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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 6j, the lateral thrust on the wall plate (seal seat) is high 
(Figure 7) which r-ults in excessive frictional drag (Figure 8A). 

2. Rubber belting with a brass shoe added to reduce frictional drag 
on the w a l l  plate is also unsuitable. The seal  shoe assembly tested 
(Figures 5, 9A and 10A) w a s  heavy, 14.8 pounds per  linear foot of seal, 
the lateral thrust on the w a l l  plate was very high (Figure 1 l), the fr ic-  
tional drag of the seal w a s  high (Figure 8B), and the seal  assembly did 
not slide easily upstream on the wa l l  plate when the test gate was shifted 
nearer the wall plate which resulted in seal buckling (Figure 10B). .. 

3. A belt-type sea l  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. 

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

I' 
(b) The addition of the brass  bar, as shown in Figures 13B 

and 19, reduces the friction drag (Figure 8E) but also eliminates 
the desired rybber-to-metal (side wall plate) sealing surfaces. 
Whether o r  not the brass bar is used at a particular installation 
will depend, among other things, upon the amount of permissible 



wetting o r  staining of adjacent parts of the structure. 

(c) The head at which sealing and unsealing took place 
was moderately 'lcqw: Values a re  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 2 1  and 221, 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 Durorn- 
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 a s  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 a r e  relatively low. These 
gates a r e  provided with seals along the sides and bottom edges. The 
seals a r e  usually clamped to the gates with metal spacers to permit 
tightening of the clamp plate bolts holding the seal  in place (Figure 19). 
A typical gate and seals  a r e  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 



Laboratory FLepo6t No. ~ y d - 3 1 1 .  The tes t  equipment used was designed 
specifically for  the high head-gate sea l  tests ,  and required only minor 
modifications fo r  the hydraulic t e s t s  on the radial  gate seals.  Since no 
testing had been done in the Hydraulic Laboratory on radial gate sea l s  
this  test  r ig  offered an opportunity for  conducting brief t e s t s  on this type 
of sea l  although the r ig  did not represent  the best arrangement for  such 
tests.  All the radial  gate sea l  samples were  supplied through the Mechan- 
ical  Branch. 

DESCRIPTION OF TEST EQUIPMENT 

The test r ig  used fo r  conducting the hydraulic t e s t s  on .radial 
gate sea l s  is shown on (Figures 3 and 4). To obtain the best view 01 a 
side sea l  in the r ig  window space available, a different sea l  back p1a.i.e 
and window arrangement from that used f o r  the high head sea l  t e s t s  was 
installed. The steel  back plate was made of 314-inch instead of 1-1/2- 
inch s tee l  a s  shown i n  Figure 4A, and the plate was located far ther  down- 
stream. Thus, the windows permitted a view of a l a rge r  area.  Each 
window fitted into a slot in ?he s tee l  back plate, and the upstream face of 
the  window was shouldered to fit in the r i g  frame.  The windows were 
compressed between the r ig  f rame  and s tee l  back plate by means of two 
5/8-inch t ie  b ~ l t s  outside each window. The bottom face of each wiridow 
was attached to the r ig  floor with four machine screws to assure  a w a t e r -  
tight seal at these parting surfaces. Thus, the windows were f ree  of the 
downstream movement of the back plate due to the water load which made 
the window assembly durable. The tes t  gate was operated by a hydraulics 
jack which, in turn, was actuated by a portable, electric, motor-driven 
oi l  pump (Figure 4B). The r i g  sheet metal hood deflected the water to 
the laboratory channel below the floor level. The hood attachment. was 
arranged for  quick removal by loosening four nuts which  held four s tee l  
cable'ties. The r ig  was connected to a 12-inch water supp:!y pipe by a 
c i rcular  -to -rectangular transition. The assimilated reserv0j.s head was 
read on the  large  Bourdon gage tapped into the 12-inch pipe. Maxi.mum 
water head available in the labora.tory w a s  195 feet. All sea ls  tested 
were full-size sections 12 inches long. 

Sliding of the  side sea l  on the w a l l  pla.te, which corresponds to 
the radial  gate opening o r  closing, was not possible with this equipment, 
The side seal could be moved by the test: gate i n  a direction normal to 
the wall plate. This movement corresponded to the sidewise movement 
of a field gate. Opening and closing of a gate bottom sea3 was assimi-  
lated with this tes t  equipment. 

Seal water leakage was not easily determined, but the exact 
values of leakage were not required. When the sea l  seated, the com- 
bined leakages of the s e a l  and r i g  (past windows, gate leaf, etc. ) were 
too smal l  to be conveniently measured. Visual observations of the seal-  
t o s e a t  leakage sufficed fo r  these tests. 



Belt Type Seal Without Brass  Shoes - 
The Mechanical Branch proposed using a sea l  made from 

rubber belting. A 15-foot long sample of 3/8- by 18-lnch, fabric- 
reinforced, rubber belting was obtained fo r  test. A sea l  8 inches 
wide and 15 feet long was cut f rom the sample and assembled in a 
wooden mock-up of the clamp plates s imi lar  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 f i r s t  
without the shoes (Figure 6), and no difficulties were encountered. 
The la tera l  thrust per  l inear foot at various sea l  positions was deter-  
mined with no water load on the seal. The resul ts  a r e  shown in 
Figure 7. The thrust was determined by lifting the seal. up and off 
the laboratory floor with a spring scale and a s tee l  ba r  placed under 
and perpendicular to the sea l  axis--all  arranged a s  a second-class 
lever  with the floor representing the wall plate, The sea l  was lifted 
at a point midway between two pieces of paper placed 12 inches apart 
on the floor under the seal. When the paper could be slipped by. hand, 
(thrust load on floor relieved) the spring-scale load w a s  recorded, 
and the thrust  computed. The la tera l  thrust  was high and, with the 
addition of water load on the seal, the resulting sea l  friction wlth the 
side wall plate (seat) would require considerable power to operate the 
gate. The approximate frictional drag of the seal  on the wall plate is 
75 .1  pounds pe r  inch of sea l  at a 40-foot head and zero s ea l  gap,. 
(zero gap defined i n  Figure 5), a s  shown in  the computation in-igulre 
8A. In view of the high drag, no hydraulic t e s t s  were justified. It 
was decided to investigate the same  seal  with the b r a s s  shoes bolted 
to the belting (Flgure 9A) to reduce the frictional drag  of the seal on 
the w a l l  plate. 

Belt Type Seal With Bra s s  Shoes 

The belt sea l  with shoes was also assembled i n  a wooden 
I mock-up (Figure lOA), using wooden shoes a s  shown i n  Figure 5. The 

wooden shoes were f i rs t  bolted to the sea l  with the sea l  (belting) straight. 

I 
The s ea l  was then bolted to the 40-foot radius wooden form representing 
the gate edge. Due to the added stiffness, the sea l  was somewhat more 
difficult to bolt to the 40-foot radius than the sea l  without the shoes, 
Tests  were made to  determine the lateral  thrust  i n  pounds per Linear 
foot of sea l  (Figure l l) ,  and the thrust was much higher than the same  
seal  without the shoes. Even though the la tera l  thrust  of the seal was 
higher with the b r a s s  shoes, the sea l  friction on  the s ide w a l l  plates 
w a s  less ,  a s  illustrated by the computation shown in Figures 8k and 8B. 

Hydraulic t e s t s  i n  the r i g  over the laboratory head range of 
zero to 190 feet of water showed that when the gate was moved away 
f rom the wall plate (r ig floor) the seal shoe slid downstream and re- 
mained in flat. contact with the w a l l  plate. However, when the gate w a s  
moved nearer  to the wall plate, the b rass  shoe would not slide upstream 



heel of the b rass  shoe, paint Y, ~ i g u r e 5 ,  lost. c:onl;act with the wall 
plate when the  seal  gap w a s  9/16-inch (distance x = 1-5/16.ixschas; 
Figu?:e 111, and this value was essentially independent, of the reservoir  
head. The sea l  behavior was considered unacceptable. The sea l  
weight was high, 14.8 pounds per  l inear  foot. 

Molded Type Belt Seal 

As a means of reducing the Lateral thrust of the be11 type oP 
seal, the Mechanical Branch proposed that the bel t  seal he molded to 
the shape shown on Figure 12. The approximate frictional drag  of a. 
molded s e d  at 40-foot head and zero gap i s  considerably l e s s  than the 
belt sea l  (Figures BB and 8C). Sufficient length of such a sea l  was not 
available for  la tera l  thrust  determinations i n  the wooden mock-up. I t  
w a s  decided to take the  Sabric-reinforced angle sea l  (Figure: 13A) and 
machine it to 318-inch thick. The finished sea l  with b rass  shoe, shown 
in Figure 9B, weighed 3: 6 pounds pe r  l inear fool.. Machining of the 
rubber was difficult, and an irregular sea l  edge was obtained. 

At a 40-foot head the b rass  shoe did not slip upstream freely 
as the s ea l  gap was decreased f rom 3/8 to  zero  inch; however, the 
shoe did move slowly. The sea l  buckled at 114-inch negative gap, and 
the sealing lip raised slightly frpm the seat  (r ig floor). It was possible, 
while decreasing the sea l  gap, to cause the upstream clamp plate TO 
contact the heads of the shoe atia.ching screws, because the shoe was 
slow to  move upstream. The heel end of the s ea l  shoe, point Y, Fig- ' 
u r e  12, lost, contact. with the sea t  when the sea l  gap reached 318 inch. 
It was concluded the sea l  operation was only fair. 

Angle Seal Without a Brass  Bar 

Two designs of radial  gate s ide sea l  used by the Army 
Engineers' were available for test;  one, a n  all- rubber s ea l  l ike that 
shown as Pazt 1, Figure 14, and the other s imi la r  to it, except fabric 
reinforced (Figure 13A). Each w.eighed about 2 .5  pounds p e r  l inear 
foot. The seal in  Figure 14, Part 1 evolved f rom the laborlal.ory tests  
is intended fox field use. This seal incorpor-ates a slightly lazger angle 
between the s e a l  legs than the sea l  used by the Avmy Engineers. Fig- 
u r e  15 shows the head required to s ea l  and unseal the all-rubber seal 
f o r  gaps f rom zero to 1 / 2  inch. At 1/2-inch gap, the water head r e -  
quired for  sealing was 22 feet, while that at which unsealing occurred 
was 8 feet. The maximum sea l  gap intended during gate operation i s  
approximately z ero. 

Figure 16 shows the head required to sea$ and unseat the heel 
end of this  seal fo r  sea l  gaps from zero  to 1/2 inch. In general, the 
head required w a s  higher than encountered with radial  gates. The lower 
leg of the seal flattened to an  undesirable curved shape (Figure 17). A 
seal that has been installed severa l  yeaxrs may take this  shape at a 
much lower head. The boated leg of this sea l  s tretches considerably, 



this  seal 06 the wall. plate is likely t; be high i n  comparison to other 
designs as shown in  Figure 8D; otherwise, the behavi.or of this se i !  
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 sea l  occurred for  sea l  gaps from zero to 1 1 2  inch. 
The fabric-reinforced sea l  is much stiffer than the all-rubber seal, as 
indicated by the note on Figure 16. The laboratory t e s t s  revealed no 
reason fo r  needing the fabric reinforcement. 

Angle Seal With Bra s s  Bar Designs 

Brass  bars,  o r  shoes, were added to the angle sea l  to seduce 
the frictional drag. One such design, weighing 3 . 4  pounds pe r  l inear  
foot, is snown in Figures 13B and 19. The estimated fricti.onal drag 
of this sea l  on the wall plate is low (Figure 8E) compared to other s ea l  
designs. Figure 15 shows the head at which sealing and unsealing oc-  
curred at  gaps from zero to 112 inch. The added b r a s s  bar weight and 
possible changed flow conditions under the sealing surface resulted in 
a slightly lower sealing and unsealing head compared to the all--rubber 
seal. However, i t  is intended that the seal be assembled with a 114- 
inch initial deflection (negative gap) a s  shown j.n Figuse 19 to assure  a 
sea l  at  very low heads near the  top of the gate. With this 1/4--inch 
la tera l  gate movement possible (Figure 2: Section D-D), the side sea3 
could possibly be deflected 112 inch. With these conditj.ons, the heel 
end of the sea l  should c lear  the w a l l  plate by appsoximately the thickness 
of the brass bar, 3/16 inch (Figure 19). This clearance was deie-rmined 
from dimensions of the sea l  intended _for field use (Figure 14, Pat 1). 
If the heel end of the s ea l  rubs on the wall, plate, i t  is likely to ca.use 
excessive gate drag. At the higher. heads, the lower leg of this sea2 
with a b rass  bar  took a more  severe  curved shape than without the bar. 
Based on visual observations, the angle s ea l  with the b rass  ba-r. (metal- 
io-metal seal)  leaked only slightly more  than the all-rubber seal. 
Whether o r  not the b r a s s  bE is used w i l l  depend, among other things, 
upon the amount of permissible frictional d rag  and whether seal leakage 
will cause objectionable stains o r  algae growth on adjacefit par%s or' the 
structure. 

The movement of the s ea l  sur.face due to clamp plate loads was 
investigated. It w a s  not certain whether the sealing sudace would move 
inward o r  outward when the s ea l  s tem was compressed between the 
clamp plates. The clamp plate load w a s  applied by a Materials Labora- 
tories '  testing machine, as shown i n  Figure 20. Four d i d  indicaI.or 
gages were used; three  to measure  the sealing surface movement and 
one to measure the compression of the seal s tem under. Load. The seat- 
ing surface moved outward, increasing the angle between the seal! legs. 
The results,  shown on Figure 20, a r e  not conclusj.ve because the s ea l  
toe movement was based upon approximately a 1 -foot length of seal! 
clamped flat, which does not consider the effect of the seal clamped t o  
a large Fadius, such as 40 feet. Since the angle between the seal legs  



is g rea t e r ' t han  900 (Figure 14; Parat, I ) ,  it is conject;ux~ed 1;h;t.t clamping 
the  s e a l  to a l a rge  radius ,  with no s e a l  coutaci, o n  the wal l  plate, wild 
a lso tend to  make the seal toe  move c>ut.wax*d, the snnze d.irecti.on as 
shown on Figure  20. 

Two sea l s  were  m a d e  that. included rubber-40-metal  sealing 
surfaces and a b r a s s  member  to reduce the  frictional drag (Figu:res 21 
and 22}, Both were r eworks  of the al l - rubber  angle sea.1 design used 
by the Army Engineers,  The s e d  f lap  (Figure 21A) was intended to be 
a single piece, but rubber  sheeting of the prefer red  thj.ckness w a s   lot 
available so  two tkiicknesses were  cemented together,  This seal was 
generally unsatisfacl.ory at. the  lower heads, as the flap d i d  nod. make 
contact with the  sea t  (rig floor).  The head required 1.0 o b t a ~ n  a s e d  was 
high !Figu.re 23) .  When the  flap w a s  in  contact with the  seal., the s e d i n g  
was good. At: the h igher  head, when  the  lower leg  curved d u e  t n  the 
g r e a t e r  pressure ,  the f lap w a s  lifted off t he  seal,. The hem at which 
tbis condition occ:urred at. vaz.ious gaps is shown i n  Figure 23. The esL1.e 
mated fr ic t tonal  d rag  of this seal on the w a l l  plate .is 13.0 pounds per 
inch of seal ai. 40 .feel, of head and z e r o  gap (F igure  8F). The seal weight 
p e r  l inear  Coot was 3. 6 poun,ds. 

The  s e a l  shown in F igures  21B and 22 .incorpo.rai.ed a rnoL4e 
stabilized sealing Lip. Th i s  s e a l  was made f r o m  a 12-inch seci;ion of' 
the  a l l - rubber  angle seal.  A 2-1/2-  by 3 /  16--inch brass plahe w a s  boP.ed 
to the seal to m~n,.imize the  f r  i c t i ond  drag, especially high d ~ ~ a g  at nega.- 
t ive seal gaps. The head required to s e a l  arid unseal  t h i s  s e a l  is shown 
in  Figure 24, a . ~ d  the r e su l i s  a r e  comparable  to those f o r  t he  al.1-rubbe.!* 
angle s e a l  w ~ t h  and wi?hout the brass b a r  (Figure 15). Operation 01 ihc? 
seal at. small  gaps, l e s s  than 1/8 jnch, w a s  good, because the rubber  
sealing l ip  c;arrled a s m a l l  po.rtion of the  seal water load. T h e  sea:! 
operation was only f a i r  a.t t h e  :!arger seal gaps, to 1 / 2  inch, because t h e  
~wbber* seal  l ip ca r r i ed  a greeler portion of the  water load, thereby in-- 
creasing the  drag (F igure  25). However, the maximum s e a l  gap i,ha.C is 
likely to occur  i n  the kield i s  est.i.maied to be zero.  T h e  fri6:tiona.l drag 
at 40-foot head and ;it. z e r o  gap is approx~mate ly  11.2 pounds per inch 
length of seal (.Figure GG), This s e a l  weighed 4.2 pounds p e r  : h e a r  Loof, 

Future  Side Sea l  Invest igat~ons 

It appea r s  E ~ o m  the  foregoing, pa~.i.i~;ular~ly the i.nforma'lion on 
Figure 8, that  a side seal- design should include the fea~.ur'es l i s x e d  below. 
A suggesied design incorporating t+ese fea1ur .e~ i s  shown i n  Figure 26. 

(a) Near the top of the  ga!.e where the head is law the  sea.iing 
fo rce  of the  s e a l  should be independeni of the water head. A s,z.t.is- 
factory way to accomplish this may be to assemb3.e the  angle type 
sea2 to  the gate wi th  l /4- inch in i t id  deflection of the  seal aga-insl. 
t h e  wall plate, 

(b) A rubber- to-mexd (wall plate) seal  i s  desired lo obtain, 
the  leas t  wa1,er leakage at  the  lower heads near  the top of a ga?e, 

7 



load c a ~ r i e d  by this member be low, o r  negligible, and the 
sealing force obtained primari ly from the initial deflection of sea l  
as stated in (a\ above. A metal-to-metal sea!. is undesirable be- 
cause leakage might cause unsightly side wall stains o r  algae growth. 

(c) The h2el end of the sea l  should not be permitted to 
contact the waU plate because this would increase the frictional 
drag  of the seal. Therefore, the sea l  water load at the  heel end 
should be carr ied by the gate. Also, the la tera l  movement ox the 
gate should be limited so  that the heel end of the sea l  cannot rub 
on the wail plates. 

(d) The sea l  a r e a  that is exposed to the water load should 
be as smal l  a s  possible to seduce the s ea l  water load to a minimum 
to keep the frictional drag of the sea l  low; however, this  a r ea  must. 
not be  so  smal l  that an inadequate sealing force  is provided by the 
water. The 1 - 112-inch dimension i n  Figure 26 appears sufficied, 

(e) The major portion of the sea l  water load onto the wa-Ll 
plates should be carr ied through a metal member to  minimi.ze the 
frictional drag  of the seal. The extra strong 1/4-inch brass pipe 
shown in Figure 26 has the advantage of being a commescia! parl: 
not specially made. The drilled holes in the b r a s s  pipe should q.sS- 
s u r e  a good bond to  rubber and thus eliminate bolting of the  b.,.ass 
member to the seal. The b r a s s  pipe can be the  same length as the 
molded sea l  sections. The pipe can be curved very slightly at f.ield 
installation to f i t  the curvature of the gate. Joints in the b r a s s  mem- 
ber  approximately every 2 feet a s  shown in Figure 19 could thus be: 
eliminated. If the b r a s s  member is orrtitted, the all-rubber sealing 
surface resul ts  in a high s ea l  frictional drag (Figure 8D). 

(f) At the higher heads, it is desirabie to relieve the 10 Lace 
of the rubber sea l  lip on the wall plate to alleviate t h e  f-rictiona:! drag 
of the rubber lip. The short  leg of the s e a l  in  Figure 26 w i l l  turn  
couilterclockwise slightly about the b r a s s  pipe which gives the de- 
s i red  action. At the higher heads, the b r a s s  pipe alone is likely to 
provide a satisfactory seal. 

The estimated frictional drag of the s ea l  in Figure 26 is 6. 0 
pounds per  l inear  inch of sea l  at 40 feet of head and zero  gap (Figure 8H). 
This drag  is low compared to other sea l  designs shown on Figure 8, pa.?-. 
ticularly that shown on Figure 8E, which does not incorpora3.e a rubber 
sealing lip. 

RADIAL GATE BOTTOM SEAL TESTS 

The test  r ig  was again modified a s  shown in Figure 27. The 
angle i ron  sea l  seat included a circular  cut, 3/32 inch deep at; the seat  
center line and 3 inches wide, to represent  a depression i n  the metal- 



seating surface (sill plate). The angle of the sea l  seat  relative to the 
sea l  was s imi lar  to that of a field gate (Figure 2). Two all-rubber 
sea l  samples were available fo r  test;  each one was rkctangular in  
section (Part 2, Figure 14). One was made of stock with a Type A 
ShoreDurometer hardness of 69. The other sample was made of stock 
with a Type A Shore Durometer hardness of 38. 

Both sea l  sarnples were tested in the rig at  heads of zero  to 195 
feet of water. Both sea l s  appeared to  sea l  satisfactorily. At the higher 

a compressions of the soft rubber seal, it deformed under the upstream 
clamp plate (Figure 28A). Based on visual obse.rvatj.oos, a better sea l  
was obtained by extending the upstream claxrlp plate as shown in  Figure 
27. At heads of 55 o r  more  feet, the sofl rubber seal had a tendency 
to  sweep under the downstream clamp plate (Figure 28B). 

The principal tes t  conducted on these two sea l  samples was to - 
determine the  force required to 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 sea l  in  inches versus the 
compression force, pounds per  foot of seal fo r  wet and dry seats,  is 
shown f o r  both sea l  samples in Figure 29. The wet sea l  seat  data were 
obtained by submerging the seal  seat  {angle iron) i n  a pan of water. The 
force  required to seal the  3132-inch deep cut f o r  the  hard-rubber sea l  
was 140 pounds per  foot of seal, whereas the force  fo r  the soft sea l  was 
40 pounds. These data were desired for gate design purposes to assure 
sealing of depressions i n  the sea l  sea t  (sill plate). 
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FIGURE 4 

(A) Close-up view of the test rig for high head gate seal tests 
before  the s t e e l  back-plate and window assembly were 
revised for the radial gate  seal tests. 

(B) General view of the test rip; and equipment. 

RADIAL GATE SEAL TESTS 

Views of the Test Rig 
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RADIAL O A T €  SEAL TESTS 
WOOOEN MOCK-UP OF RADIAL GATE SIDE SEAL 

MADE FROM RUBBER BELTINO 



FIGURE 6 
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(A) General view of the 318  x 8 inch x 15 foot long 
belting sea l  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 





. ... 

Reference, see Figure 6 Reference,see Figures 98  

Reference, see Figures 138 

W= wa te r  force on 2.4' dimension .12.4117.3= W=wote r  force on 2.2" dimension =12.2) 17.3 = W= water force on 2.2' dimension =(2.2117.3 = 
69.2 Ibs./inch o f  seal. 41.5 Ibs./ inch o f  seal. 38.1 I bs./inch o f  sea I. 38.1 Ibs./inch o f  seal. 

R = p o r t i o n  o f  W car r ied  by w a l l  plate:g(69.21 F = t o t a l  fo rce  on w a l l  p l a t e  = % ~ = % ( 4 1 . 5 )  F = t o t a l  f o r ce  on w a l l  p late =g(38.1)=26.0  F = t o t a l  f o r c e  on w a l l  p l a t e  = W 
~58.6 ibs / inch o f  seal. = 30.1 Ibs./ inch o f  seal. Ibs./inch o f  seal. 

T = t h r u s t  f o r c e  o f  sea l  on w a l l  p l a t e  due B : p a r t i o n  o f  F car r ied  by brass shoe=$138.11 F'= t o t a l  f r i c t i o n a l  f o r c e  on w o l l  p l a t e  
t o  ben t  seal=+ Ibs./inch o f  seol  f r o m  a 27.7 Ibs./inch o f  seal. =f,F = (.25)26.0=6.5 Ibs./inch o f  seal. 
Figure 7 = 1.33 Ibs./ inch o f  seal. R = p o r t i o n  o f  F c o r r i e d  by rubber l i p  - F-0: 

F = t o t a l  f o r c e  on w o l l  p l o t e = ~ + ~ = 5 8 8 + 1 . 3 3  30.1-27.7 - 10.4 Ibs./inch o f  seo I. 
40.13 Ibs./inch o f  seal. F t =  t o t a l  f r i c t i o n a l  f o r ce  on w a l l  p l a te  

F ' =  t o t a l  f r i c t i o n a l  f o r ce  of seal on wal l  z fa8 S fnR .1.25127.7 +[1.25)10.4= 6.92t13.0: 
p l a t e  = f, F r11.25)60.13= 75.1 1bs.l inch o f  19.9 I bs./ tnch of  sea I. 

molded ongular seals C.0,E.F.G. 
and ti assumed zero ir~chas. 

E-MOLDED ANGLE S E A L  W I T H  A B R A S S  BAR are n o t  t~ scale. ' 
' 

Reference, see Figure 133 Reference, see Figure 21A Reference, see Figure 26 

W = w o t e r  fo rce  on 4.4" dimension = (4.4') 17.3; Wzwoter fo rce  on 2.2' dimension *(2.2)17.3 = Some assembly as i tem £,molded angle seol  W=wate r  force on 1.5' dimension =(1.5)17.3= 
76 Ibs./inch o f  seal. 38.1 Ibs./inch o f  seal. w i t h  o brass bar, t o t a l  f r i c t i o n a l  f o r ce  o f  26.0 Ibs.1 inch o f  sea I. 

T = t h r u s t  f o r ce  o f  seol on wa l l  p l a t e  due F = t o t a l  f o r c e  on wa l l  p l a t e =  g(38.1 i .  29.5 6.5 I bs./inch o f  sealL plus F = t o t a l  fo rce  on wa l l  p l a t e  = ~ :56 .0 )=17 . t  
t o  ben t  seal:# lbs./inch o f  seal f r o m  I bs./inch o f  seal. R - w a t e r  fo rce  on 0.3 dimension o f  seol f l o p  Ibs./inch o f  sea!. 
Figure 11 = 13.2 Ibs./inch o f  seal. F ' z t o t o l  f r i z t r o n a l  f o r c e  on w o l l  plote=f,F= :(.3)17.3:5.2 Ibs./inch o f  seal. 8 =por t ion  o f  F carpied b brass, Ibs./inch o f  

F = t o t a l  fo rce  on wal l  p l a t e  w-tT =* (1.25129.5r36.9 Ibs./inch o f  seal. F k t o t o l  f r i c t i o n a l  f o r ce  on wa l l  pIate.6.5t seal = % F *#i7.3*15.6 lgs./inch o f  seol. 
176lt13.2 = 87.5 Ibs./inch o f  seal. fRR a6.5+11.25)5.2 = 13.0 1bs.linch o f  seal. R =po r t i on  o t  F carr ied by rubber lip, Ibs/inch 

o f  seol = F - $ 1  1.7 I bs./inch o f  seal. B =por t i on  o f  F car r ied  by brass shoe F = 
ff87.5.75.3 Ibs./inch o f  seal. F'= t o t 0 1  f r i c ? i c n a l  force on w a l l  plote=f,B!. 

'R = p o r t i o n  o f  F ca r r i ed  by rubber  l ip, Ibs./inch frR-(.25E15.6 +(1.25)1.7=6_.0lbs./inch o f  sea1 
of seal =F-0=87.5-75.3212.2 Ibs./inch o f  seol. 

F 8 = t o t a l  f r i c t i o n a l  force=f,B+flR~(.25175.3t 
RADIAL GATE SEAL TESTS 

11.25)12.2=34.1 Ibs./inch o f  seal COMPUTED 
F R I C T I O N A L  DRAG C0MPARII;ON 

O F  S I D E  S E A L  DESIGNS 

F.MOLDED ANGLE S E A L  W I T H  A BRASS BAR H.PROPO%ED ANGLE S E A L  W I T H  B R A S S  PIPE 
B E R  B E L T I N G  S E A L  W l T H  A BRASS SHOE D. MOLDED ANGLE S E A L  WITHOUT A BRASS BAR AND A S E A L  F L A P  AND SEALING L I P  



FIGUI 
Repos 

(A) View of the rubber belting seal with brass shoes.  

(B)  View of the belt type, molded angle sea l ,  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 
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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 
steel, rig floor) at 50 foot head. The lower brass 
shoe would not slide upstream. 

RADIAL GATE SEAL TESTS 

Mock-up and Operating View of the 3 / 8 h y  8-inch Rubber 
Belting Side Seal with Shoes 
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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 
Reinfarcement and a Brass Rar 
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REFERENCE: FIGURE 13B A 
Seal gap--, FLOW 

7 

N O T E S  
I. No h e a d  r e a d i n g s  could be o b t a i n e d  

a t  s e a l  gaps  less  t h a n  4 - inch .  
2. H e a d  v a l u e s  v a r i e d  m i n u s ' 4 0 %  a t  

2 -  inch t o  minus 10% a t  f - inch gap. 16 



NCE: FIGURE 14 Port I. 

s- ' 

FLOW ---s- 

N O T E S  
I. Heel of t h e  fabr ic  r e i n f o r c e d  seal (Figurel3A) 

seated  a t  1 9 0 f e e t  h e a d  a t  ze ro  g c p .  
2. Ne i ther  the  fabr ic  re inforced or t h e  a l l - . rubber  seal 

showed any tendency to"blow-thru'  a f t e r  io 
I minutes a t  1 9 0 f e e t  head,F- inch gap. 

H E A D - F E E T  O F  WATER 

R A D I A L  G A T E  SEAL TESTS 
HEAD R E Q U I R E D  TO S E A T  A N D  S E A L  THE HEEL END O F  
. THE ALL RUBBER ANGLE SIDE SEAL 



FIGURE 17 
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Zero gap. Note the large area of contact of the seal  with the 
wall plate (rig flo'or) which wi l l  increase the frictional drag of 
the gate. This condition might occur at a much lower head 
with an aged seal. 

One-half inch gap. 

RADIAL GATE SEAL TESTS 

Views of the All-Rubber Molded Angle Side Seal 
Seated at 190 Feet Head. 







... 

Seal 11.99 inches long. 
Seal toe moved oufward. There seems 

Point of contact to  be three components to the foe 
of dial gages.---" mow ement. 

tended fo tu rn  Z 

f r i c t i ona l  force Ff ac t ing  over 
*;, length  of of lower clamp p l a f e  

and none above on upper clamp 
plate,toe"tended to  t u r n 6  

component probably was o major one. 

4, The seal toe movement was based 
.upon approxirnetely a one foo t  
length of  seal  clamped flatland 
does not consider t h e  e f f e c t  of 
the seal clamped to a large radius 
(40 feet, F igure  2). 

R A D I A L  GATE SEAL TESTS 
MBV&MENT OF SEAL TOE OF THEANBLE SIDE 
SEAL DUE TO COMPRESSION O F  SEAL STEM 



View of the angle seal with a brass bar plus a rubber sealin 

View ~f the angle seal with rubber removed Pram the lower 
and a brass plate added. 

RADIAL GATE SEAL TESTS 

Views of the Arrgle Side Seal with a Brass Bar plus 
a Rubber Sea- Flap and with a Brass Plate. 



-?. - 18- NC Cap Screw and nut 16 
spaced @ 6"centers,, 

- B r a s s t o  r u b b e r  
bond p r e f e r r e d  

" - - 2 i x  % - inch  Brass p la te ,  

' - s p a c e s  to p e r m i t  e a s y  
compression of s e a l  -lip 

R A D I A L  G A T E  SEAL T E S T S  
ANGLE SIDE SEAL 

W I T H  B R A S S  P L A T E  ADDED 
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REFERENCE: FIGURE 21A 

NOTES 
I I .  "S" i n c r e o s e d  f r o m  x - i n c h  a t  z e r o  head  t o  

Rubber flap--, FLOW -r %-inch a t  I 90  f e e t  heod .  
Wa l I plote---x 
I 

n 

- -  - 
H E A D -  F E E T  OF W A T E R  

R A D I A L  G A T E  S E A L  T E S T S  
HEAD LIMITATIONS TO OBTAIN  A SEAL OF-THE ANGLE 

:SIDE S E A L  W I T H  B R A S S  B A R  A N D  R U B B E R  F L A P  A D D E D  - 





FIGURE 25 
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(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 l ip  of 
the seal. 

(B) Sealing position at 190 feet head. Non-representative 
of field pressures due to f low 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. 



NOTES 
I. Approx imate ly  one- t h i r d  o f  seal 

w a t e r  load across  t h e  i f "  d i -  
mension i s  c a r r i e d  by t h e  gate; 
t h e  r ema inde r  o f  w a t e r  load is 
c a r r i e d  t o  t h e  w a l l  p la te .  

2.8rass p i pe  may be s l i g h t l y  curved 
d u r i n g  assembly t o  f i t g a t e  
c u r v a t u r e ,  

3. A t  h i g h e r  heads, seal leg w i l l  
t e n d  t o  c u r v e ,  and t h u s  releave 
t h e  f r i c t i o n a l  d r a g  o f  r u b b e r  
sea l ing  l i+ on w a l l  p l a t e .  

4 ,Erawing i s  t o  f u l l  scale.  

" Holes, I + "  Cen te r s  

,. it' x-s t rong  brass pipe 
. 123"  w a l l  t h i ckness  

-.--f" I n i t i a l  d e f l e c t i o n  of 
seal on wa l l  p la te .  

R A D I A L  GATE SEAL TESTS 

PROPOSED S I D E  SEAL W I T H  A BRASS PIPE 
AND A RUBBER SEALING LIP 



3 '-A, 
S C A L E  O F  I N C H E S  

R A O I R L  GalrE SEAL TESTS 
ARRANGEMENT FOR HYDf?AUL.IC TESTS O F  BOTTOM SEAL 



Report 

(A! Seal compressed 100 percent at 40 feet head. The 
seal was deformed ~ p s t r e a m  under the upstream 
clamp plate. The seal is outlined in white line. 

(B) 314-inch gap, 190 feet head. The seal is deformed 
slightly under the downst ream clamp plate. 

RADIAL GATE SEAL TESTS 

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




