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apron, oxtunding along tho longth. ef:the oy

woir, sixdlaer to 4ho o ron bul. g
) |3
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INTRODUC TION

It 13 tho intention in this momorandum to give o . short
degoription of the so-called "roller gate™ and an oukline of the
mothods developed for the design of the 75-foot roller gdtes for

‘the . All-Amorisan oanal hendworks of the Imporial Dan, 3oulder Canyon
project, and the proposed ‘110=foot rollor pate -for the -Roza Dan,

Yokim project.

It appears that vory .little infermntion is available
in'boohnical'litamturo‘oonoerning ‘the details of dosign of +his
typo of gate. It hns, thorofora, bocn nccossary to develop +ho
mothods  givon horoin largely  from b
‘and arnlytical mochanies,

In this work, valuable contributions hovo beon mde
by thc warious mombars of tho Divorsion Danm group and otior cne
givoors of tho Camal sootione : '

.As DESCRIPTION OF GATE

The roller gxto or.rolling woir, although -a ‘Furopoan
dovolopaont,has been used oxtonsivoly in this country ovor o
period of moro then 20 WOOrse

Ono of the carlicst Awrican installntions was for o
diversion dam ncross tho Colorzdo River =oar Grand Junetion,
Colerado, built by the Burce. of Feclamaticne Tiwso Lotos hoawe
boen ir continuous operation since 1315 without difficultics of
anmy Made In later vears, tie rollor ate has been used cxXton-
8ivoly by tho Vor Departmont for dous on the HMissicoippi ard Chic
Rivors nnd a2t tho proseat timo (1827) four sates aro boing in-
-8tlled by tho Burean of Roclomation for tho All-Ancrican caunl
‘hoadworks on tho "lowor Colorado Rivor.

‘The roller gate consists of o horizontal Liollow stool
plate eylindcer vhich oxtonds intuv o rocess in ¢ach ond piere. An

lindor, ofleots a seal

with tho bottom of the waterwny whon 4he gate is at tho lowost ,
point of :its iravole 1In caso Lho gate is et dosizued for bassing
ico or trashi ovor tho top, it is pe wralily provided with a finsh
Sonding apwmrd viion the soto is
in the elesod pesition. The purpose of tho flash woir is to Lro-
vont ovortonping of H.co cato by waves ard ite rruvide freebuard
above the highest longitudinal olume:t of {0 eriindrical sholle

'81c prinsiples of. hydrodynanics
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Around -each end of the evlinder is o rim consisting of a rnclk:and
o smooth tracke Tho treck rolls on'z similar traclk placed in +he
recess in tho pler and the teoth of tho rack en;ngo with tho teeth
of a similer rack nlso pluced in 'the rocesss A guide .ring- fosten~
ed to the pato and o counterguide supported on .the pier in tho
rocoss oprosite the track prevont tho teoth of the raecls from
becoming disongaged in caso trash should accumulato on tihe track
or between the teethe The gate is oparated from one aend only

by moans of o sprocket chain wound around tho o=d of the cylindor
and carriod to a hoist placed on top of tho piore

Ono advantago of the roller oto is its oxtromo rugpod-
noss and.simplicity of constriotion cnd operatione Anotlior ode
vantege is the wide unobstruetod oponing svailablo betweon piors
for passago of ieo or trecose -Although installations with more
then 150 -foot clear oponing aro rare at thoe ‘prosont timo, it
-would doubtloss be feasible to dosign gntes of considorauly
greater lengtiie It . is irtoresting to noto tiint for over 2C 1roars
hardly o singlo chengo has beon mado in tho atruotural dotails
or method of operation of the gatoe '

Wiztortightnoss aleng tho sill, in tho case of o non-
submergible gnte, is usually offcoted by moons of an oalk hoam
‘bolted to tho apron nnd rosting on an odjustcblo I-=bLean sille
The proportions. of tho zato should bo.sueh that tho sill roastion
is 'not less than 2,000 4o 3,000 pounds por lincar foot whor tho
gate is closede To obtain mwmtorvigivtness. clong tho sidos, +ho
Bato is provided with floxible siiiclds nkimcled to +tho upstroam
faco -of tho pato and oxtonding from the bolton soal on tho apron
to the top of the flash woir. To 4hc upstroan ¢dgo of .oach shiold
is belted an ok or rubler. sculing sctripne ‘Tho sonling aotrips
trovol on and bear arcinst stool or mehined . eaat=iron armoturo
‘Plates set in the piers., In soms installations thie armature
pletos are se! ot a slight angle so that the sealing -strips hear
against tho plates only when the sate iz nopr its closed position.

In tiie case of submorgible gates, a weil is provided
in tho orest of thec dame '"hen the gate is submarged to allow
ice and trash to pass, the apron oxtends into tle well and n
apooial rubbor goal usually mnintains contact betweon the apron
and the upstrean: wall of tie wolle On sultmersible pates the
lowor parts of tho tracks in tho plor roceszes arc usually curved.

The rotation of the rate to uf'fect roising is accom-
plished by meanc of a aprocliot onanin aticolied ‘to.a-cimmin azehor at
one cnd of tho pate and estunted by » motor=-drivon sprookot-ohain
hoiste The hoist is usually located in & koist ..ouse on top of




one of the end pierss In the case of several pates in o group,
two hoists are often placed togetiier in one hoict housoes Only
alternate piors will thus hawe hcist housese A Jeoking link is
usually provided which may be latched to tho sate din its fully
roised position, tius securely holding the gato and permitiing

the sprocket chain to be removeds Figures 1 to 5, inclusive, show
typical dotails of roller gates,

Be GENERAL DESIGN

The loads on tho gate are dead load and wator prossure.
The supporting reactions, whon the gate is gsuspended, are: The
chain pull (usunlly parallel with tho track), the track renction
at tho driven oud (normal to the track), thae track reaction ot
the rondriven end (normal to the track), the tootl reaction at
the driven ond (parallel with the ".:raclzs , and the toouth recetion

at the nondriven end (parallel with tho track)e Vhon tho goto

is rosting on the sill tho chain pull is zero and tho sill ro-
action is usunlly assumed to havo o dircetion along the tangont
Yo the facc plate of tiwo apron or tangent to the cycleid doscrib-
ing tho motion of the tip of the apron at the point vhore tlo

cycloid intorsccts tho sille Thoro are thus five reactions to

be dotorminod; but sinco theoro aro also five equilibrium oquations
in o threo~dimonsional syster (threo projcetion cquations and

two moment cquations) the systonm is statically dotorminato as

far as .roactions are concorncde

Tho decd weight of the gote may be esti.ated, with
sufficient accuracy for preliminary designs, from figure 6Ge

The water lond, when the gate is restins on the sill and
there is no overpour, is tie hydrostatic pressure on the apron,
the upstream cylinder wnll, and ‘the flash weir. Since the fcces
of both the apron and the flash weir usuclly have the form.of
circuler arecs, the-deter:ination of the hydrostatic pressure is.
rarticularly simplce In figure 7 is shown o crosc section of the
gatos Divido the waler depth into a numbor of egqual parss, for
instrnece, one foots Mark thc point of application of the wmtor
prossurc or e¢nch elesment of the wnll; on the first olomont the
welor prossuro nets at a depth of twoethirds of o foot, on all
cthors tie wator prossuro mey be assumed to act ot the contor of
tho slicee The wator prossurc on cach olemont has the diroction
of the radius to tie point of applications Noxt, draw o foroeo
polygon to the woter prosswres 1, 2, 3, ctee In drawing tl:o forca
polygon it should be remembered +ini the horizontsl con:cnornts of
the water prossuros oqual tho depth of thno rospcelivo points of




application below the vmter surlnce, nultiplied by tno hcight of
the slice (one foot) nnd by 62.5 pounds, In the case of foree 3,
the magnituse of the horizontal component equals the derth Lelow
woter surfoce multinling by "a" and by 625 poundse Tho resultant
R, of the wator precsure on the vmll A-B is reprosaeutod, ia dirge-
tion and magnitude, Ly & line from the beginning of 1 to tho cad
of 3¢ In location it is ropresented by o line equal and parallel
to R) and going through the contor Cqe

Tho resultants Ry ard Ry aro found in similer uauner
ard the total resuliont is obtainod in loeation, diroction, ead
rognitudo by goomotrical addition of Ry, By, and RS' To avoid
the accumuletion of orrors duc to H.o laying off of 4l individual
foreos 1, 2, 3, otc., draw o cUrve X = i G245 y* whorc v is tho
dopth of vmtor (fige 7,c)e Extond tho horizonbal lines, which
divide tho wvmbor dopth in%o oqual parts, to intersoot tho curvo
EF and drow vertioal lines tircugh tho points of irtorscotione
It is diroctly ovidont that the individual foroes of 4hc foroo
polygon must fall botwoon +two adjoocent vortieal lincse

tlhen the L;nt,o is pertly open the determinntion ef the
weter pressuwre is more complicatede The net water pressure on .
the foce of +he pate is obvisusly the hydrostatic hend less the
velocity hend of the water flowing ndjacent to the gate,

There &are two general approaches to i detorminntion
of the ‘velocities upstrean from tho -otos One ig by tho mthe-
matical thoory of hydrodynamies, t.o otier by the uso of cne of
the "annlogies", the clectric annlogy or the monbrone annlofye

By tho theory of ardrod;momies, tho application of which
is convonient only if the floor of thu vaterwny is an approximntely
plane pwrfroe or hos the shapo of 2 e¢ircular ¢ylindor vpstreanm
from the 5ill, tho cireulnr are of tho apron is  ssumod oxtonding
all the wony to the wator surfoco and the proble is to find tho
exprossion for flow botwoen o cireular are and o straight line,
or bLotweon twe circular arcs, which intersect at tio point Dye(liy.8)
The following investigatien is confinod 4o tlic caso were one
boundary is straighte In tho coordincte systom indicotod on liguro
8 tnc atroam function for the flow rny bo oxprossod as folluowss

F (Z) "0 logo %_;ff‘__ bl ?’ +l.y/ o.-l?-.ooltlll.(l)




where o is o oonstant and & is the distanoe from the origin of
the coordincte systom to the point of intersection between the circle
and the strajght line.
Zmx+iy, 1= VoI and @ ond ¢/ are dofinod by
the following relotionships:
22 . v L o9 . .o .,
S dy dy ox

u and v being the volooity components parallel with the xeaxis and
y=oaxie, respoctively, or, in rolor coordinanies:

@ .1 -1d “w, 100 .. oW =y
or T és ) T ol ar °

W, and w_ boing the wblocity componenis In the radial and teongentin)
diroction, respoctively.

and Y are real funetions of x and ¥y and may be doter-
nined os follows:

ZoJ = (x-f)+ iy = ry (cos & 1 * i sin él)""" (2)
It con now be siown that

cos & 1 + 1 sin 61 = eié’ ................-,...-..‘o.
By inserting (3) in (2):
5,

Z-L’=r1€

OOOQntl!lQO.-UI-UI-.l...'l...-IQQ

By similar rozs oning:

z+ g “(I+£)+i$'=r2 (cos a2+isinc§2?=

,‘zetéz .llIIﬂ....ll'Q....O.llll'.....l..




B'y 'inse;;?%:ing {4) and (5) in (1):

F (2) = a 10332—:4':& [loge_:_:_J_.d- 1(.51 - 62)}w

& 2

¢ -+ itP oncoocooo--.--.o.o-o.n-.-o.-oooa(o)

By ceparating real and imaginary parts:

Py 2wk Yea (4= 3,) s ad eeevennan)
_ 2

From the furdamentals of hydrodynsmics it is nown +thaot

4/ = g - urbitro.ry constant .q..cot.;-.'-.O.Iotnonoo(s,)

represents the equaticn for a sctream line,

The eguation ¥ = constant, however, is the equation for a cirele
with its center on the y~axise ¥ wex represents one boundary of
the flow, namely, the face of the apron, and ¥ =» O the other
boundary, nomely, the x-pxis boyond the points By and Bae The
stream function therefore satisfies the boundary conditions

and honoe correctly represents the flow between the boundaries,

It is furthier known that if the arbitrary constant C
is assipgned Successive valuess Cg, €1, Cp, Cs, etos, wheres

cl-co.cz-cl‘cs-czoo s o 8L0s,

the amount of water flowing betwsen two suocessive stroam linea

(oorrosponding tosuccessive mltj;bs of C) will Ve equal., Ir it is
desired, for instance, to divide the flow in six poarts, each part
carrring the some amount of water, the differo:ice botwoen tho values
of C corresponding to oach boundary is divided in six equal parts
and circles drown corresponding to oach value of C, The differonce
botweon the values of € in the' cose considerod here ig

8o eireles stould be drawn corresponGcing to




. . 3 N  "
a ¥ = nﬂs'._*&zcé.n. °é -e._‘?_Eca_, a.ld‘a:_’__g_

« » 2@ , 30C , 4 , and 5ef
T v S R 30, 20, and S

As mentioned, the centers of these circles lie on the :x~-
axis ard all eiroles go through the points By ‘and Bze The radii -of
the respective circles are determined by:

..‘g.= sin ¥
T

2 ., 4
sin_ﬂé. singgﬂ.

csssraace, 8tc. --»-0*1“""(9)7

If the total discharge of the -ate por linear foct is Imown .ér e-n
0 cstimated, the amount flowing in the stream tube adjscent tu

the gnte 1s one-sixth of the total, ard the velocity elong the sur=~
{ace of the gate may be .computed by dividing one-sixth of tho-

total flow by the distances from +ite rface of the gate to the uoarest
stroean line at the wvarious pointse

There is, howsvor, a morc direct wothod of finding the
velocity along the face of tho gato.

From the fundamentals of adrodynamics it is lmown that

.qu:o,uooooo-w--,.ooo..a-n.aucoo(lO)

Z

d

Tne quantity u - iv is ocalled ‘the "oonjugate" conplex velccity as
.oompared with ’

weu+ iy

wiich is the "roal" complex velocitye. Tue conjurate velocity repre-
sents the image obtained by reflection from the real axis (the x~axis),
of the real velocitye Since the absolute length of a wvootor is the
sam as the absolute length of its reflected image, tho actual
velocity may be found as tho actual valuo of the reflecied imngos




From (1)

d {a lagg 2 -,Q)

. [ 10re (2 « &) o ope (4 +
Y . Alloge (2 -4) - ilige (4o)]

d “
a - 'a
-4 ZFF -

"I'l.‘..Oll.lll....‘.'-....‘(rl)

[

(4) and (5)

a =a 1 a e"léz < {12)

o

T oo ,61 T, ei-ﬁa ry

» L
Bearing in mind that the comnlex quantity x + iy may als.. be written
rel® where r is tho radius vector to the point and & is tho an16
of the radius vector with the x- nni8, see &lse (2), {3}, and (4) ,

the expre:sion {12) is =zeen t.- represent the difforence between
two complex quantities. ' ‘

G-ivbl —162

43 .
- and = a
r1 Tz

» OE and OD in fisure B.

The actual value o) this dif'lererce, whie!: ir the
value of the velacity, v A be faund b applying ardinary
nomotric formuilas t. . trian;le £DE

2 o ‘
v, = OF . OF cous)

1" the disehurye under the rate, q por liseay Tuot, iz
‘mown {rom lydranrlic r Jel tents ~r can bo ostimated with sulli-
cient accuracy, the value «f ' zan he computed Hroetly, Tt can

be shown that the coustunt a  is determined by




vhere O ig ensured in radians

ho‘nco q\."=,—&-L£=— .-.o..u-oo----.-.u..."lngonlo-o.l-loicv(l4)
b(l'lrz

: 7 2,2 ‘
and the veloeity head hyy = .'_"'_.= _",’,_ £ sesvecarsasss(15)
of i} Y "rlkrzzg

3

If t.e discharge ¢ is not lmowe,tiec volocily may he dotormined as
follows: At tho lowor ond of tho apron oll cvnilable leond hes Lecr
changed into velocity hoad sinco thore is o 'frec s.arfoco immedidtely
beyonc the odgo, lonce

(W) L, o 4R

vhiors W' is the woloeity ok tic odze of the cpron, k! tho destn of
the edge belew upstremm waber surfoce and ro? aad p, ! the distances
from the points 3, nnd Ba, respcetivelr, to'tlo cdrde At on arbite
rary point of the npron-the velocity necd:

2'.'\.

hyr = -_'{-2- = _4dac ¢ -
"2p -(rlrzjz e

Elinminnting 422l 2

(rl"rz')2

"r'lrz ne

'r" ..‘..l.l.....\.....O....lt...'.ﬂ.....(ls)

By subtrncting hy as deieriained froa {(18) or (18) from tho statie
head ot the arbitrary point, 4o »et “wdrodynamic pressurec is founde
N . N

It shiould be neted that tw vanlue of he. oltnincd Pfrom
(16) is uswiil; too rrante .The reoren is thod e wotor floving
adjaccent to tiie arron dovs rot contiruv alon; % same circle after it
leoayos tho wdge of the wpron, os koo boen osowod 0TOe. . Comparie
sons with hydroulie medul tesis Linve indicated tihwt ry' and 1!
hould not be reaswred Yo Lo odpe of Hw apron (point A ir figure
8) but o n point A' located on the sao eircic a disbtanco beolow A




AAY = 0410 (ABl) +to Ga25 (ABl)

It is zpprront that the ahove mothod for dotormining the
volceitices nlong tho apron does not hold necar tho vater surface,
noithor does it apply to goto openings which are large compored
with tho total dopth of wvmtore. In theso cases the sotual stroam
linos do not ovon approximntoly approcch the sitream lincs dotornmined

by (£)e

If a botteor picturo of the strecam lines is dosired, it
may bo obtained by moans of the clcetric amalogy apmeratus, 4
siodteh of this apparatus .in its simplest form is showm in figwo Y.
The water surface upstroam from the soto, tho face of tho gate,
and the ymbter surfaco of the jot cierging bolow the goto form ono
extromo stroanm linc and tho bottom of tho vabtorvmy forms the othor
oxtromo stroam linoe. Intormedinto stroam lines may be dotor:ined
by forming tho oxtrome stroam linos of copper and sonding an-clee=-
triec curront from one of theso cleostrodos through a suitablo solu=-
tion to tho other and detormining the points botweon the clectrodos
vhoro the potential has n predotoriained constant vnlues Lot the
rotontial of ono oloctrode be.Pl and tiwe othor P2, and lot *the
two olcetrodos bo connectod by a resistance wiro of longth, J .
If it is intondod t¢ obtain five intermodiato stroam lines, connoct
e stool or bross rnoedlo through a galvanometer to o point of tho
resistanco wiro laving o potential

P=p +F1 P
—
ond dotornine, by moving the noodlo from point to point in the solue=
tion, those points whore nc currcnt flows through tho gnlvenomnctore
A linc through thosc points raopresents a strecam line, By moving
the noedle conncetion successively to points .on thoe resistonco
wire having potentials: “ :

Py + L (Py _ Po), Py 4% (P = Bo) ee. ot
by 1 - 2}: oy Sl s WALLE OTCoe .
A

[N

othor stremm lines cro obibninode
Sirnco onc=sixt: ol tho total amcunt of wnilor flow beiween
ctcl two consceative stroam lines, the wolocity ol any roint of the

fluid wmay be detormined if tho totnl flew ic lmowns In generzl, if
tho disehargo per linecar foot iz g , the volocity is dotormined (by

W= —% .-nl.-'l"OGCOOO.!l.-o...ll..‘c.o.....l.i.‘o‘t.ll.l-(].'l.;)

1G




whoro n .4is tho number of stroanm tubos, As atotod above, all avolle
ablo hond is tronsformed into voloolity head at the lowor odge of -tho
aprons Honeo, if the distanco botwoon this point ond tho ncarest
strcom Muo is 4, the veloeity at somo othor point of the flow whoro
the distanco botwoon adjacont stromm linos is b is oxpressod by:

o 2 \’E—Ei\-r G dES PO TGP s RIS RRPORSSORd (171\\

wiore h', &s boforc, is tho head of wmtor to tho edge of tho npron.
I; this mannor thu actual volocitios along the gatec moy bo found
with closo approxination. Instoad of the clectric analogy sppara=-
tus, tho sc-callod nmembrane analogy apparatus noy be used fer oxe
porimerbal detemination of the strean lires. For doseription wd
method of operation of this cpperatus, sce J.il.A. Srahtz: “"Prossures
Duc to Percolating Water end ticir Influonco upon Strosses in Hydrau-
lic Structuros", Cormunicotion noe 1, Sceond Ccngrcs:)\}._on Largo Dmmse.
Tor comparctive strean lines sce figuro 10.

If the roller goate is used as crest gate on an ovorflow
woir or if the bottom of the waterwey for othor rocscns has an irreg-
ular shape, o kiowledgo of the sctual stroam lines is cssontial for
cven approxinctoe dotorxination of the prossuros,in that formulas
(15) and (18) obvioualy nrc =ot applienble. I au clectrieal anal-
ogy apparcbus ox o nembrono analesy roparatus is not availadble, the
strean lines moy be detemined with sufficiont nceuracy by freou=-hend
skctehinge In the case of irrcgular Loundaries tiwe gtroum function
F (%) is not kaowm ead, o5 = rule, cadioh bo dotomiicds iovortho-
less the followiig relotionship holds:

Fz)="»p {x+ iy = 4 '.‘;J

vhere .0 snd <+ are roal functions of x ond ye The fonily ef
curves reprosexted by

‘# = ¢ = arbitrary constaut

Yas been shewm to reprosut stream lires of the flow wnd it e
{vrther bo show: thot,

() = 0' = arbitrory constot
reproscats rother fanmily ¢f curves vhich all irtorsact the stroon
lines ot rigi:t ongles. Those curces aro called tiwe equipotentianl
linese I tie arbitrary coastents € z=d €' wro 8o choson that

i
tho conmstart diiyforence botwuen twe successive valuos of the C
constants cvqual th

1)

the difforesec botween succossive valves of the Cf
constants, the two foamilios of curves will form o ot of curve lironr
squaras. Furthormorc, if the curve lirncar diagonals crc drown, these
will also form o not of curve lincor sguares. By moecns of this infonw-

LA

11




tion, and a little zractice, thoe two nets of squares oan readily be
slmteled as shown on figure lle Viion the stream lines have been drawm
in this monner the fumther procedure iz ac given by formulas (17)

or (l?a).

If the gate is submergible so that water may pour owvor the
crest pos3ibly to a depth of scveral foot, imowludso of the pressure
duw te¢ tho ovorpovring vmtor is desirablos Absolutoly roliable
valuos for thoso prossuros arc bost oolained from o hydraulic
modol or from onoc of the annlogy modols mentionod aboves However,
sineo the mgnitude of tho pressurc is mall as comparod with o
othor prossures on tho gote, approximate wvalucs, oloso onough fox
both proliminary dosigns and most final designs, may bu obtained
oc Tollowss .

Asswno a stroam funetion:
P(Z)=F (x+1iy) =4C logg 2 = P + iy

vihero C is roale ,

iC loge 2 = iC logy (re® ) = iC log, r - G

Henee: ¥

@ = -(& and (f =C loem T

W Q

The stream lincs:
Y =c log r = consta

are ooviously cirelos, so that one boundary cf tho flow, nwacly,
tho swface of the drum, is corrcete The otior bourdary, tho froc
surfoace, is net correct, but tho ofteet crcof on the prossuros
along the corroct boundary is not vory srcals

Sinco the strcam lines cro oiroles, tho welocity my bo
obtainod by partial differcatiation of cp with rosjoet to 0:

WewW,=_0¥ = _¢
rde r
To determino tuv cuonstant C, iategrote botween tihe lindtds r, ond r,

wiero rq is Lhe radius of tio drun ond ro is tho radius to So.w
arbitrary point of t:o freo surfocoue

12




The velocity at the surface of the powe is, thorefore:

er = —-.._J____ ‘.'IJ".-.-I....-I ssssesRBON ooo‘ooo,o-voooo"(lf}j‘)

ry logg r_z.
.1"1

s

aod ot the free surface

Yf-rz = _3____?( ssssteseasay u‘-oooaoo.-.c.-_o. |;|.B’lo-o.v' --a(lg)
' rp logg £ :
rl

It remnins tc¢ determine Yoe At tho freo surface gll
availnble energy lus teen tronsformed into velocity, liemce if th
total available head ab some point on the wator aurface is h:

W, 2 ,
2 @ .

= g . =1 ...u,...-..........u.......‘(20_‘)
2e - ron’

2g r,%(1og, =2 ,

& To (1o, 5
From this cquetien Tp uty Le detarmined if' g is Inowne
Tho quickost zethed is to draw cirelos with differcent radid o and
dotormine tlho point cf“tha Pporiphory wikeir hos ihe -walue of h
determired from abeve cquation (scafig. 12)e Vhon the surface
eurve hos Leon draws, Lhe vclocrj.tias‘-_?rl and the prossures on tlhe
gate may be dotormined in the usual mvnore

13
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)

In . order to got consistont results, .q, :the discharge per
linoar foot, should bo determined by o iothod .analogous ‘to tiw one
uscd for deteruining ‘the wveolooitless -For this purpcso tiw highost
point of ‘tho gato ‘(having horisontal ‘tangorit) is acsumed +c aot os
eontrols This assumpltion is not-oorreot but tho aprroximition is
oloso cnough for the purposes 4 control-gootion moy bo:dofincd
-a3 o seation .whiok earries tho maxirm poasible amount.of wator
for a given maount of enorgy.  Mothomntioally “the depih ot tho
contrel is obtdined by difforontiating tlwo disoharge with rospoct
to tho dopti and oqualling tho difforonticl to:roroe Tris louzds
to tho following oquation for tho dopths ,

2h!
*+.4 = 3ht

51

From this equation h' ‘may Lo ‘doterminod for any wnlucs of r) amd
de It.may bo:.readily vorifiod that for ry = uvo, h' bocomes 1/5d.
Whon h' has ' voen detormined g is found from cquation .(20) in
that rp =rq +d =~ h's

- h')  ee—— L
(rl -.'d h) \',_é_gh' .......,--cll-»_(Zl).

= (ra +d - ht)ler
q 1 . ]) E:O;(-————————-—-lrl )

S
q= cdz ..‘-.........-.......-......-A._.o...-.-..-......-.-’(22)

‘whora

' f2gh? py +d = L')
Cm(r, +d=1nt) Zoo 1og, 0y *d-L"
1 A © \ T )

the waluos of C may Lo takon from the diogram shown on. figwe 134
It should bo notod ‘that tho wluo for tho -digchargo obtained in
this mnuer 4s reont to bo ugod sriimrily in connootion with fore
mulag (18), (19), and (20). I it is.dosirod to -obtaiu tho astunl
discharge over tho crto witlh eloso approximntion. g hydraulic .odol
oot will zivo bottor valucse Howowvar, cquntion V21) has “oom
found to givo wmlues vory: closo to thoso obtainod ;oxporimontnlly e

hen tho volocitios and.walor prossuros on tho oato Liavo
boon dotorminod for varivus proitions of thic yoto, -tho rognltant
wier prosawro is foumd by a wthod similar to that uwsod .for
hydrostatic prossurc anl this rosultant is oombined with tho rosule
tant of dead wolgnt into tic rosultast of all lozds on tho gotoe
‘In .tho ease of ‘o submorgible goto tiw woight of o troc.or of an

14
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ice.floe resting on 'top of the patoighould bo .dded to the outaide
loadss It remains to determine the.five gnbo rosctionse In figure
14 1s shown o schemtic pioture of r &ntee C ig the choin pull
assumed not parallel with the traek) with somponeirt s -Cy, (normnl
to the track) and 'Cy (parnllel with track), M3 is the ‘trxok . reccticn
(normal to the trmels) at the.driven. ond, M, tho track reacticn.at
the nondriven end, Ty is the tooth reasotion (parallel with the
trook). at the driven ond, I, o %ooth.resntion at the nondriven
ende R i3 tho .totnl ‘load on tho gote {wer presauro plus dend
lond) with ‘components R_ (normal 4o tho traok -and .Ry (parallol
‘with the track,). S, the sill reaction, iz in this onso zoroce
Considoring figure 14, by toling momo:ts about -A-As

‘Na + Ch = N,
ond by projeation on B-G:

Nd"" Cn N, o= %

hence:

‘Nn'- Nd'4cn'“}§§ o---oo-nao.oc..oﬁ.ooooooo-oooonoono-‘ (23)

By taldng moments nbout. B-B3
and by projection on A-As

Ta = Cyw T, =R,

horoa:

-Tn'“'Td" ct " ~.OO.....O....¢.O..O..-.n-ooo-n.o.-n.-ot:(2%)

Finnlly, by totince moments arow:d C=C, it is saoer thct
0 momont of R with rospoct to +his axis must oqual ‘tho moment
of C, hence tho ros:ltont of tnesc “two _forees st go through C-C,
Tho graphical detorminction of ho -reccticns is shom:-on Tiguro
15, which is soli-oxplonntorys

'If tho gate is resting on tho il (¢, tlc.einin pull, is
toro), by itaiking momonts obowt A-A: )

Na = nn

SR A T A R m 3 Bty e e e g A g b .
z oty

T Y




cnd by projecticn .on BeB:
N.+N +8 =R
d n n n

hence:

Nn = I‘d “.Rn - sn‘ ...-aoo'o'--;'cf'oo—oo-s--to.oso-t.n;(zs) ‘

2
By talkdng moments. about B-B:

Ty =Ty

~and by projection on A-A:

rTn +‘.Td-- ‘St = 'Rt

- Henoe: L

'Tn=n T u-Rt * St '.'..'..ﬂﬂt.lC..;.Ql.l-........0..0..0'(26')
d ===

Furtrarnore, the resultoat of R and 'S must paass ‘through C-C,
The graphical deternination of the ‘roaations in the case of the gate
rosting on the 3ill is chowm in figwe 1G.

The reactions should bo deternined for soveral positlons
of the pate and for several upstrem. water lovelsa It will ofton
bo found thiat the maximum volues of oinin pull and trook roactions
do not. ccineide. with tho moximum woter pressiure . on tho gatee ‘A
sroph showing tho variations of the roactions for the 75-foot’
roller patos for-the. All-American canal hecdworks is.shown in
fiEWO 17,

o

-Ce DETAIL DESIGI QF GATE

Tho Circular. Cxlinder

Tho strusses in t..o eylinder shell.aret 1. The bcam
atrossos whioroby the water locd arnd doand load aro transmittod ito
tho suppording plora; and 2+ Tho lecal sirossos iy tho plato
duge to transfor of leoad froa te plate to tho intorior fromwrk
of the gateoe Tho boom strosses conaist of normal mid shearing
strossos duvo to bonding axd -sioearing strosecs duo Lo torsion, If
“tho total resultont of water lond plus dond lood is -p por linenr

16




and .at the ‘driven end:

md w - (c + ‘rd‘:)r PR EEEPEN SN EIEEEEEETEEEIDEO NI M -0(30)

C ‘iaalways positive and if T 'is oonsidered positive if it acts
downuard .on the .gnte, M'' is positive in the clockwise direction
if t7e section is viewsd in the positive direotion of the :x-axls.
The positive direstion of ‘the x<axis is towsard the .drivon -end,
‘The ‘shear streas is: :

Tt - M PEOUS NI IBEIEROCEBEPES ooo‘toooorc:owo.‘n-o'o 0000(31)

.5'17:'2 t

The )tutal shear stress at any point is -cbtained by ndding (28) and
(31)e

‘Tho ‘abovo .farmulas ‘are bvased on the assumptlon that the
hollow oylindrioal shell ncts as .cn ordinary beam from pier to
piors It is lmowm that it will aot in this manner if the lend on
‘the shell consists cof parnllel forocs unifiormly distribubted per
square foot of aurfaco.¥ Sinco tho Joad is ‘not ‘8o distrivuted

% .8a6 mopor by, Forirn rhmr , Ironse Emrfcnn Socioty of hvif
-Enrincors, vole 98, ‘1938, pe 10le

the .cylindricnl drum. is provided with stiffening dinphragms spaced

8 to0 12 foet, ard tho lecd is 'trarwi‘,orrod from tho ;pln.to o tho
-dinphrogms throsugh horisontal beams 3 4o 4 feot .on conbors .alony

tho poriphory-of the diaphragmse It is oustomary %o -asswumo that

tho total wnter load cn-tho ploto is transforred to tho lmgi‘lmdiml
‘beams and from tho boams again to the -diaphragmse Jor the purpoae
of .designing the plotes for direct water lood 'the plates .are .
usually assumed ‘tc be flot and are desipned by the ordinary for-
mulas for bendinge It should be noted ‘thot in the cnse of o
Jlongitudinol seam over -one -of the beams the plate .should be
assumd to bo remtrained :at :the :support only in onse two rows of
rivets .are .used. 'The rivet holes 1. one row should :be deducted .

to obtain the net section at the support. If the oonneotion bes
twmenr bonmm and diaphragas ‘48 such that the plage pomsls are support-
od nlang all four -gides ths formilas given by Weatargaard ‘and Sla.'ber*-

* Proooodings .of tho Amorican Gomoroto Insgituto, vole 17, L1024, .
aveilablo in -roprint and ciroulo.r -sorios of the lational Ro-
soprol Council ‘Noc 324

should bo usede Bach's formilas for the dosig: of slabs supportad
along four sidos, although e8till given in many hondbooks, :should
be used with enution. Support almq; Lour gidos of o plato on tho

18




main oylinder will cause norme) stressos in ssotions perpendicular
to the axis of the Oylinder, and those stresses should be added to
the normal stresses given by (27)e Thevefore, this ‘ethod of
suppert is ‘usually ‘not -employed for the mmin eylindar., However,

it is gonerally used for the Plates on tho aprom end the flagh

weir which do not Carry bsuam stressesq dssuning that the Platon

of tho :main oylinder are ‘supported on tho bsamm only, the normal
-3trosses on o seotion through. the axias will '-haa'--ﬁ-,o.. duwe to looal
bending aof ‘the platn and ‘hoop stresses . » Quo to bending of the
oylinder as & wholee The ‘normal strossed 5n & section perpendicular
¢ tho axis will be 8, 8un to bending of the oylinder e a whole.
In additdion thersto,. thorse will be shearing strossss dus to both.
bending snd torsion. Elastio ‘mombers having strosses of this natuve
‘are usually dosigned by ‘computing :St. Venant's so-callod ™den)®
‘stroas: .

8y - % (& +dy) :g:;_; *ﬁ(-@n -6;)—5_ +4(T . zbjf se(82)

.wimro 4. =8, *'cdh

Tho sign of the Bquare root should bo 3o chosen that both quanti~
ties making up # ; hawe tho seme sign, m =~ 1 = tho inverscd valus

of Poisson's ratioce. Usually m is takon &t 260,

el 3 'n*l"’-ﬁ'*
om .‘em"a"ﬁ" "B

-Strosses computed by (32) should be kopt vdthin roasonsble 1imits p

. 'S8y leas than 14,000 pounds per squarc inche. Joints in tho plates
" :should 'bo designod for the normnl stross and shear which have to
‘be transmitted. Normal load nnd shoar per rivot should bo sdded
toometrioally +to give the resultant load on the rivet. The design
-of -the longitudinal booms causes no difficultios.

In dosigning tho diophragms it may be assumod thot all
extorior loads, that is, a1l wator ‘loods on oylindor, apron,. and
‘flash weir, and all doad doads, are transforred to the dlaphrogm
“through -the longitudinal boama and through tho framing for apron
ond flash woire The diaphragms aro in turn supported by the sy-
dindricel shell, through the longitudinal boams, tho roactions boe.
ing parallol and uniformly distributed per lincar Poot of periphery.
Figures 1 and S show typical froming for the roller gates for the
All-Amorican cansl. : ‘ : ‘ :

~'The ord diaphregm, also oallod the load disk, transfors
all load, that 13, wntor load, dond load, .and chain pull, to the
Pplor. Wator lond and dead load arc tronsferred to the disk by
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meens of .shear stresses which may ‘be computed from '(28) by insert-

ing x= g_ « .The torsional stresses f'doft;armimd by (31) are
2 ) . .

‘algo cransferred to the disk by means -of shearing stressens The

ohain is usually attachsd tc the drun outside tho 1load disk in

crder not to.interfere with the track segmont and tio guide ring.

.Special framing 1s “therofars required to transfor 4he load frem’

. tho chiin ‘anchor ond tho .dircot ‘comprossion -of “the .chain on the
cylindor plate from their respootive points ‘of ‘applicatlon to tho
load digke .Duo +to‘the honvy ashear :strossos botwoon oylindor plote

-and load disk, tho plato 'should bo-riveted dirootly to tho load diask,
‘spocial connooticns boing provided ‘on ‘ono side of tho disk for
#ho “longitudinnl beamse The roastion from tho picr 1s trensforrod

4o tho disk through tho ‘track and rack sogmonte I+ is ‘obvious that
any rational dosign of tho load -disk undor this oomplicatod lond~
ing ‘s ‘vory diffioult. It may bo foasiblo to malo an.cmlysis by
‘moans of tho ‘photoolastic apparatus ond this should doubtloss Yo
‘deone in the coge of vory ‘larpo patoss Usually tho .docad diak is
‘mcdo of o solid plate, possibly wth o smmll monhole in tho oontory
‘but hecvily brasod with stiffonor angles ond also broood ek to
tho 'moin framing of tho gotoe Figuro 4 shomwm tho 1oad disk Tor
the rollor gotos fox thoe All-Asorican .cannle T

Thao traol: Sogmonts on tho ;ato -and tho traciz .on tho
piors aro dosigned for tho prossuro Ny & Ny, for the difforont
positions of the goto. Simo tlo prosswoes are usuelly prootasy
ot tho lowor positions of tho goto, tio lowor parts of tho Lrooks
.arc ofton hoavior thar tho uppor ;parise Tho bosi practiso is
to dosign tho #rnok in ncoordanso with tho rosults .of tosts by
the Univorsity of Illirois* whioh wore mede meinly for 4ho purposo

T Univercity of Illinois BXporimnnt Stakion, bHuLiotin Yoo 10624
Soc also Bullotins ‘Heso. 191 ond 2124

of dovolopiug safo domigning prootico for traeke of hasculo “bridgess
‘In.caso tho patos arc dosignod for o rorely coourring uoaximum walor
lowel it will be sxfe to bosc the width of tho trook-on tio lond
which 141l just produso pormcnont .dofarmctione “If 'tho .mcximmn load
ocooups with proutor froguensy o sultable fastar of safoly should

bo cripleycde Tho teoth of tho traok aro ‘dosignod by tho msunl
wothodse : . '

-Although -tiic outlino iven hore desorihos tho -aucacssiwo
.atops which must bo follemod in the dosign of .o roller goto, the -
prospoctivo dosignor will do woll in otudying £irat tho .dotails of
o:isting :atoc, capociclly such {ates vhich aze lmemm to hovo givan
satisfootory sorvicoe for o mbor of yoorse o

S. e W
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EXPLE X
Dotermine the wnter prossure on u mfrtly olosed roller gotoe

- Figure 10 shows a schematio oroas section of o rollnr z;u.ia
of the npprcu:.‘l.mto dimonsions of tho All-Americon ccnal hcudgntos.

Wwbe:r surface:s Ele 191.0; Si11: Ele 17140; tyro-foof::
goto -opening. .
The static prossure head is indicated on the drawinge

Moking use of farmuln (J4), the dischar;e g, por
linear foot, is estimotod at 58.7 socond-foet; ti.c angle o, is -
390 or D68 radian; 4 = 7.5 foot, hacnoect

W29 d o2x5B.7x T8 1512

of T9¥p 0eb8 ri¥s 1%,

i’

The rosults for worious poﬂ'nts aro shown in tebls I
and the net pressures ore plotted in figure 10e

Moidng use or formuln (16) and tciding AA' = 0.2 AB,
r'y = 2.22; r'2 2 16.85; h' = 1S.4 fte
we T'IT' 2 EhY « 1288
Tire rire | .
where ry and ¥, are the distonces from By and By, respectivel:s

The rosults for wvarious points are shomn in te.bls I and -
the net pressurce cre plotted in figuwre 10, A

king use of farmuls (17a)
ht = 13,0 fto
=/ 2gn' = 34 fto/s0Ca

The distonoe botwoen strozm lines ot A is o = 0s52 foot, ndkxcé, the:
veloc.ty ot any point ia: ' '

W e 0s52 x 34 . 10.88
b b




were b 4is the distance beiwoon atream linos at ‘the po‘in‘t.'mi_“" 3
‘the welocity W is dosirode ° i o - -

Using formila (17}, the disclarge per linear foot g, is
estimateod at 5847 :agumd-rndt,_thrgjm : R

W= .& - 5847 - __I_gg

The results for "vnri-ou,ﬁj ,po&:itn ore ‘shown 4n teble I amd
the not pressures are plotied in'figwro 20 o
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‘Determine -awasaes‘;éinjthe sl:ln plate of '!:ha min o;rlinder
of 75-feot .roller gate for tho point where u = 180°

‘Aotunl span of ;gates 750 feet = .942 inches. |
‘Resultant of nll . lca.da p - 11,980 pounds - per linour rnota :
€ = 82,000 poundn.
Ty, = 233,000 pourids.e
TdA'-.Slﬁ,ODO pounds.e
N =0y = 412,000 poundse
fadius of gate drumt 740 :‘fost = B4 ‘inches,
0/16-ineh siin plates |
13/16=inech rivet holes , i
2= 7/8-1nch rivet spaoin,, 14 c:l.rcmforentinl ‘se0me
‘Bffective plate ‘%:hic"mass Lor banding of t.xe drun as
.o whole:

t = 0.5625:{ 12 x ‘040125« 0:56825 = 045625 = 041690
' ;2¢87.§,.x.12 . . .

= 0s4035 in.

henco, by formula (27):
' 2
% 11,900 x.%ﬁ.- TiT

* = 12,380 .pounds ;jm ;a_gm Anohe.

2
L BA  x 0,4036

By .formula (29) _
M'y 283,000 % 760 = 1,630,000 faot-pounds.,
-and oy formula (30)

Uy == (82,000 + 515,000) 7¢0 = = 2,780,000 footnpounds.




Honoo ir the sonter of tho patos

' w 1,630,000 = 2,780,000 w .. 576,000 foot=pounds.
2

and by foraula (31)
= - B76,000 x 12 = 276 pounds pbr ‘8Qﬁl‘.!"0 dinche
Te 2 BI% x 0,5626 | -

It should be notod that in computing torsionnl shoar tho rivot

holos neod not be doductode In semputing tho bonding stressos, ‘
6 » duo to dircct mtor load, the avorago hond of wetor 45 pocumed
to bo six feot and tho apacing betwoon longitudinal channels 2¢04°,
foots Tho rivet holes are 13/1G inoh spmoed 5-3/4 inchese The . =
plote is.oontinuous over the chunnelse

Efficlency of joint:

a = 1 - 0.3125 @ ] - Deldl '-'0.:‘359
5076 .

X6 x 020 x 2484 = 12

= % .5,6860 -pounds "per “SQuars
e r—r Anel.e - L
X 1260 x 0,889 x 046G25 ;

dhu - 11,530 © = 247 1u8e por nge inch
1242% = .Q.75 3 DeiHY :

tienoe @l = §, + 6, = - 6,807 or ¥ 5,515 lus. per sq. inch

Finelly, from formule (32), choosing the most unfovorchle combinaticns

1 "8 (@ 5,508 - 12,380 ) ¥ 5 495,515 + 12,300)2 + (2x078)E

5
E]

@ = -2,660 - 11,080 =~ 15,710 pounds por squaro inche
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