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The COADE Mechanical Engineering News Bulletin is published
periodically from the COADE offices in Houston, Texas. The
Bulletin is intended to provide information about software
applications and development for Mechanical Engineers serving
the power, petrochemical, and related industries. Additionally, the
Bulletin will serve as the official notification vehicle for software
errorsdiscovered in those Mechanical Engineering programs offered
by COADE. (Please note, this bulletin is published only two to
three times per year. As of this issue, the issue number will appear

in the banner block at the top of the first page.)

CAESAR II Version 3.19 has recently shipped to users; in our
effort to maintain COADE as the leader in the field of piping
engineering software, we have made over 60 modifications to the
program. Several new features, such as the missing mass correction
(p. 8), the B31G code (p. 27), and virtual memory support (p.2) are
discussed in detail in this bulletin. Several useful features, added
to Version 3.19 too late to document in the release notes, are

described on page 3.

In addition to our usual technical articles, we also are using this
bulletin to discuss recent developments at COADE, as well as to
provide a preview of the enhancements we have "in the works” for
our piping and vessel software. We continue to welcome any
articles by users of our software for inclusion in future issues of

Mechanical Engineering News,

New Features of CAESAR I Version 3.19

Dynamics modules provide Missing Mass and Seis-
mic Anchor movements.

* B31G criteria for corroded pipelines added.

* RCC-M C piping code added.

* High Resolution Animated Graphics.

* All dynamics modules are now in 32 bit “protected”
mode, yielding substantial speed increases.

* Thermal bowing loads can be analyzed.

* Multiple analysis via Batch Stream Processing.

Additional expansion joint and spring hanger manu-

facturers data bases added.

* French and Spanish language support.

* Additional output reports.
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PC Hardware for the
Engineering User (Part 16)

As many users are aware, CAESAR II is being converted
from 16 bitoperation to 32 bitoperation. There are two main
advantages to this conversion: first, the 32 bit modules can
utilize the extended memory found on the computer, and
second, there is a significant speed increase due to the 32 bit
addressing.

This conversion of the CAESAR II source code involves
switching from the Microsoft FORTRAN 5.1 compiler to
the WATCOM FORTRAN 9.0 compiler. The WATCOM
compiler utilizes the 32 bit DOS extender from Rational
Systems. An item of importanceto CAESAR Il users is the
Jact that this DOS extender has the potential to support
“virtual memory”. By activating this virtual memory op-
tion, the computer system can use the hard disk as main
memory, just like RAM, only slower. This gives all
CAESAR II users the ability to analyze a system requiring
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During spectral (either seismic or force spectrum) analysis,
the response of a system under a dynamic load is determined
by superposition of modal results. One of the advantages of
this type of modal analysis is that usually only a limited
number of modes are excited and need to be included in the
analysis. The drawback to this method is that although
displacements may be obtained with good accuracy using
only a few of the lowest frequency modes, the force, reac-
tion, and stress results may require extraction of far more
modes (possibly far into the rigid range) before acceptable
accuracy is attained.

CAESAR II permits the user to specify — either through a
mode number cutoff or a frequency cutoff — the number of
modal responses to be included in the system results . If the
analyst is more interested in providing an accurate represen-
tation of the system displacements, it may only be necessary
to request the extraction of a few modes, allowing a rapid
calculation time. However, if an accurate estimate of the
forces, stresses, etc. in the system is the objective, calcula-
tion time grows as it becomes necessary to extract far more
modes. This is particularly true in the case when solving a
fluid hammer problem in the presence of axial restraints;
often modes with natural frequencies of up to 300 Hz must
be extracted.

How does the analyst know how many modes are sufficient?
The usual procedure is to extract a certain number of modes
and review the results; then to repeat the analysis while
extracting 5 to 10 additional modes, comparing the new
results to the old. If there is a significant change between the
results, a new analysis is made, again extracting 5 to 10 more
modes above those that were extracted for the second
analysis. This iterative process continues until the results
taper off, becoming asymptotic, as shown in Figure 1.
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Figure 1 -- Maximum Stress vs. Extracted Modes

This procedure has two drawbacks, the first one obvious —
the time involved in making the multiple analyses, as well
as the time involved in extracting the potentially large
number of modes. The second drawback is less obvious —
adegree of conservatism is introduced when combining the
contributions of the higher order modes. Possible modal
summation methods include SRSS, ABSOLUTE, and
GROUP — all methods that combine modal results as same-
sign (positive) values. Inreality, theory states that the rigid
modes actually act in phase with each other, and should
therefore be combined algebraically, thus permitting the
response of some rigid modes to cancel the effect of other
rigid modes (this is exactly what occurs in a time history
analysis). Because of this conservatism, it is actually
possible to get results which exceed twice the applied load,
despite the fact that the Dynamic Load Factor (DLF) of an
impulse load cannot be greater than 2.0.

With Version 3.19, CAESAR II has introduced a feature,
called the “Missing Mass Correction”, which helps solve
these problems. This feature offers the ability to include a
correction which represents the contribution of the higher
order modes not explicitly extracted for the modal/dynamic
response, thereby providing greater accuracy with reduced
calculation time. When the option is activated (by entering
YES for the appropriate dynamic control parameter), the
program automatically calculates the net (in-phase) contri-
bution of all non-extracted modes and combines it with the
modal contributions — avoiding the long calculation time
associated with the extraction of the high order modes and
the excessive conservatism of the summation methods.

This article explains this feature in detail, describing the
mathematics behind it, providing instructions on its use,
demonstrating its effect through an example problem, and

finally discussing the Included Mass Report, a new report
added to the Dynamic Output processor.

Missing Mass Theory
The dynamic response of a linear multi-degree-of-freedom
system, such as a piping system, is described by the follow-
ing equation:
M () + Cx (1) + Kx(t) = F(t)
Where:
M =n x n mass matrix of system

C =nx n damping matrix of system

K =nx n stiffness matrix of system
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% =nx 1, time-dependent acceleration vector
% (® =nx 1, time-dependent velocity vector

x(t) = n x 1, time-dependent displacement vector
F(t) = n x 1, time-dependent applied force vector

Assuming harmonic motion and neglecting damping, the
free vibration eigenvalue problem for this system is:

K® -Mbo 2=0
Where:
@ =n x n mode shape matrix

® 2 = n x n matrix where each diagonal entry is the
frequency squared of the corresponding mode

The modal matrix & may be normalized such that oTMo-=I
(whereIis the nx nidentity matrix) and oTKd=02.

Each modal response represents the response of a single
degree-of-freedom oscillator, with its own natural frequency
( @) and share of the total system mass, and acted upon by
a share of the total external load. Each mode’s share of the
total system mass and external load (exclusive of DLF) are
calculated as:

m; =M @, (DiT M
fi=M®; (PiT F
Where:

m; = matrix of modal mass (system mass active in mode)
for mode i

®; = mass normalized mode shape for mode i

fj = vector of modal force (force exciting the mode) for
mode i

This can be verified by summing the modal masses and
forces over all modes, which shows that they equal the total
system mass and external force, respectively:
Im=MOPOPTM=0TMOM=IM=M
i =MOOTF=OTMOF=IF=F

Rarely are all modes extracted during a spectral analysis;
therefore the mass and applied force actually considered

during the spectral analysis can rarely be identical to the true
system mass and applied force. Furthermore, as differing
numbers of modes are extracted for the analysis, the amount
of mass and force included in the solution will vary. The
accuracy of the solution will likewise vary as modes with
large modal masses and forces are included or omitted.

The matrix of all system modes @ may be partitioned into
two submatrices — those which are extracted for the analy-
sis and those which are not:

=[P, O]
Where:

®,, = mode shapes extracted for dynamic analysis (i.e.,
lowest frequency modes)

@, = residual (non-extracted) mode shapes (correspond-
ing to the “missing mass” contribution)

The system mass is equal to the sum of the modal masses
allocated to the extracted modes plus the sum of the modal
masses allocated to the residual modes. Likewise, the
applied force is equal to the sum of the applied forces
allocated to the extracted modes plus the sum of the applied
forces allocated to the residual modes:

M=M,+M; =M@, ®.TM+M & & TM
F=Fe+F,=M®, ®,JF+M @ OTF

Ideally, the effective mass included in the extracted modes
should be as close to 100% as possible, indicating that as
much of the modal response as possible has been considered.
Effective mass is calculated as:

effective mass =M. /M

Normally, modal analysis completely neglects the rigid
response — the response of the non-extracted modes, due to
the load F. However, since M, ®,, and F are all known, F;.
can be easily calculated, without actually extracting the
high-order modes, as:

F,=F-Fo=F-M®, ®TF

This residual force can then be applied statically to the
structure, with the resulting displacements, forces, stresses,
and reactions representing the net response of all rigid
modes:
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When considering force spectrum analyses for loads such as
fluid hammer, relief valve, slug flow, etc., the applied load
is not a function of the system mass, so the correction is truly
a “missing force” correction.

Recommendations For Use of the Missing Mass Correc-
tion

As described above, CAESAR II implements the missing
mass correction according to the following procedure:

1) The missing mass load is calculated for each individual
shock load as:

F,=F-M®, ®,TF

Note that the load vector F represents the product of the
force set vector and the rigid DLF for force spectrum
loading. For seismic loads from uniform support
motion, F represents the product of the mass matrix,
ZPA, and directional vector for the seismic load. For
seismic loads from Independent Support Motion (ISM)

at the frequency of the last extracted mode, it is recom-
mended that the user extract modes up to, but not far beyond,
a recognized “rigid” frequency. Choosing a cutoff fre-
quency to the left of (and therefore below) the spectrum’s
resonant peak will provide a non-conservative result, since
resonant responses may be missed. Using a cutoff fre-
quency to the right of the peak, but still in the resonant range,
will yield conservative results, since the ZPA/rigid DLF
will be overestimated. Extracting a large number of rigid
modes for calculation of the dynamic response may be
conservative, since all available modal combination meth-
ods (SRSS, GROUP, ABS, etc.) give conservative results
versus the algebraic combination method (implicit in the
missing mass correction) which more accurately represents
the net response of the rigid modes. Figure 2 shows one
appropriate and several inappropriate cutoff points for a
typical response spectrum.
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