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INTRODWC TICH

It is tho intention in this memorandum to give a short
description of the so-ctlled "roller ;jate"™ and an outline of the
methods developed for the design of the 75-foot roller gates for
the All-Amorican canal headworks of the Imperial Dam, Boulder Canyon
project, and the proposed 110=foot roller gate for the Roza Dan,
Yokimn projecte

It appears that very little information is availablo
in technical litorature concerning the detnils of design of this
typo of gatee It has, thoroforo, beccn nccessary to develop tlio
mothods givon horoin largely from basic principles of hydrod;nanics
and analytical mocharicse

In this work, vnluablec contributions liove becen nade
by tl.c wvarious mombors of tiic Divorsion Dam group and cther cn-
ginocors of thic Canal soctione

A, DESCRIPTIOIN OF GATE

Tho rocller gatec or rolling woir, although a Europcan
dovelopuont,has been used cxtonsively in this country ovor o
period of mcro thon 20 roarse

Ono "of the carlicst Awcrican inctallations wms fer tic
diversion dam across tiic Colorado iver ncar CGra-d Junction,
Colorado, built by thc Burcta of Kecloamntione Thesc :,otes hove
been in continuous opcration since 1G15 without Cifficultios of
any xdnde In later :cars, ‘tiic roller ote has bcen uscd cxten-
sively by tho Vior Department for dos on the Hississippi and Chic
Rivers ~1d ot the proscut time (1€27) four gates arc beiag in-
stalled by the Burcan of Roclonation for the All-Amcrican canwcl
hoadworks on the lower Colorado River.

lie roller gate consists of o Lhorizontel hiollow stocl
plate cylinder vhich cxtends into a rocess in coch ond picre An
apron, cxtonding along the leugth ol the ci-lincder, effccts o scal
with the bottom of the waterwn; wien the jate is at thie lowest
point of its travele In casc thec zatc is :ot desigued for ovassing
ice or trasii over the top, it is gewraily provided vith a flash
weir, sindlir to the apron but extecading apvard vien the jcto is
in the elesed pesition. The purpnsce of tie Tlash weir is to ro-
vont ovortonping of H:c _nte by waves ad tc rrovide frecbuard

above tiie highest longitudinal oloumec:t of tlic cylindrical siwclle



Around eacli: end of the cylinder is o rim consisting of a rack and
o smooth tracke The trock rolls on o siinilar tracl: placed in thie
recess in the pier and the teeth of the rack enpcgo with the teeth
of a similor rack also placed in the rocesse A guide ring fasten-
ed to thie pate and a counterguide supported orn the pier in tho
rccess opposite the track prevent the teeth of the racliss from
bececoming disengaged in case trash should accumulate on the traclk
or bectweon the tocothe The gate is operated from onc end only

by mcans of a sprocket chain wound around tho oi:d of tic cylinder
and carricd to a hoist placod on top of thic picre

One advantage of the roller pate is its oxtreme rugged-
noss and simplicity of constriction and opecratione Anothcr od-
ventege is the wide unobstructed opening :vailable betweo: picrs
for passagoe of ico or trcose Although installations with imorc
than 150 fcct clear opening aro rarc at the present time, it
would doubtless be fcasible to dosign gntes of considoravly
greatoer lengtue It is intorcesting tc note tict for over 50 ;cars
hardly o singlc chanic has becen made in tho structural details
or ricthod of oporation of tho goatoe

Watertignhtness aleng tho sill, in tho caso of a non-
submergible gote, is usually cffectod by mecans of an oalt heam
bolted to the apron ond rosting on an adjustolle I=~Leari sille
The proportions of the gato sl:ould he such that tho sill roaction
is not lcss than 2,000 to Z,000 pounds per lincar foot whon tho
gate is closcde To obtuin vmiertighitness clong the sides, the
gatc is provided with flcxible suiclds ctincled to tiic upstrecam
face of the gato and cxtending from the botton scal on the apron
to the top of tho flash weire To %Hhe upstroam edpo of oach shicld
is bolted an ork or rubler scnling ctripve Tho scaling strips
trovel on and Lear a;aiisst stecol or mnchined cast-iron armaturo
plates set in the pierse In some installations tl.e armature
plates are set at a slight angle so that the sealing strips hear
against the plates only when the gate is necar its closed positione

In tiie case of submorgible gates, a well is provided
in the crest of tire dame ‘lhen the ;;ate is submorged to allow
ice and trash to pass, the apron extends into tiie well and a
speocial rubber seal usually mainteins contact betweon the apron
and the upstream wall of thie welle On submergible gatos the
lower parts of tho tracls in the picr recosses aro usually curvede

.

The rotation of tl.e rate to vi'fcet raising is accom-
plished by means of a sproclet crain atiaclod to a cliain auchor at
onc ond of the gpate and actuated by o motor-drivon sprockot-chain
hoiste The hoist is usually locaved in a Lcist ..ouse on top of



one of the end pierse In the case of several ;;ates in a group,
two hoists are often placed together in one hoist housee Only
alternate piors will thus have hoist housese A locking link is
usually provided which may be latched to the jate in its fully
raised position, thus securely holding the gate and »ermitting

the sprocket chain to be removede Figures 1 to 5, inclusive, show
typical details of roller gatese

Be GENERAL DESIGN

The loads on tho gate are dead load and water preoessiaree.
The supporting reactions, when tho gate is suspended, are: The
chain pull (usually perallel with the track), the track reaction
ot the driven ond (normal to the track), tlie traclz recaction at
the rondrivon end (normnl to tho traclk), the tooth recaction at
the driven cnd (parallcl with the <4reacl:), and +the tooth rocction
at the nondriven end (parallel wita thie track)e VWhen the gate
is resting on the sill the chain pull is zero and tho sill ro-
action is usually assumed to hzve a dircetion along the tangent
to the face platc of tihwe apron or tangent to tho cycloid describ-
ing tho motion of the tip of the apron at the point vhere tl.c
cycloid intersccts the sille Thereo arc thus five reactlons to
bo decternined; but sinco thore arc also five cquilibrium cquations
in o threc-dimonsional system (threc projcction cquations and
two momont cquations) the system is statically doterminate as
far as rcactions arc ccncerncde

The dead weight of the gote may be esti.mted, with
sufficient accuracy for nreliminary designs, from figure 6.

The water load, when the gate is resting on the sill and
there is no overpour, is the hydrostatic pressure on the apron,
the upstream cylinder wall, and the flas.. weire OSince the floces
of both the apron and the flash weir usuzally have the form of
circular arcs, the deterrination of tlie Lydrostatic pressure is.
particularly simplce In figure 7 is shown a cross soction of the
gotes Divide tie water depth into a number of equal parts, for
instance, one foote Mark the point of application of the water
pressure on cach element of the wnll; on the first clement the
voltor pressurc ccts at a depth of two-thirds of a foot, on all
others the vmter pressuroc moy bo assuuied to act at tho center of
tho slicee Thec wator pressurc on cach eole.iont hiis the dirocction
of tho radius to tiho point of applicatione Next, droar a force
polygon to the water prossures 1, 2, 3, ctce In drawing tl.c force
polygon it should be rememberod tint the horizontol comgonents of
tho water preossures cqual tho depth of tho respective points of



application below tle water surface, wultiplied by the neight of
the slice (one foot) and by 625 pouwndse In the case of force 3,
the magnituce of the horizontal component equals tiie denth below
water surface multinlied by "a" and by 62e5 poundse. Tho resultant
R, of the water pressurc on the wall A-B is represeuted, ia cdirec-
tion and magnitude, by a line from the beginning of 1 to the cad
of 3¢ In location it is ropresented by a line cqual and parallel
to R} and going through the contor Cye

The resultants Ry and Rz aro found in similer aamner
and the total resultant is obtained in location, direction, ead
mognitudo Ly goomotrical acddition of Ry, Rp, and RS' To avoid
tho accumulation of errors due to .0 laying off of tho ‘ndividual

2] *
forcos 1, 2, 3, otce, draw o curve x = % G625 y¢ wlierc ;7 is tho

dopth of wator (fige 7,c)e Extond tio horizontal lincs, which
divido thc wator depth into oqual parts, to intcrsoet the curvo
EF and draw wvertical lines thrcugh tho points of intcrsoctione
It is diroctly ovident that the individual forces of %he force

polygon must fall botwovon two adjacent vertical lincse

Wien the gaés is partly open the determination of the
wnter pressure is more complicatede The net water pressure on
the face of thie gjate is obviously the hydrostatic head less tiie
velocity head of the water flowing adjacernt to the gatee

There are two goiieral apnrocci.es to tie detormination
of the wvelocities upstream from tho jotee One is by tho mnthe-
matical thoory of hydrodynamics, tic other by the uso of cne of
tho "ananlogies", the clectric analogy or the membrone analogye

By the taeory of aydrodmnmics, thoe application of which
is convenicnt only if the floor of tiic vmiervmy is an ap.roxinately
plane swrfoce or has the shapo of a circular ciylinder vpstream
from the 5ill, the circular arc of the apron is asswicd extending
all the woy to the wator surfaco and the problen is to find tho
exprossion for flow botwcen a circular arc and a straight line,
or botwron two circular arcs, which intersect at tio point Dje(Tiy.3)
Tho following investigation is confinod to tho casc w.cro ono
boundary is straighte In the ooordinatec systor indicated on figuro
8 thc stroam funotion for thc flow ray be oxprossod as follows:

F(2) =n logg L~ £ = @ +£W cessecescsssana(l)

Z ]



where o is a oconstant and &/ is the distance from the origin of
the coordincte system to the point of intersection bLetween the circle
oand the straight linee
2=x+iy, 1= V=1 and @ and ¢ are dofined by
the following relationships:
él- = _6_2 = u, _lé = - ﬂ.-. = v
S x dy dy ox

u and v being thc volocity components parallel with the x=-axis and
y-axis, respectively, or, in polar coordinates:

P 1 ¥ =w.,, 10Q =- §W =,
or roo3¢ Y Sr

w,. and Vo boing the wvélocity components in the radial and tangential
dircection, recspectivelye

and Y are real functions of x and y and may be deter-
nined as follows:

2-J4 =(x-f) + iy =ry (cos d 1 *1sin él)...... (2)

It can now be siovm that

cos él+i3in 61=e‘6’ R R R I I SN N ) (3)
By inserting (3) in (2):
Z =~ l = rj e‘é‘ 00000000000 c00000000000000000000 (4)

By similar recsoning:

z+ f =(:c+£)+iy=r2 (cos 62+isin62?=

r-ze"éz 00 0000000000000 0000000000000CO0CDY (‘-‘)

[$)]



By inserting (4) and (5) in (1):

F (2) =a 1036_2_-4=a \’loge rl1 +i(d; - 62)J=
2+ L Tz

g) + iy P (3

By separating real and imaginary parts:

¢=aloge _r_l. and %'—'a ((Sl" (52) =ar .cooc.oo(',)
T2
From the fundamentals of hydrodynemics it is known that

¢ =C = arbitrary constant ooooooooQoooaooo.ooooooo(S)

represents the equaticn for a stream linee

The equation ¥ = censtant, however, is the equation for a circle
with its center on the y-axise J§ =& represents one boundary of
the flow, namely, the face of the apron, and ¥ = O the other
boundary, namely, -the x-axis beyond the points By and Bse The
stream function therefore satisfies the boundary conditions

and henoco correctly represents the flow between the boundariess

: It is further known that if' the arbitrary constant C
is assigned successive values: Co,, Cy, C5, Cz;, etce, wheres

CI-COBCZ -C1 ==-'C‘,.,> -Cz e ¢ o o BLCe,

the amount of water flowing between two successive stream lines
(corrosponding tosuccessive values of C) will be equal. If it is
desired, for instance, to divide the flow in six parts, each part
carrring the same amount of water, the differcnce betwoon tho values
of C corresponding to each boundary is divided in six equal parts
and circles drawn corresponding to each value of Ce The differonce
betweon the wvalues of C in tho case considerod here is

o oC - 0 = o

so circles srould be drawn corresponding to



a ¥ = a_gs_:aZO(,aSOC »a 4K | and a S&

6 6 6 -6

or ¥ ¢« & , 206 , 30C , 40C , and 50
6 ~ 6 ~ 6 6 6

As mentioned, the ocenters of these circles lie on tie x-
axis and all circles go through the points By and Bz, The radii of

the respective circles are determined by: \
£ . sin ¥
r
r = 1 ’ l » eessccces, tce .¢.oooo---¢-(9)

sin.ﬁ6 sin 2—6&

If the total discharge of the ate por linear foot is inown ér can
v estimated, the amount flowing in the stream tube adjacent to

the gate is one=-sixth of the total, and the wvelocity along the sur-
face of the gate may be computed Ly dividing one-sixth of the

total flow by the distances from tiie face of the gate to the nearest
streain line at the wvarious pointse

Th‘ére is, however, a more direct method of fimding the
velocity along the face of tho gatce

From the fundamentals of n;-drodynamics it is imowm that

d F (2) =y -4
Tﬁl v

R ¢ Ko)

The quantity u - iv is called the "conjugate" complex velocity as
compared with o '

w=u+<iv

which is the "recal" complex velocitye. The conjugate velocity repre-
sents the image obtained by reflection from the real axis (the x-axis),
of the real velocitye. Since tiie absolute length of a vector is tiic
same as the absolute length of its reflected inage, the actual
velocity may be found as the actual value of tho reflected imagee



from (1)

. \/ lor 7 =X ’ ) . . Iy
ar ). SletweZodl o qlioge (2-¢) 0 duge (1 )3
ar © FETY

(
Z T q

l......l...l‘....l....'.‘(ll)

(z) a &
dZ Z -4 Z*Z

By insertion from (4) and (5)

-i : ~id
dF (7) = a_ _ _a =&, B e . %2 ..012)
a -~ ry ej ;Sl rz 6152 r] ro

, ‘
Bearing in mind that the comnlex quantity x + iy mav als - be written
rel® where r is tho racdius vector to the point and & is the angle
of the radius vector with the x-axis, see alsc (2), (3), and (4] ,
the expression (12) is ceen t.- represent the difference hetwvicen
two complex quantities.

& o"1%1 ang %n~e-163, CE and 0D in fiure 8.
I‘l 2

The actual value o.l this dif"ererce, whia! ir the actual
value of the velncity, ', mayv be f.und b apnlyins .rdinary trigo-

nometric formwlas t» triang;le ODE

2 : PR

W = BE =G +F - 270 OF cosd
L2} 2 2 2 ~
lez =(.a )""+ a\z- 2& cos N = aE rl + rg - 2 r;.rg cns r

. e . Foe P
(1‘2) (rl" ryia ry=rp=

A =5 = BO.Q' OO.."O.C..IQ....0.0'OO.....'...
Vip o .o

™ X‘z

(132

I the disechur:.e under the —~ate, q por li-ear . t, isc
'nown f{rem !vdranlic r, el te~ts ~r can be estimated wit': sufii-
cient accuracy, tle value «f ~ can he ¢.mputed Mrectlv. Tt can
be shown that the coustunt a  1s determined by

8



Q= - c;jc_ vhore OC is .iensured in radians

hence W'—‘-.-..Z._Q.l_ .o....ttl..no.-.0-0.0.‘.....noiotl.c..(l4)
&rlrz

™
9
™

~
0o

00.00..0-00’0(15)

and the velocity head hyy = o = .“..,g;.,z:_._.__

O
m
P

4
=
[
e
fav]
9

4
follows: At ti.c lowor end of the apron 2ll cailakle .cad lios “ecr
chonged into wvelocity hoad sinco there is a frec scurfoce inmediately
beyonc tiw edge, licnce

IT t..e disclarge q is not movm,tle velocity may he deicrmined s

GRS fals 2
2 - (ry'rg')2 2g

vhere W' is the welocity at tiic edre of tie apron, h' tho deith of
thc odge below upstream viator surfoee ~ud ri' aad r, ' the distauces
from the points B, and Bp, resvectivcly, to tio cdide At on croit-
rary point of the apron thic velocit; uceod:

hyr = w2 = 432 62

—ZE (rlrz )2 “r

Eliminating 4a2k 2

: 2
t
}1.’-‘.: (rlr ') 1 L] ............(16)
W —y— _\2 <. 0000000000000 000%°00000 00

By subtreeting hy as deieruined frea (15) or (18) from thc statie
head ot the arbitrary peint, tic ot o drodymamic pressurc is founde

It shiculd e ncted tiat ti volue of h.. obtained from
(1€) is usunll; too rroote The reascen is tiot tic woter flov:ing
adjacent to tihe ayron docs rot contiruc along t':c same circle after it
leayes tho odge of tlic wpr.n, os los boen csouwd acrce  Comparie
sons with hydroulic medcl tesis acve indicated vat rq' and r,.'
shiould 10t be reaswred tc ¥ ¢ edrc of tic spron (polnt A irn f{igurc
8) but o o point A' locaicd en the same circic a distance below A:



AAt = 0410 (ABl) to Ce25 (ABl)

It is upperont that tho above method for dotormining the
volocities along tho apron doos not hold ncar tho vmter surfaco,
noithor does it apply to gato oponings which arc large comparcd
with thc total depth of vmtore I ti:cse cases the actual stroam
lincs do not cvon approximately approcch the strcam lincs dotormined

by (8)0

If o better picturoc of the strcam lincs is desired, it
may bo obtaincd by means of the olcctric analogy apporatuse A
sictch of this apparatus in its simplest form is shown in figuwo Y.
Tho wmboxr surfacc upstrcam from the gato, the facc of tho gato,
and the vmior surface of the jot oucrging bolow the gato form one
oxtromo streoam lino oand the bottomn of the wetervmy forms the othor
cxtrome stroam lince Intcrmedinto stream lines may be detormined
by forming thc cxtrome strcam lines of copper and scnding an clce=-
tric curront from onc of theso oloctrodes tiwrough a suitable solu=-
tion to tho other and dotermiring +the points between the olectrodes
vhore thc potentinl has a prodoicriincd constant valuce Lot tho
potontial of ono olectrode te Py and tic other Py, and let the
two olcctrodes bo conncctod by a resistance wiro of longth, JZ .
If it is intended to obtain five intercdicto stroom lincs, connoct
o steol or bross ncedle tihrough a galvanomecter to o point of tho

rosistance wire Laving o poteontial

P=p +F1-F

g s e - e

and dotormino, by moving the nsedle from point to point in the solu-
tion, those points whore nc curront £lows through the gnlvanomnctore
A linc through thosc points ropresonts g strcam lince By moving

the necdle conncction successively to points on thie rosistance

wiro having potontials:

2 ]
P1+'U(P1_P2): Pl +"C'(P1"P2) eeo. CtCe
otiier stream lincs cro obltaincde

Sincec onc=sixt!: o thie totr) amcunt of wmiter flow beucween

cacl: two consceutive stroam lines, tic volocltv at any neint of the

fluid nmey be deicrminod if tho totnl flow ic laovme In general, if
tho discharge por lincar foot iz q , the veloeity is detorminced by

VJ:J .................................‘......I.......B.C(l’l)

16



whore n 1is tho numbor of stroom tubose As stoted above, all avail-
ablc hoad is tronsformed into velocity head at the lower odge of tho
aprone Hcnco, if tho distanco botwcon this point and thc ncarcst
strcam linc is a, the velocity at somo othor point of the flow whoro
the distanco botwicon adjacent stroem lines is b 1is oxprossed by:

W= i '\,’E—EK'—. R mrmmmmmnry (171‘-)

whore h', as before, is the hcad of wtor to the odgo of the cprone
In this mannor the actual velocitices along the gate nay be found
vith closc approxination. Imstecad of the cleetric nnalogy appara-
tus, the sc=-callod membranc analogy appargtus nny be usod for cxe-
porimecittal determination of the stresm lincs. For description cnd
ricthod of opecration of tliis apporatus, sce JellsAe Drahtz: "Prossurcs
Duc to Fercolating Watcer and ticir Influence upon Stresscs in Hydrau-
lic Structurcs", Cormunication no. 1, Sccond Cengress on Largo Danse
Tor comparcvive strean lincs scc figurc 1C.

If the roller gate is used as crest gate on an overflow
weir or if tiwe bottem of the watervrey for othor rerscns has on irreg-
ular shapc, o kaowledge of the ccetucl streom lines is cssential for
cven approxincte determmination of the pressures,in that formulas
(15) ==nd (18) obviously arc not applicablce If au clectrical anal-
ogy apparctus or o mcnbroane anclegy cwparatus is not cveilable, the
stream liunces noy be detemmined with sufficiort accuracy by free-hend
skctchinge In tlic cosce of irrcgular Loundarices tie strewm function
F (2) is not kiovm cad, &5 o rulc, ca s.ot be doteminede Hoverthe-
less the follovA:g relotionship holds:

F(Z) =F (x +1iy) = (& +i-Y
vhere ) ond s cre recl functions of x and ye The fanily cf
curves feprese:ted

'}’ = C = arbitrary constat

has been shoim to represoiit stream liies of the flow wnd it can
further be sliown: tint,

() = C' = arbitrary constaxit

represcents anothcer fanily of curves which all irterscct the stroan

lines ¢t rigiit angless Those curces arc called thc equipotential

linese I tlic arbitroary coastants € wnd €' wre so choson that

tho constont diffcrence butween two successive values of the C
constants cqual the diirfercace hotwee: successive values of the C!
censtants, the two familics of curves will {feorm a net of curve lircar
squarose. Iurthermorc, if the curve lirncor diagenals arc drown, thesc
will also form a not of curve lincar squarcse. By means of this informo-

11



tion, and a little practice, the two nets of squares can readily be
sletched as snown on figure lle Vien the stream lines have been dravm
in this manner the further procedure is as given by formulas (17)

or (17a).

If the gate 1is submergible so that water may pour over the
crest possibly to a depth of several foct, knowlcdse of the pressure
due to tho owverpouring wator is desirabloe Absolutol: recliable
values for these prossurecs arc best obtained from o hydraulic
model or from onc of thc analogy modols mcntioned alhovce Howcvor,
sincc the mognitude of the pressurc is swall as comparced with tlhic
othor pressurcs on the gate, appreximate valucs, closc cnough for
both prcliminary designs and most final designs, may bo obtaincd
as follows:

Asswno a strcom function:
F (2) =F (x +iy) =iC loge 2 = P + i¢

vhecre C is recale .

. . i . .
iC logg 2 = iC logg (re*® ) = iC log, r = C@
Henees 4
@ = -Ce and ¢ =C legr
The ctrcam lincs:
Y =C log r = corste.
arc obviously circles, so tuat onc boundary cf tho flow, nacly,
the suwrface of the drum, is corrocte The otlicr boundary, tho froc
surfacc, is ot corrcct, but the oftoct crcof on thc pressurcs

along the corroct beundory is not very srcate

Sincc the strcam linos aro circles, the welocity nay bo
obtainoed by partial diffcrcatiation of 90 with recs)jcct te ©6:

rye r
To determino tuc eunstant C, iatcsrate between tiie lindts ro and r,

witoro r is lhec radius o tiic drwn and ro is tl.c radius to so.ec
arbitrary point of tiic frco surfucce

12
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ard W= —3
r logef.g.
r]

The velocity at the surfoce of the gave is, therefore:

V[r = -—-—l——-— .oooooo.o--oo.o-ooooocoo-ocoo--oo.c(lfj)
1 rp
ri loge -<
r1

ord ot the free surface

V{r = ____E ooocliooooiooo..o-o.nooooo-.-o-o--0(19)
r2 loge ;—i—

It remains tc dever:iinc rpe At the free surface cll
available energy lics vecn transfermed into welocity, Lience if tle
total a-railable read at sonue point on the water surface is h:

- 2
W
r
-z—g'g‘— =_.________9.,2__._._ =‘11 o.o--o...-.---..---o-...o(ZO)
2g r,,“(log( ;i_)

From tais equotion rg ey te determined if q 1s imown.
The quickcst methcd is to draw circles with differcent radii rp and
determine the point c¢f the periprery which has tie value of h
determired frem abeve cquation (sec fige 12)e ihen the surface
curve hos teon drawa, the velocitics 'er and the vressures or tlae
gote may ve deternined in the usual mninere

13



In order to get consistent results, q, tle discharge per
linear foot, should be determinod by a .ictliod annlogous to tiic one
usod for deteruining the velocitiese For this purposc tihe highost
point of the gato (having horizontal toangont) is assumed to act as
controle This assumption is not correct but tho approximation is
closc onough for the purposee A control seotion may be defined
as a section which carrios tho maszrirum possible amount of wnter
for a givon amount of encrgye. Mnthionnticnlly the depth at tho
control is obtained by difforontiating tlio discharge with rospoct
to tho deptih and cqualling the difforoatial to zoeroe Thris lcads
to tho following equation for tho dopth:

(ry +d = ht) _  2h!
e ( ry ) T, +d-=-chn

log

From this cquation h' may be detormined for any valucs of rj and
de It may bo readily vorifiod t:at for r; =, h' bocouwcs 1/3d.
Whon h' has boon dotormined gq is found from cquation (20) in
that rp =ry +d - h':

= (I'l + d - h.')logo (rl + d - h') r?g-:-"' ..0.‘......-(21)

q = —_\
C T )
5]
q =Cd§ ...............................................(22)
whoro'
[2gh' (pq +d -h')

C = + - " _L’— C: \r

(rl d = h') 3 loge ,-1 L)

\ 1l

the velucs of C may be tokon from the diagroan shown on figuroc 13e
It should bo notod that tho wnluo for tho dischargo obtainod in
thisc mcnner is rmoant to bo usod primarily in connocticn with for-
mulas (18), (19), and (20)e If it is desirod to obtaiu tho actunl
discharge ovor the zatc with closo approxinntion ¢ hydraulioc :wdel
tost will givo bettor valucse Howowvor, cquation (213 hus Txoon
found to give wnliucs vor;s clcso tc thoso obtainod oxporimontally.e

When tic wvolocitics and valor prossires on the ;ato lavo
boon dotorminod for various positions of tiic ;otc, tho resnultant
water prosswro is foand by a ethod similar to tnat used for
hydrostatie prossurc ocnc tihis rosultant is combincd with tio rosul-
tant of dcad woight into thce resulta:t of 2ll londs on tho gatoe

In tho caso of a submergiblc goto tic weight f a treco or of on

14



ice floe resting on top of the jnte should be addoed to the outside
loadse It remcins to determine the five {nie reactionse In figure
14 is shown a schemtic picture cof o gontee C is the chaoin pull
(assumed not parallel with the trock) with componeuts Cn (normal
to the track) and Cg (perallel with track), Ny is the trock recotion
(normal to the track) ot the driven end, N, the track reaction at
the nondriven enpd, Ty is the tooth recotion (parallel with the
track) at the driven. end, T the tooth reaction at the nondriven
ende R is the total load on the gete (water pressure plus doad
lond) with components R. (normnl to the track) and Ry (parallel
with the tracky). S, the sill reaction, is in this oase zoroe
Considoring figuwe 14, by taking moments about A-A:

Nd + Cn = Nn

and by projection on B-D:
Nd + Cn + Nn = Rn
hence:

- R
Nn=Nd +C =l 00 00000000000000000000000000000000000 (23)

n 2 '
By taking moments cbout B-B:
Td - C,t = Tn
and by projection on A-A:

Ty = Cy* T =R

n t
hence:
R.
Tn = Td - C_t =__2b_ .....I....C.......l........'..........' (2‘-‘&)

Finally, by tolcing moments arow:d C-C, it is scer tho
the momont of R with rospect to this axis must cqual the moment
of C, hence the resultont of tnese two forces imst go through C-C,
Tho graphical detormincticn of tho reacticens is slown on figuwro
15, which is solf-oxplanntorys

If thc gate is resting on tho sill (C, +l.c chnin pull, is
zoro), by taking momernts cbout A-A:

Ny =Nn

15




and by projeetion on B-B:

N. «N +#S =R
d n n n

hence:

Nn. = I\ld = Rn' ; Sn_. ..oo.o.ooooo;noo-uoo--ooo.o.oc.ao-00(25)
By taldng moments about B-Eg

T =Td

and by projection on A-A:

Tn + Td -3, =R

t t
Hence: Y
- = Re + 5 .
Tl‘l -Td 7_";0 t 0000000000000000000000000000000000000 (26)

Furtrerniore, the resulta.t of R and S wmust pass through C-C,
Ihe graphical devermination of tie reactions in the case of the gate
resting on the 3ill is showvm in figire 1Ce

The reacticmns should ve debermined for soveral pocsitions
of the gate and for several upstream: vmter loevelse It will often
be found tiat the maximum values of clhain pull and trock roactions
do not coiicide with tic aximum water presswre on the gatee A
~raph showing tho variations of tho roactions for tho 75-foot’
roller gates for the All-Anerican cannl headworks is shovm in
figuro 17.

C. DETAIL DESIGI CF GATE

Tho Circular Cvlindor

Tho strusses in t. o cyliader sheoll are: le The bcan
strosses wvlioroby the wator lord ard dead load  arc transmitted to
tho supporting viors; ard 2 Tho local stressos i tho plato
due to transfor of lead froa t.c plate to thc interior fromowork
of tho gantoe Tho boom strossos consist of normal ond shearing
strossos duvo to bondirnrg ond sioaring stresses duo to torsione If
tho total resultant of water lood plus doad load is p por linonr

16



.-feot and u? is the span between piers, the maximum bending
moment, assuming that the water load covers the whole distance
between supports,:is:

The. section modulus, since the shell is very thin compared with
the radius of the cylinder, is:

S = 7T'r2t

where r 1is the radius of the shell and t the thickness of
the plate at the center of the span.

The normal stresses in the center section due to bend-
ing, tension bein;; positive, are thus:

PR X
db'=+7:2 . COS.U. eecec0es0s0cc00c00vevocos (27)
r° t

The circumferential normal stresses (hoop stresses) due
to bending are small and are determined . by:

6%~=‘* P cos u
2t

The shearing stresses due to bending are also smalle They are
determined by the following formula:

2: = ﬁ;_%__ X SIN Y sevasseeseccccedoncecocce (28)
r t

where x 1is the distance from the center of the gate measured
along the axis to the cross section in which the shearing stresses
are desired and u 1is the angle from a line parallel with R
through the center of the cylinder to the radius to a particular
point of the shell positive in the clockwise directione The shear
is positive in the clockwise direction if the sectidén is viewed in
the positive direction of the x-axise MNMaximum shear occurs where
u = 900 or 270°, At the points of maximun normal stress

4 =0 {u =0 or 180°)

The torsional moment of the shearing stresses varies
rectilinearly from end to end. At the nondriven end it is:

- ,'\
“['n = an QE.0,609C00AQ0 0009040 0000000000000 0000 \gg)
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and at the driven end:
wa Z - (C + Td)r ooooooo-ooooooono-oooooo-ooco.o-oqooooo(30)

C is alvmys positive and if T 1is considered positive if it acts
downward on the gnte, M ' is positive in the clockwise direction
if the section is viewed in the positive direction of the x-axise
The positive direetiun of the x-axis is toward the driven end.
The shear stress is:

Tv = M'___. .............I.....l.....................(31)
vz rré t

%he)total shear stress at any p01nt is obtoined by adding (23) and
31)e

The above formulas are opased on the assumption that the
hollow cylindrical shell acts as oan ordinary beam from pier to
pier. It is known that it will zct in this manner if the load on
the shell consists of parallel forcos uniformly distributed per
squaro foot of surface.* Sincc tho load is not so distributed

* See paper by Herman Schoror, Iranse American Socioty of Civil
Engincors, vole 98, 1933, pe 10le

the cylindrical drum is providod with stiffening diapuragms spaced

9 to 12 foet, and tho lond is transforrod from tho plate to tho
diaphragms through horizontal beams 2 to 4 foot on contors alony

tho poriphory of the diaphragmse It is customary to asswnc that

tho total wnter load on tho plato is transforred to the longitudinal
boams and from tho boams again to the diaphragmse For the purpose

of designing the plates for direct water load the plates are

usually assumed tc be flat and are designed by the ordinary for-
mulas for bendinge It should be noted that in the case of a
longitudinal seam over one of the beau.ss the plate should be
assumed to be restrained at the support only in case two rows of
rivets are usede The rivet holes i1 one row should bte deducted .

to obtain the net section at the support. If the comnection he-
tween boams and diaphragms is such that the plate panels are suppont-
ed along all four sides the formulas given by Westergaard and Slater*

* Proceedings of the Amorican Concreto Institutoe, vole 17, 1921,
available in roprint and circular sorics of the Nationnl Ro-

soarch Council Noe 32

should bo usede Bach's formulas for tho dosign of slabs suppoerted
along four sidos, althouvgh still givon in many handbooks, should
be used with cautione. Support along four sides of a plate on the

18



wain oylinder will cause normal stresses in sections perpendicular
to the axis of the cylinder, and those stresses should be added to
the normal stresses given by (27)e Therefore, this method of
support is usually not employed for the main cylindere Lowever,

it is gonerally used f'or the plates on thoe apron and the flash

weir whioh do not carry beam stressese Asswaing that the plates

of tho main cylinder are supported on the beams only, the normal
strosses on a section through the axis will be: & ., due to local
bending of the plate and hoop stresses ¢, , due to bonding of the
oylinder as a whole. The normal strosse On a section perpendicular
b0 the axis will be ¢ b due to bending of the cylinder as a wholee
In addition thoreto, thore will be shearing stresses due to both
bending and tcrsion. Elastic members having stresses of this nature

are usually designed by computing St. Venant's so-called "ideal"
stross:

6 =

1 (¢, +6y) -m Vg, - 6,07 + 4(Ty+ T »el(32)

2m
where d; =dc +3h

Tho sign of the square root should bo so chosen that both quanti-
ties making up § ; have tho sams sign, m =1 = tho inversed value

of Poisson's ratioes Usually m is talien at 4.0,

m-l _ 3 ,ngq m+l- =5
2m 8 2m ]

Strosses computed by (32) should be kopt within roasonable limits,
say less than 14,000 pounds per squaroc inche Joints in the plates
should be designed for tho normal stress and sihear which have to
be transmittede Normal load and shecar per rivet should be added
goometrically to give thc resultant load on tho rivete. The design
of the longitudinal becams causes no difficultiose.

In dosigning tho diaphragms it may bo assumed that all
exterior loads, that is, all water loads on cylinder, apron, and
flash weir, and all doad loads, are transferrcd to the diaphragm
through the longitudinal boams and through tho framing for apron
and flash weire The diaphragms aro in turn supported by tho cy-
lindrical shell, through tho longitudinal boams, the rcactions be-
ing parallel and uniformly distributed per lincar foot of pcriphery.
Figures 1 and 3 show typical framing for thc roller gates for the
All-Amcrican canale

The ond diaphragm, also called the load disk, transfors
all load, that is, weter load, doad load, and chain pull, to theo
pier. Water load and dead load arc transferred to the disk by
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means of shear stresses which may be computed from (28) by inusert=-
ing x = L « The torsional stresses determined by (31) are

2
also transferred to the disk by msans of shearing siressese The
chain is usually attached tc the drwa outside tho lcad disk in
order not to interfere with the track segment and the guide ringe
Special framing is therofore required to transfor the load from
tho chain enchor and the diroct compression of the chain on the
cylinder plate from their rospcetivo points of application to tho
load diske Duo to the hoavy shear strossos botwoon cylindor plato
“and load disk, tho plato should bo riveted dircectly to thc load disk,
spocial connoctions being provided on ono side of tio disk for
tho longitudinal boamse The reaction from tho picr is transforrod
to tho disk through tho track and rock sogmonte It is obvious that
oany rational design of tho load disk undor this complicatod locd-
ing is vory difficult. It may bo foasible to mallo an cnalysis by
ncans of the photoolastic apparatus and this should doubtless bo
dono in tho caso of very larpo gatose Usually tho load disk is
mado of a solid plato, possibly with o swnll manholo in the contery
but hoevily bracod with stiffcnor angles and also braced uack to
tho mnin framing of tho gatoe Figuro 4 shows tho lond disk for
tho rollor gotos for tho All-Aiprican cannle

The trocl: sogimonts on tic fate and tho trac!s on tho
piors aro dosignoed for tho prossure Ny & N, for thc difforont
positions of tihic gyntoe Simco tho prosswos aro usuelly greotor
at the lower positions of tho gate, tio lowor parts of the tracks
aro ofton heavicer than tho uppor parvse Tio bost practico is
to dosign the track in accordanco vith tho rosults of tosts by
tho Univorsity of Illirois* vhich woro made mainly for tho purposo

* University of Illinois Experimcut Station, bullotin Ho. 162
Scc nlso Bullotins Nose 191 2n:id 2126

of dovoloping safo dosigning proactico for traclss of hasculo bridgcse
In caso tho fatos aroc dosigned for a rarely occurring maximum walor
lovol it will bc safo to bLasc tho width of tho traclk: on thc load
which will just produco periwnont doforiiatione If tho moxismun load
ococurs with j;routor froquency a suitablo factor of safoty should

bo omployode Tho toolh of tho trock aro dosigned by tho usual
uothodse .

Although tiic outlino givon horo describos ii:0o succossivo
stops which must bo followod in tho design cf a rollor ;oto, tho
prospooctivo dosignor will do woll in studying first the dotails of
o:isting _atos, ospocirlly such ;atos which are Ilmowm te have givon
satisfactory sorvice f'or o numbcr of yoarse



EZXAVPIE I
Dotermine the wrter pressure on « nartly closed roller gatce

Figure 10 shows & schematic cross section of a roller gate
of the approximate dimensions of the All-American canal headgatose

Water surface: Ele 191.,0; Sill: Ele 17160; two-foot
gote -opening . ’

The static pressure head is indicated on the drawinge

Moking use of farmula (i4), the dischor;e gq, por
linear foot, is estimated at 58.7 soccond-foet; ti.c anglg o(, is
390 or 0468 radian; } = 7.6 feet, hicrce:

W =249 z = 2 X 58e7 x 7e6 - 1312
o Ty Qe68 riry r,r,

14

The rosults for various points areo shown in tcble 1
and the net pressures are plotted in figure 10,

Maling use of formula (16) and tcling AA' = Oe2 AB,
r'y = 2.225 r'y, = 1u.85; h' = 1Ce4 ft.

w= 12 T . 1208

rlrz rlr2

where rj and r, are the distances from By and BZ’ respectivel; e

The results far vnrious joints are shiown in toble I and
the nct pressurcs cre plotted in figwe 10.

Malding use of farmula (172)
ht = 13,0 ft.
W =+ 2gi' = 34 ft./scc.

The distance betwcen strcom lines ot A is a = 0e52 foot, honece, the
veloc.ty at an, point is: :

W = 0e52 x 34 - 10.3¢
b b

21



where b 1is the distance between stream lincs at the point where
the velocity W is dosircd.

Using formule (17), the discharge per linear foot g, is
estimated at 587 second-feet, honse:

w= 4 - 58.7 _ 9.80
nb 6b b

Tho results for various points are shown in table I amd
the net pressures are plotted in figwre 10 '
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TABLE 1

. Diat.
%o
WeSe

Formula (14)
= 5867 OefeBe

Formula (16)
AA' = C.2 AB,

|

1

B

ot
Pros-
sure

L

hy

Not
Pres-
Suro

Stroam Linos by Elootrioc Analogy Method

Width

of

Strean

Tube

. Foruule (17)
_i = 5847 Cef 86

Formula (17a)

w hy

~Not

suro

Pros-

()
Pros-
BUro

8450
9.40
10440
11.40
12.40
13435
14.30
15410
16410
16.95
17.60

18.00

4,76
5.13
572
6637
Tel7
8.20
9467
11.50
14450
18.40
22461

26.60

¥

' 0435
0e42
0.51

0e€3

0.78
1.05
1.45

2405

527
TeS4

11.00

3.12

8415
Se98
9489

10677

11.62

12.30
1205
1305
12.92
11.68

9.66

7.00

4.68
509
5462
- 6025
-7.04
8405
9.49
11450

14 602

K220

26.1|

LEe06 !

034
0.40
0e49
0.61
077
l.01
l.40
1.S8
3e0E

507

1060

7«66

8416
9.00
9491

10.79

11.63

12434

1290

13.12

13.05

11.5¢
9.94

7 440

3460
3.00
2450
2.00

1.70

1.40

1.15
le0C
Qe
0«50
0e45

0632

2,72 | 0.11
527 | 0417
5.92 | 0.24
4490} 0437
5476 | 0e51
7400 | 0476
8052 | 1e13
9480 | 1e49
12 456 | 2445
D5054' 4,15
21430 | 7439

B0eG2 |14655

8439
9423
10.16
11.05
11.89
12.59
1017
15.61
13 4G5
12 .80
10.21

3«45

3.02
3e63
4435
544
640
7477
9446
10438
15495
Fs.14
24,420

1400

0420
0.30
0446
0464
0.94
1439
lec4
3402
5ell
9410

18,00

3e36

920
10.i0
10,94
11.76
12.41
12.91
13.26
13,08
11.34

8.50

0«NO

Formula (14) =

Formula (16) = W =

W=

ot
r 1r'2

ryre

——e
v 2th!

Formula

W
. O

Feruvla Qva) = W= ..%_ 'V, 2gh?




EXALPLE II

Dotermine stresses in the skin plate of the main cylinder
of 75=-foot roller gate {for the point where u = 180°.

Actunl span of gatos 7345 feet = 942 inchese

Resultant of all loads p = 11,280 pounds per lincar foote.

C = 82,000 poundse
T, = 233,000 poundse
T3 = 315,000 pounds.

Ng = Np = 412,000 poundss
Radius of gote drum: 70 feet = 84 inchese
9/16-inch sl-in plates |
13/16=inch rivet holes.
2-7/8-inch rivet spacing in cirocunferential seame
Effeotive plate thié]:pss for bending of the drum as

o whole:s

t = 045626 -= 12 x 048125 x 0.5625 = 060625 = Cel590
- 2876 x 12 .

= 064035 ine

hencoe, by formula (27)s

2
- %‘113980 x 1 547

b 12 = - 12,380 pounds per square inch.

M & x 004035

By formula (29)
M'y, = 233,000 x 740 = 1,630,000 foot-pounds.
And oy formula (30) -

M'q = - (82,000 + 515,000) 740 = = 2,780,000 foot-pounds.

24



Honeco in the conter of tho gato:

' = 1,630,000 - 2,780,000 = = 575,000 foot-pounds e
2

and by formula (51)

T. =~ 575,000 x 12 = = 276 pounds por squarc inche
t 2 BZ% x 0,5625

It should bec noted that in computing torsional shoar the rivot
holes need not bec doductode In computing tho bonding stressos,

60 s due to direct water load, the averagc hoad of weter is asswacd
to bo six foet and tho spacing beotweon longitudinal cl:annols 2634
foote The rivet holes are 13/16 inch spaced 5-3/4 inchess The
plate is.continuous over the chunnels.

Efficiency of joint:

e =1 a _2:9}32_ = 1 = 00141 = 0,059
5675 .
¢ L6025 x 00 x 12
6c =2 g X O A Beew X ce -~ = %+ 5,560 pounds per square
1 . 2 inc'.,
E X I2e0 x 04859 x 0653626
6h= - 11,930 = = 247 )lUse peor csqe inch
12%2 1Y =z 0675 x 0eC53
Hence dé N 60 ¥~3h = = 5,807 or + 5,513 lbs. per sqge iach

Finally, from formula (32), choosing the most unfeavoroble conbiiaticns

e ae e e s S e oo e

sl

o1 =-% ( + 5,313 - 12,330 ) :‘g \f(+5,313 * 12,330)2 + (22276)%
8 .

di = -2,650 = 11,060 = - 13,710 pounds per squarc inche
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