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Background

Emerson Network Power manufactures sheet metal
cabinets for the telecommunications industry.

These cabinets must meet Telcordia GR-487-CORE.

*This spec requires seismic testing per GR-63-
CORE.
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Figure 5-18 Required Response Spectra

Here’s the response
spectrum specified

In GR-63CORE. Note
that it is for upper
floors.
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Some typical Emerson cabinets.




My first seismic job!
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A Typical Job:

Export midplane IGES files from ProE.

Import the components into Ansys, position them, an d connect the
components at the bolt holes with "spiders and stic ks.”

Model the chassis of each piece of equipment, and a  dd them to the
assembly. Adjust the density for each piece of equ ipment to
account for the equipment weight.

Perform a single point response spectrum analysis, using the GR-
63CORE Zone 4 response spectrum.

The Goal:

Determine if the cabinet will survive the GR-63CORE seismic test.

Note that this is not the same as surviving an eart  hquake.

Not tested vertically.

Directional components not combined.




Topics

« Whatis a Spectral Analysis?
e Mode Combination Methods.
« Damping.

 Number of Modes.
 Modeling Shortcuts.

e Reasonableness of the Solution.




What is a Spectral Analysis?

Here’s what The Fabulous Manual says:

What does all this mean?




2. Obtain the Modal Solution

/solu

antype,modal

modopt,lanb,nmode,freqb,freqe,off,off

mxpand,,,,no

solve

finish

What is a modal solution?

*This is just a basic eigenvalue/eigenvector extract  ion.

*The eigenvector is normalized to the mass matrix.

What does this give me?

A series of natural frequencies (eigenvalues), one for every DOF in the
problem.

A series of relative displacement shapes (eigenvect  ors), one for each
eigenvalue.

What does this not give me?
*Real displacements.

eStresses.




3. Obtain the Spectral Solution

/solu

antype,spectr
spopt,sprs,,yes
dmprat,damp
sed,sedx,sedy,sedz
svtype,2

freq
freq,.3,.6,2,5,15,500
sv,damp,77.28,772.8,1932,1932,618.24,618.24
stat

solve

finish

*Only valid after a modal solution exists.

*Only valid for undamped systems.
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What Goes Into a Spectral Solution?

First, the eigenvectors need to be “graded” to dete
contribution to the overall solution.

*This is done with “participation factors”.

g ={r}/ [MKD}
{D} ={og}

*The D vector describes the excitation direction.

*The eigenvector must be mass normalized:

frimfr}=1

modopt,lanb,nmode,fregb,freqge,off, off

rmine their
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Second, they need to be scaled to give them physica

meaning.

*This is done with a “mode coefficient”.

where:

W

A, = mode coefficient

S,; = spectral acceleration
@— participation factor

w = modal frequency

Zone 4 Acceleration Response Spectrum
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Third, we determine the “significance” of each mode

*This is done with a significance factor:

SF| :i
Anax

*\We will use this to reduce the number of modestoe  xpand.

Next, the mode coefficient is used to produce an
acceleration vector for each significant mode:

{r}i = ”{nA{f}u

*This is now a usable load vector.

A load is derived like this for each mode, and appl  ied and solved.
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4. Expand the modes

This means calculate stresses for the displacement
shapes.

This is a lot of crunching. The files are getting huge.

Expand only the modes with a significance factor ov
a certain value (.001 default, .1%).

Combine the modes
Several methods to use.
How do | choose one?

This is a topic unto itself.

er
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Some points to think about:

1. This is not really a dynamic analysis, but rather a bunch of
static runs that get graded and scaled and combined In
what is (hopefully) a conservative and useful way.

eigenvectors

scaled into useable loads

trivial loads removed

combined into a useful result




Some points to think about:

2.

Superposition requires a linear model. Is your

problem truly linear?

It is an idealization of an idealization.

Conservative with respect to the

linear idealization.
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Topics

What is a Spectral Analysis?
Mode Combination Methods.
Damping.

Number of Modes.

Modeling Shortcuts.

Reasonableness of the Solution.
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Modal Combination Methods

The spectral method allows us to find the maximum
displacement for each mode.

If all these modes occurred at the same time, wewo  uld add
these displacements algebraically.

But, (obviously) it is unlikely this would happen.

If we did add them algebraically, the solution woul d be
hopelessly over-conservative.

A method is needed to combine the modes in a more
realistic manner.
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Ansys has five choices for mode combination
methods:

SRSS - Square Root Sum of Squares
DSUM - Double Sum

CQC - Complete Quadratic Combination
GRP — NRC Grouping Method
NRLSUM - Naval Research Laboratory

a A 0 D Pk

All are based on this generalization of the square root of the sum of the

squares of adjacent mode shapes, as given in the An  sys theory
manual.
n n }é

R, = &RR

i=1 j=1

where @ is the coupling coefficient. The difference is in how the @
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SRSS

In our generalized square root sum of squares equat  ion, the total response is
given by:

Z_nn
R=  gRR

=6RR T 6,RR +6;RR..+ 6, RR + 6,RR, + €,.RR;....

where @ is the coupling coefficient. If two adjacent modes are closely spaced,
then & approaches 1. If they are far apart @ approaches 0. So:

n n }é
R=R+R+R..= R@®R= R

i=1
This is the classic SRSS method. Goodman, Rosenblu eth and Newmark*

showed that this is equal to the probable maximum value of the response.

Note that no test is made of mode spacing. The ass  umption is simply that the
modes are sufficiently spaced for this to be valid.

*L. E. Goodman, E. Rosenblueth, and N.M. Newmark, A Seismic Design of Elastic
Structures Founded on Firm Ground, Proceedings, ASC E, Nov. 1953.
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DSUM

If two modes were to have equal frequencies, theni  twould be proper to combine them
algebraically. In the time domain we could write:

Rt)= " R()

i=1
Then, we could define the standard deviation as fol  lows:
1 t, 1 n N Ly n n n
s?== "Rit)dt== R(t)R (t)dt= s2+ ess.
t, O t ] I <0
d d i=1 ji ¢ i=1 Y
If we assume that an earthquake is a stationary erg  odic process, the maximum response
IS given by:
R =#hs,
Then:

This is known as the Double Sum method. Note the r ight side is our generalized form.
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Where does € come from?

Rosenblueth and Elorduy* developed a method, based on random
vibration theory, to derive @, as follows:

where 5 and

W,j =W ;41 Zi?i
e

Ansys uses this method to find @ in their DSUM method.

*Note that as the two adjacent frequencies become fa  rther apart, &
approaches zero.

At that point, the Double Sum Method reduces to the SRSS method.

*E. Rosenblueth and J. Elorduy, Response of Linear Systems in Certain Transient Disturbances,
Proceedings, Fourth World Conference on Earthquake Engineering , Santiago, Chile, 1969.



CQC

Der Kiureghian* developed a method, also based onr andom
vibration theory, to derive @, as follows:

8.2,2, (zi + rzj)r%

(1- r2)2 +4zizjr(1+ r2)+ 4(zi2 +zj2)r2

where r=w/w. When this is used with the general square roots ~ um
of squares relation, it is known as Complete Quadra  tic
Combination, or CQC.

Again, note what happens when the frequencies are f  ar apart. For
w>>w,r>>1 and @ =0. So, the CQC method reduces to the
SRSS method again.

*A. Der Kiureghian, A Response Spectrum Method for Random Vibrations, Report Number UCB/EERC-
80//15,Earthquake Engineering Research Center, Univ  ersity of California, Berkeley, CA. 1980.
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CQC Caorrelation Coefficients

CQC and DSUM give
fairly similar results.
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DSUM Correlation Coefficient




Comparison of DSUM and CQC Mode
combination methods for z=.025

—— DSUM
—CQC

25

Not a lot of difference
at .025 damping ratio.




1.2

GRP

If we assume 5% damping, the
Double Sum correlation factor looks
like this.

*\When there is a 10% difference in
modes ( w/w = 1.1), @ is about 0.5.

*For frequencies within 10%, let & = 1.

*For frequencies more than 10% apart,
let g = 0.

*\When this is used with the general
square root sum of squares relation, it
Is known as the NRC Grouping
Method.

*This is essentially the SRSS method
with a test for mode spacing.

*The 5% damping and 10% limit were

arbitrarily set, and are fixed.




NRLSUM

The Naval Research Laboratory* modal summation
scheme is known as NRLSUM. It is usually used with
the DDRAM method, which is used for analysis of
shipboard equipment. | don’t work with shipboard
equipment. You're on your own here.

*O'Hara, G. J. and Belsheim, R. O., "Interim Design  Values for Shock Design of
Shipboard Equipment”, U.S. Naval Research Laborator vy, Washington D.C., NRL
Memorandum Report 1396 (1963).
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Note that DSUM, CQC, and GRP are all
modifications to SRSS to account for
eigenvalue spacing!

*All reduce to SRSS for well spaced eigenvalues.

*All reduce to an algebraic summation for equal
eigenvalues.

So, which should | use?
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600.0

Effect of Mode Combination Method on Solution Time
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500.0 -

450.0 -

400.0
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300.0 A

250.0 A

200.0
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SRSS CQC DSUM GRP

The literature describing
these methods mention
a computational burden
with DSUM and CQC.
But, there doesn’t seem
to be a significant
difference in run times.
Any computational
burden is insignificant
compared to the total
run time.




Which to use?

*SRSS is simple, but not a good choice if you have
closely spaced modes.

*CQC and DSUM work well for closely spaced modes,
and there is no significant computational (at least In
Ansys) burden.

*DSUM requires an estimate of the event duration.

*GRP handles closely grouped modes better than
SRSS, but seems a bit crude.

*Does your industry or customer favor one method ove
the other?

*When in doubt, | use CQC.
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What is a Spectral Analysis?
Mode Combination Methods.
Damping.

Number of Modes.
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Damping Is everywhere!
Except in a spectrum analysis.
Why?

Modal analysis of a damped system produces
complex eigenvectors.

*Response spectrum analysis cannot handle
complex eigenvectors.
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Is this a problem?

Damping is usually accounted for in the response
spectrum.

So, do we need damping?
*Yes. CQC and DSUM need it.

Damping is specified during the spectrum analysis w It
the DMPRAT command.

\What effect does it have?

SRSS CQC
DMPRAT f1 Sym,Max. | Uy, max fq Sym, max. | uy,, max | % change
0.0001 4.4028 685664 4.03 4.4028 685664 4.030 0.00
0.02 4.4028 685664 4.03 4.4028 685642 4.029 0.02
0.1 4.4028 685664 4.03 4.4028 685277 4.024 0.15
05 4.4028 685664 4.03 4.4028 683511 3.960 1.74




Sources of damping info.
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Pick through the
tables, and you're
bound to find

something useable.

Other Sources:
*ASME codes
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There I1s a way to account for damping in a seismic
analysis.

*You need response spectrum curves derived for diffe rent
damping ratios.

*Ansys will interpolate between them based ontheda  mping
ratio you specify (DMPRAT).

*Use multiple SV curves.

SV, DAMP, SV1, SV2 SV3 SV4 SV5 SV6 SV7, SV8 SV9
Defines spectrum values to be associated with fregocy points.
SOLUTION : Spectrum Options
MP ME ST <> <> PR <> <> <> PP ED

DAMP

Damping ratio for this response spectrum curve. Ithe same as a previously defined curve, the SV valuare added to the previous
curve. Up to four different curves may be definedeach with a different damping ratio. Damping valuesnust be input in ascending
order.




Topics

What is a Spectral Analysis?
Mode Combination Methods.
Damping.

Number of Modes.

Modeling Shortcuts.

Reasonableness of the Solution.
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Number of Modes
*There is a mode for each DOF in the system.
*That’s a lot of modes!

*Don’t have the time or disk space to calculate and
iInclude them all.

*Actually, we don’t need to.

How many should we include?
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Effective Mass

Effective mass is a value derived from the total sy  stem
energy.

Kinetic energy is given by: Ek = é mv

So that the effective mass m can found by: My, = 2E,

V2

*This assumes that you have another way of finding t he
Kinetic energy.

oEffective mass is less than the total mass because some of
the system mass is associated with restrained DOF.
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Example:

Effective Mass of a Cantilever Beam

m(X) = P(x- 1) = EIyt

P X IX? PI° 3Ely
X) = - =— R P=—Z2mx
W=g 5% YmmT3g 3
y(x) — Yimax XC - 3x% and y(X) — Yimax XC - 3x4
2 |3 2 |3
x3 - 3x?

|
KE=Jomyv' =}, o=
0

m,, =.235Mm

2
E |_m dx = }é yriaxm3%4o
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Consider:

Each mode has a certain amount of vibrational energ  y associated with it.
*Therefore, each mode has an effective mass.

*As the modes are added together, the total effectiv. e mass increases.
*And, it approaches (hopefully) the total system mas S.

. g

The effective mass of a finite element model can be found by: M = [I\/l ]{f}

If the eigenvector is mass normalized (it is!), the  n: {f}IT [|\/| ]{f} =1

Sothat:  m, :glrz

We can compare effective mass to total mass and use this to tell us
If we have included enough modes in our solution.
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How much effective mass is enough?

*Krishna Raichur, Midwest Ansys UG Meeting, Oct 2006
«Chris Wright, on Xansys:

*Eng-Tips Contributor #1.:

*Eng-Tips Contributor #2:

*Your Customer:

*Your Boss:

Is it even possible to attain these levels?

80%
70%
90%
95%

100%?

125%!
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wexxkx INDEX OF DATA SETS ON RESULTS FILE *****

SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE

Lets run the analysis and ask
for up to 100 modes under |

1 9.9441 1 1 1
2 12.243 1 2 2 . ..
325928 1 3 3 50Hz, and use a significance
4 30.072 1 4 4
5 31.305 1 5 5
531306 15 8 factor of .001.
7 35.691 1 7 7 ]
8 36.560 1 8 8 *We get 14 frequencies under 50 HZ.
9 38.141 1 9 9
10 39.379 1 10 10 . . . .
11 43.100 1 11 11 *Five are significant, and result in an
12 44.328 1 12 12 . .
13 47.326 1 13 13 effective mass fraction of 89.7%.
14 48.603
*****************************SUMMARY OF SEIZMIC ANA LYSIS***********************
JOB NAME: cabinet2
skl SPECTRAL RESULTS ekl
sk ki SORTED BY MODE COEFFICI ENT ekl
MODE FREQUENCY EFFECTIVE ACCUMULATED MODE siGNIFIcANCE| That’s pretty
NUMBER MASS MASS COEFFICIENT FACTOR
1. 9944 72470  0.7774 0.2065 1.0000 gOOd. But
5. 31.305 .03551 0.8155 0.0030 0.0146
7. 35.691 .00897 0.8251 0.0012 0.0056 Suppose we
12. 44.328 .00284 0.8282 0.0004 0.0021
10. 39.379 .00053 0.8288 0.0002 0.0011 Want more.
What can we
* *% *% * *% * *% *% TOTALS******** * *% * * *% *
do?
NO. SIG. MODEL MODEL INCLUD ED
MODES WEIGHT MASS MASS FRAC TION
5. 360.192 0.932 .897




*xxk INDEX OF DATA SETS ON RESULTS FILE *****

SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE

1 9.9441
2 12.243
3 25.928
4 30.072
5 31.305
6 32.959
7 35.691
8 36.560
9 38.141
10 39.379
11 43.100
12 44.328
13 47.326
14 48.603
15 54.181
16 55.176
17 55.585
18 63.128
19 65.867
20 68.907
21 69.082
22 76.601
23 77.164
24 77.666
25 78.923
26 80.682
27 81.659
28 90.254
29 90.397
30 94.658
31 95.346
32 98.947
33 99.348

Lets rerun with a 100 Hz.

1 1 1 ..
1 2 2 limit.
1 3 3
1 4 4 ]
R *Now we get 33 frequencies.
1 7 7 - - - -
L8 8 *But there are still only 5 significant
110 10 modes.
1 11 11
1 12 12
1 13 13 .Why’_)
*****************************SUMMARY OF SEIZMIC ANA LYSIS***********************
JOB NAME: cabinet2
kkkkkkkkkkkkkkkkkkkkkkkk SPECTRAL RESU LTS *kkkkkkkkhkkkkkkkkkkkkx
ekl leii SORTED BY MODE COEFFICI ENT ekl
MODE FREQUENCY EFFECTIVE ACCUMULATED MODE SIGNIFICANCE
NUMBER MASS MASS COEFFICIENT  FACTOR
1. 9.944 72470 0.7774 0.2065 1.0000
5. 31.305 .03551 0.8155 0.0030 0.0146
7. 35.691 .00897 0.8251 0.0012 0.0056
12. 44.328 .00284 0.8282 0.0004 0.0021
10. 39.379 .00053 0.8288 0.0002 0.0011
*************************************TOT A L S******** kkkkkkkkkkkkkkkkkkkkkkkkkkkk
NO. SIG. MODEL MODEL INCLUD ED
MODES WEIGHT MASS MASS FRAC TION
5. 360.192 0.932 .897
kkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkkkhkhkkhkk kkkkkkkkkkkkkkkkkkkkkkkkkkkk
Thursday, April 12, 2007 7:43:16 AM
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The reason for this is that the spectrum is defined
only up to 50 Hz.

*Above 50 Hz., spectral accelerations are taken to b

A_ l/l/2 0

€ Zero.

Acceleration, g

0.1

Zone 4 Acceleration Response Spectrum

Frequency, Hz.

100
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**xxx INDEX OF DATA SETS ON RESULTS FILE *****

SET TIME/FREQ LOAD STEP SUBSTEP CUMULATIVE

46

We could try dropping the

1 9.9441 1 1 1 : Y o : :
212243 1 2 2 significance limit to .0001
3 25.928 1 3 3
4 30.072 1 4 4 ,
e o1 20e R We get two more modes.
6 32.959 1 6 6
7 35691 177 *But, the effective mass stays the
8 36.560 1 8 8
9 38.141 1 9 9 same.
10 39.379 1 10 10
11 43.100 1 11 11 . .-
12 44328 *They weren’t very significant after
13 47.326 FrRREkEkkkkkkkkkkkekkk ks SUMMARY OF SEIZMIC ANA a”
14 48.603 .
JOB NAME: cabinet2 a1 ' -~
*Now what?
ek SPECTRAL RESULTS
*kkkkkkkhkkkkkhkhhhhhhhhhrk SORTED BY MODE COEFFICI ENT
SIGNI(IQIDCI,EANCEREQUENCY EFFECTIVE ACCUMULATED MODE
NUMBER MASS MASS COEFFICIENT FACTOR
1. 9.944 72470 0.7774 0.2065 1.0000
5. 31.305 .03551 0.8155 0.0030 0.0146
7. 35.691 .00897 0.8251 0.0012 0.0056
12. 44.328 .00284 0.8282 0.0004 0.0021
10. 39.379 .00053 0.8288 0.0002 0.0011
2. 12.243 .00000 0.8288 0.0002 0.0008
8. 36.560 .00000 0.8288 0.0000 0.0001
* * *% * *% *% * *% * TOTALS******** * * *% * *% *% *
NO. SIG. MODEL MODEL INCLUD ED
MODES WEIGHT MASS MASS FRAC TION
7. 360.192 0.932 .897




This solution suffers from “missing mass.”

*Missing mass is defined as the total mass minus the
effective mass of the significant modes.

*\We can account for this with the Missing Mass Metho

total mass effectivanass
total mass

P=ZPA M"

*/PA is spectral acceleration at 33 Hz.*
*This is above where the bulk of the energy is locat

*This Is basically a static load.

ed.

d.

*Bhardwaj, S. A., Broad Steps in Earthquake Resista  nt Design of a Nuclear
Power Plant, in An International Journal of Nuclear Power, Vol. 15, No. 1, 2001.
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Missing Mass Method

1. Perform a spectral analysis, using all modes belo

where the spectrum returns to the ZPA.

2. Find the missing mass fraction by subtracting the
significant modes from the total mass, and dividing

3. Find the ZPA by taking the spectral acceleration

4. Run a static analysis with an acceleration load e
the missing mass fraction. Apply the ZPA in both d

5. Combine these results to the spectral solution wi

(Icoper,srss,lcasel)

6. Not a lot of difference, iIs there?

w the frequency

effective mass of the
by the total mass.

at 33 Hz.

gual to the ZPA times
irections.

th the SRSS method.

UX e UX @ top M'I\g:;( s
in. edge ks,
Spectral Solution 0.34582 0.32129 160.3
ZPA loading 0.014377 0.01266 9.64
SRSS combo 0.34611 0.32154 159.7
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Acceleration, g

0.1

10 -

|

Zone 4 Acceleration Response Spectrum

We could try extending the

spectrum from 50 to 100 Hz.

*Again, not a lot of difference.

*Only low energy modes up there.

*Your results may vary!! Why?

*What are you analyzing? Could there
be a massive component on a flexible
mount somewhere in your system that

tunes in at a higher frequency?

0.1

Frequency, Hz.

10

100

in. edge ks
Spectral Solution 0.34582 0.32129 160.3
Missing Mass Method 0.34611 0.32154 159.7
Extended Spectrum 0.3458 0.32135 160.4




So, what do we do now?
*This is all you’re going to get.
*A limitation of the method.

Inclusion of missing mass usually satisfies code
reguirements.
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Topics

What is a Spectral Analysis?
Mode Combination Methods.
Damping.

Number of Modes.
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Reasonableness of the Solution.
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Modeling Shortcuts

Big models suck!

1. Time consuming.
2. Tedious.

3. Disk Space.

4. CPU Time.

We're in the idealization business, so clever
Idealizations can help us out. Right?
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Be Careful!

Stiffness is king!

Think about the nature of the calculations that are performed:
o Starts with a modal analysis.

« Modal is an eigenvalue extraction of the stiffness matrix.

 Eigenvalues are plugged into the response spectrum to get
accelerations used to determine static loads.

e Your idealizations should not result in a major cha nge in
stiffness.

Lets look at the effects of two common idealization S:

1. Rigorously modeled equipment vs. point masses wit h rigid
links.

2. Intermittent (bolted) joints vs. continuous joint S.
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Basic cabinet. 24 X 24
X 84 inch, .125" thick
steel with five pieces of
equipment.

Sheet metal panels are
attached at bolt holes
with “spiders and
sticks.”

Equipment is modeled
as a sheet metal
chassis with density
adjusted to equal the
total weight of the
equipment.




Equipment is shown at
left. “Spider and stick”
screw attachment is
shown below.
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Shortcut #1

Replace detailed
equipment modeling with
a lumped mass located
with rigid links.
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Shortcut #2

Continuous joints instead of
discrete attachments.

*This Is a “solution” giv

ProMesh

en by

Some CAD so
the capability 1
joint by projec
into the plane
adjoining pane
merging the tv

ftware has
0 create a
ling a flange
of an

| and

/0 sheets.




Here’s what continuous
joints look like in our model.
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The effect is
significant!!!

Equipment discrete lumped lumped

Connections discrete discrete dontinuous
f1 4.4 9.9 33.4

f5 7.9 12.2 154.9

f3 8.1 25.9 231.6

fa 9.7 30.1 271.9

fg 10.0 31.3 341.1
gs@ f, 5.00 2.45 1.60

Notice the change in
spectral acceleration at

Acceleration, g

Zone 4 Acceleration Response Spectrum

those frequencies.

Notice the change inf ;.

10 -
11

01 T T
0.1 1 10

Frequency, Hz.

100




Topics

What is a Spectral Analysis?
Mode Combination Methods.
Damping.

Number of Modes.

Modeling Shortcuts.

Reasonableness of the Solution.
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Reasonableness of the Solution.
1. Hand calculations.

2. Simplified loading.

61



1. Hand Calculations

Let’s see if there is a way to check our results wi
simple hand calculation. Assume a single degree of
freedom system:

th a
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«Start with a simple definitions

*Rearrange

*Plug and chug.

Ta-Daal

w=,|—
m

F=kx® k=F/
F =ma® m:%
T _a

m P

andx = —
W2

sincew = 2

thenx =

(208 )
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Acceleration, g

10

0.1

Zone 4 Acceleration Response Spectrum

0.1 1 10

Frequency, Hz.

100

\ 2271”

a, 245 3862

Xsdof = (

20) (27 p~ 994

=.242T
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2. Simplified Loading

 First mode predominates.

SPECTRAL RESULTS
ARSI AR K SORTED BY MODE COEFFICI

MODE FREQUENCY EFFECTIVE ACCUMULATED
NUMBER MASS MASS
1. 9.944 .72470 0.7774
5. 31.305 .03551 0.8155
7. 35.691 .00897 0.8251
12. 44.328 .00284 0.8282
10. 39.379 .00053 0.8288

ENT illelehl il

MODE SIGNIFICANCE

COEFFICIENT | FACTOR
0.2065 1.0000
0.0030 0.0146
0.0012 0.0056
0.0004 0.0021
0.0002 0.0011

How close would this be to the complete solution?
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Looks similar. Not a lot
of difference.
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Deflections are nearly
identical.
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Overall, results are pretty close:

Spectrum Static
UX max 0.3458 0.3448
UX top 0.3213 0.3174
UX gent 0.2272 0.2320
VMmax 160.3 ksi. 157.5 ksi.

What does this mean?

For a “well behaved” solution, the first mode is a

the total solution.

This is not necessarily true for all problems.

If you do not see this with your problem, look at y

determine why.

Could be used for accurate determination of joint |
Could be used to find an equivalent static load:

1. Simplified testing without a shaker table.

good approximation of

our results and

oads.

2. Simplified analysis for fast design iterations.

3. Nonlinear analysis: plasticity, contact, etc.
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