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PURPOSE 

Several types of c!amp-on seals for high-head gates 
were te ted to obtain comparative operational data. 
Earlier tests' had indicated that the clampon type 
were the best supported seals and that the extent of 
fluorocarbon cladding had an effect on performance. 
For this study additional samples with various 
combinations of fluorocarbon and rubber composition 
with variations of seal assemblies were tzsted t o  
compare relative performances. The seal best suited for 
600-foot (182.88-meter) head was sought. 

CONCLUSIONS 

1. Using thicker stems on the seals d e c r e ~ d  the bulb 
extension at high heads. 

2. Reducing t h ~  preaure-slot area behind the seal 
appeared t o  reduce the amount of seal-bulb extensioi;. 
(See Figure 1B.) 

3. Using a new clamp, modified to increase the 
clamping action on the seal stem, appeared t o  decrease 
the bulb extension at all heads. (See Figure 1C.) This 
seal assembly would have to be installed with a 
"built-in" seal interference t o  insure proper sealing at 
low heads. 

4. The fluorocarbon cap bonded to the bulb and stems 
decreased the bulb extension. However, a small 
"permanent set" was present in the seals after being 
o~bjected t o  very high pressures. This "permanent set" 
,r 
was mere pronounced when the fluorocarbon cap 
covered both the stems. A fluorocarbon cap on the 
bulb and the pressure side of the stem would avoid this 
"permanent set," with little loss of the seal assembly 
effectiveness at very-high heads. 

5. An appropriate seal would have to be chosen for 
each installation according to the design head as none 
of the seals are ideal for all heads. 

Recommended Uses 

All clamp-on type seals. 

For heads up to 150 feet (45.72 m) use a seal with a 
112-inch (1.27cm) stem and a fluorocarbon cap 
bonded t o  the bulb only. 

fluorocarbon cap bonded t o  the bulb and both stems. 

For heads o f  450 feet (137.16 m) and above, use a seal 
with an 11116-inch (1.74cm) stem and a fluorocarbon 
cap bonded to the bulb and both stems installed with a 
clamp which limits movement of the seal stem over a 
small pressure slot. 

The following conclusions were established earlier' and 
were used as a basis for these tests: 

The clampon-type seals tested were superior t o  
bolt-through design seals i n  two respects: (a) The 
bulb extension and resulting pinching tendency 
during the closing cycle of the gate was reduced, 
and (b) the clampon-type seals showed less 
tendency t o  vibrate when the bulb was in the 
proximity of the seal seat. 

A brass or fluorocarbon cap bonded to the bulb 
significantly reduced the tendency for the bulb t o  
be pinched between the clamp and the seal seat. 

The fluorocarbon cap was superior t o  the brass cap 
because of its lower coefficient of friction and 
greater flexibility. 

Extending the fluorocarbon cap t o  cover the lower 
(high-pressure side) stem of the seal reduced the 
tendency to disbond between the cap from the 
rubber, reduced the bulb extension, and reduced the 
tendency for vibration during the gate-operating 
cycle. 

Extending the fluorocarbon cap t o  cover both stems 
further reduced the bulb extension and the 
tendency of the cap t o  disbond from the rubber 
during the gate-opeating cycle. 

For heads of 150 feet (45.72 m) to 300 feet (91 4 4  m), 
use a seal with a 112-inch (1.27cm) stem and a 
fluorocarbon cap bonded to the bulb and both stems. 



Table 1 gives bulbatension data and the heads at 
which seal failure, if any. occurred. 

With this information an adequate and economical seal 
design may be chosen for a specific application. 

SPEClFlC INFORMATION 

All the seals tested were of the double-stem designs as 
shown in Figure 2. These seals are used on wheel- and 
roller-mounted gates which are used primarily as guard 
gates in penstocks, outlet works, and spillways in  
installations similar to that shown in Figure 3. 

It is possible to use metal-to-metal sealing on relatively 
m a l l  gate installations. However, as the gate size 
increases it becomes impossible t o  maintain proper 
alinement of the metal-sealing surfaces. For this reason 
rubber seals are clamped t o  the gate in a manner that 
allows flexing of the seal to compensate for 
inaccuracies in gate fabrication and seal-seat alinement 
when large gates are used. 

On earlier low-head gate installations, rubber seals with 
a cross-sectional shape similar t o  that of a music note 
were commonly used. When gates with higher heads 
came into use, the music-note seals no longer gave 
s a t i s f a c t o r y  service and a double-stem, 
bolt-through-type seal was developed and installed. As 
heads on gates continued to increase it was necessary 
to develop a seal which would perform satisfactorily 
under these higher heads. The double-stem, clamp-on 
seal shown in  Figure 2 was developed and proved t o  
have definite advantages over the bolt-through-type 
seal for high-head sealing applications. Different 
variations o f  the double-stem, clamp-on seal were 
developed and tested to determine the seal most 
suitable for very-high heads. This report gives the 
results of these tests. 

Gates with rubber seals are generally operated under 
balanced water-pressure conditions, but they must also 
be witable for emergency closure at unbalanced 
pressure conditions: full reservoir head on the 
upstream side of the gate leaf and approximately 
atmospheric pressure on the downstream side of the 
gate. During emergency closure the seals are subjected 
to the greatest stresses. 

A typical seal assembly has a pressure groove behind 
the seal which provides a hydrostatic pressure that 
forces the seal bulb asainst the seat when the sate is 
under pressure. ~ u r i n ~ - t h e  emergency closing cycle the 
unbalanced pressure acting on the top and bottom seals 

contacts the seal seat. As the bulb moves onto the seat, 
the extension of the bulb causes it t o  be pinched 
between the clamp and the seal seat. No pinching 
problem exists on the side seals because of continuous 
contact with the seal seats. 

Seal failure due to pinching was found to be a function 
of the following factors: 

1. Amount of seal-bulb extension. 

2. Deformability of the bulb. 

3. Clamp-to-seat clearance. 

4:::Coefficient of friction between the bulb and the 
seal-&!at, 

5. Strength of bond between the cladding and the 
rubber. 

6. Rate of gate closure. 

7. Slope of the surface which forces the extended 
bulb of the seal inward to the seal seat. 

In  this test program, Factors 1 and 2 above were varied 
in an attempt to find the most-suitable seal assembly. 
The next four factors had been varied in previous tests 
but not in these tests. The retraction slope on the seal 
seat could not be changed readily, so Factor 7 was not 
vaned in any of the tests performed. The slope of the 
test-rig seal seat was purposely made greater than the 
seal seatshormally used in a gate installation to provide 

-1- 
a more-cr!t!cal condition than actually encountered in  
a typical gate installation. 

The seals used in these tests were supplied. at no cost 
to the Government, by a commercial firm. The seals 
had the same shape as those used in  recent Bureau of 
Reclamation installations, but utilized different 
combinations of fluorocarbon coverings, stem 
thicknesses, and rubber composition. The fluorocarbon 
used on these seals is a green opaque material which 
has proven satisfactory in  previous seal tests. 

TEST FACILITY 

The seal tests were conducted in a special 
Bureaudesigned test rig, shown in  Figures 4 and 5. The 
rig has a fixed seal assembly and a movable seal seat 
operated by a hydraulic cylinder mounted on top o f  
the rig. Although the seat is fixed and the seal moves in 
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the prototype, this arrangement provided the same 
relative seal-seat motion, and had the advantage of 
keeping the seal in view through plastic windows 
throughout the gate test cycle. The hydraulic cylinder 
was actuated by a variable displacement pump located 
adjacent to the test rig. 

Plastic windows on each side of the test rig allowed 
photographing the seal behavior. Water was pumped 
through an 8-inch (20.32cm) pipe into the bottom of 
the test rig at a maximum head of 612 feet (186.54 m). 
Flow past the seal was upward and was deflected to the 
bottom rear of the test rig where it was discharged. 
Pressure was ap,plied t? a pressure slot at the back side 
of the seal by &-inc!3,(2.54-cm) pipe connection from 
the 8-inch (20:32.cmisupply line. Shims behind the 
seal base provided a means of varying the clamp-toseat 
clearance. The seal assembly was removable from the 
upstream side of the test rig to facilitate changing of 
the seal specimens. 

Description of Seal Specimens 

The seal specimens were prototype-size sections, 
12-118 inches (30.798 cm) long. (See Figure 2 forseal 
dimensions.) Twelve specimens of ten different designs 
of rubber seals were tested in  the tests described above. 
A description of the cladding and the modules of the 
rubber used on each specimen is given in Table 2. -- -, 7 

Physical properties for all specimens referred to as 
regular modulus rubber: (As tested and reported by the 
manufacturer). 

Shore A Durometer Hardness = 71 
Tensile strength =4,191 psi (294.65 kg/cm2) 
Elongation at break = 600 percent 
Modulus of elasticity at 300 percent 
elongation = 1,422 psi (99.97 kg/cm21 

Physical properties for all specimens referred to as 
high-modulus rubber: (As tested and reported by the 
manufacturer). 

Shore A Durometer hardness = 70 
Tensile strength = 3,809 psi (267.79 kglcm2) 
Elongation at break = 500 percent 
Modulus of elasticity at 300 percent 
elongation = 1,808 psi (127.1 1 kg/cm2) 

Fluorocarbon specifioations: 0.030 inch (0.762 mm) 
thick; tensile strength = 2,000 psi 1140.61 kg/cm2) 
minimum; elongation = 250 percent (minimum). 

TEST PROCEDURE 

Data taken in this study included: 

1. Measurement of the seal-bulb extension in a 
horizontal direction from its initial position when 
subjected to a given head of water. 

These measurements were taken at increments of 25 
:to 100 feet (7.62 to 30.48 meters1 of head up to 
seal failure or t o  a maximum head set for the 
soecific seal tested if failure was not desired. The 
maximum head used in any of the tests was 600 feet 
1182.88 m). These measurements were taken by 
alining a grid of lines, spaced at 0.10-inch 
12.54-mm) intervals on both sides of a 2-inch-thick 
piece of transparent plastic, with a similar grid of m 
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cao on the bulb, it was possibie to estimate the seal 

2. General observations of seal performance during 
gate operations. 

3. Motion pictures of seal performance during 
test-rig operation. 

4. Still photographs of a few seals at selected heads 
with the seal under load or sometimes not loaded. 

5. Visual examination and photographs of seals 
after removal from test riq. 

during the testing of the different seal specimens. Some 

also made to the ;eal clamp (Figure 1C1 during the 

Camparirons of Seal Performance 

All of the following specimens discussed in this 
comparison are tabulated in Table 1. 



Specimen No. 58 had a 112-inch (1.27-m) stem with 
fluorocarbon bonded to the bulb and the lower stem 
(pressure side) and wns made of regular-moduius 
rubber. This seal specimen was tested with a 318-inch 
(0.95-cm) clamp to seat clearance to show that a 
1R-inch ( 1 . 2 7 4  stem seal was unable to sustain high 
heads (over 400 feet [121.92 ml  ) with an unmodified 
seal assembly. (Figure 1A.) When tested, the seal bulb 
was pinched enough to crease the fluorocarbon cap 
during the gatedosing cycle at 450 feet (137.16 m) of 
head. (Figure 8.) Testing was stopped at this point. (It 
should be noted that this crease in the fluorocarbon 
cap would not prevent the seal from sealing.) When the 
seal specimen was removed from the test rig, a slight 
permanent set was observed on the fluorocarbon stem 
side of the bulb. (Figure 8.) 

Specimen No. 38 had an 11116-inch (1.74-cm) stem 
with a fluorocarbon cap bonded to the bulb and the 
lower stem (pressure side) and was made of 
highmodulus rubber. This specimen was tested at 
7132-inch (0.56-cm), clamp-to-seat clearance to give a 
comparison with the 112-inch (1.27-cm) stem seals 
tested in the previous report (1). The seal performed 
well up to 500 feet (152.40 m) of head without any 
permanent damage. The test was stopped at 550 feet 
(167.64 m) of head as i t  appeared the seal would be 
damaged if allowed to close. Upon removal from the 
test rig no permanent damage was observed. No 
permanent set was observed. 

Specimen No. 28 had an 11116-inch (1.74-cml stem 
with fluorocarbon bonded to the bulb and both stems 
and was made of regular-modulus rubber. This 
specimen was tested at 318hch (0.95-cm) 
clamp-to-seat clearance. The seal performed very well 
under up to and including 600 feet (182.88 m) of 
head. Upon removal from the test rig no permanent 
damage to the specimen was observed, however there 
was a slight indentation on the upper side (nonpressure 
side) of the fluorocarbon cap where it contacted the 
clamp while under pressure. A slight permanent set was 
noticed directly under the bulb. 

Specimen No. 48 had an 11116-inch (1.74-cm) stem 
with fluorocarbon bonded to the bulb and both stems 
and was made of high-modulus rubber. This specimen 
was tested at 318-inch (0.95-cm) clamp-toseat 
clearance. Specimen No. 48 performed almost exactly 
the same as 28 including the indentation in the 
fluorocarbon on the upper side (nonpressure side1 of 
bulb. A slight permanent set was also observed at the 
bulb. (See Figure 118.) 

inches (7.62 to 5.08 cm) by filling it with 2-112-inch 
(1.27cm) square bars. 

Specimen No. 78 had a 112-inch (1.27-cm) stem with 
fluorocarbon bonded to the bulb and lower stem 
(pressure side) and was made of high-modulus rubber. 
This specimen, about the same as 58, was tested at 
318-inch (0.95cm) clamp-to-seat clearance to check 
the effectiveness of the reduced pressure slot in 
reducing the amount of bulb extension. The seal 
specimen was tested to 400 feet (121.92 ml  of head 
with no perceivable damage. It appeared that the 
smaller pressure slot helped to reduce the bulb 
extension on this specimen. A very-slight permanent 
set was noticed on the side with fluorocarbon on the 
stem. 

Specimen No. 18 had an 11116-inch (1.74-cm) stem 
with fluorocarbon bonded to the bulb and loww stem 
(pressure side) and was made of regular-modulus 
rubber. This specimen was tested at 15132-inch 
(l.lQ-cm) clampto-seat clearance. It was tested to 400 
feet (121.92 m) of head with no damage to the seal 
and a nominal amount of bulb extension. The tests 
were stopped at 400 feet (121.92 m) of head to 
prevent any damage to the seal so that it could be 
retested upon modification of the clamps. No 
permanent set was observed. 

A t  this point in the testing program the seal assembly 
was further revised by soldering a 118-inch (0.32-cm) 
diameter brass rod to the underside of the seal clamp at 
the point where it contacts the seal stem at the base of 
the bulb. (See Figure 1C.) This created a clamping 
action at that point. The change was made in an 
attempt to reduce the amount of bulb extension, 
especially at high heads. (Fabrication of a seal clamp in 
this manner would not be recommended as this should 
be accomplished by gradually building it up to a 
point.) 

Specimen No. 18 was retested at this point to give a 
direct check of the effectiveness of the modified clamD 



fluorocarbon cap along the upper (nonpressure) side of 
the bulb and a slight disbonding of the fluorocarbon 
was noted on the upper (nonpressure) side of the 
fluorocarbon cap. (I t  should be pointed out that the 
crease in the fluorocarbon would not prevent the seal 
from sealing.) No permanent set was observed. 

Specimen No. 4A had an 11116-inch (1.74-cm) stem 
with fluorocarbon bonded to the bulb and both stems 
and was made of high-modulus rubber. This specimen 
was tested at 15132-inch (i.19-cm) clampto-seat 
clearance and i t s  performance was almost the same as 
that of Specimen No. 2A. A permanent set was 
observed at the bulb. 

Specimen No. 6A had a 1124nch (1.27-cm) stem with 
fluorocarbon bonded to the bulb and both stems and 
was made of reuular-modulus rubber. This s~ecimen 

reduced the bulb extension significantly at higher 
heads. Upon removal from the test rig the seal 
specimen appeared to  be in perfect condition except 
for a very slight permanent set on the side with 
fluorocarbon on the stem. (Figure 100.) 

Specimen No. 1A had an 11116-inch (1.74-cm) stem 
with fluorocarbon bonded to the bulb only and was 
made of regular-modulus rubber. This specimen was 
tested at 318-inch (0.95-cm) clamp-to-seat clearance. It 
performed adequately up to 600 feet (182.88 rn) of 
head, except for the fact that the fluorocarbon cap 
broke loose at lower edge of the bulb a t  550 feet 
(167.64 ml of head. Upon removal of the specimen 
from the test rig it was found that the fluorocarbon 
cap had come loose only at the edge and could not be 
considered a real failure but rather a spot that was not 
bonded properly. No permanent set was observed. 

was tested a< 318-inch (0.95.m) clampto-seat 
Specimen No. 2A had an l l I l6- inch (1.74-cml stem clearance and it performed well up to 500 feet (152.40 
with fluorocarbon bonded to the bulb and both Stems m) of head. There was no visible damage to the seal 
and was made of regular-modulus rubber. This specimen when it was removed from the test rig. The 
specimen was tested at 318-inch ( 0 . 9 5 - 4  improved performance of a 112-inch (1.27cm) stem 
clamp-to-seat clearance and performed adequately UP seal appeared to be due to the modified clamp and 
to 600 feet (182.88 m) of head with no extensive reduced pressure slot. A very-pronounced permanent 
pinching of the bulb. When removed from the test rig set was present directly at the bulb. 
the seal was in good condition, except that it had a 
slight permanent set directly under the bulb. (Figure Specimen No. 8A had a 1R-inch (1.27.cm) stem with 

fluorocarbon bonded to the bulb and both stems and 
was made of high-modulus rubber. This specimen was 

Specimen No. 3A had an 11/16-inch (1.74-cm) Stem tested at 318-inch (0.95-cm) clampto-seat clearance 
with fluorocarbon bonded to the bulb only and was and it performed without damage up to 600 feet 
made of highmodulus rubber. This specimen was (182.88 m) of head. This seal specimen also had no 
tested at 15132.inch (1.19-cm) clamp-to.Seat ckarance. visible damage when removed from the test rig. The 
The general performance appeared to be about the improved performance of the seal specimen, testing a 
same as Specimen No. 1A with the exception that the 112-inch (1.27-cm) stem seal to 600 feet (182.88 m) of 
bulb extended slightly m o r e ~ T h e  increased bulb head with no damage, appeared to be due to the 
extension appeared to be caused by the larger modified clamp and reduced pressure slot. A 
clamptoseat clearance. Upon removal from the test rig very-pronounced permanent set was present at the 
(see Figure 9) it was found to have a ridge in the bulb. (Figure l i ~ . )  



Table 1 - 
SUMMARY OF DATA OBTAINED ON GATE SEAL SPECIMENS 

Bulb extension (inches) 
Specimen No. Head (feet of water) Remarks 

Wide pressure slot (see Figure 1 A) 

58 (112 inch-F.C. on bulb 0 0.10 0.15 0.16 0.20 0.25 0.30 0.40 0.44 0.65 Seal pinched at 460 feet 
and lower stem, reg. mod.) 3lEinch clamp clearance 

38 (11116 inch-Fj$.:urr bulb 0 0.09 0.10 0.11 0.12 0.20 0.26 0.32 0.37 0.42 0.62 Too far extruded at 500 feet 
and lower stem. hiah mod.) 7132-inch clamo clearance 

2B (11116inch-b.6 on bulb 0 0.02 0.03 0.04 0.05 0.07 0.12 0.13 0.14 0.23 0.26, 0.34 0.39 318-inchclampdlearance 
and both stems, reg. mod.) 

48 (11116 inch-F.C. on bulb 0 0.01 0.05 0.06 0.06 0.10 0.14 0.20 0.23 0.29 0.32 0.40 318-inch clamp clearance 
and both stems, high mod.) 

Pressure slot reduced (see Fisure 1 BI 

78 (112 inch-F.C. on bulb 0 0.OB 0.10 0.10 0.13 0.16 0.17 0.25 0.29 Trend established 
and lower stem, high mod.) 3184nch clamp clearance 

1B (11116inch-F.C. on bulb 0 0.08 0.09 0.11 0.13 0.19 0.24 0.29 0.33 Trend established 
and lower stem, reg. mod.) 15132-inch clamp clearance - -- 

Modified c lam~ and Dressure slot reduced (see Fiaure 1C) 

1 B (retest) 
1A (11116 inch-F.C. on bulb 
only, reg. mod. 

2A (11116 inch-F.C. on bulb 
and both stems, reg. mod. 

3A (11116 inch-F.C. on bulb 
only, high mod.) 

4A (1 1 116 inch-F.C. on bulb 
and both stems, high mod.) 

6A (112 inch-F.C. on bulb 
and both stems reg. mod.) 

8A (112 inch-F.C. on bulb 
and both stems. high mod.) 

15132-inch clamp clearance 
318-inch clamp clearance 

318-inch clamp clearance 

Seal pinched at 600 feet 
15132-inch clamp clearance 

15132-inch clamp clearance 

Trend established 
318-inch clamp clearance 

3184nch clamo clearance 
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H IGH H E A D  G A T E  S E A L  T E S T S  
m '  

A. Seal bulb extended during closing cycle. Photo 
PX-D-67478 

B. Gate in closed position. Photo PX-D-67477 

Figure 6. High head gat2 seal studies. 



A. Seal bulb extended during closing cycle. Photo 
PX-0.67476 

B. Gate in closed position. Photo PX-D-67475 

Figure 7. Specimen 2A being tested at 600 feet of head. 

* "  



Photo PX-D-67484 

Photo PX-D-67486 

Figure 8. Specimen 58 after testing to 450 feet (137.16 m). 





A. Fluorocarbon cap on both stems. Photo PX-0-67479 

6. Fluorocarbon cap on pressure side stem only. Photo PX-13.67482 

Figure 10. Comparison of permanent set of 11116-inch stem seals. 
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CONVERSION FACTORS--BRfPISH TO METRIC IJNTi"S OF MEASUREMENT 

The foilowinj conversion hctorz aJ3glc.d 5y ?hc Burelu 3i RRlamarion are :hxe  2ublisitd sy the American %ciery for 
Teatin3 2nd Imter ias  (ASTM Merri: Pracrice Guidc, E 381-68) except that additional f ~ t o r a  (-1 cxnmonly z e d  h 
the Bureau lave been a3.led. Further discucsion sf dehitions of qmntiries and unlls is giver, in 'hr. ASTY !:e!rlc 
Praztice Guide. 

The metric unils and :amcrsmn tazrors sdop!cd by the ASTM a r e  59zc-d an the ' hierrutiolll $,stern of Unlw' (designnled 
SI for systerne L?:ermtional d'unilesl, fxed by the h t e r m r i o d  Committee for Vleights an6 Mcasues; t h ~  system i s  
a160 kmwn as thz Giorgi or  h W A  (meter-kilogram (massl-second-muere) systcx. ?his sys:cm has been sdgpred by 
Lbe lnlern3tionll OTg2nization for Wiardizal ion in IS0 Recommendation R-3!. 

The metric technical unit of force is the kilo am force; this is the force vhich when applied ta a bogy having a 
mass of 1 kg bes it an acceleration of 9.8%65 &ec/sec, the standard acceieration of free fall toward the earth's 
center for s&?mel at 45 deg latitude. The metric unit of farce in SI units is the neuton (N, which is d-ed as 
that force which when applied to a body having a mass of 1 kg, gives it an acceleration of 1 m/se;/sec. These units 
must be distingu'ished from the (inzonstant) local weight of a body having s mass of 1 k , that is, the weight of a 
body i s  that force with nhich a h d y  is attracted to the earth and is equal ta the mass o9'a body multiplied by the 
acceleration due t o ~ y r i t y .  Honever because i t  is general practice to use "pound" rather than the technically 
correct term "poun force, " the t e r d  "Mlogram" (or derived mass unit1 has been used in this guide instead of %flogram- 
force" in eapressing the conversion factors for forces. The newton unit of force w i l l  find increasing use, and is 
essentw in SI units. 

Where appmximate or naminal h g l i s h  units a r e  used to express a value or range 31 vallles, the converted metric units 
in parentheses are also app?admate or n~minal. Where precise English units are .med, the converted metric units 
are expressed a s  equally significant values. 

Table I 

QUANTITIES AND UNITS OF SPACE 

Multi~lv By TO ob% 

. . . . . . . . . .  

Quarts (US.). . . . . . .  . . . . . . .  
Gallons (U.S. I. . . . . . .  3,785.43* . . . . . . . . . .  Cublc centimeters 

3.78543. : .: Cublc decimeters . . . . . .  . . . . .  . . . . . . . . . . .  . . . . . . .  3.78533. m r s  . . . . . . .  . . . . . .  0. oO378543*. 'Cubic . . . . . . . . .  . . . . .   an. (u.& j ,. 4.54809 Cubic . . . . . . . . . .  . . . . . .  4.54596 . . . . . . . .  Cubic feet 
Cubic yards. . . . . . . .  
A&-feet . . . . . . . . .  . . . . . . . . . . .  

Mil. . . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Mtcron 
Inches . . . . . . . . . . .  25.4 (exactly). . . . . . . .  MUlimeters . . . . . . . . . . .  2.54 (exactly)+ Centimeters . . . . . .  
Feet . . . . . . . . . . . .  30.48 (exactly1 . . . . . . .  Centimeters . . . . , . . . . . . .  0.3048 tesactlyF. . . . . .  Meters . . . . . . . . . . . .  0.0003048 (e~lctly)* . . . .  Iolometers 
Yards . . . . . . . . . . .  0. 9144 (exactl ) . . . . . .  Meters 
Miles (stahrte). . . . . . . .  1,809.344 (exactly{* . . . . . .  Meters ,. . . . . . . . . . . . .  1.609344 (emtlvl  . . . . .  Kilometers 

- AREA - 
Square inches . . . . . . . .  6.4516 (ezcsctly) . . . . . .  Square centimeters . . . . . . . . .  . . . . . . . . .  Square feet 929.03*. Square centimeters . . . . . . . . .  0. O S Z W ~  . . . . . . . . .  square meters 
Square yards . . . . . . . .  0. 836127 . . . . . . . . .  S w e  meters 
Acres . . . . . . . . . . .  0.40469' . . . . . . . . .  Hectares . . . . . . . . . . .  4,046. g* . . . . . . . . . . .  Square meters . . . . . . . . . . .  0.0040469* . . . . . . . .  Square Mometers 
Squa~emiles  . . . . . . . .  2.58899. . . . . . . . . .  Sguare kuometerers 

VOLUME 

. . . . . . . .  . . . . . . . . . .  Cublc inches 16.3871 Cubic centimeters . . . . . . . .  Cubic feet. . . . . . . . . .  0.0283168. Cubic meters 
Cubic vmds . . . . . . . . .  0.784555 . . . . . . . . .  Cubic meters 



MultIDLV BV T O  abtsln 

WORK AND ENERGY. 

B r l t b h t h s r m a l ~ t s  IBIUI. . . . . .  0.262* . . . . . . . . . .  Kucqram clllorlcn . . . . . .  1.055.08 . . . . . . . . . . .  Joules 
Btu per pound. . . . . . . . . . . .  2.326 isltaeuyl . . . . . . .  Joules per gram 
Fml-mdr  . . . . . . . . . . . .  1.35682*. . . . . . . . .  Joules 

POWER 

Harrepwer . . . . . . . . . . .  745.700 . . . . . . . . . . .  Watts . . . . . . . . . . . .  . . . . . . . . .  Blu ier Mu 0.283071. Watts 
Foot-Sounds DBI w m d  . . . . . . .  1.35582 . . . . . . . . .  Watts 

HEAT TRANSFER 

BN l a h  fIZ deg F & 
thsrmd conduetivllyl' . . . . . . .  1.442 . . . . . . . . . . .  MLUlwattslcmde C . . . . . . . . . .  0.1240. Kg eallhr m de 8 

B l u f l h t 2 d e  F . . : :  " " '  1.4880' . . . . . . . . . .  Kq clll m/hr m!deq c 
Btulhr fta de 8 IC, thermal' ' ' ' . 

conductanc~ . . . . . . . . . . .  0.688 . . . . . . . . . .  MUllwallsA Zde C 
4.882 . . . . . . . . . .  Kg callhr mpdeq 

Deq a hr f12,& &.,.ti&& ' ' ' ' 
redstancel . . . . . . . . . . . .  1.761 . . . . . . . . . .  Deg C cm2/rmlllwatt 

BWlb d w  F lc heat capettyl . . . .  4.1888 . . . . . . . . . .  
B fib deq F . . . . . . . . . . . . .  1. WO' . . . . . . . . . .  
F%hr thermal dlnuslvltyl . . . . .  0.2581 . . . . . . . . . .  . . . .  0.08280.. . . . . . . . . .  

WATER VAPOR TRANSMISION 

G r s m s h  bakr vapor 
tranrmlsslonl . . . . . . . . . . .  18.7 . . . . . . . . . . .  Crams124 i v  m2 

~ e r m s  ipermeance). . . . . . . . .  0.868 . . . . . . . . . . .  ~ e l r l c  perms 
perm-inches ioermesbllltv> . . . . .  1.67 . . . . . . . . . . .  ~ e t r l c  mrm-cenctmekera 

TPblelll 
OTHER QUANTITIES AND mlTS 

MYllllilV BY T O  ObtBln 

Cub12 feet per q u a r e  fool per 
day keepage1 . . . . . . . . .  

Pmd--mds per rquars foot 
I V I ~ C O S ~ ~ Y ~  . . . . . . . . . .  

sqvars feet per second ivlscosllyl. 
Fahrenheit degrees Wmgs).. . .  
v01ta per mu. . . . . . . . . .  
Lumens er s w e  IDOL if001 
urndlesP . . . . . . . .  : . .  

Ohm-clrcdar musper fool . . .  
Mllllcwles per cubr foot . . . .  
MUllamps per rmvve foot . . . .  
0ailoa;r per square m . . . . .  
zounds rri lnch. . . . . . . . .  

uter. per aquare meter per day 



Studies were continued on rubber seals to determine the most sultable real for use on wheel and 
roller-mounted gats operating under very high heads. The major problem encountered during 
the closing cycle under unbalanced pressure conditions i s  the pinching of the real bulb 
between the real hamp and real reat. Swen factors affecting this pinching were varied in 
attempts to find the optimum seal assembly capable of withstanding high pressure headr. Ten 
double-stem seal variations using combinations of stem thickness, fluorocarbon cladding, and 
rubber compositions were tested at heads up to 600 ft (182.88 ml. Tests were conducted in a 
special test rig accommodating 12-118h.-long 130.798.cml seal specimens. Teffr consisted of 
measuring the real bulb extension and photographing and observing general behavior of the seal 
under load during simulated opening and closing cycler of the gate. .. .. 

.. . 

ABSTRACT 

Swdies were continued on rubber seals to determine the most ruiteble real for use on wheel and 
roller-mounted gates operating under very high heads. The major problem encountered during 
the closins cycle under unbalanced pressure conditions is the pinching of the seal bulb - 
betyen the seal clamp and seal seat Swen factors affecting thjr pinching were varied in 
attempts to f indthe optimum seal azembly capable of withstanding high prerrure heads. Ten 
doublestem seal variations using combinations of stem thicknerr, fluorocarbon cladding, and 
rubber compositions were tested at headr up to 600 ft (182.88 ml. Terb wereconducted in a 
special test rig accommodating 12-118-in.-long (30.798.cml real rpecimenr. Tests consisted of 
measuring the real bulb extension and photographing and observing general behavior of the real 
under load duringsimulated opening and closing cycles of the gate. 
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