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Chief, Engineering Laboratories Branch 

Tests to determine the range of extension and possibi.lity of complete 
extrusion of double-stem type, rubber-brass cate seals for use under 
high heads in Snmry Mountain H.ydrD-Electric Authority Project, 
Australia 

Two double-stem ruboer seel specimens were delivered to 
the laboratory for the test� requested in your memorandum of 
September 1, 1953: one with a brass bulb shield and brass rein­
forcing on one :::te!!I, from Huri·;ry Horse Dam: and cne with no rein­
forcine;, from Grand Coulee Dam (Figures 5A and 5E}. The shorter of 
the two was 12-13/16 inches lone;, which fixed the dimensions of the 
test apparatu::. shown on Figure 1. 

The initial tests, usinr, this apparatus and both seals, 
indicated that a c.:ontlnuous stretch, or creep, and possibly com­
plete extrusion of the seals would occur if they :-1ere subjected to 
high differential heads for long periods. The amount o� �eal 
extension for a given head diff'.'!rential was found to vary with the 
positioninG of the seal in the apparatus, the condition ot the 
apparatus, and the elapseQ time. 

When the pressure head was applied behind the se2.ls for 
short periods and then released to zero, the seals remained extended 
f,or several hour"', returning slowly to neutre.l. Tests were therefore 
�ade to determine the amour.t of extension for ..,.iven periods of time 
and differential heads. The �ests were repeated for each seal, 
startin� at a low head and profressing to the highest head at which 
it ·..ras felt the seal would not be daz:iagect. Care was 'ta.ken to not 
daraage the seal sin-:'.e such damaf;e .-muld preclude further extension 
tests on it. Each head diff'ecential was applied for 5 minutes, 
released to zero for 5 minutes, and then the next head npplied until 
a test ,-ras completed. The :·esul ts of these tests -'l..re shown on 
Figures 2 and 3 and have previousl�r been forwarded to members of 
your staff. 

Because the resultc. of the initial t�sts indicated that 
the extension limit �or the various differential heads had t!ot been 
reached, particularly at the higher heads, an attempt ',;as made to 
evaluate the limit� for the all-rubber seal. A displa�ement gage 
...,1th a rerord1ng milliaJlll!leter wa::. attached to the apparatus to 
record elapsed time and the �oun.t of extension at the center of 
the seal �pecimen. To assure uniformity of the tests, the seal 
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,:af .cernoved :r'rorr, tht� ap.l:'aratu:.; c.fter the test. ut e;ach hea.c..., a.llowed 
to r·et1.1r;:i to a neut::-al conci.i tiGrt of stretch, an._ replaced after 
the apr)aratu.s wa;; n:oiEteneC1 thoroue:hly .-1ith ·,1ater fer luh:r-icc:.tion. 
The re.si.ll ts oj· these tests �.n<Lcated th2.t the Granu ·,:oulee seal 
would fail if subjected to a h0ad of 300 feet for � mir.ute��, er a 
head of" 2�0 fee1, fc,r ci.pproximate:Ly 3 hours, out wouJ.d not tail in 
many hours under· a head of' 200 .feet (Figure 4). 

Since complete extension-vc:rm::::-ti11,e tests were time con­
swning, a program was worked out with meir.bers of your sta.i·f to ottaln 
the basic informo.tion 1·equested i.n your memorandum of Jept(�noer l, 
19'.:>:,. It apyears now that this ini'o:crr.ation answert: only a portion 
of the J.esign protJlem.s and that extension of the test :prosra'Tl will 
be required to obtain suff'ic:i.ent dai..a for design. 'I'e:�ts nave not 
ueen mac.:.c with the u:cas,:, shiclu removeu from the one titei.. of the 
Hungry horse seal, us requested i:1 your Septemoer l memon.mdu.rn, 
because the removal. o.!.· this urass shield woula prevent e.ny i'urtr1er 
tests on the 1-;re.sent <,:_€'Sign shoulu the test prograr .. 1.;e: e)'.pan,iecl. 
The two test srecimens are the only .stocK available j_n .Jenver. A.lso, 
it is un<;ers tooJ t::iat i111:muf'acturer.s �,re relu,:tant to :.,id on seals 
,-1i th l,rass in or on i:..r.e rut:oer so re;:lac:e111en� of the �.;eal woula oe 
diff'icul t unless ot:-.er se:::::tiorn- could be obtaineci from stock ilh t.he 
.::·iel-..... It .fo 6.oul,ti'ul that these sections are available� 

Several imrortant 
of the tests mace thm; i'ar. 
any l)or-::ion or all o_' ti..em. 
designers are listed oel.ow: 

questions have been advanced as a result 
The p:cogra.r:: could be e:1.panded to include 
The questions of' ma

c
;or interest to the 

L W'nat is the forc:e-versus-;:;.ispJ.acement relation for 
the con:iition of the scat being f'orceli against the seal? (A 
sli,;.;r�t re·:isi\m oi' t:1.e -:.est ai::paratus .-muld be required to obtain 
these results.:· 

��. ':.'hat is tJ:i.e extension-ve:i::·sus-t ime relat1.on ror these 
see.ls·? At wh.sx he;;;c�i woulu the seal be apt to ru7

,,
ture if main­

taineLi for 1 or 2 ::oun:-, or 2 or more wE:eks'? (These results 
coulu ____.e ootair:cc� ir, "Lhe pre.;;ent test a:r:,paratus.) 

3. \'!hat iE the extrusion head-versus-time re:i.ation for 
the o.oublc-ster:. sea.1. heh t.; end bulbs on.l.y (Figure S·c )? (Major 
revisions to the c1p1,aratus Houlci. be necessary to obtain these 
results.) 
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L .  Coul·i so."le:- manner of' s epc1:·Hte bre:;::; rmlb r,r.ielct ue 
o. t tu.cr�e(.. to the Coulee-ty J;e f'C:'-'.l to reuuc.:e ti1(: iirar: encour:tere,1 
ln c.1.csi�f,·, �'£he a.,·tue.1 u:-ac; t.c ,t� woult! !'lave to ,,e n.ad·� ; n  
a ..... iri'erent o.�parat.us or �·re.iic1.e{! 1'1·om _pre1icm; t.est& : the 
prcr.ent a:pparf!tu:: coulo. , e use,, tt; cleterr:inc the 1ct.ion 01· Ct 
revised seal ,,i-:-,h the tul:� l'reE: to irovc. . J 

The results obtai na:)-Le ::l·:,n lhe p-renenL c'.i)r,..iratu!:: , or 
w.1 T.r!. miner re•.r is ions , '.wul 1 l;e va LUL.b_e:; !Vt.. ",. ty .i.n t.he !?.er: ign oi' 
new insta.l1ations , � ut in U.c prcc.tlcti0:.1 o:...· Lhr.:: uct.i.on o: the se:::.lc. 
in the o�eration (;,!' exi..,-:ing in::.-La.Ll-.i.tic:1::; ... s · .• �11 . Tn.:i;; Jl,c,no-
ran<1u!T1 _present.; tLe re.ml ts of tests :-:-.::.tie thus .rar fur youl· -.;o�sl -
eraticn in dl!cid:inc; whether or not the _i,X'oo·:tn: !,hould. be extenc.ieu to 
answer the ouestions li�:--ecl ..... •,u· e ,. �,huulu v0u .e�iJe net tc -:ont.inuc 
the te::;t :;:,ro0re_,1 beyonu that req_u::::.·,,;:;eu. in :our 3er�emuer l !'lC'::Kirandum 1 
the brafis reini'orcinc '.-1..i.ll he recioveu i'ro1'.l t�tc dunt;ry �1orse ;;;ea. 

1 

tcs-..:;�_, rnad.e to 0L1tui!.'l u.C!.t.o. si�1ilar to thu.t ...;�o·,,,t on :?icures ? , 3, 
anu �, and the tc!:i t.i.ng 1,;err,1irw:tcn • 
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