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* Denver, Colorado, ‘Juiy 28, 1930,

MEMORANDUM TO. MR. K. B. KEENER o
TR E. Glover, T. T. HammetE; and C. W. Thomas)

uubaegt:: Report on vlbratlon studleo made at Black Canjun Dam
A - Bolse proJGcb from Larch ?O 19u9 thrnugh Aprl] 6
1909- :

_.Bsfefencas: Referance ;s made to the following mamoranda ‘and
letters-= e ‘ :

. 1;1. ‘Letter to cons tructlon englnear 80155 prog-
' uect M&rch 4 1939. _ S ) S

" 2;; Memuranda to ﬁr. “R.E. Giovéf'frbm T. F. Hams
omett, datad November]é, 1938 and November 22,
. 19&.}8’ Lk - .

‘iﬁemorandum to the Chief’ Desmgn ng Envlnoer s
.‘ ‘from ¥r, Glovcr under datc of ‘arch 14 1959.‘ e

42Menorandum to T.”:. Hhmmctt from. Mr. R. d.- f';f
.:IC1over datad Imrch 15 19u9.~-_ ¢ i

: o le . Introductioﬁ.‘ For sometlme there has been a pro--V
nounced v1brnt10n set up 8t Black Canyon.Dam geus ed by’ the Slut-
ter of tha aappe of water flowing over ‘the Spl lway: getes when

..~ thesse were held at certain pooltlons with respect to the’ lake ele—j‘.

;vatlon.: ile thlu vibretion has’ caussd- no noticeable: effect on
' the dam structure it has caused the doors aud‘w1ndows of the f
) _power plant and some” ne&rbv'bumldlngs to uhaku.l Yot

. It was the Uu*pose of thls trlp to Black Canvon D&m +0
~make as ‘complete an 1nvestlrntlon 85 90551ble ol these v;uratlons

';"‘:as Lo - frequenc ‘ amplltude the noss 1ble 1n;1uence .on- ths dam _ @”‘

+ structure, “and 1f possable to aetermlne ‘He cause- and to flnd somel
‘ means of preventlnr bhe flutter of tba nappa.q‘V, L qu

o It is cowmonly known thet althouvh bhe amﬂlltude of an A
1nduc1ng sinuscidel forcs on a structure may be small, if the fre-

'”'quency of this force' hes & value close to the natural frequency of "7

the structure 8 condltlon ol resonance mav be obtalned whlch 0ay -
.__cause hlgh dynamlc stres*es.;ﬁ;i e o '




BRI

Demver, ‘Colorado, July 26, 1839 -

o MEMGRANDUM 70" MR. K. B.zhEENER R
(R. E. Glover, T. F. Hammstt and‘c Wﬁ,Thomas)

Subgeot: Report on’ vibratlon studies made at Black Canvon Dam _ “
g . Boise, project 3from M&roh 20 l939 through Anrll 6 o
1939.- R R R S -

  ::Refarences- Referenua‘ls made to the follcwzng memoranda and

S 1etters:Q o : S .

.f51“ Lactar to oonstructlon englneer Boise proj-‘ ol

‘ ect March 4 1939 ' : u‘ y _-
Memora.nd.a to lir. R. B Glover :E‘rom T F.. Kam-
matt dnted Novemher14 1938 and Novnmber 22
19%8 e i o

B umorandum to the Ghlef Desmgnlng Englneer L

‘arﬁ,iqfrom Mra Glover under dute of Larch 14, 1939. L

Mhmorandum y i .,r. dammctt from Mr. R. E.
Glover datad March 15 19u9._

' l. Introductlon. For scmetlme there has baen a pro— : o
fnounced vlbratlon set-up-at Black Canynn Dam caused by “the flut-

- ter ol the nappe .of water flowang ‘over, the’ splllway gates when - .

.these were held:at certazn ‘positions with respect 0. the lake- ele;"

_Jil‘vatlon. “While this ‘vibration hag ceused no noticeable effect: ‘on .
- the dam: s‘bructure “dt'‘has caused “the " doors -and windows: of the

”fipowar plant and some nearbj bulldlngs to shake.v;g‘ﬁ

S It was the purpoae of thl 'tr;p to Black banyon Damwto'J
 maLe as complete an’ 1nﬁest1gatlon B ‘0551b13 of “these v1bratlans,

" -as o frequency, -amplitude, the possible influence on the dam i
structure, and 1f possible 46" determine- ‘the ‘cause ‘vd to f;nd some:{g"

[Q;means of preventlng the flutbe “Vf‘the nappe.:,

kS , It 15 cammnnly known thatralthough the amnlitude of an ;:5 '
'-‘1nduclng slnu501dal force on:a structure may “be small,_zf ‘the . fre-‘»‘d;-f;,
quency of. this’ force has:a velue close “Fothe: naturni frequeney of

._‘the structure, a oondltlon of reson&nce mav ‘be obbalnad whlch m&y ik
cause hlgh dynnmlc stressas.'_' . B _




s CAs the prqpossd des:.gna of the sp:.llway,.. at both Shasta. o
-_:and Grand :Coulee Dams are .of +the seme type as that constructed ot

Blaok Canyon Dam, “these studies may prove ol soms value. in deter—_ A
s 1min1ng what . a.llowance mist ‘be made to provide‘ji‘or 'bh:a pnss:.bil:l.'by

g 1n the demgn of these structuras.

égparatus used The mstru'mnts used in- this study,‘i s

were : dealgned An this oI‘I'me and in mostwoases construc'bad _in'ths
o ?.Huraau‘s me.oh:i.ne shop. Tl ‘

‘ 'L‘he i‘ollowa.ng is.a brici‘ descr:.ptiun of the" mstrumontsp
,used m mak:.ng "chese studlos‘ S R L p

: (B.) Oacillogra.ph.—-The osc::.llog;mph wh:l.ch ’a" oi‘ the Imddellj R

: _"type, wes" designed for the purpose of dbiaining & permanent record .

. sof the response of ‘the instruments used dn: ma.k:.ng the: vibratxon :
'studles. ‘This. J.natrument deflects e Light spot by | reflection

' ‘~_fi'rom 11 mzrror mounted ion the moving element of’ ol sensi'bive g;e.lv&-”}_' ‘

:vnometer, ‘across the light sensitive ‘surfmoe. of B moving £ilm'to’.

. produoce.the' records This .oscillogreph is pr'ovn.dad with 6. alaments_]l..

renging in . sens:.tlvu.ty from sbout 3 to 6 m:.ll:.amperes per inch dee '

" flection .om-the Tilm, and sach having & natural i’requency of a.bout e T
= HiZOO cycles par sacond w:.th a.‘ :.*gh degrae of dampmg‘ Lol -'

(b) Accelerometem.«-l‘hese mstrumen‘ts Were. deszgned to meas--

o -*'ure ‘accelerations in “the dam; Two sets of ‘oarbon piles-were"

__placed ineach accelerometar uni'b An’ such .8 ‘manner that the :Lnertin .
- foroes ‘get up by e relatlvely ‘heavy mass. under ‘bhe action of some "
.'.induclng foroe, :acts upon-the piles .and’ ‘the resul‘tmg cha.nge int

‘raustance -cen ‘be ~reeorded by “the . osc:.llograph.: hese :.nstrmnents'-_:"‘;’) ,:
- have & zw.tural frequenc,f of Aabout 20 cycles per econd -and’ are pro—‘:_—i L

‘vided - w:Lth 0l damping. i There were ‘three accelerometer ;elements

i provided, "These- "Were. arrangod to- measure wibration in'threc di- L

- rections;at: rlgn“c anglos; memely,; -in the’ transverso direction of -
“the :dam | Cup and downstream); in the: longrbud:.nal ‘direction’ (across
,-‘strea.m), and in’ the vort:x.ca dircetion. Thgso instrumonts werc "
Lo a1l callbratad by mco.ns ,of u sha.lcin" ‘}‘bable in, the mn.mmr 'doscri’o >d
“_'below.» R g ‘ ‘- I8 i

‘ (c) Presavre cells.-—Two"_,& 1I‘:E'eren't ‘t;y'pos oi‘ pressure cﬂlls
'{{;«were designed %o be wsed %o measur 2 'the amplitude and: i‘requencv
”V"lof the ;Lnducing force exert:ed on the rﬂﬂm by the 1utter wof “the

(1) Carbonupile pressure cell.:-—; \assure'cell

is referred to by this name becauss here - agein the prine- 5
c:.ple of B changa in reslstance 'm.th henge :i.n pressure e R




e

“,T ‘on a plle -of carbon 'd:.sks is amployed. The plle of ca.r-

~ ‘bon disks. was placed bereath a dia.phragm and ‘connected |

‘ electrma.lly ‘into '5;-;_.'br1.dge cireuit, using; the: osc:.llo-
~ ~graph ‘a5 a galva.nome'ber, in ‘sucha ma.tmer +that ‘any ,
- .change. in ‘pressure’ exer’hed ‘on’ Jahe dlaphra.gm oould au'bo-.f
: ,«mtlcally be' racorded. e Y .

(2) Mov:n.ng—-co:u.l pressure cell --Th:x.s mstﬁmen‘h L
o ‘f‘-._‘,wus deslgn-d ‘using the principle that a voltage is in- S
-7 duoed in e 0oil which moves in & magnetic Pield, A
7 coilowaes ‘fastened rn.g:n.dly toa diaphragm .and. arranged
ito move . in a strong magnet:.c field sét up by permenent . -
*;‘_Lmagnets.; Vara.a'b:,on in ‘pressure .on the dlaphmgm ceuses
i the coil to move in ‘this mognetic field.” This coil de

B cormected dlrect.LJ to an oscillograph element and the - -

Lo vesulting. current that flows csn thus be autometicslly = .0
- recorded. This iinstrument measures & variation in pres—';’*
“:sure which -is & function. of"bha frequency a.nd mnplltude L
of- uhe mducmg i‘oroe. ; SR . B

S 'AlJ. of these. :r.nstrwnents were des:.gned to be s.s pori:ablei}-‘“ g S
v ,i_-‘_»;e.s poss:.ble and st the same time. saz;sztz.ve anough ‘to be. operated i
S ,smulta.neously from a s:mgle 6-v01 storage ba’ctery.' G

3. Ca‘l:n.bratlon of mstruments.r Reference 1'3 made here'

o fhe memomndum to R. B. Glover ol November 14—., 1938 regard'-*
'*the calibratlon of these mstruments. S AT SISy

‘ The followmg is & bra.ef descrz.pt::.on;_of the procedure e
‘followed and: the reeults obtamed m calmbret:mg 'hhe 'VB.I‘:LO‘J.B :m- f‘_
struments- ‘ 2 L e ; g : ’

(a) Osca.llograph.--—The sen31t1v1ty of each 1emen'b of the:
' -osclllcgraph wes determined by meesuring: the amoun of current"
passing. through the element wh:.ch would produce i ' o
?fflectlon of 'l:he spm: of llght on. the;ﬁ i

(b) Accelerometer._ -t co: accel , war e
'-bra’ced by means.of a -shaking table *des:.gned in this: oi‘fice a.nd S
* “:shown in the p:.cturee on the. followmg ‘pages The shakmg motion R
is J.mpe.rted ta. “the: table by ameans of a ~rotat1ng eccen’cmc :mss.
o This mess is fastened. to ‘the ‘outer edge of &' disk revolvmr at'e
- "¥mown | speed. . The:frame :supporting this: revolv:.ng disk is- mgldly
fastensd to the pletform ol the “table. which'" is: supported on rol, lers.
The, deflection of the table is determined by meens .of ‘a scratch
! ge.ge -attached %o one edge .of ths' table and the amplitude of ‘the
‘ .;scrateh thus obtamed hemg' ncasured bymee.ns cf a*nlcmuccpe. The x-c- B




acceleroma‘be_r box) a.nd the spaad of “the d:,sk ca.rry:m heﬁ Bocen~ .
“strie weight, the acceleration’ produeed*can ‘easily ‘be alculated.'
“"Henoe -the. daflection of “the’ oscillograph ‘el ement ‘which- represents~‘

an -accoleration :of 0.1 fruv1ty can ‘be found. As the ghaking -

+able osclllates in but one’ dlractlon atin tima Cengh accelerul

.':Wometer unit ‘has to 'be calibrated ‘separately.,- To cailbrate the -

- wverticnl element, one ond of the table was suspéndad by moans of

' & spring and the. castors on the table blodked mo thet the’ only

- motion:was in the. vartlcal dlrsctlon. “hih.thls“set-up “the same

“‘1*procadure wns follcwed as for.: callbratlng tho horizontal unzts.

(c) Pressure cells.-—(l) Carbon-pile pressureacell.-nThe .
- oalibration ol ‘this instruméent involved simply . ‘submerg- -
Jing the mstrumen‘b ‘at various depths in-water when the -
.;u‘hlnstrumant was - comected Lo an - 0501llograph alement. ‘
+ ‘Thus noting “the ‘deflection produced at: various depthsy
-8 ourve :ooult be ‘drawn- to'iobtadn the amount of deflac— o
-“tlon or the osclllograph elament par foot of water. :

‘ (2) The mov1nvucoil pressure cell.--In order to
‘E»callbrate ‘this: 1nstrumant & 'sinusoidal’ prassure whose
-+amplitude and. frequency are‘known mnst ‘he applied 50~

“the. disk.. To-apply thls, “the shaying table was: Sus_‘:” ;.g_*:\

-3nended at one’end by & spring: Juut as for: calibrutlng"'
“the'vertical: aooeleromstar amit, The movlnr-ooll ‘cel
L WBs pl&ced on the teble with g known welght restlng t
the .center of the . diaphragm.: ‘Hence when the table wes:

“in ‘motiom, ‘the inertia .of. this welght woul dceuse the

‘ﬁ,edlaphragm to deflect:in- ‘and. .out,. -and the resultlng RN

u‘,.sxnusoidal current- producad Wes recorded by means . of
the. 0501llograph., From ‘the ‘constants of the. shaklng
~"teble, the weight on the_instrument end. dimensions of
. ‘the diaphragm, ‘the ‘deflection of . thls dlaphragm could -
" be. conputed.. The eqnlvulent water pressure necessa
‘o produce this.same .deflection was zaleulated and.
. ihence ‘the :deflection of ‘the. oscillograph element per:
“Efoot of‘water per ycl: ‘per second"ouldﬁbg;@dﬁnd'

(d) Summary of oallbratlon.--The follow1ng is A table
the results of the callbratln df_the Varlouo instrumenxs-




JInstrument o wuNo}VJ-kmﬁ Ju?',3 Gallbratian

S b.BO mmllmamperes pe rl" derlectlan
1400 .
B R e ORI N | TR K (R
- Oseillograph . - ) oa 12,98

S S connB BT

BB

Tt
£

“3._.O'inoh per.; O 1;”” "
e e T e e u‘::‘“:f,ﬁ,;Cosc.‘elem-ﬂ 0.0
- Aocelerameter- v ’ ?’0 9 1nch per 0.1 gravi
e D e e i dloscl, ielem,. Nod 2.
fl 6 1nch per 0.1’ gravaty
‘(osc, elam.; e . ;g‘f?

‘Carbon-pile pressure cell| No. 1 |1. 71 lncheb pe‘. foot qf srber /L
BRCEE SRRy S D (osc. elem- NQE*4) E

r"cgrbdﬁfﬁileﬁPr555319f5311§ﬁu3 !2;20.60 1noh per foot of wate ,ﬁ{jff.
' LI B R (osc. e]em. Nc. 4)

'Mbvihg-doil~pféssﬁre oell} :;.,QO 22 lnﬂh per foot of water per': R
BT P s I L e T I IR GyClB PGI‘ sec.ond (-OSG. 616111.‘ T

11 callbratlons are: g:ven for maxlmum san81t1V1ty of the 1n

- :struments and - osclllograph .elements &g’ “they were adausted ‘ot

~the time of celibration.  The accelerometer: uanits were call-,ﬁ
brated at a’ hattery voltage o* 4 vnlts and the ! oarbannplle e
pressure uell et 2 volbs o SR
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L 5. Arrangement of @pggratus andfmsthod ofgproceduraJ ””"
) *'l’he mportan’c data ’co be obte.med a.t the Black Oanyon Da.m were-t"'

‘ i tthe. natural frequency of
. Fdamrln the transverse dlreotlon (up and dcwnstream)A

| Hence'WIth thess polnts 3 nd the,lnstruments were ;
‘set up in. the follow1ngrmanner'wh1 h was belleved ‘to. hegth “begt

”"page‘nndmca“

'f;pcsltlon -af the 1nstruments as set up 1n thetflald :and. he method AL -

~qf 1dent1fy1ng the various: plers -and gates by numbers.
‘bers’ correspona to the msthod of 1dent1flcat10n used'&
,“{_Plﬂnto Ea . i E L

. R Slnoe all three gates 1n the sp11 wav system Bre 1den—” :
: “tlcal ‘and Tor all .practical- -purposes ‘the. flutter wes ﬁxmllar“mn*r'
Sall gatas ‘bhat gate .which. ‘could be. mnst*ea31ly operated and coi- .
trolled was chosen to ‘be: used for maklng ‘the -studies - of\tneﬁflut-
‘ter; namely, No. 1l gate. This was ithe conily; gate that ;couldbe . -

"ﬂ"}operated electrically from'bath the - :switchboaid in the power 1aﬁ£

- ‘and ‘'by’an ‘electrical control loocated in the sixth landing from the

topi of the No. 72" ‘pier stairway. The position:of.the orest.of this . .

"'ﬁu;gate could be re&d byimeans of a‘pointer -coupled. dlrectly‘to tne_§ '~“":%‘

;f:;marked in tenths of o foot on, the wall ofﬂthe pier: stal
© - ‘The, scale_;anaﬂ‘om 2482 50 feat the 1dw'3u po

'“‘;and the other ehd‘comlng up 1nto’{he pier‘and endlng*ln

“tube which 'was ‘fastened toa: scale mariced An feat; of'elevatloﬁ”

The dake elevetion could be checked by ‘the electrical zags. connec—,,5ﬁVV7‘

‘;‘ted to - ‘the" sw1tchboard “insthe’ powu pl&nt' "All lake: elevatlons
‘uhowevor, ‘given. An. the follow1n° ‘ages BT 8 read on;the dlrect

S ‘reading’ typa :gage 86t in . pler dq. /K11 elowations forthe gate ;QV"

- jand thc lake aro; glvenf'n feat abovc elovatlon 2400 00 feo~.*-*
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R :[‘he carbun-p:.le pressure cell was" r:.gldly fe.stened. wn.th 2
; scraws toe hold:l.ng plate -designed o be bolted to the wnder sa.d ‘
RS o 'l'.he overhang:.ng 1ip ‘on'‘the “drum pgate, Th:.s holdmg plate

then ‘festensd by means of & bolt'placed inan unused rivet *hol

‘.. in tthe skin iplate Torming ‘the overhanging Tip of ¥o. 1 drumgets,
about 16 feet Lrom ‘the No, ‘2 ‘pier,. . .The ‘leeds Hfrom-the cell wore -
x.kbrought along the: under ‘side of ‘the lip of the ga’co end “into the

| 4insids :of the No. 2 p:.er +o the osclllogmph and con‘brol ‘panel”

a2 placed on’ tha thlr'd 1and1ng (i‘rom the top) of 't:he pier stalnmy.

P Tha movmg—coll Dressure coll wa.s ;.u.stenadi B. vcry o _
sm_'l.ls.r mnnnor to No.‘ drum- gnte abeu" 16 i‘aet :m i‘rom p:.cr No. 1.;'

The nccelerometer box, conta.lnmg "he ".:hree a.ceelﬁ rom-,:? S
.eter un:.'l:s was -placed. :ms:.de .of plier o, 2 on the .second landmg
©iof £he stalrway. .- The box was leveled and solldly placed on “blocks

*“inisuch ‘e position’ hat No. 1- it would ‘memsure rvertical vie
. bmtlons,,?'iNo. ‘2 6lement: 1ong1tud1na1 (across atreﬁ ‘vibrations, -
. and No, '3 ;elemext ‘the transverse (up and. downstream) vn.bra‘clons. el
_~Leads:from this- were brought dovm to the thlrd 1and3_ng; to t‘ae S
: osc:.llogra.ph bom.‘ R T ST .
: g The pho‘bostnt of ‘bhe veneral nla.n of Black Ga.nyon Da.m
“and the *‘ollovnng p:.ctureg show the pos.ltmn of the--‘instrmneﬁ"bs
‘as. set up m the fleld. T .- S :

o Method of procedure . Mea.surement of . i‘lut‘ter e.nd. :
‘_dam accelerata.ons., ‘Each ‘instrument RLEE connec't d“ho an osc:.llo—-
: ‘,gmph eleme"it AAn ‘bhe folluwmg manner-’ ' -

Osc. Elam. No..- :iInstrumen’c :

i P ocalercmener um.t. Ho. .
i 3‘=Accelarome'her it Hoa: 2 (longrbi inal)
-, Timingweve 50,6 cycles/sec. ey ‘
e ‘.;Accelerometer un:x.t No..3 (tra.nsverse) .
© - ‘Carbon-pile ‘pressure oell Hoe 2
'-,"]-'.-.Movmg-cozll pressure' ell L

- Hence No, 5 and Iuo.”f:‘ elementu of ih ‘scill,.fgraph re—
: Nrded ths ampln.tudo and ﬁ-eq,uency .of the’ flutter ‘o the nappo: L
over ‘the gate, the Nos. 1, ‘2, and 4 plomants.- recorded eny. vwbmtlons B

inthe fdam, and “the ]‘Io. 3 element -r.hs outpu from ‘a tum.ng i‘ork used-' T

‘ -‘as B tn.mmg; wave..f

B , All mstrum.epts were i‘lrs't ad;usted-»to zero by observ:mg .
the’ llght dots on the- ground glass wof the. oscillograph. ~Afker - ;
.'bhese f:mal ad.;ustmmts were made ) run oould be s'ha.rted. Wlth
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\'uf“bhe 1ake previously aet a.'l: some pa.rtlcula:r elevation the No. 2

- +and o, '3 ‘gates were /st at positlons “to “keep the 1a1ca at ‘B’ :f'an.r—
L ly consta.nt eleve,tlan for any -one run. T R 5

i - The No. 1 igate ms 'bhen lowered and. the la.ke elavatlon
-cheol:ed by the gate gage. ‘When ‘the crest ‘of ‘the ‘gate was exau'b]y

. 'at lake 'elevation, it-wes found that this elcmtlon_zas read by the =
- gate ;gage 'did not chegk the lake ' ‘gago. It was ‘also Pound that the

| ..gate gage did not read ‘the :same when ‘the igate was be:‘mg lowered BE
“when ‘it was heing raised. Hence in ‘order to get 0 check on *l:his

‘:dlffarence ‘and in‘order %o ‘mike & correcticn .on the gate: elmm.tion, Eo

“it'wes ‘cheoked ‘a8 ‘clogely as poss:xble with the lake: elevnt:.on BE:

~ ‘remd by the lake gage for the .gate going - .down and ‘the' gate” cnming
Trupe dnm each woase, ‘the gate was lowered or raised sufficien'tIJ tor o
‘take out any slack in the gage when the direct:.on of 'i:he mot:.on of S
the ge.te WaE changed. o : e v

. i Thus ai‘ber obtammg; 't:he lake elemtlon by the crezst oi‘
‘the rate, ‘the gate was dlowered . slowly amtll the first flutter of ‘
‘the nappe ‘was perceptible :and ‘could be:seen on the: grmmd glass .of
~the osc:.llugraph. o This was de'l:arm.neu by “the two pressure slls . -
loecated .on the Aip of “the Zate, A ‘4t was dlfflcul'b to. stop ‘the
' ..ga.-ba exactly. at this point, it: g a.llowod tc . coast tom ‘Btop.. and
asrecord ‘taken, - The gate: élevation at the start of +4he flutter.
and et the points whers A record was: taken wWas’ raeorded. Ai“cer 8
‘“record .was taken «of ‘this. £irst position the gate wes. lowered at
about 0.2 of & ‘Toot' ‘intervals and records. teken at -eech point un~

CEilen ‘elevetion was reached et which the: flutter ‘ceasad. Len’c:.rely. L

2 This tend point ‘was recorded and “the’ va. 8- was then lowered B couple
- .of feet.-to ‘make .sure no further flu-bter would cocur: and; kalso o
' take the slack:out of the ge.'be gag;a ‘before" reversing the:direc
- :of metion. - With the gate. coming up’ the elevations ‘at the start -

‘ - /and :stop «of ‘the Llutter. were :recorded ‘as well .as & few points’ m

‘between ‘in.order ‘to got :some .check ion the regdings obtainad when .

.. ithe.gate was ‘being lowered. The gate was reised o the top and as

© it pessed through the lake level, the gate gage was recorded jn. or-

Q:der +to get- another’ check of the’ gate g;e,ge versus the- la.ce gage.‘ At

‘the end of each run the lake gage was agein recorded._ S e

The aocelarome’cer un:o.ts Wwere eonnec‘bed a'i: a.ll 'bimes dur»‘:f"' ‘

E ing the run to the .oscillograph dn . such & memmer that -eany movements' . ‘. e

-of “these instruments would: be recorded ulmultaneously alomr w:.th RN

: the preqsure cells.

: S The plcture shcmn ‘on- “the follow:.ng nage ::.s a_;..typ:.cal os="
ca,llogram obtamed from -one po:.nt n.n such Ly run. o ey S

Some general ramarl\s on the prcoedure mllowed and :

. the peffomaﬁce of‘the mstruments. In,ganami{ Fhe abovo proco-
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"'"”dure was followed for eneh ru.n. *Onerunwasmdaat ‘eadh of the G
‘ ~follawmg lake alamtlons: e e R T

At 19.ke el“vat::.on ‘ »BQ.OSf
o a 90412
S L R
CoeLLTe
81,80 e
L 9RGBO T
 93.65. "
98,69
\-94‘."501;_ S

o It Wlll be notedu that :gome very naa.rly dupl:.ce.te ims
~were :made, Thisis because some runs were 'spoiled by :such 'bhmgs
:as-wave action - con the’ lalfe, ‘wind ‘on the Jot .or’ 'beca.use ‘the" slack
‘in the gate was: not . taken care of properly. ‘Hence :some duplloata
‘runs ‘were mads et approx:l.ma*-ely the same lake eleva.t:.on :m order
gt bo ge’t a-check at: ‘these po:.n‘bs. L % ST :

2 It was «founa neoessary to :anrease the sens:.tlvity uf
‘ the mstnments -somewhat ‘in corder. “to get/reasonable deflectlons
. of the osclllograph elemen‘bs. “This: “WAS' vdone ‘by inereasing: ;bhe
- ‘battery voltage : -applied ito the bridge . cireuit of the - ce.rbon-plle :
“pressure cell :end. the': accelarovnater um.'t:s.- Henoe the applied volt-
age tothe. aarbon—-plle pressure’: :0ell was mcreased 10 | -about -4~ volts

:'Tf.‘and to- ‘the ‘accelercmeter units “to about 10 wolts: for 211 ‘rums, - ~The

x sens::bwrby 'of “the :moving~coil’ ;praessure oell: could ot be-oha.nged o
"AYY tthe - osc:.llograph ‘'elements, .except ‘the: ta.mmg slement were run;;

L ',on the most sensitive pos:.‘t::.on of- the control awitch.,;. S

e Due to the cool temperature oi‘ ?:t.he air 1t WaS: £a
A ‘?.the accelerometer un:.ts were - over-damped.‘ ‘That ‘is, ‘the v;.scosrby S

“’vr.uo‘f the '0il dn'the . dampmg :pots was. incressed -at these _Low*f-bempera

. -gtures fo ‘the lextent thet the units became NeTY sluggish. Hence

’ " ithe adjustment. on these’ damping pots .was -changed to’ give dess -
. Jdemping, The: mtural damping of ‘the instruments were :recorded aka
" ‘frequent - mtervals by gently - ‘tapping ‘the” -acoelerometer hox %‘and ob-'.. P

""?ta.mmg the resul{::r.ng nbratlon' £ the. :.nstrumen‘bs .on the.
LT graph fllm.‘- S e i e

BN Al‘though the pressur _I.zce, 5 seemed sens:Lt:ure senough to
‘u‘;ge‘t e good ‘record :of “the anpllt de and frequoncy ‘of. the ‘flutter: of

..the .nappe, ‘the acceleratlons he' desi‘were (so sllght that the =

'accelerometer units indicated no moficeable movemont in most casos.
g ‘However, occa.s:.onally the. um.ts,i_lndloa.ted :a pronounced - ibration -
“thet could not ke Telt. phys:.oally by the observers. '}.‘hese v1bra- L
%ions: apparently Were not .caused by the flutter of the: nappe BE
' they were not of the smne frequency and often oocurred when ‘noe




o flutter was preeent. : Calcula*hions, ,be.sed‘, on :bhe calzb:rat:.on of 3:‘::’”"‘
these mstruments, :show ‘that the maxmum e.ceeleratlon obeerved
wes. nn'b greater *bha:n 0.00S gravxty, Lt : . L

Although runs wers made ‘over: a,ake elevatlons ranging

ffrom a.beut 189,00 to 94,00 ‘this ‘did not" ‘cover. ‘the: ent:.re TEALS - over

- which - flutter a.ppa.rently,occurs. ‘However, thia ‘renge of lake @le- " '
ovations wes hm:l.ted by the water requ:.rements o0f “the powerhouse '

ang irrigation system which ‘had 4o - -operate ‘as normally ‘as poss:.--‘"":

.bles ‘Although reising the lake %o an. slevation of 194,00 thad. Lit-
_tle effsot on the- eparatlon ‘of -thie power plant and’ :Lx-rlga'l:lon sya-'

L f‘bem, it wes found: ‘unnecessery to g0 ‘beyond this point a5 the read- . SRS

‘ings indlce.ted that the flutter woulq ‘cease en't::.Ml,,r a.‘t th:.s pomt
' jregardless of‘ the pnsltlon of ﬁhe g;ate\. L -y i

At the lower lake elevatmn the' rendings st:n.ll showed Al

~ sllghﬁ mnge of leke 8levations ‘over. whlch flutter would probably

‘oceur, but'on extrapol‘.i.mg the curves it could be seen that the

o flutter would probably iceage: at a lake ‘€levation.-of ‘ebout ‘86, 5O L
' ifeet. Hence, ‘it vms -felt that by ob'balnmg ‘the’ runs between 89.00

:and. 194400, fda.ta. could ibe mb‘be.ined to .give suff:.clent 1nfoma‘b:.on

.abou'l' '{:he flu-l:'ber over' the Full range ‘et wh:Lch ‘it ocours.. ‘Binee
- lake elevatlon of 89.00 mterf.‘ered to some’ extent with norma.l

‘operatlng condltlons, 1t was: dec:.ded no'b *o igo belaw 'I:h:.s eleva.-b:.on." o

Mei:hod of _procedure in attenga“cmg to obte.:m the

ol the :damin the transverae dlreo- L

Although it is possible to make & rough caleulation of the:

- maburel transverse - ‘frequency -of a :dam .of. this size.and shape, “the
caleulations ‘become somewhat involved end m:.ght ‘give: somewhat M=
~certain results because ‘of probable -errors . in asswnptlons* o Henoe,
to ‘obtain this: flgure ag well ‘as ‘the &egree of damping’ “would

.. prove.of great: wvalue -in determ:.nmg the effect of the JLlutter on ‘
o the dam’ otructure BE" wel] as. to chec‘c computa‘cmns that mlght 'bei‘f‘ ‘

A method of str:.king; the dam 8 blow‘ ‘-‘:plc_cmg up. "Ghef'- R

"resultmg natural oeclllatlon “WaS: attempted._ A’c first n few: e
Ccords: were obtained of ‘the movement of the aecelerometer una.ts

causgad by ‘blasts .of .dynamite set' off ‘&t the: 'south :abutment “of - the
' dam. These shots were ‘being set off et f‘requent intervals by &

~crew of ‘workmen constructing a fish screen for- the <Depa.rtment of" e

Fisheries at the headworks: of the - .canal system, located at the " ‘
- south’ abutment of ‘the daur, By eooperatmg with them at times:
. when thoy were : abou't o ;shoot, ‘and employlng; 'S s;l,rstem wof signals
to time .the shot .so “that it cculd ‘be obteined on'the osclllograph o
~£ilm, it wes possrole to . obta*:.n 19 few récords which certainly :.n-___ )
-Gicated amovement of. the mstruments . However, the results oba
tamed were somawha't quest;tonuble- I‘:Lrst becuuse +hc tmnsvorse




' :E’requency Was. daslred a.nd the *shot i‘o ‘lcmred the 1ong1rhud:ma1 axzs
- ‘of the dam;. secnnd the - frequencles ‘obtained ‘wers. 50 closs. to the

L matural. freguency of the instruments themselves: thut a.t wag diffi- S

loult bo kel ‘whether or not ‘the ‘record indiceted -
. “the structure. s .,,"g‘ood pe.rt 'of the. force .o ‘the;
‘ ,;"bhrough the alr, z.t ‘is possible that. ‘the’ *result:x.ng conaussmn may
.. “have: ac'bually ac‘cad ‘on, ‘the acoelerometer box itselfl: causi‘ng GR
- instruments %o ‘give erronoous rssul'l:s rather: then actually pa.‘ck:mg
‘up vibrations: ’chrough the :dam, " 'These blasts conld o Tolt: very.

-:distinctly .and ‘the penel of the .080illograph box ‘could b seen-to _
" -defleect sl:.gh'bly ‘when “the bls.st went. off, mdlcating’ that possibly 2

8 ‘che accelerometer hox was also a!‘i‘ected by the a:.r concuss:mn. N

IIence a.n a.ttempt was made to el:nnmate a.ny of these pos-;j;‘f-:" e

. isible errors." Permission wes obtained to . shoot off some dynamite -

In the reservoir, This would strike & ‘blow on the dam which would ©
“be in the right dlraota.on and still would not be allowed to - travel L

'thz'ough the air ‘%o give .any erroneous results, ~In order ‘o he
.- more :certain of ‘striking the ifirst.mode ‘of vibration of the da.m
- the-blasts were set -of f about ‘800 fest’ upstream from tthe ‘dam, . - -

T ',Sevsral ‘ettempts were neoessary before & remsonable rleflectlon 'o.f

o ithe accelerometer un:l.‘bs aould be.: obta.lned. A the a.ccellerometar

."j,}f‘.-.unr!-s Were': ad;usted o g:r.vo;ma.xlnmm sensi iv::.
. .‘of ‘the blast was. incressed. until the ‘records - vory amsll.

:movement of ‘the’ J.nstrumants “itewes felt tha‘b o' possibia dmmgc

e . “to'the dam could rosult, Two records wero i:mally obtained when

At was found that 7 sticks of No, 30 pcwder placed atia depth of
" ..Bbout 12 fcet 800 foe‘b upstream from the dmn gs.ve re_asonable
’dci‘loct.;.on. S VR : S

B, Procedure followed An an e.'ctem‘t to reven"c Fiutk r

of na p e. From general observatlons .of the 'f
A% seemed ‘that:the logical caude’ of*: 'the flutter was a mat

air ‘demand ‘benenth the Jet. hence, an attemp'b wus ma.de toie e
~Ehis jet by spl:LLting it into o parts, ‘allowing @ir: “to” en‘ber at R

the xcenter (that is.at: the center 08 the n'ate between pie

: ;"_‘*well 88 at the ends._ 5

T e A 6- by“ B—-mch log, 6 .f‘ee*" 1ong was fastened ithe.
-m:dele oi‘ fa rope 'slung. between No. 1 and No, 2 plers ,-The log-
- was. lowered ‘in ssuch'a - ‘maxiner that it would floet nd dowme .
stream,’ Tha: Noo 1 gate was then lowersd %o ‘,‘ap.p‘ir;’;b_"-whEré-*i:hen

- was ebout 3. ‘inches .of water over ‘the gate and e very pronounced

o flutter WE'S presem:._ Then . the 1og wag allowed *o’ Tloet out . over
-~ the c:;;st ‘of the .gate.at the nldpc:mt ne‘cween ‘plers and ‘held on: -
", the'crest in such a: I’ashlor thet th aet wmas ‘broken” qulte promie:

: :nently ot ‘this pomt. The’ e.ccompa.n:,r:mg photogre.phs .oh the: Aollow=- "

Cing’ ‘pagos show the- posit:.on iof “the ‘log ‘and the opening. i'ormod dn

the jot, Records of 'bhe nressure oells and the "-hotogmphs of the" " 3
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IBRAT 10N STUDIES
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“'_]Gt Were 'baken both efore a.nd ai‘ter the 1og was-_*:ut i plaoe. srh i L
Asie second tmal the log Was moved ‘bo -8 pomt about nne-’ch:r.rd» T

., -‘of the d:.stance 'between ‘the two piers or:about 20 feet from ¥o. =

2 piers ‘Here 'agein revords end: photographs were ?aken to show

-the affact of aeratmg the get. L BRI

1 :

ST lO. Pho'bojgra_phs and mnv:ng p:.ctures taken. »;In 'l:he
’;hopas wof gett.’mg ‘a-'clearer ‘conception of the chara.cber of the.

. flutter ‘of ‘the nappe and also to facilitete in making further
g :-,;stuthes of. its eection, several photogmphs ‘and moving. ;p:.c'burss e e T
- -were teken, . The’ following ‘is an outline of ‘bhe pm‘cures ta.kan R

‘ ,*e.t Bla.ck Ca.nyon Dama }' 3

\ ,-'G-enere.l views of- dam and pmrrer pla:nt. \
Views ‘of No. 1 :and No, 2 ‘gates while i'lut-ber is present.’

%Y _.V:.ews ‘ofell thrae gates fluttermg, ‘To,e ‘1 60d" Ko, 20

. gates only, flu'b'bemng, and No. 1 ga‘be only, when flut-
L teringe
Views showing J.nstnmants a5 set up for measuraments. o

- Wiew: of log: brea.kmg; Jet on No. 1 ga.te a:b mdpo:.nt a.nd

one-th rd point.‘ i

o For- 9.11 movie 'shots tak:en ‘chere was 8 dupl:.oa’ce set of
b1 ‘pictures taken ‘et the same ‘time and place.: A record of’

~ these ‘films may . be fomm in. x,he f.‘:.les of the Bureau's hydraul:.c ’{

. [j,1abomtoxy,.

R A few oi‘ the photogmphs are . :mcluded a.t this poin‘b
-,shawmg; various mterestmg :ghots .of -bhe fTuttar of the .neppe -on -
,d:.fferant ga‘bes. ‘Some- :of these show Just wha"c takes place when
‘more ‘than' one gata is: dovm a.nd :‘.‘J.u'bter is prese:nt on . al_l the
,:gates. o : ‘ G G s : R

o8 All oscllflngmms a.nd data ob'ca.med":m the f:l.eld ani :
: -‘.*compu'bat:.ons nmde are flled in tha e.ma.lya:. :‘;secmon flles ;

e 11. Analysm of da.ta obta:r.ned Beiore any accumte
o curvas could be drawn, it was-necessary 1o make o correctlon of
" the readings for the elavat_on of “the .crest ‘of No. 1.drum gate. s
- As pom’ced out ‘before there was. apparm’cly L% ertam ‘amount or
. slack in‘the gate gage .and whem- ‘this ‘gage: ms_hcheckad a.gamst
. the lake’ gage the ‘twe did -nat e.gra Also _the direction .of" 't:he

- motlcm of the ‘gate whethor up *‘ own made @ differance. How-

- ever, by: to.k:mg ‘he .average of all Lhe ga'be _,eadings teken o
~‘check the gato goge: ngc.mst tho lakeu EOEO, WO, correctlon foce

L ‘tors were found, ono for the . gate bcmg lowcrod mnd iono for tho',,_v.-?. :
. goto being mlaed, These. corroet:.on i‘actora seemod to check vory. '

so.tlsi‘nctorily tmd rosultod J.n ob'ba.mmg mther smooth curvos.
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G In the followzng pagas curves have been drawn to shmw'l
tha varlatlons “inthe ‘amplitude ‘and’ freuuency of tbe flutter for
varlous gate and laLerelevutlons._;‘ o L :

_ "From. these curves it can'be Seen’ that it E00551ulc
'to obtaln & flutter of “the 'mappe ‘from 1dke elevatlons enging oo
~ from: about ‘87400 Teet to. 94,00 feet %gThe frequency of “tha: flut-.;ﬂ_-
- ter-over thlo range Wlll VBTY - from ‘o minimum: of about M. cycles '
*Lper seccnd to 18, 5 cycles per ‘second. ufThe dake. elevatlon et
o -which ‘the maximum TRNES - of gate 3051t10ns produclng flutter is
;'at about Sl.DO ﬂe@u. S ; ‘ . : BT ;

_ brom.tha curves show1ng the gate posltlons at whlch

the flutter started :and - atopped versus lslce ‘elevations, it can
‘ve :5een thet AS- the lake ‘elevation decreasas from about 94.00

feet the range -over ‘which flutter ‘occuns ‘increases. mp “to about
91,00 feet ‘and then beglns +£6 ‘décrease. ~Also ‘these sems curves.
ushuw that the flow ‘over. the gate when the flutter starts decrlasesi

w1th a vary thxn Jat of wator ovnr the gate. ﬂ

e The ‘ourve of prassure etsrted by the flutter TEeTsus.. the-“ {;
lake elevatlon indicetes ithet the meximum: pressure DGCHTS’&t

~ ‘about 92.00 feet leke elevatlon.:¢Thls maximum s nbout BT poﬁnds -5“

. persquare foot.- From Lhe.: shape of the. curve lt ssems, qulte cer= .
. tedin that ‘this is: the ﬂaﬁlmumrpressure thet ‘cen be e-pected as ‘the
. 'pressure drops cff very ‘rapidly e's the lake elevations at which nof ”

{“fluttnr will -oeour:are: aﬁﬂroached. Also it w1ll ‘be - notlced dhat

+the: curve: snszng.*he gate elevatlon ‘Bt which mesiimum . amplltude
of the Tlutter ‘occurs:versus 1ake clevatlon is m Stral“ht dine

_WmdﬂmﬂemwhwmhmeMWdﬁﬂmmumcMmmmbmmm
_“tho gatc 9051t10n and 1&Lo Plevatlcﬂ T : S L

S Results obtalned 1n‘at+e@pu to iﬁnd the nntural )
*frequencj :of dan.i Although/the records cbtained forrdetermmnlng

“the natural frequenc wof “the damﬁshow & distinct movement «0f the

structure there ‘is some uncartalnty as o Just ‘howr the~result—

" ing records might be: 1nuerpreted. Some of ‘the’ records obtained”
:1ndlcate 2% frequencv of - approx1matelv 25‘ fcles por ‘second, - how—
“ever, &5 this'figure is so close ‘to the matural freguency. :of ;the
‘;accelerometer unmts, tha rocprd s ‘somevhat confu81ng. ‘85111
~snother record secms 4o indicate “that possibly,-when the blast
‘went off, tho dam was -simply delflected s}ightly dowmstroan and

‘ _'then settlod bacg uO 1ts orlwlnal ooslmlonfand Ialled no osclllato.,_‘r'

Some movemean of'the acceleromﬁter unltb raeorded dur—

Cing f-u.ns mnde b0 obtain the frequency end emplitude of the flutter ‘i;?i"-f

‘ éof the aet show some extraneous v1bratlons Dresent Whlch seems to
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g ymdlca. e th&t these mey be caused bv the natuml v1brat10n of the
v dem, They definitely ere not related to ‘the flutter of :the. got
~‘Bnd-some - occurrad‘whlle 10 flutter WAL prasenh. But here again,.
~'the frequency of ‘this vxbration is ‘around ‘25 cycles per second
-and ‘close enough “to the natural’ frequency—of ‘the ‘instruments ‘to
‘be confu31ng._ ‘Some records show % markad heat note: superamposed
| upan-e fundamental - v:.bra.tlon which seems’ o be: the natural f""e-,_
- -guency ‘of "the. 1nstruments. kna1y31s ‘of this ‘bemt note mightbe
interpreted as a bmat between ths: natural frequencios of the dam
and ‘instruments, il the: dam wore v:LnratJ.nh ot its natural fro~
quency.  This interpretetion would give a i gure.- ifor themna*ural :
" :Erequency ‘of the .dam:of about 2&.8 :0ycles per second. Some rough '
. calculatlons were made: for the- netural: frequency by asnumjng the -
. .crogs- section of" the. dam’ to. bea wedge—shaned beam ﬂanﬁllevered SRR
" at.the base. These calculatmons give & ‘frequency of about 21 cy»”*‘ '
cles per second. - Hence, 1t'm1ght bo ooncluded that the natural
,‘frequancy cf the d&m is: somcwhere batwnon 20 and ?5 cycle% pcr
-,sccond ' . . ‘ o - . :

‘ 10.‘ Results of aaratlng the. ‘jet. Whan the det dg
‘7aerated at the- n1dpomnt between piers.as deacribad above and
fffshown 4n the acconpanylng plctLrBS, 1tzbecones apparent from
< the- 0301llograms ‘obtained of the action of ths. pressure calls
" :and ‘the .pictures obtainet *hai the’ flutter coases aliost Bﬂtl?ﬂ—;@
I In ordor to climinate any nossibls Qoubt 1:3:] to whether ors L
* not the ‘meration of the jet at this point ‘did.affoct the Lluttor,
‘the log was removed and tle Llutber roturned with. tho same inten< = -
sity as before the-log vmas pu* 3n-place. Upon: roplacmb the. log AU
. to break the’ jot; tho. fluttor stoppod, Whon the log-wes placcd. .
“to breok the jet at the ono—thlrg ‘point ‘&’ study of ‘tha p1cturcu‘A
 and osc1llogrmau obtalnod .shows that: tho two-thirds: portlon of i
.~ tho- jet :still contlnund to fluttor Whllﬁ tnn ono_tblrd ﬁcrtlun JQ;-
‘Rhan stOpprd.g"" SO e =

~Hence - it mlg?t be concludea that the cause of thu flut—
iter is. probﬂblv 8. questlcn of ‘8ir dewand beneath the jet and. thet”
proper deration’ beneath the jet: has a mazked effect dn reduclng ST
Or ellmlnatlng tha flutter.gg-;j : : : s

L ‘ ‘f*ié. P0551ble effect of Jﬂt flut ter on | strassas in the :
- '_ Gmnd Coulee an& Shnsta Danls. A 'T‘he follo‘:‘flﬂg as .blxﬁﬂtes WBI‘B Gal- “L
a~cu1ated oy Mr R.BS Glover nnd ohecked bj J Parmaklan- gﬂ"‘-"

‘ The mo3eimum . ampll ud@ of the preSQure varlatlon ob- TRy

fﬂserved beneath the overflowing jet’ ‘&t the Black Cenyon diversion
o “dam was 8.7 pounds per.;sgiare foot. The ‘stresaes at the dbeseof
. +the'. dam due-to this. ‘pressure anulzed as a static load on ‘the. ver—;g

-t1cal progectlor of +he r&lsed drum gabe &re A follows-,ﬂﬁ;“ e

ylg,ﬂ




Grand Coul ae :Da_m : 0.0255 5 f_::-lbi."' ’
R T T |
e 0w e

'*The flgure for Lhe Gmnd Coulee Dam J.s for elemtlon 850 and is: .l SOt

- estimated «on the basis of two 135" by . ZB—foot drum- gates acti:ng
- .on.a 500~foot. length 0f dem, The" ‘Shesta ‘drum .gates are 110 by -
‘ _:28—-.£‘:~st but :since the drum gate ‘cres: "occupa.es only 2} welativalyﬂ;f
- vsmill part:of the- “total crest length, ‘the . comnuta,tlons -are bosed:
'=upon B um.t longth of: dam nnd ‘drum ; gete. .;. e SRR EE

Tho qtresaeu ziven nb,ve wxll be ::.ncreased .'Lf”the ps-—‘ L
'_,:r:.cd of jot . Tlutter happens to comca.de wtith one of the natuml :
-.‘;‘frequencles of the .dam. Under *these ‘conditions resonance will

ioccur:and ‘the: maux imam ¢ e.mplltude w:.ll then depend"-.qpon‘__;j:he;‘amo'u:;'t;_,._"

rof mtural dampmg p esent

SR : Date. Tor. the present computa-tlcns ware obtained from
: ;,v:xbre. u:t.on measurements made. by the .U, 8, Const and.; Geodetlc ‘Sur-

‘'¥ey -on the ‘Baker River: ‘Daun in. Wa..shln['ton ‘the ‘Horris Dem ‘i Ga.l:n— ::";, e

- fornia, and from vibratioh measurements made by ithe nro,ject pere
- sannelon the intal:e ‘towers/at the Boulder' Dam. ~The “Interpreta~ -
-~ iom'of the da‘ca vms made in 4his office Aincall: cases. : The '
S analys:m oi‘ tha data vlolds trze followlng resu'l tv i

Damn J.ng

Ba;:e:'-“:'Rivér ‘Dam - '_' .:IV"i"/i‘G:bh' cr:.u'ical' S
Morris Dam = = " 1/9th oritieal
Bouldor lntako ’cowcrs 1/100'bh cr:.tx.cal

"’-“‘:‘:The i‘ac‘cor to. o.pply %o the st"tlc Tond stresscs to obtnm the :
imaximom stresses under dynamlr- ccndltlons 15 glvem b,; the simple.
fomula« R : N : e

S represents the ma:rmum SuI‘GSB under dynamc connﬂktions ‘
S represents ’che 8k riue -bo the maxlmm force applled'
258 ste.tlc load ' _ R

o represents 'che mtm"‘:of Lhe actual to the crrblc&lg{dampi._  _$ -...'




The cr1t1ca1 dammlnv is ‘the ledast: amouut of damping requlred

llcompletely ‘auppress ithe Lendencv of ‘the structurs +o oscillate.:[‘,:

‘The: multinllers.correspondlng t0 the Baker River -and Morris Danm_

. and the._ Boulder  intake tower: damplng rates are thorefore 8,0,

'f4 o, and 50.0 respectlvely, ‘and the correspondlng stresses are-:ff,ﬁ
Grand Coulee Dam 70.115 :1;’0 “@1 27 1b /m2

Sha.,ta Dam o 124 011,38 1 /:.n.z_‘w. .
‘;Thc upper flgure is: rcgarded as belng 1mprobable. :

Cee I makznr the &bove estlmate, the date obtalned at th*“
_?Blaok Ganyon Dam'were used wlthout nodification. It 'is probable ,
'?however, ifhat the! maxlmum.pressare fluctuation imder the Jet: w111
_incressc with sn increase in the size of the gate, The : Black
. Canyon drum gates are 64 Teet’ 1ong by 1445 feP“‘hlgh and -‘ars,
.‘therefore, approx:matelJ half as high as the. ‘Grand; Coulee and
‘Shaste pates, Any reasonnble: allowpnce for this factor‘would 5
‘however, hardly be’ sufflclent o make ‘the v1bratlon :stresses: as-» “
. sume 1mportance Trom a’ structurel or: suablllty standpomnt. ; :

3 o The relation betveen ﬁhe marlmum pressure and the.helg}
‘of “the ‘gete and ‘the influence of the gate" dimensions on the £l ut»
- oter: frequencv are; -as-vot, unkhown" and 1t viould, therefore add - o
,greatlv %0 the value of the present data 1f me&surements onsgates,
j‘cf other dlmen51ons could be obtamed° g Ol :

The estlmated natural frequenclus for 1‘he Grand Goulae
ﬁqhasta and Black Canyon Dams are:

_HDamn ‘7” L Ia+ural Frequencv L

sGrnnd;Couléejf"' PR 7 cjcles

S}asta j'u';‘ Uk 4 1 cvc1€s
. e SR SBCQ

Black Can;on % 20 1‘_%¥§%E§;7 ‘

:15. Some general remarks as to Lhe probable caube of
the Jeb flut ter ‘a5’ concluded from observat;on made at lagk.gan—_ E
yon Daﬂ and varlous nthar almllar structureq-_u T

Although v;bratlon of the ovnrfalllnn sheot of water fram
drum‘gates and weirs has becn “Otﬁd,_l_Lﬁle‘éﬁ known Jngregand~,,s




The cr1tlca1 damplnm is the least amount of damplng requ*red to
-;complately supnress +the Lendencv of the- ntructure fivle) osclllata.

~ The multipliers corresponding to ‘the Baker River end Morris Dems.
and the Boulder -intal:e’ tower,dumplng rates are thersfore BeOy
44 5, and 50.0 respectlvaly,{ann t 8. correspondlng stresses are-;

Grand Coulee Dam

" Shasta Dam o 1?4 ®o. 1.08 1b /:.n. S

N ':(QThe upper flgure is regardea as belnv improbable. .

ML In maxlnb the abcve estuﬂate, the-data obtalned at the'Qj‘f
_?Black ‘Canyon -Dam. vere used without rodification. It s probable,

< “however, -that the imaximum pressure fluctuatlon ‘nder the ‘jet will
fflncraasc with an increase in- the size of the pate.‘ ‘The Bluck
".Cenyon ‘drum: ‘gotes are 64 Teet’ long by l4.u Tert t high:and srs,
{Atherefore, -appro- 1mately half as highas the Grand Coulee: and
‘Shasta’, gates, /Any reasonable lowance ior this, factor*would ‘
‘however, hardly be suf¢1clenr to‘ﬁake The! v1bratlon stresse 'as-,‘w

;7  i;sume 1mportance*¢rom 8 structural o: tablllty standpolntf"_

. The relptlon bstween uhe muxlmum vressure and,the helght”
Lof the gate and the influence of “the gate: dlmen51ons on “the flut-
ter-frequency are, a8 vet unLnown and At WOuld, therefore, add
greatly to the value of the .present data if measurements on vates
of o*her dlmen51on% could be obtalned S

_ Tne est]ﬂateu n&twral frOQUGnClQb for the ;rand Goulae,
'Qhasta, and Black CanJon Dams arer P

’Damﬂ1j=jqff Hatural rrequencv : ¢f

GrdnE‘CSuiéé f;i;ﬁﬁ_4;7;'cjcles
T T e o ~58C..

fShaS§a‘”_7_‘[. 4 _cyeles
:Blﬁckycﬁnybh‘V'

'15 Soﬁe reneral remarks ‘BS to Lhe nrobaole couse of
the JSu flubter as concluded Ffrom observation made at Black Can-‘
yon Da. and varlous other 91m’1°r structures- SR : o
, Although Vlb!'a‘l.lon of the ovari‘al lln‘*‘ snee‘L of we'{:er fro*n
drum ga*es and we1rs=has been poted 11t¢1e is. Lnawn 1a rerard




to the nechanlcs of the phenomﬂnon or’ the ‘eauses.- PﬂucltJ of L
"dat& cancernlng the subjeet 'forbids broed conclucions but CeT=. .
“tain deductions may be drevm Trom the. observatlons that have

‘- ‘been medey {1) The vibrotion it confined to ‘the’ overfalllng

. .sheet .of weter.  Only one instance of & structure vibreting as g"ﬂ;
g ‘result of the ‘condition hes been reporteds (2) the wibration =
'.may occur w1th /2 numbetr of comblnntlonq of drumygata slevatmons P
crvand haads over “the gate-’(&) the v1brntlon is’ caused by an in- :
[;sufflclent nlr supply to tha under slae of the Jet.;~nu‘ i

'Whlle tests were balnv conducned an‘a sect1ona3 model uf

the Granﬁ Coulee crest and piers.a v1bratlon of the aet was noted
“at low flows when the gate was raised 86 Dercent of dts’ totalg, :
1ift, It was ‘concluded thot the’ pressura fluctuatlon wes due
f:to the alternnte seallng -and’ breaklng of the - jets Bt ‘the ‘back
~ofthe.pier,:; Thls conc]us1on was" very probably 1nlluenced by -
- the fact ‘that the jet: fldwed ‘over the ‘baclks - cf the plera whenﬁV P

“the gates were 2t high’ elevntlcns and the reservoir level waSa--“-"'
“normsl, thus cau51ng the' region umder the flow to be sesled
:.from atmospherlc pressurs as ¢ap be nobed in the Iolldwxng ‘
photograph. = The" overfalllng water evacuatad the air and. the
‘pressure ander the. jet: wes reduced to the ‘extent *hat the flow .
.was drawn back against the gote and the, level .of the’ waﬁe‘”Un-
der. the 3et was rw1sed.. The model tests 1ndlcated that some-
provision - should be made to admit alr to- ‘the under side of the o
spillwey jets when the gates opevafe “in’theo upper. reglcn of th01r
‘travel, " Instellation of eir vents in the sides of ‘the’ piers. on,

the model - ollnlnated ‘the vibration: end recommend&tlons Were: made¢f_f~¢'
".'thet’ sueh vents be installed in the prototype. (See ‘memorandum
to J. Ee Whruock by J. W Bali;. dated July 7, ‘1938, Model Btud- 7

mf«les Concernlng ‘the, Aeratlon of the Lrand Coulee Drum Gates Ve
Durlng the 1837 flooa over the splllway at korrls Dam, vz-:
" bration of ‘the jebs from dll ‘three drum gates.was noted for: ’

‘”;‘sevcra; Fflow conditions, - Ir the report "Perfornance of Morris: B
Stilling Basin During 1937 Flood®; Mr. G, H. Hickox shates rela—‘A,.;

" tive to the vibration "Ror smell dlsch&rges up to ;5,000 oubie

 rfect per second, waves ogcurred .on the face of the splllway —

- The-wavas appeared ‘to be caused: by vibration of the sheet of ..
water felling over the gata. THls;VLbrablon ‘of “the. Anppe - does

 not show in the photographs ‘but mey be seen clearly in the motion .

-"plctures. ‘It -wes thought the v1bratlon mlght be: due to ar 1nsuf-*‘ 

‘ ficient supply of:air to the .under-side of the. napne._ Flgure 8"
shows debrls lodged ori ‘the crest of: mate 1y caasxng a large opena
“ingdn the ‘nappe and. al]owmng free access of air. The vibretion
~of the nappe and. the formetion of waves was not’ prevented M "‘f
S Apain in the Summary ‘and  Conclusions of the 'same report,” T
'Qm.chko? states "At low dlscharges and w1th wate“ flow1ng over bhe




“ra:.sed drum gates wavea ex:tst on the face af 'bhe spnllway. "‘he;gr

- are caused by va.brat:.on of the neppe &5 it feﬂls over the pate ..
“to'the crestof the dam, . The-. vibretion of the" ne.ppe is: "apparen'b—
1y not due to e leck of- a:Lr ‘Bupply benea—bh 1t. “The!true cause :.s
‘not knovm."" The motion” ‘pictures’ refeorred +o. by Mry mkox Wer’s i

" loahed 'bo T,h:.s ai‘flce for reviews The mbratlon of': 'bhe ;Jets ov.a;.,

i the.drum': gatos wa5 very moticcablo for ‘the low: flows “Thoidate. -

u\'ccntamed ‘in the ‘Toport ‘by.Mr. Hickox' show that ‘the: v:fbrat;uon ot
‘curred when ‘the gatos were from 50~ to T0=paroent ‘ralsod end, the:.'j" S

hond wes: ‘betivoen. 1. ‘and 3 foot. Flow condltions Tor the. gate S
- roised 6241 ‘poroent and 1,7- foot hoad on tho gato are ehown':on‘ S
~.the: followlng po.r'c. " ‘o e e R )

. There w&s a very not oeable v:LbraT;:Lon of.the nr.a.ppe I‘rom 'hhe
. 12-foot: mea.surmg weir at the: ’I[on’cr-ose laboratory. Offsety in-
“the sides ‘of the flume - do?rnstream from the weir, prov1ded aera‘blnn i
of the Jet at all Tlows, The vn.brs.t:.on WR'S apparent :{'or hae.da B
from approxmately one-tenth" to "‘Wo—tenths of a foots ‘ -For hlgher
heeds there was.no . -apparent va.bratlon.- ‘The’ movement wes ponfived -
to the- jot of water flowing over the weir and no Burge 40 “the #p- "~

. ‘proach. channeél or vibration of the verticel stoel plate’an angle

f”ri‘ommg tho weir wos. noted.; Fo measu*'emonts oi‘ wnpl:.tude or ;i‘rs-
. quency are avallable.- R :

Ehgmeer J. B W’xmoclr oi‘ thls off:.oe reports -obsenrmg vx-—
“:bratlon ‘of the neppes from the Tovable weirs on thecrest .of a:
dem BLross’ Cecw.r River at Cadar Rap_v.ds Iowa. The erests of. -
these weirs were at different elevatii ons. The: frequency of the J
" vibration was. ‘observed to be less for ‘the Wnlrs Jhaving the rr'reat—
er head,  In some instancos ‘the et over the weir vms. separated
by debris *odged .on“the crest hut vz.bratl on was present in some
-cases even with a very short: length of free. crest. Photographs

; of the vibram.on are s.wwn on’ the follovung pagc;

. Mr. T C Bu"ler Jr.,‘hydraullc enfrlneer ior Pmnona Pumu

' -‘Gonpanv relatee: an mcldent regarding.a noveble. crest ‘dam, When
this: - dam was put in oper&t:.on the vibration of the, ‘nanpe. was:

. 5eVeTe, cousing much- noise and. vn.bra.t:.on‘of the struc‘ture.. Af‘ter
completlng plans for'revision of the dam the trouble was elimie ;i
‘ neted by chaining logs to the’ orest. to bresi: l‘,he,‘mJe'L,‘ @hus..‘.e.‘llowéf*jg
~ing aera.t:,on o.{ the under s:Lde of‘ ‘the napﬂe.“_ R

. Wh:.le v:.bratlon of the nB.Dpe na.s been observed on cert:ain A
structures as discussed’ above, thare have. been several s.m:u.lar L

-J;structures from which nhorc h&.> ,baen 70 “report of “this. phenomenon.‘

The drum gates at. ‘Bleick Canyon Dam, . Ea.;ton Dam, - and Guernsey. Dam
“ere all 84 foot by 14,5 fock in sllgh’blv c.Lf‘i‘cmnt settings, Va.e-w'v
‘bration of tho jots. is cvidont et Black: Crmyon Dain for ccrtam o
ilows but at ..Jas ton, and” Guomscy Deuns Tnore ls no. renort of v:n.v-




FLOW OVER BACK OF PIER - 1:40 MODEL OF
GRAWD COULZE SPILLVAY CREST

DISCHARGE Ok 2,000 SECOID.IEE! OVER NORRIS DAM SPILIMAY
KESERVOIN ELEVATION 1030.4 - GATE CREST ELEVATION 1028,7
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bration et eny time, A% Baston Dam the ‘under side of the jot Ly
‘is ;sealed ‘from-atmospheric pressure ‘far low flows, with the gate. ~
‘campletely ‘raised, ‘dus’to the .spread of the jet ‘over ths backs
of the 'end plers. . This may bo lseen’in the cacoompenying photom | .
grapha - fhe Tact 'that water is raised'Dotwoon tho ‘Jot and ‘the el
drum geise -shows ‘that e -nogativo pressure oxists in that rogion, .

."The ribbed appearancoof tho. upper ‘surface :of ‘the jot is'also. -

~ ‘indicative ‘of :a low pressurc ‘wider ‘tho mappec, No wibration of
“the 'jot-hes beon roported.  Vibraticn might ‘rosult if ‘the geto -

~wero .oparatod et the. intormediate ‘elovetions with emall 'hoads
‘ovor “the orost;  Howevor, sinco ‘Beston is ‘s divérsion dam, the '

. reservoir is mainteined ;ot maximum elevation except during the-

-rwinter -months ‘when 'the Jake is drained, , No: vibration of ~the .

Jjots from the drum getos at:Guorsey Dam thas ‘boen ‘reportods, .

This may again’be duo to operating conditions but since tho = -

gatos have been in operation for:over ‘ten years ‘it'secems logical.

‘thet if vibration woreipresdnt it would have ‘been . roported somo
tino during thet poriod, L oo oo

©.- The drum getes at Norris Domare 100~ by 14 feetiand the'

‘Jets vibrate, while at Madden 'Dam no- vibrati on has;been reportad

on “the '100~ by 18-Toot ~drum gates, - Oporeting cemditions ot Mad-

‘der. Dam are ‘such 'that the gates may nat ‘have ‘been-operated in. .
~the reglon where vibrationwould occur. . A negative pregsure iun.
~-der :the jet -at hhddehf:ﬂn;im,_‘;ai.f'nb;mting‘-ij:‘pff»?B:]_"-in'clfé.'g'a_s-‘\’oi‘“%‘m_e_r,él}ir‘:,r_; 06 -

. jeurred- just as the gete was being raised from the seat on-the
~ ‘crest, No other:negative pressurs was ‘reported, No yibration' -

-of ‘the jets from the 65~ by B-Loot «drum .getes .at “Tieton Dam has: .
- been reported.  The under side.of the “jet is sealed:fromigtmos. =~

‘pheric pressure at low flows with the géte «completely raised &

‘can D¢ seen in ‘the accompanying photograph. . This wcondition’

- causes the Jots to strike ‘the .face of the spillwey &t ‘the base
- wof :the  gaves resulting in:a heavy spray. If the jetswere - 7
aerated at the ~low:flows the spray conditions would ‘be relieved =

... Further study ‘is mecessary ‘o determiné the mechamics of _
- .. 'the vibration-and:its;causes, ‘The .data ‘collected to date dndie
oo cabe +thet the vibration 'is confined » o the .overflowing sheet of .~
~weter.and that there is-no vibration of the drun gates. The =
. major ventributing cause s Ansufficient seration of ‘the jet,
- In regard ito-the -mechanics’ of the wibration, there must be:un~ = -
- “balenced (forces moting an'the jet Lo start the .phenomencn, . The . -
. .region ‘between the drum gate and the. overfalling .sheat .of weter -
o Ais.in‘a sense an air conduit. ‘Air flewing -into.this jconduit et
:,tha:ehdshgf:theggateais;absdthsd;byﬁthefjotmj:Singeaﬁhé}gpﬁp;peyf
“bdon . of air by ‘the jet is'notiat e constant rate, L3uctuetions
‘in tho velocity of tho air 'xp&ds‘i.\ng_i:hrnugh ‘:;the,cgr‘idu‘it‘j,‘_xﬂasul.;jb“"‘ e
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~in changes in pressurs, These changes “in pressure ‘unbelence the

natural flow ovar :the Llipiof the gete and an oscillation results. =
~“Once the, oseillation’ has ‘been started, ‘emall forces aoting on the 1‘

Jet will maintein it in motion. In long gate installntions s ©
‘¢preusuré*belqw;atmnsphef;cqﬂust}exist?negr(the,centehng?theggqtet_

rsin:qrdérjthdﬁ;a}fldwpaftairﬁrram-thedands;or&thexgdte_mayibe;ma;n;\;j”'

tained, - The vibration may result from unbalanced ‘forces caused. =
by "this low pressure pn[thq'undergside;dfﬂthé;”at;ncarﬁthqaqpntbr R

_ of the gate, Forcas moting om the jot as ‘%% leaves the lip.of i o
. thesgate.are:  (1).4 force -duc ‘to the forward momontum of Bhe o T
wotor and, (2) gravitational force: acting dowrmurd. ' Tho resul- =~ ° .o

" ‘Canyon' tests as discussed in paragraph 13

- tant {of.’f:the_s e forces 'is iin'en-obliquo ~direction downwerd,  'The. .

forward manentun and “the .force of Eravity both remein constant’ - . -

: for given flow conditions, ‘The water, ‘due to its initial veleocis

‘ty[in'thevfdrward,dirgctidﬁ;}fdllowsua;pﬁrabolic;pathqtoﬂtheﬁfacé‘& “’“

" .of ‘the dam, If ‘the: pressure uder ‘the jet is lowersd, atmospheric
- ‘pressure.will act on the -upper.surface 'end ‘bend the jot from its
_mormal parabola toward ‘the. drum ‘gate. The force ‘added by the at-
~mosphere will ‘move: tho resultant Lorce down, ‘At the same time
“the decreased pressure under the nenpe will result ‘in e groater
. velocity of air eéntering.ab the ends’'of the gate and the addi.  °
o _#iggal;gﬁantityfof;énterihg1&1?.ﬁill‘thgn;dlldw?thejjetiﬁdfra#[ﬁﬁm _
j[jturnrtqfitS{ncrmal,pdsiticn.#”Thefinertiﬁ;bf;ﬁha;jé%_pfobably,'ﬂ"“"
earries it siightly above the normal ‘parabola frem whence it = - .
- falls to-its natural position and the ‘cycle 'is repedted. . This . . .
" .explanation is exemplifiied by ‘the -observetion that the amplitude E
of ‘the wvibration is greates% near the center of the .gate .and les-.

\sens;tb“thcAektoﬁtjthatgit;isﬁvakyﬂslight%atﬁthéféndsfcf,tha\ggtb;jf;:5@"

. for some conditions of flov. A further -check .onthis theory. ~.° .
might be had by making pitot tube ‘readings to abbtain tho velocity L
.- ofthe airias it onters at the cnds of tho. gate and“tho decrease =
. in'volocity as the -conter-of -bhe gate is réachod, @ - o

..+ The conciusion thet the vibration of the jet is onused by -an
- insufficient air supply ‘on the under gide is contrary toMr,
 Hiokox's .atatement.. ‘However, +the oxample . cited by him shows the = =
~‘debris lodged:app roximetely -20-feet ‘from the right ‘end of ‘the :
‘-gate, Il the jot is considered “to .be woll separnted at this point -
‘there would bo B0 foct of .gate ‘in one seotion and 20 fect in enoth~

.er, The:80-Toot sschion would'be of such @ length that the epen-i '

’7'”ing5fatéeaéhwdnd"nf-thé:secticn,ﬁouldgnot,bc;gfégt;enoughﬁtoﬁaﬁpé“-
. ply:sufficient eir to tho'unger #ido end hence would :not ‘conso’ ko
gtvibraté;ffA#SimilatwpitbuﬁstgnuejwaSﬂdemonstrgfedyduringwtheﬂBl@bkgi
Ay dis | o Conesidering this din- ..
ccident, “the length of the’'gate. .appears to be & factor :contributing -
;tbkthe.v;b;ﬁtion;j&Anotﬁer:contriﬁutiqg;:aqtdrwhpﬁeérs;xoﬁbewthe;f :
gate setting, It j*i.:ii_".l_‘ogiC&l"'i‘b'q.-?as‘smi.e..._that.-j:he"shbfp'e of the piers =

oo




et the ends ofithe " ga.te “the confomat:.cn of the gate, ‘ahe dovm-‘ .

,a'brea.m :slope of ‘the dam’ ‘below the gate, ‘and similar. mctors 2

o wouild govern the:air: supply to! ‘the und.er a:.de of‘ 'bhe nappe and
V,hence Wculd e.fi‘em: 'I:he vibra‘bion. o

o m cons:.deri.ng means of aera‘cmg -the jevs from drum ,a_:,a-bes ey
‘ _fto elimiuate ‘the- vi'brat:.on, ‘gome ‘of the" prevxous aonclusions
' -‘should ba reconmdered.‘ Accordmg to; more neaent. obsemtlons,
“the: provosed wvents in the piérs for: cl:unmating; uhG_Vlbmt:Lon
iwould not ‘be.effeotive for long: ‘gates and’ probn.bly "would not
*relieve the candition on mcd:.wu—lengl.h [rataa. :

_ Heo.d over’ the drum ga’be plc‘b‘ced au;a.mst the amoun'b 't:he gtw.teif-“f :
CWASs m:.sed ‘in percent: of ‘the total raise. for. Blaok: Canyon ; ‘Dem,
. Norrls ‘Dam, and the 1 to 40 model :¢f Grend Coulee: Dam.ig rshowm

-on the i‘ollmvmg page. The vn.bmtlcn of 'the- ;qet ‘gt Bimck Ca.nvoﬁ e

‘Dam 'oceurred when‘the gates were Toiised from’ 25 percen'b 0775
‘percent - of their total travel and the' head wos from 0,25 foot it
"o 1.40 /feot, 'There was no vibrationiof the jet whenwhe ga,tos

* were raised: ahove 75 parcent of. their total llf‘-h. ra.polatlon (O

‘of ‘the’ date shows thot no: vibration:ocours: whan the ‘gatoes are-

roised less “than 25 percun'b af ‘their total trovel, Although -l:he_"f“

data from:Norris Dam are. Lo, “the available points indicete ‘that -
vibration occurs when the gates are reised; /from 50 ‘percent to. '70‘]
percent of their-total ‘travel and the. haad-::.s‘ ‘betwoen 1.0 foot-
-and =350 feet, The" v:xbratlon ofthe" et on - the: Grand ‘Coulee" mcdel
‘occurred when the gate was: raised. 86 peroen'b of ‘its ‘total ‘travel’
snd with:a head over the: gate . of oF l=foot: model ori4.Cefeet (pro-
totype. . The prototype’ ‘data .indicate thot the: vibration (of the'
jet ‘cecurs -when the drum gatns . are: vithin the middle .one~half oi‘
. their total travel,. ‘hence, vents: provldad o aerate the jet. :E'or ,
. tho -uppor. 30 peraent of tho ‘gato. traval a8 mu:.ca.ted by ’cho 'nodol

"‘would ‘bo: only part:.allv cf‘i‘octne.

S L The problam should be racognized to exmt and ncrt be over-»,ﬂ
-}" ooLed in the design: of‘ structures. . The: causes af’ the vibra- ‘

‘ '-tlon should (he further 1nf'es’cig;ated., ‘Test cequipment. should. ‘be :
©an integral pe.rt of ‘future . Qrum-gata ingtallations: m‘i:il sx.f.‘f:-‘
+gient data: ‘have been collected ‘to aralyze: ‘the.conditions end:

: :ena.ble the des:.gncr to. introduce. prevmt..,ve ‘MEAZUres.: | Should
“the vibratlon on . existing: str\mturas ‘beconc: 5EVOre: -gnough to -
‘demagatho: gskructure or cause vibration of surrouading pipes a.nd

- urindows, heving & patural: frcquency “Ahe :sBme:as: thot of -the wi= ...

'_'-‘b“a'bing Jet, ‘rolief may. ‘bo had by Iastcnmg small tempcmf’v piers
.%o+ the 1lip-of the,drum gatc to -divide the jet and admit wore ai

""'fto ‘the mder gidga In the ocaso. of‘ Grt—md Coulec Do.m, Sho.sth Da.m, 5f‘

and other -structures equipped: with roro-than onc drum gate, whe .

S -dosircd qunn’cz.t}, of wa‘cor can probably bo passed bv mnnlpulatmg







h ‘the g,a’cas in. such & TAImer ’ch'a.'b nane of “them will be opem’red dn

" the range in which 1r1bru.t:.on ‘of “the jet- will oceur, ‘Probably .
the most important matter to ‘be obsawed ‘in .commsotion with the L
‘wibration .is to ‘infomsthe: operators of drum~gnte - ‘structures ame
‘regard to the meture .of the .problen,. dts ei‘feots, ‘and: ‘the - faot
that ‘the - conditlon can ‘be ‘relieved by proper: manipuln'bion ot“‘the‘_’ ,
‘gates, - If any v;n'bra‘bz.on :.s obaewed At simuld be promptl; TEm ‘
;ported. ‘ R < ’ . ER L

16. Smﬁ?"lﬁﬁd"cbﬁdlusibﬁé} Zhe reaults of th:.s 'fm--f“
g :vestlgation may ‘be. su:mnarized a5 follours- e

: ‘ "-‘The flu'btc‘r‘ "";‘Jthe nappe ‘oecurs overia defmiw range ‘
~of 1ake ‘elcvetions, In‘the case:of: Blaok Canjon I)ss.m, ‘GhlE TAange ..
ds frozn 2486 50 to 2494.00 ’i‘eot. : . : :

Bo In ‘th:Ls ra.nge of la.Le elevatlons ‘mentloned ahove flut-; I
-ber Qcours - over a definite renge: of ‘gate posxtlons..: The rangs
Jof ‘gate- posmtlons over which flutter oceurs depends on the lalce-
" glevation and was ‘found to'be n- maximum of ‘about 1,2 fsat at o
ulalce e'leva.t:.on of abou‘o 91.00 feet a.‘c Ble.ok Canyon Dw "

The frequencles found rang,e from abou"‘ 'i’ to 18 0 uycles""’
iper sacond ‘ U

The. anm11+ude of “the Plut“ber mea.sured s ‘a ‘pressure. cx—-" S
-erted on ‘the dum reaches a mazmum of abou'c 8 7 povnds por aquo.re Lk
foote - Rt = L i
E The max:..uun pressura wus found -l:o oucur u.t 11 elcva:bions
of the 10.1\13, whore fluttor was .presont, . whon' tho -differonce: in.
olovation’ botween ‘tho m.ku anc, thu B?Go"b of": tho ga.to was about
TORC foot,, : ‘ " - , ‘ . L e

: B Prcper aeratn.on of the 1et, suc‘n ‘as. allowmg a:.r'to en«-
) Ler &t the center of the ! gpillway @nte has B marlfed effect m
elmmaun....g the ilu‘btar cf "'he r'.!lnpa. S s -

SR Go The . .Jhghb vn.bm**lons found in Bla.clc Ga.nyon Da.m ware e
. nO't: eaused 'by "'he i‘lutter of the Jet. ‘ 5 RS

‘ ho lthougb laclc of sufflciant 1nformt1m',regardmg tbe
_chame'tarlatms af ‘the jet flutter that might 'be expected: at. .
Shesta and Grand’ Cculee ‘Dems, - provents accurnte caleuln tions as
.40 the stresses in; thése structurea thet might | result, it secoms.
qulte probable, from: present estm&tos, “that these- sbres::es will -
be .of ‘such magnitude.as to AssUIe 1:'bt10 importtmce from ® s’cruc-
:tuw.l stzmduomt. ' ol NS SN




p I.'"Obsefvatioh4:made ‘not- only at 31ack Ganyon Dam but“on
:varlou ;other smmllar struotures seem to iﬂdlc&te that thae eauaez

ever, further anestlg&tlon of und.repor+s on}t ii'g subgect are
'necessary*before definite: conclusxons‘can be drawn a8 to its
ncause ard preventlon. '




