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? INTROD~E TIO~! 

It is %he intanti~n in this mmors.n~u~ to ~ive ~ :sho~% 
deseri~ion o~ the so-c~ll~d "roller ~n%e" and an outline of ~m 
m~thods developed for the design of the 75-foot :roller ~ates for 
~%~s All-Am~rio~n oo.n~l he~AworMs of the Imperial:D~n, Boulder C-nyon 
9roJeo%, ~md the proposod l l O - f o o t  r o l l o r  gate f o r  %1~ ,Ro~Do~, 
Yakinn proJeot. 

It ~ppoars that vet V ! l i t t l o  i~ormation is  ~v~il~blo 
i n  tmohnlo~l l i tor~tuze,  oo~oon~ir~ %~:e details of dosign of  ~ i s  
~9o of g~to. I t  has, thoroforo, boon nccoss~ to  dovolop ~:o 
m~hods given ~roin l~rgoly from~'.h~sio principles of: hydrod~-~mio~ 
saXt nn~l~-~ic~l moo~mm~ou. 

In ~ i s  work, v.%lunblo cont-ribu-hio~ ]mvo boon ~do 
by :the ~nrlous members o£ the Diversion Dnm ~roup ~-~ o%~r en- 
gineers of the C~l sootio:~, 

A, DESCRIPTI01[ 0F G~iTE 

Tho ro l lor  g~to or ro l l ing woir, altho\kqh-~:Europorm 
dovolo~ont,h~s boon usod ox~o~ivoly it= t h i s  cow.try ovor ~-. 
~oriod of moro thc~ 20 .vo~rs. 

0no of the oarliest~&r~rionn ins%~llations ~'~s for 'lho 
di~orsion d~ ~cro~s t~ Color,do Rivor :.o~r. Gr.nud.Ju:~o~ion, 
Coloz%%do, built b~ ~.c Buret.., of Rooi~"~tion. Those 2.tos h,%~o 
boon #m. continuous, opor.'.tion .~inco 1315 wiCk.out difficulties of 
~n~ ~dnd. In l~.tor ~'o~rs, the roller ;:ate .h~%s ~boon used' oxton- 
sivo!y b)tbo W~-r Dop~rt.v~nt ~for do..s on "~*o ~tissi~ip~i cr.d 0hic 
Rivers ~:d ::t %2.0 proso::t time (I~3T) four ~.%to= ~ro boi.~ in- 
s~nllod by ~]'o Durca, t of RooLnr,~%tion for ~-o All-A,~rican o::~.~.l 
headworks on ~1.o lov~r Colorado River. 

~Io roller G--to comzis%s oi' n horizontal holl~:~ stool 
p!&to cylinder %~hich ox'hon~s into a recess in o-~ch or~ pier. An 
apron, oxto::d[n C ~io~ the lens% h of:the c2-1indor, of 2cots .% seal 
with ~ho bottom of ~o w-~tc~v~.Li. ~:cn ~, • ~l.u Gato zs at tho :lowost 
point of :its tn%vol, In caao the ~r~tc is ~.ot dosig'~:od :for ~a~si~ 
ice or trc, sh over the top, i% is ;~c-mrnll~-~provtdod %71.'-~. n ~finsh 
v~ir, s~:~il::r to the apron bub oxtondi:l,q :L.~'m.rd .~--~ ; 
in the ~.icsod position. ~.%0 purjosu of t~m :f].%sh %~ir is to :.To- 
vent ovortoppin C of %/:o Cn'%o by ~;.'~vos ~.d %0 ..~ruVido ;frcob:~%~ 
~bevo %~,o hi~hou% lon~itudi~l olomc,..t of "~0 c:rlln,~rical shell. 
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Around each end of t~ cylinder is arim .consisting of a rash:and 
a smooth tracks The track rolls ona similar try.ok plnced in %lie 
recess in the pier and the teeth of the r a o l -  ~ engage with the teeth 
of a simil~r rack also placed in 'the recess. A guide ring fa~ten- 
ed %o ~o Cats and a countorguide su'.pported o~ the pier in the 
recess opposite the track prevent the tce~ of the rac]m from 
bcconlng disengaged ~ case trash should nccum'.,lato on the track 
or between the tooth. The gate is operated from one e1~d only 
~rf moans of a sprocket c)ulin wound around the o:,J/of ~:o cylinder 
and carried to a hoist placed on top of the piers 

One advantaco of ~hc roller cats is its oxtro.mu rucgod- 
noss c~ud simplicity of construction znd operation. AnotJ,or ~d- 
vantage is ~hc wide unobstruc.~d opening :'vailablo between piers 
for p--ssago of ice or trcose -Al~o~h in~tallations with more 
~o.n 150Toot clear opening arc rare at t~n present time, it 
• would doubtless be feasible .to design go.toe of considoro.bly 
greater ler~. It is interesting to note ~:~.~ for over SO years 
hardly a single chan~:o has boon :.%ado in t~1o structural details 
or method of operation of the gatoe 

Watort1~ntnoss along %/:0 sill, in the case of a non- 
submergible g::to, is us~%lly offcotod by moans of ~. oaf beam 
bolted to the apron m~d rosti.~ on an adjustable I-bc~.~ sill® 
The proportions of %/5o ~ato should be ~such ;~}~t tl~ sill ~roaotiou 
isno~ lose t~an 2,000 %o ~,000 po~uuds ~or ilincar :foot,v~.~on %~o 
gate is closed. To obtain ~:~torti,-htnuss,.along ~o sides, : t h e  

gate is provided v~i%/~ flexible shiol,[s attached %0 ills upstream 
face .of tbo 6nto and oxtondin.z from t~:o bottorx seal on the apron 
to the top of the flash vmir. To ~hc upstream edge ~of,oaoh .shield 
is bolted an oak or rubber, scaling stride ',T]io soalin C strips 
%rnvol o n  and boar aLainst stool or z~ci:i:%od.cast-iron armr.turo 
plates set in the piers, In scram installations t~e armature 
plates are set a% a slight angle so that the sealing strips :~ar 
aGair~t the plates only when t~e gate iz near itm:closed position, 

In t~e case of submergible gates, a vmll is provided 
in ~:o crest of the dam, ';8~en the g~te is submerged to allow 
ice and trash to pass, theapron extends into .the well ar~l u 
special ~abber seal usually maintai~ contact bet~eon the apron 
and P-he upstream wall of ~e well, On sub~mrsible gates ~:e 

lower parts of the trac~ in t.he pier recesses arc u~ually curved, 

The rotation of t:-o :'a~ to ufi'oct rai~ir~ is accom- 
plis}~d by ~anc of a sprocX~t'onain at'~cl:od :to a:chain a~ohor at 

. .ono end of ~2:0 ba~e ar~/:actt~tcd by a moto~,-drivon sprocket-chain 
hoist. The hoist is usually .located in a hoist ,~ouuo on top of 

2 
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one of the end piers. In the case of several ~;ates in a group, 
two hoists are often placed together in one hoist house. Only 
alternate piers will thus have hoist houses. A loo'~iz~ link is 
us~ully provided ~hieh may be latched to the oate in its fully 
raised position, thus securely holdln G the gate and permlttin~ 
the sprocket chain to be remove~. FiGures 1 to 5, i~lumiw, show 
typical do~ils of roller Gates e 

.J 

Be GENERAL DESIGN 

The loads on the gate are dead load arJd water pressure. 
The supporti.,n~ reactions, v~on the Gate is suspended, are: The 
chain pull (~sually parallel wi~1 the track), the ~rack reaction 
~t tl~ driven oI~I (normal to ~o track), ~:e trac!- ~ reaction at 
the nondrivun end (normal to the track), the tooth reaction at 
the driven end (parallel ~'~itJz the trash), ar~ tJ~o tooth reaction 
at the nondrivcn cz~i (p~rallol w i t h  tho traok)e ";~on ~o ~ato 
is resting on ~:c sill ~to chain pull is zero and ~o sill re- 
action is usually ass-u~od to ' "  n~vo a dircction along the tangent 
to the face plato of %/:o apron or ~z~ont to the cycloid describ- 
inG the motion o£ t~o tip o£ ~zo apron at ~o point ~'~'.oro t!.o 
cycloid intersects the sille ~oro arc thus five reactions to 
be detcrzLinod: but since ~oro are also fivu oquiiibri~ oqtu~tions 
in a ~.roo-dimcz~ional s~mtom (throe projection cquatioz~ +and 
t~ moment cquz.tions) the systoz~ is statically dotorz.~i'.~to as 
far as reactions are concornode 

The dead weight of the gate :~y L~ esti,.~ted, ~ith 
sufficient accuracy for preliminary designs, from figure 6. 

The ~ter load, v~:en the gate is resting on t~ho sill and 
there is no overpour, is the h:;drostatic pressure on t/~e apron, 
the upstre~.n cylinder wall, ~-~d :t~o flas;, weir. Since the [aces 
of both the apron and ~zo flash T~eir usu~lly have the form of 
circular ~res, the deSer:Aination of the hydrostatic pressure is 
particularly simple. In fizuro 7 is sh~-m a cross section of the 
gatm. Divide the vm~r depth into a number of equal parts, for 
instar~e, o~c foot. Mark the point of application of the vmtor 
pressure or. each element of the wall; on the first clement t/~o 
water pressure acts at a depth of two-third~ of a foot, onall 
others the ~'mtor pressure mc.y be ass;aaod to act ,-.t the con~r of 
the Jlioe. The ~tor pressure on each olo:.~nt has thc direction 
of ~ho radius to ~o point of application. Next, drcnv a force 
polygon to the v~..tor pross-~os I, 2, 3, etc. In dra~wing tPo force 
polygon it should be remembered t~-at the horizontz~l o omjononts of 
the ~tor pros3L~os oq~l tJzo depth of ~xo rospootiv~ points of 



application below tile v~ter surface, multiplied by the ,~eig~.% of 
the slice (one foot) oaul by 62.5 pounds. In ~h~ case of force 3, 
the :~gnituoe of the horizontal component equals ~:e de,~-~ below 
water surface multiplied by "a" and ~, 62o5 pounds. The resultant 
2, of the v~tcr pressure on the wall A-B is roprcseutod, i~ direc- 
tion and magnitude, by a line from ~e beginnin~ of i to the c.~ 
of 3. In location it is represented by a line equal e~.d parallel 
to R I and goi~ through ~he center Clo 

The resultants R 2 amd RS are found in similar 2~a2zmr 
and the total resultant is obtained in location, direction, ~ud 
~agnitude by geometrical addition of RI, ~, ~ R3. To avoid 
the accumulation of errors duo to ~o laying off of tJ~.o individual 
forces i, 2, 3, etc., draw a curve x - ~ 62.5 y2 v~zcre y is ~c 
depth of v~tor (fig. 7.0). Extend tim horizontal lines, which 
divide the ~tor depth into equal p~rts, to intormoet the curve 
EF and draw vertical lines ti~ough t!-o points of intersection. 
It is directly evident that the individt~l forooz of ~!.e force 
polygon must fall between two adjacent vortical lines. 

V, hen the care is partly open the det~n.u~tion of the 
water pressure iu more o~plicatedo ~e net water pressure am 
ti~ face of the care is obviously the hydrostatic head less ~e 
"~locit~- head of the v~ter flowing adjacent to ~ue catee 

There are two ge::oral appr~.chns to t]~o deto~.~ination 
of the velocities upstream from th~ so.toe One is by luho ~.the- 
matieal theory of hydrod~mmics, ~,o uther by the use of one of 
t1~o "analogies", the electric an~.logy or the z~mbrano ~=logy. 

By the theo~.: of hydrodymo~,~cs, the application of ~ich , • 

is convenient only if ~e floor of ~o v~torvmy is ~u apl:~oxi~ately 
plane ~f~:oe or has the ~".:mpo of a circular cylinder upstream 
from the sill, the circular arc of the apron is ss~od extending 
all the way to ~e v~tor St~faco and the problc is to find T~o 
expression for flow between a circul~r are and a straight line, 
or between two circular arcs, vd'.ioh intersect at the point Dl.(fi~.8) 
The foll~ing investigation is confined to the case ~,oro one 
boundary is straight, in the coordinate system indJsatod on figure 
8 too stream function for hhe flow r~y be expressed as foll~, 

F (Z) -a lot;e = ............... (1) 
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whore a is a constant and ~ is the distance from the origin of 
the coordinate system to the point of intersection between the circle 
and the straight lir:e. 

Z = x + iy, i = V ~  and ~ and ~ are defied ~j 

the fell owing relationships : i 

b~ b~ by ~ 

u and v being tj~c velocity components parallel vrith the x-axis and 
y-axis, respectively, or, in polar coordirmtes: 

m m  _ • _ 

• 6 d~rect~on, r c s ~ c t i v e l y ~  

~0 a.~l ~D are re-1 f ~ t i o n s  of  x~ .~ i  y ~ d  may bc d e . r -  
mined as followu: 

Z - 2 = (x -~) * iy = r I (cos 6 I + i sin 61)...... (2) 

It can new be shovm that 

co= 41 ÷ i ~in 61 = e i6' ... ........ . ...... ........ { ~ )  

5y inserting (3) in (2): 

)/: 

z - = e % ° " " "  .......... ---.-.....-.-.--. (~) 

By similar teas oninc : 

G eL6z -"-'-'---.-.---.--.-..--.--.... C~) 



/ 

! 

By in~ez~ir~ (4)and (5) in (i), 

÷ i~u --..-..--.-..............,...... (o) 

~V ~eparating real and imaginary parts: 

i p ~ ~ IO{e ~ ~ V~= a ( 6 1  " 6~) = a ~ ........(,~) 

From the f,And~,~entals of hydrodyr~cs it is known t}~t 

= C - arbitrary constant "'.--.---..---....-.....(8) 

represents the equaticn for a ctros~ line. 

The equation ~ = constant, hov~v~r, is the equation for a circle 
with its center on the y-~iso ~° =~ represents one boundar~ of 
the flow, r~umely, the face of the auron# ~nd ~ = 0 the other 
boundary, r~u~ly, the x-axis beyond'the points B 1 ~nd B 2 . The 
~tream function therefore satisfies the boundary conditions 
~ud hence correctly represents the flow bet~cn the bom~ries. 

It is further ]mown that if the arbitrary co u~t~t C 
is assigned successive valuess Co, C I, C 2, C3, etc., ~aere: 

C1 " Co ' =C2  - C 1 " C  3 " C 2 • • • , e t c , ,  

the amount of water flowing betwsen two successive stream lines 
(corresponding to succossive v~.luos of C) will be equal. If it is 
desired, for instance, to divide the flow in six parts, each part 
carrying the sam~ amount of water, the difference between the values 
of C eorrespo~iing to each bo~ry is divided ir~ six equal parts 
and circles drawn corrospondl~ to each value of C.  The difference 
b o t " ~ o n  t h e  values of C in thc; case considered here is 

/ 

o. eC - 0 ~a~ ." 
i 

so circles should bo dravm corrospon~iug to ~ 

/ 



As mentioned, the center= of these circles /'lie o n t h e  :x- 
axis and all circles go t~rou~h the points B I ,~d B2, The radii ~of 
the respective circles are deten~ined by: 

2 sin T 
r 

sin --q~ sin 
6 6 

• @eOe@emeee@o 

If the total discharge of the sate per linear foot is ia~own~Or r~h 
~ estimated, the amount flov~ng in the stream t~be adjacent to 
the gate is one-sixth of the total, ar~ ~le velocity along the sur- 
face of the ~ate may be cemputed by dividing one-s~xth of the ~ 
total flew by the distances from the face of the Gate to the :,career 
stre-m line at ~e various pointme 

There is, howe%~r, a more ~" u.~rec ~ :r~thod of fiz~lir~ the 
velocity along the face of the ~ate, 

From %J1e f'~ndeJ~ontals of h.'drody:m~ics it is la~o~m that 

~ne q~utity u - iv is called the "conjugate" comnlcx velocity as 
compared T:ith " . 

~=U ~ iv 

~.ich is the "real" comp)ex veloci~. The conjugate ~ioci% 7 repre- 
sents the image eb~ined by reflection from the real axis (the x-axis)~j 
of the real velocity, Since the absolute le~ug%3- of a vector is the 
same as the absolute length of its reflected ~,~a~e, the actl~l 
velocity my be found as the actual value of %he reflected im~e. 
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~rom (i) 

d F (z) d (a iO,~o z -~.) 
" d g = - d :; "~ +-'%'/-T 

= a ci [ l~;e ( >  - ;  ) . .  :*2)] 
d ~ ' -  

,i F (Z)__ a a 
- - T -  -z~--~" z-,-~ (n) d , , 

L; 
© 

By insertion from (4) and (5) o 

d r (7,) = a a 
, -T- .  a "i:~ i .i6 (i2) 

= .~,~e L e "2 • II 

rl r 2 

Bearing in mind that the cemnlex quantity ~ ÷ iy may also. bc written 

re i~ where r is the radius vect-r to the point and 6 is the ~angle 
of the radius vector wi+.h the x-'c:is, see also (2), (~), and (4)., 
the expre':sion (.12) is seen t.. represent the differencebetween 
two complex quantities. 

a -~b I e 
r I 

and a e-i6f:. 
r-~ OE and OD in £,-";ure 8. 

Tl:e actual value o f this difforerce, vd~ic!: ir the actual 
va]ue of the velncfty, ..,.~,.av be f,,und b-, applyinc ,',rCinary trigo- 
nometric PorT~,las t., triahglo :~DE .... 

, ,  9 9 

W 1 = DE = 0-~ * OE - P- ~-~ "bT. cos)"  

= a 2  r l  2 + .r~  2- 2 r ! r  2 o o s . r  

~;I = L' = 2 a { '  

i'rlr 2 
. . . . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . . . . .  ( i z  } 

1~' the disnhar:;e u2wlor the 7ate, q For li.~ear ~,-.,t, i.". 
know~, Cram }ydra,,Iic z~ .?el te.-.ts r,r ca', be er.timated vrit!i suffi- 
cient accuracy, t]:e value ",f '; can 1)e c,,mputod dlrootly. Tt can 
be shown that the oo'mt:~nt a i:; detor~lined by 
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O( 
~oro OC is ~aoasurod in radians 

ho1~o O 
c~rlr 2 

~;,~2 
a~,~ t h e  v e l o c i t y  head  h W = 

2g ,~ 2 r l ~ r 2 2  ~ 

... .......... 

If t..o d~acl,mrGc q is not ~.~:~m,hho volocit~j :~qy be. dotorz.:incd as 
follo;',~: At hho lov~r end of the :~.pron all a'~ilablo Load !~.~.s boon 
changed into volocit-# head since there is a ~reo s~.~faco i~diatoly 
beyond the edge, ;~nso 

(W!)2 ~.a2j; 2 
= h i . . =  - - .  - -  ; , ~  

2 C (r i 'r 2 ' )2"2g 

v~'.or~ W ~ is t,ho~volocit~j at the od:::o of the apron, h ~ the de'::~h o£ 

from ~..,. points B 1 .~.~d B2, ros;~ctivcl.:, t0 tl,-o odf;o. At ~-n c, rbit- 
rary point of ~ .,pron the voloc~t:: .,-oc.d: 

Eli.min.~fiing 4a2~! 2 

}z-f~ = 
(r l'r , 2 .................................... 

By subtr:::ch[ng h:. I .~,s do~ri.'A_ucd fro..~ (15) or (16) from the "statio 
hcad =t ~J-L~- arbitrary point, t;'c ,,:t "..:.~rod~ar,~c prcasuro is found. 

i!, 
.... ~ctcc ~.~t t~c ~luc zf h-... obt~incd:~h-~n It should ~-~ , , -' "~ ........ 

(iG) i~ uz'Aq~l:, too ~-rc,~.t. .'~':o rc~i,~n is tr.r.t ~'.o ~,m.tor flm:-L~ 
adjaccnt to thc a[:ron does nob conbi:'.u~ alon~ t::c zar,~ oirclc :after it 
loaves t}:o ~d,qc of t'-:c ::pr,,n, .qs i:~.s boon c.sz,.u~~,f :,nro. ,C~c, ri- 
sons vzith }-ydrc, ulic zac,?,~l tests nc.vc iz:dicatcd "h~t r i ' ~ud r ~' 

- ~ 
s-'-ould not bo r~u~urcd to t'c cdgc of E~c apron (poLut A it. ~xguro 
8) bt~c -~o a point A' ioca~cd ~:n the sa:.~ circle a dist~q~.co bcl~r A: 



~ i ̧  . 

i 

AA, = o.io to o;26 

It is ~pp."~ront th.ut t/~o ~bovo m o ~ h o d  for dotorminir~ ~o 
velocities ~lor~ the apron does not hold no~r the % . ~ c r  surf~o, 
neither does it ~pply to g~.%o openings which aro l~rgo tempe.rod 
%rith the total dop%h of ~'nxtor. In ~.eso cases the ~o~'u~l s~ooJm 
lines do not oven approxi:m%toly appro:~.oh the stro~%m lines dotorz,~nod 
by (8). 

? 

If ~ bettor picture of 'bhc stream lines is desired, it 
.may be obtained by mo~ns of the electric nnalogy .%plr.r~tus, A 
sLDtch of this apparatus in its simplest form is shorn% in ficuro 9, 
The ~%o~ surface upstream from the ~.to, ~.~b.o f~co of ~o g~to, 
.%nd ~o T.ni~r surf:co of the jot oi:Iorgin~ belch-: the ~.-.%m form o~m 
extreme stream line ~.ncl %no bottom of ~ho v~.torv~y forms the other 
extreme stream line. !ntor:~dinto stream limos m~y be dotor:.%incd 
~y fo~mir~ the oxtrom~ strooJ~ lino~ of copper .~-~ sondir~ ~ elec- 
tric current from one of these electrodes t.hrou~h ~ suitable solu- 
tion to the other and do%ormininz t/no points bot~eon the olootrodos 
v~.oro %~0 potonti~l h~s a prodotor~.~nod constant ~valuo, Lot %he 
potential of one electrode bop I -~nd the other P2, o.nd lo% ~ho 
t~o olcctrodos be connected by m resistance hire of long%/i,~., 
If it is into.~od to obtain five intcr~odi.-.to stro-~n lines, connect 

stool or brc.ss n~odlo through ~ g~-.ivanomotor to a point of:the 
rosist~nco vriro im.vin~ n potential 

P = PI +--_PI " P2 " 

doto~.~no, by m~vir.g the noodle from point to point in ~&Io solu- 
tion, tho:;o ;~oints ~'~oro no current fl~::sjthrou~h tl~ g::ivu~omotor@ 
A line thr o~h "t.ho so points represents ~ s~t~rooJ~ line, By movin~ 
~18 noodle connection successively to points on the rosistanoo 
rriro h~ving potentials : :, ,: 

PI + (PI - P2 ), PI +~ i "P2 ) ~ ore, 

o~qor sire:on lines ore ob%ninod. 

" "T~ oz..co ono-s-Lxt:: of t!~ total .-.mc'~unt of ~~or flc~.: bogymen 
c=cL t~:-o consecutive =tx'oam li:~s, t/ic velocity c,~ ~ny point of ~io 
fluid :.~y be do~or~.nud if ~ totnl flo~r i~ icnocme In genor~.l, if 
the disck%rgo per linear foot is q, the volooi~j is dotor::~:~od ~by 

...................................................(i',,) 
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whore n is the number of stroc.n, tubes. As atatod above, all avail- 
able head is tr.~r.sfornod i:~o vulocity head at the lov~r edge of the 
apron. Hence, if the distance bot~'~on this point o.nd tho~noarost 
ztrean li:Ao is a, the velocity at some other point of the flow~horo 
the distnnco botvmon adjacent stro.-m llnos is b is expressed by: 

b 
......o... ..... ................. 

~noro h', as before, is the head of vmtor to the edge of the o.pron. 
In this r.u~nor th~ actual velocities alon G the Gate r.~y be fo~%d 
r.~th close approximation. Instead of the electric ~alogy c, ppara- 
tus, the so-called mcmbr:mc analogy ~pparGtuc may bo used far ex- 
perimental dctormlmxtion of the stro~nm llnos. For description :u%d 
method of operation of this nppcratus, sac J.P~A. Dr~.htz: "Pressures 
~c to Percolating Water aud their Influence upon Str, Sssos in Hydrau- 
lic Structures", Cormunicction no. i, Second Congressmen LarGo Dams. 
For compar~'.tivo stro~: li::cs soc fic-uro I0. ', 

If the roller sat~ is used as crest gatu on at. overflow 
weir or if tl-.¢ bettor., of the ~.tcm'~y for other ronsons has ~: irreg- 
ular shape, ": ~-Aowlcdgo of the ~.ctual stro.~n lines is essential for 
oven approxi:~.tc doton:ination of the pressuroz,in t!~t formulas 
(15) ~d (18) obviously nrc not applied.bit. If n-: electrical m~al- 
• ogy apparatus o~ a :,.c.ubr~-o an.".lezY :.pparatus is not ~,vailablo, the 
strc~.~ lines may bc dc~c~%minod ~wlth sufficient ~.ccuracy by frco-hc.nd 
skctchins. In the case of irregular boundaries i~.:o stro~um ftmction 
F (Z) iz not ~%ovz ~. c.ud, as ~-. rule, ca~:i~ot be d.~orm/~od, i;ovortho- 
less the follo:'ri'.'G rclz.tion~ip holds: 

%. 

:..~crc .;~ :'rid .-', zre ronl functions of x and y, The f~ily of 

curves represented by 

:~ = C = %rbitrury const~'t 

has been ~c'~m to reproscr~t ~troa~A li'.:os of the flow :old .it c~,. 

i~rthor bo sho~',~.= the.t, 

(2 = (;' -- arbitrn_~j const.-;;t 

reproscntn another f~ly of curves T'J~ich all intersect "the stro~ 
lines ~.t ri~i'~t ~u'.o~les. Those curcos are called ~:c oquipotcntial 
lines. If tD.c arbitN~ry co.~stcc~ts C ~d C' :,re so d~oson that 
the constant dii'forcuc(: b,.~cvr~on t~7o successive values of the C 
constants ~qual the difference botv~o:, zuccossivc val~os of the C' 
constants, the t~'to families of curves vrill form a not of curve linear 
squ2.ros, Fu~hornorc, if the c~rvc linear diagonals arc dr~wn, t.hcso 
will also form ~: not of curve linear squares. By ~oc,".s of this inforL~- 

ii 



tion, and a little practice, the two nets of sqtmres can rm~dily be 
slmtchod as ~hovm en figure ii. %'~hcn the stream liues have been drawn 
in this manner hhe fu~,ther procedure is as given by formulas (17) 
or (17a). 

If the 5ate is subm~rgiblo so that water ;.~ay peur over the 
crest possibly to a depth of several foot, P~owlcd5o of the pressure 
duo to the ovorpoumin~ vmtor is desirable. Abselutoly reliable 
values for those pressures are best o'otainod from a hydr,~ulie 
model or from one of the analogy models mentioned abevo. Howc~mr, 
since the magnitude of the pressure is sm.%ll as com~rod with T/:o 
ether prosouros on the ~ato, approximate values, close onou~h for 
beth preliminary designs and most final designs, ~y b~ obtained 
as follovm : 

Assm.uo a stream ftmetion: 

~ (z) = ~ (x • iy) = ic  ZO~o z = ~ • i~ 

whore C is real. 

iC leGc Z = iC log. o (re iO ) = iC log c r - C@ 

Hcncc : ~ : i 

= -C@ ,"rod ~' = C icSor 

The ntroo~m lines : 

%' = C loGor = eonst. 

• -.re obviouuly ciro!o.-., so that one bo,,~ndary cf ~.'..ho flov4 namely, 
the ~t~faco of thc drum, is correct. T~o otlwr bovx,dary, the free 
surface, is not correct, but the erA'oct ::creel on the pressures 
along the correct boundc~y i3 not very _~roate 

Since the strcr~a lines are circles, tl~ velocity rL~y bo  
obtained by partial differentiation of ~ with rosl~ct to 0: 

W=We~ ~_AP__ = . c  
r b e  r 

To dctorn%tno tac ct.nstant C, integrate betwmvn ti~c l!n,its r I ~d r 2 
~-~:oro r I is t ? ~  radius of t~m (Irma ~-md r 2 is ~o r,~dius te so..~ 
arbitrary point o2 ~.o free s=:rf'~:coe 
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q = rfl r2 W d r  w 

, r 

q =-C iC~er2 

C ~. q 

IO~e, r 2 
r I 

omd W- q 
r io~ 

rl 

T h e  ~elocity at the surface of tl~ ~a"~ is, therefore: 

Wrl = q 

r I log e r_~ 2 
r I 

~ t  the free surface 

• - . "  • . - - - .  • • . -  - , -  - ~ , . -  - - . .  • • . . . . . . . .  • • . 0 . ~ )  

Wr2 = .. 
r2 log e r~ 

rl 

.............................. ..... (~) 

! 

t ~ 

it re:~ins to de%er:~ino r2, At the free .surface ~il 
~v~i!~blo enercy ]~s boon trnr~for~cd •into ~locity, Aerie if .~:e 
total ~v~il~blc hc~d ~& some poin~ on the water outface is h" 

Wr22 

2g 
2 

2 2g r~ (loc~ •r.2~ 2 
- k orl] 

• , !~ ......................o..(2o) 

Prom tills cquo.ticn ~r 2 :,~.y be determined •if ~q •is Lmown, 
Th~ quickest ~thcd is to draw circles ~i~I different radii r2 ~d 

eo'cermlnedfrcm chore oquntlon (sco fig. 112:). "{/}ton %he surft%co 
cur vc n~s =eozz dram~, the ~locitios Wrl cJ~/ ~/,o ~ossures on the 
g~te m~y bc do%orr,~ned i~i t;m usu~l ~.:mer~. 

,: 



f 

i" 

:In .. order to ~ot~ o om~i stont .results, q~ :~w ~dlsohom~o per 
lin~r foot, should bo de~rmino~l :by ~ ~.~%/vod ~n~ic~ou~ '.to ~o .one 
used £or determiniz~ ::the 'volooitios. ~ For ~zls purpose :~m hiEhest 
point of :%ho Eato :(h~. horls~zt~l ~tancont ) :is ',assmn~d :.to :nOt n8 

.cont ro l .  ~,is assertion :io not 'oo~reo% but :~o :approxi~ntion is 
oloso enoch for the purpose, "A oontTol.~ootlon~m~y be ~dofi=od 
, ~s = section ,~zioh earrios %ho ~ u : ~ :  possible om~.~nt :of ,wator 
for a. ~ iron :mnount of enorEy., l~o~tloa1:ly <~ho dep~'~ at .tlm 
control is obtainod b~',;.dlfforontiatinC '~ ,dlsohargo .v;ith .roopoo% 
.%o tho doeth and oquallir~ tho: ~ifforoutial to ~zoroe TKIs ~lorals 
to the followim~ oqtution 'for the dop~h~ 

,lO~o ( r ]  .~d- h';I =. .21~' 
:rl r I +-d" 3h' 

From %his oq~tio~ h" m y  be doton~Inod i'm" cmy v~iuoo of r~ and 
de It mc~y bo:r©adily vor~flod ~'.~t :fC~ r I " ~9, I~' booomos :[/6d. 
~on h t has boon do~x~rninod q is .found from oqv~tion ..(~0) in 
t~a~t r 2 =:r  l~+ d.-:h': 

" ( = z  + ~ " }~')z°~o (m: + d " ~ " I  , / ' ~ 1 - , " " . . . . . . . . . . . : ( ~ - z )  
( "r I 

q .  ca~ . . . . . . . . . . . . . . .  o.................................,(~.) 

~horo 

~o 

i: 

c -(r z *•d - ~ , , ) ~ , _ w  (~ ÷~ .~,,) 

%~o ~aluos of C m~y be t~kon from t}~ di~ramshown onfi~u~o •.13, 
I% should ~bo noted '%h~% t}m .v~!uo fox" ~zo. dis@h~r~o obt~%inod in 
%hie mcnnoris ~ %  to be used pr~uri!y In,oo~uootion with for 
mulas '(18), (19), ~nd "(20). If it Jr..desired %o :obt~i:~ tL'o~ ~%u~l 

#m~t will ~Ivo bot%or.v.~luo,. Hemmer, c q~tion!~l~ h~, "ooon 
found %o.glvo 9nlao= ~, elope %o ~oso obtained oXporimont~ll>. 

~hon %be velocities and~wn"~or pro=~-:ros on ~ o  ~.'nto .'h~vo 
boon .do~or~xi~o~ for ..voxiuu~ p;~ i%ion~ of t;,o Gc.~o, iDa roa,zl~% 
.~r pross~o is fo'nxi by ~ ~Jzod ~s~l.~r %0 ~h~t ~od £or 
hydros~%io  ,m'ossuro cu~ ~zi~ r o s u l ' ~ n t  :is .oombinod ,with .%Xm :rosul- 
;feint of  doo~l:~mi~h~ i ~ t o  the  rosulta::~  o f  ~11 :lo~.ds on the  g a t o o  
:In t h e  ooJo o f ~  s u b m o r ~ b l c  g~.~o ~ :weight  of  ,~ t ~ o o  ~m" or ~n 
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~o 

i ce . f l oe  re,%in~ on : t op .o f . ~e  C~o:~shouZd bo addod to%he outs~te 
loo~s= *:Z% re=nins %0 determine ~ m . f i v e  F~o re~o~tonse Lu:fisu~e 
l~ i s  a h o ~  a .-=chomtio p i c t u r e  of  a ~,ate, C is ..t:~ .chain p u l l  
(assumed no~ p ~ r a l l e l  ~ i t h  .the t r n o k ) . w £ ~  o ~ m p o n ~ s  L.C n (nor~nl  

non,n1 to  the t~no~) at ~he dri~z, o=~, Nn the t ~ o k  re~tion,.at 
the n?n~riven e md, T d is ~m tooth reaetio~ (paralZel with the 
~mok) at ~J~e driven end, *Tn ~ho tooth reD~=tion at the nondrivon 
end:, R.is the :total load,on t}m gate (waber ~ressuro plu~ -doad 
A?aa; wxmn ~c~m~ponenTm ~n ~normal to t.~o track), m:d. Rt. '(parallol 
with the track,). :S, the "sill reaction, is in this c~e =ere# 
Considering figure 14~ by t -akir~ m0m~n~s about A-An 

 a+c= =N  n 

mud by projeati~u on B-B: 

N d ÷ C n +N n = R n 

hcnoe: 

N n - N d ~ C n= • "'"'------..,--...---............, 

~" takiz~ moments about.B-B: 

Td'-C t =.T 
n 

and by projection on A-A: 

T d - C t ~ T n = R t 

hence - 

" ~ "@@@Q @@O@@mI@@ @ D@O @@@6Or • IQ @el@@@ @ o B OI O e (a?.~',) 

Finally, by ~J:ir~ moments aro,z-d C-C, it is soon t.hc.t 
~.~o momont~ of R with respect to-this axis must oquali~m .moment 
of C, hence the res:~ibant of.those two forces ~,nmt 5o through C,C, 
Tho graphical de.torr~.~.tion of ~o :reactions iu shoal.on 'figure 
LS,.which is solf-explomat~ry. 

If the gate is rosti~ on .~o sill (C, tLc ..o}~.Lu Pull, is 
zero), by taJ~n~ rammer.is aboutA-A: 

r 
? 

IC 
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~ d b y  proJeeti~m.on B-B: " 

Nd "4' N + S rim R ' ' 

n n II 

ho~e : 

Sn ,(zs) Ha N d • ~@@.@..@~@@@@@U@@B@~@~@@..@@@@e~@ 

2 

L ~ ~  moments~aboutB,B, 

T n = T d 

~ud ~ /  projection m~ A-A: 

% + %  - 

]~ono ~ ~ 

R t +S t 
T n =, T d " , (zs) 

Furt~.uoro, the resultn:tt of R ~,d S must pass thorough C-C. 
..;e ~raphioal deter~Ination of the ro.~otions in .the case of the ~ate 
rostin~ on the Jill is shown in fig~¢o iGe 

The renctious should bo doter~,ined~for soveral posit~,ons 
of the Cato and for sever~l upstre~ r ~ t e r  iovels. I% will ~f%en 
bo found ~at the nkmximu~ ~luos of  o:~in pull .omd %r~ok:roao%ions 
do not oo~uoide,with t3"~o ~.ximum wa'bor presstwo on-tlw gatOe :A 
~z'aph sh~:~ing ~ho variations of .tho ro=ctions .fo~ tho 75-foot" 
rollor [~atos i'or tho. All-Americu/~ c~%1 headworks is shown in 
figure 17. .! 

"S r - Q 

:i 

I 

C • DETAIL DESIOV OF 0ATE 

Tho Circular Cvlind.~ 

Tho strusses in t..o cylindor ~.';oll aro:  1 .  iThe Mc~m 
strossos ~ o r o b y  thc ~'lator lo~.d~r.d~ do~d load" aro ~%r~usmit%od ~m 
tl~o supporti~ p~ors: .nmd 2 • ?no. local e tro~sos ~ii::. tho pla%o 
duo to  t r c ~ s f o r  o f  loo.d fro ,  a t h o  p l ~ t o  t o  tho ~-utorior f r c u o ~ r k  
of %ho Cato ,  Tho boom. strossos oon~is t  of  n o ~ % l  ~u~d shoari:lK 
s%rossos dvo t o  bondiT~ c .~-~i:sl-oarinG s t r o s s o s  duo ~o t o r s i o n .  I f  
%/~o %o%ai resul%c~% of ~a~or loc, d plus doad l~.d is ~p por ~linon~r 
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~ , . .  •,.. , ,  

:o 

. . , .  _ _ r - . ' , . , . • , ~  . . . . . . . . . .  . . . ,  , 

• - . _ .  

and :at .%he "~i~n, end s 

(C ~a)r (~0) : ' ~ d  m s  m ~ ~ ", " ,eeoeeee~eoeeooeoooooeeeeoe~,eeee'eeeoo,eeee q ' r F : ' ' ' ~ " ' ' " " ' " ' " ' 

C ~is : e ~ y s  ~positivs o ~ i  i f  .T 'is oonsidered . p o s ~ t i ~  ~C it :~ots 
:d ~ ~ ~ ,~ ~ , ,N L ' ' is posltAv~ :in%he .clooM~Ise ~i~eo'~ion 
if :%he se=~on is 'viewed in %he .positive .direo~ion of %he :x-~s.. 
,The posi+;Iv~ ,dA~eti~ o£ '%h~ x-~Xls Is ~owa~ %he :~rAvsn end. 
.The :shear stress is: 

" '  

The t o t a l  shear s%ress a t  a~y p o i n t  i s  s h r i n e d  b y a d d i n ~  i(.2~) ar~ 
(s:). 

The above form~In~ oxe based on the assumF~on ~hat  %he 
hollo~ oy11~rioal shell acts as-an ordinary beam ::frOm :l~Or to 
.p ier .  - I~ i s  .~o~m .~ha~/±~ ~ i" I i  ao¢ .~n ~ i s  .m~mmr . I f  ~he :Ioa~ ,on 
• ~ho shell oonsis%s o~ pomoilel fo~oos .uni~ormly , - d i s t ~ b u t e d  per 
squsmo foo% =o£.s~fo~o.* Sinon tho ,.load ,As :not :so dis~!bute~ 

:* :.3ee . p a ~ r  -by. Herman. Sohoror,  Trojan" .A~erioan Soo:io~y -of .Ci~d.l 

i 

" 

~ o  ~ l i m d r t o a l  drum.is pr.ovldmt with s t ~ f f o n ~  :dtnp;~o~ms s1~ood 
9 t o  12 foo t ,  and ~ho ;load is t r a n s f e r r e d  ~ o m  ~;o ,pla~o .,to the 

~ d l a p h r o ~  ~hr~ugh horlzon~al bom~ :-~ ,to .4 f o o ~  :on o o n ~ o r ~  : a l o ~  
~ o  porlphory ,of Cho dlaphragmo. Z¢ is ous~o~ary .~o o a s u ~ o  . ~ t  
tho t o t a l  ~ r  :load on ~ho p ~ t o  i s  . ~ e f o r r o d  ~ o  %ho ~ l o ~ t ~ u ~ v ~ "  
booJw and from I~o bon.~ a~aln to  'I~0-dlaplu~agj~s. :l~o~ .the,!pu~pose 
of .  d e s i ~ L U g  ~h~ p l a t e s  ;for d ~ e o t  w a ~ r  lo~d  -%he p l a ~ s  .are 
usu~lly oasum~ ~t~ be f ~  o~1 o~e ~esi~m~d .by ~ h e  . ~ d ~ ' X  , ~ o ~ -  
m~l~s for  bending, I~  shou~t be-noted-~a~ .in the .oo~e .o~ a 
l o n ~ i ~ t n ~ l  :sees over .:one ..of ~ e  :beo.~ ,~he pla%e ,shou'ld 
a s s u m ~  t o  be ~ s l w a l n e d  .:a~-;.t~ ~suppo~.~ onl X i n  .ease ~ ,rows of 
r i ~ s  : ~ e  .~e~ .  :The r i v e ~ . h o 1 ~ s  . in ~ .row.should bc . deduo~d  , 

. ~ e n  .boreas and diaphro4T~lm ~ s  suoh ~ t ~ t - t h o  p l o ~  , I ~ 1 e  o~o :sUpport- 
ed . a l ~  a l l  f o u r  :s ides .~1~ f o r m ~ a s  . ~ i ~ n  by :~es%~r@ao~ :and : ~ 1 ~  

•  l ooeo J:ncs .of C:ono=o o 
a ~ 2 1 ~ b l o  ,in -.rol~int :ore1 ,otToular ,series o1" the N a t i o n a l  Ro- 
so~,0h ,.Coue~l '.No~. 3~,;. . . . . .  , . . . . .  _ . . . .  

-should bo u~od. . ,Bo~h~s  fo~mulns £or :~ho d o s i ~ n  o f  :slabs .suppor~od 
aloz~ £our a ~ o s ~  ~ l ~ h o ~  .s~lll ~:i~on in  many. hoa~b.ooka, :should 
be u ~  wi~h  :aau~ion .  :SUpl~r~. ~ 1 o ~ _  .~£our ~ t d e s  ,of-a :pl~to ,on ~tho 

IS 

" !  
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.uppo ,  . . . .  _ _ _  rot 
i t  i s  . . . . . . . . .  . ~ ,  u.o~ ~ A o ~ s ~  . r o t  I ~ o  ' ~ l L n  o : l v Z ~ r .  H m m ~  

~mtr ~ l o h  do n o t  b e a m ,  . • ., ~ h  

. . . . .  - , , e e , , , - ~ , u  o n  = n o  ~ a m ~  enter, 1~e n o r ~ l  

eyA~n~er U & :~hole. ~/~. e .,, , , , , , , ,  ~ ...,...___-,,,vji . ~  ,,-., ~.u u e ~ . n ~  o~" 

~ . _ . , ~  . . . . . . . . . . .  - , , r  , . _ ,~ro  .w,.AA n O  a n e ~  s t r e s s e s  d ~  to  b o ~  
a r e  ueml.U~r des:LR]o~d b~' .~rm~,,+~,..e~"-:..~v.,.~.,.~'r, r o s s e s  oZ" /~;htS n~l,_~'.e 
s t : r o s s :  - - -  -,, - - - , r - - - ~  . - . .  venan~;-:,s .eo- -oa lZod w:l.dmaXm 

1 
/o:- ,! 

;2: 

~m 2m 

Tho s i g n  .o~ the  square ~'oo~ shou ld  bo so chosen  ~hat both quan~£- 

o f  PoissonOs ratio. Usue~ly r~ i s  ta lmn a t  4~0~ 

S t r e s s e s  computed by (Z2) should  ~bo kept-vr~hAn r e a s o n a b l e  l ~ m i t s ,  
/say Zess thnn 14 .000  pounds per  squ~ro  5.uoh~ JoXn~s i n  ~he p la~os  

~" ~should '~be deeP,nod ~or t h o  normal s~rosa' and shen~ ~hioh h a ~  t o  
b~ ~ a X m ~ o d ,  Norm~ load ..nmd sho~r .pot r i ~  shou~d bo added 
~O~t;A'AOLI.,~/ to .~5.vo t h e  r o s u ~ u z t  l o ~ d  on ~ho r t v e ~  ~[~e d e s ~  
O~ 4t "the l ~ i ~  ~ l O S e S  s no d ~ o ~ , ~ L e s  i 

Xn dos£gntn~ the  d i a p h r a ~  t ~  may be assumed l;hnt ~ l l  
ex~o~lor :'loadsa .~hat i s ,  :o£~l wa~or lo~ds  on oylAndor,,  apron,, grad 
f ~ a h  we~r~.~nnd ~all  dead  l ~ s ~  ,are trnna,~orro~ t o  ~he d~aphr~l ~ 
-t;hrough , the  l o n G i t u d ~  l boo, no end r ~ O  ~ ~ 0  ~ ~  ~ ~ a ~  
~and Tlash ~ £ r ,  The dlaphracms ~eo i n  turn suppor~;ed by the  o ¥ -  
~ 1 1 ~ o 1 ~ X  sheXX~ l ~ o u G h  the  X o n ~ $ t u d ~  l , ~ r ~  . ~ 0  . ~ a C ~  ~ ~ .  

The .end d A a p ~  w a~lso' oo~lod ~J~c lo~d d i s k t  ~r~ua£ors 
.aZ1 loadr ~that As,  ~ t o r  loQd, d o ~  lo~do .omd ohntn p u l l ~ - ~ o  the 
p£or~  ~ o r  1 o ~  ~ dead lend .are '~ro~sferrod t;o ~he dAsk by 

/ 
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' )  
m m l s  of.  shear s~'essos ~ i o h  my "be omspu~ed ~rmu ~(28 :by i n s e r ~ -  
i ~  x " . . ~ .  The t o r s i o n a l  stresses , d e ~ ~ d  by ~.(3i'),are 

2 
~ l s o  .~ransfezTed t o  ,~le dlskby .=~mm of ,sbea~in~ stresses. ~e 
o h a i n  i s  u s u ~ i l y  a t t a ~ h s ~  ~c  t h e  Rrm~ "outside .~ho l oad  d i s k  in  

,Spoolal ; l ~ t ~  is - ! therofore  requlrod t o  t~ansfor-~tl~ io~ i~mn 
~ o  -oh~iu ~m~ohor .,.and ,tho d i r o o t  :oon~ross io~ /of  .~he cho~u ..on t h e  
o y l i z d o r  p l ~ e  from t h e i r  .rospoo~ivo :.points 'o~ a p p l i s ~ o ~  ~o tho 
load diol~ .  :Duo .to:~ho f ~ o a ~ , s l ~ a ~  :~strossos b o ~ o o n  c , j I i ~ o r  ,+pla~o 

.and .laxd .dis~-% .~ho pla~o ,should .bo ~ i ~ t o d  diroo'¢ly to ~ho lo~d disk+ 
:spooia l  oonnoot~-ons .bo~6 .p~ov2dod ~on-.sos s~de o f ~ ~ o  d isk  f o r  
..~m 'longitudinal boo~s, .The : . roao~on: f romtho p i o r  is-~forrod 
to  .tho d isk  ~ r o u ~ h  :~ho ,~raok a~d ; r o ~  sogmon~. Z t  .is 'obvious ~ t  
any .ru~on~l-dosi~n or ~tho loo~ .dlskundor ~l~to :oo~l lo=~d ,1~d- 
in~ :.is 'wry diffioult. ~Xt z~y .bo foo~iblo to molw an:r, xn.lysis ~by 
~ n a  o f ~ h c  :~ot~inst~o =p~.v=tus :ana ~£s  should dou~tloss ~ 
dons :in ~ho coos ~.of vo~, : ~ r ~ o  ~atos,  Usu~l ly  tho .load d i s k - i s  

: .~do .o~ ~ :sol id  p l ~ t o ~  possib ly  ~ h  a s ~ n l l  ~ n h o l ~  in" ~m .ocn~r~  
-bu t :heav i l y  :bronod ..with s t i f f  soot an~los o~d u ~ o  bro~od "oath ~o 
~ho ,ns~4.u ~o~inc of t~ ~ato, Fi~u~o 4 :shinto ~'o l c~d  disk f~ 

~,~o ~moh sogmor~s on tho ~to und ~ho . t~oL~  .on ~d~o 
• plots o, ro dos~ood :£c~ ~o pross~u-o N d & lln.fOr"~o .rliffo~o~ 
positicm~ of the ~o.~o. Si~oo .t!~ prossm-os o~o ust~lly.~roa~, 

.a t  tho Immr :positions of ~ho ~a~o., t i ~  'lo~or po~s of tho ,t~t~o~ 
c r o  of~on h o a v l o r - ~ n  tho upI~r ilx~r'~se ~ o  b o a t  :I~ao~i~o 
to dosiEn tits ~n~olc in =ooordanoo w£~h .~ho rosul~s .of ~os~o :by 

U:~ivorsi~y of Illinois* ~ioh xmro mm~o minly,-f:or :%ho :purposo 

- -  - -  i i ~ t l  I I J , ~ /  R n 
• unlvQ'rci~'y of i..Zliz~ois .~ori=~ Statical, Bul.lo~i I ~ . . "18~ .  ' 

Soc c.lso BulIo~__~'~Nos. .... _191. c.nd _212e 

of d o ~ o l o p i ~  s ~ o  d o s £ ~ n i ~  prno~oo f o r  .~roo~ .of : l ~ o u l o  .bz~d~o~. 
.In..oo~o .~o ~tos aro dosi~od for ~ .ro~oly ooott~Ti~ mlximum.wn'~o~. 
.io~oi . i t  ~iI bo s~fo to t~so tlto ~ri~th of ~tho t r y . o h  on ' t i -o load 
~hioh~ll Just pr.oduoo .i)or~c~o:~ d o ~ . t i o n ,  :Zf ~ho ; m c ~ n n  .load 
o o o u r s - ~  L;ro:;~or .~o~uonoy ~ : s u i ~ b l o  fao~c~ o~ so~o..t~ :should 
~o o~ loyod ,  2~,o : t o o ~  of .tho ..trc.ok-oxo .dosiG~od by ..~Jto .tmual 

.Al~hou~h the ou~:lino ~ivon.horo ~.osor£bos :t l~ .suooosai~o 
:s~o~ .v~ich ~ust  ~o fo l - l ~md  i:x t:to d o e ~ n  .of :~ r._ol'lor l~a~o, tho 
.l~.osl~o~vo. dos,~n~r ~ I - i  do ~mll in  . o t u d y ~  ..f~r..o~ ~ho d o ~ i ~ s  ;of 
o::istl~ ~.r, to~, onpocir.'l!y ouoh ~a~os .~ioh .c~o ~nown ¢o h~vo :~i~m 
satisi~oto~y sorvio0 for  .-c :tim%Jot of yoo~le  
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EXAMPLE X 

DoTA~rmlne the ~ter pressure on a ~rtly olosed roller saree 

Figure I0 shows a sohem~io oross seotlon of a ~rollor galm 
of %he app~i~n%o dlmonslmm of ~ho All-Amsrlonn O~mal hooAEato8. 

W~ter surf~oe~ ~.I~ 191.0| Sills El. 171e0Z two-foot 
ga~ • openi~. 

The statio prossure head is indicated on 't~o drawing, 

Mak~ use of f~rmul~ (]4), the discharge ~, pot 
linenz foot, is osT~im~tod at 58.7 sooond-foet; ~:o ~r~lo, ~, is 
39 ° Or 0®~8 r~di~ .n;  ~ = 7e6 fOOt ,  hc=O0$ 

W - 2 q ~ . 2 x 58.7 F 7,6 .1312 

rlr 2 0,68 rlr 2 rlr 2 

Tho rosults for ~ious points ~ro shown in t~ble I 
and ~he net pressures =re plotted in figure 10e 

Mo/~.n~ use of formul~ (16) and %~hi~ AA, - o.2 AB, 

r' 1 = 2.22~ r' 2 - 1G.85; h' = I~o4 ft. 

W- r'Ir'2 "*/'2 oh' " 12Sa 
rlr 2 rlr2 

where r I ~nd r 2 are t!~ distances fr~u B 1 ~ ~, respeetivelT. 

~o results far various points are shown in t~ble i and 
%}m not pressuros ~re plottod in figure lOe 

~hl~ use of f~mul= (17-) 

h' = 18,0 ft. 

m - Zg-~ = ~4 rt./soo, o: " , 

~ne dist~r.oo bo%~vo~= strc~_.n li.ncs ~.% A is n = 0,~2 foot, h0~o, %|~" 
veloc~;r ~.% ar.y point is : 

W- 0,~2 x 54 .10.S8 
b 
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micro b i s  the d~n4m=oe : b e ~ o n  atream 1£no8 a+ ~he  p o ~ L u t . m  

/ /  

UB:I.~ , fe~n/ la  (17~), ~ , :d}~e~r~e per l i n e a r  . foot  !le :Ls 
estJ~atod :at 5B .7  .eoo~nd-foe~e Im~Jes 

,W - .~-  58 :7  9 .80 
~b 

The r e s u l t s  f o r  variourJ .po£nke ~ e  sh-ou~ .:Lu t a b l e  I taxi 
+he no~ pPeseu;,oe a]Pe p l o t t e d  ~Lu'/.~fll;UPo lOe 
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~:" I ................ 

" i - ' ,  ¢ 

: ! u 

L! 

" , . . ,  _ 

. . . .  , , . : '  . . '  . : .  : .  . : . . . . .  . .  ,~ 

= 66~7 o i £ . a ,  

-4.76' o,~5i 8 . ~  4 . 6 8 !  o . ~  
• i !' ' " 

"5.72'; !0.16I .9,89! L,:5.6~-i '.0,i49 

6437 'L. O. ~ ~: 10 .77  . :6e25. .0.61 
~ • : . 

7.17 ' .0.78 11,62; 7.04: 0.77. 

~.zol ~ io~ ~.~o :e.oe: z.oi 

: 9.67! ,.:1.45: 12.. 05;  .9.49 1 . 4 0  

} , , 

I • ' ~i  

z,..zo ~.z~ i,.s~ i~.o~; ~,o~ 

18 ,40:5 .27 ,111 .68 '  lg.061, .5,0~ 

22e61 ~ 7o94] -9.G6~ ~-2,~.20 7,6(3 

S~o~O tz;ool 7,.oo: z~..z o,~o 

' = lB  

..v~=~,~ (z~)- = .  

' I I : : : - -  - -  i i  i l l i  . " ' 1 :  ~ :  I " I " I 

,]~ot: ~ ~ I :"o~:I " i : ] ,-.o'o 

. u r o  i Zubo~ ~ i :hlrr =u~o,!! ,:,W, ~,r; ;o~='e 

i 

: I  2 

I • I 

-6,;16 3 . 6 0 i  :Z..72 I ,.0;Z1~ :8.301 .~3;(E. ;:~',.14!d 
• r . . ,  ~ '  . . 

9 .  : 3 . 0 0 1  , 3 . 2 7 i  : .0 , ;17 . 9 , 3 3  }1:3, .6~ zO.20,1 ,/ ; . . . .  ,; . _ 

.9.91 2 .50  i 3 , 9 2  i ':O.N i 10.16i1"4.;35:0.301 

1 0 . 7 9 ~  2 . 0 0 :  , 4 ;90 ' :  : 0 . 3 ?  1 1 . 0 ~ :  :5 .~ '=  .,O..&G~l" ' ; 

11.03: ;1.70! :5.76! 0 . 5 1 ;  1 1 , 8 9  6 . 4 0  OJf..~,~i 
! : '  . ~ , .' . 

.12.sO 1 ,15  8,52- .:1~13} 1.~ i'17 1:9~46 

,13..~-12 1 , .00  :9~,80i .1=~9~ 13.61110~88 ;i.~' 

13.05 .... ' 

: 

Z1.88 0.~0; 16.:~ 4.15! 12.o80!jlgei4 gel:l: 

, 9 . ~ ' i  0 . 4 5  :: ~ i .  80:~ ,~.,.39. 1 0  ~21"i 14 .~ -0  . 9 . 1 0  

.~ ?' ' 'i [ " 

o 

13,~;6 

'.9,gO 
• . a .  

:10 . I0  

.I069~ 

11'1.76 

1'1'2.41 

:12;~I 

13 , ,26  

!113808 

1'1.84 

8 , 6 0  

:.0~00 

' : ~ , -  

• i I 

] 

rj 
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+ m  

. . . . . .  " ,  - | . :+,. , j ,  " . + - . ~  

, , ,  . • 

~ ~  ZZ 
[ 

De~e~-m;l.ne -stresses :iin t h e  sign .pln~e :0£ ~he main ~oF~inder 
o# 7 5 - f o o ~ - r o l i e p  Ea'~e Sot tdze ~poin~ inhere u ~= .180°.. 

++Ao%ual span o / ' ; a t e s  i7~,5 feet ,= 942 inches. 

Resu l tant :o f~ l l~ loo~ds  ;p -,:~1,960 pounds per: l tnomv.£oot .  

~C +" 8 2 , 0 0 0  pounds. 

T n = / 2 3 3 , 0 0 0  pounds.. 

T d : =, 315 m 000 pound~++ 

Nd =+:Nn =412~O00pounds .  

~ d i u s  of Gate "d~un| 7:cO f e e t  -~'8~ :'lnohes. 

0 /16- inch sPAn p l a t e .  

13/16-inoh -rivet  holes • 

• a "~o le ,  

>2-7/8-inch r i v e t  s ~ 0 t n C  i n , o i r e u ~ 2 e r e n t i ~ l  eea~. 

E f f e o ~ i v o p l ~ t e  + ~ i c ] ~ e a s / f o r b e n d i n ~  :o#:~e,~dt~=o~ 

t = 0o5626'.- I2  F Op0125.x 0+5625 
2=875.x 12 

" 0,5025 -~0 ,1590 

°7 henoo, by formula ~(2 :), 
'2 

I Ii,980 x~:= ~-~ elm 

m . 8 
b , - 

2 
7T x o o .s 

= ~0a4035 :in. 

~.tom~uh (29) -. 

Mtn = .23~000 3: 7eO " l j~3O,  O00 #oot-pound~, 

~" ¢ ~  (30) 

M '  d = - ( ~ , 0 0 0  + 13158000)1QO = -+2 ,780 ,000  #oo..~,-~po~a® 

• : }  

. r, 

24 
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Honoo it= ~hc oonte~ ot tho ~n~o= 

~ ,  = 1 , 6 3 0 ~ ' 0 0 0 -  ~2~780~000 . .  575 ,000  £oot-potm~s= 
J L L _  o °  

2 

o~  575 j0o0  x 12 - - 276 .'pomu~ po~ s~ur~o i n ~ h ;  

Zt should  bo n o t o d  ~hnt in oompuCln~, to~s~on~l  shonl" ~ho . ~ i ~ %  
ho lo ,  need not  bo dod~%cd.  I n  c o ~ u t i ~ - "  ~ho ~ o ~ ± ~ .  ~ ~ o a c o s ,  
6o , duo ~o '¢L~root ~n%or . l o ~ ,  ~11o ~ u ~ o  hond o~ ~ : ~ o r  ~ .~a~u~o~ 

to  bo s i x  £oot  ~r~ %ho sporing, bo%~oon l o n g i t u d i n a l  c:tmmul= 2..q~- 
~oot. ~to rlvot hol~e ~Jce 13/16 inch spaced 5-3/4 inches, The 
p1~te i= ,continuous o~r %he ohnn~eleo 

Ef~Lc.te~oy 0£ ~oint= 

e = 1 - 0o8125 = I - 0.141 = 0.~59 
5o75 . 

~¢ = -+ 1-~" x 6 :¢ 6Z.5 x 2 .84  = 12 

I x Z2,0 'x 0=859 z 0®5G25 
6 

= 2 5 , 5 6 0  :pounds per ~ o  
inc.  ~.,o 

• ~h = - _ .... !i~930 = - 247 ibuo por n q. inch 
z2 z r :: o,Vs"   

•q 

• • _ "! 

i:i 

4o 

,./,, 

8 

" -2,850 - II, OGO - - i~,710 Tounds !per squ~rc .inch. 
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