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PBSTRACT 

Studies were made to develop rubber seals suitable for use on wheel- and 
roller-mounted gates operating under high heads. During the closing 
cycle d e r  unbalanced pressure conditions, the seal bulb tends to be 
pinched between the seal clamp and seal seat. Six factors affecting this 
pinching were varied in an attempt to find the optimum seal assembly. 
Eleven double-stem seal designs, utilizing different combinations of 
fluorocarbon and brass cladding and rubber compositions, were tested at 
heads up to 600 ft (182.88 m). The tests were conducted in a special 
test rig which accommodated full-size seal specimens, 12-1/8 in. 
(30.798 cm) long. The tests included measuring the seal bulb extension, 
and photographing and observing the general behavior of the seal under 
load during opening and closing cycles of the gate. 
DESCRIFTORS-- 'gate seals/ *gates/ roller gates/ high pressure gates/ 
test facilities/ test speciinens/ test procedures/ *hydraulic gates and 
valves/ mechanical engineering/ rubber/ fixed wheel gates/ leakage/ water 
pressures/ friction/ compression/ flexibility/ vibrations/ deformation/ 

IDENTIFIERS-- emergency closures 

. . 
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PURPOSE 

These studies were conducted to obtain comparative operational 
data on several different seal  designs and to develop a satisfactory 
seal and seal assembly for  use on gates operating under high heads. 

CONCLUSIONS 

1. The clamp-on-type seals tested were superior to the bolt- 
through design in two respects: (a) the bulb extension and re- 
sulting pinching tendency during the closing cycle of the gate was 
reduced, and (b) the clamp-on-type seal showed less tendency to 
vibrate when the bulb was in the proximity of the seal seat. 

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

3. The fluorocarbon cap was superior to the brass cap because of 
its lower coefficient of friction and greater flexibility and res i l i enq .  

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

5. When the fluorocarbon was extended to cover the entire upper 
stem surface, the bulb deformation between the upper clamip and 
the seat was less  with the gate closed. 

6 .  The use of 0.015-inch (. 381-mm)-thick brass bonded to the 
back side of the seal significantly reduced the extension and 
pinching of the bulb at high heads. At moderate heads, the brass 
also practically eliminated the permanent set experienced on seals 
with a fluorocarbon cap extending over the bulb and stems. 

7. The use of rubber with a high modulus of elasticity improved 
the seal performance by reducing excessive extension and increas- 
ing the rigidity of the bulb. 

8. Decreasing the clamp-to-seat clearance increased the pinching 
tendency. Increasing the clearance decreased the tendency fo r  
pinching. Increasing the clearance, however, also increased the 
tendency for vibrations to develop on seals having no cladding on 
their stems. 



9. Seal failure by pinching occurred more readily a s  the rate of 
gate closure was increased. 

10. Automatic retraction of the bulb a s  the seal approached the 
seat and extension of the bulb upon seating could not be satis- 
factorily achieved in the test rig. 

11. Of the specimens tested, No. 13, having a brass backmg, and 
a fluorocarbon cap covering the bulb and both stems, was the seal  
best sulted for high-head applications. 

APPLICATIONS 

These studies produced data and general observations that will aid 
the desfgner in choosing a seal  suitable for his application. This 
choice will depend in large part upon the head acting on the gate. 
A table in the report gives bulb extension data and heads at which 
seal  failure occurred for the various designs tested. From this 
information an adequate and economical seal design can be chosen. 

As a result of observations made during these studies, a number 
of possible improvements in the seal design have been proposed 
and further tests  on new designs a r e  being considered. 

INTRODUCTION 

All seals tested were of the double-stem designs shown in Figure 1. 
These seals a r e  used on wheel-mounted and roller-mounted gates 
installed primarily a s  guard gates in penstocks, outlet works, and 
spillways in a manner similar to that shown in Figure 2. 

On relatively small gates metal-to-metal sealing is often utilized. 
As the gate size increases, however, maintaining alinemefit of 
metal sezting surfaces becomes more difficult and the use of 
rubber seals is mors  practical. Consequently, rubber seals 
which a r e  clamped to the gate in a manner that allows flexing of 
the seal to  compensate for inaccuracies in gate fabrication and 
seat alinement a r e  used on large gates. 

On ear l ier  gate installations, rubber seals  with a cross-sectional 
shape similar  to that of a music note were commonly used. As 
gates for higher heads became necessary in later  installations, 
the music-note seals no longer gave satisfactory service and a 
double-stem, bolt-through-type seal  s imilar  to  Figure 1A was 
developed. The doublestem, clamp-on seal shown in Figure 1B 
evolved next. As shown i n  this report, the double-stem, clamp-on 
seal has definite advantages over the bolt-through-type seal  for  
high-head applications. 



emergency closure at unbalanced pressure, with full reservoir 
head on the upstream side of the gate leaf and approximately 
atmospheric pressure on the downstream side. It is  during 
emergency closure that the seals a r e  subjected to the greatest 
stresses. 

In the seal assembly, a pressure groove behind the seal is provided 
so  that hydrostatic pressure will force the bulb against the seat 
when the gate is  closed. On some installations, the admission of 
pressure to this groove i s  prevented by a mechanically actuated 
valving system until after the gate i s  fully closed. This complicating 
feature is omitted on most recent Bureau of Reclamation gates. 
This omission results in the groove being subjected to reservoir 
pressure at all times. Thus, during the emergency closing cycle, 
the unbalanced pressure acting on the top o r  bottom seals produces 
extension before contact is made with the seat. As the bulb moves 
onto the seat, the extension results in a tendency for the bulb to be 
pinched between the clamp and the seat. Because the side seals 
a r e  in continuous contact with the seats, no pinching problem exists. 

Seal failure due to pinching i s  dependent on the following factors: 

1. Amount of seal  bulb extension 

2. Deformability of the bulb 

3. Coefficient of friction between the bulb and the seal seat 

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

5. Clamp-to-seat clearance 

6. Rate of gate closure 

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

In this test program, the f irst  six of these factors were varied in 
an attempt to find a suitable seal assembly. The retraction slope 
on the seal seat could not be changed readily, s o  factor (7) was not 
varied. The slope of the test rig seat was purposely made greater 
than that normally used in prototypes to provide a more critical 
condition than would be the case in an actual gate installation. 

The seals were supplied, at no cost to the Government, by a com- 
mercial firm. The seals had the same shape as  those used in  
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recent Bureau of Reclamation installations, but utilized different 
combinations of fluorocarbon and brass coverings, brass backings, 
and rubber compositions. 

The f i r s t  fluorocarbon material used a s  cladding on seals was 
transparent. It was discovered, however, that exposure to  sun- 
light o r  ultra violet light destroyed the bond between the fluoro- 
carbon and the rubber. An opaque, red fluorocarbon was tried 
next and seals clad with this material were unaffected by sunlight 
o r  ultra violet light. Presently, an opaque, green fluorocarbon 
having better physical properties than the red fluorocarbon i s  used 
a s  cladding material. 

TEST FACILITY 

The seal tests  were conducted in a special Bureau-designed test 
rig, shown in Figures 3 and 4. T h e r i g  has a fixed seal assembly 
and 2 inovahle seal seat operated by a hydraulic cylinder mounted 
on top d th,? rig. Although the seat is fixed and the seal moves in 
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 hydrau- 
l ic  cylinder was actuated by a variable displacement pump on the 
operating unit located adjacent to the test rig. Plastic windows on 
each side and on the back of the rig allowed visual observations 
and photographing of the seal behavior. Water was pumped at a 
maximum head of 612 feet (186.54 m) through the 8-inch (20.32-cm) 
pipe into the bottom of the test rig. Flow past the seal  was upward 
and was deflected and discharged out the bottom rear  of the rig. 
Pressure was applied to the groove at the back side a: the seal by 
a 1-inch (2. 54-cm) pipe connection from the 8-inch (20.32-cm) 
supply line. Shims behind the seal provided a me,ans of varying 
the clamp-to-seat clearance. The seal assembly was removable 
from the upstream side of the rig to facilitate changing of specimens. 

Description of Seal Specimens 

The specimens were prototype-size sections, 12-118 inches 
(30. 798 cm) long. Sixteen specimens of twelve different samples 
of rubber seals  were tested in the apparatus described above. A de- 
scription of the cladding on each specimen is given in Table 1. 



Physical properties of rubber for all specimens except No. 11: 

Shore A Durometer hardness = 60 to 70 
Tensile strength = 3, 700 to 4,000 si (260.13 to 

281.23 kglcm ) 
Elongation a t  break = 575 to 700 percent 
Modulus of elasticity at 

25 percent elongation = 140 psi (9.84 kg/cm2) 

Physical properties of rubber for Specimen 11: 

Shore A Durometer hardness = 67 
Tensile strengtii = 3, 600 psi (253. 11 kg/cm2) 
Elongation a.t break = 518 percent 
Modulus of elasticity a: 

25 percent elongation = 169 psi (11.88 kg/cm2) 

Fluorocarbon specifications: 0.030 inch (. 762 mm) thick; tensile 
strength = 2,000 psi (140. 61 kg/cm2) (minimum); elongation = 
250 percent (minimum). 

Hard o r  half-hard brass was used on the seals. The brass was 
1/ 16 inch (1.588 mm) thick when used on bulbs and .015 inch 
(. 381 mm) thick when used a s  backing. 

TESTPROCEDURE 

Data taken and observations made in this study included: 

1. Measurement of the distance the seal bulb extended i n  a 
horizontal direction from its initial position when subjected 
' to  a given head of water. 

These measurements were taken at 25- o r  50-foot (7.62- o r  
15. 24-m) increments of head up to failure o r  until extreme 
pinching of the bulb prevented the gate from closing. They 
were made with the aid of a grid of lines spaced at 0.10-inch 
(2. 54-mm) intervals on each side of a 2-inch- (5.08-cm-) 
thick piece of transparent plastic. By alining the grids with 
a similar one on the test r ig  window, an accurate measure- 
ment of the bulb extension could be made. All but one of the 
specimens had either a 0.03-inch (. 762-mm) o r  a 1116-inch . 
(1. 588-mm)- thick cap on the bulb which aided in estimating 
the amount the seal extended to the nearest hundredth of an 
inch (. 254 mm). 



2. General observations of seal performance during gate 
operation. 

3. Motion pictures of seal performance during gate operation. 

4. Still photographs at selected heads with the gate in the open 
and closed positions. 

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

6. Measurements of pressure fluctuations behind the seal 
using an oscillographic recorder. 

The tests were run with a "normal" 7132-inch (5.556-mm) clamp- 
to-seat clearance. (Specimens 3 and 13 were also run at addi- 
tional clearances.) With this clearance there is a 1116-inch 
(1. 588-mm) interference between the bulb and seal seat with no 
water load on the seal. The gate closing speed was approximately 
6.25 feet (1. 905 m) per minute, except when the seal was ap- 
proaching failure the speed was reduced to allow the bulb more 
time to retract. Also, some test runs were repeated with dif- 
ferent closing speeds. 

Comparisons of Seal Performance 

Table 2 gives a summary of the data obtaitied on the specimens. 

specimens 1 through 4 were of the clamp-on design having a red 
fluorocarbon cap bonded to the bulb. The brass backings on 
Specimens 2 and 3, which had been applied in the laboratory, 
broke loose from the rubber during testing (Figure 5A); sub- 
sequently, al l  cladding was factory applied and little additional 
trouble with bonding was experienced. On Specimens 1 and 3 ,  
the cap tore loose from the bulb on the lower (high-pressure) 
side (Figure 5B). As a result, several samples were made with 
the fluorocarbon extended to cover the lo7,nrer stem. This design 
proved to be successful uld no major bor-d breaks occurred on 
specimens s o  made. When Specimen 3 was tested with 318-inch 
(9.525-mm) clamp-to-seat clearance (increased from 7132-inch 
(5.556 mm)), severe vibrations occurred when the bulb was near 
the seat. This fact would indicate that increasing the clearance 
increases the tendency for vibrations to develop. Specimen 4 
was tested to  500 feet (152.40 m) of head and sustained an exten- 
sive bond break on the upper side of the bulb by pinching during 
the gate closing cycle (Figure 6B). This was the only specimen 
tested that had a bond break in this region. 



Specimens 5 (Figure 7) and 6 were of the bolt-through type and 
proved to  be less  satisfactory than the clamp-on type in two 
respects: (1) the bulbs extended more and pinched during the 
closing cycle at heads considerably lower than the clamp-on- 
type (250 and 225 feet [ 76.20 and 68.58 m] , respectively), and 
(2) very heavy vibrations occurred with the bulb near the seat at 
heads as  low as  150 feet (45.72 m). The greater  extension re- 
sulted from the seals being restrained positively only at the 
mounting bolts, whereas the clamp-on seals a r e  restrained con- 
tinuously along their entire length. In addition, a greater area 
of unclamped stem existed with the bolt-through seals  allowing 
the stems to stretch more than those of the clamp-on seals. 
These conditions probably contributed to the vibration problem. 
To obtain an indication of the severity of the vibraticns, measure- 
ments of pressure variations in the groove behind the seal were 
made with an oscillographic recorder. The pressure fluctuated 
from about plus 90 percent to about minus 70 percent of the head 
acting on the gate and had frequencies of 7 to 12 cycles per second. 
It was noted that the pressure in the 8-inch (20.32-cm) supply line 
fluctuated at approximately the same frequencies and probably 
initiated the seal vibrations. A similar situation could exist in 
the prototype, so the tendency f o r  vibrating must be eliminated. 

Specimens 7 through 10 and 13 and 14 had the fluorocarbon extended 
over at least the lower (high-pressure side) stem and, although 
there was indication of slight separation in the form of "bubbles" 
in the fluorocarbon bond at the base of the bulb on Specimens 10 
and 13, and a slight separation of the brass backing at one end of 
Specimen 9, no major breaks i n  the bonds occurred with these 
specimens. 

Specimens 7 and 8 (Figures 8, 9, and 11) were tested up to 425 
and 400 feet (129.54 and 121.92 m) of head, respectively, before 
the bulbs were pinched enough to put a permanent crease in the 
fluorocarbon cap. It was noted with each successive run to a 
higher head that a permanent set was imparted to  the seals. 
(The bulb remained displaced about 0.05 inch [ 1.27 mm] from 
its initial position after the pressure had been up to 400 feet 
[ 121.92 m ] and then reduced). The set was apparently due 
t o  stretching the fluorocarbon beyond the elastic limit. The 
extent of this set is shown in Figure 11B. 

Specimens 9 and 10 were identical to Specimens 8 and 7, re -  
spectively, except for  the addition of a brass backing. The brass 
effectively reduced bulb extension at high heads so  that these 
specimens reached 500 and 550 feet (152.40 and 167.64 m), 
respectively, before the bulbs were pinched enough to crease 
the fluorocarbon. 



Specimen 12 had no stiffening on its stems and extended much 
more than any of the other clamp-on seals with the exception of 
Specimen 15, which also had no stem stiffening, On the initial 
run, the brass  cap, which had been fabricated to a larger radius 
than specified, restrainei  the normal movement of the seal by a 
wedging action between the clamps. At 400 feet (12i. 92 m) of 
head the brass  deformed, the bulb suddenly moved out into the 
stream of water, and was folded up against the outer surface of 
the upper clamp. During opening cycles in this run, vibrations 
varied from slight a t  325 feet (99.06 m) to heavy at 400 feet 
(121.92 m). This specimen, and Specimens 3 and 19 were the 
only clamp-on seals that displayed a tendency to ' ~ b r a t e .  All 
three of these had cladding over the bulb only. It appears prob- 
able that extending the cladding on the cap to cover the lower 
stem eliminated the tendency for vibrations to develop, because 
of the restraining action of the fluorocarbon covering. 

Specimen 14 was tested using a set of radial gate clamps (Fig- 
ure 4). This type of clamp gives the seal the greater freedom 
of movement required for sealing on the curved skin plate of a 
radial gate. As radial gates hace not been used by the Bureau 
at heads much above 125 feet (38.10 m) the tests  were terminated 
at  300 feet (91.44 m) at  which point the seal was still undamaged. 

Specimen 15 had no cladding on its bulb, but contained a 5 percent 
wax content for  lower friction. This seal had essentially the same 
bulb extensions a s  other seals with no stem restraint, but exhibited 
a much greater tendency to pinch than did any of the other specimens. 

Specimen 13 (Figures 10 and 12), with cladding identical to Speci- 
men 10, underwent about 20 gate opening and closing cycles at  
600 feet (182. 88 m) and was also subjected to tests at  partially 
open gate positions at heads ranging from 60 to 600 feet (18.29 to  
182.88 rn) for a period of approximately 20 hours without being 
damaged. The permanent set noted in Specimens 7 and 8 was 
practically eliminated in Specimens 9, 10, and 13 by the addition 
of the brass backing (compare Figures 11B and 12B). Protrusion 
of the bulb between the upper clamp and seat that occurs under 
high head with the gate closed was somewhat less  on specimens 
having fluorocarbon extended over the upper stem. 

Specimen 11 utilized a special high-modulus rubber and a fluoro- 
carbon cap over the bulb. It had approximately the same bulb 
extensions as Specimen 8, but failed at a lower head because of 
bond failure at the base of the bulb. It should be noted that Spec- 
imen 11 reached higher heads before pinching than did Specimen 8 
and, had the fluorocarbon been extended to cover the lower stem, 
i t  would probably have outperformed Specimen 8. 



Specimen 13 showed the most promise for high-head usage and 
was tested additionally at 118-inch (3. 175-mm) and 318-inch 
(9. 525-mm) clearances to see  what effect varying the clamp-to- 
seat clearance had on seal performance. A s  was anticipated, 
bulb extension was virtually the same at a given head for all 
three clearances tested. The bulb showed a greater tendency 
to  pinch with 118-inch (3. 175-mm) clearance and a somewhat 
l esse r  tendency with 318-inch (9.525-mm) clearance a s  compared 
to the 7132-inch (5.556-mm) clearance tests. 

Specimen 19 contained a vulcanized splice with a built-in, exag- 
gerated lineal offset at  the joint. Although a quantitative measure- 
ment of leakage was not obtained, the sealing effectiveness at 
the joint was observed by operating the gate through a number of 
opening ard closing cycles at the minimum head of the pump, 
60 feet (18.288 m). In examining the sealing surface of the bulb 
upon removal of the specimen, it was apparent that good contact 
had been attained i n  the region of the splice and that adequate 
sealing was achieved. 

Automatic Retraction-extension 

Alterations were made to the seal assembly to provide an auto- 
matic seal  retraction and extension scheme using the principle 
which had been tested in Hyd-311.11 The retest was made be- 
cause the seal assembly differed considerably from that in Hyd- 
311. The principle of the scheme is a s  follows (refer to Fig- 
ure  13): a s  the seal approaches the seat, the flow of water is 
controlled by the opening between the lower clamp and the seat 
and produces high velocity flow which results in  a lowered pres-  
sure region in the vicinity of the 314-inch (1.905 cm) port in the 
lower clamp. This reduces the pressure in the groove behind 
the seal and causes the bulb to retract.  As the seal continues 
to move, the point of flow control shifts to the seal bulb o r  upper 
clamp, and pressure in the region of the 314-inch (1.905 cm) 
port increases to reservoir head, forcing the bulb tightly against 
the seat, preferably after the bulb has passed the sloping surface 
of the seat. 

Testing consisted of taking, at various heads, measurements of 
bulb extension and pressure behind the seal with the seat and seal 
bulb in three positions relative to each other (Figure 13). 

1lReport Hyd-311 "Hydraulic Laboratory Tests of Seals for High 
Read Coaster and Fixed Wheel Structural Steel Gates--July 31, 
1951., by W. C .  Case. 



The first  test was run using Specimen 13. Negative pressures 
behhd the seal were obtained i n  Position 1 at heads up to 300 feet 
(91.44 m), but the bulb extended slightly rather than retracting. 
Apparently, the high velocity stream of water, a s  an undesirable 
side effect, reduced the pressure in front of the seal even more 
than the pressure behind it and caused the seal to extend. 

When Position 2 was reached, pressures behind the seal were 
still much lower than reservoir head and extensions were one- 
half to two-thirds a s  great a s  those without automatic retraction; 
however, before the bulb moved past the sloping surface of the 
seat, it snapped out to almost maximum extension. Hence, the 
pinching situation still existed. 

Specimen 14, a more flexible seal, was tested next with essen- 
tially the same results. The clearance was changed from 
7/32 inch (5.556 mm) to 3 / 8  inch (9. 525 mm), again giving 
similar results, except that the seating point of contact was 
shifted slightly downward on the seat. 

A satisfactory arrangement for automatic retraction and extension 
of the seal could not be attained without modifying the test rig to 
a great degree, so the testing was discontinued at this point. 



Table 1 

DESCRIPTIOK OF CLADDING 
ON SEAL SPECIMENS 

Specimen 
no. 

Type of 
Type of cladding ..,I 

Clamp-on Red 
fluoro- 
carbon 

Clamp-on Red 
fluoro - 
carbon 

Bolt- Green 
through fluoro- 

carbon 

Bolt- 
through Bras s  

Clamp-on Green 
fluoro- 
carbon 

Clamp-on Green ! fluoro- I carbon 

Clamp-on Green 
fluoro- 
carbon 

F m p - o n  1 Green fluoro- 

I I carbon 

11 / Clamp-on Green I fluoro- 
I I carbon 

12 Clamp-on Brass  

I I 

Clamp-on Green 

l9 I I :,","b': 

Cladding ] Cladding I 
on lower on upper 

s tem stem Brass  backing Remarks 
I I I 

--- --- --- Rubber with 
high modulus 
of elasticity 

--- --- - - -  

- -  I - I --- Rubber with 

content. 



Table 2 

SUMMARY OF DATA OBTALNED ON GATE SEAL SPECIMENS 

I I I I I I L I I I I I 
*Unless noted otherwise, all specimens are the clamp-on type. 
**Fluorocarbon. 
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B. CLAMP-ON SEAL 

HIGH HEAD GATE SEAL STUDIES 
1 SEAL DESIGNS (FLUOROCARBON AND BRASS C L A D D I N G  NOT SHOWN. 

S E E  T E X T  FOR C L A D D I N G  ON SPECIFIC SPECIMENS)  



FIGURE 2 
R E P O R T  HYD - 5 8 2  > * G a n t r y  

W.S. El. 6040.00 
--- 

-- G a t e  hoist 

Troshrock 

M i n .  W.S 8 .27 '  x 1 5 . 8 '  Wheel-mounted gote 
E1.5871.00 
--- -- - 

Penstock 
lo '  Dio. 

S E C T I O N  T H R O U G H  DAM AND P O W E R  P L A N T  

HIGH HEAD GATE SEAL STUDIES 
TYPICAL GATE INSTALLATION 

320 





F I G U R E  4 
R E P O R T  H Y D - 5 8 2  

HIGH HEAD GATE SEAL STUDIES 
SECTION THROUGH TEST RIG 







A .  Before testing. Photo PX-D-60633 

B.  After testing to 275 feet (83 .82  m). 
Photo PX-D-GO634 

HIGH HEAD GATE SEAL STUDIES 

Specimen 5 - Bulb clad with rhorocarbon 



A .  Seal bulb cxtended auring cl~sing cycle. 
Photo PX-D-60635 



A. Sea1 bulb ewtcndcd durinfi closing cycle. 
Photo PS-D-liOLi37 

R. G a t c  in closed position. Photo PS-D-60G38 

IUGII AE.411 GAT13 SEAL STUDIES 

Specimen H in T e s t  Rig 

Figure 9 
Report  Nyd-582 
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Photo PS-D-GO611 
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QUANTITIES AND UNITS OF SPACE 

Multi~ly BY To ohtaln 

MII. . . . . . . . . . . . .  25.4 (exactly). . . . . . . .  Mlcron . . . . . . .  Inches . . . . . . . . . . .  25.4 (exactly). Mtlllmeters . . . . . . . . . . .  2.64 (exactly)*. . . . . . .  Centimeters 
Feet . . . . . . . . . . . .  30.48 (exaftly) . . . . . . .  Centimeters . . . . . . . . . . . .  0.3048 (exactly)'. . . . . .  Meters . . . . . . . . . . .  0.0003048 (exactly)* . . . .  Kilometers 
yard$ . . . . . . . . . . .  0.9144 (exactly . . . . .  Meters 
Miles (statute). . . . . . . .  1,608.344 (exactly * . . . . .  Meters . . . . . . . . . . . .  1.609344 (exactly) . . . . .  Kilometers 

- AREA 

Square inches. . . . . . . .  6.4516 (exactly) . . . . . .  Square centimeters 
Square feet . . . . . . . . .  829.03*. . . . . . . . . . .  Square centimeters . . . . . . . . .  0.092903 . . . . . . . . .  Square meters 
S q w e  yards . . . . . . . .  0.836127 . . . . . . . . .  Square meters 
Acres . . . . . . . . . . .  0.40469. . . . . . . . . .  Hectares . . . . . . . . . . .  4,046.9' . . . . . . . . . .  Square meters . . . . . . . .  . . . . . . . . . . .  O.PAO&~* Square !dometers 

Cutdc inches . . . . . . . .  16.3871 . . . . . . . . . .  Cubic centimeters 
CubIc feet . . . . . . . . .  0.0283168. . . . . . . . .  Cublc meters 
Cubic yards P a b l c  . . . . . . . .  meters 

Fluid ounces (21.8. ) . . . .  29.6737 . . . . . . . . . .  Cublc centimeters . . . .  29.5728 . . . . . . . . . .  MUliuters 
Llqutd pints (U. 5.) . . . .  0.473179 . . . . . . . . .  Cublc decimeters . . . .  0.473168 . . . . . . . . .  Llters 
QuartsnJ.S.). . . . . . .  846.358* . . . . . . . . . .  Cubic centimeters . . . . . . .  0.94&331*. . . . . . . . .  U t e r s  
Gallons (U.9.). . . . . . .  3,785.43* . . . . . . . . . .  Cublc centimeters . . . . . . . . .  . . . . . . .  3.78543. Cublc dec!meters . . . . . . .  3.78533. . . . . . . . . .  Uters  . . . . . .  O.M)378543f . . . . . . .  Cublc meters . . . . . . . . .  ~ a l l o n s  (u. x. j . . . . . .  4.54608 cubic decimeters . . . . . . . . .  . . . . . .  4.54586 Llters 
Cubic feet . . . . . . . .  28.3160 . . . . . . . . . .  Llters 
C u b i c p .  : : I . . . .  764.66' . . . . . . . . . .  Llters 
Acre- eet. . . . . .  1,293.5' . . . . . . . . . . .  Cubic meters . . . . . . . .  .1.233.500* . . . . . . . . . . . .  U t e r s  



MulUuIv BY To o w n  

MAS 

. . . . . .  om& IYT,WO 1bl . . . . . . . . .  84.70801 ls-tlg) MUUmnms . . . . . . . . . .  Trey ounce8 1480 W m ) .  . . . . . .  81.1Q36. C n m a  
Ounces lwdpl. . . . . . . . . . . .  28.848 . . . O m s  
P ~ S  I W ~  I. . . . . . . . . . . .  o . ~ ~ & z w ' I ~ & ~ ~ I :  : : . .  K U W * ~ .  . . . . . . . . . . .  Short low l % , ~  1b). . . . . . . . .  807.186 KUCWam. . . . . . . . . .  0.807185. . . . . . . . . .  Memo tom 
Lon . tmf2 .2401bl .  . . . . . . .  .1.018.M. . . . . . . . . . . .  K U o ~ a m n  

. . . . . . . . .  W B  PI. a w e  inch . . . . . . .  0.0mOT. Kll nos  p r  oq-ra c a n h e t s r  . . . . . . . . .  . . . . . . .  0.8881170. ~s%?ir plr ow- c=o~m.etcr . . . . . . . . . .  pol?- par aqmre  im: . . . . . . .  4.88243 U per lram 
41. 8m9. NJ- wrpcunrs Deter . . . . . . . . . . .  

W c c a  per cublc b c n .  . . . . . . .  1.12808 . . . . . . . . . .  G r m a  pi er t le  esnltwter 
PLund3 p r  C*lC f ~ t  . . . . . . . .  18.0185 . . . . . . . . . .  K'lwrams per c*Ic mewr . . . . . . . .  O.OlBOlM . . . . . . . . .  O n a s  p r  crtlC cemmeter . . . . . . . . .  Tms O a g ?  ccr cd%c wni . . . . . .  1.32884 OraPr rar cutlc crr .Omtm - 

. . . . . . . . . .  . . . . . .  Ounces per @on (U.8 1 7,4889. O r m a  p r  lllar . . . . . . . . . .  CmcesperWon U K 1 8.2362. oms  per Uter . . . . . . . . . . .  Poum per @Ion lu:a'l : : : : : : 118.828 G- per Urer . . . . . . . . . . .  p d r  pr w o n  W.L I . . . . . .  QQ. 778 Omma wr Ute. 

Wh-pmnds . . . . . . . . . . . .  0.01U21. . Mebf id lwLms . .  . . . . . . . . . . . .  1.12886 11b8: : : : : : cewmster-dynes 
~ ~ t - p r m n d e  . . . . . . . . . . . .  0.138265. . . . ~ e t e r u o y r a m s  . .  . . . . . . . . . . . .  1.85562 r 107: : : : : : ?enUmeler-d . . . . . . . . . .  FMt-pour& per Inch . . . . . . . .  5.4431. ce.!tmetcr-Gamapr c e a ~ m e t s r  
hmca.~nchsa. . . . . . . . . . . .  72. 008 . . . . . . . . . . .  Gram ,centimeters 

ACCELERATION* 

poet D m  s r o n d 2  . . . . . . . . . .  0.3048. . . . . . . . . . .  Meters wr second2 

FLOW 

c"b1c feet p r  second (aecoad- . . . . . . . . .  feeu . . . . . . , . . . . . . . .  0.028817* cublc metars mr second. . . . . . . . . . .  Cubls fast pr rmnult . . . . . . . .  0.4718 UUrr per second . . . . . . . . . .  oallona 18,s. 1 rei mimimitt . . . . . .  0,00308 Utars yar s r o n d  

. . . . . . . . .  Pounds. . . . . . . . . . . . . . .  0.463582. KW-s 
4.4462' . . . . .  Newt- . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . .  - 4.4482 x : : DVnBB 

~ r l l l a h  h e r d  u n l ~  (mu). . . . . .  0 . 2 6 ~  . . . . . . . . . .  ~Uwram cdorlea . . . . .  .1,055.06 . . . . . . . . . . .  l&s . . . . . . .  . . . . . . . . . . .  Bl* p r  pound. 2.326 1emUy) Joules p r  piam . . . . . . . . .  . . . . . . . . .  ~ m t - m m d =  1.36582*. Jdnlsr I 
. . . . . . . . . . . .  . . . . . . . . . . .  Horseme7 745.700 walls . . . . . . . . . . . .  . . . . . . . . .  BN r hau 0.283071. Watts 

~aoEmnda cer aeeood . . . . . . .  1 . 3 5 m  . . . . . . . . . .  watts 

HEAT TRANSFER 

Bh! i&/hr It2 deq F R, . . . . . . .  . . . . . . . . . . .  t h s r d  conduct!vltyl 1.442 M U U r n ~ / c m  de C . . . . . . . .  . . . . . . .  0.1240. W c a I b  m d  8 
BIU fl/hr 11% de F  ram* . . . . . . . .  : : xq e u  m m  m 7 w  c . . . .  Bl* n 2  dB 9. IC .&;,A. . . . . . . . . . .  . . . . . . . . . . . .  e o n d v e ~ e ~  0.688 M U U m t ~ s / ~ ~ z ~ c  . . .  4.882 . . . . . . . . . .  Xg eaVhr m <sg 
m q P t w n 2  at;&'&;Z ' . . . . . . . . . .  . .  . . . . . . . .  malalance{. : 1. 781 w c em2/-watt . . . . . . . . . .  . . . .  BLullb d w  F (c heat capacllyl 4.1868 N d q  C . . . . . . . . . .  . . . . . . . . . . . . .  B 11bdeg P 1.w- c 4 - d ~ ~  . . . . . . . . . .  . . . . .  &kr ( l h d  d ~ v l l y l  0_:681 Cy /Bee . . . . .  O.u8280*. . . . . . . . . .  M h r  

WATER VAWR TRANSMISSION 

OTHER QUANTlTlB AND UNITS 

MUIUOIY Bv To obtnln 

Cublc feet p r  square foot pi 
Cay leepage) . . . . . . . . . . .  

~ m d - r e c m d s  p r  aquare faat . . . . . . . . . . . .  . .  . . . .  . . . . . . . . . . .  
Lumens per aqupra foot (foot- 
EPUW . . . . . . . . . . . . .  . . . . .  Ohm-0hular m a  perfoot . . . . . .  Mlll1cvrles per euble fool 

~ p e p r a ~ r e f m l . .  . . . .  
  mom per square ywd . . . . . . .  
P-s wr inch . . . . . . . . . .  

~ u a e l u  per svn, mcmr 
Ohm-sqYvd m u l ~ t e I D  pel  m.wr 
Xuucvrlea par cb!c rdUr 
w a m p r  v r  y- l rr fer  
u t r r s  wr sq- a*, 
KUoyram. r r  cmt1m.1ar 

on0 BU-IP 



ABSTRACT 

Studies were made to develop rubber seals suitable for use on wheel- and 
roller-mounted gates operating under high heads. W i n g  the closing 
hycle under unbalanced pressure conditions, the seal bulb tends to be 
pinched between the seal clamp and seal seat. Six factors affecting thia 
pinching were varied in an attempt to find the optimum seal assembly. 
Eleven double-stem seal designs, utilizing different combinations of 
fluorocarbon and brase cladding and rubber compositions, vere tested at 
heads up to 600 ft (182.88 m). The testa were conducted in a special 
test rig which accommodated full-size seal specimens. 12-118 in. 
(30.798 em) long. The tests included measuring the seal bulb extendon. 
and photographing and observing the general behavior of the seal under 
load during opening ahd closing cycles of the gate. 

ABSTRACT 

Studies were made to develop rubber eeals suitable for use on vheel- and 
roller-mounted gates operating under high heads. During the cloeing 
cycle under unbalanced pressure conditions, the seal bulb tends to be 
pinched between the seal clamp and seal seat. Six factors affecting thia 
pinching were varied in an attempt to find the optimum seal assembly. 
Eleven double-stem seal designs, utilizing different combinations of 
fluoro~arbon and brass cladding and rubber compositions, were tested at 
heads up to 600 ft (182.88 m). The tests were conducted in a special 
test rig which accommodated full-size seal specimens, 12-118 in. 
(30.798 cm) long. The teats included measuring the seal bulb extension. 
and photographing and observing the general behavior of the seal under 
load during opening and eloeicg cycles of the gate. 

Studies vere made to develop rubber seals suitable for use on vhcel- and 
raller-mounted gates operating under high heads. During the closing 
cycle under unbalanced pressure conditions, the seal bulb tends to be 
pinched between the seal clamp and seal seat. Six factors affecting this 
pinching were varied in an attempt to find the optimum seal assembly. 
Eleven double-stem seal designs, utilizing different combinations Of 
fluorocarbon and brass cladding and rubber cmpositions, were tested at 
heads up to 600 ft (182.88 m). The tests were conducted in a special 
test rig which accommodated full-size seal specimens. 12-118 in. 
(30.798 cm) long. The tests included measuring the seal bvlb &eUSiOn. 
and photographing and observing the general behavior of the s e r l  Under 
load during opening and closing cycles of the gate. 

ABSTRACT 

Studies vere msde to develop rubber seals suitable for use on mlxeel- and 
roller-mounted gates operating under high heads. W i n g  the closiw 
bycle under unbalanced pressure conditions, the seal bulb tends to be 
pincbed between the seal clamp and seal seat. Six factors affecting this 
pinching were varied in an attempt to find the optimrm seal =sabW. 
Eleven double-stem seal designs, utilizing different cmbinatiooa Of 
fluorocarbon and brass cladding and rubber cmpoaitions, were tested at 
heads up to 600 ft (182.88 m). The tests were conducted in a w i d  
test rig which acccmmdated full-size seal specimens, 12-118 in. 
(30.198 cm) long. The tests included measuring the seal bulb ertcnaion, 
and photographing and observing the general behavior of the seal rmder 
load during opening and closing cycles of the gate. 
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