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Creep Analysis

know what you are thinking; no this

is not about some “creep” you are

working with at work. Creep is also
associated with terms like “stress/rupture”
and refers to a material condition where at
elevated temperatures, under certain load
conditions, a material will continue to
change geometry. Why is creep analysis
important? Well there are two reasons.
First it is required by the Code, which is
basically all pressure containment codes
throughout the world. This analysis is
important for both static and rotating
equipment. Yes is it complicated, and API-
530, ASME Section Ill, Subsection NH,
Appendix T, and ASME Section VIII are
examples of codes that discuss this
subject. What is now an old rule, to the
young folks, “garbage in, garbage out’
applies here as well. What is interesting

about creep analysis, it can be a
wonderful piece of work or complete
useless junk and have the same
appearance. Yes,
the pretty graphs,
plots, and reports

that convince us
that everything is
correct, oris it?

There are two basic play makers with
creep analysis. The first is called “load
controlled” stresses and the second is
called “strain controlled” stresses. Now
many text books have been written about
this, but here is the condensed version of
what is happening in each. “Load
controlled” stresses are stresses that are
constantly present and are not a function
of time. Remember the old “fiber board”
shelf you put in your closet. With no
weight on it, a few weeks later it had
sagged. Examples of load controlled

stresses would be weight and pressure in
static equipment. It could be centrifugal
stresses in rotating equipment. “Strain
controlled” stresses are in general a
function of time. A good example of strain
controlled stresses would be thermal stress.
Another would be a local stress that would
redistribute the loading, by local yeilding.

Now the next question is “How do you go
about this analysis™? Like | said earlier it is
not a simple analysis. One of the biggest
mistakes is attempting to do this analysis
with an elastic approach. A good example is
cracking furnace tubes. Sometimes an
elastic analysis is done and the results are
compared to material “stress/rupture” or
creep data. While this is a good estimate of
what may be going on, it typically does not
give accurate results and may even give
incorrect results. Most problems in industry
have several components of creep which
involve steady state and transient
conditions. In industry, most often transient
creep is overlooked in design and failure
analysis. This is because it involves
startups and shutdowns. Sometimes the
transient creep may be the governing factor
in the design.

It is my viewpoint, in order to perform an
accurate analysis for creep; an elastic
plastic model incorporating creep should be
conducted. For many cases these problems
need to be a transient analysis.

In general a methodology one may use is
as follows:

1. Gather good data on the material you
are evaluating. This may come from both
the Code data or from the manufacturer
of the material. Having several sources
of information is important, because the
data can vary. It is important to have the

Cliff’s Notes: KnightHawk Engineers are experts on stress/rupture analysis involv-
ing creep. KnightHawk has pioneered numerical techniques in transient creep analysis
helping to solve major industrial problems. We have also worked on DARPA (Defense
Advanced Research Projects Agency) problems involving very difficult conditions.
Many of you are thinking “how does this apply to rotating equipment?” Ever wonder
why you are not getting the life you expected on the hot end of your gas turbine. | be-

lieve we can help explain why.
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material properties from the vendor that
is supplying the material if at all
possible.

2. Develop a numerical tensile test. Now
this may sound “off the wall”, but it is
important to validate your numerical
model. Run the test model at “creep’
conditions that would lead to stress
rupture and determine that your model
is calculating accurate results.

3. Develop a detailed model of the
geometry of the problem of interest. The
mesh may have to be refined several
times to capture local conditions that
may affect the results.

4. Perform a Code analysis in accordance
with the governing Code.

As with many of these complex systems

this analysis should be led by a

professional engineer competent to do the

work using a multidiscipline approach.
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e Compressor Skid Pipe Stress — Petro-

chemical

Transfer Line Exchanger — Petrochemical

e Clamping Connector Analysis — Petro-
chemical

e Critical Pipe Stress — Petrochemical

e Vertical Cast Transporter Failure — Nu-

clear Power

Brittle Fracture Analysis — Petrochemical

Screw Mixer Failure — Petrochemical

Compressor Vibration Analysis — Offshore

Well Bore Flow Analysis — Oil & Gas

Tensile Testing — Manufacturing

Pump Vibration Analysis — Petrochemical

Riser Stack Analysis — Offshore

Gas Pipeline Coupling Failure — Oil & Gas

BOP Analysis — Subsea

Reciprocating Compressor Re-Design —

Petrochemical

Pump Vibration Analysis — Petrochemical

Vessel Destructive Testing — Oil & Gas

Corrosion Analysis — Gas Pipeline

Centrifugal Pump Rotor Reverse Engi-

neering — Petrochemical

Reactor Failure Analysis — Petrochemical

Balanced Torque Measurements — Power

Creep Tensile Testing — Communications

Gasifier Equipment Design — Power

High Temperature Molten Salt Tank De-

sign — Green Energy

e Transient Fluid Dynamics — Petrochemical




