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PC Hardware For The
Engineering User (Part 14)

Inrecent weeks, COA DE hasreceived anumber of telephone
callsfromusersreporting that moving up from 386 machines
t0486 machines, causedthesoftwareto behavingdifferently.
In general, 486 machinesrun COADE softwarein anidenti-
cal manner as 386 machines. Any differences can be attrib-
uted to:

e Different configurations: All COADE products are
configuredfor thehardwareviaaconfiguration program
which isinvoked automatically by the installation pro-
gram. Additional computation configuration param-
eters can be set and controlled by the user. Depending
on how these configuration parametersare set, the same
program canbehaveinacompletely different manner on
two different computers. Anexamplewould bethecase
of two CAESAR Il configurations where one has
ALL_STRESS _CASES CORRODED turned on, and
the other does not. Completely different stress values
will result from thesetwo computers. Another example

isthe case of two PrROVESSEL configurations, one of
which setthehel ptext background and foregroundtothe
same color. Thisresulted in invisible help text on the
one computer.

¢ Different DOS versions: Asdiscussed in the October
1991 issue of Mechanical Engineering News, the older
keydisk versions of COADE products are not compat-
ible with DOS 5.0 if it is loaded in high RAM. The
problems reported here are:

* The computer locks up when the keydisk is ac-
cessed. This typically requires the system to be
powered off to restart.

* A “stack over flow” or “stack under flow” isre-
ported, the program aborts, and control returns to
the main menu.

* An “unexpected heap error” is reported, the pro-
gram aborts, and control returnsto the main menu.

The solution hereisto upgradeto the current version of
thesoftware, or removethestatement DOS=HIGH from
your CONFIG.SY Sfile.

¢ Different Hardware: Even if two identical (Iooking)
computers are purchased from the same vendor on the
same day, there is a good chance that something is
different betweenthem. Thiscouldrangefromdifferent
hard drive controllers to different paralel ports. If a
hardware problem is suspected, the system diagnostics
should berun. Intheend, it may be necessary totakethe
cover off andvisually determinethedifference between
themachines.

ESL Incompatibility

Recently aproblem with Notebook computers connected to
anetwork hassurfaced. Sincethetypical Notebook doesnot
have the internal room for a network card, network usage
currently requiresa Xircom Network Adaptor. Thisdevice
is connected to the paralel port of the Notebook, the same
port the ESL uses.
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Unfortunately, the Xircom Network Adaptor is an active
device, i.e. they take over control of the parallel port. The
result of thisaction isthat all parallel type hardwarelocks
are incompatible with this device.

Thevendor of the ESL shasbeenin contact with Xircomover
the last eight monthsin an attempt to work out a solution to
thisproblem. After multipleattempts, Xircomwill nolonger
returntelephonecallstothe ESL vendor. Until thisproblem
is resolved, COADE users should avoid the Xircom Net-
work Adaptor.

ESLsand Multiple Computers

Asmost usersknow, theExternal SoftwareL ock (ESL) isthe
method employed to protect the COADE software products,
CAESAR II,PROVESSEL, and CodeCalc. Most usersare
also aware that each copy of the software purchased is a
license to use the software on a single machine.

COADE has never objected to usersinstalling the software
on multiple machines, aslong asonly asingle machineisin
useat any giventime. Theintent hereisto acknowledgethat
users may want to work at home or take aportable computer
intothefield. AslongastheESL isattached, thetermsof the
license agreement are met.

Additionally, the COADE ESL also provides the facility
whereby the software can be date or run limited. This
capability isrealized by storingthe CPU timeand dateonthe
ESL each timean analysisis performed.

The COADE ESL also provides the ability for COADE to
modify the data stored on the ESL interactively viaatele-
phonecall. Thisprocedurerequiresthat the CPU time/date
stamp on the users computer and the COADE computer be
identical.

For these reasons, checks haveto be madeto insure that the
timeanddateval uesstored onthe ESL alwaysmoveforward.
The storage of the CPU time and date aswell as the associ-
ated checks on these valuesis performed on all ESLs, even
if they are unlimited.

Thetime/datechecks performed onthe ESL candeny access
to the software when the ESL ismoved between computers,
if the machines do not have the correct time/date settings.
For example, assume computer A is set to January 1, at 10
am, and computer B is set to January 1, at 2 pm. An ESL
could bemoved from computer A to computer B without any
problem. However, attempting to move the ESL back to
computer A would result in the software being inaccessible
for 4hours. Thismishapismagnifiedif several machinesare
locatedin close proximity and the ESL ismoved about inan

attempt to run morethan asinglecopy of thesoftware, which
isin violation of the license agreement.

For those users who need to legitimately move an ESL
between an office desk top machine and a machine at home
or aportable in thefield, insure that the time/date settings
on all of the computers are set correctly. The “last ESL
accessdate” canbeviewed by strikingthe* F2" key fromthe
main menu of any of the COADE software programs. The
“last ESL accesstime” can not be viewed.

When moving an ESL between computers the user may
encounter another problem, hardware incompatibility. De-
pending on the brand of computer and its components, users
may find that the software does not find the ESL. This
problem is usually attributed to one of the following items:

* The parallel port of the computer is not generating
enough power to accessthememory of theESL. Thisis
usually the result of an inferior or bad board. Thetwo
solutions are to replace the port, or attach a printer and
turniton. (A “writeonly” parallel port will also cause
this problem.)

* Anextension cableor switcher box isinuse. Extension
cables should be limited to 2 feet and must be ribbon
cables. Coaxial cables usually do not work. Switcher
boxesmay disabletheESL , similar totheeffectsof abad
printer cable.

¢  Certain printers have been known to cause ESL access
problems. The October 1991 issue of Mechanical
Engineering Newsdi scussed thisproblemwithregardto
the Hewlett Packard Laser Jet I11P. Sincethat timethe
ESL manufacturer has tested these printers (as have
additional COADE users) without any problems.

This problem can still occur, and can be either the
printer, the parallel port, or the ESL. If the ESL alows
accesstothesoftwareonadifferent computer, itisasafe
bet that the ESL is not the problem.

Users who encounter problems with their ESL should con-
tact COADE. We can replacethe ESL upon receipt of your
original, although if the problem is hardware, this will not
solve anything. As of CAESAR Il Version 3.18,
PROVESSEL Version 2.6, and CodeCalc Version 5.1 the
ESL “last access date” value can be modified over the
telephone (for those userswho have been carelesswith their
date setting). Any additional problems not addressed here
should be brought to COADE’ s attention.

2



COADE Mechanical Engineering News

August, 1992

CAESAR || DEVELOPMENT

The next version of CAESAR |1 (3.18) iswell underway.
This release of the software is tentatively scheduled for
August or September of 1992. Thisversion of the software
will include:

*  Anewgenericneutra fileinterfacewhich providestwo
way transfer capabilities between the CAESAR |1 in-
put file and third party software. All datacontained in
theinput file can bewritten to or read from this neutral
file.

* AninterfacetoLIQT: Thisinterfacewill reedan ASCI|
output fileof dynamic pipeforcesgenerated by Stoner’s
LIQT (liquid transient) program. Once this data is
available, theinterfacecangenerateaCAESAR || DLF
curvefor usein force spectrum analysis problems.

* The Canadian piping codes Z183 and 2184 will be
updated to the 1990/1992 edition, of these codes.

¢ Additional valveandflangedatabaseswill beavailable.

¢ Thefilemanager will beimprovedtoalow userstolog
different disk drivesor directorieswithout exiting from
CAESARII.

e Alibrary of pipesizespecificationswill beincorporated
that will enable the user to specify pipe diameters and
wall thicknesses according to either ANSI, JISBIN, or
BS specifications.

COADE hasbegunwork onthe386 versionof CAESAR 11,
which will enable access to the extended memory available
on most present day computers. The 386 version is being
developed using the WATCOM FORTRAN and C compil-
ers. The first module to be completed using these 32 bit
compilersis BIGPRT and will be distributed with the 3.18
release.

PROVESSEL AND CodeCalc Development

Thelatest versionof PRoVESSEL , version 2.6, shippedtoall
users current on their updatesin July 1992. Thisversion of
PROV ESSEL included:

* Saddle Wear Plate Size Estimation

¢ Expansion of existing Material Data Base

¢  New Base/Skirt Design/AnalsisModule

¢ ASME A91 Code Updates

¢ Updated File Handler

¢ On-Lineerror processing
Thelatest version of CodeCalc, version 5.1, also shippedin
July to all users purchasing this update. This version of
CodeCalc included:

 ASME A-91 Code Update.

e Base Ring and Skirt Analysis’Design program
added.

e Thin-Walled ExpansionJoint program added, A pp-
BB.

»  FlangedandFlued Expansion Joint program added,
App-CC.

* New file manager: enables copy/delete, change
drive etc.

 New materia database: 1051 materials, in Code
order.

e Tube Sheet program updatedto TEMA A-91 1991
Errata

e AISC unity checks on angle sections.

COADE Seminars

All Houston seminarsarenow held at COADE headquarters,
at 12777 Jones Road, in Houston, Texas. Due to space
limitations, these seminars are limited to fifteen attendees,
therefore early registration for aparticular seminar isdesir-
able. An important point to note for seminar attendees
flying in from out of town, Houston has two airports,
I ntercontinental and Hobby. | ntercontinental isapproxi-
mately twenty five minutesfrom our office, Hobby isabout
an hour away - use | ntercontinental.

TheCAESAR |1 seminarinMay included apresentationon
expansion joint manufacturing and usage by Flexonics,
including slides and expansion joint models. COADE will
continue to provide time for manufacturers to make non-
salesrelated presentations for the benefit of the attendees.
Thefollowingtableliststheseminar schedul efor theremain-
der of 1992 and 1993. Thepipestressintroduction seminars
are targeted towards those engineers who: are unfamiliar
with PC operations, unfamiliar withCAESAR 11, orarenew
to pipe stress analysis.
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Pipe Stress Seminars

October 14-16, 1992
October 19-23, 1992

January 20-22, 1993
January 25-29, 1993

March 1-5, 1993

May 5-7, 1993
May 10-14, 1993

September 20-24, 1993

November 3-4, 1993
November 8-12, 1993

Introduction
Statics & Dynamics

Introduction
Statics & Dynamics

Statics & Dynamics

Introduction
Statics & Dynamics

Statics & Dynamics

Introduction
Statics & Dynamics

Pressure Vessel Seminars
October 7-9, 1992 ASME Code, CodeCalc and
PROV ESSEL
February 3-5, 1993 ASME Code, CodeCalc and
PROV ESSEL
May 19-21, 1993 ASME Code, CodeCalc and
PROV ESSEL
October 20-22, 1993 ASME Code, CodeCalc and
PROV ESSEL

Maximum Shear Stressintensityin CAESAR 11

Listed intheload case stress summary and in the expanded
stressreport isacal cul ated item labeled 3D maximum shear
stress. CAESAR |l Version 3.18 will properly label this
column maximum 3D stress intensity. (Stressintensity is
twice maximum shear). This is one value calculated by
CAESAR |l whichisindependent of piping codedefinition.
In fact, the maximum 3D stress intensity calculation is the
closest CAESAR || comesto replicating “text book” stress
analysis - three dimensional stress on thick wall cylinders.
Thisarticlewill develop the formulae used by CAESAR 11
and then suggest possible uses.

Onemethod of correlatingfailureof amaterial test specimen
with the failure of the same material under any variety of
loadsisthroughthemeasure of maximum shear stress. Here,
the yield of the test specimen in simple axial load is trans-
formed into an equivalent maximum shear stress at yield.
Any combinationof loadsinany orientationwhichtransform
into the same or greater maximum shear stresswill havemet

thisfailurecriteria. Using maximum shear stressasamode
of falure is quite common in engineering and its use is
evident (in two dimensions) in the piping codes.

Intheir formulation of calculated stress, the piping codesdo
not consider all of the piping loads acting simultaneously.
Instead, circumferential (hoop) stress calculations are used
to set a minimum wall thickness for pressure containment.
Then, in several independent calculations, the other me-
chanical loads on the pipe (deadweight and thermal strain,
for example) are evaluated. In most cases, these loads are
longitudinal in orientation, only shear due to torque is
considered, and no radial component is included. (Of
course, themaximum bending stressisontheoutsidefiber of
the pipe where the radial pressure stress is zero.) Code-
defined stress intensification factors (SIFs) accommodate
reduced strength of piping components such as tees and
elbows. Rather than reducing allowable stresses for these
components, the SIFsincrease the cal culated moments (and
therefore stresses) so that a common alowable can be
maintained.

For those situations where “code-defined” stress calcula-
tions may not provide all the stress information an engineer
wants, this stress intensity calculation may prove helpful.
Here, all of the major components in the load case which
cause stress are included: pressure, axial force and bending
moment inthelongitudinal direction, pressure (hoop) inthe
circumferential direction, torque shearing these two direc-
tions, and pressure, again, but in the radial direction. This
total view of the fully-loaded stress element can be used to
evaluate stress level sindependent of the piping codes. The
CAESAR 11 calculationsmakeno distinction between stress
(or failure) category such as expansion or sustained.

Mi

Fax + PAin
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Mamimum 3D stressintensity iscalculatedusingall theload
componentsin the load case.

CAESAR | calculatesstressesat four pointsacrossthepipe
Cross section - top outside, top inside, bottom inside and
bottom outside. Thetop / bottom orientation is determined
by theresultant bending moment acting on the pipesuch that
the maximum bending moment is at the top fiber and the
minimum bending moment is at the bottom fiber. The
longitudinal, circumferential and shear stresses(2D) arethen
rotated in space so that the principal stresses are found (no
shear) at thesefour points. Thelast principal stressissimply
theradial termwhichiszero outsidethepipeand equal tothe
pressure inside the pipe.

Radial (Pressure)

Shear (Torque)

>

Longitudinal

Circumferential (Bending, Pressure, Axial Force)

(Pressure)

Thelocal loads which make up these principal stresses are
similar, if notidentical, tothosecommoninthepiping codes.
Mechanical loadsin the axial, bending, and torsional direc-
tions and the pressure in the line are used with the corroded
section modul usof the pipeto calculatel ocal stressesat these
four pointsthrough the pipe. The stresses calculated are as
follows:
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Shear Stresses due to Tarsion:

Terms:
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7, = radial pressure stress (inside]
a,, = radial pressure stress (outside)

0y, = hoop pressure stress (inside)

Tpo = hoop pressure stress (outside)

a = axial stress

ax

dy, = hending stress

Longitudinal Stresses:

L= T, = out=side taop

= T = outside bottorm
L= T = inside top

L= Ty = inside bottaom

F = pressure

r = inside radius of pipe

rp = outside radius of pipe

F 4y = axial force due to mechanical loads

&, = area of pipe cross section

M = in-plane bending mament

ij = in-plane stress intensification factar

My = out-plane hending mament

ig = out-plane stress intensification factor

£ = section modulus of pipe

T = torque
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The two dimensional stress elements laying on the pipe
surfaces are rotated to find the principal stresses in these
planes. Mohr’s Circle isacommon method of conceptual-
izing this rotation of the circumferential, longitudinal, and
shear stresses. To do this, the direct stress and shear stress
on two sides of the element are plotted on a direct stress/
shear stressplot. Thesetwo pointslay onthecircumference
of aMohr’ sCircle. Wherethiscircleintersectsthezero shear
lineisthe magnitude of the principal stresses on the rotated
element.

Circumferential
Stress (Sc)

—L Shear Stress (St)

Longitudinal
Stress (SI)

J[

—

20
s2 st
(Se,~St

Shear Stress

Direct Stress

P

N

Sincetheradial stressisperpendicular totherotated element
and no shear term exists on theinside or outside surfaces of
the pipe, the radial stress can be dropped on the zero-shear
line of Mohr’s Circle and serve asthe principal stressinthe
third direction. Themaximum stressintensityissimplythe
greatest difference between two of these three principal
stresses. This difference is also (by definition) twice the
maximum shear stress on the element.

Tmax _{

S3 S1

Again, this calculation is performed at four points through
thepipe. Thefinal stepin producing the 3D maximum stress
intensity listed in the CAESAR |1 report is to select the
maximum of these four values at each node in the piping
system.

What are some uses for this three dimensional maximum
stressintensity? Recalling that thisstressreflectsbasicyield
analysis more so than the “code-defined” calculations of
stress, maximum stressintensity naturally fitsasameasureof
stress in those situations not addressed by the code. And
what would be considered an allowablelimit on this stress?
Of course the material yield would compare directly to the
stressintensity at failureof thetest specimen. Itwould beup
to the user to compare the stress intensity to the specified
minimumyield stressor themoreconservativehot allowable
stress.

One obvious use of the maximum stress intensity isin the
evaluation of loads on non-pipe elements. Another useisan
additional check where the code-defined stresses on an
element areclosetothecodeallowable. If thestressintensity
is also close to the allowable, then there may be reason to
further check themodel for accuracy. Anunconservativeor
inaccurate model should be modified to reflect thetrue, as-
built, conditionssothat thisregionismodelled asaccurately
aspossible. (Thissort of sensitivity check should be made
even without use of the stressintensity.)

Although many of the piping codes do not establish an
allowablestressfor the* mixed-mode’ |oadsof theoperating
case (sustained & cyclic or primary & secondary), thereare
situationswhere the stressesin the operating condition may
be significant. Again, exceeding an allowable stress indi-
cates yield (of at least the highest stressed fiber) but not
necessarily “failure” of the element. It may be useful to
examine the maximum stressintensity in elevated tempera-
ture systems (systems operating in the creep range). Here,
thermal or secondary stresses may contribute to creep dam-




COADE Mechanical Engineering News

August, 1992

age which is normally caused by primary stresses. Even if
these primary stresses are below their allowable, creep
damageisstill possibleif the operating case maximum stress
intensity exceedsthe allowable.

Maximum 3D stressintensity, asdevelopedby CAESAR 11,
followsthebasic definition of threedimensional stressonan
element rather than the piping code’ sstressequations. This
value is one more piece of information for the user’ sevalu-
ation of the accuracy or acceptability of the piping system
model.

Finite Element Piping and Vessel Stresses

With therelease of Version 2.5 of Fe/Pipe adetailed stress
analysisof vessel heads, miters, "large diameter-thinwalled
components’, cones, annular plates and bends is possible.
Themodels shown bel ow were generated using Version 2.5
of Fe/Pipe. Each input took lessthan five minutesto enter.
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Stressintensification factorsand flexibilities can be gener-
ated for heads, miters and other components that have not
been put through the standard Markl type fatigue tests.
(SIF's from Fe/Pipe have been compared to SIF's from
Markl type tests for those components where tests exist.)
These SIF's and flexibilities can be used back in
CAESARI I togeneratebetter |oad and stresscal cul ations.
THISISPROBABLY THE MOST PRACTICAL, COM-
MON USE FOR FINITE ELEMENT CALCULATIONS.
FE FLEXIBILITIES OFTEN TIMES SIGNIFICANTLY
AFFECT BEAM-TYPE PIPING RESULTS. LOADS
ARE REDISTRIBUTED IN THE PIPING SYSTEM SO
THAT A COMPLETELY DIFFERENT PICTURE OF
THE STRESS AND LOAD STATE ISREFLECTED.

Al SC Unity Checks on Pressure Vessel Legs

A common support system for vertical pressurevesselsisthe
structural steel leg. Typical support systemsusethreetoeight
legs, of either wide flange or angle shapes. Thisarticle will
focus on the procedures used to size theses legs and the
software COADE providesto assist in these procedures.

A very important point to note is that awide flange shapeis
symmetric about its two cross sectional axes, an angle shape
isnot. Itisonly withthe 1989 version of the AISC code that
angle shapes could be adequately checked against combined
axial and bending overloads. (This statement is true of the
AISC code only. Several non U.S. structural codes have
included angle checks for several years.)

The loads on the leg support system are: weight, wind,
earthquake, and/or pipinginduced. Theseloadsproduceaxial
compression and bending. Typica design practice (as dis-
cussed in humerous vessel texts) assumes the compressive
load is W/N, where W is the total weight load and N is the
number of legs. Similarly, thebending momentisassumedto
be 4M/ND, where M is the overturning moment, N is the
number of legs, and D isthe outer diameter of thevessel. The
resulting axial oad and bending moment are then used in the
first two terms of AISC interaction equation H1-1. If the
simplification of thisequationyieldsavaluelessthan 1.0, the
structural member is adequately sized.

In the above scenario two assumptionswere made. First, the
|loadsonthelegswereobtained fromW/N and4M/ND. These
equations assume the load on all of the legs is the same.
Second, the use of only two terms of the AISC interaction
equation assumesaplanar problem. To exploretheeffectsof
these assumptionsthe analyst must begin with amodel of the
system which will yield the true loads on the legs.

Consider avertical vessel supported by four legs. Thevessel
sits on wide flange columns, four feet high, W8X15. (The
column tops are connected to the center of the vessel with
beams of the same cross section.) The vessel has a diameter
of fivefeet, awall thickness of aquarter inch, and aheight of
fifteen feet. Thevessel isassumed to befilled with water and
experiencesawind pressureof twenty poundsper squarefoot,
with adrag coefficient of 0.6. These parametersresultinthe
following approximate global |oads:

Vessel steel weight (Fy) = 2449 lbs
Vessel water weight (Fy) = 18073 Ibs
Structural steel weight (Fy) = 390 |bs
Wind load (Fx) = 900 Ibs

8
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Typical practice is to take these loads and determine the
loads acting onindividual legs. Thiswould yield:

Fy = (2449 + 18073 + 390) / 4 = 5228 |bs
Mz =4* (900*7.5) / (4*5) = 1350 ft-Ibs

As expected, we obtain only a single bending moment.
Should this moment be applied as strong axis bending or as
weak axisbending? What happenstotheseloadsif thewind
directionis not aligned with one of the global axis?

Toanswer thesequestionsandtotestthevalidity of theabove
assumptions, a CAESAR |1 model of this vessel was con-
structed. Typical CAESAR 11 plotsof thecombined model
areshown below. Notethe plan view and the orientation of
thelegs.

Theinitia review of the CAESAR 11 run verified that both
the“windonly” caseandthe“weight only” caseproducedthe
correct (anticipated) loads. Now the combined load case
results can be used with confidence.

Therelevant results from the combined |oad case (weight +
wind) are summarized for three different wind directionsin
the table below.

CASE 3 (SUS> W+UIN

UIND at @ WIND AT 38 WIND AT 45

POINT FY Mz FY MX Mz FY MX MZ
510 3628 198u 3842 -637s  1@6u 4896 -901s -1lu
528 -3567 -343 -3782 e -427 -4036 e -527
530 6829  1166u 6614 -637s 1875u 6368 -901s 966u
548 -6768 1597 -6554 8 1513 -6300 8 1413
550 5228 1275s 6028 -825u 11@4s 6368 -966u 9@1s
568 -5168 2] -5968 -1283 2] -6300 -1413 2]
570 5228  1275s 4428 143w 1104s 40896 1w 901s
580 -5168 2] -4367 657 2] -4036 527 2]

The "s" and "uw" indicate strong and weak axis bending.

A quick scan of these results shows that for all three wind
directions, thereisalwaysaleg that exceeds the anticipated
axial load and bending moment. (For equilibriumtheremust
also be aleg that experiences|oads and moments below the
anticipated values.)

Oncetheloadsand momentsonthelegsareknown, the AISC
interaction equations can be applied. Which legsneedto be
checked? If the approximate method isused, i.e. M’ = 4M/
ND, then the load and moment combination needs to be
checked twice, once for strong axis bending and once for
weak axis bending. The results from CodeCalc for the
approximate method are shown in the table below.

Strong Axis Bending Unity Check = 0.1326
Weak Axis Bending Unity Check = 0.5479

If the more exact load distribution is used, the following
members should be checked:

Wind at O

530-540, F = 6768, M = 1596; note thisisweak axis bending
550-560, F = 5228, M = 1275; note thisis strong axis bending

Wind at 30

550-560, F = 6028, M, = 1104, M, =825
Wind at 45

530-540, F = 6360, M, =901, M, , =966

Theseloadsrepresent theworst | oading combinationsonthe
legs. Additional legsand loads can be checked asneededin
other conditions. (Since these loads include bending about
bothaxis,theCAESAR |1 AISC modulemust beused, since
CodeCalc addresses bending about one axisonly. Thisis
consistent with the current procedures found in Pressure
Vessel texts.)

In generating the input for the AISC module, an effective
length factor (k) of 1.5 was used. Non-braced legs can be
approximated by a column with end conditions between
guided-fixed (1.0) and guided-hinged (2.0), thusan effective
lengthfactor (k) of 1.5 canbeused. Diagonal bracing which
preventstrandation at thetop of thelegsresultsinasmaller
effective length factor. The output from the CAESAR 11

AISC moduleis shown in the table bel ow.
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Member Axial Fy
i Node Bend Y Ky
J Node Bend 2 Kz

Lngth X
Lngth ¥
Lngth Z

UC 1 Unity Chk
UC 2 Equation
UC 3  Compact

{Uind @ 0}

W8X15 6768. 36000. 00 48. .000 .518
530. . 1.50 48. .00 H1-3
540. 19152, 1.50 48. .518 VYes

W8X15 5228. 36000. 00 48. . 000 .133
550. 15300. 1.50 48. .008 H1-3
560. . 1.50 48. .133 VYes

{Uind @ 303

W8X15 6028. 36000. 00 48. .000 .353

550. 13248. 1.50 48. .00 H1-3
568. 9300. 1.50 48. .353 VYes
{Uind @ 45}
W8x15 6360. 36000. 00 48, N .386
530. 108812, 1.58 48. .08 H1-3
548. 11592. 1.58 48. .386 VYes

From theseresultswe can seethat the axial stressinthelegs
islessthan 0.15 timesthe allowable axia stress. (Weknow
this because AISC equation H1-3 was used and equations
H1-1andH1-2yield 0.0.) Comparison of thefirst two Unity
Check (interaction ratios) values show good agreement
between the two methods. However, the skewed loading
directions produce Unity Check values which lie between
100% strong axis bending and 100% weak axis bending.
Thisis as expected.

Could onethenusetheapproximatemethod, and eval uatethe
Unity Check for “weak axis’ bending only? No, this will
produce overly conservative results, and in the case where
the Unity Check is greater than 1.0 no guidance is offered
toward resizing the member. Similarly, using the approxi-
mate method and evaluating the Unity Check for “strong
axis’ bending produces nonconservative results.

The previous discussion is based on using wide flange
(symmetric) sectionsfor thesupportlegs. The1989revision
to the AISC code included a procedure for utilizing the
interaction equationsfor anglesections. Thisnew procedure
(new for AISC) involvesarather complex method to obtain
the axial and bending allowable stresses. The necessary
steps are outlined below (referenced equations are from
AISC pages 5-309 through 5-323):

1) Computethestressreductionfactor (Q) usingequa-
tions 4-3a, 4-3Db, or 4-3c.

2) Compute the allowable bending stress for minor
axis bending using equations 5-1a, 5-1b, or 5-1c.

3) Determine the cross sectional moments of inertia
about the principal axis (of the angle) and the
corresponding section modulii.

4) Computethe value of Fob using either equation 5-
5 or 5-6.

5) Compute the allowable bending stress for major
axis bending using equation 5-3a or 5-3b.

6) Computethe coordinates of the shear center of the
angle.

7) Compute the elastic flexural-torsional buckling
stress, Fe. Thisrequires solving equation C4-1 or
C4-2.

8) Computethe equivalent kl/r value based on Fe.
9) Compute Ccand finally the axial allowable Fa.
10) Apply the Unity Check equations as usual.

Thefollowing conclusionscan bedrawnafter areview of the
preceding paragraphs.

1) A moreexact determination of theloadsonthelegs
isrequired instead of the approximations W/N and
4AM/ND.

2) The complete AISC interaction equations should
beemployed. Thiswill includetheaxial aswell as
both bending terms.

3) Legsconstructed of angle sections must be evalu-
ated using the 1989 AISC procedurefor angles. It
isincorrect toemploy the proceduresfor symmetric
sectionsto angles.

Piping Failure Caused by Elastic Follow-Up

This article has been submitted for publication by Mr. J.
Czerwinski, Mr. J. Gephart, and Mr. L. Kimball of Brown &
Root Power, Houston, Texas. It isa condensed version of
their paper “ Case Study: Hot Reheat Piping SystemFailure
Caused By Unforeseen Elastic Follow-Up Condition” , pre-
sented at the Power-Gen Conference in December of 1991.
The unit involved was base loaded and had operated suc-
cessfully for 105,000 hours.

It has been proven many times that high energy piping
systems are not maintenance free and have a finite service
life. A variety of conditionscan causeelevated temperature,
high pressure steam piping to deteriorate. This article
focuses on one particular failure mode, elastic follow-up,
which has been observed in the field.

Piping systemsaretypically analyzed assuming only elastic

10
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behavior. The calculated elastic stresses and stress ranges
arethen compared to the ANSI/ASME B31.1 Power Piping
Code allowable stress and stress ranges to confirm compli-
ance.

However, the Code al so recognizesthat consideration must
be givento piping that is“ subjected to strain concentrations
due to elastic follow-up of the stiffer or lower stressed
portions.” Becauseitisdifficult to predict, thisisaconcern
that is mostly overlooked in final design, fabrication and
installation of high temperature piping that operatesin the
creep range of itsmaterial.

The Code describes several piping system geometries that
can be the catalyst for elastic follow-up. They include:

1) Smaller pipethat operatesin ahigher stressrange
than the larger or stiffer pipe to which it is con-
nected.

analogousto primary or sustained stresses, such asthose
due to deadweight and pressure. Under these conditions,
whilenot stipulated by the Code, it isbelieved appropriateto
add these primary-like expansion stresses to the sustained
stressesand compare the sum against only the material’ shot
sustained allowable (Sh).

The subject unit of this article was placed into operation in
1970. Theunit had undergone nearly 300 full thermal cycle
start-ups and approximately nine full load turbinetrips. In
Late June, 1988, while under evaluation, aleak occurred in
theHot Reheat Piping. Thecircumferential weld connecting
the north turbine lead to the reducer of the fabricated lateral
at theheader terminationfailed, forcingtheunit off line. The
failure occurred in the hot Reheat Piping System which had
design conditions of 600 psig at 1015 degrees F.

Prior tothisfailure, there had been no other know failuresor

2) The introduc-
tion of reducers
or other configu-
rationsinwhich
the pipe section
modulus be-
comessmaller.

SYMBOLS USED:

CONSTANT SUPPORT HANGER

RIGID HANGER

SNUBBER

% VARIABLE SPRING HANGER
7

LIMIT STOP

=

3) Pipe material
that is, or be-
comes, locally

weaker. )'\
4) Theuseofinsuf- |wdm * evi0
ficient offset to

Subsequent non-de-
structive examination
of otherweldsrevealed
SYSTEM DESIGN CONDITIONS: ma'lor Crmks In tWO

so0psiG other nearby welds
PIPE SIZES USED: besides the one that
failed.

repair welding per-
HRH-O
BOILER EHRH-A
HRH-Z@ HA

formed on the system.
t leRH{!

28.00" OD x 1.34"MIN. WALL
24.00 OD x 1.15” MIN. WALL

The conventional
dagtic stressanalysis
of the “as exits’ Hot
Reheat piping indi-
cated that the calcu-
|ated codestressesdid
not exceed present day

absorb the expansion strain of the major portion of
the piping system.

Animportant assumption of el astic analysisthat isacknowl-
edged by the code is that piping systems self-stressrelieve.
Thisphenomenonoccurswhenthethermal expansionstresses
in apiping system tend to “relax in the hot condition.” The
expansion stresses then appear in the cold condition. Be-
cause they are not applied continuously, these stresses are
then treated as secondary stresses. Furthermore, expansion
stresses are compared to an allowable stressrange whichis
equivalent to the weighted sum of the Code’ s cold (Sc) and
hot (Sh) stress allowabl es.

However, the pipe routing and restraint configuration may
not allow hightemperaturepipingtoself-stressrelieve. This
isaform of elastic follow-up.

I f thisisthecase, theunrelieved expansion stressesbecome

Codeallowablesduring normal operations. Themaximum
calculated sustained Code stress at the failure location was
only 2,114 psi. The expansion stress range at the failure
locationwascal culatedtobe8,292 psi. However, thehighest
thermal stresswithin the system was cal culated to occur at a
weldadjacenttothefailure. Atthisweld, considerablecreep
damage and severe cracking was found. It is now widely
known that piping that operates at around 1000 degreesFis
prone to creep damage. The degree of creep damage is
directly affected by the magnitude of sustained (i.e., pri-
mary) stress applied.

The stresses calculated from the original elastic analysis
werenot high enoughto causethepipetofail inonly 105,000
hours of operation. Thiswould initially lead to evaluator to
blameinadequatewelds, fabrication error, installation over-
sights, or improper operation for the falure. Still, the
amount of visual and creep damage found, points to the
existence of primary stresses above and beyond those

11
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calculated. Inthiscasethereisastrong possibility that the
elagtic analysis did not fully reflect the actual conditions
contributing to the stresses in the pipe.

Themodelling of thefabricated lateral which had atwoinch
thick saddle posed a special problem. The actual stress
intensificationfactorsweredifficult toestimate. Inaddition,
because of the saddl€e's thickness and size, there probably
existed a thermal gradient across its depth. This, in turn,
createdalocal thermal expansiondifferential. Thisdifferen-
tial probably causedthesaddletoact likearestraint alongthe
top of thelateral, much like an oversized welded hanger lug.
Unfortunately, conventional elastic stress analysis does
not allow such differentialsto be considered.

While an elastic-plastic analysis, using finite element mod-
ellingtechniques, wasconsi deredtofurther study thestresses
atthelateral, thelack of definablelocal boundary conditions
made this technique infeasible from a practical standpoint.
Regardless, one of the problems with the subject piping
systemthat caused the el astic follow-up conditionisthat the
system was close coupled. Close coupling occurs when a
system is inflexible by virtue of its routing and restraint
scheme.

Onemethod of verifyingif the piping wasclosecoupledisto
test its sensitivity to small changes in the boundary condi-
tions. Close coupling occursif thecal culated restraint loads
and piping stresses vary greatly with only minor boundary
changesthat arewell withininstallation and operating toler-
ances.

The combination of the inflexible close coupling of the
turbine piping risers, theinfluence of the axial restraint and
thelateral’ sgeometry prevented the system from self-stress
relieving locally. The piping became highly sensitive to
small changesindisplacements. Thisfavorsthepotential for
accelerated creep damage. The morehighly stressed piping
near theturbineisthen subject to excessive plastic deforma-
tion and strain concentrations dueto elastic follow-up from
the lower stressed stiffer portions of the piping (i.e., the
header).

Torecognizethe possibility of elastic follow-up conditions,
requires an understanding of the phenomenon and experi-
enceinanalysis, design, andevaluation. Thestandardelastic
stress analysis did not indicate a problem. However, an
experienced piping engineer should recognize that the pip-
ingisclosed coupledaroundtheturbine. Sensitivity analyses
involving variations of the turbine movements, cold spring
and limit stop gapswould providesufficient datato show that
thepipecould besusceptibleto elastic follow-up. Therefore
thesecondary stressesconvert totheprimary level. Hence, it
is probable that the actual primary stresses, especialy the

bending stresses, at theleast stiff regions of the subject area,
far exceed those calculated by the elastic analysis.

In conclusion, creep damage results from the application of
inordinately high sustained (or primary) stresses. These
stresses can be due to unanticipated piping movements and
rotations, unrelieved expansion stresses becoming primary
in nature and improper application of pipe restraints. This
can happen even though a conventional elastic stress
analysis may predict that the system satisfies the B31.1
Code. Unanticipated piping displacementscan betheresult
of numeroussituati onsincluding theimproper application of
rigid elements, such aswel ded attachments, poorly designed
restraints, installation errors, incorrect cold spring and ther-
mal gradientswithin apipe element or attached equipment.

The pipe routing and hanger/restraint configuration must
prevent stress concentrations resulting from elastic follow-
up. Thatis, the piping must be supported so that self stress
relieving of the thermal expansion stresses cannot occur. If
self stress relieving does not occur, then the expansion
stressesbecomeprimary in natureand must beincludedwith
the piping sustained stressed for Code compliance evalua-
tion.

CAESAR |1 Specifications

Listed below are those bugs/errors’omissions to the
CAESAR |1 programthat havebeenidentified sincethelast
newsletter. These items are listed in two classes. Class 1
errors are problems or anomalies that might lead to the
generation of erroneous results. Class 2 errors are general
problemsthat may result in confusion or an abort condition,
but do not cause erroneous results.

Class1

1) Dynamic Restraint Load Module - For independent
support motion spectrum jobsinwhichthe pseudostatic

component isincluded, therestraint loads on rotational
restraints are computed incorrectly. This error exists
only if the pseudostatic component isincluded and the
restraints are of type RX, RY, or RZ. Thiserror exists
inall 3.x versions, and will be correctedinversion 3.18.

2) Pipinglnput Module- InVersions3.0through 3.17, the
“Block Rotate” module of the LIST processor could
erroneously free a specified zero displacement. This
error exists only for values specified as 0.0, when the
rotation angle specified is 90 degrees.

For example, assume displacements of: DX=0.0,
DY=3.0, and DZ=2.0, with a requested rotation of 90
degrees about the “Y” axis. The resulting “rotated”

12
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3)

4)

5)

displacements would be: DX=2.0, DY=3.0, and
DZ=FREE. Thisisincorrect, DZ should be 0.0.

Thiserror is corrected in Version 3.18.

Piping Error Check Module - An error has been found
inthePiping Error Check modulewhichaffectspartialy
modified uniform load specifications.

For example, assume on element 40 to 50 the uniform
load specification is; UX=10, UY=15, and UZ=20.
Assume several elements later on 100 to 110, it is
necessary to changetheUY valueto 30. Theuser would
seethefollowing auxiliary screen:

Origina Modified Comment Actua
UX=10 UX=10 duplicated forward value  UX=0
uy=15 uY=30 user modified value uY=30
Uz=20 UZ=20 duplicated forward value  UzZ=0

Since the only value specified on 100 to 110 element
wasUY, theError Checker assumedincorrectly that the
UX and UZ values should be zero. This caused the
duplication of the UX and UZ loads to stop at element
100 to 110.

The work around for this error (until Version 3.18 is
released in August or September) is to completely
specify all three uniform load vectors any time a hew
uniformload auxiliary screenispulled up. Intheabove
example, if the UX and UZ values had been respecified
(as10and 20respectively) alongwiththeUY value, the
uniform loads would have been duplicated forward as
anticipated.

Thiserror existsinall 3.x versions, andwill becorrected
inVersion 3.18.

Dynamic Results Module - An error has been found in
thedynamicresultssummation modulewhentheASME
NC or ND codesareused. Theerror involved theuseof
the peak pressure variation in the modal summation
routine, causing a pressure stress to be computed and
summed for each mode. This produced very large
valuesof the"code" stress. Thiserror existsinVersions
3.0, 3.1, 3.15, 3.16, and 3.17. It will be corrected in
Version 3.18.

Mechanical Stress Computations - An error has been
foundinthemechanical stresscomputationroutine. The
value of the otrsional stress for the NC and ND codes
wasinadvertently multiplied by theBlindex. Thiserror
existsinVersions 3.0, 3.1, 3.15, 3.16 and 3.17. It will

be corrected in Version 3.18.

Class 2

1)

2)

3)

4)

5)

6)

7)

8)

Piping Input Module - When requesting “ help text” for
theinsulation cell, the display routines do not properly
convert the default density for calcium silicate into the
current active units system in the explanatory text.
However, the proper density value is converted and
presented in the table below thetext. Thiserror exists
inall 3.x versions, and will be correctedinversion 3.18.

Piping Input Module - A memory allocation problem
prevents accessto the “help facility” when onthemain
“LIST” display screens. Thiserror existsonly inVer-
sion 3.17.

Piping Input Module - The screen attributes (color) for
thematerial id cell andthe Y/N cellsare still displayed
intheblack onwhitecombination. Thiserror existsonly
inVersion 3.17.

Piping Input Module - The screen attributes (color) for
thevalve & flange sel ection screen default to combina
tionswhich are indistinguishable on lap tops and other
singlecolor screens. Thiscan be corrected by resetting
color values5 and 8 viathe C2SETUP program (option
9fromthemainmenu). ThiserrorexistsonlyinVersion
3.17.

WRC297, SIF, & FLANGE Module - The cursor pad
can not be used to select option 5 from thismenu. You
must strikethe" 5" key to activatethisoption. Thiserror
existsin Version 3.16 and 3.17.

WRC297, SIFs& FlangeModule- Anerror existsinthe
error checking routine for Bonney Forge Sweepolets
whichrequirestheweldtypetobe0,i.e. aswelded. Any
attempt to change the weld type to 1, ground flush,
results in an error preventing the computation. This
error existsin Version 3.15 through 3.17.

External Interface Menu Module - The “hot” keys can
not be used to select optionsfrom the second column of
the menu. Y ou must use the cursor pad to select these
options. Thiserror existsonly in Version 3.17.

Output Processor - Version 3.17 incorporates aroutine
to verify the current input file produced the current
outputfile. Thisroutinereliesonthe OTL filegenerated
by the piping error checker.

Users moving up to Version 3.17 from older versions
will not have OTL files unless they error check their
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input again. This does not require ancther analysis.
Simply enter theinput, quit and select the option “ Start
theRun”. Thiswill invokethe error checker and build
thenecessary OTL file, allowing output processing. (A
warning will be generated that the input has an earlier
time/date stamp than the output file and that input echo
from the output is disabled. This is expected since
starting the run rewrites the input file. If you need to
produceaninput listing fromtheoutput moduleyouwill
haveto rerun the analysis.)

Users analyzing structural only jobswill find they can
not enter theoutput processor. Thisisduetothefact that
thepiping error checker was skipped for thecurrent job.
To remedy this problem, create a piping model with a
single dummy pipe (1" long, 1" diameter) and attach it
tothestructureusingthe“INCLUDE” option. Starting
the run from the piping input module will invoke the
error checker and generate the necessary OTL file

Piping Error Check Module - Version 3.17 alows
material id 21 to be used as a “user defined” label. A
limitintheerror checker limitsmaterial idsto 20 for all
but the first element in the job.

10) Dynamic Output Module- Anerror existsinafile open

statement which preventsthe output from being sent to
adiskfileif thedisk filealready exists. Thiserror exists
inall 3.x versions, and will be correctedinversion 3.18.

11) Buried Pipe Input Module - An error existsin Version

3.17 which prevents the graphics display (plot) of the
piping system within thismodule.

12) Buried PipeInput Module - A conversion error caused

the display of the default pipe expansion coefficient to
be displayed incorrectly when unit systems other than
the default English system are used. This error is a
display error only, in Versions 3.1 through 3.17.
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