M A STER
o " UNITED STATES FH'[ c@PY
" DEPARTMENT OF THE INTERIOR ~  BUREAU OF RECLAMATION
BUREAU OF RECLAMATION ' . HYDRAULIC 'LABORATORY
S SRR " NOT TO BE pw-uovho ¥ROM m.ms

L HYDRAULIC LABORATORY TESTS OF SEALS FOR
5 | - RADIAL GATES

Hydraulic -*Laboratoryﬂ Report No, Hyd-323

ENGINEERING LABORATORIES BRANCH

= Dmmx (ND CONSTRUCTION mvmox
T nmwea; cownano

. January 23 1952




CONTENTS

Purpose . . . . .

Conclusions . . .

Recommendations.

Acknowledgments .

Introduction . . . . . . . .

Description of T'est Equipment

Radial Gate Side Seal Tests . . . . .
Belt Type Seal without Brass Shoes
Belt Type Seal with Brass Shoes .
Molded Typ= Belt Seal. . . . . .
Angle Seal without a Brass Bar., .
Angle Seal with Brass Bar Designs

Future Side Seal Investigations . .

Radial Gate Bottom S_eal Tests . . . . .

LIST OF FIGURES

Trenton Dam--42' x 30' Radial Gate--General Installation,
Trenton Dam--42' x 30' Radial Gate-~-Gate Assembly .
Laboratory Test Rig--Assembly Drawing
Viewsofthe Test Rig . . . . ¢« ¢ ¢ ¢« o« o« &

Wooden Mock-up of Radial Gate Side Seal Made from Rubber
Belting L[] Ll L] o - - - - - - L] L] . * L] L] L] L] - L) . * L]

Wooden Mock-up of Rubber Belting Side Seal without Brass
ShOES e ® ® & & & ® ® e+ & o e s © » 0 = a ¢ B

Lateral Thrust Against Wall Plate of Rubber Belting Side
Seal without Shoes Versus Distance X . ¢« ¢« o & o o o «

Computed Frictional Drag Comparison of Side Sea1~Designs

w.

4
4
4
5
5
6
e
8




LIST OF FIGURES (Continued)

Belt Type Side Seals with Metal Shoes . . . . .

Mock-up and Operating View of the 3/8 x 8-inch Rubber
Belting Slde Seal with Shoes . . . . . .. . e

Lateral Thrust Against Wall Plate of Rubber Beltlng Side
Seal with “hoes Versus Distancex . . . . . . .. . .

Molded Belt Type Side Seal . . . . . . . . . . . + « .« .

Views of the Molded Angle Side Seal with Fabric
Reinforcement and a Brass Bar . . . . . . . .

Trenton Dam--42' x 80' Radial Gate Seals .

Sealing and Unsealing Heads of the All-rubber Angle Side
Seal with and without Brass Bar . . . . . . . . e

Head Required to Seat and Unseat the Heel End of the
All-rubber Angle Side Seal . . . . . . . . . .. . ..

Views of the All-rubber molded angle Side Seal Seated
at 190 FeetHead . . . . . . . . . . . . . . . e e
Sealing and Unsealing Heads of ithe Fabric Reinforced
AngleSide Seal. . . . . . . . . . . . . . . o .
Trenton Dam--42' x 30' Radial Gate Side and Bottom Seal
Assembly - L L[] * . L . . . - - ® L] L L] . . . »
Movement of Seal Toe of the Angle Side Seal Due to
Compressionof Seal Stem. . . . . . . . . . . . . . .

Views of the Angle Side Seal with a Brass Bar Plus a
Rubber Seal Flap and with a Brass Plate . . ,

Angle Side Seal with Brass Plate Added . . . . . . .

Head Limitations to Obtain a Seal of the Angle Side Seal
with Brass Bar and Rubber Flap Added ., . . . . . .

Sealing and Unsealing Heads of the All-rubber Angle Side
Seal with Brass Plate Added. . . . . . . . . « e

Figure

10

11

12

13

14
| 15
16
| 17
18
19
20

21
22

23

24




LIST OF FIGURES (Continued)

Operating Views of the Angle Side Seal with a Brass
Plate at 1/2-inch Seal Gap . e e e e

Proposed Side Seal with a Brass P1pe and a Rubber
Sealing Lip. e e e e s v s e e

Arrangement for Hydraulic Tests of Bottom Seal. . .. .

Operation Views of Soft Rubber, Type A Shore Durometer 38,
Gate Bottom Seal ... . e e e e

Force Required to Compress Radial Gate Bottom Seal .




UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Design and Construction Division Laboratory Report No. 323
Engineering Laboratories Branch Hydraulic Laboratory
Denver, Colorado Written by: W. C. Case
January 23, 1952 Reviewed by: J. W. Ball
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PURPOSE

To investigate the operating characteristics of radial gate
rubber seal designs.

CONCLUSIONS

1. Fabric-reinforced rubber belting is unsuitable for radial gate
side seals because when the belting is assembled to the curvature of a
gate (Figure 6), the lateral thrust on the wall plate (seal seat) is high
(Figure 7) which résults in excessive frictional drag (Figure 8A).

2. Rubber belting with a brass shoe added to reduce frictional drag
on the wall plate is also unsuitable. The seal shoe assembly tested
(Figures 5, 9A and 10A) was heavy, 14.8 pounds per linear foot of seal,
the lateral thrust on the wall plate was very high (Figure 11), the fric-
tional drag of the seal was high (Figure 8B), and the seal assembly did
not slide easily upstream on the wall plate when the test gate was shifted
nearer the wall plate which resulted in seal buckling (Figure 10B).

3. A belt-type seal molded angle shape with a brass shoe (Figures
9B and 12) is an improvement over the flat belting seal referred to in
Conclusion No, 2, The friction drag on the wall is less (Figure 8C) and
the seal assembly is lighter weight. The brass shoe tested did not slide
easily upstream on the wall plate and the seal behavior was only fair,

4. The best side seal tested was an all rubber seal used by the
Army Engineers,

(a) This seal was angle-shaped without fabric reinforce-
ment, The fabric reinforcement shown in the design on Figure 13A
appears unnecessary,

(b) The addition of the brass bar, as shown in Figures 13B
and 19, reduces the friction drag (Figure 8E) but also eliminates
the de51red rubber-to-metal (s:.de wall plate) sealing surfaces,
Whether or not the brass bar is used at a particular installation
will depend, among other things, upon the amount of permissible




friction drag and whether seal leakage will cause undesirable
wetting or staining of adjacent parts of the structure.

(c) The head at which sealmg and unsealing took jlace
was moderately low. Values are given in Figure 15,

(d) When this seal was compressed between flat clamp
plates, the sealing surface moved to increase the angle between
the seal legs (Figure 20). :

(e) Other brass-bar arrangements were attached to this
seal with slight alteration to provide a rubber sealing lip (Fig-
ures 21 and 22), but none proved satisfactory for reasons given
later in this report

5. The one radial gate bottom seal design tested was satisfactory
(Figures 2 and Part 2, Figure 14). This rectangular seal is more
likely to form an effective seal at surface irregularities in the sill
plate (seal seat) when the seal is made of soft rubber, Shore Type A
Durometer 38, than when made of harder rubber, Shore Type A Durom-
eter 69. The force required to compress the seating edge of this seal
is given in Figure 29,

RECOMMENDATIONS

Conduct further tests on the radial gate side seal to develope
a seal with low frictional drag and with rubber-to-metal (side wall
plate) sealing surfaces, such as the suggested seal shown in Figures
8H and 26.
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INTRODUCTION

The Bureau uses a large number of radial gates for controlling
flow in open channel spillways where heads are relatively low. These
gates are provided with seals along the sides and bottom edges. The
seals are usually clamped to the gates with metal spacers to permit
tightening of the clamp plate bolts holding the seal in place (Fxgure 19).
A typical gate and seals are shown on Figures 1 and 2,

The tests described in this report concern a limited study made
on radial gate seals during an investigation of high head seals for coaster
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and fixed-wheel types of gates which has been reported in Hydraulic
Laboratory Report No. Hyd-311. The test equipment used was designed
specifically for the high head-gate seal tests, and required only minor
modifications for the hydraulic tests on the radial gate seals, Since no
testing had been done in the Hydraulic Laboratory on radial gate seals

this test rig offered an opportunity for conducting brief tests on this type
of seal although the rig did not represent the best arrangement for such
tests. All the radial gate seal samples were supplied through the Mechan-
ical Branch,

DESCRIPTION OF TEST EQUIPMENT

The test rig used for conducting the hydraulic tests on radial
gate seals is shown on (Figures 3 and 4). To obtain the best view of a
side seal in the rig window space available, a different seal back plaie
and window arrangement from that used for the high head seal tests was
installed. The steel back plate was made of 3/4-inch instead of 1-1/2~
inch steel as shown in Figure 4A, and the plate was located farther down-
stream. Thus, the windows permitted a view of a larger area. Each
window fitted into a slot in the sieel back plate, and the upsiream face of
the window was shouldered to fit in the rig frame. The windows were
compressed between the rig frame and steel back plate by means of two
5/8-inch tie bolis outside each window, The boiiom face of each window
was attached to the rig floor with four machine screws to assure a water-
tight seal at these parting surfaces, Thus, the windows were free of the
downstream movement of the back plate due to the water load which made
the window assembly durable. The test gate was operated by a hydraulic
jack which, in turn, was actuated by a portable, electric, motor-driven
oil pump (Figure 4B). The rig sheet metal hood deflected the water io
the laboratory channel below the floor level. The hood attachmeni was
arranged for quick removal by loosening four nuts which held four sieel
cable'ties. The rig was connected to a 12-inch water supply pipe by a
circular-to-rectangular transition. The assimilated reservoir head was
read on the large Bourdon gage tapped into the 12-inch pipe. Maximum
water head available in the laboratory was 195 feet. All seals tesied
were full-size sections 12 inches long, _ o

Sliding of the side seal on the wall plate, which corresponds io
the radial gate opening or closing, was not possible with this equipmeni.
The side seal could be moved by the iest gate in a direction normal 1o
the wall plate. This movement corresponded to ihe sidewise movement
of a field gate, Opening and closing of a gate bottom seal was assimi-
lated with this test equipment.

Seal water leakage was not easily determined, but the exact
values of leakage were not required., When the seal seated, the com-
bined leakages of the seal and rig (past windows, gate leaf, etc.) were
too small to be conveniently measured. Visual observations of the seal-
to-seat leakage suificed for these tesis.




, RADIAL GATE SIDE SEAL TESTS

Belt Type Seal Without Brass Shoes

The Mechanical Branch proposed using a seal made from
rubber belting. A 15-foot long sample of 3/8~ by 18-inch, fabric-
reinforced, rubber belting was obtained for test. A seal 8 inches
wide and 15 feet long was cut from the sample and assembled in a
wooden mock~-up of the clamp plates similar to Trenton Dam's radial
gate (Figure 5). The purpose of the mock-up was to determine any
assembly difficulties of this seal. The belting was assembled first
without the shoes (Figure 6), and no difficulties were encountered,
The lateral thrust per linear foot at various seal positions was deter-
mined with no water load on the seal. The results are shown in
Figure 7. The thrust was determined by lifting the seal up and off
the laboratory floor with a spring scale and a steel bar placed under
and perpendicular to the seal axis--all arranged as a second-class
lever with the floor representing the wall plate, The seal was lifted
at a point midway between two pieces of paper placed 12 inches aparti
on the floor under the seal. When the paper could be slipped by hand,
(thrust load on floor relieved) the spring-scale load was recorded,
and the thrust computed. The lateral thrust was high and, with the
addition of water load on the seal, the resulting seal friction with the
side wall plate (seat) would require considerable power 1o operate the
gate. The approximate frictional drag of the seal on the wall plate is
75, 1 pounds per inch of seal at a 40-fool head and zero seal gap..
(zero gap defined in Figure 5), as shown in the computation in' Figure
8A. In view of the high drag, no hydraulic tests were justified, It
was decided to investigaie the same seal with the brass shoes bolied
to the belting (Figure 8A) to reduce the frictional drag of the seal on
the wall plate.

Belt Type Seal With Brass Shoes

The belt seal with shoes was also assembled in a wooden
mock-up (Figure 10A), using wooden shoes as shown in Figure 5. The
wooden shoes were {irst bolied to the seal with the seal (belting) straight.
The seal was then bolted to the 40-foot radius wooden form representing
the gate edge. Due to the added stiffness, the seal was somewhat more
difficult to bolt to the 40~foot radius than the seal without the shoes,
Tests were made to determine the lateral thrust in pounds per linear
foot of seal (Figure 11), and the thrust was much higher than the same
seal without the shoes, Even though the lateral thrust of the seal was
higher with the brass shoes, the seal friction on the side wall plates
was less, as illustrated by the computation shown in Figures 8A and 8B.

Hydraulic tests in the rig over the laboratory head range of
zero to 190 feet of water showed that when the gate was moved away
from the wall plate (rig floor) the seal shoe slid downstream and re~
mained in flat contact with the wall plate. However, when the gate was
moved nearer to the wall plate, the brass shoe would not slide upstream
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on the wall plate, and the rubber belting buckled (Figure 10B). The
heel of the brass shoe, point Y, Figure 5, los* contaci with the wall
plate when the seal gap was 9/16~1nch (distance x = 1-5/16. inches;.
Figure 11), and this value was essentially independeni of the reservoir
head. The seal behavior was considered unacceptable. - The seal
weight was high, 14.8 pounds per linear foot.

Molded Type Belt Seal

As a means of reducing the lateral thrust of the bel:l type of
seal, the Mechanical Branch proposed that the belt seal bhe molded to
the shape shown on Figure 12, The approximate frictional drag of a
molded seal at 40~foot head and zero gap is considerably less than the
belt seal (Figures 8B and 8C). Sufficient length of such a seal was not
available for lateral thrust determinations in the wooden mock-up. It
was decided to take the fabric-reinforced angle seal (Figure 13A) and
machine it to 3/8-inch thick. The finished seal with brass shoe, shown
in Figure 9B, weighed 3. 6 pounds per linear fooi, Machining of the
rubber was difficuli, and an irregular seal edge was obtained.

At a 40-foot head the brass shoe did not slip upstream freely
as the seal gap was decreased from 3/8 to zero inch; however, the
shoe did move slowly. The seal buckled at 1/4-inch negative gap, and
the sealing lip raised slightly from the seat (rig floor). It was possible,
while decreasing the seal gap, 10 cause the upstream clamp plate to
contact the heads of the shoe atiaching screws, because the shoe was
slow to move upstream. The heel end of the seal shoe, point Y, Fig-
ure 12, lost coniaci with the seat when the seal gap reached 3/8 inch,
It was concluded the seal operation was only fair,

Angle Seal Without a Brass Bar

Two designs of radial gate side seal used by the Army
Engineers' were available for test; one, an all-rubber seal like thai
shown as Part 1, Figure 14, and the other similar to ii, except fabric
reinforced (Figure 13A). Each weighed about 2, 5 pounds per linear
foot. The seal in Figure 14, Part 1 evolved from the laboraiory tests
is intended for field use. This seal incorporates a slightly larger angle
between the seal legs than ihe seal used by the Army Engineers. Fig-
ure 15 shows the head required to seal and unseal the all~-rubber seal
for gaps from zero to 1/2 inch, At 1/2-inch gap, the waier head re-
quired for sealing was 22 feet, while that at which unsealing occurred
was 8 feet, The maximum seal gap intended during gate operation is
approximately zero,

Figure 16 shows the head required to seat and unseat the heel
end of this seal for seal gaps from zero to 1/2 inch, In general, the
head required was higher than encountered with radial gaies. The lower
leg of the seal flatiened to an undesirable curved shape (Figure 17), A
seal that has been installed several years may take this shape at a
much lower head. The boited leg of this seal stretches considerably,
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as shown by the dimension "S" of Figure 16. The frictional drag of
this seal on the wall plate is likely to be high in comparison to other
designs as shown in Figure 8D; otherwise, the behavior of this seal
was good, and it provided the desired rubber-to-metal sealing surfaces.

Figure 18 shows the head at which sealing and unsealing of
fabric-reinforced seal occurred for seal gaps from zero to 1/2 inch,
The fabric-reinforced seal is much stiffer than the all-rubber seal, as
indicated by the note on Figure 16. The laboratory tests revealed no
reason for needing the fabric reinforcement.

Angle Seal With Brass Bar Designs

Brass bars, or shoes, were added to the angle seal to reduce
the frictional drag. One such design, weighing 3. 4 pounds per linear
foot, is shown in Figures 13B and 19. The estimated frictional drag
of this seal on the wall plate is low (Figure 8E) compared to other seal
designs. Figure 15 shows the head at which sealing and unsealing oc-
curred at gaps from zero to 1/2 inch, The added brass bar weight and
possible changed flow conditions under the sealing surface resulied in
a slightly lower sealing and unsealing head compared to the all-rubber
seal, However, it is intended that the seal be assembled with a 1/4-
inch initial deflectlon (negative gap) as shown in Figure 19 to assure a
seal at very low heads near the top of the gate, With this 1/4-inch
lateral gate movement possible (Figure 2 Section D-D), the side sesal
could possibly be deflected 1/2 inch. With these conditions, the heel
end of the seal should clear the wall plate by approximately the thickness
of the brass bar, 3/16 inch (Figure 19). This clearance was delermined
from dimensions of the seal intended for field use (thur'e 14, Part 1).
If the heel end of the seal rubs on the wall plate, it is likely to cause
excessive gate drag, At the higher heads, ihe lower leg of this seal
with a brass bar took a more severe curved shape than without the bar,
Based on visual observations, the angle seal with the brass bar (metal-
io-metal seal) leaked only slightly more than the all-rubber seal,
Whether or not the brass bar is used will depend, among other things,
upon the amount of permissible frictional drag and whether seal leakage
will cause objectionable stains or algae growth on adjacent paris of the
structure.

The movement of the seal surface due to clamp plate loads was
investigated. It was not certain whether the sealing surface would move
inward or outward when the seal stem was compressed between the
clamp plates. The clamp plate load was applied by a Materials Labora~
tories! testing machine, as shown in Figure 20. Four dial indicator
gages were used; three to measure the sealing surface movement and
one to measure the compression of the seal stem under load, The seal-
ing surface moved outward, increasing the angle between the seal legs.
The results, shown on Figure 20, are not conclusive because the seal
toe movement was based upon approximately a 1-foot length of seal
clamped flat, which does not consider ihe effect of the seal clamped to
a large radius, such as 40 feet. Since the angle between the seal legs
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is greater than 90° (Figure 14, Pari 1), if is conjectured that clamping
the seal to a large radius, with no seal contact on the wall plaie, will
also tend to make the seal toe move outward, the same direction as
shown on Figure 20,

Two seals were made that included rubber-to-metal sealing
surfaces and a brass member to reduce the frictional drag (Figures 21
and 22), Both were reworks of the all-rubber angle seal design used
by the Army Engineers, The seal flap (Figure 21A) was intended fo be
. a single piece, but rubber sheeting of the preferred thickness was not
RN available so two thicknesses were cemented together, This seal was

"’ generally unsatisfactory ai the lower heads, as the flap did noi make
contact with the seat (rig {floor). The head required o oblain a seal was
high (Figure 23). When the flap was in contact with the seatl, the sealing
was good., At the higher head, when the lower leg curved due fo the
greater pressure, the flap was lifted off the seat. The head at which
this condition occurred at various gaps is shown in Figure 23, The esti-
mated frictional drag of this seal oa the wall plate is 13.0 pounds per
inch of seal at 40 feet of head and zero gap (Figure 8F). The seal weight
per linear foot was 3, 6 pounds. ‘ -

The seal cshown in Figures 21B and 22 incorporaied a more
stabilized sealing lip. This seal was made from a 12-inch seciion of
the all-rubber angle seal, A 2-1/2- by 3/16-~inch brass plate was bolled by
to the seal to minimize the {rictional drag, especially high drag at negs-~ L
tive seal gaps. The head required to seal and unseal this seal is shown
in Figure 24, and the resulis are comparable to those for the all-rubber
angle seal with and without the brass bar (Figure 15). Operation of ihe s
seal at small gaps, less than 1/8 inch, was good, because the rubber
sealing lip carried a small poriion of the seal waier load. The seal s
operation was only fair at ihe larger seal gaps, to 1/2 inch, because the
rubber seal lip carried a greater poriion of the water load, thereby in-
creasing the drag (Figure 25). However, the maximum seal gap thal is
likely to occur in the tield is estimaied to be zero, The frictional drag
at 40-foot head and ai zero gap is approximately 11,2 pounds per inch
length of seal (Figure 8G). This seal weighed 4, 2 pounds per linear fooi,

Futurc Side Seal Investigations

It appears from ihe foregoing, pariicularly the information on
Figure 8, that a side seal design should include the feaiures lisied below.
A suggesied desigu incorporaiing these features is shown in Figure 26.

(a) Near the iop of the gate where the head is low the seaiing
force of the seal should be independent of the waler head. A salis-
factory way to accomplish this may be io assemble the angle type
seal to the gaie with 1/4-inch initial deflection of the seal against
the wall plate,

(b) A rubber-to-meial (wall plate) seal is desired L0 obtauin
the least waier leakage at the lower heads near the top of a gale.
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To minimize the frictiohal drag of the rubber member, the water
load carried by this member must be low, or negligible, and the
sealing force obtained primarily from the initial deflection of seal

as stated in (a) above, A metal-to-metal seal is undesirable be-
cause leakage might cause unsightly side wall stains or algae growth,

(c) The hzel end of the seal should not be permitted to .
contact the wall plate because this would increase the frictional
drag of the seal. Therefore, the seal water load at the heel end
should be carried by the gate, Also, the lateral movement of the
gate should be limited so that the heel end of the seal cannot rub
on the wail plates,

(d) The seal area that is exposed to the water load should
be as small as possible to reduce the seal water load to a minimum
to keep the frictional drag of the seal low; however, this area must
not be so small that an inadequate sealing force is provided by the
water, The 1-1/2-inch dimension in Figure 26 appears sufficient,

(e) The major portion of the seal water load onto the wall
plates should be carried through a metal member to minimize the
frictional drag of the seal. The extra strong 1/4-inch brass pipe
shown in Figure 26 has the advantage of being a commercial part .
not specially made., The drilled holes in the brass pipe should as-
sure a good bond to rubber and thus eliminate bolting of the brass
member to the seal. The brass pipe can be the same length as the
molded seal sections. The pipe can be curved very slightly at field
installation to fit the curvature of the gate. Joints in the brass mem-
ber approximately every 2 feet as shown in Figure 19 could thus be
eliminated, If the brass member is omitted, the all-rubber sealing
surface results in a high seal frictional drag (Figufe 8D). '

(f) At the higher heads, it is desirabie to velieve the force
of the rubber seal lip on the wall plate to alleviate the friciionsl drag
o ' of the rubber lip, The short leg of the seal in Figure 26 will turn
A couiterclockwise slightly about the brass pipe which gives the de-
R sired action. At the higher heads, the brass pipe alone is likely io
provide a satisfactory seal.

The estimated frictional drag of the seal in Figure 26 is 6.0
pounds per linear inch of seal at 40 feei of head and zero gap (Figure 8H),
This drag is low compared to other seal designs shown on Figure 8, par-
ticularly that shown on Figure 8E, which does not incorporaie a rubber L
sealing lip.

RADIAL GATE BOTTOM SEAL TESTS

The test rig was again modified as shown in Figure 27, The
angle iron seal seat included a circular cut, 3/32 inch deep ai the seat
center line and 3 inches wide, to represent a depression in the metal
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seating surface (sill plate). The angle of the seal seat relative to the
seal was similar to that of a field gate (Figure 2). Two all-rubber
seal samples were available for test; each one was rectangular in
section (Part 2, Figure 14). One was made of stock with a Type A
Shore Durometer hardness of 69. The other sample was made of stock
with a Type A Shore Durometer hardness of 38.

Both seal samples were tested in the rig-at heads of zero to 195
feet of water, Both seals appeared to seal satisfactorily. At the higher
compressions of the soft rubber seal, it deformed under the upstream
clamp plate (Figure 28A). Based on visual observations, a better seal
was obtained by extending the upstream clamp plate ‘as shown in Figure
27. At heads of 55 or more feet, the sofi rubber seal had a tendency
to sweep under the downstream clamp plate (Figure 28B).

The principal test conducted on these two seal samples was to
determine the force required t6 compress the seal. This information
was obtained on a universal-type testing machine in the Materials Lab-
oratories, A plot of the compression on the seal in inches versus the
compression force, pounds per foot of seal for wet and dry seats, is
shown for both seal samples in Figure 29. The wet seal seat data were
obtained by submerging the seal seat {angle iron) in a pan of water, The
force required to seal the 3/32-inch deep cut for the hard-rubber seal
was 140 pounds per foot of seal, whereas the force for the sofi seal was
40 pounds. These data were desired for gate design purposes to assure
sealing of depressions in the seal seat (sill plate).

. 9

Interior ~ Reclamation - Denver, Colo.




i-@ Spillway

»
.
| |

--4

o ‘_,?.",ﬁ'.?..._F..!:{'r.f?‘,....@:'.‘z........‘._:!é’l;'.{’..m-....
"

I S

|
intermedate DIrss..
7. &2'r 30\Radio! - :
A 3
y ‘
PRy L T

9

. -DIAGRAM OF SPILLWAY GATE STRUCTURE
UPSTREAM VIEW

-€ intermedir te pier

.-G Gate € Imtermagiote pier--
"

. T R T T TT TR DT PPRET o

Top of gote Ei 2r73.00-,

)
1
i
I

.
ey

é

)
[}
[}
il
I\

‘o

z "']::-:‘R‘:_:‘ﬂ""
bl
’
]
H

T 5 o e A LR AT P ST T

-
sros

Y
s
]
|
:
H
1
1
'

1
)
]
1
1]
1)
W
I
H
:%
i
W
Iy

A
-

L ]

3

£

ik

\ 3 1 "
“Riveted splice pL[§] ».. I Y
s L L4
: i - i i e ;
/nfermadlafa . [ E;E ‘}‘Skinpliit-\*’\ :
N i em I .
- iiainaind tat alatiainls r Al =t e 1
i i i
-~ OB | WL g ed
————— gt A R St
Skinpl oot ] com g
o % _____ R i S RO H ]
. " . " 1 R
len S reeas)
B 1 R £ I :.‘- T ‘.‘I’_ 1
' i zdmozfe
T s S s wedeo
¥ it 8l il
TRy AR e . S ot e T
splicelas it Crest £ 2743.00-J¢| ' 5 ]
...... : oo S N § T
[ Y | G Y T

UPSTREAM ELEVATION
HOIST NOT SHOWN

Mox WS
£12785.00~.,
——t————

Flogt shown withi
gote roised 300-,

-4

_ér-

Floot shown with
gote closed-,

s

e ‘ s
€ Flootwells--~~

Crown Ei, 2793.17~.‘

0

-

4-~0 2

€ Intermediate pier
e

4*-0

20

.- & Highway Bridge

€ Trumnion pin ="

SECTION B-B

PRSI

Countarweight 3

Arm rototed in horirontal position

.

—

/

:

:

fimnmeea -

/

— .
. H [
«Marimum woter

surfoca .profile’

K/

'\ Tatwin-ro

) / .fottom seol seat

0 : £, N
. »\-. ;. 4;»,}\\
Are of rofotionws,,, ! =

R .- p Co
E\N".M d y - Q.‘. ) -EY
40":9,” . .l‘ . ‘,,:\(i“ < ‘ Sy

A
-
)

Kl —

,:' E1.2742.47

S

Aris of spitlway crest 5to. 30 +12.00 -

SECTION A-A

-Sta 30 +16 .95

REFERENCE DRAWINGS

42'4 30' RADIAL GATE MHOIST
SHEAVES AND CONNECTIONS..........3R08-D-1255
SPILLWAY GATE STRUCTURE ... .. _..328-D-

o\ . B .-Pin bearing

\ \ .-~ lubricoting system

Counterweight B ___ . ____
travel

-

)

Sta. 30+54.7 AN

38-~0Arm crs.

SO - A i Supiiugutivil

P .

€, Tramnion E1.2787.00
T Zii. .

~~CounMiieeignt gﬁo

| ~EL 275175

-Bottom of coanfeheighf
o fowsred position.

1S NOTE . ,

5T Alfthegods sholl be coated with Crone Cos.
"Thread Lubricant” or equivolent, before
permanent assembly of pa

~.or field.

THIS DRAWING SUPERSEDES DWG. 328 -D- 977

GENERAL

FIGURE |
Report Hyd. 323

(13

T

T
UNITED STATES

OErPARTMENT OF THE INTERIOR
BUREAY OF RECLAMATION

KISSOURI RIVER DASIN PROVECT
ERENCHMAN-CAMBRIDGE DIVISBION ~ NEER.

TRENTON DAM

SPILLWAY

A42'x 30' RADIAL GATE
INSTALLATION

Yy

s




' FIGURE 2
Report Hyd. 323 .
. .
N Top of gate i
e 21300 Pin bearing lubricating system ~ 3 tormedligte por anchor ~t
: | S L g 566 Dwg. 328 - 0 - (08 3=~ == ii"O8r. Dwg.328-0-10i8 R
: i T om ished by tha Govermment -
i ‘ R s i) &
) ’i A N g ) B Upset dio. ?1
i A /\J ; - €arm’ 0 F
s v : » v i o3
. § 2008 SECTION A-A /&* Y 3 ‘§ )
5 % \ v .
: ‘“\ \ Sta. 30+ 48.55—= 227\l |
| € Pin EL276700, — r v
i o\ ’; ‘
E % ’ « : -\ g 35 X ] ’ N *
| 4‘\ ’:/ 5 ‘ S22 ) .. A
; \ 9% 3 7 .
i / \‘ g 5 7 W TN £L 2764.50 } :
; ' '_""— AN S by 2 2 +
v " 54 pio. anchor boits / i i 24 pia. anchor botts. et
; Furnished by the Governmen. ; g Furnished by the Government. .
5 L fntermediate per onghora A SECTION B-8
iy ossembly. See Dwg. 328 -D-1048.
3up Furnished by the Government.
{
o
5
i P
: o Woll phoe - see Dwg. 328-0- 0K,
i P Furnished by the Government-"
: . nd"o'"‘ swim(3)
+ . .
5 o g ~£nd beam
1 GATE ASSEMBLY ‘ Upstreom skin plote-..
§ @ 4 Upstreom
LEAF shkin plate~" - . h
3 MATERIAL AS SPECHFIED ON DETAILS _ ,
: ONE REQD .AS SHOWN_ON DWGS 320-0-1025 SECTION O-D
: TD 326 -0-1037 INGL. MARK.IO851. Side seol assembly
‘? ‘ S\l late, se0 Ding. 328 -0-1016 -
! ¢ Furnished by the Government. ~ NOTE -
: D I -
’ : Rubber seal, ’”M il Je i Saction £-E shown on Dwg 328 - 0-1086
i 2 L EL2reR.AT Se0 019 on Dwg. 328-0-1026.
1 g * . . -
1 3 4 ) . ey —
' e . : mnﬁ':??fuwa';ﬁqw :
5 pA e \ ; . MISSOURI RIVER BASIN PROJEOT
; _ \‘ FRENCHNAN-CANDRIDSX _DIVISION ~ NEBR.
: Crest £t :743.00._\ , é_-&\ / ’,lzr'kin’q poinf'dafd .-;_ Anqﬂ:;d og}'rs,;e e TﬁEgﬂ?ﬁyDAM ‘
X = N /- nstreom sile urmis "
= R S N i \I{"  skin plate £ eraz.ar 4(":‘ ' RADIAL GATE
T = SREWEY, 57 Vi . . . ;
* Axis of spillway crest L c‘ 21 oSt s FAfL s e gl naw j /L. ]
$40, 30 #1200+ - -] R SRR B R f
r“"sm v6.35 ' DETAIL C© : S
Boltom segl assembd| : - :
Y : 328-0-108




FIGURE 3
Report Hyd. 323

Lo ]

,-Gate housing

. 1
i 4 Steel plote,) §
weld o bor.

Y 7 LD | T,

¥

-4
*¥ia. tig rods,
weld fo sides

™

N

s,

s
AY
~,

.

L.

L4
K.-16 Ga. or heavier

,-Bolt or rwet 2 stock handles fo hood

3 i
.-~ Flexible steel coble

334 Iong between
loop centers

Mounting pad for 7° diometer

hydraviic jack--.

3

'<"A

PRI

2 AN

-1 Bolt,bend shank as shown

*Two clips gach side,
. welded to hood,
% bent over test ry,
fo positien hood
while fastening

FFexidie steel

coble loop...--"

FLow

—

Upstreom ond bottom faces open. Upstream

flonge § wide, bottom flange 1”° wide. }'x i
rubber gosket oll along contoct surfoce.

[ -}
i 1 L

Ed
[ A

HOOD DETAIL
SIDE ELEV.

. 13

dd A dns

SCALE OF INCHES
FOR HOOD DETAILS ONLY

Accass hole
cover plate-.,

— \\\

\

—

“~

~——
~ \\
T

—

—.

——
— \*\.“_

e,

——— -

~—
J—
————

7

7

O

NN, N
AN 3
N o

AN

*N

e 7777777777777 77 7 777 7 777

R AT R TR
\\X&\\\\\\‘\\\\ \2 N

S
N

*Clip--

Hood not
shown

.

N
SN

~

4.“
NN
N
DAFR

Q

NN
\\
NN

N

500! assembly
-not shown

X

>

i

R T
X,
SR

,-2§"1 {1 16" Bar, weld to hood,

J arill $dia slotted holes

§ =

T Il il i ""‘“u'l]
N SN 7‘1'. ....... S S 7;". ..... A

%.2x§" 16" Bar weld fo hood,

dritl £° dio. holes

.
HOOD DETAIL
DOWNSTREAM ELEV.
U
s
LN A" Twa-piece, 2" plastic wmdow
ST e | o Removable shims for varying
- the seol- Io-seat gap
-
§
&
N
\§"
N
\
A PPN AIIA S DA

SECTIO

TEST RIG ASSEMBLY

N

Chack and true olignment of jack shoft ond base, gute chamber

top ond gate stem to insure gate contoct with seal seat
throughou! entire length of gate travel.

S
%

INESHORZES)

VALHD R LADIL AL I I, » :

"

-
1
|
|
!
|
!
|
!
!
{
|
!

i

e e
hig

(

200

@

T

DOV VE I DT

—— mam - e
=X Fanl

\

_

Yol
\._':2_,

———

©

P

‘@

[
[ 1
T 2
1 ]

! b 51 f I P gé'
i N e A il 1]
i XY |m- 17
’ \\ ! ] v
' N

TEST RIG ASSEMBLY
HALF SECTION A-A HALF DOWNSTREAM ELEV.

+Gate leaf All sections of seol

: 12°2 Jong for snug
-v..{ sliding fit between
plostic windows.
H o Furnish- oll screws
#4451y Bar for assembly,
: : ~233 Bar .

~-4]'1]" Seal stem
clomp plate

SEAL ASSEMBLY SECTION

] ooy Top 5. 5 dvep for
beremeeee 3 -ai-«—f!ﬁ #-13 thds. cap scraws
A B 14 A'V;
D R K le-Symm,
O Do abot € o
. I
~, [
B
o an SR
Levy e MAN
A e et ¥ i
(34 o 5 'ﬂ! b
Sy e .
b o e 0. £ g 0

thds. socket hd. screw
i 1"
44 x l‘ BAR

- .
g Tl
S Y
+ i 5 §
e o 53
T i

1 v
4 €

{ socket heod cap screw § L

I
o2x I cLAMP PLATE
Clal 2252
Drill ond
\_thds. spec

L a0

bore for §213
| COp sCcrew - -

o3 et s

" 13-FPipe tap for water WM}'
’. L. i'
25 x25 x5 ANGLE

] © t | 4 3 4 | ] [ ]
i i I 1 i 1 J

[
SCALE OF INCHES UNLESS OTHERWISE NOTED

HIGH HEAD GATE SEAL STUDIES
LABORATORY TEST RIG-ASSEMBLY DRAWING




FIGURE 4
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(A) Close-up view of the test rig for high head gate seal tests
before the steel back-plate and window assembly were
revised for the radial gate seal tests.

(B) General view of the test rig and equipment,

RADIAL GATE SEAL TESTS

Views of the Test Rig
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FIGURE 6
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(A) General view of the 3/8 x 8 inch x 15 foot long
belting seal bolted to a 40-foot radius.

(B) Close-up view of the above assembly,

RADIAL GATE SEAL TESTS

Wooden Mock-up of Rubber Belting Side Seal without Brass Shoes
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‘FIGUNE 8

Reference, see Figure 6

\
“~-Wall plate

W:=water force on 4.0" dimension ={4.0")17.3=
69.2 ibs./inch of seal.

R =portion of W carried by wall plates33(69.2)
:58.8 lbs./inch of seal.

T =thrust force of seal on wall plate due N

to bent seclz4% tbs./inch of “seal from
Figure 7 = 1.33 tbs/ inch of seoal.

F =total force on wall plote=R+T7:588+1.33
360,13 |bs.” inch of seal.

‘z total trictional force of seal on woll
plate = foF =(1.25)60.13:75.1 Ibs./ inch of
seal

A. RUBBER BELTING SEAL WITHOUT A BRASS SHOE

-

d

Reference,see Figures 9B
and 12

Brass
shog ~-...

+

¢

1

+

H

‘

’ 4
1 '
T ~
] )
)

I
WOl - e gt =-06"
plate ! BN

W:water force on 24" dimension:={2.4)17.3:
41.5 1bs./inch of seal. e e

F = total force on woll plote =35 W=354141.5)
=38.1 |bs./inch of seol.

B :portion of F corried by bross shoe:3(3s.)
:21.7 ibs./inch of seal. ;

R =portion of F corried by rubber lip:F-B:
38.1-27.7:10.4.|bs./inch of seol.

F'= total frictionol force on wall plate
:foB +fyR2(,25)27.7 +{1.25)10.4 : 6,92+13.0¢
19.9 1bs./inch of seol.
L1

C.MOLDED BELT TYPE SEAL WITH A BRASS SHOE

Reference, see Figures 138
ond 19

---8rass bor

W:woter force on 22" dimension ={2,2)17.3 =
38.1 Ibs./inch of seal.

F=total force on wall plate = 3(38.1):26.0
Ibs./inch of seol.

F'z= total frictioncl force on woll plote
=ty F :{.25)26.026.5 Ibs./inch of seal.

E.MOLDED ANGLE SEAL WITH A BRASS BAR

Reference, see Figures 2
ond 22

«

-2, 1" =01

A 1
:‘\

W= water force on 2.2" dimension :{2.2)17.3 =
368.1 |bs./inch of seq!.
F = total force on wall plote=W
B = portion of F corried by bross plote,
Ibs.7inch of seal: 2&(38.1):36.4 Ibs./inch
of seal. ’
R = portion of F carried by rubber lip,ibs./inch
of seal=F-8=38.1-36.4:1.7 Ibs./inch of seal
F'= total frictional force on wall plate

4B +faN:(.26)36.44+(1.25)1.7+11.2 Ibs./inch
of seal. —

G.MOLDED ANGLE SEAL WITH A BRASS PLATE

Reference, see Figures. s,
9A, and 10

| \~
r<-0.6" ~--Wall plate

- 4.3"-e

W:=water force on 4.4" dimension={4.4")17.3+
76.1bs.7inch of seal.

T = thrust force of seol on wall piate due
to bent seal: 3§ Ibs./inch of seal from
Figure 11213.2 Ibs./inch of seal.

F =total force on wall plate « 3§ w+7T - %%
(761+13.2 :87.5 Ibs.7inch of seal.

B =portion of F carried by bross shoe:3% F =

. 34875:75.3 Ibs.7inch of seal.

R =portion of F carried by rubber lip, Ibs./inch
of seal:¥-B:87.5-75.3212.2 Ibs.7inch of seal.

Fiztotal frictional force=f,B+f,R2(.25)75.3+
(1.25)12.234.1 ibs./inch of seal

B.RUBBER BELTING SEAL WI!TH A BRASS SHOE

415

Reference,see Figure 138

U o

~-Wall plate

W:water force on 2.2° dimension »{2.2)17.3 =
38.1-Ibs./inch of seal. ,

F =total torce on wail piote-L4l(38.1):29.5
Ibs.7inch of seal.

F'=total frictional force on woll platezfgF=
(1.25)29.5-36.9 Ibs./inch of seal.

D.MOLDED ANGLE SEAL WITHOUT A BRASS BAR

Reference, see Figure 2/a

.--Seal flap{rubber)

Same assembly os item &, molded angle seol
with o brass bar, totel frictionsi force of
6.5 1bs./inch of seol‘.plus

R=water force on 0.3" dimension of secl flop

=(.3117.3:5.2 Ibs./inch of seal.

F=total frictional force on woll plote:65+

taR26.5+(1.25)5.2: 130 Ibs /inch of seal.

F.MOLDED ANGLE SEAL WITH A BRASS BAR
AND A SEAL FLAP

'
i

Reference, see Figure 26

" x strong A > Woll

- DR « “~Wo lote
bross pipe / FTr<Ol P
123 wall e ==0.5

thickness -~

W=water force on 1.5" dimension =(1.5)17.3=
26.0 Ibs.7inch of seal.

f =total force on wall plate:Z%i26.0):17.2
Ibs.Zinch of seal.

8 zportion of F corried by brass, ibs./inch of
seal= 20 F=89,73+56 1bs./inch of seal. ,

R =portion ot 7 carried by rubber lip, ibs./inch
of seal:F-B:1.7 Ibs./inch of seal.

F'=totol frictional force on wall plote=f,B8+
faR =(.25115.6 +{1.25)1.7: .0 1bs./Inch of seo!

H.PROPOSED ANGLE SEAL WITH BRASS PIPE
AND SEALING LIP

NCTES -

. The purpose of this sheetl is:io make a
frictionol dreag compeorision o- various
side seal designs. Therefore, the some
gssumptions have been made in the
frictional drog estimote for each
design. The assumptions are: ‘
(o) Wet coefficient of friction, brass

to steel side wall plcte, f5:0.25.

(bl Wet coefficient of friction,
rubber to steel side wali plate,
faz1.25. S uise

{c} Sed! under 40 feet of woter head
or 17.3° p.s.i; )

{d) Nominal seol :to side wull plate gap=
zero inches. Initiol deflection of
molded angulcr seals C,D,E,F,G,
and H assumed zero inches. -

2.Sketches of seal are not tc scale.

7 et

e

RADIAL GATE SEAL TESTS

COMPUTED -
FRICTIONAL DRAG COMPARISON
OF SIDE SEAL DESIGNS




FIGURE 9 .
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(B) View of the belt type, molded angle seal, with brass shoe,
cut from a fabric reinforced angle seal shown on Figure 13A.

RADIAL GATE SEAL TESTS
Belt Type Side Seals with Metal Shoes




FIGURE 10
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(A) Wooden mock-up of 15 foot length of seal bolted
to a 40-foot radius.

(B) View of the seal buckling that occurred after the
seal was shifted nearer to the wall plate (painted .
S steel, rig floor) at 50 foot head. The lower brass
o shoe would not slide upstream.

RADIAL GATE SEAL TESTS

Mock-up and Operating View of the 3/8& by 8-inch Rubber
Belting Side Seal with Shoes
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FIGURE 13
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(A) View of the angle seal with fabric reinforcement.

(B) View of the all-rubber angle seal with a brass bar added
to reduce frictional drag on wall plate.

RADIAL GATE SEAL TESTS

Views of the Molded Angle Side Seal with Fabric
Reinforcement and a2 Brass Bar




FIGURE 14
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NOTES
I. No head readings could be obtained
at seal gaps less than -,;-unch
2. Head values varied minus ' 40% at
2 -inch to minus 10% at $-inch gap.

REFERENCE: FIGURE I3B
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NOTES

I. Heel of the fabricreinforced seal (Figurel3A)
" seated ot 1I90feet head at zero gop.
2. Neither the fabric reinforced or the ail-rubber seal
Seal gap- | showed any tendency to"blow-thru' ufter i0
: minutes at 190 feet head, z-inch gap.

Wall plate-—y

o
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2 d
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FIGURE 17
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Zero gap. Note the large area of contact of the seal with the
wall plate (rig floor) which will increase the frictional drag of
the gate. This condition might occur at a much lower head

with an aged seal.

(B) One-half inch gap.
RADIAL GATE SEAL TESTS

Views of the All-Rubber Molded Angle Side Seal
Seated at 190 Feet Head.
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| ~ NOTES
. I. No head readings could be obtained at
REFERENCE: 7 _ seat gaps less than { -inch.
FIGURE 134, z.Hegd volues voried + 20% for all gaps.
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REFERENCE: FIGURE I3B
,—Bross bar

NOTES

Seal toe“\ ‘ Seal 11.99inches fong. Seal toe moved outward. There seems
Point of contact Load,applied by Universal Testing Machine. 10000 to be three components to the toe
of dial gages-—"" - movement. |
N W3t Upper clamp plate. | — , | .
Outward N\ / 9000 . I > Load
Qutwo ~ f///////////////\\
NN\ :EQQQ;\ r’if/// o ~ [
3 N Ae--- 1\
.\\\\\\\\\\\\\\\\ \\ // 7000 , Since bulge at “A"cannot form ,toe
©  “Seal stem- ~ a tended to turn |
~Lower clamp plate. / z
A 6000 o 2 Load
// & ¥ \9 .
' P
A--> o : :
Load vs. Stem compressio v 13 R }
g 09 e 9000 4 since there was a restraining
; L,.,—-Mox.gage travel = frictional force Ffacting over .-
- .08}—2 = ' 3000 length“L" of lower clamp plate
3 ' | and none above onupper clamp
ot piate, toetended to turn g7
w .07 — — 2000 3. -
(&
z /
T .06 — - 1000
- /
s 0% o Stem tended to bulge at"A" Left side
W wos free.to.move, pushing toe to
> / e left; right side was not free to bulge,
04
- 2 7 - pushmg toe further to left. This
u 1 //(\ ‘\:‘“-Gage No. 1 left ‘! component probably was a major one.
03 a4 No.2 center } Facing brass bar.
o ’/‘.’ ...... _gzgz No. 3 ”gnh*rg 'ng br 4,The seal toe movement was based
o A i | / .upon approximately a one foot
" 02 A ¥ length of seal clamped flat,and
does not consider the effecf of
1 the sealclamped to a large radius
-0l (40 feet, Figure 2).
0 . e g ' '
0 .0t .02 03 04 .05 .06 .07 .08 .09 10 A1 12
‘ SEAL STEM COMPRESSION-INCHES
RADIAL GATE SEAL TESTS
MOVEMENT OF SEAL TOE OF THE ANGLE SIDE
SEAL DUE TOCOMPRESSION OF SEAL STEM
415 Y

et |

" Report Hyd.323 FIGURE 20




. FIGURE 21
Report Hyd-323

(A) Yiew of the angle seal with a brass bar plus a rubber sealing flap.

(B) View of the angle seal with rubber removed from the lower leg
and a brass plate added.

RADIAL GATE SEAL TESTS

Views of the Angle Side Seal with a Brass Bar plus
a Rubber Sealing Flap and with a Brass Plate,




Report yd.323 FIGURE 22

= -18-NC cop screw and nut
spaced @ 6"centers,,
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-Brasstorubber
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O
N AN
R AARNANA

N
!
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~Spaces to permit easy
compression of sealyiip

" RADIAL GATE SEAL TESTS

ANGLE SIDE SEAL
WITH BRASS PLATE ADDED
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REFERENCE: FIGURE 21A
NOTES

' "S';increased from f£-inch at zero head to

Rubber flap--. ——+ ||FLow —> w-inch at 190 feet head.

N

wall plofe---\i AP Seal gap
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: 1{-Max.lab.
Approximate heod and gap range head.

where rubber flap seals on wall
plate.
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RADIAL GATE SEAL TESTS
HEAD LIMITATIONS TOOBTAIN A SEAL OF THE ANGLE
SIDE SEAL WITH BRASS BAR AND RUBBER FLAP ADDED
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SEAL GAP-INGHES

NOTES
L Fl [
REFERENGE: FIGURE 218 | No head readings could be obtained
ot seal gaps less than § -inch.

FLOW
—> .--Wcll plote

0 2 " 6
HEAD-FEET OF WATER

RADIAL GATE SEAL TESTS

SEALING AND UNSEALING HEADS OF THE ALL
RUBBER ANGLE SIDE SEAL WITH BRASS PLATE ADDED
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FIGURE 25
Report Hyd-323

(A) Sealing position at 40 feet head. The seal water load
was carried to the wall plate (rig floor) by the upstream
end of the brass plate and by the rubber sealing lip of

the seal,

(B) Sealing position at 190 feet head. Non-representative
of field pressures due to flow restriction at area A--
tended to separate brass plate from seal. Brass plate
became horizontal at 100 feet head.

RADIAL GATE SEAL TESTS

Operating Views of the Angle Side Seal with a Brass
Plate at 1/2-inch Seal Gap.




"FIGURE 26

Report Hyd, 323

SO\
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Wall

e

NN NN NN NN
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NOTES

I. Approximately one-third of seal
water load across the 13" di-
mension is carried by the gate;
the remainder of water load is
carried to the wall plate.

2.Bross pipe may be slightly curved
during assembly to fit gate
curvature.

3.At higher heads, seal leg will

tend to curve, and thus releave

the frictional drag of rubber

sealing lip on wall plate,
4.Drowing is to full scale.

---4 Holes, 13" Centers

_-% x-strong brass pipe
123" wall thickness

1" Initial deflection of
seal on wall plate.

plate---°

RADIAL GATE SEAL TESTS

PROPOSED SIDE SEAL WITH A BRASS PIPE
AND A RUBBER SEALING LIP




Report Hyd.323 FIGURE 27

Four +™13NC
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Rubber seal
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_.--Downstream clamp plate.
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Upstream clamp plafe extended~
depression in seal seat {siil plafe)
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: RADIAL GATE SEAL TESTS
ARRANGEMENT FOR HYDRAULIC TESTS GF BOTTOM SEAL




FIGURE 28
Report Hyd-323

(A) Seal compressed 100 percent at 40 feet head. The
seal was deformed upstream under the upstream
clamp plate. The seal is outlined in white line,

' (B) 3/4-inch gap, 190 feet head. The seal is deformed
slightly under the downstream clamp plate.

RADIAL GATE SEAL TESTS

Operating Views of the Soft Rubber, Type A Shore
Durometer 38, Gate Bottom Seal
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o NOTES
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