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Piping Software
Keeps Plants

Flowing

While most piping installations vary only slightly from those of decades ago, new regulations
and technologies are forcing a reevaluation of piping systems. Piping design and analysis
software now allows engineers to perform calculations that would have been
impossible when many plants were first built.

Michael Puttré
Associate Editor

hile increasing vol-
umes of information
are being conveyed
across shrinking con-
duits. increasing vol-
umes of fluids, gases. slurries, and
pulverized solids are being carried
through bigger and more sophisticat-
ed pipes. Fortunately. the informa-

; tion age has produced software to
" help engineers design and analyze
| these piping systems.

Piping design consists of planning

. the number of sections and compo-
¢ nents required to move the desired

material. Piping analvsis consists of

. describing load versus time at various
i locations in the system. Computer-

aided design (CAD) and finite ele-
ment analysis (FEA) software can be
applied to the creation of piping sys-

| tems, as they have to other mechani-

cal systems.

- The Advantage of Software

No two piping systems are exactly
the same, except perhaps aboard
ships of the same class. but there is

much commonality even in different
industries. The basic steps for de-
signing and analyzing piping and
components do not vary much, said
Phil Sandage, an engineer at Sega
Inc. (Overland Park, Kan.), a compa-

- ny specializing in steam installations

such as power plants and university
physical plants. “There is not much
difference between the steam indus-
try and refineries, aside from tem-
peratures and pressures,” he said.
There is also little difference in the
materials used for piping systems.
The vast majority of pipes in the
steam industry are made from car-
bon steel, with chrome being used in
very-high-temperature situations, ac-
cording to Sandage.

The relative uniformity of method
across industries and of materials
used within industries allows soft-
ware vendors to develop widely ap-
plicable packages for piping design
and analysis. As a result, smaller en-
gineering firms now have the ability
to compete with larger ones. “With a
PC and some knowledge, small firms
can analyze everything large firms
can analyze,” said Sandage.

Sega uses the AutoPlant series of
design and analysis packages from
Engineering Design Automation Inc.
(EDA) in Berkeley, Calif., to design
installations. Basic plant process and

instrument drawings are developed
in AutoCAD from Autodesk Inc.
(Sausalito, Calif.). AutoPlant De-
signer, which has an AutoCAD driv-
er, is used to lay out the piping as an
isometric sketch including supports,

restraints, value weights, and materi- !

als. Once the piping configuration

has been defined, AutoPipe is used

to construct and analyze the final

piping system drawing. Loads, such

as gravity, internal pressure, thermal
expansion, and occasionally earth-
quake and wind factors, are ana-
lyzed. “It’s an iterative process,”

Sandage said. “Sometimes you re- .

hang the pipe, sometimes you rerate
the pipe. The software has made it

possible for us to perform these ac-

tivities competitively.”
Piping Process

Generally, the major equipment is
positioned in the plant layout in or-

der to optimize the particular pro- :
cess being designed. The piping is '

then sized according to flow require-
ments and pumps are chosen. The
materials for the piping and insula-
tion are also specified. Routing of
the pipe is done to create the best
compromise between required pipe
length and bends for flexibility and
the most economical use of materi-
als. Piping lengths are kept as short
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Piping system. A piping system designed using the Triflex program from AAA Technologies &
Specialties Co. Inc. shows pipe lengths (white), bends (red), and other components (blue, yellow,

and green).

as possible in order not to waste ma-
terials and flow energy.

When pipe bends are added to a
piping system to accommodate the
thermal expansion of the piping, there
may be an increase in friction energy
loss. If the energy loss inhibits flow,
the piping system will require the ad-
dition of pumps, which will increase
operational costs. Also, the added
length of piping and the additional
piping supports required will increase
installation and maintenance costs.

A preliminary stress analysis, con- |
ducted while design is underway, |

helps determine optimal pipe
lengths, the number of bends, and

the number and type of pipe sup-

ports required. A piping flexibility
and support-reaction analysis deter-
mines the effects of temperature,
pipe weight and wind load (if out-
side), and hanger loads. Different
analyses are performed for internal
pressures, allowable magnitude of
stress, and secondary stresses due to
thermal expansion. “Virtually all of
these objectives are being met by
software currently on the market,”

said John Breen, senior engineer at |

AEA O’Donnell Inc. (Pittsburgh), a
subsidiary of the Atomic Energy Au-
thority of Great Britain. “Many soft-
ware vendors are integrating inter-
faces so that vessels and rotating
equipment can be analyzed directly
for the effect of the loadings trans-
ferred to them by piping.”

Don Clark, operations supervisor
for the stress group at Fluor Daniel
(Houston), said software is essential
for integrating pressure vessels with
piping systems. Using the CodeCalc2
software—a pressure vessel, heat ex-

changer, and piping component de-
sign and analysis tool from Coade
(Houston)—in conjunction with the
Caesar II code from Coade, Clark
can calculate allowable loads on
equipment in an integrated package.
This is important for Clark, since his
group designs pressure vessel attach-

ments to piping systems, such as
heads and heat transfer subsystems.

The PipePlus software from Algor
Inc. (Pittsburgh) includes a library of
piping component icons that can be
inserted into a design drawing. Each
icon represents standard or user-
supplied specifications for the com-
ponent in question. These compo-
nents are analyzed in PipePlus, along
with the geometry and materials of
the pipes, to determine the suitability
of a piping system.

Dynamic Analysis

One of the more difficult aspects
of piping analysis involves anticipat-
ing the effects of nonlinear events on
the system. Nonlinear analysis of
such events as water hammer and
steam hammer, where interference in
the flow carries shock waves through
the pipes. and fast valve opening
events. would be nearly impossible
to perform in a timely manner using
manual methods. Piping software,
such as Triflex from AAA Technolo-
gies & Specialties Co. Inc. (Hous-
ton). has enabled most engineering
firms to analyze nonlinear effects.

Dynamic impact and structure
analyses generally require the gener-
ation of a systemwide table of loads
over time, said O’Donnell’s Breen.

Stress and Pulse Analysis Integration
Increases Accessibility

Ovais Ashraf
Product Manager
Engineering Design
Automation Inc.
Berkeley, Calif.

ipes and their supporting struc-
‘ tures must be designed to

withstand loads generated by
the weight of the pipe itself and its :
contents, thermal expansion, wind, |
and, potentially, seismic distur-
bances. In the past, stress analysis
on piping was performed with hand |
calculations, which were extremely
tedious and thus usually only done
for the few areas where failure was
thought to be the most critical. Lim- |
iting analysis this way made it nec-
essary to use conservative design
practices that increased the cost and
size of the plant. With the rise of !
the nuclear industry, a number of |
mainframe-computer-based stress |
analysis programs designed for |
piping analysis were developed. |
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| These programs required that the
. piping layout be entered node by

node and thus were also quite time-

. consuming. They also demanded a
. detailed knowledge of analysis on
. the part of the user.

Now, PC-based stress analysis
programs are coming onto the mar-
ket that, when the pipe layout is !
created with a program using the |
AutoCAD engine, can extract the
basic geometry to perform the anal- |
ysis with minimal effort. The inter- :
face performs automatic node num-
bering and extracts materials, cross
sections, and other data necessary
for analysis. These new programs -
make it possible for piping designers
to perform stress analysis from the |
pipe layout with little more than a -
cursory knowledge of stress analysis
fundamentals. Engineers still per- |

' form detailed analysis, but the |

amount of time required on their !
part is drastically reduced. This !
makes it possible to use less conser- |
vative design assumptions and |
thereby significantly reduce con- °




A load at a certain location will indi-
cate the shock wave intensity and the
direction in which it is traveling. Key
locations to be modeled are areas of
significant flow-structure interaction,
such as pipe bends and reducers,
where energy is lost. Breen performs
dynamic impact analyses using Tri-
flex and Caesar II. The resulting
table of loads is important to assure
good designs, Breen said.

Triflex offers water hammer and
steam thrust utilities for determining
forces as a function of time for input
into the Triflex time history module.
In many instances, the water ham-
mer utility can be used as a replace-
ment for a transient flow hydraulics
program to simulate hydraulic forces.
Geometry and physical properties
data can be used directly from the
stress model. Time history analysis,
mode shapes and frequencies, re-
sponse spectrum, and relief valve
simulation are dynamic analyses that
can be performed in Triflex.

A dynamic analysis in Caesar II
begins with the specification of the
dynamic input data, such as masses
and spectrum definitions. Spectra
can be defined by the user or from
the Caesar II library of spectrum da-
ta. Force spectrum data allow the en-
gineer to solve for water hammer,

struction costs without compromis-

ing safety.

The availability of these new pro-
grams is having a major impact on
the plant design process. The de-

signer can now lay out the entire
plant in a three-dimensional envi- °
ronment. Three-dimensional geome- :
try is a key requirement for stress .
analysis; stress isometrics or other
representatives are no longer need- !

ed to convey the pipe route to the
computer-aided engineering (CAE)
specialist. This CAD-to-CAE inter-

face eliminates the need for the re- |

creation of the design in a later
phase. Important textual informa-
tion such as component tags, dimen-

sions, and pipe wall thicknesses can !

be entered in a textual data base
linked to the piping layout. This in-
formation can be entered by either

the designer or clerical personnel
working from specification sheets. :
Since this information is also re- :
quired for stress analysis and iso- !

metrics, entering it at this stage

avoids a significantly greater effort
later. When this information is en-

tered at-the design stage, the new |
generation of integrated stress anal-
ysis program can largely automate .

the process. In addition to saving
time, using the design information

for stress analysis greatly reduces !

Analyzing stress. A Triflex stress analysis of the piping system reveals its deflected shape under :
load. The deflection from the nonloaded state is shown in red. Loads and stresses at particular node

points are also calculated. The blue symbols represent spring hangers.

slug flow, steam hammer, and relief
valve firing problems. The specifica-
tion of load sets and static/dynamic
combination cases provide solutions
to complex cases.

Ovais Ashraf, a representative of
EDA, indicated that some nonlinear
effects can result from thermal ex-

the possibility of data-entry errors.

A key element in this process is a
translation program that converts
three-dimensional model geometry
from the piping design program into
the stress analysis program. The
translation program deconstructs the
physical model into corresponding
analytical members in accordance
with a user-defined mapping table.
For example, tees become rigid links
after translation. If all the necessary
information was entered during the
design process, no user input is re-
quired. If data are missing, the pro-
gram will prompt the user for the
required information. A complete fi-
nite element model is generated; the
only additional step required to per-
form the analysis is assignment of
loads and support stiffnesses. Stud-
ies have shown that more than two-
thirds of the stress analysis effort is
usually consumed by model build-
ing, thus the time savings achieved
from this approach is dramatic. An-
other benefit is that the translated
model accurately reflects the plant
layout and greatly reduces the need
for checking.

In situations where the stress anal-
ysis is performed by someone other
than the piping designer, attention
should be paid to coordinate these

two activities. A small amount of | both linear and nonlinear analysis.
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pansion in a pipe under a sustained
load. In a study EDA performed in
conjunction with the University of
California (Berkeley), these non-
linear events could be modeled accu-
rately using linear analysis tech-
niques. Ashraf concluded that since
the goal of analysis is to ensure a

time invested in the design phase
can save a considerable amount of
time later. For example, a number of
plant design software packages make
it possible to-enter operating condi-
tions such as temperature. These
data were rarely used in the past, so
most designers never bothered to
enter them. Likewise, in many cases,
plant designers did not pay much at-
tention to accurately entering speci-
fications such as the weights of
valves. This information is critical in
the stress analysis process. If it is not
entered during the design phase, the
person performing stress analysis has
to not only enter it, but usually .
spend time tracking it down first.
The ideal approach is to clearly de-
fine the responsibilities of the piping
engineer or clerical personnel to in-
clude entry of all data that will be
required for later analysis.

The new generation of integrated
stress analysis packages contains a
comprehensive and extensible li-
brary of material properties and pip-
ing components. Typical items in the
components library are pipes, reduc-
ers, tees, valves, flanges, flexible
connectors, anchors, spring and con-
stant force hangers, limit stops,
guides, dampers, tie-rods, and in-
clined springs. Most packages offer










