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OHAPTER I - INTRODU .1TION 

A. Pur2ose. 

The ra.cUal gate, er Tainter gate, is so oa.lled beoauee its 

skin plate is formed by a. segment of circular curve supported by 

a f'r-emework of horiaontal or vertical purlins and stiff'enere. 'l'he 

principle is based on the fact that as the akin plate is made oon­

oentric with the pin, the resultant o.f the water pressure will 

pass through the pin, thus Orea.ting no moment to be overcome in 

hoisting the gate- Because ot t heir simplicity in construction 

and opera.ti.on-and because they are lea-a expensive, radial gates 

are now widely used not only for small gates but also for spillwq 

control inst,al latione • 

No standard method of framing, however, has yet been deve­

loped. Review of a large number o-f radial gate installations 

reveals a striking diversity of ideas concerning the proper type 

of framing to employ. Trusses, tied arehes, and simple end con­

tinuous girders have been used according to the designer's taste. 

No attempt has a11 yet been made to isolate the separate factors 

that are involved in the design of this type ot gate, or to corre­

late theee fa~tors in a rational approach to the hydraulic and 

structural problems involved in design. 

The purpose of this theeis is, therefore, to separate the 

individual factors involved in the problem, to examine eaoh of 

these factors in light of known physical laws, to develop mathe­

matical equations expressing these laws end t h•ir relation to the 

problem, end to correlate all of these factors in a rational and 



systematic proces e of analysis lee.ding to an efficient and econo­

mical design. 

B • Soo;ee .. ~ -d Limi te.tione 

Revie of the literature reveals that a radial gate which 

Will aerve se.tbfactodly, mq be designed with almost an,· known 

type of structural framing. The beet design, ho.wover, sho1.1ld be 

the one which is most economical and compa.ratively eaey to fabri­

cate, and which performs the gate function most se.tiefa.otorily. 

l"'o systematic attapt to establish the moat efficient type of 

t ·raming has been made·• A numb.er of differeht types of gates are 

in use, ae..oh type perfor ming its function eatiafaotorily., The 

true m~asure ot efficiency of a radial gate is based upon the 

weight of xnater.f:a.l in the gate, the cost ot fo.brioation and inste.• 

llation, end the cos~ ot maintenance and ope~atlon. 

The bm.ss type of t~aming :f'or supporting skin plate membere 

end for end frames h~,a been uaed in many installations in the past. 

It ia believed that its use ie e. carr;y-•over from wood,en truss day1h 

Siace t.he truss design of $NJ type requirae an exoesaive amount of 

design, drf!..f't1ng, fabrioat1ng, erecting, inspecting and painting, 

and eS.noe i'a.bri.oatore '!1SUlllly bid higher per pound for trues work 

than they do for gi rder&, there aeems little r eason to select 

truaaes for the gate framework. 

Therq, b also the ,eas4it in whiob additional horizontal sup­

ports re used. between tho vertical riba with the skin plate 

spanning tn two directions. However, due to the cylindrical cur­

v.at1.1re and. the doubtful action of supports of differing rigidity, 

the use of plate as a two-wa;y member lead~ to at.tch oomplioati.ons 
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that the entire design beooswa baffl ing. 

The ext.Qt. othod ot Maly 1 based on the \ he~ry of s hells 

hu l een presonted by Mr. Sllve on 1n ' Stress•e 1n Beet.or Gave. " 

It it baaed upon th elastic t heory of plates and shell and in­

volves tho ua ot me.theme.tics boyond. the knowledge ot the u.sual 

designing engineer. Thie anal:,aia it \edloue and lengthy and 

t herotore proh1b1tlve tro · the standpoint ct design coats. 

The eoope of this t bea1 1a l itod u fol lowas 

1. The t.udy will be limited. to low-head rcuiie.l gat••• When 

ge.toe r.111 used £'or ou let work · 01" a t ge.t val vea 1n tho lock ays• 

temo subjected to htgb pr sure , the h;y'd.rauli probl inv,0lved 

dlt,..er oonaidenbly and wUl not. be oonddered' ln t his t hesis. 

2. Ordinary elcet o To.dial gat • o nly used fo r irr1gat1on 

canal e\Ncturee, vary from over l teet to twonty t,e t bot.h in 

hei ht d width. ~p111Wt.i¥ ga~e uiually range froru thirty to 

forty feet in pan well as in hotght. I t le g nere.lly believed 

\hat apan gr atdr tan sixty t e t are not eoonom1oal . Theretore, 

t hb 1nvest1g \ion wUl bs Uaitod to h i ,hta less then t hirt1 

toet and pan l &e t . forty t eet.. 

,. Oe.r tul etudy of e 1 ting ttruoture indicattt that within 

't.h ai _ r st ted abov, two goneral types of radi .l gate, 

~re o t e f1c1 nt. T a typea ar - th~ horizontally f ra~od and 

the vortio lly tram d tltruct1.1re. Oiily t hese two t,ypes will be 

1nve tiig t cl. 

1 Silvel"ttlan, I . K. Streaaea in aeotor ga'\ee. Washington, 1941. 
24 P• proceaeod. (U. s. Bureau of Reolamo.t1on. 'l'eohni• 
oal momorandumJ no . 477. ) 
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4.- The e.llowable streeaee for matertals used in arriving at. 

ai.zee, of atr\.lcture.1 meinbers are those specified by t he A'tne·riesn 

Xnst.itut• of S\eel Oonst:ruotion,. 

5, NQ attempt- will be me.de to specify a. particular type ot 

freming lilt' deta.iled d6ei.gn which wUl ha most eft'iolent and. eo.o• 

nomios,l in a113· give• eet of oiroume tancae, .suq,h a etudy inv<,lves 

-. ~¢>111'.: ane.lysb vhieh •aries with tim, and location an<i ie not 

conelde;red to be within the scope of thb thusis •. 
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OHAPTER I I - H!DRAULXO PR!NO!PLES INVOLVED IN 

THE ANALV, !$ AND DESIGN OF RADIAL GATE 

iO 

A. GE)~ral ~&out .of ,Radie.l ~9;te f'r~m th,e Potn~ Qf . Yiew of Hya:rau-
. . . 

Thr,e faetore control the general layout and aha~ ot a 

re.diel gat.e: the radiue. of ge.te, the height of pin and the lo~11tion 

of s;a.te eill. The looa.t1on ef' gate eill is net ,a, sedeue problem 

in ordinary i nstallations. but may- it.ttroduc:e seri ous ditticult.ies 

when radial gates ara 1;c be LU:i e d on apillt1av oreste. No definit.e 

rcla.ti.oa 'between the-e~ thi'ee faet or s b apparent. 1i'1na.l · design 

mu·et be a oe,mpromiae, obta.ined by earefu.l conetdera.tion of the 

hydraulic end str1.:u;ture.l principlee involved. 

\•. ,Rt\q!U$ ot' G,ate. 

The rs.-diue of curvature not only e.ff'ec't,e the direction of 

t he upward wa:t.er pressure, but also h1,e. an 1mportmtt bearing on 

t he relativ• dead loa d reaction at t he t.ru:n11ion or axis uid upon 

the length and height of the piwr end the weight of the strut,. 

The longer the re.di.us , th$ higher the elevation required f'or the 

runtl~ e:nd the larger t he pier will be. On the other hand, too 

short ·a. l"ad.iue ~ or t oo greater W!. inolin.ation ot the ehord :f'tom. 

the vertical will require a. heavier gtte and develop complicated 

proble,ru3 in the trunnion e.nchora,ge oe:u.se4 by the excessive uplift. 

From en analysis of existing struoturt, 1;1 , the radil.la of gate varies 

f'rom l. to f times the height of gate. The st atistical data upon 

whioh \.his statement. is baeed are plotted a.a shown i n P'i gµ re 1-a, 

in Append ix III. 



~ •• . Reigh'\ . ot l>~n. 

The pin should bo located above the ord:1ns.ey high water 

level; and should be high enough to pe:rmit. the gate to be raised. 

aboYe :floating material oa.rried b.y the extreme flood. But tn the 

cas,e of small ,gates installed in ir:d.gation cana.le, where it is 

not neceseary to provide tor flood e>learonoe, tho pin ie normally 

located. between l/2 - -,/4 of the height of the gat•·• If the pin 

b placed too high in relation to the radtua and posi't,i,Qti of the 

gate, an undesirable uplift pressure in :the trunnion anQihol'a~-, 

will resu.lt. If it is too low, 1t •111 decreue the ef:f'ieieno;y of 

t'fie operation of gate. The value, of he.ight of pin for the exist,. 

ing strucrt.tt:res ue ple,ted in Figure 1-b, in t\ppe:ndix III.. An 

av$rf.gt va.lue of height of pin equal te -,/4 the height ot gate m91 

be used for preliminary la;yout. 

~· Lecat~on ot: . \~o Q;ate . \!(hen tJ.eed on SpUlw&e,. 

The principal hydraulic requirements in the design of :radial 

gates on a ep:1.llwq crest ar~ • that the location ot the hor1tonte.l 

seal with respect to the orest of the ogee spillway section should 

be such a.a to eliminate any tendency for the water to lea'fe the 

spillway: surface and develop pressures lees th$11 atmoephedc at 

partial gate openingeJ that the gate and.tits trunnions should. clear 

t.he upper na.ppe of the overtlow1ng sheet of water corrErapon4.ing to 

the maximum flo,,, .,..:.and that t.het, low•r edge of' the gate s hould be 

shaped to aid uniform flow. Ti,." f'iref; requirement may be met by 

placing the seal somewhat downstream from the sp,illway crest. At 

partial gttte openings., t.he overflowing water will be given a down-

'-------------------------------· 



1.2 ____ , 
ward velocity component, so that the tendency of tbe flow to leave 

the spillway surface and ceeate a negative pres sure is minimized. 

The equation for the trajectory at partial gate openings may be 

derived aa follows: 

then, 

since 

Hence, 

- ~ 

h o 

x-.--t--,,L--~-~---j 
::I 
j_ 

Fig. 2 

Let V0 = initial velocity 

From 

h
0 

= head correspon~ing to the initial velocity 

Vo= j2 g ho 

X :; V t cos 8 0 ; t = X 
v

0 
cos e 

f ! g t 2 
2 , 

x sin e .;. l g ( . x ) 2 
cos 9 2 ,./2g ho 008 9 

x2 
y • x tan e f 4 ~ 

h0 coe 
••• • •••. ••• •••••• • (1) 

this e~ua~ion it is possible to check the flow condition 

at different gate openings to determine if the flow suits the dam 

profile. But, from the practical standpoint, the loo tion of gate 

eea.1 downstream from the spillway crest is limited becs.uee the 

height of gate increases with the distance away from the crest. 

In designing re.dial gatee on a apillwey crest, various 

studies should be made with different locations of pin height and 

bottom seal and different lengths of radius of gate . 

,, 



___________________________ 1_3 __ 
Th•ir ef'feota on both the spillv-q profile during partial gate 

openinge and the vettical uplift ac;t.,ing on the t:rwmion •hould be 

studied.. Bydraulio model teats e.ro e.lw.aya he l pfuL in determining 

the most desirable des ign. 

8-: 1,oa.d AIJ.a,J.:(B~S• 

Tho critical PQ8ition, or loading condition. which oaueee 

maximum stresses, for a non-submersible radial gate is ordinarily 

the normal closed position with the upstream face of the gate 

tsubjected to presaurea ca.used by a full upper pool and an assumed 

unwa.tered d~wnst.realil aide. If the gate is ot the overflow type, 

water loads caused by the weight of the overtlowing she•t mue,t be 

considered 1n addition w t hose eaaeed by the static pressure on 

the upstree.ni. eid•• If th$ gate ia of the submerii.ble type, the 

critical p0aition cannot be de-terminod. by simple inspection beca ... 

use of the flow conditions under and over the gate, but must be 

found from investigation of resultant loada ever the range of 

possibly oritica..l positions, ta.ilwa.ter considered according to 

The llydrostati,io pressure act1ng on the gate under normal 

closed position mq be analyzed by a load diagram e.s shown in 

Fig.,. A A' ---- - -

s 

C 

Fi g.; 



Thia figure shove simply the load diagram for a linear toot 

of gate in the normal closed position, with no baokwater and no 

overflow,. The water loads acting radially on the curved back Qf 

the gate are represented to some convenient scale by the radial 

vacto:n o.f the load diagram proper, A'B'O', ono vector being drawn 

tor each linear unit of cuned gate surface. The intensities of 

the pressure at the various points of application of the vectors, 

that is, the lengths of the vectors, are determined by the lengths 

of the horizontal lines at the elevations of these points on the 

diagram ABO,. For instance, M1 ' is mado equal in length to MN , 

and R1S• to RS etc. 

The total magnitude of hydrostatic pretaure acting on the-­

gate aay be euily f'ot1nd by the method of integrations 

Let ds = U1'/ 1ntini tesim.,l segment of arc along the face 

of gate. 

e :s angle measured from the x--axie to en.y point Po 

along the a.ro. 

p = unit water preeeure at en.y point Per 

Referring to Fi g. 4, then 

Fig. 4 
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TheJl'efor(u @lier t.hia epccta,l arrqemo1d,; the to,ta.1 hyd,o. 

tte.tlo preasu_n acting en th& gate 1B •qu.al to 0.545 w N.2 oomparlng 

to tho hodzoti.t&l o¢>mponont pre,eun Jt o,, w a2, 

The nest, problfm\ it t1., find the dtrect.ioa fJi' the result.ant. 

}?l'l!Ui sur•• Re,ttu.•ti'ng w 11'1.g, ,, i-i 1s f t>tU\d t.ha\·t 
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t li.en, ft\ : vertical component of total pressure : 62.4 fA1 + A.4.) 
,r R2 

= 2. 4 (--z;- - A.2 - A3 + A1 ) 

= 62. 4 <7rR2 91 + 92 - ) R2 - Y222y , + Y2 

4 90 . H2 2 
Fh = hori zontal component a 62.4 2 
FR = resultant= ,/ Fv2 + Fh2 

-1 F" "R : tan Fh 
By s1.1batituting t he valuee of 11R\ "Y" , 1101 11 and 002 11

, it ie found : 

. • te.n- 1 0 .188 • tan- 1 O. ;76 • 200'6' 8 0.5 
Hence , if a line is drawn passing through the point of reac-

tion at the trunnion pin by me.king an angle of 20°56 1 with the 

ho r izontal, its intersecting point with t he direction of t he hori­

zontal component (; di stance above t he bottom ) will give the 

point of application of t he total r esultant pressure. 

2. Method of Computing t he 'iater Pressure under Partial 

Gate Openi n~s . 

When t he gate is in a partially opened position, flow 

passes t hrough it at very high velocities. Due to t he bending 

of' stre lines, t he di stribution of pressure along t he gate no 

longer follows t he hydrostatic law. 

of flow nets . 

It can be computed by mee.na 

The procedure may be outlined briefly a a followas 

1. Draw flow nets by f ree hand sketching according to t he 

f ollowing characteriatics s t hat t he stream lines and equipotential 



U .nee should be a lways pJ:tpendtoulari to each other, that eaoh 

rectangle they form should have e. definite ratio between the adja..­

oent sides, ( it 1e advisable and a conunon p:,:aottee to dra1 the 

net as a ,•seriee of' curvilinear square& ) J and that t ·he eq:uipoten­

tia.l lin.ee shou.ld be perpendicular to all the boundary line1;1 oeca .. 

uee the boundaries are alae a pa:x-t of the stream line system·. 

b. Oomput., t)le discharge unde~ such part ic;al gate op~ninge by 

the orifice disoharge , equ.ation. 
v. 2 t___ ___ · rof-a l Energy Head_ __ _ 
~ - - - - ·1 

f) 

H 

-------r 
d, 

q := o~ d ~2 g ( H .. l ) .... • ............. ( ') 
where c · discharge coeftioient usual varying from o.6 to 0.7 

Henoe, 

head • . 

H upstream head water 4ept,h in. feet 

d, depth of gate opening in ft1tet 
, ,. 2 2 

Yelocity bead of' approach= ~=· • 2g9H2 , which ehculd 

e. Oompu~e the velocity at pointe along the gate ~oe. 

Velooity • quantity ot flow lb one stre~ tube 
The width ot stream t pbe at the point considered 

d • . By Bernoull 1s I theornu 



p _1 y2 ' V .2 J H 
';T2gTY•~, 

P ,,_2 v2 
- • (Bi.,. .J.a ) - y - -
w 2g 2g 

.. . h - .:E. 2g 
where h == depth of the point considered below the 

total energy line 

Plot these values at ditf'erent points along the ga.te. It 

is the required. pressure diagram und~r such height of openirtgs. 

:18 
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Ill. S'l'RUOTURAL PR INO!l?LES INVOLVED IN 

THE A "l'ALYSIB AND 'Df:!S!GN OF RADIAL GATE - RORIZONTALLY FRAMEI> 

The horizontally f ramed radial gate ie ao termed 1'>eca.use 1.ts 

skin plate i s aupport,ed by 11 series of unequally spaeed horizontal 

beams. Tw.o vertical aide bee.me, supporting these horizontal beams, 

are in t.urn suppol.'ted at e~tch end by eide frames, by meame Oct which 

the water l oad iJ& t.ranafer red into the pier s through the trunnien 

ea.stings. The (;omplete assembly of$,. horbontally £'rs.med gate, 

therefore , oons iets of skin plate, her.izonte.l bean:,.e, side beaas, 

Pln bearing and b.raoket, eide rollers, seals and wall and sill 

plates. The in~tvidu.al i t ems will be diseussed eep'1,rately in de­

tail a s f'ollowe• 

A. Skin Plate .• 

The skin plate i a essentially a se1:111.-eontinous beam running 

vertically with the horizontal beams ao t ing as eupporte. There is 

some a~th· c._ti..on_ !n the ekin plate due to eur't'ature. Holtever, it 

t he r adius · ie sel~cted in e.ooordanoe with the pr·1no:1pl ee developed 

1n Oha.pter II of -~ his thesis, t his e..coh a.et.ion ie l'O small that 

may be negleoted · w~thcut introd\laing any serioue error. Thie 

a esu.rnption will simpl1fy the design and t'abrie~tion co1'siderably. 

Some in~ee i gators have attemptoo to ooneider the plate as a two­

way member by fitting i n addi tional eupporte. However , due to 
I 

t he eylindd,cal curvature e.ndthe doubtful aotion of supports of 

differing r igid ity, it may l ead to such oompl1oatione that the 

entire des ign beoomes baffl ing. Paragr aph 4, of the "Theory ot 

1 Platee and Shel1a 11 by T:1.moshenko demonstrates the d1f'fiottlt1es 



of' .,sinz even a ! lat plate on supports of varying rigidity! 

over; fabrico.tore have advised t hat the coat of a face structure 

l1a.vin.;;; supports i n two directions would be higher by at least 10 

20 

percent t han that for one with one- way supports . This higher unit 

coat removes the major incentive for two• way spanning. 

where, 

'rhe ina.ximt.tm bending moment used for design is I 

l' ,; = -1 w 
10 

L •• ••••• •• • •• •••••••••• ( 4) 

.. 
j.~· = maximum bending moment for semi- continuous beams 

~'I • total water load on a one-inch strip of plate 

L = t he distance between the flanges of the horizontal 

beams in inches 

A t hickness of face pl ate ie, t heTefore, selected to give 

a reasonable spacing of the horizontal beams, usually not less 

than twelve inches, ( 15 11 preferable) . The bottom horizontal 

beam is placed approximately t hree inches above t he gate sill to 

allow the bottom rubber sealing stri p to be bolted to the beam. 

The beam spacing increases progressively towarde th~ top of the 

skin plate as the water load decrea.see, so ae to make the skin 

plate stresses almost uniform i n intensity. 

From ~quation (4), M : ·l~ W L 

and, W: w L; w : o.4j4 H 

The resisting . moment of t he akin plate with a thickness 

of 11 t 11 is MR • f s S = ¼ f 6 t 
2 

By equating these two; 

10 f 6 S : w L
2 

1 Ti moehenko , Stephen. Theory of Fla.tea and Shells . New York, 
McGraw- 1.{ill book co ., 194o (Engineering eooietiea itonograph) 



L _ / ±9 fs S 
- ,v w 

= J 414,746 s 
,1/ H 

_ l ro s ,1e,oao 
- ~ o.4 H 

••••••••••••••••••••••••••• (5) 

2i 

If expressed in terms of the thickness of the skin plate, 

then L : 2:e¼t ••••••• ~ ••••••••••••••••••• (6) 

For practical purposes it will make the design more syste­

matic if a system of curves is plotted with 11H11 as ordinates and 

"L" as abscissas, and the thicknes s of skin plate "t" as a parwnete 

as shown in Figure 7, in Appendix III. For aey- plate t hickness 

thus chosen, the allowable spacing of horizontal beams could be 

easily determined for different values of 11H11 • The value 0 t 11 used 

in Equation (6) should be the effective t hickness. One-sixteenth 

inch is added to the required effective t hickness to compensate 

for anticipated corrosion. 

B, Horizontal Beams. 

The horizontal cross beams are designed as uniformly loaded 

simply supported beams. The maximum bending moment iss 

where 

. L 

Hence the 

in whioh 

M - l WI L2 8 ••••••••••••••••••••••••••• • • (7) 

= water load per foot length of beam 

= distance between t he center line of side beams, ft • 

section modulus required is 

s -

= 

W' -

M 
f = 

8 

W1 L2 
12.,000 
w b h 
12 

! W1 L2 x 12 
8 

18,000 

.~ •••••••••••••• ••••• ••••••• •• (8) 

········ ·······"·············· <9) 
b = spacing between t he horizontal be8!'lS in inch 

h average water head acting on the bean, feet . 
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Equations (8) and (9) are plotted ae two f amilies of curves as . 

shown in Figure 8, in Appendix III . If the spacing between the 

horizontal beams, the average head acting on the beam and the span 

of the beam are known, the section modulus required may be easily 

found from these charts. 

The reaction of the gate sil l (F) upon the lower beam was 

determined from a number of analyses of gates and is assumed as: 

F ~ 0,0,?76 W (for full width of gate) 

where Wis the total water load acting on the gate. 

The total load on the lower be~~ is the summation of the 

water load and the sill reaction "F" . It is desirable for ease of 

construction to have as few different beam sizes ae possible . 

0 . ide Beams . 

The side beams, for ease of construction and assembly with 

the arms, are. of welded steel plates which vary in depth of croes­

eections . The theoretical location of the center line of arm. 

connections on the inside of the skin plate is so placed that the 

negative bending moment of both cantilever sections is equal in 

magnitude to the maximum positive moment at the central span. 

Theoretically, this method of arrangement will give the moat eco­

nomical design. The criterion m9iY be derived as followss 

Let U = uniformly increasing load due to dept h of water 

distributed on aro length 11LR"· 
H H ( 48°20 I) 7\' 

=; 62. 4 LR : 62.4 1. 25 H 180 

= 62.4 / 1.057 = 6o lbe per cu. f t. approximately 

Z = distance along arc f rom the center of uppor am 

to the section at int er ior span where vertical 
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ohear ie equal to zero, 1n other worde, eeotion of max moment . 

For e1mpl1a1ty, the aro of the faoe of g te 1s developed 

into a str i ght line and a unit width ot gate ie taken, as shown 

1n Pi g . 9 • . 

Approxim te Solution for Equal ente for two 8upporte 

X 

'l <.. 
0 0 j ~ 

rz ~~ i 
, Lz 

Tot-a/ Jl°ad = z U R 

+ Ma -"'13 

s, Sz 

LR = A re Ler,9t-h 

From figure, 

S s 1 ' M1 • - U St T f • 6 U Sl 

f½ • R1 Z • ¼ UY.' 

M' = rt1 s2 - u C s1 ~ ;s2 >' 
Since, by cr i terionJ • M1 •; M2 • - M' 

C 1) = (M2) J ¼ u s1' = R1 z - ¼ u x' 

~i 
-r 

a: 
....J 
~ 

__ J_ 
I 

53-1 
I 
I 

n1 z = J ( s1'; x~) •••••••••••••••• ( ) 

(~~l) • ( ~); • ¼ U S1' = Rl f½ • * ( S1 ./, S2 )' 

Rt S2 • ¥(( St f -82 )' - S1~J ..... u.(b) 

Again, by quat!ons of equ111br1 a 

z. V :OJ R1 f R2 • ½u LR2 f F ...... ....... ... . . (c) 
2 

~M : OJ R1S2 - u(s,$ 62> ' : -rs, • u~, (211< S1f s2l 
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S~nce shear is zero at section at "Z" distance from the center line 

of upper arm, it may be written as 

R1 = £ ( Sl r z ,2 •••••••••••••••••••••••••(e) 2 

and LR ::;: sl r S2 "s, ••••••••••••••••••••••••• (f) 

We have above altogether six unknowns : s1 , s2, s,, R1, R2, 

and Z, but we have six available equations, . 

A:rter solving the3e eix equations, the following results 

are found: 

Sl • 0.~858 La 

S2 • 0.4912 ~ 

. s, • 0.12,0 1'E 

1.0000 la 

; 

J 

J 

Rl = 0.4.188 P 

R2 = 0.6188 P 

- ? = 0.0:,76 P 

1.0000 P 

where P • pin load for half width ot gate • . 

Therefore, 

z =) 2 
UR1_ s1 :: 0.261, LR 

M = u~1' ! = u s1' B (tt-lb) • 
1 -2 12 

u s1' B (in-lb) 

• ,.45 LRS B ( in•lhe.) ••••••••••••••••(10) 

Section Modulue required= M1/f8 

• 0.0001914 LR? B ••••••••••••••••••••••(11) 

Wb:! h ls plotted ae shown in Figure 10, in Appendix III. 

From this analysis, it is found that the maximum bending 

m01tent in-; the side beam 1a Muia.x •. = M1 = M2 = M' = ,.45 ~, B • . 

The theoretical l ocation of the arms ie given ae a ratio of the 

'length of arc, and these distances are measured along the inside 

of the face plate. The di stance from the gate s ill to the center 

line of lower arm beam connection ie 0 .12,0 LR and the distance 
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a.lon;; the ineide of the f'aoe plate between the center 11n of' the 

lower and upper arm ie o.4912 ~ . 'l'he r eaction of the cent er 

line of the arm connectiono aro given aa a ratio of the water los..d 

and are o.61 r P for the lower arm and o. 41e8 P f or the upper a 

For more th n two supports , tbe eamo oriterioi could be used by 

bo.lano1ng the moments of' two cantilevers e.nd t o or more in't,er­

med iate spans . 

A·eprodmate Solution for Lgua.1 Momenta for 

After solving 9 eimultan oue equations , we get the f ollow• 

ing r esul t : 

Therefore; 

S1 : 0 . 2A70 Ltt . , 

S2 • 0 . ;5650 l.R J 

s, = o.2eoo 1. ; 

Slt • 0 .0680 ·n J 

1.0000 Lr 

M max. = -
6
1 us .. ~ A . 1.1,2 

.&. 2 
? 

qLh-
• , '9 

••• 

R1 

H2 

n, 
-

' t. B 

: 0. 2,12 P 

• o . 1ro21 P 

0.1..167 P 

.-0.0500 p 

1.0000 P 

(in-lb) ••••• (12) 

••••••• ( 1 ~) 

• 

Aa the max um bending mt'>ttlen in the aide beam& , either t or 

two supports or three eupporte , ie found , it is aey to c~mp~te 

the actual Atreeses ror the sect ion furnished . he otreeees in 

the ·'r· beams a re u ually very low. I~ 1e becaua the oize of 

9i je boamt' ore not ·,over ned by the etr es ooo, but by tho r equire­

ments euch as the minimum th1oknees of' f l an '" ee , the dep h of web 

required for conneotione , eto . e vdue that are oo .• puted from 

the f ormul a or foun.d by ohart.e in Fi g. (10), therei'ore , eerve only 

a.e a ide • . 
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D. Side Arms . 

Shear=<> 
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S4r-­

l 
i-~--- LR = A re J.. e ngf-1-,------i! 

Fig. 11 

The arms are fastened to the side beams with rivet bolts to 

facilitate erection in the f i eld. _ The arms are designed ae columns 

with L/r ratio not to exoeed 120, where r • least radiue of gyra-

+. vl.on • . The lower a.rm carries 0.6188 P, and the upper arm, 0.4188 P. 

Ueua1i, the size of arm is not governed by the dir ect thrust. but 

by the least radius of gyra.t.ion required. . In this caee·, 'bracings 

a.re advisable to use in the plane of: arms f'or lateral supP'orte. 

The pin load acte on a radial line through the center line 

of the pin and normal to a point on the face plate located .approxi­

mately H/3 above the gate eill ( Qf,t == !o0 ~· ). The pin load when 

wate1· ls level with the top of gate under maximum loading condition, 

may be determined either from Equation (2) or (13) . Figure 12 in 

Appendix III ie plotted from Equ. (2) with pin load ae the abeoieea, 

height of gate "H" as the ordinate and the width of gate •an as a 

variable. 



E • . Pin Bearings . 

The size of pin required depends upon the size of arms and 

the pin load . The pin is designed both tor bearing and bending, 

and t he larger pin size r equired ie seleoted. For bearing, the 

diamefler of pin required to oarry the pin load is 

D = 
p 

3,500 O 
••••••••••••••••••••••••• (14) 

For bending, the diameter of pin required 1e 

_
3

[ 4 P(Of3) 
D -1\J f • •••••••••• •• •••• ••••••• (15) 

rr s 
where D • diameter of pin in inohee 

0 • ~idth of bracket in inches 

Therefore t.he allowable p:in load may be expressed in terms 

of "D" and "o" ae follows: 

p ( for bearing ) = ~,500 0 D •••••••••••••• (16) 

p ( for bending ) - 4,663 o; •••...•••.•• (17) - ,' a 0.75 4 
Baaed on Equation (16) and (17), the allowable pin loads 

for dffferent sizes of pins and different widths of brackets can 

be plotted as shown in Figure 1,, in Appendix III. It may be 

noted that for certain eize of pin and width of bracket, bearing 

will control the design while in another combination, bending will 

l:5e the governing fe.otor. The adopted allowable pin load should 

be the smaller value. 

F • . Pin Bearing .Bracket • . 

The pin bee.ring brackets are designed on the principle that 

the maximum pressure on the concrete shall not exoeed 500 lb. per 

sq • . in • . under e:ny load condition • . 

The thioknees of the bracket plate is computed by the bend-



ing moment equation: 

1 
M = 8 PL ( 1 - 4k) •••••••••••••••••••(18) 

wher e P • pin load . , ( see Fig. 14 ) 

I' 

----c---ft- I 

~dil-
,-............-.......,......-+....--,--,....,1, I 

I --- p'I--- C + I:!,: "I p ;._ I • I 

I I I 

l ' ~ 
~a;'#/~ 
I J._ I 

1 t f t 1 f t t tkt ft t , f t t f I 
C ct ) 

cb) 

Fig. 14 

o. Anohorage. 

Since the loads transmitted to the piers by the trunnion 

pine tend to put the eonorete in tension and tear away a part of 

of the pier, the pin loads must be carried forward into the pi er 
,. 

e.nd distributed through bond and bearing by special devioea. Radial 

gates. with the trunnions downstream., a r e actually uneoonomiqally 

plaoed, the etrut frames being in oompr.eseion and the pins tending 

to put the pier concrete in tension. Lighter struts and simpler 

pier bearings could be used it the gate were reversed and the 

trunnions ?laced upstream • . However, no practical method of avoid­

ing serious drift and silt accumulation, preventing the operation 

of' radial gat e in the reversed position, ha.a yet been devi.eed. 

Anchorage may be olaasified into two general types. For 

gat es of emaller eizee installed tor canal etruoturee, the wall 

bracket type is commonly used . It is satisfactory ae long ae the 
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pin load ia small . However, for gates installed on spillways with 

several spans separated by piera, the design of anchorages and 

piers requires great care and due consideration of' t he relative 

elastic properties of steel and concrete . In t he past, aome ra ' ial 

gates have been supported on trunnion pins which extended through 

the anchorage members so t hat one comn1on pin aerved two gates . 

This is a costly arrangement as the shears and r:iomente for entire 

gate are carried by a solid steel f or gi ng coating several times as 

much par pound as ordinary structural steel . 

A si~ple box gir der built up of heavy plates welded toge­

t her will serve the same purpose much more effectively than a 

through pin and coat a fraction of t ne price of the solid shaft 

required for t hat design . The simplest form of anchorage consists 

of two rolled or built- up girder beams placed horizontally end 

welded to t he cross-girder . Thi e type should be adequate fo r all 

gates oD oderate size. The girders are placed so t hat at leas t 

8 i nches of concrete will cover t he steel nearest to t he face of 

t he piers . The cross- girder ma.y be run t hrough t he webs of the 

ano nor girders or any other adequate joint detail may be us ed . 

The anchor girders should extend oomewhat upa trea.rn rom the face 

of the gate and terminate in a heav horizontal anchor des i gned to 

ta!ce the entire anchorage tensi ~n i n bearing on t he pi er . I t 

st10uld be born in mi nd t hat f or t he oondi tion of one gate fully 

loaded with the adjacent gate rai sed, t here will be a aevera tor-

sion on t he f rame formed by t he cross and anchor uirders . ~o r 

t his conrl i tion, the tension in the near anc'1or !.>,'le. n i s approxt ate-

ly doubled over ite nor mal value. I t ia es~e'lt:ial , '.:. · r :z,, r e, t· ri.t 
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the framework be des i gned to ree1st both thie torsion plus the 

normal tension, and also all aide thrust, and that this ntrees be 

taken entirely on the steel itself' without dependence on the con­

crete of the pier in the immediate vicinity of the trunnion. 



3· ·-----------------------·-·-----= .... 

IV • . S.TRUOTURAL PRINOIPLES INVOLVED IN 

THE ANALYSIS AND DESIGN OF RADIAL GATE ~ VERTIOALLY FRAMED 

A vertically framed radial ge.t& consists of curved vertical 

ribs to support the skin plate, horizontal orose•girdere and side 

frames transfe:rring the thrust through the trunnion castings to 

the pier. 

A. Skin i'la.te. 

Skin .plate is dea:!.gned as continuous beatne with eaeh span 

equal to the epaoing between vertical ribs . For simplicity, the 

1 formula, M= 12 W b , is used, where "b" is the distance from 

center to center of vertiod ribs instead of measuring f rom flange 

to fle.nge as in Equs.tion (6) • . The required thickness of plate 

varies from top to bottom ~co.ording to- the intensity of pressure 

t~ obtain a bf;}tter distribution of et:rees. In practice, three or 

four ohangee in thickness of plate are not uncommon. When link 

or stud-link hoisting chain is used, 1t ie eeseritial that the skin 

plate be reinf'orq.ed a.l ong the line of cha.in contaoti. 

B. Vertical Ribs: 

The vertical ribs are usually angles or ohe.nnele, deter­

mined in spacing, by the desirable akin plate thicknees and the 

load to wh.ioh the plate is eubjeoted. 

The basic assumption is that the curved vertical ribs act 

ae beams simply supported by the horizontal arose girders . Al ­

though there is considerable rigid ity at the joints between the 

ribs and girders, yet they are not sufficiently restrained i n the 

usual design to aot ae arches. The str esses in the ribs actually 
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!., .,:;;.1hi De s:>mew'·1ere between t \.iat of s i mple beams and t he arches . 

"h::irefor , t"1e design in accordance with t he simply supported beam 

as£Juuption is not altogether exact , but it i s reasonably so, and ., 

of course , has the !Ilerit of bei ng conservative . 

oreover, since the radius of curvature of t he ribs is 

6ene rally quite large compared to t he depths of t he ribs t hem-

0elves , the increase in oornpressive stresses in bending caused by 

the curvature is usually so alight as to be diarei arded. 

·rhe same princi ple a.a used i n the design of side beams for 

horizontally f r amed gate, will also be applied here by placing 

the horizontal gi rders at suoh places t hat t he negative ffiOments 

at two aupporta will be equal in magnitude to t he positive moment 

at t he i n terior span. 

Let b = spacing between vertical ribs i n inches 

t hen Mmax. • ¼ U S 13 b : ¼ U ( 0 .• 3858 LR) 5 b 

= 0.575 LR} b {for two supports expressed in in-lb 

~ • !.L • 0
•575 LRJ b a 0 .0000~19 LRj b fs 18,ooo / •• • • (19) 

which 1a plotted as shown i n Fi gure 15, in Appendix I II. 

But for gates of larger size, t he use of two- strut side 

f r ames may not be rigid enough , because it has long cantilevered 

sections. In t his case t hree strut side frames will be preferable, 

and t he cantilevers at t he top of t he 5ate should be stiffened 

to reduce the stresses due to lateral deflection. 'rhe method 

of analysis f or vertical ribs when three- strut side f rames are 

used , has already been presented in Chapter III . For statically 

indeterminate continuous structures , t he method of moment di stri­

bution may provi de a precise solution with relatively simple 
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computations . 

o. Horizontal Oross-gi~. 

The horizontal cross-gir der may be of standard I - beam, 

built- up girder , or trues, depending upon the amount of water 

pressur e to which it is aubjeoted and the span of the gate. 

The horizontal girders, once the rib reactions have been 

determined I may ea.eily be analyzed e be8.llls simply supported by 

the stru-ta. In the ease where two horizontal girders are used, 

the reactions of the vertical r ibs may be found by the criterion 

developed in Ohapter III. 

1 2 Ru • o.4188 ( 2 u LR ) b 

RL - 0.6188 { ½ U ~
2

) b 
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The vertical ribs e.re . " spaced eo oloeely that these oonoentre.ted 

loads may be replaced by an equivalent unifQrm load without iritro­

duoing muhh error ; tha.t. ie 

Wu::: Ru/ b:; 0.4188 ( ½ U LR
2 

) = 12.6 ~ 2 lbe. per ft. 

w1 = R1/ b = o.6188 ( ½ u Lrt 2 
) = 19.6 l.a 

2 
lbs. per ft . 

Therefore, for the upper girder: 

1 2 l ·2 2 2 2 
Mu • a~uB x12= 8 12.6I'R B xl2 : l8.91il B in-lbs 

2 2 
Su = Mu/ f. 0 = 0.00105 LR B •••••••••••••••••••••(20) 

For th·. lower girder: 

ML == ½ \'11, a2 x 12 a ¼ 19 .6 l'R 
2 a2 

x 12 = 29 .4 1it 2 B2 

3l. =ML/ f 6 = 0.0016, LR
2 

B
2 

•••••••••••••••••••••(21) 

Equa.tioru(20) and {21) P.re plot,ted as shown i n Figure 16 

a.nd 17 respectively , in Appendix Ill. Experience hae shown that 

two horizontal girders should be ueed for gate height up to 25 



34 

feet, three girders, from 25 feet to ~5 feet; and four -or more 

for deeper gates. It ie desirable to keep the mumber of these 

frames at a minilmum to eimplity oonstruotion and faoilite.te paint­

ing and other ,malntenanoe • . 

The. plane of the arml' may be ewung inward from the pin to 

intersect the gate face approximately at t he outer fifth-points. 

The arrangement effects eonsiderable r eduction in the weight of 

the horizontal membere by converting them into one fixed a.nd t wo 

cantilever beams Qf equal bending moment and at the eame tiae 

l'emoves the arms fro:tn ice danger • . But the anchorage muat be de­

signed for the lateral thrust thus generated due to the eloping 

eide frames • . 

D. The principles involved in the d~eign of strute , pin bearings, 

and anchorages are the same ae for the horizontally framed radial 

gate . Hence it will not be r epeated here. 



, _______________________ ...;:;!35, 

V. CONCLUSIONS 

The individual factors which must be considered in the 

design of radial gate are (1) the proper radius of gate; (2) the 

hei ght of pin with respect to the total height of gate; c,> the 

hydrostatic pressure involved; (4) the hydrodynamic pressure 

involved; (5) the general type of framing to be used; and (6) the 

principles of design of the structural elements involved including 

the akin plate, the structural support for the skin plate, the 

side frames whioh permit rotation of the g~te, and the trunnion 

pins and anchorage which support the entire gate structure. 

Determination of the proper radius of gate and the height 

of pin are functions of the total height of the gate . Local cir­

cumstances peculiar to each gate installation play an important 

part in determining the proper values of these two quantities. 

A critical study of existing installations which have been proven 

most satisfactory show a very definite relationship -between the 

height of gate and each of these factors. The relations are 

presented graphically in Figure 1-a and 1-b. 

The necessary size and strength of the individual structural 

elements comprising the gate are depedent upon the hydrostatic 

pressures, the cydrodynamio pressures and the general type of 

framing to be used. They ar e also closely interrelated eo that 

no one element oan be designed without consideration of the other 

elements. The thickness of the skin plate is a function of the 

hydrostatic and hydrodynamic pressures and the spacing of the 

primary members. The relationship of these factors ie presented 
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i n Fi gur e 7• Size and strength of the primary members ie a func­

t ion of the hydraulic pr essures, the type of framing used, the 

wi dth of gate and the spa:oing between these members. The. relation­

ship of these fact ors is presented in Figure 9, 10, 15, 16, and 17. 

The s ize of side frames and trunnion ·pine ie a funotion of the 

hydraulic pressures and the height and width of the gate. The 

relationship of these faotore ie presented graphically in Figure 

12 and 1~. 

The graphically representations presented in the figures 

mentioned above make it possible to determine the ~ffeot of each 

of these factors involved in the problem upon al~ of the other 

factors. With these data, it is possible for the designer to 

approaoh each individual problem systematically, to make a .preli­

minary design for each of the two types of framing discussed in 

the thesis, to compare them am select the one beet suited to hia 

needs quickly and easily and with due ooneideration for all the 

pertinent factors. To illustrate the use of these charts, examples 

of their use in .design are presented in the Appendix II. 



A. Notations, 

APPEifDIX I 

tWTA'l'IONS AND tESIG.N DATA 

The symbols introduced i n t his paper are defined ae f'ollowa • 

b spacing between t he members supporting t he ski n 

plate in inches. 

B width of gate i n feet. 

C width of pin bracket in i nches. 

D diameter of pin in inches. 

f 9 allowable worki ng stresses in lb. per sq. in. 

F assumed r eaction of gate sill• O. ;76 W ( for full 

widt h of gate.) 

H height of gate or head i n f eet. 

LR length of arc for radius R, exprosaed in feet . 

P pin load i n pounds. 

R1, R2 reactions of arms. 

S section modulus in cubic inches. 

w unit weight of water• 62.4 pounds per cu . ft . 

¥ total water pressure acting on gate. 

Y height of' pin in feet. 

B. Design Data.. 

Skin plate 

Rolled sections 

bending 

bending 

llowable stress 

.......... . 

........... 

(lb./in~) 

18,000 

18 ,000 



Rolled aectione shear ••••••• 

allowable atrees 

2 
( lb./in. ) 

! • ( 8 1000 )
2 

(.h.)2 
t 

A 

with a maximum of 1,,000 

Pin (S. A. "' . 1045) bending •••• •••• • • •••• 2;, 750 

shear •••••••••••••• 14,000 

bearing on br onze bushing ; ,500 

Bracket tendon ···········~·· 14,000 

compress ion •••••••••••• 14 ,000 

shear •••••••••••• 10 ,000 

bearing ............... 14,000 

Cast steel castings •••••••••••• 10,000 

Anchor bolts ............. 6 , 000 

Bearing on concrete 0.25 f I c . .......... ·• .. 500 

Ar ms compress ion 

For axially load, co lumns with values of L/r 
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not greater t han 120 
L2 

•••••••• 17,000 - o.485 2 r 
Seal friction 40 lb. per foot of seal strip. 

~l.i nimu.m t hicknaea of face 'plate = 1" allowing g f or 
4 ' 16 

corrosion,. 



Oiven Data• 

APP £i'ID IX II 

EXAMPLES O D~SION 

i ght of 0 at0 • 20 feet 

nat.n or gato • 16 fe t 

A. Horizont~llz li';[~ed. 

1. ; kin Plate. 
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ff t • Uso --ft- skin plate, allowing "ii for corr don., t he effec-

tive t .1cknoee of ekin plate • .f, . 
2. Uo1:.ermins t.h ··p oin~ Between Horizon • ,l, Be~. 

31noe H • h e.d • a:,• 

!l'rom Ftg. l•a e.nd l • b, 

t hen, 

'l • h 1ght of pin • f- a • 't x 20 • 15 • 

it • r&diue to insid,e of skin plate 

. i Ill l 
25 5 

arc 81."l .l. 

' .!l 1. 
25 "' 5 

9 2 i;: e.ro · 1n 2 • ,6° 5;/ 
5 

• 91 + 9 2 • 48° 24 
1 



) 

LR • len,sth of are • & R 

• 48° 24'x rr x 25 • 21 . 121 • ~l ' • 1½11 

180 
Plot the profile of' gate :1nd uae r.iquatton (8). o r the chart s 

in ~i g. 7 in Appendix I!I ae a guide, dete i ne t~e moat deairablo 

arrangement tor horizontal beams, After several trials , the epao:-

i ng used, from bott..om t , top, are 21tt, 22°, 2~R. 24•, 25", 26•, 2e•, 
,2• respectively. '1'he bottom beam ie plae d 5 f 11

above the gate 

sU l to allow tbe rubber seal to be bolted to t ht bea.m, and the 

pan 0 ~ top portion is,,. 10 ¾"• 
.... ~ ....... n .... e .... e..,.J • ..,gn.,___o...,t _s_· 1...,z .... e .. e.......,t .... or_· _i....,10 ... ,r ... t .... z .... on .... t ... , ----· 

The wat.er he d a.ot1ng on t he cont r of be • 19. 581 

• l,66o lb. por ft . vidth 

Be 8pan from o. to v. at et.de beam • 16' ~ 1 ?1' • 14. 6 ' 

M1 * bending mo111ent due to wo.t r prHoure • ½ w L 2 

1 6L"' 4 .~ z II " a · :l l; ov X 1 e O X 12 • 5:51t000 ff 

The r e etion of gate sill • 0.0~76 W 

l . 2 
~ 0.0,76 ( i 6, X 21,12 ) 

H2 • bonding woinent due to d 11 r action 

; !- % 90, X 14.62 
JC 12 : lol,000 1\1 

Total moment • Ml + t 2 • :,,1 ,000 + 161,000 • 692,000 11/} 

Use 12WF 31, soot1on modulus furn1 1,hed • , 9.1i ini 

f .. :: .!i ... ~92,000:: 17,:vv\ < 18,000 }/in. 
"' (.1 .. ' ·.co l• • ~.., 

~;, .,17a. if' 

For o t her bea-ns, t"1e method or deei in ta juot t he aame . 

·-- -------------------------------· 



Henoc :it will IIOt be repeated here, 

A.aeu. e two- e.rm side frames are uaod., 

I f ~· f Ra I 1. .s, Sz "" .Sa~ 

I 
-.. 

, I 
~ ' ,, 

LA= 21 - 'z 

f' rom the cd t orion developed, in. Ohe.pte:r Ul s 

@1 ... .:" ,l 180 = 3. 15 X 180 • 18° 40 1 •it TT 2' X 7T 

. 2 . a2 l g() • 10. 40 X l~ • 2,0 47 1 -R 7f 25 TT 

e, . $!.l . l OO . • ,_g.~z X 18Q . ,o 55' 
R 1T 25 11 

rom !?.quation. (lo )J 

'., ax, • U si' 8 • 60 X 8. 15' X 16 • 519, 000 Ml} 

6ect1on modulus r eql.li red • 
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., t· d 1 ir d 5l9,000 · 28 8 in 5 i::: eO ion mo u u.s requ e • ~18,000 • • '! . 

Or by Fig. 10, for LR = 21.12 1 , B = 16', eo.me result is 

found . 

Use 8" X inplate ae flanges; and ft plate for web,. 

From Fi g., 18, the depth of s ide beam at the support • 2 1-1" 

X 
> 

X -
-- I 

,1\1 

s · I 

t=:::=::I~-J 
I • I 
i-- 8---, 

.. 

,•ind Ix-x i 

Flanges; 

Web: 

. 11 2 
2 JC 8 X t x(12 16) • 968 

l ... ....2, X 25) • 407 12..,. 16 

'" •••••• !* •••••• ' •• 
4 1375 in. 

' nection modulus furnished • · 106. 75 in. 

> f 8 . 8 in.! ·as · required. . 

· F • 0 . 0376 W • 503 If per ft. widt h of gate. 

• 50;5 x 8 • il024 ;/ for half' width of gate. 

Water load from bottom to t he center line of R2 

• f:I) X X 18.52; 21~12 X 2.57 = 24,580 # 

R2 = o. 6188 P = o. 6188 x 8 x l},330 = 66,24o # 

Aaxi:mum shear at R2 = R2 .. (4 ,024 .,.:. 24,580 ) = '57, 656 # 

The allowable s hear• web area x allowable unit s hearing 

stress ·• 'ii x 25 x 10,000 • 78 ,000 ? 57,636 ff,/in/ 

' 2i:;n V 2 
(Fo r !:. • ~: 80 • - 10,000 #/ i n . ) t ..2... '-;::-

16 

5. L• esign of Arms. 

P = total water pressure ac~i~g on aide oee.m 
2 2 = uL1a B = 60 x 21.f2 x ig = 107 o48 ¥ 

l 4~ 1 I 



.-1a t:'.le result is f oun d f rom Fi g . 12 f or :I • 20 1
, B • 161

• 

R1 = reaction of upper arm = o. 4185 P = 44,8}2 # 

R2 = · reaction of lower arm = 0 . 6188 P = 66,240 # 
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or economy des i ga , bracings are here u.eed in order to reduce 

t l-te unsupported length of t he arm. From ng. 18, t he un-

7" supported length of arm • 11 1-10 16• Since maximum ratio of 

L/r • 120, t he least radius of gyration of' 11 r 11 requi r ed 

• ll. j 7 X 12 • 1 19 in. 
120 • 

- L - 120 

The allowable compres sion stress , fc = 17,000 - 0 . 485 ( k )2 
r 

• 17 ,000 - o. 485 (120 )2 • 10,0,::> #/in? 

Area of arms requi r ed • 66, 240 • 6.60 i n . 2 
10 , 0 ,::> 

use 8 WF ,1 rolled sections , which give area • 9.12 in~ ; 

r • 2.01 11
• 

Se.me size of beam will be used fo r t e upper a.rm. 

6. Deeign of Pi n Bearings. 

The total water load acti ng on pin = P = 107 ,048 # 

From Equation {14) by usi ng O • 9 . 0 11 

D = _____ P __ : 

~,500 0 

From Equation (15); 

107 ,048 • ; .411 

),500 X 9. 00 

D • ; / l.~p ( 3 + O ). 
r,/ rr f' s 

: 4. 1" 

;n 
D = dia~eter of pin . • 5 4 will be uaed . 

From Fi g . 13, for D • 5 ¾" , C • 9.0 11
, the allowable pin load 

• l8l , OOO > 107,048 /f. 

t or details and method of connections , sea :Ci g. 18. 
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B • . Vertically frsed. 

1. Des\gn of Skin Plate. 

Assume three different thiekneeeee of plate are ue&d from 

top to bottom of the gate. Their arrangements and load diagram 

ueed in design are as shown in the following figure. 

1- ~--~~-'l 5 K1 N Ft 

8 ( J J. 5 J J 
I ,, I 
I-- 24 --I 

Load. Diagram 

Aesume the spacing between the vertical ribs suppor ting 

the skin plate ::: b = 24° 

For 7/16" skin plate: 

M = h w b2 -h (60 ~4Zl.12) X 242 = 417 "=If 

Section modulus furnished, allowing 1/16" for corrosion 

¼ t 2 = ¼ xci>2 : 0 .02,4 in~. 
417 

f 6 = 0.02'4 = 17,800 lbs. per sq. in. < 18,000 

For ~/8" skin plate: 

u L (60 X 14.52) 242 _ 290 n.JJ. 
"' = 12 144 X - 1r 

See. ;modl furnished = ¼ {'f6/ = 0.016~ in~. 

290 
f 8 = 0.016, = 17,000 lbe. per sq. in. < 18 ,000 

For 5/16" skin plates 

l 60 X 8.15 2 
M = i2 (· 144 ) x 24 ::

2 
16~.511#-

. 1 c-l+ -~ 4 Sec. mod. furnished= 6 4, = 0.010 2 
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t .•. _... 0 163•5 · ·15 100 lb 1 .. 0.01042 = .· ,. 8 • per eq •. · n. ..::. 18,000 

2. Design ot Vert:ical ~iys . 
X . . . . . - ¢. 

!\tax.= 0.575 Ln' b:::: 0.575 (21.12}_, x 24 = 1,0,000 "I 
1'° 000 . 7.22 ' Section modulus required:;= ra&oo • in• 

From Pig . 15, ~a.me results le also found. 

Uee 8 ( ll.5; S furnished = 8.1 in5 • . 

Oheok shear c . 

F = 0.0,76 W • ,o, lbB·. per foot width of gate 

R1:;:: 0.4188 X 1,,,00;: 5,604 lbe per foot width ot gate 

Ra= 0.6188 x 1,,,00.;;: 8280 lbs per foot widt h of' gate 

! 't\ 
\.u 

t--..53-i----s 2 
I • Rz. 

l • 4-,7/B.7 

I 
I 

, - 3 _561.3 

' 

' 'l ,0.40'---,----s, = a ., s ~ 
I R, 

~ I , ~ 9 2 . .3 

- 3 , 611.J 

~l!ea.r- Diagram 
. . $ 

. I 
I 
I 
I 
I 

( l' sp -1ng et beam) 

Ma:x:1.mum s}:leu toT yertioal ribs= 4,718.7 x 2:;:: 9,4~7.4 # 
. . 
9,4,7.4 ~ L · .· _ . Shear on web · = 0 •22 x 6.~7' . - Q, 750 lb.e per sq • . in. 

Fort= 6:~J~ : 29, the allQ:wable shearing stress is 

equal to 1,,000 lbe. per sq. in. which is greater than 6,750. 

, • . Del!!ign ot Elorit:ontd Orcss-gi!;der s. 

Lover girders: 



S.e found. 

Ver t ical ribe reaot ion = 8 ,280 X 2 == 16,5(,0 (l 
0 0 0 
co ~ 0 0 0 0 0 

IQ 

I\J I.O A 0 Q A 
0 N 

'°' Cl A co' co' 

a '- o'' ~ I- 8 ' - O 
,, 

0 
0 

t:i:J z'-o" = 16'-o " ~ '<t 8 
N \Si ' 
~ ' ~ 
\I) 

Maximum oment::: (66.240 - 8,280) x 8 - 1656(>{2>'4,'6) 

= 46;,680 • 198,720:: 264,960 '# 

Section modulu ·required = 2~A~ x l, = l 76 .6 1n'. 
Or from ? i g . 17, t or Ln • 21.12', .B • 16' • eame reeult. 

Use 21 WF 89 J S turnbhed • 182 . 8 1n5 • 

Shear on w b • ,52,96£ • 6•000 
< 1,,000 lbe. per sq.in ·. •557 X 18 

Opper girder, 

Vertical rib r action: 5,604 x 2 • 11,208 f 

Max. moment.:: (44 ,8~2 - ;.604) x 8 - 11.208(2 r 4 t 6) 

= 179,,28 *# 

Section rnodulu.e required:: 1:lfA~x 12 :;: 119.5 in'. 

which ie aleo found by meane of F!g • . 16. 

Uee 21 WP 6,s s furnished • 128.o in'. 

Sh b - '21228 : r:. lM < lit i!'f'l0 .J!,/i 2 . ear on we - 0.2~10 x 1s.·sa, "'' /V .,,,vw . rr n • 

'l'he dedgn or arms, ptn bearinge aM 'bracket re the eeme 

ae for the horizontally framed radi 1 gate • . 
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