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INTRODUCTION

This report describes in detail the analysis method, assumptions

and results of Task 2 of EWA: EAGO1-49 in connection with justify-

ing the use of SRSS for combining responses from two or more dy-
namic loads such as those from earthquake, SRV discharge and LOCA
events. This task specifically deals with evaluating the actual
dynamic reserve margin of a multi-degree-of-freedom (MDOF) system
(such as a beam) when it is subjected to a combination of loads
from an earthquake and SRV discharge event.
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DYNAMIC RESERVE MARGINS

The peak amplitudes of multiple dynamic responses of structures

and components of nuclear power plants are calculated elastically
and are combined using the SRSS rule. This report demonstrates that
the design of a multi-degree-of-freedom (MDOF) system based on this
method and limiting the combined stresses to ASME Code (or equivalent)

allowable stress levels is very conservative. In fact, there is

significant additional reserve margin t~ failure in a component based

on the design approach described above than in a design based on com- ‘
bined equivalent static loads and the same allowable stresses.

For static loads, limiting calculated stresses to code allowable
lirit results in a static reserve margin (SRM) which is equal to |
the ratio of the static load to cause failure (elastic-plastic |
analysis) to the static load resulting in code stress limits cal- |
culated by linear elastic analysis. For dynamic loads, the dynamic
reserve margin (DRM) is the ratio of the peak dynamic load to cause -
failure (dynamic elastic-plastic analysis) to the peak dynamic load
resulting in code stress limits calculated by linear elastic analysis.

The DRM is related to the ratio of energy absorption capability of
the structure at failure to its enmergy absorption capability at code
allowable stress. For structures exhibiting even moderately ductile
behavior, the DRM is generally many times greater than the SRM both
for vibratory forcing functions and for impulsive forcing functions.
The additional dynamic design margin, given by the ratio of DRM to
SRM, is inherent in structures associated with transient dynamic
responses such as those from earthquake, LOCA, and SRV discharge.
Such additional dynamic design margin is more than adequate to com-
pensate for peak combined responses which could probabilistically
exceed the SRSS value.

Examples of the dynamic reserve margin are quantified in this report

through the study of MDOF system subjected to random oscillatory
loadings.
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BEAM ANALYSIS

A cantilever beam, 100 inches long with the fo’lowing properties
was chosen for the analysis.

Cross Section - Pipe section (14 in.0.D.; t = 0.25 in)

E» 3 x 106 rsi

: lb-sec2
Mass density (o) = 0.00073 o
Lumped mass (M) = 0.792 lb-sec2

in

A sketch of the beam is shown in Figure 1.

The beam property was chosen such that its fundamental frequency

was 25 Hz. The material properties used for the beam are shown in
Figure 2. The frequency and the material properties are representa-
tive of some BWR components. The beam was subjected to a combination
of normal or static loads (N), vertical earthquake (EQ) and SRV dis-
charge loz.>. The EQ and SRV acceleration time histories are at the
top of thr. basemat of a typical BWR plant and are shown in Figures

3 and 4. ‘he EQ and SRV acceleration time histories have signifi-
cantly dif:erent peak accelerations. For the purposes cf this study
these two loading functions were scaled upward to result in equal 7
elastic responses such that when these elastic responses were com-
bined by SRSS and added absolutely to the mormal load (N), the code
limit for ASME Service Level C was reached, i.e.

N+ val EQ)Z + (K, SRV)Z = §_

Where N is chosen such that it produced a stress equal to O.CSC.
K,EQ = K SRV
. » ASME Code allowable stress for Service Level C

= greater of l.BSm or 1.55y (for PL - Pb)

KI, K2 = scale factors to make stresses from SRV & EQ equal.

The value of N chosen is typical in the design of nuclear plant
components. It may also be noted that a larger value of N will
make the DRM smaller and & smaller value of N will make the DRM larger.

From Figure 2, Su = 90ksi: Sy = 30ksi
Sm = 18.1ksi (from ASME III, Div i, BEPV Code)
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From this data, it was found that,
Sc = 45ski
N = 18ksi

Using this data and the elastic dynamic analysis responses due to
EQ and SRV, it was found that

KI(EQ) = KZ(SRV) = 19ksi

and the scale factors K) and K, were equal to 227.4 and 11.37
respectively. The EQ and SRV time histories were scaled up using

these scale factors. From the c~lastic dynamic analysis for EQ

and SRV, it was found that in order to get the worst possible com-
bined response which is equivalent to the Absolute Sum Rule, the

SRV time history needed sign reversal and phase shift by 0.42 seconds
such that the peak responses combined. A new combined acceleration time
history based on this worst phase elastic response was synthesized
accordingly. From this combined time history, a portion having a
duration of 1.0 second (see Table I), which included the worst combined
peaks was chosen for the elastic-plastic dynamic analysis of the
cantilever beam.

To account for normal loads N in the stresses {rom the elastic-plastic
analysis, a static load P (-6910 1bs) which would produce a stress of
0.4 S. at the support was applied at the free end.

The beam was subjected to the following three load combination cases:
(1) (N « Kl(EQ) “ KZ(SRV)]x SRM
@ [neo 1.25[K1(EQ) . xzcsnvq]x SRM
(3) [N .+ 1.5 [KI(EQ) . xz(sm]]x SRM

where SRM is the static reserve margin which has a value of 2.0 for
Level C limits. ;

The ANSYS computer program was used to perform elastic and elastic-
plastic transient dynamics calculations.

The plastic beam element was used to model the cantilever. Other
options used include third order cubic direct integration, kine-
matic hardening rule and small deflection solution. No damping was
used in either the elastic or the elastic-plastic analysis.

An integration time step size (AT) of 0.002 seconds was used in the
analyses. Decreasing the time step size in half to 0.001 second
did not change the results significantly. Hence, it is concluded
that th: time step size used is small enough for accurate results,
The results of these anslyses with AT equal to 0.002 seconds is
tabula ed below.
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Max. €
Loading ma x
Case No. FCTa (k:i) (%) Cmax/“ult
1 1.0 70 3.5 0.23
2 1.28 77 4.75 0.32
3 1.8 82 6.6 0.44

*Myltiplication factor for dynamic loads.

RESULTS AND CONCLUSIONS

For the first case, all the loads were multiplied by the static
reserve margins (SRM) for Level C and the peaks of the dynamic
loads were added based on worst case elastic response phasing.
These amplified loads would cause failure of the beam if applied
statically. However, the elastic-plastic analysis shows the
maximum strain is only 23 percent of the ultimate strain. Even
when the dynamic loads were multiplied by a factor of 1.5, (this
case is equal to increasing the SRSS dynamic response combination
by a factor equal to 2.12 times SRM), the maximum strain was less
than half the ultimate strain.

Hence, it may be concluded that for the MDOF system considered,
the dynamic reserve margin (DRM) is significantly larger than the
SRM and as such the conseguence of the actual peak combined
response exceeding the SRSS combined response is negligible.
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BEAM MODEL
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FIGURE 3: VERTICAL ORE AT BASEMAT

FEBRUARY 17. 1978
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