to a.ct c.s 
control. This o.ss1�mpt i on is not c orrec t t ut tho a.pproxinntion is 
o loso onoug;h f' or tho pur pos e . A c  ontr ol sootion J!Ul:,· be dof'i:io d  
o.s a. secti on which cnrrios tho mn.::ir:1un1 poss ible a.mount of m-cor 
for a. g ivon amount of energy. 1!c.th.01:ll'.ticc. l ly t.l-io depth a.t tho 
contr ol is obtained by d ifi'orontia.tin{; tho d ischc..rgo with ros poct 
to tho dc pti1 nnd oquallillf,; tho difi'oro�1tia.l to zor o. Tr.is 10 �1.ds 
to  t:10 rol low"in£ oqua. t i on f or tho depth : 

2h ' = ---------rl + d - 3h ' 

From thi s  o qua tion h '  :mo.y be 
d. It rn.c,y bo roa.dily verified 
Whon h '  ha.s boon doto rrninod 
that r2 = r1 + d - h ' : 

dotorrn.ino d i'or ::my vn J.uos of r1 nnd 
t:La.t for r1 = v0 , h ' boc o1,Lcs 1)6 d  • 
q is f ouJ1.d fr om c qi:a.tion ( 2 0 )  in 

q = (rl + d - h , )  l oe:o (r 1 + d - h ' ) \,'2gh ,· . • .  • • • • • • • • • . ( 21 ) r r1 ) 

whoro 

3 
q = Cd'2' • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 2 2 ) 

c ( + c1 h , ) /2ch' 1 . ·  r r1 + d - h ' ) 
= r 1 · - y � oc0 'r--=----

··-) d , r1 

thv vnluu s of C mD.y l;u tc-.ko n  fr or.1 tl lc cliC1£rrua sh own on f .i.gur o 13 . 
It should bo notod tha.t tho vn J.uo f or tho dis chu r& o  obtc..�no d in 
th.i.o nr.nncr is ro :.\nt to bo us od :)rimn.r i ly in c on::ioction with i' or­
mula.s ( 1 8 ) ,  ( 19 ) ,  and ( 20 ) . I;f it  i s  d o s irod to obt:..L1 tho a.ct1w.l  
dis chr.rgc over the ::;n. to vrl tL . c los e n. 1; proxir.ll'.ti cm c;- lr- drnulio :todc l 
toot wi l l  g i vo  be ttor v:\luos .  H ovrovor, c qu['. tion \ 21) h��s ,)con 
found to ·give vnL.10::: vor: r  cl ose to th o�, o ohta.ino n. oxpor�ntn.lly . 

Whe n t > c  vo l oci tic s and ,·n ·';or pros ::: : ·.ro ::i on t.t-ic cnto 1.nvo 
boon . dotormi11od for va.r :i. ous p ·: •n iti ona or ti i.c i.;c.to , tho ro o , i ltant 
wn.tor pro :.r n i.r o  is fo·md by n 1 :v thod s imi b.r to timt us o<l for 
hydrosta.t io r.ro s s uro c.r.i:. th i :::  roa ultnr.t is  c omb ino d  Vii th tl .o ros ul­
tn.nt of c!co.d wo ig ht into t he rc s ulta.: ·.t or nll l or�d s on -hl,o gc.to . 
In tho ca.so of a. s ubmcrg j blc ;;r-.to t i ic  wcig::1t _:,:f " troo or of c1.n 
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ice floe resting on top of the en to s !1ou ld 'bo :l.dclod to the ou·l;s ide 
loads . It remc.ins to dotormine the five g;t'. ·oo r ono tions • In figure 
14 is shown n schenntic picture of r. r;c.te . C is  the c h.c.iu pull 
(nssumed not pnra.lle l \'l"lth the tro.ck ) with oomponeut s  C n (norma.l 
to the tra.ok ) ruid Ct ( pc.rnllel with trc.ok ) ,  Ho. is  the trt'.ok rec.otion 
(norrna.l to the trook ) nt Jche driven oad, Nn the tra.ok reac tion at 
the nondri ven e"1'1 , Ta. is the tooth rea.otion ( pa.ra.llel with the 
tra.o k).  a.t the driver. end, Tn t}i.e tooth rea.o tion a.t the nondr� ven 
end . R is  the total loc.d on tho &cte (wn:�.er :pre s s ure plu& d oad 
loo.d ) with components R (normnl to t!10 trnok ) nnd Rt ( pa.ra.llol 
with the tra.o k,) . S ,  thens ill  ron.otion, is in thia on.s o zero. 
C onsidoring i'iguro 14, by ta.ki!l{; moments a.bout A-A 1 

Nd + Cn = Nn 

and by projeotio!l. 

Nd + Cn + Nn 

hence : 

Nn = N + C d n 

on B-1 -: 

= l\t 

= � 
2 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 2 3 ) 

By ta.ldng moments �bout B-B : 

Td - ct = Tn 

a.nd by proj ection on A-A:  

Td - Ct , . .+ T = R n t 
honce :. 

T = T - C = ¾ (" , ) � d t • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • �� �. 2 

Final ly .  by tr.:d!lf; monents r.ro u.1 :d C -C , it is  soor. t :i.c.t 
tho moment of R ,ri th re s pect to t}; i::;  rucis L1u st o qunl ti10 moment 
of' C , hence tho res ," lcc.nt of' t hese t.vo for c e s  :.,ms t r; o  throueh C -c . 
Tho g ra.phica.l de:l;ormin::-.ti on of tho rencti cr..s i ::;  s�_ own 011 fic;ur o 
15 ,  which is solf-oxplr.nntory.  

If' tho 6nte is reGting 011 tho s il l  (C , +, Lo c l::...'1. in pul l ,  is 
zoro ), by tnking moments c-.bout A-A:.  
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a.nl by pr ojection on B-B : 

henc e : 

Nn = :Nd = Rzi - 5n. 
2 

• • • • • • • • • • • •  ; �  • • • • • • • • • • • • • • • • • • • • • • ( 25 ) 

13y ta.ld.ng mo1Jents a.b out B-B : 

Tn = Td 

n.nd by pr oj ection 011 A-A :  

Hence : ,. 

Tn = Td 
= lit ; �t , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ( 26 ) 

Furtr.e rr.1ore ., the r es u lta.dt of R nnd S 1aust 1Xt s s  through C-C • 
The f; ra.phic a. l  de·�er1.dn.iti ::;n of tl,e roa.ctions in the c ns e  of the gc.. te 
resting · on the s i ll :i.s n h ovm in f i i:;,u-- e  lG � 

The rea.c tic:1s sh ould ho doter1.1ined f or s ov err-. 1  positions 
of the ca.to a.rid f or seve ral ups tren.u vr.J.ter level s .  I·;; wil l often 
bo f ound t; ; a.t the m..'\Ximum v�luos c•f c :·10.in pul l  ru:.d t.rt'.ck roa.cti ons 
do not o oin.cide v1ith t:. 10 1:ia.ximum wa.-co r pres s tiro on tho gnte . A 
:-;ra.ph s h ov1ing tho va.ria. tion.G of tho roa.c ti ons for tho 75-f'oot 
rollo r t:a.to s i' or t'.10 Al l-./\:,:orico.11 c�ma l he a.dTtorlcs is sh m·m :i.n 
fic;ur o 17 . 

C .  DJilTAI L DES IG:! CF GATE 

T'no C irc ular Cvli n1!or ---------�--
Tho st rvss es  in t. o C?limlcr �:·,o l l  nro : 1. Tho bc :ua.  

s trossos wL .oroby tho ,·,c.tor l or.d nr.d cl o nd lo:ld · a.re trc.nsmi ttod to 
tho s upport:i.11.g p::.ors ; �nd 2 • Tho l oo �tl s tro ::i s o s  h t l . o  pfo.to 
duo to trc..ns for o:f' l c-t1.d fro,n t· . o  plc.tc to ti10 i:-ito ri or f rc-.r:xn·,,or k 
of tho r;n.to . T'.ao boc...:l s tros sos  o ons ist or norm..'\l ,-:1.d oho c-.ri ng 
s tro a s o o  <ko to bondinc; c. �ld s:·.onrin.; s tru s s es duo ·t;o "bor� i on .  If 
tho t o tn l  ros ult::-.nt of w n l:;or l oc.d r>lus dond l oud is p por lino r,r 
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:, . foet and J. is  the span between phrs , the maximum bending 
moment � ass uming that the water load o overo the whole distance 
between s upports ·, : is : 

jJ = t p,£ 2 

The sec ti on modulus , s ince the she ll is  very thin c ompared with 
the radius of the cylinder ,  is : 

S = rr r2t 

where r is  the radius of the shell and t the thickne s s  of 
the plate at the c enter of the s pan . 

The normal s tresses  in the center secti on due to bend­
ing , tensi on beinc ·posit�ve ,  are thus : 

.l. p JL 2 
G · = + s 
1, _rr_r...,2_t __ _ 

c os , u  . •• • • • • • • • • • •• • • • • • � • • • ( 2 7 )  

The c ircumferential normal stres se s  (hoop s tres s e s ) due 
to bendinG are small and nre determined . by :  

J =· + O
t;

· p c os u 
2' rr t 

The shearing stres ses  due to bendinc are als o small . They are 
determined by the followine formula : 

- R ____ x s in u • • � • • • • • • • • • • • • • • • • • • • • • • ( 2 8 )  
Tfr .l t 

whe�e x i s  the distance from the center of the gate measured 
along the axis to the cros s  s ecti on in which the shearing s tres s e s  
are de s ired and u is the anGle fr om a line paralle l with R 
through the center of the cylinder to the radius to  a particular 
point of the shell pos itive in the c lockwise directi on. The shear 
i s  positive in tho c loc kwise direc ti on if the s ecti on is  viewed in 
the positive direction of the x-axis • �=imum shear occ urs where 
u = 90° or 2 700 . At the points or 1naximum normal stre s s  

. 'i:b = 0 ( u  = 0 or 180° ) 

The tors i onal moment or the shearillf; s tres ses  varies 
recti linearly from end to end . At the nond.riven end it i s : 

'. r t  \' � 9 ) 
.14 n = T� . ...... .... � ._  .. . .... . .... �,.. •. , . ...... ... . _ . . .. .  ,_ . ..  , . . . . . .. 
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and a.t the dri-ven end : 

Kid = - (C + Td )r • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • (30 ) 

C is always pos itive o.nd if T is c ons idered pos itive i.f it nets 
downffll.rd on the gn.te . M I is pos itive in the c l ockwise direction 
i:f' t�e s eoti on is viewed in the pos itive .directi on of the x-axis . 
The pos i�iw direeti<.m o.f the x-axis is toward the dr iven end . 
The shear stress  is : 

-Lt = M '  ( 3 1 )  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
2 .,,.. r2 t 

The t otal sheo.r s tre s s  at a.ny point is obta.ined by adding ( 2 -3 ) ar..d 
(31 ) .  

The above formulas a.re based on the a s s umpti on tha.t the 
hollO\v oiJlindrica.l she l l  no ts a.s an ordinary beam fr om pior to 
pior . It is lmown tha.t it wi ll  ,�c t  in this manner i:f' tho load on 
tho shell c ons ists of po.ra.l le l forcos uniforml;,· d i stributed por 
s quaro foot of s urfa.00 .• S inc e tho loa.d is not s o  d is tributed 

* See po. per by Henr.a.n Schoror , Tra.na7 Americn...'1 S oc iotyof C ivil 
Enginoors , vol .  9 8

1 
1938 ,  P•  101 . 

the oylindrica.l drum i s  pr ovidod vti ·l.h s ti:f'foning d i..'1.p:1ra.c;ms s pa.c od 
9 t o  12 foot. a.nd tho loa.d is tra.ns .forrod .from th o pla.to to tho 
dia.phro.gms through h oriz ontnl bomc.s 3 t o  4 foot on c on�ors a.l ent; 
t..11.o poriphory o.f th.a dia.phra.gm.s • It is c us toma.ry to a.s s u.no tha.t 
t.1-io tota.l wnter l oa.d on tho plo. to is tro.ns.forrod t o  tho l ongitudina l  
boa.ms o.nd from tho boo.:r.3 a.go.in to  tho d ia.phra.g;ms . Por the purpose 
of des igning the pla. te s for direct wa.ter loo.d the plate s a.re 
usuo. lly a.s sumed tc. be f la.t and a.re des ie;ned by the ord innry for­
mula.a for bending . It s.r. ould be noted tha.t in the ca.s o of a. 
longi tudino.l sea.m over one o.f th.e ben�ns the plate should be 
a.s sumed. t o  be res tra. ined o.t the s upport only in ca.s e two r ows  ot 
rivets a.re us ed .  The r ivet hole s  i:.1 one r ow should be deducted . 
to obta.in the net s ecti on a.t the s upport . If the c onnec ti on be ­
tween boa..ras a.nd d ia.phra.gm.s is  such tLa:I; tho pla.te pa.no ls a.re s upp o�t­
ed a.long a.11 four s idos the f ormulas g iven by Wos_torga.a.rd a.nd S la.ter• 

* Proceodincs ot tho .Ar.llric a.n C oncroto Ina tituto , vol . 1 7 •  · 1 02 1, . 
a.vuila.blc in roprint a.nd o irou la.r s orio s of tho Jla.ti ona. l Ro­
soo.rch C ounc i l  No . 3 2 . 

should bo us ed . Ba.ch I s .form"..llo.s for tho dosign of s la.bs s upper-ta d 
a.long four s idos . a. lth ot..gh s ti l l  t; ivon in JI1A11y ha.ndbooks , s h oti.ld 
be Wl od wi th cauti on . Support a.l one.; t our s ides of a. pln to on -t;ho 
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ma.in cylinder will cause normal s tresses  in s ections perpendicular 
to  the axis of the cylinder,  and those stresses should be added to 
tho normal s tresses given by (2 7 ) . Therefore ,. this method or 
s upport is usually not employed for the min cylinder .  However. 
it  is gonerally used tor the plates on tho apron and the flash 
m,ir wh.ioh do not oarey beam stresses . Ass\tr.U?l{; that t}?.e plates 
of tho main cylinder are supported on tho beams only , tho normal 
stroases on a s ootion through the axis will be: 6 c , .  due to local 
bending of the plate and hoop str·esses d , due to bonding of the 
oylinder as a wholo .. The normal strosse;/' On a section perpendicular 
"bo tho axis will  be � b due to bending of the cylinder as a whole •· 
In addition. thoreto, .  thore will be shearinc stresses  due to b oth 
bending and torsion •. Elas tic members having stresses of this nature 
are usually designed by c omputing St . Venant ' s  s o-callod 11ideal" 
stross :  

)Vhere d ' = d + & C C h 
Tho sign or the s quare root should bo s o  chos en that both qun.nti­
ties  making up &· i have tho same s ign, m = l = tho inversed vo.lue 

� 
of Poisson ' s  rati o .  Usually rn is  taken at 4 ..0, 

m-1 = 3 and m+l•,· = 5 
Tm -:S  2in o 

Stresses  computed by ( 32 ) should bo kopt within roas onablo limits , 
say les s  than 14, 000 pounds per s quare inch •. J oints in tho plates 
should be designed for tho normal stre s s  and s:1ear which have to 
be transmitted . Normal load and shoar per rivet should be added 
boometrically to bivo tho re sultant load on tho rivet •. The des ign 
of the loncitudinal bcruns causes no difficulties .  

In dosignint:; tho diaphragms it  may bo as s umed that nll 
oxto:tior loads , that i s , all water loo.ds on cylinder , apron, .  and 
flash weir ,. . nnd all doad l oo.ds r are transferred to the diaphrngm 
through the l oI1£itudinal boruruJ and through tho fro.ming for apron 
and r lash weir . The diaphra.gms aro in turn supported by tho cy­
lindrical shell ,  thro�h tho longitudinal boa.ms ,  tho reacti ons be­
ing parallol o.nd uniformly dis tributed per linear foot of periphery . 
Figures 1 and 3 shmv typical fro.ming for the roller gates for the 
All•Amoricfln ca.na.l .. 

The end dinphrnGm,. als o called the load disk,. tra.nsfo:ts 
all load ,. tha.t is ,. we.tor loa.d, doa.d loo.d , nnd cha.in pull,, to  tho 
pier •. Water loa.d a.nd dead load arc tro.nsferrod to the dis k by 
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me ans of shear stres ses which may be computed fr om ( 2 8 )  by insert­
ing x -= .  l, . The torsional st res ses determnc d by ( 3 1 ) are 

2 
als o transferred t o  th e d is k b;y· 1m e.rul of' shearing s tres ses .  The 
cha in is us ually a ttachecl t o  the drUl.i outs ide  tho l oad d is k  in 
order not to i nterf'ere v.ri. th the track segmont and ti1e guide ring. 
Spe c ia l f'ramine; is therofore r e quired to t ransf'or the l oad from 
tho chain a.11ch or o.nd tho diroct c ompres s ion of -the chain on tr..e 
cylind er pla.te from the ir rospootivo points of a.pp lioa.ti on t o  tho 
l oad di 3ke Duo to the hoa.vy s !-:.e ar stro s sos  botwoon cylindor pla.to 
a.nd loo.d dis k, tho plo.to sh ould bo riveted directly to t.1.0 l oo.cl d fak, 
s po c ia.l o onno ot i ons being pr ovided on ono s ide of' tho disk f or 
tho l ong i  tud ina.l bo a.:.ns • The roa.oti on from tho pier is tra.ns forrod 
to tho dis k through tho tra.ok a.nd ra.o !:.: s ogmont .  It is ob_vi ow: tho.t 
a.ny ra.ti ona.l dc s ii:;n of' tho loa.d disk under this o omplic a.tod l oo.d­
i!lg is vory dif'f'ioul t. It r:io.y bo fous iblc to mnl:o n.n r.:no.lya is b'�,r 

mca.ns of' the ph otoola.s t io n.ppa.ra.tua a.nd this  should d oubtlo s a  bo 
d ono in the ca.so of vor:· la. rc;o [_;a.to s . Usua.lly tho l oa.d dis k  is 
mo.do or a. s o lid pl..'1.to, possibl:r vdth a. s 1,nll rnrmholo in the o cnto r.,, 
but hoc.vily bra.oocl with stif'fcnor a. ni; lc s a.nd n la o bra.cod 'u..'\c �:: to 
tho mo.in fro.mine of tr.a c a.to. Ficuro 4 sh ows tho lOC'.d dis k for 
tho r ollor c�c. to s i' or t ho Al l-.k.10rico.n. c�na.l . 

T:10 tro. ol: s ogrrxm ts on t:10 cri..to nnd "cllo tru. c 1 :s  on tho 
piers a.ro do s .iG nod for tho pron n �u-o Nd as Nn for · th o  tl iff'oront 
positions of tl10 .:;nto . S im o  tl iO I,iros s m·os  a.ro 1 , s 1.u-.:.lly c;rc o.tor 
a.t t:10 l o,ror pos iti ons of tho Ga.to , t::o l owor po.rts of tho treolcs 
o.ro ofton 110nvicr thn.n th o  uppor 1nr·:,;s • T:10 bos t pra.ctioo is 
to dosign t11c tr:::i.o k in c.co orda.nc o vrith tho r os ulto  or to s ts by 
tho Univors i ty of' Ill ir.:. ois* uhioh uo ro mo.do r.1.'\ inl�0 i' or tho purpooo 

* Univern ity of DT:ritois Expcrimnut S tl\tion, Bulloti11 Ho. 1G2 . 
___ s_c 1;_� _f:-1:E o Bul lotino Noo . 191  ::-..�1d 2 1_2_. ______________ _ 

of dovolophl{; o a.fo dos :i.z;ni:-.g prnotic o for tra.o �-:.a or ha.sculo bridccs . 
In co.s o  it: o  r,nto s a.ro dos ibno d  for n. ro.roly occurr illG rir.ximum wa:'.;or. 
lo vol it wi ll be sa.fo to hnso  tho .-lidth of' tho trc.c l: 0n t>,o l oo d  
Ylhioh i'li l l  j us t pr c,duc o pcrnt.·.nout do!'or:.11C. ti on. Ii' tho mc..xil::.um l ond 
ooouro ·rd th cro .. �to1· f'i-oquonoy t\ s ni t:.1.blo fn.ctor o:r snfoty s h ould 
bo oniployod . Tho tooth of' tl10 trc.ck n.ro dos if;no d  by tho  usua.l 
1.10 thods . 

Although t; w outl ine Givon horo c'l.o s crlhos t�·,o suc o os o ivo 
s to ps i,·lhich mu s t  be f o l 1 1')tJ'Oc. b t � :.o dos.ign cf n r oller re.to , tho 
pr os po ctiv-o dos �.gnor ni l l  do vrol l i?1 stud ying f ir s t  tho d ota.ils or 
o : · i a ting � �-..to o , o o po o ir lly i.:; uoh �:n.to s l,h ich r..ro 1::nown t c  lmvo g ivon 
s a.J.;is f'o.otory s orvioo f or c. m:muc r of :: on.rs • 
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EY..Mi:PLE I 

Dotermine the wc.ter prossure on ,, :nrtl:/ c los ed rolle r go.to . 

Figure 10 shows n s che:r.in.tio croso  s ecti on of a. r ollo r  {;O. te 
0f tho a.pproximc.to dimcnoi ons of ��o All-American ccnn.l hca.dga.to s .  

Wa.ter surfa.co : El . lDl .0 ;  S ill : El . 1 71.0;  tvro-foot 
ga. to · opening • 

Th0 s tntic pro s s ur e  ho a.d is  indic a.ted on the dra.wi!lg e 

Mo.king nse of formula. ( J 4 ) ,  tho_ dischc.rb o q, per 
linea.r f oot, is o sti:mo.tod a.t 5 8 . 7  soc ond-foot ; t: _c a.r..g lo, Q( ,  is 
3 9° or o . s a  ra.dio..."1;  _:,_ = 7 . 6  foot, :1c::co : 

= 2 X 5 8 .  7 X 7 e6 = 13 12 
o . 6 8  r

1
r2 r

1r2 

'rho rosults for vru-ious po:i.nts a.ro shown in tcble I 
a.nd the ne t  pres s�es a.re plotted in figure 10.  

Ma.king us e of forr.1ulu ( 16 ) a.nd tc.1:.ing 1-.A ' = 0.2  AB., 

r • 1 = 2 .22 ; r 1
2 = 1� . 85 ;  h '  = 1 2 .4 ft . 

VI = r ' l r 1 
2 -J 2 t:,h , ,.. 12 G 3 

r1r2 r1r2 

whe re r1 a.nd r
2 

a.re tLe dista.nces f'r om D1 .'.'.n.d B2 , ro s pective l; · . 

Tho ro s :1.l ts f ar  vr:i.rious r, oints a.re shown in tc_ble I nnd 
tho not pressures  c, re plotted in figtu- e  10.  

Ma.l:ing use of' farr,rulr-. ( 1 7a. ) 

h '  = 1 a .o ft . 

The d i s tr-.noo botvmon s trcc..;1. li !1c s r,.t A is a. = o.�2 foot ,  henc e , t}10 
veloc .. ty n t nn:,- point is : 

w = o .s2  x 34 = 10 . se 
b b 
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whe re b is the d istance between s tream lines at the point where 
the velocity W is dosirod .  

Using formula ( 17 ) ,  the dis charge per li110ar t oot q, is 
estimated at 5 8 . 7  s oo ond-teet, honoe : 

W = .9... - !!=l. ... �.Q 
nb 6b b 

'?he results f or vari ous points are shown in tab le I a.rd 
the not- pressures are plotted in f'igur o 10. 
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' Formula (14 )  
= 58. 7  o.r.s . 

Dist. 

I 
llot 

to Proa• 
w.s • . W 11v1 s 1.1re 

a.so I 4. 76 0.35 B.15 

9 .40 s .10 0.42 3e98 

10.40 5. 72 0.51 9. 89 

11 .40 6.37  o.ss 10.77 

12 .40 7.17 0.78  11 .62 

13.35 a .20 1.os 12 .30 

14 .30 9.6 7  1 .45 12. os 

15.10 11.50 2.05 13.05 

16.10 14 eS0 3.18 12 . 92 

16 . 95 18.40 5 .2 7  11 .-68  

17 .60 22.61 7.94 9 .66 ; 

1 8 .00 26 .60 11 .00 1 .00 

TABLE I 

Formula-US )  
AA '  111 0.2 AB

1 ·--
Not 

I Pres-
"ii hw GUl"C) 

4 . 6 8  0.34 8. 16 

5.09 0 .40 9 .00 

5.62 0.49 9.9'1 

- 6 .25 0.61 10 . 79 

7.04 0.11 ll . G3 

e .os 1 .01 12 .34 

9 .49 1.40 12 .90 

11.so 1 .sa 1s . 12 

14 .02 s .os 13 .05 

18 .06 . 5 .07 11 . ss 

22 .2
d 

7 . 6G 9 . 94 

10.60 7 .40 126 . 1  

stroo.m Li.nos by lhootrio liiiloa:v iethod 
. 

-,- . For.:.:1ul.Q. ( 17 J · 
!Width a • 68 . r( o .r .s .  Formulo. (17a) 

of .Not 
stroam Prosi 

Tubo w hw auro w ·  
3.60 2 . 12 0 . 11 8.30 3 .02 

3 .00 s.21 0. 17 9 .23 3 .63 

2 .so s . 92 0.24 10 . 16 4.35 

2 .00 4 . 90 0.37 11.os 5 .44 

1 . 10 5 . 76 o.z1 11. ss 6.40 

1 .40 1 .00 0 . 76 12 . 59 7 . 77 

1 .15 o .s2 1.1s 13 . 17  9.4G 

1.00 
� 

o . ao l e49 13 .61 10.aa 

O e 'lG  2 .So 2.45 13 .GS 13. 95 

o.so � 6.M I 4. 1s 12 .so IJ.S . 14 

0.45 21 . ao l 7,39  10 .2 1 

f

4 .20 

o.s2 so,62 !14 .55 1 3 ,45 4 .oo 

I I i 

"Not 
Pres-

hw sure 

0.14 :3.S6 

0.20 9.20 . .  
0 . 30 10.10 

0 .4G  10. 94 

0.64 ll . 76 

o . 94  12 .41 

1 .39  12 .91 

1. 04 13 .26  

s .02 13 .08 

5 .11 11.84 

9 .10 8 . 50 

1a.oo o.oo 

I 

Formula. (14 )  = W = 2 q i,  Ii'ormuln ( 1 7 )  = VI = .\ . 
ac rir2 

Formul� ( J 6 )  • W • .F'oru1.1 ln 0. 'to. ) = 

"S ,, ... / 
,' 

nb 

\"'T • � � 2gh ' 
b 



Determine s tres s e s  in the s kin pla.te or the ma.in cylinder 
or 75-f'oot roller ga;i:;e for the point )mere u = 1 80° • 

a. whole s 

Actua.l span of r;a. to s 73 .·5 feet = 942 inche s •  

Res ulto.nt of c,.1 1  i .. oa.ds p = 11, 980 pounds per linonr foot . 

C = 82 , 000 pounds . 

Tn = 233 1 000 pounds . 

Td = 3 15 1 000 pounds . 

Nd = Nn = 4 12 , 000 pounds . 

fo.dius oi' GO.te drUJn: 7 .o roet .  = 84 inche s • 

9/16-inc�. s l-:i.n pla. te • 

13/16-inch rivet hole s •  

2 - 7/8-inch rivet s pa.c in� in c iro u."Jfe rentia.l serun. 

Effeo ti vo plo. te thic J ::ne s s  for bending of th.a drum a.s 

t = o .5626 - - 12 x 0 . 012 s x o . sa2s 
2 e 875 X 12 

= O eGG25 - O e l590 

henc e , by f ormula. ( 2 7 ) 1 

= -
b 

2 
l:_ 1 1 ,  !)00 X � X ]ii° 
8 J.2 

. ' 2 
fl M X 0 e403 5 

By formula. ( 2 9 )  

= 0 .403 5 in . 

= - 12 , 3 80 pounds per s qua.re inch . 

M ' n • 233 , 000 x 7 ,0 • 1 , 630, 000 foot-pounds , 

Aud by formula. (30 ) 
•• 

M ' d 
= ·- ( 82 , 000 + S l5, 000 ) 1 .0 • - 2 , 7 80, 000 root-pounds .  
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Honoo in the oonter of tho �a.to : 

hl '  = 1,630, 000 - 2 , 1ao, ooo = - 5 75 000 foot-pounds .  -----------· · , 
2 

nnd by formula. ( S l )  

'tt = - _5_15...1,�o=o,..o_x.....;;;1 __ 2 __ 
2 gtz X 0 , 5625 

"" • 2 76 pounds por s qu.c.ro inch. 

It  should bo notod tha.t in c omputi11e tors ionnl shoa.r the rivo t 
holos nood not be doduc tod. In c omputint; tho bondinr: s tro s o os ., 
� c ., duo to direc t wutor l oa.d, tho a.vc ra.co hoa.d of' w • .-�tor is a.ss ui;10d 

to bo six foot a.nd tho s pa.cing bo tv10on 101:gi tudina.l c::a.nno ls 2 . 34 
foo t .  Tho rive t holes a.ro 13/lG inch s pa.c ad 5-3/4 inche s .  The 
pla.te is , o ontinuous over the chunnals , 

Hence 

Effi c iency of j oint : 

e = 1 - 0 , 812 5 
5 , 75 .  

= 1 - 0 . 141 = 0 , C59  

' 1  ___;! 
L + 12 

X 6 :;.: G2 ,5  X 2 • 84 :; 12 
Oc = -------·------

--�-,---2 .! x I2 ,0  x 0, 859 x 0 ,5G25 
6 

= :t G,5GO pounds ;_)er  o qu.'\.rc 
inc: _ .  

<S = h ____ 1_1,..1_9_3_0 _____ = - 247 J."..:,s . por i:: q .  ir.ch 
12)(2 1T .• 0. 75 == o • .2 s :i  

� ,  = _J + · ,; Oc Oc o h  = - 5 , 807 or + 5, 3 1Zr 1":Js . per ::: q. L:1c1, 

Finally, fr o111 forr.--.ula. ( 3 2 ) ., choosinc the uos t  --t..11.f'c.vort'.blo c o1 C:..,L-.:1t5. c:1 : 

di = i ( 

d - = -2 , 650 - 11, 060 = - 13, 710 pounds per s quo.ro inch , 
]. 
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