The Need For In-Situ
Pipe Support Testing
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Pipe support functionality is critical to
the long-term life of piping systems.
Spring supports degrade with time due 1o
flexing in the spring and wedar in constant
support bearings. It is not nnusual to
micasure constant support hangers with
resistance 25% to 50% different than the
design load. This leads o excessive sus-
tained pipe stress, pipe sag (or uplift), and
in high temperature systems, accelerated
creep damage. Supports may also nod
move properly from shut down to full
operation, which can create excessive
fatigue stress, failed hanger components,
and other piping system damage.

In-situ hanger testing is a reliable and
cost effective method 10 determine the
functionality of pipe supports. Results ane
used as input 1o sel revised recommended
loads, and to determine if any hangers
need 1o be replaced. This article provides
examples of the types of problems that are
often found in the field, the method to test,
and typical resolutions o maximize the
pipe life and minimize the risk of failure.

Initial Installation
Pipe Support Issues

Piping systems are engineered with
suitable Mexibility (o assure pipe stresses
are less than ASME code allowable stress-
s, and that equipment connections are
not overloaded. Variable spring and con-
stant support hangers are used to properly
support the pipe, while minimizing ther-
mal displacement pipe stresses and eguip-
ment loads

Figures | and 2 are outline sketches of
typical constant support and variable
spring cans. Variable springs are a helical
coiled spring. As the length of the spring
is varied by the pipe movement, the load
;_1|-‘|,'| '\.-'11ri¢'-‘_ T'}."|1iq'u||'\.'. uu'iuh]l_" EpRmgs anc
designed for less than 25% load variation
hetween ambient and operating condi-
tions, Constant support cans also have o
helical spring codl, but are attached by
lever arms to prowide nearly the same sup
port load throughout the travel range
Constant supports are typically installed
when the movement results in too great a
lovadd wariation to wse a variohle spring.
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Constant support and variable springs # Incorrect support installed at a loca- w Foreizn matter in the spring or bear-
should be factory tested to support a tion, or meorrect support supplied by iNg INCreases resistance
design load, but there are a number of hanger supplier. m Spring metal degrades due 1o corme-
variables that can cansge this design load to ® Content weight not properly account- sion and fatigue, resulting in o modi-
be incorrect, compared 1o the actual instal- ed for in the design for all opera- fied spring rate
lation: tional conditions. m Corrosion of bearings and springs
= Pipe wall thickness greater than or increases friction and reduces movee-
less than nominil. Causes of FIPE |I|H:|:i;!. e
® Pipe diameter greater than or less = u [nterference of pipe or pipe support
1h.-':|1 nominal. " Juppant D!:fidltlm with adjacent equipment transfers
= Constant support hanger loads can As the pipe and pipe su |}1JIEJ|'[~.~ operate loads to the supports in an unespect-
vary by plus or minus 6% and still be over several years, the following factors ed manner.
within industry standard require- may cause an initally well-balanced sys- ® Damage to hanger components due
ments.” tem to become unbalanced to dynamic overload or other external
& Wear of bearings increases friction factors.

m Variable spring travelfload scales
incorrectly placed and thus do nor
indicate correct load.

® Insulation thickness and density not
the same as assumed.

® [mproperly designed support inter-
face between different suppliers on
the same piping system. (This some-
times occurs al interfaces between
major equipment suppliers, such as
between a boiler and balance of plani
piping.)

and reduces free movement, some-
times 1o the point of locking a hanger
in one position
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Pipe Support Initial Evaluation

A visual examination of the pipe and
pipe supports in either the operating or
shut down condition can often wentify
improperly balanced systems. Damaged
SUppOrts, travel indicators bottomed out or
topped oul, bowed pipe, and sagging pipe
are sympoms of some ot cause(s ).
Some of the pipe support root causes are
listed above, but there are other potential
causes associated with damage to the pipe
through operational conditions such as
waler hammer, steam hammer, erosion,
corrosion, creep, and excessive thermal
gnl:licul.\.“' 5.6

A second set of readings at a signifi-
cantly different temperature from the first
visual examination is required to deter
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Figure 3: Example of Adjusting Travel Chnly

mine actual pipe movemnents. and hanger
settings. This data allows comparison of
actual movement to the design movement
and an experienced field-piping engineer
can evaluate probable root canses of any
ohserved symploms

A common practice by some owners
has been Lo adjust supports based only on
the walk down data. An extreme case at a
western LS. mility involved a main steam
line across the top of a boiler. The span
between constant suppor h'.mg:.-:h Was

Pipe sagged, bottoming hangers 1 & 2
Rods lengthened at hangers 1& 2

Pipe sagged more, bottoming out
hangers 1, 2 & 3.
Rods lengthened at hangers 1, 2 & 3.

Pipe sagged, requiring platform steel to be
removed at safety valve,

very long, and the hangers bottomed oul
i Figure 3}, The owner adjusted the travel
by making the rods longer. A couple of
cveles later, the hangers bottomed out
again, and rods were again let out. The
process continued for years. Eventually,
the sieel for an access platform had 10 be
cut out 1o allow the pipe to drop further,
The real problem was that the hangers
were designed to support too low 2 load
for the actual pipe weight. A hanger nead-
ed to be added; however, by letting the

To conkact this company enter D3TE2 on infalink at Energy-Tech.com or see the AD INDEX page 35
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pipe sag, a permanent set was put into the
pipe requiring an extra drain, and the
long-term life of the pipe was reduced.

In-5itu Pipe Support Load Testing

An approach that allows adjustments (o
he made based on knowledge of the
causels) leads o corrective action that
maximizes pipe life and avoids creating
maore problems. Certain contractors hawve
developed methods to measure the load on
the hangers, without having o remove the
hanger.

One such method is shown in Figune 4.
The hanger sprngs are floating within the
travel range. An arrangement is made to
bypass a portion of the rigid portion of the

hanger assembly, vsoally at the clamp
load bolt, The load is bypassed into
hydraulic rams. Knowing the ram pressure
and the area of the mm, the load on the
rod is caleulated. It is important that the
hydraulic pressure is recorded just as the
Ioad is fully transferred to the rams. If the
pipe is actually lifted, then an incorrect
load is measured.

In-Situ Pipe Support Adjustments
The initial testing of the hangers pro-
vides data to start evaluation of the acial
sitnation. With venfication of the pipe
wall thickness, diameter, and insulanon
thickness, a pipe stress analysis is per

formed to determine the significance of
any deficiencies and develop recommen-
dations. Hanger load and travel adjust
ments can then be made to attempt to
bring the support system o its optimum
condition, Support load testing 15 per-
formed after adjustment to assure the pipe
supports are set o the recommended
loads.

Usually there are problems that pre-
clude obtaming the optimum load and
travel setting. These include:

m Insufficient adjustment remaining in

hanger

m [naccessible load adjustment bolt

® Load balt will not turm

m Pivot bearings and other components

are worn such that the adjustment is
not consistent or reliable

Figure 4. An example of In-Sit
Hanger Test Assembly.

® [nzufficient rod length to adjust travel
1o recommended sctting
w Rod threads damaged and will not
lurn
When one or more of these conditions
ocour, additional pipe stress analysis cases
are run to determine if a different set of
adjustments can be made that nearly
achieve the desired result, without replac-
ing pipe supports. In some cases, hanger
replacements are required, but they are
made only as a last resorn,

CASE STUDY 1

Design Conditions: 1015°F, T25 psig:

39.00" 0.D. x 2.125" wall pipe, A335 P22

Per ASME B31." maximum allowable
sustained stress, 7.300 psi

Figure 5 {page 23) is an isometric sketch
of the piping systein. Severe creep damage
wits found at several girth welds, primarily
near the lower WYE fitting, prompting a
rool cause imvestigation and repairs,

Of the 19 constant support hangers, the
load variations were as follows:

Percent Load

No. of

Difference Constant
Measured Support
to Design Hangers

0% to 6 7

T0% to 15% b

168 to 25% 3

2604 to 3500 3
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In addition, two rigid rod supporis
were measured o be supporting 80
more load than designed for at each loca-
tion.

Based on the measured support loads,
the maximum sustained stress was calca
lated at 9,150 psi. more than 23% greater
than the allowahle siress, The calculated
high stresses were at the same locations as
the damaged welds, Using the Larson-
Miller Parametric curves, minimum time
to failure for creep is calculated at 65000
hours of npemtinn.? The major weld dam-
age was discovered at approximately
[HLKY hours of operation.

With comrections made to the pipe sup
porn system, the maximum calculated
stress in the system is reduced to 4,300
psi. Based on creep damage only, expect-
ed life of the pipe 15 cstimated at more

than 500 years. It is a reasonable inference
that if the hangers had been tested and
maintained properly, little or no damage
would have been found in the pipe girth
welds at 100,000 howrs of operation,

CASE STUDY 2

Design Conditions: 1015°F, 725 psig:

33.25" 0.D. x 1.93" wall pipe, A335 P22

Per ASME B31.!, maximum allowable
sustaimed stress, 7,300 psi

The system was evaluated shortly after
installation, and it was determined that the
weight of the pipe significantly exceeded
the design assumptions. (See Figure 6 on
page 23 for an isometric of the system.)
Constant support hangers were adjusted to
a “more oplimum” seiting by calculating
the ratio of the actual pipe weight per Moot
divided by the design assumed weight per
foot, and then turning the load adjustment
bolt by the calculated percent change.
However, no stress analysis was per-
formed and no tests were performed to
confirm the actual load adjustment in the
hangers.

After about eight years of operation, it
was observed that the pipe was nol mov-
ing from ambient o operating temperature
as expected, and the pipe appeared to sag
in the same area that the major hanger
adjustments were made, When measured,
five of the hangers measured at 1046 to
2005 different than the expected load,
Hanger 1 was more than M}% different
than the expected load. Factoring the
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measured loads back into the analysis, the
calculated maximum sustained stress that
the pipe had been operating at was 8,030
psi. 10K grester than the allowable.
Hangers were then adjusted and re-tested
to balance the system and reduce the pipe
stress 1o less than 200K} psi.

This case illustrates that adjusting
loads without using a proper pipe siress
analysis and actual load measurements can
lead o serious errors, If engineering and
tesiing had been performed when the
problem was first poticed, sigmificant
degradation could have been avoided.

Conclusions

Pipe supports and the pipe should be
considered 3 mamtenance item by plant

In-situ hanger testing is a reliable and cost effective method to
determine the functionality of pipe supports. Results are used
as input to set revised recommended loads, and to determine if

personnel. Supports degrade with tme,
and should not be expected to perform for
decades without intervention. In many sit-
uations, periodic testing and adjustment is
sufficient to maintain pipe supports near
optumal conditicns.

In both the cited cases, and many other
documented hanger adjustment programs,
properly functioning pipe supports are
necessary 10 minimize pipe stresses. When
malerial creep is a consideration, the life
of the pipe may be greatly reducad by
excessive stresses, resulting in the need
for major repairs, including replacement
of portions of the piping systern. With
proper pipe support design, imstallation,
and maintenance, damage to the pipe
should normally not develop for decades.
However, improperly designed, adjusted,
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Viswal inspections can be made
easy with the use of a flaxible
borescope. Machida, Inc. is a
manufacturer of flexible bore-
scopes, video systems, light
sources and related accessories.
Small diameter modular bora-
scopes for inspection of hard to
reach areas are also avallable.
Machida supplies inspaction
devices ideal for examining the
interior of tubing, piping, pumps,
EE.'EIII'IgI genera'lurs. gruund
turhing and engines, or anything
else when the elimination of
costly tear down is necessary.
Machida borescopes can acod-
modate most any inspection. For
further Information please call
BO0-431-5420/845-365-0600, or
_ fax: 845-365-0620.
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any hangers need to be replaced.

or maintained pipe supports can create
very high pipe stresses resulting in prema-
ture damage. This can adversely affect
plant safety, reliability, and financial
performance,
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Figure 5: Case |

Constant Support Hanger
Variable Spring Hanger
i ;]' Rigid Rod Hanger

Creep Damaged Welds

Figure 6: Case 2

f)cﬂﬂilﬂﬂt Support Hanger
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Increase Load by 5% to 150

@ H-9 10,11, 12, 13 & 15

No Measurement, Adjustment by % on Bolt
8 Years Later, Measured Loads

Adjusted Loads@ H-2, 8, 10 & 11.
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