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THE PERFORMANCE OF CALKED LEAD JOINTS IN CAST-TRON
SOTL PIPE UNDER HOT WATER DISCHARGE

y
H. .A. Montgoaery
Asot. Professor of Mechanical Engineering
Purdue University
Lafayette, Indiana

INTRODUCTION

Lead-caxua Joints have been used {n bell and cpigot cast-iron pilpe for weter
cupply and vaste lines for more than a century with excellent resultz. Currently,
over 70,000 tons of lead per year (U.S. Buremu of Mines records) are used {n this
application. This Jjcint type continues to be the unquestioned leeder in water

supply lines.

With wvaste cystems, hovever, the greater uce of automatic epplisances vhich
require high temperatures and large volumes of vater have raised doubts as to
this joint's effectivencct at the operating teoperatures involved. A lack of
proper engineering data has resulted {n substitutions of other piping cystems or
metbods of Joining cast-iron coil pipe.

0 To establich performance criteria for the guidance of the pluading industry,
the Intermaticnal Lead Zinc Rezearch Organizatiorn bas sponsored e recearch pro-
graoa to determine, through laboratory tects, the operating conditions under vhaich
standard lead-cakuz Joints in asphaltic coated cast-iron scil pipe would pot leak
wider pressure-tesperature fluctuations. Anocther cancideration vas to test an ¢
experimental lead-ocakun-neoprene ring Joint for high teurerature use where the
lead~oakun joint might prove unsatisfactory.

JODNT AND FQUTPLENT DESIGHN

Fig. 1 fllustrates & conventional lead-tarred cakum Joint, showing the relew
ative positions of the Joint components.

The tect joints vere nrepared by pouring and calki{ng in the conventional
manner, vith two five-foot lengths of 4 inch cervice welght, single-hudb, coated
cast-iron pipe held in a claaping jig in a vertical position. The bottom pipe
rested on a concrete floor wvhich gave solid backing for the calking.

Care was taken to center the cpigot in the bell section, and to obtain axial
alignaent of the tvo pipe sections. The three 6tronds of the oakum were ceparated
and a single strand (3/8 to 1/2" in diometer) used for calking. This {6 standard
practice and facilitated packing the oakum firmly in place. The onkum was laid

Q Presented at 1964 Annual Meeting of the Americun Soclety of Sanitary Engineering,
Philadelphia, Penncylvania = October 5-8, 1964
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{n the Joint and packed in layers until 1* to 7/8" of space vas left from the
oakum to the top of the bell. All packing ves done with standard yarning and
calking {rons. A hammer veight of 1-1/2 1bs. was used with short, charp swings
to do all calking. Lead used for calking met the requirements of the Aserican
Water Works Association, Specification CGOQ-SAT,

The lead was melted on & plurmber's pot clovly, to a temperature of between
7807 e 237 mad poured {nto the joint until level with the top of the bell.
The inper circle vas calked first and then the outer ¢ircle. A sccond calking
pass was made on each Joint to ascure an even dictritution of pressure argund
the joint,

The oakum used {0 the Joints tested consisted of three types: tarred oskum

single-strand dry onkua, cond vhite jute. In moking Joints, vhite jute was the
oot d{fficult of the three to pack fimly. The tarred oakxum and the single-
strand dry oakum were cqually easy to calk. In designing the test rig, rigld
clxwping of pipe onds was provided to simulate & very extreme field conditiocn.
Careful observation of the clamped pipe vas maintsined to insure that no longle

tudinal movement of the nipe in the cloap occurred during the test rwn. Lateral

oovement of the pipe wns not restrained and averaged about 1/.‘6-!ncb at the
Joint during each themal cycle.

Fig. 2 {s a schematic of the test system which was arranged to permit the
flov of efther hot or cold water under pressure through the test specimen. A
three-wvay valve, shown in the lover center of the 1llustration, served as the
ey control valve. Prescure end teoperature are recorded on gages located be=-

tveen the threce-way valve and the test specimen. The pressure gage and the ther~

ooqeter ve e checked and calibrated co that they would accurately {ndicate the
teoperature and prescure at the Joint of the test specimen. Pressure {s con-
trolled by valves on the diccharge end of each flov circuit., Hot water is re=~
cycled, cold vater diccharged to drain, and the temperature of the vater con-
trolled through the stem heat exchanger. A hot water heater is used to dring
the water to vithin a fev degrees of the test temperature. Control from that
point 15 rapid ard positive, Bleed-off froa the pump vas necessary to prevent
cavitation in the 200°F plus renge of temperatures. -

JOINT TESTING
Test procedures vere as follows:

1, P11l test system with room temperature vater at 10 psi for 20
minutes to simulate conventional, on~the-job testing procedure.,

2. Circulate hot vater at 10 psi until the joint reaches test
temperature. The tcoperature is measured on the outer surface
of the hud by & teopstikx, a device occurate within ressonadle
limits as determined by other checks made during pilot runs.
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3. Introduce roca teoperature vater {nto the cystem to replace the
hot water and circulate until the joint reaches roca temperature,

4. Continue to run altemate hot and cold cyclec of water at 10 psi
until 20 cycles arc coapleted, or until a leak occurs.

The {nit{al precsure placed on the joint acsembly in the test rig simulates
on-the=Jjob %testing to dcteruine vhether the jJoint {s prezeure tight under the
preicribed pressure, usually S5 psi. Precsures used vere lu psi for the standard
Joint series and 25 ps{ for tbe lead-oakum-neoprene ring series. If a leak
occurred during this test period, recalking was done {n plece on the test rig,
and the jJoint again prescurized. If the jJoint leaked, it waz rejected accorde
ing to field procedure. A rccalked joint that is prescure tight is as good as
one that is pressurc tight on the initial calking if no defects that ceuse initial
leaks are present (such as crucked hubds, ete.).

A complete test mm of 20 cycles would mean the joint vas under & test pres-
sure of 10 psi for 6 hours and LO nirutes, had reached maximua lateral deflection
20 times, eand had undergone therz=al cycling 20 times. The time required after
vater texperature vas changed for the joint to reech 160°F froa roca temperature,
(7L°F) vas 3 minutes and 45 ceconds. Cooling tine, frem 160°F back to roca tem-
perature, vas 4 mimites. There vere & few seconds of variation from specimen to
specimen,

TESTS RESULTS

Lead-Tarred Oakun Joints Tests chov that the lead-tarred oskumr jJoints provide
excellent performance at temperatures of 160°F at 10 psi. Another ceries of tests
were run vith the tesperature iacreased to L70OF at 10 psi; agaln results vere
excellent, Additicnal tests vere urdertaken at 180°F at 10 psi{ which showed con-
clusively that this was too high a tecperature end that the limit of the lead=
tarred oaxum joint with coated pipe vas reached at 17007. ,

The leaks at temperstures adove 170°F appear to be cmused by the softening
of the pipe coating. In almost every {nstance of vater leakage, {t was poted that
tar seepage first occurred at the leak site. On some pipe the coating {s uneven
and lumpy. Leaks would occur in such areas of excess coating. It vas mnoted that
at a surface tespersture of 1L0°F the coating begins to get tacky and at 160°F the
coating can be moved about under finger prescure. It was also noted in other tests
conducted vith untarred oakum, which precludes oakums as the source of tar, that
tar seepage first occurred vidch lends credance to the belief that the pipe coating ]
is a factor in leskage at high temperatures.

Additional testing indicated that the Joint will withstand higher pressures
at 170°F. Further testing {s necessary to estoblish hov ouch the pressure can be
increased before leakage occurs. Some joint cpecimens of the lead-tarred cakm
bhave been held at 25 pei for periods of fram 20 to 120 afmutees vi‘hout leaking.
Thus, temperature, not pressure within limits, appears to be the critical factor.
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Leed Single-Strend Dry Jute Joints. On the lead=single strand dry jute joint
ceries, fallure of the Jointc occurred within the {irst ten cycles c¢” the test at
160°%F. Leaks would usually occur on the side of the Joint that vas 1a tension

O during the bot cycle. There is no definite pattern, hovever, as to exactly vhere

the leak will occur or the rumber of leaks. The ingide of the Jjoint, however,
choved the most lesks.

Lead-White Jute Joint, In tests on lead-white jute Joints, the failure of
the Joint occwr==i within the first fifteen cycles and on the hot water cycle at
160°F. Once vater scepage started on the hot cycle, lenkage increased progress=
ively. Again there was po specific pattern for leakage.

Lerd Oakua Feoprene Ring Joint (Experimental). Fig. 3 {llustrates the struce
tural arrangment of the coaponents of the experimentel lead-oskum-neoprene ring
type jJoint. Triangular in cross-section, the ring is placed {n the Joint with the
pointed cdge écwn. . It is then packed with a yarning iron to the bottom of the
Joint so that the top of the ring i¢ (l.at. The ncoprene ring is thus compressed
evenly betveen the bellard spigot around the bottom of the joint. Subsequently,
oakua {s packed on top of {t in the standard manner to provide further ceating of
the rirg. The ring chape used offered some trouble {n placement, but wvhen properly
located gives excellent recults. An improved ring design is being evaluated,

The neoprene ring type joint vas tested using coated pipe with each of the
three types of Jute previously descrided. The lead-whifte Jute and neoprene ring
Joint proved the best af these combinations vhen tested at a temperature of 2000F
at 25 psi. Ko leceks occurred, and only on cne hot cycle did a tar btubble form with

O very cinute vater seepage. This seepage dried up within one minute., Diring this

tect the teoperature of two joints vas moved up to 2100F at a pressure of LO psi
vith no leaks occurring over a 20 minute pressure-tcmperature hold, For these
tests the pipe vas selected to provide a clean, even coating on the outside of
the spigot end and the irside of the bell end.

This experimentul joint tous offers promise for +he prevention of leakage
at the maximun eleva!sd Lumpesstures axd pressures likely to be encountered in
service, )

Sag Mecsurcments

Sag measurenents vere mxde on & number of soil pipe specimens placed on knife-
edge supports set 9-feet apart (Fig.l). Sag at the midpoint of the Joint wns mea-
sured in thousandths of an inch by a dial indicator. Tests were conducted at 7001":5°.

The amount of sag varies from specimen to gpecimen, with an average of 0.016«
inch {n 2% hours, but very little sag from that time on. To obtain extremely sc-
curate recults would necessitate finding the exact axial center of the pipe ascembly.
This dbecomes difficult due to the tolerance allowance of the soil pipe which pre-
vents perfect alignment of the joints. The sag movcment stops after a relatively
short time so exacting measurcments are not sirnificant; partfcularly in viev of

@ the ract that sag teot specimens vere subsequently tested under pressure-toomperature
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cenditions with no {nitiel leaknges It was olvo noted that the lateral movoment
under the preccure-temperature test far excended that under cag tect comiitions
and the movement was repcated up to 20 times without causing leakege.

Genernl Coments on Mnxing Cood Joints

The question 16 often ralsed ac to hov hard the lcad rhould be called. This
{6 difficult to cvaluate but, in general, the lend chould be calked hard enourn
to be seated fimly on top o. the oakum and to cnable expancion against botn oell
and colgot scction of the pipe. The lcad ring chould be about 1" In depth (rom
the surface of the bell and be vell cet intn the cal¥ing groove, Tue lced zcons
to vork best If poured at between T60°F and 823°9F, btut !t nakes little or no dif=
fercnce vhether it {s calked cold or hot., Calking the inside rection of tne Joint
firct seems preferabdble.

Careful vorkmanzhio should, of course, be used in all joints, especially when
high termerature conditions are anticipoted. The author should point out hovever
that he {s not a plumber, yct vas sble to calk Joints vith a very tnall nercontnge
cf initial lesks. Thus, vhen proper techniques are utilized, a qualificd plunber
vill have no difficultics.

Tt sust be emmhesized that the oakum should Be pocked {imly and cvenly to
provide a good teat for the lead and prevent !t {roa cinking dovn below the lcvel
of the hub vhen the lead 15 calkcd,

There are a nunmber of other things that st be considered in making a cood
Joint. First, the pipe nust be of sound quality with no pln holes or bdlovs, withe
{n dincnsional tolerances and with an even cocting. However, the eflect ol inc
ripe coating on high termerature leakage ctill romairs to be determined. lecond,
the otkua rust be of a good cuality and readily workable. Very little trouble was
enccuntered in this phace., Third, the sssembly and calking of the Joint'rmict be
done firmly and evenly co the nressures induced in calking the oakua and lead are
cvenly distributed wvithin the joint to prevent the joint hud frea c¢racking. Final-
ly the lecad cmst meet recognized standerds for calking lead, such ec the AWA zpeci-
fication.

Influence of Time on Joint Tcmerature

It should be pointed out that the tine it tokesc under test conditions for
the pipe Lo reach test temperature is of the utmocst cignificance froa a nrocticel
viewpoint, For examble, the time involved for the Joint to reach 160°F was ) mfnutes
L5 geconds and to rcach 200°F, 6 minutes and 30 ccconds. The quantity of vater
floving through the L-i.x¢ch ptpe would be appro:imately 1C0 gal/min. at a 10' henad,
or 1L00 cn.l/ntn. at a 20' heud to coapletely 11l the pipe and get the cnae eflect
as obtaincd in the tect. Tect conditions were such that the pipe wns nlaced at a
30° angle so that the vhole imner curface would be in contact with the neated unater,
under pressure. In thic wey the most ceverc conditions vere abtained,
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Furthermore, {t ic unlikely in most inctallations that there wvauld be a great
enowsh volume of water discharging in a syctem at t.operstures in excess of L70°F
to bring the tazperaturc of the Joint itself up to the critical 170°F point and
raice the pressure to 10 poi.

In viev of this, cven though & 170F limit reculted froam these experiments,
1t by no mcons indicates that higher tcmperature vaters can ot be tolerated under
cervice conditions.

Conclusion

Tte extencive tests conducted on lead joints have confirmed their cultability
for producing leak-tight Joints in coated cast-iron pipe in both waste line and
vater cupply cystems. In all caces similated test canditions vere at lcast as
severe as would be encountered {n on-the~job field cituations.

In suemary the following conclusions are advonced:

1. Lend-tarred oakua Joint in coated pipe con vithstand temperatures of
170°P at 10 psi without lesxage under the severe test conditions uscd
in this study.

2. Tarred oakum is superior to single-strand dry and vhite jute in stan-
dard Joints in coated pipe under high pressure~tampersture conditions,.

3. Pipe coating appears to be a significant factor in leakage at high
tcaperatures, FPurther tests on uncoated pipe are indicated,

L. A repeatad latersl deflaction of 1/16-inch at pipe loints, which
results from themal cycling, does not eppear to cause leakage in
rtandard lesd-tarred oakum joints.

S. If stendard practiccs are uced in noking Joints, there {s po problm
in consistently producing lead-tarred ocalam joinis vhich will meet
the great najority of service temperature and pressure condition
vithout leskage.

6. A oodified lead-oskum Joint containing en experimental neoprene
ring offers promise for achieving leok-tight joints in coated
pipe at tozperaturcs and pressures of at least 200°F and 25 poi.
This joint type would require no change in (1) present pipe cone
figuration or (2) the basic mcthod of making calkcd Joints and
(3) would meet the requirements of plumbing codes throughout the
country, since it romains ecssentially a calked Joint,

T. “huile 170°F 1ic¢ the limiting temperature for lcad-tarred oslum jJoints
{n coated pipe under the test conditions uced, {t {8 extramely romote
that in conventional installations there vould be a sufficient volume
of cven hotter water discharge into the cystem to raise Joint temperae
ture to 170°F,
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It {0 hoped that these data will cerve ns n practical gulde for moking calked
lead Joints in cact-{ron coll plpe for elevated tomperature service.

CAPTIONS
Fig. 1 = Conventional lend-tarred oakum Joint,

Fig. 2 = Schematic of aystom used for testing Joints. A three-vay valve ronitors
flovw of both hot and cold vater. Pressure {sc controlled by valves cn
the discharge end. A heat exchanger cnebles varied tuzperature conditions,

Fig. 3 - Experimental lesd-oakumencoprene ring joint. This joint offers proatce
for achieving leak-tight Joints at clevated temperatures of at lewst

200°F.

Fig. L = Schematic of cystenm used in zaring cag ncasurements. Asount of cog in
lead-oakxum joint specimens was meacurcd betveen 9-foot centert.
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