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Subject: Model test ol bulkhead gate for unwatering Arizona ap*llway
tunnal Boulder Dam - Bouldsr Canyon Project, :

i |
R mmoouc*rmw

. Ae a result of apillway Operation in 19&1, the concrete tunnel lin— ]
:“Ef , ing at the lower bend of the Arizona spillway, Bouldsr Dam, has been

.‘ severely eroded (see letter of December 17, 19Ll, from Director of - Pouor
;rﬁ ‘ to Chisf Engineer, subjett"ocour in Arizona apillway tuunal - Boulder
R Dar - Boulder Canyon Project) | Since no proviuions were made in the
des;gn of the spillway to unwater tho horizontal portion of the spial—

= - way tunnel in case repairs were necessary, a bulkhead gate haa bean '
ﬁf;_, designed under the direction of ¥r. D. C. McConaughy “senior Engineer,3
‘ to penmit unwatering of the. tunnel. Thia gate which Iill ueigh about -
.125 000 pounds, will be 53 feet wide by 31 feet. high and will conaist 8
of 35 t imber trusaes assembled on 2-inch 1agging and atrengthoned hy

horizontal and- vertical cross bracing, as ahown on figuroa 1l and 2.
- To place the gate in- position for unwatoring,‘the gate uill be floated
in the river to the tunnel portal where cables will raise ‘the gate into_fk_f
a8 vertical position againat the face of the portal, the bottom of the o
gate in this position resting on & sill at invert. elevation 626 SIt i
plenned that the tailwater will be at elevation 6&9 for this operation. ;'
; Because of the difficulty in cunputing the force requ.ired to ratse

- the gato, and because the design of the cross bracing was dependcnt on
>;?; ;, this rorco, a request was made to determine the folLowing (1) The ULt~

ing force required to raise the gate-into several iﬁtermsdigte positions




‘between the horizontal and vertical, and the‘locaﬁion.of thﬁéé.ncaiiibnsff?ff‘mﬂ
(2). the effect of tailwater e‘evation on the maximum 1ifting forge; (3)

~the variation in the maximum lifting force with the initial angle of

pull that the 1ifting cable makea with the water surface at tha start

of raising the gate; and (A) the action of the gate while raiaing it

II RESULTS OF MODEL TESTS
A 1 to 18 scale model was constructed of the bulkhead gate in

accordance with preliminary design sketches, ao that the model as

tested varieo ‘somewhat from the prototype details shown on figurea l

and 2,  For example the model contained 35 instead of 37 trusses at
alightly difre"ent spacing than the prototypﬂ and the ponition of the :
eysbolts for lifting the gate diffarad as may be aaen by comparing "'
section-C-C on figure 1 with the -aide elevation ahown on figure L—A.
Other differences betwsen model and prototype ralative to limitationa
in the model construction are explained in paragraph h.: Figure 3 shows
the model gate, while figures 4 and 5 give the detdils of the model and
testing arr angement Rnsulta of the force msasurementa are tabulated
on figure é and in table l.- : A . "} ‘ ', -

_ The quantitative data obtained were rather inderinite, but’ the
qualitative study revealed severdl facts that should be helpful in plac» -
ing the gate in poaition.v The quantitative maasuramenta of forcea wero
inconsistent because of the uncertainty of the magnitude of the foroe
to be used in tho field. for snubb ing the- bottom of tha gate against the
poftal &5 the gate is slowly raised into a vertical poaition. "The model
gate was held against the portal by rubbnr banda utretched around pins _
placed on sach eide of the gate as . _shown on. figure 6 In terms of the
prototype, the snubbi ng force 80 produced varied from a maximum of 3, 960.
pounds to a minimum of 566 pounds. . These limits depended on *he tanaion.f
of the rubber bands, which was governed by the distance of the pine Irom o
the bottom of the gate and from the facc of the port&l as the ‘aate

rotated, and whether one or two rubber banda were placed around each pin




Accordlngly, for a given set of condltions the maximum lirting force‘
would vary, depending on the maznitude of the. anubbing force, which
c¢hanged with tension of the rubber bands, and for any test At wes
difficult to obtain uniform results becsuse the snubbing foreces- uefe"
~great in relation to the 1ifting forces being measured Tha - weight ”
of the model gate also affected the measurements, aince ita weight
gradually increased.due to absorption of water, thereby causing the

gate to submerge more rapidly and reach the vertical position with

less lifting foree. '~ . _ . o
Keeping in mind the influence of these factora on- the model ; 

measurements, the falloning conclusions have been. draun-
(a) Por tailwater elevation 6&0 the maximum lifting force _""
" is about 16,563 poundan For this 1oad the anubbing force at ‘the ke
‘start was 2,030 pounds and 747 puunds at, the. vertica; poaition '
| (teat 1, figure 6). - The intermadiate poaitions of the gate and -
corresponding loads are tabulated on figure 6_for use. in & atresa
analyais for designing the cross bracing. The br acing uscd in the )
model wag tentatively assumed but found to be correct atter chack—:i‘

ing the' prototyps deaign.. o . ‘ R S
(b) For tailwater elevati on 6&5, the maximum lifting rorca

s about - 8 33& pounds with the snubbing rorcea a8, in (a) (tc.t 2
figure 6). A check on ‘this teat is given in table l, run S—A..;
{c) For tailwater elevation 6&9, tbe maxinum llfting forcu

averageo about 3, 500 pounda for anubbing forcea as in {l), but
with the model portal face slick due to a col_ectfon of algao
(runs 1, 2-4, 3, 3-A, and 4 of test 4, table 1). With the port&l
face clesn and for an initial 5nubb1ng forca of 566 pounds and a

' final snubbing force of 1, 855 pounda, the maximum litting farcu
is sbout 3, 000 pounde (test 5, table 1} The limits of the anub-
bing force were changed for test 5 by placing the pina nearer
the bottom of the gate. '




| snubbing forces the maximum lifting force: decreasea a8 the tail- -
-water elevation increases, and that a decrease in the sliding

_rrictlon is tantamount to a reduct:on in the anubbing force._

{d) From (a), (b), ard (c) it is seen that for the same

(e) ‘That the maximum 11fting forca increases with the snubbing;:.
force may be seen by comparing in tabla 1, runs l and 2 2-A and

2-B, ‘and 5 and 5~A under test b On the other hand, there seema

to be little variation in the maximum liftlng force as tha initial '_
angle &, the angle the lifting c4ble makes with the water surface, 5
decreases from 9 to 63 degrees.- aee figure 6 and table l tasts

4 and S, | | | . . _ |
{£) Since’ the anubbing forces to be used in. the field ‘are not

kncwn, while those used in the model ware probably conserVative,

it is believed that a maximum lifting force of 9, 0C0 pounda will
ba reasoqable;fo: use in.dgsigning Lha qusa bracing. _Thig pro-
‘vides a“facbo} of'safety'in‘casé-tﬁé'téiliatér is Eelow elevation -
649 but above elevation 6&5  The" lifting capacity available at |

the prototype 13 not exceeded by this force.‘ )

(g) The best method for raising the gate to a vertical posi—~
tion 1= to float the gate with the trusses upward to the tunnel
portal, place the bottom of the gate against the port&l and then |
pull the top of the gate upward toward the portal as ahonn on f"
Tigure 50 ; RS e j‘ :

(h) Shoula the gabe be launched with the trusaes pointing
downward in the water, 1t would require a force or about 27 100
pounds to raiae the gate inbo 8 vertical position for turning it
over prior to floating the gate truases upward to the tunnel
portal (test 3, figure 6). ' ' '

(1) Baged on model perfcrmance, as the gate became heavior

 due to absorp*ion of water, the force required to raise it becamo




less, For excessive aﬁsorptiqp of‘waﬁér;_ﬁhe géﬁé‘wbuld'feagh‘
the'vartical position apparehtly-withouﬁ any external force being
applied. . R L I o
(j) As the gate apmroachea a vertical positlon with a steadyi
"orce beinb applied a point is reached where no additional force
“ﬁ*a required to complete the movement agalnst the portal in faet -
the‘gate tends to accelerate into the final position, producing
: impact against the -portal. - Accord;ngly3 it is recommended that _
snubbing lines be attmched‘to the top o‘ the gate to rebtrain its f

' movement ag the flnal poqition is aoproached Relativa to the:,-_ '

.snubbing forces at the bottom of the gaue, 1t nas been shown in
(e) that excessn’e snubbing increaaes the lifting force; hence, .
it 1is believed that Uae bottom of ‘the gate should be snubbcd onLy_
enough to keep it against the portal but not enough ta prevent
the gate from sllding do'nn the portc.l as it approachea it.s varti-“._

cal and final position. In’ any event 1t is urgent that the gate t

" be kept completely under control during the 1ifting. operation."
(k) Tt is not antlcipated t.hat, any weight.s will have to be |
added to the gat.e to force :Lt. down against. the portal aill aft.er
the gate has been raised to the ve*tical unless the ts.ilwater
is at elevation 65& or above. s .‘ RE ‘ o
' S SIMIIITUDP HEHUIﬁEyPNTs

A model _study to meaaure forcea requirea bcth geometric and dyna-w i

mic similltuda Accordinglj, each member of the bulkhead gate muat ‘be -
geometrically a:lmilar t.o the corresponding prot.otype member, and t.he .
Bpecific weights of the maber:r.al must be t.he ss.m for t.he .nodel and

prototype. . If ¥ is the weight of the prototype gate and vp s its
where w is the apocific weight of tha
* prototype material. ~Similarly, wﬁ;;3v W for the mcdal. The

volume, ,then Wp__ VP p'

=

‘ratioc of the two"ays'tema is then:




.If the matenals of the mode‘[ and prototype are the same, t.han

wp = Wy, a0 t.hat, _

Since the rat.io of the volumea 13 aaual t.o Lr s whare Lr il

the scale ratic, prot.oty'pe to modal, then"

3
Wp...w L,.., in which

L= (18)3 - se2
Tt may be shom in a aimilar nnnnar that where the accelerat.iva
forces and densities in t.he two systems are nearly the same and con«
stant, the forces are related as: .. 0 B |
| EAE L
With correct guomatric and dynamic similitude fcr thia gata teat s
it is assumed that the center or gravity and t.ha cent,er of buoyancy 13: |
the same . for model and protot.ype Accordin,gly, t.he model gate wﬂl
float at the correct elevation and imli.nation as t.he prototype ‘-VAu
explained above houavar, the abaorption of water by the mdel gato i
will have an effeci. on t.he rorces meaaured ’
‘ IV THE HODEL -‘ S i |
, For convenience in handling al to 18 acale modnl wau built- of'
the gate as shown’ :Ln figures 3 and h. It. waa est.imatod that tho B
‘specific weight of the prot.otype tinbors, which were t.o be obtaimd o

from Friant Dam forn lmbor, would be LO pounda per cubic toot. ‘Ihs'-z

“material uaad for the modal ws birch a ‘hard mod wuighing approxj_.-: R

utely .‘+0 pounds por cubic foot, Each mombar of thc trunnsa was cut |
proper size to provs.de goonetric s:l.militude. Tbo guasat pla.toa wero :
mado of Zh-gage galvannoal, and swall bradl_ were uud to snunhlo the




trusees, the aesembly being hastened by ueing a.full-size layout
drawing as'a template. Although some .of the prototype trusses at

the bottom of the gste requlred larger tie rods ‘than. thoee near the
top, it was. fOund necessary in the model to uee wire of the same size;c
(0 083-inch) for all trusses. By adding short piecea of heavisr wire]_'.
(0. 110-inch) to. some of the bottom trussee; nowever, this difference ‘
was corrected, and the proper ratio or metal to timber uas obtained
(rigure h-ﬁ) The. completed bate as shown on figure 3 weighed

21.875 pounds eouivalent to’ 127 575 pounde for the prototype jﬁ;:l
(21.875 x (18)3 -'127 575) This weight was 2 percent greatar than‘”
an eatimated prototype weight of 125,000 pounda._ﬁ:-“‘ff S f ",

The spillway tunnel pcrtal and lirting equipment are . shown on
figure L—B. To keep the bottem cf the gate against the portal race
during testing, rubber bands were attached to each eide nf the porta; 2
and stretched around pine inaerted on. each side of the gate (figure 6),
while vertical strips of wood ware faetened to the portal face to keep
the gate from mcving laterally. This comhination aimulated to a.e'
certain extent the snubbing action to be used in’ the field which vill
be accomplished by cables attacbed near the bcttom of the gate and
kept taut from inaide the tunnel Since the model was tested in one .
of the labcratory supply channels, the tailwatcr depth above the portal ‘”
eill was varied by moving. the porfel vertically'and clamping or. oolt-.
ing it at the de: ;ired position. ' ‘ o

v TES”ING PROCEDUBE

_To measure the lifting force neceesary to raise the gate into & e

vertiﬂaJ pesition against the portal a ~wire cahle wee placed aver two ef
pullaya eupported ona wooden frame, as shown on flgure A-Ba One end |
. of the cable was attacbed to a wire siing at the top of the gate,

while the other end was atteched to a pan for hoiding grem weight.a. L
with the zate in poeition as ehoun on figure 5, the rubber handa

for snubbing the bottom of the gate were pL&CGd around the pina and
weights wers then adde‘d to the pan _‘cntil ‘the gate reached s poeition




of eqﬁilibrium for thbilﬁﬁdfbeing*éébiied.? Hé&#hreﬁenté‘of"the.gétei
positinn were then‘recorded as shown on figure 6 for use 1n a stress
analysis for designing the' cross bracing. “This p:ocedure WaSs re— ‘f‘
peated for sever&l positions until the maximum lifting force was found
which would placa the gate in the vertical position., The gate positinn
for this load ceuld not be measured since the gate acceleratad 1nto '
the vertical position frcm the previous equilibrium position measured
For the data given in table l, only the maximum llfting force was iil L
required for V&rious initial angles (angle ¢, figure 6), the initial
| angles being changwd by’ lomering the downstream pulley. The total
1ifting force in the model. was equal to the waig&t of the pan plus"
the gram weights, Lhe pulley friction was iess than 1 percent so was
neglected. o PRI ' el

: VI-T' s‘fEIGHT OF 'MODEL GATE CHANGES .
pefore the record tests were made as reCOrded on rigure 6 and
in table 1, a demonstraticn of the model Oparation wap. given during
which the gate absorbed over a pound of water even though it had been |
sprayed with lacquer.‘ To prevent thls increaae in weight frcm re—'*'
curring, 1inseed oil uaa applied to the gate after it had" bean dried
but this increaaed the weignt considerably more than anticipated.l By
‘heating the gate in an oven. and by'replacing the original 1agging‘ '
with redwood the weight waa reduced to 22. 625 pounds, an increaae |
~of 12 ounces over the original dry weigbt. Unfortunately, the absorp~ :;g
tion of water could.nct be prevented, so it was- naceasary to dry the >
. gate between the tests to’ reduce the weight to a minimum.

VII CONCLU IONS
The main resu1+s and conclusions havs been enumerated in para-

graph'2 Relative to. the technique of nndel conatruction, it is
qpite evident that the a .ampts tc prev=rt the msde* g&te from

increasing its weight due to absorption of water wers entirelj B




inad'e‘quat.é‘.‘ Although the original dry waight. agreed closely with the e
“ ; protot_,rpe est.imate, it is recommended that in s:\.mi.lar problam.s a lighttsr .
 wood such as redwood, pine, or fir be usad, B;,r expt,rimenting before- 1 4
‘ hand it: should be possible to determine the unit. waight. ot t.hese :
ma’c.erials a.t‘ter they have bwen oiled or painted and then allowed to

Hl
. @oak in wat,er. : hith this wight asa baais, the modol material can ’

be 80 chosen t.hat the addition of moisture will b ‘:‘:helpful instead

? '

of a hindranca. It is not reccmmended that a model be . purpoae]y
‘ made too li.e,ht, and t.hen brought to ‘the correct. weight by adding

more material, 35—““ *'he c"n'f'" Df grnvity and buoyemcy may be . e

affecteu adversely.
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Figure 5 - Gete !n position at tunnel 'poftal'.




FIGURE €

|

JR-L I

HE o= s e

S e L -.h._;‘.‘.-_;,h;;?-__

Lozl izce
" o

T

--Waoter strface

Sill El EZ:E.Dé'ii

LABORATORY MEASUREMENTS .

MOOEL ™ . “Up .. pRorarYeE. . . L. . e el PROTOTYRE
e g B A ‘ * ! Tog i pr e Vgim T P
-8 bie.a | snaws gf-ouuns ) i ; d 3 e DL T L dmamy sy | a ‘ & i R d

B BT et il 173 o858 frp-retizs-al” 2 0% " i _{g; m:s? 1Bhive " 20N 20" 2Ty
8" el 2%’  17vet] 808 | 1771 1208 Ligeten 4'-3%" : R : i ey
Bul 8341 S sV 1103 12,932 lizena 13 5| Bha- 13
7] & e 15ve) 1203 |2.653 |t | iz 963" |;
Winnimum mpiels R ‘ N o - load - '
raising o gore Gare -] 88 |2.640 Tallwater o Gab0s. - | Manimam lood - s Ta:?&:‘gug,sf:; 84

ce/erates info position § . - : it CoeT e -

e 07 SNUBBING FORCE | 871404, SNUBBING FORCE | e: 104 SNUBBING FORCE lg=1gre sr.~u95wa FORCE
hees??0 . Stort£0.348 1b. hee 13860 Stort=2,030 !a hre-=295' Start«0.348 % me 44354' RN - 1 eosofb
Z: 15" © - Flnishegrzgib - | 2:2.28' - Enlghspay 1. ring® LOUFinish=0i20 . B !

welgm of gate 22100 oz, - Weight of gate :131,949 Ip © L Weignt of gate. 23 B2 az o n‘e!g  F gare 1.

TEST. 3 - e
Force reauarad to raise gafe fnta vertical posman after Munr;hlng 1russ‘=5 dowr'wara P.,a.?? 100 1b
Wenghr af gote = 140,200 b, (bused on water-souked model) for tes.

A:RIZO'NA SPILLWAY TUNNEL - BOULDER DAM'
’ RESULTS aF: BULKHEAD GATE TESTS
' (ron SUMMARY, SEE TABLE )

«MG.-n.‘.;!.-.f-\es-laz. ) T : . R 45-D-8964




JULL | Yo'RT| L7 £y M flevo
swta | vogn| I R m_g.% oLt 'e
swil St seof wov| zbra|

SR RS wRY | 3361 ves. 985€1 | po L KA RN S
ﬁdﬂ%nﬂﬂwﬂu b'sel | zeesi|pocz | L ) arey | tvoio lGsnw
L : ! B BT L L B P2 X7 I 53vd fd tuoyyeg I

o bias sk Yy Siney |

EYISEVE

i g oge s P2 I LEL] eIz Goevifieel ) L ered| 905/ | €99 | pepee

R RS s el | oot loozor | gaiwt| 198l | L 1 bers| e | s |wea ez
cp o o |osvzfvede oy [vosa | S99 fonre | peed|yere

lalz e fress | 2L | ez 9y
TS e S| e Al LyrE | 8rlt fvoss | 2L Jouy |grsw|ecv]| 992

: mrnw..uuuc\«ctn&nu\du ‘ o Ry o ‘.,..;.. - . ; . R
: ,__:ﬁk_ii s g | ot06 st B e | boo ossv | gal

. (A A LY |ese'z | st stif goez [ e | quw| gteulsine| gez

By 2/ .uuv..\.mctbﬁ\i.ﬁ.\u_sn xmm...'ﬂ,m.\ Ty f . @@Gf @_.uﬂu_ vogr : o N.‘.LM &m&.ﬁ 00@ w mmm

Byors Geved 232070 O R

Bz o ed sl opo ‘e | Lt |oce 2 |20l svee [ es | Lot Vgziolevew |l socw | oez
S 4 - i S . . ) b ABLD d*eﬂ Lo. o] X o
PESTTON Vpid oy By S .
;u_ yerng | 420ss [spumed | 37371 3503 | @ | jared] dove |ovomedt | s P30 e R N
Bt Wi e pir- o p e BE=0 I B b} ey ”u.__ ST |ofog 2 _ v op |
N . rvb.huhh .&W\&Q\\N\.ﬁa A . [ IR Uu;n*wr.__Aﬁﬁcw . & %O L_“M..‘u? ) v N _ ?3%

FIALOLONS AFaow

P oN LSAL

IEEED




