MAIN STEAM PIPE FAILURES

R. V. Davis

Two main steam pipe failures occurred in one of H.M. ships during the pist
vear. Investigation imto these failures emphasized important considerations for
all who are concerned with the design, fabrication, wstallation and maintenance
ol high temperature pipe systems.

Betore reviewing the fatlures. an appreciation of the design eriterta for the
Class would be of interest.

Class Design

In the carly stages of design. following previous Admiralty practice, a hoop
stress for the pipe systems of 6.000 tb/sq 0. was adopted. As this Class ol ship
was the first British marine application designed 1o operate with a steam
temperature of 850 degrees .o a recommendation to raise the hoop stress to
10.000 1b/sq in. was considered.  This recommendation was made with the
object of @

() Reducing bending moments at flanged joints 1o minimize the possi-

bility of joint leakage
(M Reducing thrusts on terminal machinery
(¢) Saving in weight.
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At this particular time. thought was being given to the use of chrome-
molybdenum steel for high steam temperatures in view of its creep resistance
properties.  Some failures with carbon-molybdenum steels in power stations
had occurred but were still the subject of wnvestipation.  In order to gain
experience with various types of piping. it was decided that the criteria for

systems i the ships of the Class should be as foflows —

Four ships— carbon molyhdenum. hoop stress 6,000 [hisq in.

Two ships— carbon molybdenum, hoop stress. 10,000 1b/sq in.

Two ships- chrome molybdenum. hoop stress, 10.000 1b/sq in.

The four latter ships were regarded as experimental from the pipe system
material and fexibility aspects, although their machinery layouts and conse-
quently their piping layouts are not identical in all respects.

The Failures and Related Power Station Experiences

The two pipe fatlures occurred in one of the ships fitted with 10,000 1b/sq 1n.
hoop stress design carbon-molybdenum piping and appear analogous to those
expericnced in power stations.

Subsequent to the building of this Class of ship the British Electrical and
Atticd Industries Research Association’s report on the cracking in service of
-5 per cent molybdenum steam pipes became available.

The report covers some 49 fattures of carbon-molybdenum pipes noting that
many occurred at stations after changing to a two-shift operation.
teiperatures e the stations ranged from 850 (o 975 degrees
fame o failure varied from 2,000 to 40.000 hours.

By the time this report was finalized the Adairalty bad decided (o speaify
chrome-molybdenum steel for future designs with steam conditions ol 850
degrees Fooand above,

The two ship failures are surveyed separately, and treated as * Failure A°
in the for'd engine room and * Failure B 7 in the for’d boiler room. The system
lavout 1s shown diagrammatically in FiG. 1.

CRACKING

Steam
~while steaming
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F1o. 3—APPEARANCE OF 11F CRACKING ON THE QUTsIDL OF Tat Pivg

Failure A

Pipe-—7} in. bore. 0-244 in. thick

Working conditions —650 Ib/sq in., 850 dearces F.

Total steaming time—-7.%00 hours.

Failure occurred on the neutral axis at the commencement of a bend of 24 in.
radius on the main steam pipe immediately above the flange adjoining the
H.P. turbine nozzle control vabve chest. (See Fics. 2 and 3.

General Considerations

The following relevant facts were established during investigation into the
failurc —

(i) The designed allowance of [ in. cold pull-up in the fore and aft dirce-
tton no longer existed

(i1)  The double constant-foad pipe hangers at the turbine guarding valve

WEre tnoperiative

(11} Bulkhead distortion existed ia the vicinity of the stcam strainer support

which constitutes the fixed point ol the system.

While bulkhcad welding distortion dJid occur during building there was
evidence that further movement bad taken place before the failure since the
emergency bulkhead valve spindle. geared through the bulkhicad. had seized
and was only freed by realignment. This movement could have contributed to
(1) above, In 1his connection it shoutd be noted that while it is specithicd tha
pipcs be crected with cold pull-up the pipes are i fact designed to take {ull
thermal expansion. The mmoperative constant foad pipe hangers supportng the
muarding valve were. therefore. constdered 1o be the main contributory factor
causing failure.

Inspection revealed that the hangers were noperative because the spring
barrels at the recar of the spring retaining caps were internally coated with
paint and deposits of cork chippings @ this conditton indicated that the hangers
had been in this state since the ship was built. The hanger rods are connected



e by a yoke pwotmg on spherical
Y X washers shown in Fig. 4. The
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puarding valve (11 cwt.) being im-
posed on the pipe system in the hot
condition.

The original stress  calculation
taking into account full pipe thermal
expansion and turbine movements
only, showed that axial stress due to
bending moment at the point of
failure was 5,000 1b/sq in.

Assuming the system in the hot
condition, with the additional weight
of the guarding valve also imposed
on the system, stress calculation
showed the axial stress due to total
/ bending moments at the point of

= J;;;*;ifjj“;i':ggu failure to be 10,886 Ib/sq in.
\G ]( The transverse bending stress
factor for the pipc bend (wall
Frei. 4—ConsTant-1 0A HaNGER thickness—0-244 in., bend radius
24 in.) was approximately 3-15 and
resulted in a transverse stress at the
point of failure of 34.300 Th:sq in. whereas a reasonable maximum figure for this
material is considered to be 28,000 Ibfsq in. (For 6,000 lb/sq in. hoop stress
ships. wall thickness 0-447 in. bend radius 30 in., the transverse bending stress

factor was 1-61.)

No account was taken in these calculations of the hoop stress due to internal
pressure, minimum value 10,000 Ib/sq in.. and the additive stress due to the
known ovality of the pipe section, which has been estimated to be in the order
of 16,300 Ib/sq in. Some 13 per cent reduction in wall thickness will also result
due to bending.

While certain assumptions were made 1n these caleulations the stresses
quoted above indicate that the pipe could have been subjected to excessively
high stress concentrations.

Merallureical Consieleraiions

Metailurgical examination established the following -

(ty  Failure was due to a creep crack originating from the outside of the
pipe wall

(i) There were no indications of surface damage to the pipe

(iiiy - Chentical analysis of the alloy steel conformed to that specified

(iv) There was o variation in the tensile strengih of the pipe near the arca

of fairlure. e 42 tonssg in. with Diamond hardness V.PUNC30 of
165171 compared with an average ligure of 35 tonsisg in. and hardness
132165 for other portions of the pipc.

I view ol (i) above. creep fatlure can be attributed to overstressing, The
condition at (ivi s indicative of irreoular heat wreatment. 1t should also be
noted there were indications ol slight surface decarburization, suggesting that
tocal toreh heating may have been apphied during the bitting of the pipe. {Sec
I“1¢:. 5).

Irailure B

Fabricated branch pipe. 5 in. bore.

bore, 0-244 1. thick.

5in. thick. adjoining a pipe of 7} in.
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Working conditions—650 1b/sq in.,
830 degrees F.

Total stcaming time— 8,400 hours.

Failure occurred on the underside
ol the branch, in a circumferential
direction, at the toe of the fillet weld
securing the reinforcing strap where
the branch enters the main pipe.
i, | (boiler room) shows the
system layout and Figs. 6 and 7
show the detail.

General Considerations
The fotlowing relevant facts were
established -~
() Failure occurred with steam
on the 5 in. cross-connection
and the forward botler cold
up o the mam stop vakve.
The ship was steaming on the
after boiler with systems de-
_ ' o _ unitized  which had been a
Frai, 5 -MICROGRAPH SHOWING ONE OF  THE
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(11)  All hangers on the boiler room pipe arrangement were in a poor state
ol maintenance and their efficient operation was doubtiul

(i) A constant load hanger was sited on the bend immediately adjoining

the 5 in. branch and adjusted to alfow for upward expansion.

The condition of operation referred to at (1) 1s the most adverse from a stress
aspect and was considered at the design stage.  Caleulation showed that the
condition was acceptable with the designed support arrangements.

The siting and adjustment of the hanger quoted at (i) above 10 this ship was
not as in the Guidance Instructions issued at the time of building.  The *as
fitted ™ and * as specified ™ positions of the hangers for the cross-connection are
lustrated in P 1,

Meratlureical Considerations

Metallurgical examination established the following -

(1) Pailure was due 1o a creep crack originating from a corrosion fatigue
(tssure on the outside of the pipe at the toe of the fillet weld

(i) Corrosion fatizue lissures existed on the external surface in the neigh-

bourhood of the main crack

(i) Chemical analysis of the alloy steel contormed o that specificd.

The corrosion fatigue phenomena could have been produced by a leak rom
the joint, or saturation of laggime caused by a leak from an overhead system.

Incorrect hanger restraint s considered to have mnduced a high stress 1o the
branch. This, coupled with the prescice ol corresive conditions reivrred (o
at (0. 1s oconsidered to have initated corrosion fatigue cracking. leading
wlttmatety to failure by creep cracking.

Conclusions
The investigations established that the failures were due (o creep cracking
restlting from excessive stress concentriations and are gcencrally in line with
the carbon-molybdenum steam pipe failures expericnced in power stations.
Correct fabrication, mstallation and matntenance ol higlh temperature steam
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pipe systems is of the utmost smportance. A most essential point in maimtenance
is 1o ensure that pipe hangers are fully operative.

Nothing has been proved wrong with the high hoop stress reasoning, but
cvents have shown that where additional forces may be imposed under istaiicd
conditions the designer must seriously take into consideration the marein
remaining between caleudated and permissible bending stresses. More rmportant
still 1w the related transverse or circumierential bending stress at a pipe bend
which increases considerably with any reduction in walt thickness.

The location and correct support of large valves and Httings in the pipe
system must afso be thoroughly investigated.  Ideally. these weighty items
shonld be positioned at the anchor points of the system.
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