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ABSTRACT

Tests were made to determine the effectiveness of special sealing washers
inproducing watertight seals around the threads of bolis used through
‘bulkheads and gates subjected to h1§h hydrostatic heads. The washers
were composed of high-grade buna "N" rubber enclosed on three sides
with Type 302 stainless steel. The rubber portion of the washers was
convex on one side and concave on‘the other. Proper installation required
-the convex side to be placed facing the high pressure. The washers, when
properly squeezed by torquing the bolting system, provided watertight seal-
ing for -heads up to:at:least 623 feet of water, or 270 psi. The washers
were used effectively to seal the threaded portion of the bolts on either

the wet or the dry side of a flange. Within the limits of the testing, the
washers were re-usable, The washers should be equally effective when
‘used on the shanks or under the heads of the bolts.

'.DESC/RIPTORS--*water seals/ *leakagel *high pressures/ low presaures/
bolts

IDENTIFIERS--washers/
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HYDRAULIC TESTS OF BARCLAD SEALING WASHERS

PURPOSE

Studies were made to determine the effectiveness of Barclad sealing
washers for providing watertight seals when used under the nuts on the
threaded portion of bolis situated "in the wet" where high differential
heads occur.

CONCLUSIONS

1. Leakage resulted at approximately 200 feet of head when the nuts
on the 5/8-inch bolts were torqued with 70 foot-pounds,

2. The washers provided watertight sealing against heads of at least
623 feet of water or 270 pounds per square inch (psi) when the nuts were
torgned to 82 to 85 foot-pounds.

3. The washers could be used on either the wet gide or dry side of the
bolted assembly with equal effectiveness (Figure 3).

4. The washers were re-usable within the limits of the study.

5. The washers should be equally or more effective when used on the
bolt shanks or under the boltheads. This condition was not tested.

INTRODUCTION

For the unwatering of a pressure conduit or tunnel, and during inspec-
tions or maintenance operations, leakage around bolis on gate seal
clarnps or other bolted surfaces subjected to high- pressure differentials
is undesirable.

The procedure used heretofore for preparmg boltholes for pressure
sealing reqmred drilling, counterboring, and countersinking (Figure 14).
‘A rubber "O'" ring was used under the bolthead or nut to complete the
seal wheen’'torque was applied-to the nut. Leakage often resulted around
the "O" ring making a more effective means of sealing desirable.




Two washers of a type developed by the L. J. Barwood Manufacturing
Company, Inc,, Everett, Massachusetts, were supplied to the Mechanical
Branch, and thence given to the laboratory for testing (Figure 2). The
washers were composed of high-grade buna "N" rubber enclosed on three
sides with Type 302 stainless steel. The rubber portion of the washers
was convex on one side and concave on the other (Figure 1B). The oper-
ating principle required placing the convex side toward the high pressure
so that the pressure would force the rubber tightly against the bolt shank
or threads to add to the seal tighiness obtained by squeezing the seal
when torquing the nuts to the bolts. Use of the washers has the advantage
of eliminating the need for the countersinking operation in the preparation
of boltholes for gate seal clamps, and offers the promise of fully water-
tight seals.

EQUIPMENT

The equipment used for the study consisted of a high head pump, a 3/4-
inch-thick blind flange with two 11/16-inch-diameter holes near the cen-
ter, two 5/8 - 11NC, brass, hex-head bolts with nuts, and two Barclad
sealing washers (Figures 2 and 3).

TEST PROCEDURE

One bolt was installed with the bolthead on the water side (high-pressure
side) of the flange and the nut and washer on the dry side. The second

bolt was placed with the head on the dry or low-pressure side of the

flange and the nut and washer on the water side (Figure 3). Both washers
were installed under the nuts and around the threaded area of the bLolts

with the convex side toward the high pressure. The threaded area of the
bolts was the most difficult position to seal and was the test location re-
quested by the Mechanical Branch. The nuts were torqued to 70 foot-
pounds for the first tests, and the flange was bolted to the downstream side
of the Venturi meter in the high-head test facility.

After bleeding the air from the lines, the pumping head was increased
in 20-foot increments. At a head of 200 feet of water {(approximately
87 psi), leakage amounting to an occasional drip was noted around both
‘bolts. Increasing the head to 623 feet (approximately 270 psi) had very
little effect on the magnitude of the leakage.

The pump was. then shut off, the flange removed, and the parts disassem-
-bled and inspected. No visible damage was noted on any of the components.

. The bolts and washers were again attached to the flange in the manner

~-above, and the nuts retorqued-to 82'to 85 foot-pounds. The flange was
:bolted-to the test facility, and the head increased in 20-foot increments
‘to approximately 623.feet or 270 psi (Figure 3). No leakage occurred.




Prolonged operation of the h1gh head pump at or near the shutoff head
would have resulted in excessive heating and damage to the facility.
Therefore, the tests were of short-duration; however, the test pressures
were.more than double the 125 psi requirement placed on the seals.

~W1th1n the limits of the test program, the seals were re- usable. No visi-
ble damage to the sedls was noted other than thread groove prints on the
rubber port.l.on after the heavy torqulng and high pressure had been applied
:(Flgure 2A).

' 'The excellent .performance of the washers when used on the threaded por-
tions of the bolts makes it reasonable to assume that they woild be equally’
or more effective when used.on the shanks of the bolts or under the heads,
as in Figure 1B. No tests were made under the latter conditions.
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Figure 2
Report Hyd-537

A. Top and bottom of sealing washers after use. Shown approx-
imately 2.5 times actual size after completion of testing. i

B. Flange with 11/16" drilled holes, 5/8"-11NC bolts, nuts, and
sealing washers. ;

BARCLAD SEALING WASHERS

Washers with bolts and test flange
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Flange assembly bolted to high head pump installation.
Head of 623 feet of water was applied to system. Note
that one bolt is placed wil 1 the head on the pressure side
of the flange while the otf er is placed with the threaded
end and the nut on the pr ssure side,

BARCLAD SEALING WASHERS
Flange and bolt assembly during tests

Figure 3
Report Hyd-537
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CONVERSION FACTCRS-~-BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors mdopted by the Bureau of Reclamatioh ere those publiphed by the Amerdcan Scalety for
Testing and Materiala {ASTM Metric Practice Cuide, Jaruary 1964) except that sdditiopal factors {*) commonly used in
the Bureau huve been added. Further diacuselon of defimtions of quartities and units iz glvep cn pages 10-11 of the

ASTM Metrie Fractice Guide,

The petric ynite and conversion factors adopted by the ASTM ere based on the "International System of Units® {deslgnated
SI for Systeve Ipternational d'Umltes), fixed by the Irmternationa) Commdttee for Weighis and Meagures; this syetem is

aleoc known ap the Glorgi or MKSA {peter-Xlogram (mes)-sscond-ampere) syetem.

International Orgarization for Standerdization in 150 Recammerdaticn R-31.

Thie gyetem has been adopted by the

The metric technical undt of force ic the Klogram-force; thie is the force which, wher applied to a body having a
mees of 1 kg, gives it an acceleretion of 9.80665 m/sec/se:, the standard accelermtiop of {ree fall toward the earth's
cepter for sea level at 45 deg letitude. The metric unit of force in 51 units is the newton (N}, which is defined as
that force which, when applied to = body having a mess of 1 kg, gives it mm moceleration of 1 m/sec/Bec, Thepe units
mst be dstinguished from the (inconsiant} local weight of a body baving a mass of 1 kg; that 1B, the welght of &
body is that force with which & body le stiracted to the earth exd is equal to the mass of & body miitinlied by the

acoelerstion due 1o gravity. However, b

it la g

1 rructice to use "pound" rather than the technically

carrect term "pound-force,” the terr "lkilogram" (or derive! mses unit) has been used In thie guide instead of "klogram—

ferce" in exprepsing the conversicm factors for farces,

esgential Io ST unoits,

Table 1

QUARTITTES AND UNITS OF SPACE

The newtop undt of force will find inareasing use, and is

K

Miltiply Br To obtain
LENGTH e
.- I ‘25,4 (exactly). ., ., .., . .Mersm
Inches | . . .. ... ... ‘R34 (exactly). . . . . . . . Mllime*ars
e e s e 2.5 (exactly)s | ., , . . , Centimster. ..
Feet . . . . e e e 30.48 (exastly) ... . . . . . Centimeters
0.3048 (exactly}e . , ., . Metera
e e e e s s e, 0.0003048 {exnctly)* . . . . Kilometers
Yarde, , . . v v v s n ... 0.9L44 (exastly) . . . . . , Meters
Mlea {etatute) . . . ., . 1,600.3h {exnctly}e _ ., . . . . Meters
...... 1.609344 {exactly) . . . . . Kilometers
AREA
Square inchen, 6.4516 (exsactly) . . .. .. Squars centimeters

Squere faet, . . . .. ... 929.03 (exuctly)s, ., . . . . ., Square ceotimsters
. C e e e e e, 0.092903 (exactly) . . . . . Square meters
Square yerds . , ., ., ... 0836127 . ....,.....Square oetere
ACTEB. . . ... s Q.40469% . .-, . .. .., , . Hectares
S b e e e e s 406, L L. ... ... .Square mrters
I I I T T Q.O0NOLESs . , ., .. ... Square kilomsters
Square miles . . . . . . . . 2.98599., . . . . . o s » .+ s Square kilomeiers
VOLUME
Cubde inches . ., . ... .. %6.387L. . . . .. ... ..Cubde centimeters
Cubdc fest . . . . .. ... R S h e e s e Cublc meters
Cuble yurdm, . .. . . . . . 0.76455%, . . . . . . . .. gublc meters
CAPACTTY
Flwid oumees (U.8.) . . . 29.5737. .. ... v e+ - . Cuble centimeters
[ 29579 . . . v 4. . . Milliliters
Liquid pinta (U.5.) . .. L ) - T Cubie declmetors
0.4T3165, . . .., ., ... Liters
Quarts {U.8.). . ... .. 9,463.58, . . .. .. ... . .Cuble centimeters
st v e e e 0946338, . . .. ... .. Liters
Calloos (D.8.} . . . ... 3,7H5.43% . . ., , ... 4. .Cublc contimeters
o v e e 3T8543 4 4 . 4 v o . 4« . Cublc decimeters
3.78533 . . .. .., .. .Liters
e s e 0.00378343= , , ., , , , . Cubic meters
Oallens (DE.} . . .. .. 4.50609 , ., . ... .. .Cublc descimeters
‘e e e el 4.54386 . . . ... ... .Liters
Cubde feet . . . ..., . 28,3160, . . .. .. .., . Liters
Cubde.yards . . . . . .. T6L5 . L, L ... .. .. Liters
Anye-feet. . . ., ¢4 o4 . 1,233.% . ..., . ...+, Cublec paters
s m s s« e s o 1,233,500 ., .., .. . . o . liters

R




Table IT

QUANTITTES AXND NITS OF MECHAMICS

Multiply By >
MASS PORCE

Orafne.(1/7,000 10} , . 64989 (axaotly), D.A53502% . ..., ...
. Tray omoas (480 grains), 2103 < AuhABIR L ol
-;:_-ounpaaglvﬁp.;.'... 28.34¢ PR - 42 x10%0Y . L L L L L
* Pounde (avip) , , . , . . 04533923'? {exaatly] WORE_AND FERCTs
[ Short tona ?2,6@ )., . 18 e )

Loy o (2,240 35} ¢ B s il e Britian thoremd wmite (). - 1y omakn - -

’ Btu perpound. . . . .. .

. (
o - , Footepounds, |, , . . . i 1,3336029 L
-, Pounds par squars inch . ) per square centimster POWER
L i’ PP . . Nowians per equare omntimetar
Pounds per aquare foot o . Eilograms per equars miter Horsepower . . . o . « Ta5.TO0, 0 4w o

Hewtcns psr square mster Btuperhowr . . . . .
Foot-pounds per pecond

 nzewm per oubdo noh . ;. .. 17299 - Ortas par oulblo oentimster Bra tn./ke 7 dug 7 (k.
Pouwnds per oubla foot . . . s S =gk Pl A8 thermal conductivity) k2 L M1itwatte/en dog C

Tonw {dang cuble yard . Grane per cublo centls tar " . . ae - Kgoal f““‘d".c,_
. . ’ - * . . . ig cal a/nr W deg O

: . : . MM watts/om2 d
Omu per gallcon (U,5.). , Xg oal/hr m@ dag

Ounoes per gallem (U.K,}. .
Pounda per gellom (U,8.), . . . D’i ¢ ond/williwatt
{4

Pounds per gallen (0.K.). . . ; g 3 . I 1S L
L . . .. ol deg C
Inch-pounds . 3%1“
Foot=poupds 0.138235 .
1 I58e2 x 107 | |

: o . Contimpter-dynes
Foot=piunds per . S.4431 . .. L. ol . . Orame/2; hr mé
Ounce-inches . . . . . . T2.008 . . ... as ) . ., Orem-centimeters 659 . . Matrio perzs
. YELOOLTY : Pln-lnchn [pormeability) . . : . Metrio perm.centimeters

32,48 (exantly) , .

. 8.3043 {axastly)s Table JIT
1
[4)

Feat per seaond

Feet per year , 065873 x 10
1Yes por hour 60934 (exsctly) OTHER QUANTITIES AMD UMETS
) : 4 {exact: . e s e s Moltiply . By To chtain
. - AGCELERATION® . Cubia fest per square foot per
’ mmmda - YT S - - aay (seopaga) s Boct” 048, L ... Liters per square meter per dey
= —t = Pourd-peocnds Dar squate I
- Sone Sout gor wioiod {vimostiy}  O.ogbon {ainstly) | | | | Sasese meters per beesat
Cublc £ - B ' p!r 20 o8 n (exee uaTS AT BOC
. e :ﬂﬂ:t.p:r‘sfc:.n? (mcuf e 0028917, . . .a s a ks s s . . Cublo meters par seaoed Fahrenhait degress (ohange)w . , . /'9 exac l..y fee . . Calaius or Kelvin degrees {ahange)#
; Cuble feet per mipute . . . . - a,;m,g..._‘.____....mm”rmu {ﬂ“p;:rm”.t;ai('twt.. . ¥llovolts per millimstar
s 51 8. e . e e aquare -
.5 minute G085 Liters gecond " ) L ... . por og pater
Oha-giroular xtls per foot . l Ohti-square millimatars per mster
Mliourias per aubla foot . . MIlicuries par ouble meter
. » Mlliazps per sguare eter
Liters per aguate metar

e ¥ilnsrams var asntimstar
ek e e SI-OQTEmS par gentimeter

L.
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ABSTRACT

ere made to determine the effectiveness of special sealing washers
E ing watertight seals daround the threads of bolts used through
. bu khead "and gates subjected to hlqh hydrostatic héads, The washiers
were composed of high-grade hina "N'' rubber enclosed on three sides
‘ith Type 302 stainless steel.” The rubber portion of the washers was
corivex on orie side and concave an the other, Proper installation required
: nivex side to be placed facing the high pressure. The washera, when
properly aqueezed by tcrquing the bolting system, provided watertight geal-
‘ing for heads up to at least 643 [eet of water, or 270 psl, The washers
were used effectively io seal the threaded portion of the bolis on either
5 the wet or the dry side of a.flange. Within the limits of the testing, the
"* waghers were re-usable. The weshers should be equally effective when
"used on the shanks or under the héads of the bolts.

AESTRAC'I‘

-Tests were mada to determine the effectiveness of spec1a1 sea}_mg washers
¢ in pr’ )ducing watertight seals arcund the threads of bolts used through
_.-bulkheads and gates subjected to h.lq 'ydrostatl.\. heada. The washers
" were composed of high-grade buna "N rubber enclosed on three sides

with Type 302 slainless sieel. The rubher’ portion of the washers was
" ¢onvex on one gide and concave on the other. Proper installation required
- -.the convex side to be placed facing the high pressure. The washers, when

_properly squeezed by torquing the bolting system, provided watertight acal-

' -ing for heads up to at least 623 feet of water, or 270 psi. The wasiers

were uged effectively to seal the thieaded portion of the bolis on either

" the wet or the dry side of a flange. Within the limits of the testing; the

washers wgia re-usable, The washers should be equally effective when
used on the shanks or under the heads of the bolts.

ABSTRACT

Tests were made to determine the effectivencss of apecial sealing washera
in producing watertight seals around the ihreads of belts used through |
bulkheads and gates subjected to high hydrostatic heads. The washers
were composed of high-grade buna "N'" rubber enclosed on three sides

with Type 302 gtainleas steel. The rubber poriion of the washers was
convex on one glde and concave on the other. Proper installation required
the convex side {o be placed facing the high pressure, The washera, when
properly squeezed by torquing the bolting system, provided watertight seal-
ing for heads up to at least 623 feet of water, or 270 psi. The washers
were used effectively to senl the threaded portion of the bolts on either

the wet or the dry side of a flange. Within the limits of the testing, the
washers were re-usable, The washers ghould be equally effective when
used on the shanks or under the heads of the bolfa.

ABSTRACT

Tests were made to determine the effectivencss of special sealing washers
in producing watertight seals around the threads of bolts used through

bulkheads and gates subjected te hi droétaﬁc heads. The washers
were composed of high-grade buna rubber enclosed on three sides
with Type 302 stainless steel, The rubber portion of the washers wasd
convex.on one side and concave nn the other, Proper installation required
the convex side to be placed facing the high pressure. The washers, when
properly squeezed by torquing the bolting system, provided watertight seal-
ing for heads up to at least 623 feet of water, or 270 psi. The washers
were used effectively to seel the threaded portion of the bolts on either
the wet or the dry side of a flange. Within the limita of the testing, the
washers were re-usable, The washers should be equully effective when
used on the shanks or under the heads of the bolta.
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