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ABSTRACT

This Paper describes the features of a DMAP
system called CONSPEC that implements a
conventional response-spectrum analysis in
MSC/NASTRAN. The termmn "conventional” refers
herein to an approach based on the
relative-motion concept and on post-processing
of a standard SOL-3 eigensolution. CONSPEC,
unlike SOL-63, obviates the need for fictitious
modelling details. It accomnodates a wide range
of damping representations. It can output
individual-mode contributions to total response
and can sort element forces/stresses. An
intermediate, but optionally stand-alone, step
in CONSPEC evaluates and outputs useful modal
measures such as participation factors,
effective masses, damping factors and mode-
truncation-effectiveness matrix. 1In effect,
CONSPEC enables the average NASTRAN-user to
realize most of his practical requirements in
response-spectrum analysis without any
artificial model augmentation and special DMAP
procedures.
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CONSPEC - A DMAP SYSTEM FOR CONVENTIONAL
RESPONSE-SPECTRUM ANALYSIS IN MSC/NASTRAN

1.0 INTRODUCTION

Response Spectrum Analysis (ie., RSA) represents a popular approach
to the evaluation of the dynamic response of structures subjected to
base-motion excitation. MSC/NASTRAN, the widely-used finite-element
program (1), offers the RSA-capability as part of its SOLUTION 63 and
bases it on the Large-Mass concept. From the standpoint of the
average user, the SOL-63 implementation is circumscribed by certain
disadvantages as outlined below:-

(a)

(b)

(c)

(@)

(e)

(£)

(g)

(h

SOL-63, a solution sequence couched in terms of
superelement and data-base logic, is less conventional and
friendly than SOL-3, a Rigid Format.

Even before launching on a mode-extraction analysis, the
user needs to decide if RSA would be a requirement. This
decision has a tangible bearing on the modelling details.

If RSA is required, the model has to be augmented with
certain fictitious items, viz, an RBE-type rigid element
that reduces the base to a single grid-point, CMASS2-type
large masses to be placed at the excited degrees of freedom
and SUPORT-type restraints replacing SPC's at the excited
DOF's.

On the EIGR card, the MASS option becomes mandatory for
eigenvector normalizatiorn.

The artificial zero-frequency modes mandated by the large
masses are an inconvenience. And there is the real danger
of eigensolution inaccuracy if the GIV or KGIV method is
employed with large masses.

Replacing SPC with SUPORT leads to incorrect output for
SPCFORCE reactions.

SOL-63, if un-ALTERed, does not provide for the use of
uniform mass damping or strain-energy-weighted Composite
Damping in response computation. Nor does it output
individual modal contributions to the total response.
Again, SOL-63 needs an ALTER for sorting element output on
the basis of magnitude.

The calculation of modal parameters like participation
factors, effective masses and damping factors (which are
useful criteria for assessing the relative importance of
modes) is unnecessarily tied to the mechanics of setting up
the RSA model.



There exists, therefore, the need for an alternative set-up that
would obviate the aforesaid difficulties and reduce RSA to a simple
post-processing operation on the results of the traditional SOL-3
mode extraction. The present work aims to fulfill this need and
thereby make MSC/NASTRAN mirror the RSA implementation of other
systems like STARDYNE (2). The work presents a system named CONSPEC,
consisting of two programs called CONMAIN and CONLOAD. These are
written in the DMAP language of NASTRAN (3,4) and are founded on the
Relative-Motion approach rather than the Large-Mass concept. Like
SOL-63, CONSPEC deals only with the case of uniform motion of the
base points. CONSPEC is fully documented in Reference (5).

2.0 ANALYSIS STEPS

Response Spectrum Analysis -via CONSPEC is conveniently carried out in
three steps as outlined below and shown in Figure 1.

2.1 STEP-A : MODE EXTRACTION

This is a conventional eigensolution run via SOL-3. The run should
be Checkpointed. MPC's, SPC's and, if meaningful, SUPORT's are
employed as usual. Displacement Co-ordinate Systems are assigned to
grid-points as desired. In particular, the Displacement Systems
associated with SPC'ed grid-points may be different from (a) one
another, (b) the Basic System and (c) the System associated with the
Ground Excitation that may be applied in Step-B and Step-C. No
fictitious model augmentation is introduced just for the sake of
RSA. As noted in Section 6.4, there is a restriction on the use of
scalar points (SPOINT) in the model. The degrees of freedom at which
the structure is joined to the implied Ground are placed on SPC
cards. As noted in Section 3.0, certain G-set damping matrices may
be generated in this step, if so desired. Coupled Mass and
Generalized Dynamic Reduction are fully valid options. Eigenvectors
may be normalized via any of the three methods, viz., MAX, MASS and
POINT. In effect, there is little that is special about this step.

2.2 STEP-B : MAIN RESPONSE-SPECTRUM ANALYSIS

In this step, a Restart is performed from SOL-3 of Step-A into the
DMAP program CONMAIN. The Restart is initiated with the OPTP and
Checkpoint Dictionary of Step-A.

Damping may be changed or newly introduced as discussed in
Section 3.0. A single set of output requests is entered above the
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Subcase-level so that it would govern both the normalized
eigensolution and the seismic response. Seismic spectra are

specified, the base is identified, modes are selected for response
calculations and summation rules are defined.

Step-B carries out a sequence of FOUR Tasks as follows:-
Task-1l: Process damping data.

Task-2: Calculate normalized values for a Master Set of
node-and-element output variables, based on a
selected set of eigenvectors and a set of
above-Subcase case-control output requests.

Task-3: Compute the modal parameters of Section 4.0, using
tpe selected modes and a specified Ground grid-point.

Task-4: Perform a complete Response Spectrum Analysis for a
set of Subcases that define (a) Loads and/or
(b) Modal Summation Rules.

The results of all but Task-4 are written to the Data-Base file
DBO1, for a possible restart in Step-C. The user decides which of
these Tasks are to be performed in a given run and controls his
input accordingly. Many independent executions of Step-B may be
made using the same OPTP.

The compiled DMAP sequence of CONMAIN is listed in Appendix A.

STEP-C : DATA-BASE RESTART FOR NEW SUBCASES

This step is purely optional and represents a continuation of
Step-B. It restarts from the Data-Base file DBOl1 created in
Step-B and executes the DMAP program called CONLOAD. The latter
is essentially a small subset of CONMAIN used in Step-B.

Step-C isolates Task-4 described under Step-B and executes it for
additional new Subcases defining (a) new Excitation Spectra

{(b) new Modal Summation Rules and/or (c) altered Output Requests.
There are two conditions attached to Step-C. The damping,
mode-selection and modal parameters occurring in Step-B hold good
in Step-C and cannot be changed. Also, a physical-response
variable for which output is sought in Step-C must have already
appeared in the Master Set of Step-B. Should the above conditions
not be applicable in a given situation, the user may simply resort
to a new Step-B execution. Conversely, when the conditions are
satisfied, the user is free to perform under Step-B only its first
three Tasks and then switch to one or more executions of Step-C
for Task-4 processing of all of his Subcases.

The compiled DMAP sequence of CONLOAD is listed in Reference 5.
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DAMPING REPRESENTATION

CONSPEC not only admits all the forms of damping catered to by
SOL-63, but also provides for additional types. The full range of
damping representation available in CONSPEC is summarized below.
It may be noted that RSA is predicated on the implicit assumption
that modal damping is uncoupled. The matrix suffixes used in the
following echo those in section 1.6 of Reference (3).

TYPE (1) : ORDINARY MODAL DAMPING

The modal damping matrix C is diagonal in this case, with the rth
diagonal given by,

o= zqnwnm’s

n
where, G is the Damping Factor of the rth mode as specified on
SDAMP/TABDMP1 cards and m™ and W are the Generalized Mass and
Circular Frequency respectively.

TYPE (2) : RAYLEIGH DAMPING

The damping matrix B is assumed to be given by,
E = (G / W3) 5 + (( GMASS ) x ( W3MASS )) M

where K and M are the stiffness and mass matrices respectively.
The resulting modal damping matrix C is diagonal, with C defined
as shown in Section 3.3.

G, W3, GMASS and W3MASS are scalar parameters specified on PARAM
cards. They are discussed in Section 5.0.

This form leads to the following modal Damping Factor:-

Qr = 1/2 (C G/ W3 ) x> + ( GMASS x W3MASS ) / @ )

Qr is the circular frequency of the rth mode.

TYPE (3) : COMPOSITE MODAL MATERIAL DAMPING

This form is specified via the following:-

'GE' entry on MATi cards
PARAM, W4, 1.0 card
PARAM, NOBCOM, 1 card



The resulting modal Damping Factor is given by

§ = v2c /(o xo xp')

where

h
mr: Generalized Mass of rt mode
®0°: Circular Frequency of rth mode

cr: the rth diagonal of matrix c

c = 2TB2
B = K428
4gg, : . .
K : Damping Matrix based on MATi cards
Z : Modal Matrix

The parameters WA and NOBCOM are discussed in Section 5.0.

To emphasize that this composite damping is derived by weighting
element damping by the fraction of modal strain energy carried by
the element, we may also express q” in the following alternative
form: - '

r ]

¢ =3 (28, 5>/ (2 E")

where

th th
qf : Strain Energy of the i element in the r mode.

TYPE (4) : ORDINARY MATERIAL DAMPING

This form is specified via the 'GE' entry on MATi material cards,
scaled by a factor W4 entered on a PARAM card. It leads to a
modal Damping Factor given by

qr = w27 (nf xQ")

where the symbols have the same meaning as in Type (3), except
that matrix B is now given by,

4
B = K58 /ua
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TYPE (5) : G-SET VISCOUS DAMPING

This type is specified via the following cards:-

1
CVISC, CDAMPi cards (yielding B BE matrix)
2
B2GG on DMIG cards (yielding B BB matrix)
PARAM, W4BGG card

The resulting modal Damping Factor is of the forin shown under Type
(4), except that matrix B is now given by,

88 2258

B = (WABGG ) x ( B )

The W4BGG parameter is discussed in Section 5.0.

TYPE (6) : P-SET VISCOUS DAMPING

This type is specified as B2PP on DMIG cards, setting up a matrix
B2PP.

The resulting modal Damping Factor is again as shown under Type
(4), except that matrix B is now given by,

2
B - pP

ADDITIONAL REMARKS ON DAMPING

Though sc many different forms of damping are permitted, the user
assumes the responsibility for avoiding duplication. All except
Type (3) are additive when applied simultaneously. Type (3)
cannot be combined with the others. Types (1), (2) and (6) can be
introduced only in Step-B of the analysis.

Damping Types (3) and (4) are based on MATi material cards which
are crucial to the definition of the finite-element model in
Step-A itself. 1In view of this, CONSPEC provides for ample
flexibility in regard to the stage at which damping of Types (3)
and (4) may be specified. The user may specify 'GE' on MATi cards
in Step-A and the resulting 5485 may be either used or discarded
in Step-B at will. In another scheme, the K488 of Step-A, if
any, may be replaced by a new 5485 to be created in Step-B based
on a revised set of MATi cards. The parameters NEWK4GG and W4
control these choices. If the MATi cards are revised in Step-B,
the revision affects only material damping. Stiffness, mass,
frequencies, modes and other damping are all left unaffected.
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Damping Type (5) may be specified either in step -A or Step-B. 1If
specified in Step-A, the resulting B-matrix may be either used or
discarded in Step-B at will.In another scheme, the B-matrix of
Step-A, if any, may be replaced by a new B-matrix to be created in
Step-B based on a revised set of CVISC, CDAMPi and B2GG-DMIG
cards. The parameters NEWBGG and W4BGG control these choices. It
should be noted that BISS and BZBS are considered as an

integral unit for the purpose of specification, creation and
manipulation. It is recommended that Type (5) damping, if
required, be introduced in Step-B. In the normal course, BZBS

and BZPP serve the same purpose and only one or the other need

be employed

While defining damping in Step-B, the user should ensure that no
new grid or scalar point is introduced into the model.

In damping Types (4), (5) and (6), the off-diagonal terms of
matrix ¢ are arbitrarily discarded so as to suit response-spectrum
analysis. In Type-(3), the off-diagonals of C are discarded based
on a3 heuristic energy-related reasonxng Types (1) and (3) are
the most popular forms of damping in response-spectrum
calculations.

CONSPEC follows standard practice in that it ignores the
contribution, if any, of damping to the effective load-vector on
the right-hand side of the equations of motion. That is, Mass
Participation Factors are not supplemented by any Damping
Participation Factors.

COMPUTED MODAL PARAMETERS

An intermediate phase in CONMAIN deals with the computation of
certain modal parameters. These parameters are defined below.

Let M be the mass matrix of size g x g. Let Z be the modal matrix
of size g x h, where h is the number of modes for which the modal
parameters are desired.

Let H be the h x h diagonal matrix of generalized masses, given
by,

T
Bo-zHz

Let D be the g x 6 matrix of rigid-body motions of the structure
referred to unit motions in the six degrees of freedom of a single
grid-point representing the ground.
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The h x 6 matrix Q of Participation Factors is given by,
Q = Wl @Tup)

The h x 6 matrix R of Effective Modal Masses is given by,
R=H(Q*Q)'

- ~ o~ e

where '*' indicates term-by-term scalar multiplication.

If the D-matrix represents stress-free motion, it follows that the
strain energy of the structure due to D is zero. CONMAIN computes

the 6 x 6 strain-energy matrix U defined by,

U =

o

TKB’

where K is the g x g stiffness matrix of the structure. This
should normally be a (null) matrix of computational zero's. The
program proceeds further regardless of the merits of U. The user
is required to judge U for himself. -

In assessing whether all the important modes have been included in
response evaluation, some analysts find it useful to employ a
heuristic matrix-measure Y (of size g x 6) defined by:-

9
: D

1= <
1< I

where ':' indicates term-by-term scalar division. Y may be
loosely termed the mode-truncation-effectiveness matrix. The user
compares the translational components of Y with unity as a check
on mode-truncation. CONSPEC computes Y at user's option.

If any of the damping mechanisms of Section 3.0 are present,
CONMAIN computes the resulting modal Damping Factors,gf; for the
selected modes.

INPUT PARAMETERS ON PARAM CARDS

In employing CONSPEC, the user may need to input certain real or
integer parameters on PARAM cards. The meaning of these
parameters is summarized herein. It is assumed that the user
refrains from entering these parameters in Step-A, inasmuch as
they are relevant only in Step-B and/or Step-C. Some of the
parameters are borrowed from Standard MSC/NASTRAN, while others
are special to CONSPEC. Unless explicitly stated otherwise, the
parameters to be discussed here may be input only in the Bulk Data
deck. The Tasks to which the parameters are pertinent are
identified within parentheses.
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OPTION, CLOSE (Task-4)

These parameters control modal summation and are
discussed in Reference (1). They are input in
Step-B and/or Step-C and can be changed between the
Steps. They may be entered in either Bulk Data or
Case Control. 1In Case Control, they may be changed
from one Subcase to another.

GROUND, NEWGRID (Task-3)

These parameters are optional and serve to identify
a chosen grid-point as the base to be excited.

They are explained in Section 6.0. They are input
in Step-B.

HFREQ, LFREQ, LMODES (Tasks 2, 3, 4)

These parameters, together with the optional OFREQ
case-control card, specify the selection of modes
for response calculation. They are discussed in
Reference (1). They are entered in Step-B.

G, W3, GMASS, W3MASS (Task-1)

These parameters are used in the specification of
damping Type (2), i.e., Rayleigh Damping. G and W3
control uniform stiffness damping. They are
discussed in Reference (3). The default value of
W3 is 0.0, implying the absence of stiffness
damping. GMASS and W3MASS are special to CONSPEC
and they control uniform mass damping.These two
parameters are real numbers and carry the default
value of zero. The only purpose in specifying them
as two separate parameters entering a simple
product is to render GMASS dimensionless and to
make mass damping look akin to stiffness damping.
The four parameters of Rayleigh Damping are entered
in Step-B of the analysis.

NOBCOM, W4 (Task-1)

These two parameters deal with element material
damping as it enters Types (3) and (4) of Section
3.0. W4 is discussed in Section 1.6 of Reference
3. NOBCOM is an integer parameter introduced in
CONSPEC. The two parameters are entered in
Step-B. The following are the valid options:-

(a) NOBCOM = -1 (default)
W4 = 0.0 (default)

This means that damping of Types (3) and (4)
is treated as non-existent, even if the MATi
cards had non-zero 'GE' entries.
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(b) NOBCOM = 1
W4 = 1.0

This means that MATi damping would be
treated as Type-(3), i.e., as composite
modal damping.

(¢) NOBCOM = -1 (default)
W4 ¢ 0.0, positive real number.

This means that MATi damping is treated as
Type-(4) damping.

NEWKAGG (Task-1)

This parameter controls damping Types (3) and (4).
It assumes one of two values, viz., - 1 (default)
and 1. The default implies that the MATi cards of
Step-A carry the correct 'GE' entries and that
therefore their damping contribution, if any, need
not be recomputed in Step-B. A value of 'l' means
that the 'GE' entries on MATi cards of Step-A are
replaced by those of Step-B and that therefore MATi
damping should be recomputed. This parameter is
entered in Step-B. It is simply for convenience
and efficiency in the context where the user wants
to introduce or modify MATi damping in Step-B at
will, without having perforce to go back to
Step-A. Parameters NOBCOM and W4 are relevant
regardless of the value of NEWKA4GG.

W4BGG (Task-1)

This is a real parameter that may be entered in
Step-B. It is a scale factor on Type-(5) damping,
with a default value of 0.0. The default value
deactivates Type-(5) damping for response analysis,
regardless of whether the damping has been created
in Step-A or Step-B. Thus, W4BGG plays essentially
the same role in Type-(5) damping that W4 plays in
Types (3) and (4).

NEWBGG (Task-1)

This integer parameter functions in the same way as
NEWK4GG discussed above, except that it controls
Type-(5) damping instead of Types (3) and (4).
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NOIMR (Task-4)

This parameter assumes one of two values, viz., - 1
(default) and 1. The former indicates that the
individual contributions of the selected modes to
the total physical responses are not required as an
output. A value of '1' implies that, in addition
to the total responses, the individual modal
contributions should also be computed separately
and printed. This parameter is entered in Step-B
and/or Step-C and can be changed between the two
Steps. It may be input in either Bulk Data or Case
Control. 1In Case Control, it may be changed from
one Subcase to another.

PRTDRUG (Task-3)

This optional parameter assumes one of two values,
viz., - 1 (default) and 1. It is entered in Step-B.
The default value means that the pseudo-static
matrix D of Section 4.0 (size g x 6) will not be
printed. A value of '1° helps printlg.

PREIGED, PREIGES (Task-4)

These integer parameters are optional and control
the printing of the master set of normalized
eigensolution output data-blocks created in Task-2
of Step-B and stored on DBOl. They may be entered
in Step-B and/or Step-C. Both have the default
value of -~ 1, which means that the eigensolution
output are not printed by CONSPEC. If PREIGED = 1,
the eigensolution Displacements and SPCFORCES are
printed. If PREIGES = 1, the eigensolution
ELFORCES and ELSTRESSES are printed. These data
must have been created in Step-B with case-control
requests.

OLDF, OLDS, NEWF, NEWS, NUMF, NUMS, BIGEF, BIGES
{Task-4)

These eight parameters govern the generation and
printing of sorted/filtered output for ELFORCE and
ELSTRESS requests. They are explained in Section
10.0. They may be entered in Step-B and/or Step-C.

PHICARE, PHIFILT

These parameters are optional and entered in
Step-B. They govern the evaluation and printing of
the mode-truncation- effectiveness matrix Y of
Section 4.0,
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The integer parameter PHICARE assumes one of two
values, viz., -1 and 1. The former is the default
and makes the program skip the computation and
printing of Y. The value of '1’ activates these
operations.

PHIFILT is a positive real number with a default
value of zero. Only those terms of Y will be
printed that are greater than or equal to PHIFILT.
The user may, for example, specify a fraction
approaching unity, say, 0.9.

IDENTIFICATION OF BASE

The base-excitation is visualized as acting at a single
grid-point, called GROUND, representing the entire base. This
grid-point serves only two purposes. First, the directions of the
displacement components at GROUND identify the directions of the
base-excitation components. Secondly, if rotational excitation is
present, GROUND serves as the reference point about which the
rotation is presumed to occur, i.e., the centre of rotation.
GROUND may or may not be a part of the actual elastic structure
modelled in Step-A. And, no artificial element-connectivity is
needed at GROUND. The user specifies GROUND in Step-B of the
analysis, using one of the options stated below.

OPTION-(i) : DEFAULT GROUND

In this option, the user accepts the program default, which
identifies the Basic Origin as GROUND and the Basic Cartesian
System as the System used to specify the components of Ground
Excitation. Rotational excitation, if present, occurs about the
Basic Axes through the Basic Origin. No user-input is needed for
this option.

OPTION-(ii) : EXISTING GRID-POINT

Here, the user chocses a convenient grid-point Gl from the
structure of Step-A as the GROUND. He enters the following
bulk-data cards:-

PARAM, GROUND, G1
USET, Ul, Gl, 123456

In the above, the only variable is Gl, which is the ID of an
existing grid-point chosen by the user. All the other items on
the above two cards must be entered as shown. The Displacement
System at Gl defines the System for Ground Excitation.
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OPTION-(iii) : NEW GRID-POINT

This is the most general of the available options. The user
chooses to add a new grid-point Gl to the model and identifies
that as the GROUND. He accomplishes this objective with the
following bulk-data cards:-

PARAM, GROUND, G1

USET, Ul, Gl, 123456

PARAM, NEWGRID, 1

GRID, G1, CP, X1, X2, X3, CD
CORDij, CP, ... etc. (optional)
CORDij, CD, ... etc. (optional)
(Example of CORDij : CORD2R)

In the above, Gl is the ID of a new grid-point. Gl is located by
the standard GRID card. CP and CD are identifiers of co-ordinate
systems, which may be defined, if necessary, with new CORDij
cards. CD should be the co-ordinate system associated with the
Ground Excitation. The NEWGRID parameter, with a value of '1°
signals to the program that a new grid-point is being added in
Step-B. It should be noted that this is the only context in which
a new grid-point may be entered into CONSPEC.

AN TIMPLIED LIMITATION ON SCALAR POINTS

The pseudo-static D-matrix of Section 4.0 is basically created
from the geometric locations of the grid-points of the Step-A
model, relative to the GROUND. The effect of MPC's is also
additionally accounted for. But, unlike in SOL-63, no stiffness
properties are utilized. This procedure introduces a limitation
on the use of SPOINT's in the Step-A model, because SPOINT's have
no physical location.

The limitation is stated as follows:-

"If an SPOINT has associated non-zero mass in the G-set
mass matrix, then it must also be a degree of freedom that
is either SPC'ed or rendered dependent on grid-point
degrees of freedom via one or more MPC equations.”

SPOINT's that have no G-set mass terms do not affect the Mass
Participation matrix Q of Section 4.0. Hence, there is no
limitation on their use, though they do, in principle, render the
D-matrix and the diagnostic U and Y matrices partially
inaccurate. The SPOINT's introduced in Generalized Dynamic
Reduction are free of limitation because they are associated only
with zero terms in both the G-set stiffness matrix and the G-set
mass matrix.

In practice, the above limitation is no more than a minor
inconvenience. Many real-life models have no need at all for
SPOINTI's, except in the aforesaid context of Dynamic Reduction.
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In most instances, SPOINT's can be replaced by grid-point degrees
of freedom in the model-definition phase. It should also be noted

that few finite-element programs accommodate the special concept
of SPOINT's. NASTRAN is perhaps the only exception.

SPECIFICATION OF BASE-EXCITATION SPECTRA

The shock loading at the base is specified in terms of Response
Spectra. CONSPEC expects that there are six excitations, one for
each degree of freedom at the point 'GROUND' that implicitly
represents the entire base. Loading input is valid both in Step-B
and in Step-C.

A load Case is defined in the Bulk Data by a set of three
card-types, viz., DLOAD, DTI-SPECSEL and TABLEDl. These cards are
explained in Reference (1). The card formats are symbolically
stated below in free-format:-

DLOAD, SID, S, S1, L1, s2, L2, S3, L3, +DL1
+DL1, S4, L4, S5, LS, S6, L6
etc. etc. (additional DLOAD cards with different SID's)

DTI, SPECSEL, RECNO,, TYPE, TID1, ZETAl, TID2, ZETA2, +SPl
+SP1, TID3, ZETA3, ...etc.
etc. etc. (additional cards with different RECNO's)

TABLED1, TID1,.,,,,,.+TBl
+TBl1, X1, Y1, X2, Y2, X3, Y3, X4, Y4, +TB2
+TB2, X5, Y5, etc., etc., ENDT

etc. etc. (additional cards with different TID's)

Each DLOAD card defines a Load Case, with a set-ID of SID. A Load
Case specifies an overall Scale Factor 'S' and six (SI, LI) pairs
corresponding to the six excitations. L1 is the RECNO of the
Spectra Record to be applied as excitation at displacement
component '1l' of the base. (The components are ordered from 1 to
6.) S1 is the individual Scale Factor (i.e., multiplier) to be
applied to the amplitudes defined by the Curves of L1. Even when
there is no excitation in a certain displacement component, the
associated (SI, LI) must still be entered, with SI=0.0 and LI any
available Spectra Record.

Once various Load Cases have been defined in the Bulk Data, they
may be selected in the Case Control via the DLOAD = SID
specification. Also, by means of the Subcase structure in Case
Control, many Load Cases may be solved for in one execution of
Step-B or one execution of Step-C.
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MODAL SUMMATION RULES

Parameters OPTION and CLOSE of Section 5.0 govern directional and
modal summation and are fully explained in Reference (1). These
parameters together with the NOIMR parameter introduced in this
work would, for convenience, be collectively called the Modal
Summation Rules. The Summation Rules are processed at the stage
when Load Cases are processed. The former may be varied via both
the Subcase structure in Case Control and the Step-C restart, in
the same way as the latter.

OUTPUT REQUESTS

Some of the output data from the three-step analysis are
automatically printed, while others are generated/printed based on
user request. This section summarizes the latter.

The output requests in Step-A follow standard practice in SOL-3.
They have no impact on CONSPEC, except that only those frequencies
and A-set eigenvectors that are determined in Step-A (READ module)
are available for response calculations in the succeeding steps.

In Step-B, one set of SORT1 output requests, known as the Master
Set, is placed above the Subcase level. The items that may be
requested are:- DISPLACEMENT, VELOCITY, ACCELERATION, SPCFORCE,
ELFORCE, and ELSTRESS. All except Velocity and Acceleration apply
to the Normalized Eigensolution as well as the Dynamic Responses
under all of the Subcases. Velocity and Acceleration requests
apply only to the Dynamic Responses. The printing of the
Normalized Eigensolution output is controlled by the PREIGED and
PREIGES parameters. The standard Dynamic Responses are of the
Sumined-Mode kind, with ELFORCE and ELSTRESS output presented in
order of increasing element numbers. However, Individual-Mode
Responses may be generated and printed by the use of the parameter
NOIMR. Further, ELFORCE and ELSTRESS output in the Summed-Mode
Response cases may be sorted/filtered on the basis of magnitude by
the use of the options discussed in Section 10.0. The user may
request printing of matrices D and ¥ of Section 4.0 by exercising
the parameters PRTDRUG, PHICARE and PHIFILT of Section 5.0.

Step-C output requests are similar to the Step-B requests
described above, with some exceptions to be stated here. The
output requests in Step-C may be placed above the Subcase level or
within Subcases. If within Subcases, they may be varied from one
Subcase to the next. However, as noted in Section 2.3, the Step-C
requests may not call for output items that were not already part
of the above-Subcase Master Set of Step-B. For instance, if the
ELFORCE of element 32 is required in Step-C, it must also have
been requested in Step-B.

Ply-stresses in laminated composite shell elements are not, at
present, available as output.
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SORTING/FILTERING OF ELEMENT-RESPONSE OUTPUT

CONSPEC provides the user with the option of obtaining
element-response output, viz., ELFORCE and ELSTRESS, in a
sorted/filtered form. The standard unsorted form orders element
output by element number. In the sorted form, element output is
ordered by the descending magnitude of a response quantity. Both
forms may requested in a given instance.

There are eight parameters and one DTI-table that may be specified
in implementing element-output sorting. The sorting option is
available in Step-B and/or Step-C. The DTI-table may appear only
in the bulk-data. The parameters may be entered in the bulk-data
or under case-control Subcases. The names of parameters
associated with ELFORCE end with the letter 'F' and those related
to ELSTRESS end with the letter 'S'. The sorting option is
considered expensive for large amounts of data. ELFORCE/ELSTRESS
requests must be present in case-control to provide the output
data for sorting. Filtering, with or without sorting, is
available as an option, so that printout may be obtained only for
elements sustaining stresses (or forces) above a specified value.
CONSPEC allows sorting/filtering only for summed-mode responses
and not for individual-mode responses or normalized eigensolution
data. The sorting/filtering takes place independently for each
element-type in the model.

Parameters OLDF and OLDS control the printing of the standard
unsorted forim. The default value of zero prints the unsorted
form, whereas a value of '-1' would suppress printing.

Parameters NEWF and NEWS control the generation and printing of
the new sorted/filtered form. The default value of '-1' bypasses
sorting/filtering. A value of 'l' would generate and print the
sorted/filtered form.

Parameters NUMF and BIGEF have the default values of '-2' and 0.0
respectively. They have the following meaning in the
sorting/filtering process:-

(a) If NUMF = -2, all elements with ELFORCE 2 BIGEF are
printed. Thus BIGEF acts as a filter and no
sorting by magnitude takes place.

(b) " If NUMF = -1, sorting by magnitude occurs and all
elements with ELFORCE 3 BIGEF are printed in the
sorted order.

(c) If NUMF = N, a positive integer, N elements at the
top of the sorted order for each element-type are
printed. BIGEF is irrelevant in this case.
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Parameters NUMS and BIGES control ELSTRESS output in the same way
as NUMF and BIGEF control ELFORCE output.

As stated above, sorting orders the element output, on the basis
of the descending magnitude of a response-quantity serving as the
key. There is a default key associated with each element-type in
the NASTRAN element library. However, the user may change the key
by entering the DTI-SORTKEY input-table in the bulk-data. The
first record of the DTI-SORTKEY table specifies ELSTRESS sort-keys
and the second record ELFORCE sort-keys.

SUMMARY OF INPUT DATA

A summary of the input data for each of the three steps of
analysis is presented in this section. It is self-evident that
Task-4 of CONSPEC may be executed only if Tasks 1-3 have been
completed in Step-B.

STEP-A_INPUT DATA

Step-A is a standard SOL-3 run. Hence the usual input data are
applicable. Special input items are highlighted below.

(i) Executive Control
CHKPNT YES

(ii)  Case Control
B2GG Damping may be selected.

(iii)  Bulk Data
Some forms of damping may optionally be introduced as
noted in Section 3.0. The EIGR card should generate
at least as many frequencies and modes as would be
needed in the response analysis.

(iv)  Job Control
NPTP and Checkpoint Dictionary are saved for
subsequent Restart in Step-B.

Step-B INPUT DATA

Step-B is a Restart from SOL-3 of Step-A into the CONMAIN DMAP
program. The input structure is outlined below.

(1) Executive Control

CONMAIN DMAP sequence (plus REENTER card)

Restart Dictionary from Step-A



(ii)

(iii)

(iv)

Case Control

Eigensolution/Response Output Requests, if any
(Tasks 2, 4)

OFREQ Mode Selection, if any (Tasks 2, 3)

B2GG, B2PP Damping Selection, if any (Task-1)

SDAMP Damping Selection, if any (Task-1)

DLOAD Load Selections, if any (Task-4)

PARAM cards of Modal Summation Rule, if any (Task-4)
PARAM cards of element-output sorting, if any (Task-4)
All of the above except the DLOAD and PARAM cards must
appear above the Subcase-level. The Output Requests
are explained in Section 9.0. Subcases may be defined
for various DLOAD selections and PARAM specifications.
Bulk Data

PARAM cards to define the parameters of Section 5.0.

Ground identification cards, if any (Sectioh 6.0;
Task-3).

Different forms of damping may be entered as noted in
Section 3.0 (Task-1).

DLOAD cards, if any, to specify Multipliers and Record
Numbers for Input Shock Spectra (Task-4).

DTI, SPECSEL cards, if any, to identify Spectra
Records (Task-4).

TABLED1 cards, if any, to specify Spectra Curves
(Task-4).

DTI, SORTKEY cards, if any, to specify sort-keys for
element-output sorting (Section 10.0; Task-4)

Job Control
OPTP and Restart Dictionary are retrieved from

Step-A. Data-Base DBOl is optionally saved for
possible continuation into Step-C.
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STEP-C _INPUT DATA

Step-C represents a continuation of Step-B and executes only
Task-4 via the CONLOAD auxiliary program. The input structure is
outlined below.

(1) Executive Control

CONLOAD DMAP sequence

(ii)  Case Control
Responsg Output Requests
DLOAD Load Selections
PARAM cards of Modal Summation Rule, if any.
PARAM cards of element-output sorting, if any.
The above may be grouped under various Subcases as
desired. However, Output Requests may not exceed
the ambit of the Master Set of Step-B, as explained
in Section 9.0.

(iii)  Bulk Data
PARAM cards of Modal Summation Rule, if any.
PARAM cards of element-output sorting, if any.
DLOAD cards.
DTI, SPECSEL cards.

TABLED]1 cards.

DT1, SORTKEY cards, if any, for element-output
sorting.

The above bulk data must be complete in the current
deck, with no inferred association with similiar
cards of Step-B.

(iv) Job Control

The Data-Base file DB0Ol must be retrieved from
Step-B.



12.0  JLLUSTRATIVE ANALYSIS

A simple, parabolic arch lying in the XY-plane is taken as the
basic structure to be snalyzed (Figure 2). It is pinned to ground
at both ends and subjected to base accelerations along X and Y.
The model consists of 5 GRID-points and 4 BAR elements. Damping
is taken to be of Type (3). The response analysis considers the
first three modes, the natural frequencies of the latter being
11.7 Hz., 24.7 Hz. and 66.9 Hz. These modes essentially represent
transverse bending only. Appendix B presents three input decks
illustrating the three Steps (A, B and C) of the analysis. The
example simply serves to highlight the features of CONSPEC. It
does not necessarily portray a realistic situation. The following
remarks supplement the comments in the decks.

12.1 DECK-1 : MODE EXTRACTION IN STEP-A

This is a Step-A SOL-3 run for mode extraction. The MATi cards
happen to include material damping coefficients. The pinned-end
boundary conditions are specified with the usual SPC cards (and
not as SUPORT). The default lumped-mass option is accepted. For
mode extraction, Generalized Dynamic Reduction is employed with
six generalized co-ordinates. The MGIV method is chosen for
eigensolution, along with MASS normalization. The latter is not
mandatory. Four modes are determined. The OPTP and Dictionary
are saved.

A = 0.785 in.
= 0.049 in.
0.049 in.

& > 2N

0.098 in.
10. x 106 psi

=2.6x10 " 1 - sec2/in.*

w oW W oM
"

FIGURE 2 : SHALLOW ARCH EXAMPLE
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12.2  DECK-2 : SEISMIC RESPONSE IN STEP-B

This is a STEP-B CONMAIN run for the seismic response of the arch
under X- and Y- accelerations of the base applied simultaneously
as one Subcase. Type-3 material damping is employed. However, as
an option, the KAGG of OPTP is discarded and a new
material-damping matrix is created based on new MAT1 cards. The
latter bear revised GE-entries and explicitly replace the MAT1
cards of OPTP. Revising the MAT1 cards has the sole effect of
regenerating damping matrices, with no side-effect on the modes
and frequencies already determined. (A similar procedure is
applicable to TYPE-4 and TYPE-5 damping.)

A single group of output requests is entered above the Subcase
level. This is all that Step-B allows. (There may, of course, be
many Subcases for solution in Step-B.)

Deck-2 illustrates the mechanics of explicitly identifying the
GROUND. Option-(iii) described in Section 6.3 is utilized. Thus,
a new grid-point (ID = 99) is located and the GROUND Excitation
Co-ordinate System is taken to be different from the Basic system.

Optional parameters are exercised to (a) print the pseudo-static
D-matrix (b) compute and print the filtered terms of the Y-matrix
(¢) print normalized eigensolution output for nodes and elements
and (d) compute and print the individual-mode contributions to
total response.

As required, the DLOAD bulk-data card contains a multiplier for
each of the six directions of excitation, though only two are
non-zero. Y-excitation occurs via Record 6 calling on Tables 11
and 12. X-excitation occurs via Record 9 calling on Tables 13 and
14.

If no output requests exist in the case-control and no
spectra-input is present, CONSPEC will simply execute Tasks 1 and

3 for the selected damping, modes and GROUND. Thus, the user may
assess his modal parameters without performing a response analysis.

If spectra-input is withheld in Step-B, only Tasks 1, 2 and 3 are
completed. The user may then conveniently enter all of his
Subcases in Step-C for the execution of Task-4.

The Data-Base file DBO1l may be saved for possible restarts into
Step-C. '

12.3 DECK 3 : SEISMIC RESPONSE IN STEP-C
This is a Step-C CONLOAD run for seismic response under two new

excitation Subcases. A restart is initiated from the DBO1
Data-Base file created in the Step-B run of Deck-2.
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The deck illustrates the optional use of certain parameters in
case-control rather than in bulk-data. Output requests are varied
from one Subcase to the next. Sorting of ELFORCE and ELSTRESS
output is exemplified in Subcase 2. The present choice of sorting
parameters is such as to cause printing of both the unsorted and
sorted forms of element output.

OUTPUT DETAILS

In this Section, we highlight the output items that are either
printed automatically or printed at user's request. Output
excerpts pertaining to the arch example of Section 12.0 are
presented in the Tables of Appendix C.

OUTPUT OF STEP-A

Step-A being a straight-forward SOL-3 execution, there is nothing
special about its output. Table-1 lists the SORT-ed echo of the
bulk-data. Table-2 lists the G-set degrees of freedom and the
natural frequencies of the arch. Table-3 consists of the mode
shapes requested by the user.

SPECIAL INTERMEDIATE OUTPUT IN STEP-B

Some of the output in Step-B is special to Step-B and is discussed
here. Output that is common to Step-B and Step-C is outlined in
Section 13.3.

The SORT-ed echo of the bulk-data of Deck-2 is listed in Tabhle-4.
The echo reflects the current status of the entire bulk-data
(including cards from OPTP and modifications).

Table-5 displays the modal damping matrix C of Section 3.0, under
the name BHH. The off-diagonal terms of C would of course, be
ignored in response analysis.

Table-6 displays the pseudo-static D-matrix of Section 4.0, under
the name DRUG. This output occurs only if PARAM,PRTDRUG is
exercised. Table-7 prints matrix U under the name RIGIDSE. The
largest term in U is listed under the name SUM. Table-8 presents
the modal mass-participation factors under the name PSIT. PSIT is
the transpose of Q. The effective modal masses appear as in
Table-9 under the name MEFFT which is the transpose of R.

Table-10 portrays the (filtered) mode-truncation- effectlveness
matrix Y under the name PHIQDF. The output of ¥ is controlled by
parameters PHICARE and PHIFILT. In the present instance, Y
reflects the contribution of only three modes.
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SOLUTION OUTPUT IN STEP-B AND STEP-C

The main solution output resulting from Step-B and/or Step-C
consists of nodal responses and element forces and stresses.
Parenthetically, it may be noted that the SORT-ed echo of the
bulk-data of Step-C does not include the cards of Step-A and
Step-B. In this Section, solution output common to Step-B and
Step-C is discussed.

If normalized eigensolution results are desired as output, the
parameters PREIGED and PREIGES may be exercised. This output is
of the standard form and not shown here.

Table-11 lists the frequencies and damping factors of the selected
modes under the name XFN and XZETAH respectively. Table-12
presents, under the name UHVR (1), the normal-mode
response-coefficients resulting from the combination of six
base-excitation components. Table-13 displays excerpts of the
physical responses obtained by summing the contributions of the
selected modes. This Table embodies the final results of the
analysis and is governed by case-control requests and parameter
selections. If PARAM,NOIMR equals unity, the contribution of each
mode to the summed (physical) response is printed as well, with an
appropriate heading listing the mode sequence number (MODENUM),
frequency and damping factor. This output is not shown here. The
optional sorting of element-response output is illustrated in
Table-14.

PROGRAM LIMITATIONS

There are some general limitations currently associated with
CONSPEC, as outlined below:-

(a) Only uniform base-excitation is permitted. That is,
the excitation spectra may not be different at
different points on the base.

{b) Methods of directional and modal summation are limited
to those described in Reference (1). For instance,
the Double Sum and CQC techniques are not available.

(c) No facility exists for output-plotting.

(d) No simple means exists for combining the static and
dynamic responses.

(e) Ply-stresses are not computed for laminated composite
shell elements.

(f) There is a minor limitation on the use of Scalar
Points, as noted in Section 6.4.
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(g) Superelement definition is not available.

Of the above limitations, the first five are common to SOL-63 and
CONSPEC.

CONCLUSION

CONSPEC offers an attractive alternative to SOL-63 for
response-spectrum analysis. It retains considerable flexibility
in model definition, analysis flow, damping representation,
excitation specification and output requests. It provides in a
standard form many useful options that a user of SOL-63 could
realize only with significant DMAP-ALTER effort. The salient
features of CONSPEC may be suimarized as follows:-

(a) CONSPEC functions entirely within the purview of
MSC/NASTRAN. Being a complete DMAP sequence rather
than an ALTER packet, it is relatively immune to
changes engendered by MSC/NASTRAN revisions.

(b) It uses SOL-3 (and not SOL-63) for mode extraction.
It reduces Response-Spectrum Analysis to a
post-processing operation on the output of SOL-3. The
SOL-3 step is fairly routine and independent of
whether it is to be followed by a response analysis.

(c) CONSPEC provides for six different representations of
damping, including energy-weighted material damping.
The user has considerable flexibility in introducing
or revising damping.

(d) CONSPEC may also be employed for the sole purpose of
calculating modal parameters useful in the assessment
of modes. The user simply withholds excitation input.

(e) Six components of base-excitation are allowed. The
specification of the Ground point and associated
directions is quite general.

(f) Normalized eigensolution results may be printed.

(g) SPCFORCE's in dynamic response may be requested as
meaningful output. ELFORCE/ELSTRESS results may be
sorted by magnitude. The contribution of individual
modes to the summed response may be printed.

(h) A convenient subcase structure exists for varying
loads, summation rules, output requests and sorting
options.
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ILLUSTRATIVE OUTPUT TABLES
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