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Critical pipe stress

nce again, at your production facility,

the operators have approached you
about a 1,600 F line where the pipe shoe
has come off of the structural steel, jammed
against a beam and caused a failure of
the structural steel. Working in operations,
you have heard from the “old timers” this
happens every two or three years. As the
production engineer in charge of the area,
your main concern is the failure of the pipe
or breech of process containment as loss
of hydrocarbon would be of great concern.
When one of the operators was on coffee
break, you asked him to determine to his
best recollection when this happened. After
that, you looked at historical run data and
determined this occurred most often when
there were more shutdowns. The next step
was to talk to the plant engineering folks
about the design. They said a pipe stress
analysis had been run by the engineering
contractor; it was audited, and there are no
pipe stress problems.

This is common in plant operations
where piping experiences remarkable
thermal growth and the piping system
was analyzed by an elastic approach. The
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piping was experiencing what is called
“thermal walking.” When the plant was
shutting down, the pipe would not return
to the original position. When a subse-
quent thermal cycle was experienced, the
pipe would simply displace further. An
elastic pipe stress analysis cannot take or
determine a condition of thermal walking
because “elastic” means it will return to
its original position. “Thermal walking”
in piping systems has led to failure of
piping systems and has caused remarkable
events at production facilities. The piping
in question was operating in the elastic-
plastic region. This means the pipe was
operating within the stress-rupture curves
and, with each thermal cycle, it would
experience permanent deformation. Such
a system is deemed “critical pipe stress”
because of the operating pressures and
temperatures.

Such a problem is best analyzed using
the finite element method (FEM) that con-
siders the plastic deformation of the pipe. In
years past this was unthinkable and consid-
ered too costly, but that is no longer the case
with the advanced software and computer
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horsepower available today. Today, pipe
stress models can be created using FEM
and accurate responses can be developed
for critical pipe stress situations in a rela-
tively short period of time. The other large
advantage is the FEM captures localized,
secondary stress in piping components typi-
cal elastic based software does not consider.
When using the FEM, both a heat transfer
and structural stress analysis is performed to
obtain accurate results. The following steps
are a methodology for tackling critical pipe
stress:

1. Develop a process specification
on what the operation and design condi-
tions will be. This would include start-up
and shutdown operations. Any transient
conditions should also be included in this
specification.

2. Consult with a materials engineer to
determine the best material for the appli-
cation that considers both reliability and
economics. Sometimes the initial cost is not
what is best long term.

3. Develop an elastic pipe stress model
just to determine the overall layout required.
Always start with a simple model. An elas-

INSPECTION

RELIABILITY

All Tech Inspection (ATI) is a leading provider of quality mechanical
inspection, specialized non-destructive and refractory inspection and testing
services for the refining, petrochemical, oil & gas, power generation and
marine industries. With over 20 years of proven safety and performance,
ATl's trained and highly certified (APl, AWS, and NACE) Inspection Team is
over 400+ strong, with more than 50 percent of full-time employees who
have been affiliated with ATI five years or more.

ATl has a long-standing commitment to providing high quality equipment,
personalized services and qualified inspection professionals to a wide range
of clients including Chevron, E.l. DuPont, ExxonMobil, Oxy-Chem, Valero
Energy and Westlake Group, to name a few. We work to not only rapidly
identify potential problems but to also provide our clients with safe, cost

effective solutions.

4420 Maplewood

(337) 626-0009

_/ALL TEecH INSPECTION

www.hicalliance.com

Lake Charles Office
Sulphur, LA 70663

Fax (337) 626-0744

New Orleans Office
122 Power Boulevard
Reserve, LA 70084
(985) 479-4677

Fax (985) 479-4679

By: CLIFF KNIGHT, Owner/President

KnightHawk Engineering

tic model will allow you to “get all the bug”
out of the simulation.

4. Execute an elastic-plastic model
to consider the plasticity effects in the
system. It is important to have a subrou-
tine that best fits the performance of the
material. Sometimes destructive testing is
required to obtain the correct properties for
exotic materials.

5. Put in supports and limit stops to con-
trol any anticipated “thermal walking.” This
might involve putting in an entire floating
system.

6. Refine the model to look at secondary
stress points such as piping hardware attach-
ments. Also consider welded joints where
there is a change of material. This can be
considered in the FEM as well.

7. Perform a detailed check and inspect
the line after start-up to insure the line is
behaving as anticipated.

As with any critical application, make
sure the design is supervised and approved
by a professional engineer competent in this
area of expertise.

For more information, visit www.
knighthawk.com or call (281) 282-9200. e
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