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FLUID FLOW AND ROTATING EQUIPMENT

iping flexibiliey and stress analysis is required in design of most
¥ piping systems before the piping is installed in an industrial
planr, It is intended ro ensure plant safety and, thus, prorect the
ingerests of the owner and the general public. Due to availubilley of
powerful software packages, the analysis has become simple and rou-
rine, However, improper piping analysis may actually create a foz-
ardous situation rather than ensure plant safety.

Improper piping analyses stem from many areas. Misunder-
standing of the software approach, input errors and wrong boundary
conditions from CAD data are some common ones. These com-
mon mistakes are easy o detect and check if proper isometrics and
input data echoes are provided. However, some areas of improper
analysis zre not 2s obvious and may even be misconstrued.

One area of improper analysis, which is openly mishandled by
some software packages, watrants special atention. This improper
analysis Involves the so-called piping resting or single-acting sup-
port. The resting supporr allows the pipe w move up withour restric-
rion, but will supporr the pipe preventing it from moving down-
ward. [t Is obvious that when the pipe moves up and off the contace
point, it is no lenger being supported. This very fundamental fact
somchow is nor recognized by some popular sofeware packages and
their users. They treat the pipe as being supported in the hor condi-
tion simply because it is supported during the cold condirion.

To eosure structural inregrity of the pipe, at least two seress cate-
gories normudly have w be evaluated, One Is sustained stress that is
cotrolled by the pressare and weighe. 'The other is expansion or
displacemment stress char is determined by thermal expansion of the
pipe and movement of the connecting equipment. The sustained
stress maintains the same magnitude through plant eperating life,
Trs aliowable s determined by the pipe’s vield, rupeure and creep
strengeh av operating remperature,

On the other hand, the displacement steass relaves once the mare-
rial vields or the temperarure reaches 2 certain point. Ies allowable
is determined by the strain range that is conveniently measased by the
strength a cold condition, adjusted slightly by the sirenggh ar oper-
ating temperazure. Treating a pipe thar lifts off Its support as being
supported can gready underestinare the sustained stess, I may not
create a noviceable problem in the beginning, but the seemingly sat-
istactory piping system may actually have a safe operating life of only
2 small fraction of what is intended. This situation can better be
explained by a typical example,

Piping systern example. A typical piping system is commoniy
placed directly on the support strueture as shown in Fig. 1. Thisis the
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Hazardous situations created
by improper piping analyses

Some computer programs do not handle
hot condition calculations correctly
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A typical piping system s commonty placed divectly on
the suppoert struciure,

most econvinical and direct approach of installing a piping system.
Depending on operating terperature and pipe size, modificatons are
often required to ensure piping safery and operating life. In this par-
tcular example, because of the 12-in. size and 1,000°F wemnperanre,
an cxperienced engineer will install one or more spring supports
ensure thar the sustained srress due ro welight and pressure s nor
excessive 2t operating temperature,

Fowever, the situatinn may appear to be different to a compurer-
oriznted engineer, because the system as it is Jaid our will meer pip-
ing code requirements when ran through some popular compurer
programs. According to these computer programs, no spring sup-
port is required, This, on paper, saves substantial money for the
ownet. But in reality, it puts the plant in great danger. To under-
stand this situation, fiuding out how a computer program handles rest-
Ing sUppOTLs is necessary.

Computer programs have become an essential part of pipiag
stress analysis. As the technology progresses, these camputrer pro-
grams also get more powerful and sophisticated. The capability of han-
dling resting suppons and other single-acting restraings has been
available for over two decades, To analyze the resting support, a good



FLUID FLOW AND ROTATING EQUIPMENT

]/woe\,oarg |
m 000 hr
1, OUD
\\“;:“- _
PSS i
300,800 I,
g ity
: 4T
A1
2L
10,000
g
- &
A
= 4
wvE
]
= 2z
“ \
1,000 \7-’ -
3 \ -
[
s "] % Tensil strength data (0.1 br)
2Ll 1060 - kr rupture strength data
o 1,000 - hr rupture strength data
woe 1« [ [ [ ¢+ ] ¢t

22 24 26 28 30 32 34 35 35 40 42 44 45 4R 50 -
FH20+log §) x 10- -4

COIRPUFEr Program wilf first check the noemal c)pentmo condition ro
se2 if the pipe will }ift off a support when eperating, If the pipe will
1i& off from a suppaort, then thar particelar support “will be unable to
support weight during operating conditions. That support will be
ignored in calculating sustained stress. Therefore, with the Fig, 1
example, the program will show that suppores 2t poines 15 and 20 axe
not active. Withour these supports, the piping is greatly over-stressed
undler weight and pressure. This in wrn signals the engineer to add
SOIE SPring sUPparts:

This kind of simple logic, however, is not adopted by all com-
puter programs. Some popular computer programs instead use a
stmpler, bur tricky, approzch by caleulating the sustained stress at
cold condition assumning all supports are active, They then caleulate
the thermal expansion stress by allowing the pipe to move up on all
resting supports. This erroncous approach completely ignores the
sustained stress at operating condisions, when the plant life is counred,
The piping may be all right by their account, bue this simplified
approach of calculatng sustained stress has already greatly short-
ened the piping life.

To estinrate piping life at high temperature, Larson-Miller graphs
can be used. Fig. 2 shows the Larson-Miller graph for 14 Cr, ¥ Mo
stecl. The graph shows that at 1,000E foran 11,700 psi seress {poing
A), the ruprure time is 100,000 he, However, for a stress of 28,500 psi
{point B), rupture time is only 1,000 hr. According to ASME piping
code, allowable sustuined stress is taken as 67% of the average creep
napeure stress at 100,000 he. In other words, if the piping is designed
within the alfowable stress, it should lase 105,000 hr at fisll temper-
ature with a safery facror of 1.5 applied o the stress value. As given
above, for 1% Cr, # Mo steet ac 1,000°F average rupture stress at
106,000 hr 35 11,700 psi. Therefore, the allowable is 11,700 X 0,67
= 7.800 psi. This allowable stress value is revised periodically based

tarson-Milter graphs can be used to estimate piping life
at high temperatuces,
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on the laeest available data. The current allowable s 6,300 psi.

With the piping system in Fig. 1, the correct maximum sustained
stress, considering the inactive suppores remaved, is 18,000 psi. This
greatly exceeds the code allowahle. However, maximum sustained
stress calettated assuming afl supports are active, as performed by
some popular compurer programs, is only 5,800 psi, which is within
the piping code allowable. The difference between these two results
is verysignificant. The piping may have been checked to be In com-
pliance with the code by some computer programs, when in reality
it 15 highly overstressed.

With an 18,000 psi actus] sustained stress, the pipe will rupture
in about 20,000 hr {Fig. 2, point C} withour any safery factor applied.
Ifa safety factor of 1.5 is applied to the seresy, then piping safe oper-
ating life is only about 10 thousand hr. This is much less than the
100,000 hr intended by the code. It s epparent hete that the piping
analyzed by assuming all the resting supports age active, as in the
cold condition, can create a real hazard to the plant.

Evaluating supports correctly, When piping lifis off fram the
support during operation, its sustained weight stress should be cal-
audated wrmdc.mg the support as inactive. This common serise is not
recognized by many engioesrs, It is even more puzeling tha this sit-
uation Is not hundled cotrectly by some popular computer prograrss.
Some engineers have argued that the pipe will eventually setile to
the support either by yiclding or by creeping, This may of fray not
be true, depending on the amount of uplift and the piping config-
uration,

Ever if the pipe eventually sextles o the support, it stiil raises
three major wssues: The pipi ng is seill not in compitance with the
piping code, which neqmrcs thar the sustained srress be within the
allowable all the time, not just same of the time; before the pipe is
eventually supported, it may already have been sufficiently dam-
aged; and when the pipe settles to the support at operating temper-
arure, usually huge stresses and loads will be generated during the
cool down. This is because the support will prevent the pipe from
moving downward as required by the shrinkage due to cool down.

The most common and economical approach in dealing with
the conntless piping in a process plant is o rest the piping on pipe
racks and other support structures. Using this approach, combined
with some commonsense engineering, many sale plants have been
constructed, However, since the use of powerful suftware packages.
these resting supports have been misinterpreted 0 have some magic
fimctions that de not xise. Validared by the computer, engineers
have been improperly desigring many piping systems with resting
supports. They may have already creared numerous hazardous site-
ations waiting o compromise the plant safery. Therefore, it is Imper-
ative that owners and operators of these plants evaluate these support
situarions thoroughly to ensure that the investment and safery of
the general public are protected. Hp
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