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1. INTRODUCTION

The seismic design input for the Midland Energy Center Project
is 0.12g peak horizontal ground acceleration for the Safe Shutdown
Earthquake (SSE) and 0.6g peak horizontal ground acceleration for
Operating Basis Earthquake (0BE), Reference 1. Corresponding input for
vertical ground motion was taken as two-thirds of the horizontal. The

ground response spectra used for the design are the Housner spectra
(Reference 2) with spectral accelerations increased by 50 percent in the
0.2 to 0.6 second period range.

.

| Recently, the expected seismic input at the Midland site has
been reevaluated using current methodology (References 3, 4 and 5).
Seismic inputs for the site were determined in terms of site specific

| response spectra applicable at both the original ground surface and at
the top-of-fill . These site specific response spectra exceed the design
spectra over a broad frequency range. The purpose of the Seismic Margin
Review (SMR) is to assure the adequacy of the essential Midland plant
structures and equipment to withstand the higher postulated seismic
excitation. Tais assurance is demonstrated by showing that there are
margins in the design of the structures, systems and components, such
that, under the normal operating conditions if the plant is subjected to
the postulated higher seismic input, the plant can be brought to safe
shutdown condition. An evaluation was conducted to determine the seismic
margins compared to current code allowables for a representative sampling
of structural elements and piping and equipment items. If necessary,
provision is made to compute the seismic margins to failure. The results
of this evaluation are presented in this report. Volume I of the report
consists of the meth<.>Jology and criteria employed in this evaluation, and
Volumes II through X present the results for the individual structures
and equipment.

I-1-1
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l.1 SCOPE OF EVALUATION

1.1.1 Structures and Components Evaluated

The seismic margin review was performed on those structures and
equipment necessary to achieve a safe shutdown of the reactors. The
saismic input for the SMR is referred herein as the Seismic Margin Earth-
quake (SME). The Seismic Category I structures and systems necessary for
safe shutdown are identified in the Midland FSAR (Reference 1). Represen-
tative critical struct. ural elements and equipment items essential for
safe shutdown were included in the SMR. The following Category I
structures were chosen for review.

a. Reactor Containment Building and Concrete Internals
Structures

b. Auxiliary Building

c. Service Water Pump Structure

d. Diesel Generator Building

e. Borated Water Storage Tank

f. Buried Structures

The structural elements selected for review for each of the above
structures are listed in subsequent volumes of this report. Selected
mechanical and electrical components and distribution systems were
evaluated to determine the safety margins for the SME. The sampling was
based on criticality of function, vulnerability of equipment, high
seismic stress levels, and location in the structures. Components of
mechanical and electrical equipment in both the Nuclear Steam Supply
System (NSSS) and Balance-of-Plant (BOP) that were evaluated in detail
include:

a. Piping
b. Pipe Supports

c. Active Valves
d. Switchgear, and Instrumentation and Control Equipment

I-1-2
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e. Pumps and their Supports

f. Heat Exchangers and their Supports
g. Vessels and their Supports
h. Station Batteries and Racks
1. Diesel Generator

J. Cable Trays and Supports

k. HVAC Ducts and Supports

1. Conduits and Supports

The specific items evaluated together with their locations in the struc-
tures and StE inputs are listed in subsequent volumes.

1.1.2 Analytical Approach

Existing analytical models of structures and equipment were used
to the extent possible consistent with the current state-of-the-art of

seismic analysis. Analytical models developed for the structure design
analyses were reviewed for adequacy and used as appropriate. Design
models for the reactor building, auxiliary building-control tower,
service water pump structure, and the diesel generator building were used
to generate new seismic responses for the SME as discussed in Section 6.
These models are representative of current structural design models and
incorporated the soils-related remedial designs for the auxiliary
building-control tower and the service water pump structure. New soil
compliance functions for these structures were generated as part of the
SMR in order to reflect a somewhat broader range of soil properties than
was used in design as well as the effects of the variation of site
characteristics with depth.

For vendor supplied equipment, the vendor seismic qualification
analyses or tests were reviewed and vendor computed responses were scaled

for the SME to determine the margins against code and, if necessary, the
margin against failure. No independent analyses were conducted for
vendor supplied components. For B0P piping, cable tray and HVAC systems

I-1-3
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designed by the Architect / Engineer (Bechtel Corporation), independent -4

analyses of selected systems were conducted to determine margins against y_
code or against failure. .'

..

For NSSS piping and equipment including reactor internals, the - - -

vendor, Babcock and Wilcox, was commissioned by Consumers Power Company
_

to conduct seismic response analyses using SME input to the various NSSS
dynamic models and to provide details of design loading and associated
design basis stress response. SME response loading and corresponding
design basis stresses were scaled to determine SME margins. 7

Using the seismic responses developed for the SME input, margins
to code allowable values of selected structural elements and equipment -

items were computed. For any results where the code margin is less thart =

unity, provision is made to conservatively compute the margin to failure.
.

1.2 DEVIATIONS FROM FSAR DESIGN BASES }
_

The criteria and methodology used in the evaluation of the a

seismic margins is not a redefinition of the criteria used in design.
The behavior limits defined in the FSAR (Sections 3.7, 3.8, 3.9, and 3.10)
were not intended for use in evaluating a realistic seismic design
margin, but rather to establish the. basis for a safe and adequate seismic
design. Consequently, several deviations from the FSAR design bases are -

"

implemented in the SMR in order to develop more rational results. Among
the more important differences are:

_

a. Seismic input was defined by the site specific response ,

spectra. '

b. A broader range of soil properties was used.

c. Parametric variations were used to establish conservative -

loads.
_

d. Composite modal damping was based on more realistic limits.

e. Load combinations correspond to the criteria of achieving
safe shutdown, when the plant, under normal operating 2
condition, is subjected to SME.

.

I-1-4
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In many cases, the approach used in the SMR results in a

conservatively broader range c' parameters than were used in design. The
specific analysis methods and criteria used in the SMR are discussed in
the following sections of this report.

I-1-5
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i

2. SEISMIC INPUT

2.1 SITE S!'ECIFIC GROUND RESPONSE SPECTRA (SSRS)

The site specific ground response spectra developed for the
Midland site were determined from real time histories from earthquakes of

I magnitJdes and epicentral distances similar to those expected for Midland
(Reference 3). The initial- data base included earthquakes with epicentral

distances less than 40 km and ML magnitudes from 4.5 to 6.0. A subset of
these record; was selected based on a determination that the local geology
at their recording stations was similar to Midland.

Response spectra for these time histories were then computed
together with the mean, median, and 84th percentile spectra. The 84th
percentile spectra were selected as the site specific response spectra
for the Midland Plant. The peak ground acceleration (PGA) is approxi-
mately 0.1339 for the original ground surface location. These spectra
are applicable for the reactor building, auxiliary building and the
service water pump structure which are all founded below the original
ground surf ace. A similar approach was used to develop site specific
response spectra applicable at the top-of-fill spectra as was used for
the original ground spectra (Rei ence 4). The top of the fill SSRS has
a PGA of approximately 0.15 . These spectra are applicable for struc-9

tures founded near the surface of the approximately 30 foot of fill such
as the diesel generator building and borated water storage tanks.

2.2 SME GROUND RESPONSE SPECTRA

The original Housner response spectra exceed the site specific
response spectra in the 2 Hz and less range for the original ground
surface. A similar effect is evident for the top-of-fill spectra
although spectra cross at somewhat lower frequencies. In order to
provide a conservative basis for the SMR, an envelope of the site

I-2-1



_. _ _ _ _ _ _ _ _ _ _ _

specific response spectra for the original ground surface or top-of-fill,
as applicable, together with the Housner spectra anchored to 0.12g peak
acceleration was used. Figure I-2-1 shows the resulting spectra for the
original ground and Figure I-2-2 shows the corresponding top-of-fill
spectra. Inclusion of the Housner spectra is expected to provide adequate
additional conservatism in the low-frequency range to account for a
distant, high magnitude earthquake. These two sets of spectra are
referred to as the Seismic Margin Earthquake (SME) spectra. Two-thirds
of the corresponding horizontal input was used for the vertical input for
the original ground surf ace and top of fill locations.

2.3 SME AND SSE DESIGN EARTHQUAKES

The FSAR SSE earthquake used for design consisted of the Housner
response spectra anchored to a 0.129 peak ground acceleration but in-
creased by 50 percent in the 0.2 to 0.6 second period range. The 50 per-
cent amplification was introduced to provide increased conservatism in the
fundamental period range for most of the Seismic Category I structures.
A comparison of the SME original ground surface and FSAR SSE ground

response spectra is shown in Figure I-2-3 for 5 percent damping. At
frequencies above 4 Hz, the SME response spectrum indicates higher
seismic response may be expected, assuming the same damping. Figure
I-2-4 shows a similar comparison of the FSAR SSE spectrum with the 5
percent damped top-of-fill SME spectrum.

2.4 SME ARTIFICIAL EARTHQUAKES

In order to develop the in-structure response spectra necessary
to describe the seismic input for equipment, time history analyses of the
structures were conducted. Synthetic time histories consistent with the
SME ground response spectra were developed to provide the seismic input
to the structures. These synthetic time histories were generated by
Program STUF (Reference 7). STUF creates synthetic time histories through
an iterative process that operates on the Fourier series representation
of a natural or synthetic earthquake used as input. It is based on the
method proposed in Reference 53. Separate time histories were developed

I-2-2
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a

for the original ground surf ace and for the top-ef-fill. Figure I-2-5 .

shows the acceleration, velocity, and displacement traces for the
original ground surf ace. The synthetic time histories were baseline
corrected and have a duration of approximately 10 seconds. Figure I-2-6
shows the response spectra developed by the original ground surface
synthetic time history. Figures I-2-7 through I-2-10 show comparisons of
the response spectra developed by the synthetic time hi: tory with the
corresponding SME ground response spectra for the original ground surface
for 5,10, 20 and 40% of critical damping.

The ground acceleration, velocity, and displacement time history
traces for the top-of-fill synthetic time history are shown in Figure

'

I-2-11. The corresponding response spectra for the top-of-fill as gener-
ated by the synthetic time history, are shown in Figure I-2-12. Figures
I-2-13 through I-2-16 show the comparisons of the spectra developed by
the synthetic time history and the SME top-of-fill response spectra.

In general, the synthetic time histories produce spectra which
exceed the SME ground response spectra. The few locations where the

synthetic time history response spectra are lower than the ground spectra
are considered acceptable since the in-structure response spectra used in
the SMR of equipment are generated from an envelope of a broad range of
soil parameters. Thus, even if the in-structure response spectra for a
given soil case and structure may be influenced by a " valley" in the
synthetic time history input, conservative in-structure response spectra
are assured by using an envelope of the responses from other soil cases
which will shift the structure response from the " valleys" to the " peaks."

. .

$

c

I-2-3
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3. MIDLAND SITE S0IL PROPERTIES

3.1 SITE CONDITIONS

The reactor building, auxiliary building, and service water pump
structure (SWPS) are founded on the original material, namely glacial
till deposits. The borated water storage tank (BWST) and the diesel
generator building (DGB) are founded on fill just below the current
grade. The geological history and characteristics of the foundation

materials are described in Section 2.5 of the FSAR (Reference 1).
-

Geotechnical investigations have been conducted at the Midland
site by both Dames & Moore, Inc. and Weston Geophysical Corporation.

Subsurface investigations using techniques such as core sampling,
cross-hole testing, and comparison of geologic conditions with similar
sites has identified the variation of the soil properties with depth for
this site. Variations of low strain shear wave velocity from about 850
fps at the top of the glacial till material to about 3000 fps at the top
of the bedrock indicate that layering effects may influence the character-
istics of the soil impedances developed for the structures. The
soil-structure interaction techniques used in the SMR for the site
considered the layered soil profile beneath each structure in determining
equivalent elastic half-space soil impedance functions.

3.2 S0IL CHARACTERISTICS

Site characteristics for the Midland plant have been developed
by both Dames & Moore and Weston Geophysical. Soil profiles based upon
both the Dames & Moore data and Weston Geophysical results have been

considered in determining soil impedances for the SME since both profiles

are considered to be reasonable estimates of the site conditions.

|
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The Dames & Moore based profile (soft site), Figure I-3-1,
corresponds to information from Referencs 6. Dames & Moore has specified

for each of the layers the soil unit weight, W , Poisson's ratio, v, and
s

low strain shear modulus, Gmax, from which a corresponding low strain
shear wave velocity, V , has been determined. The strain degradations

effects were estimated using the procedure discussed in Section 3.3 below

in order to develop the degraded shear modulus, GSME, for the SME ground
motion levels.

The Weston Geophysical profile (stiff site), Figure I-3-2,
corresponds to the soil layering presented in Reference 3. Soil
properties for each of the layers were specified by We: ton Geophysical.
Strain degradation effects for these layers wm estimated using the
procedure discussed in Section 3.3. Although the two profiles have
different values, both am considered to be reasonable estimates of the
site conditions given the usual uncertainty in the data.

The low strain shear modulus, Gmax, can differ by as much as a
f actor of 6 to 7 between these two profiles for some layers. Because of

the differences between these two soil profiles, an intennediate soil
profile (intermediate site) was developed in order to evaluate structural
response that might fall between the results obtained for the other twoi

soil profiles. The intermediate soil profile (shown in Figure I-3-3) was
developed as a reasonable compromise between the soft site profile and
the stiff site profile.

3.3 STRAIN DEGRADATION EFFECTS

The soil profiles shown in Figures I-3-1 to I-3-3 were developed
based on low strain shear moduli, G for the soil. The effect of earth-max
quake-induced shear strains on the soil material properties was estimated
by determining equivalent linear high strain soil shear moduli, G

SME'
applicable at SME ground motion levels by using shear modulus degradationI

I-3-2
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relationships. Figure I-3-4 presents these strain degradation relation-
ships considered appropriate for the Midland site. This figure has been
abstracted from Reference 8.

A simplified method of estimating the peak shear strain level in
the soil was used in order to determine equivalent high strain soil shear
moduli for each layer. The peak soil shear strain, Y, is approximately
estimated by the ratio V/v , where V is the peak ground velocity associ-

s
ated with the SME and v is the high strain shear wave velocity of thes
appropriate soil layer. Because the soft site profile (Figure I-3-1) is
representative of softer site conditions than the stiff site profile
(Figure I-3-2), strain degradation effects were maximized for the sof t
site data to ensure a conservative bias towards soft-site conditions and
minimized when using the stiff site data to ensure a conservative bias
towards stiffer site conditions. Peak ground velocity, V, of 2.2 in/sec
was used for elevations below the original ground level (Elevation 603)
and a peak ground velocity of 3.3 in/sec was used at the top-of-grade
(Elevation 634). Linear interpolation was used to estimate peak ground
velocitics between these two levels.

The procedure followed was as follows:

1. Assume a degraded shear modulus, GSME, for the layer.

2. Calculate the corresponding high strain shear wave velocity,
s = /G /

layer. SME o where p is the mass density of the soil in the
v

3. Calculate the maximum soil shear strain from y = V/v where
sV is the peak ground velocity.

4. Enter Figure I-3-4 with the soil strain determined in Step
3 above, and determine a degraded shear modulus for the
layer, GSME, using the low strain soil modulus for the
layer, G

max *

5. Compare GSME from Step 4 to GSME assumed in Step 1. Repeat
Steps 1 to S until cor, vergence is obtained.

I-3-3
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For glacial till, the recomended band of G/G shown in Figuremax
I-3-4 was used. For dense cohesionless material, the ratio of G/G

max
shown in Figure I-3-4 for sand was used.

Figure I-3-1 presents a soft soil profile. For the SME and this
profile, the following soil degraded shear modulus estimates were made:

Lower Bound

(G /G ) E'SME/GMAX)
Elevation y(%) SME MAX Used

550 to 603 0.018 to 0.026 0.30 to 0.60 0.29

410 to 550 0.013 to 0.018 0.35 to 0.65 0.35

260 to 410 0.008 0.80 0.67

To account for possibly larger peak ground velocities at the
site and possibly higher seismic shear strain levels, a lower bound ratio

of GSME/G which was at or below the low end of the estimated range ofmax

this ratio was used with the soft soil profile in Figure I-3-1 to obtain,

the soft GSME values shown.;

{ Similarly, Figure I-3-2 presents a stiff soil profile. For the
SME with this profile, the following soil degraded shear modulus

: estimates were made:
t

.

(G /G ) (O /0 MAX)SME
Elevation Y(%) SfE MAX Used

570*to 603 0.017 to 0.024 0.30 to 0.60 0.50

463 to 570* 0.009 to 0.011 0.50 to 0.73 0.60-

363 to 463 0.007 to 0.008 0.56 to 0.78 0.66
l

! 263 to 363 0.007 0.82 0.82

At the reactor building and service water pump structure, the*

elevation was taken as 568 and 585, respectively.i

I-3-4
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With the intennediate profile, an average strain degradation
ratio (GSME/Gmax) of 0.53 was used for all layers.

3.4 Uncertainty Range on Shear Modulus

In soil-structure interaction evaluations, the following sources
of uncertainty exist:

1. Uncertainty in the low strain shear modulus, G
max

2. Uncertainty in the degradation ratio, GSME/G max

3. Uncertainty in layering effects

4. Uncertainty in modeling used to obtain soil compliances
(stiffnesses and radiation damping)

Parametric studies wem conducted to evaluate the effect of each of these
sources of uncertainty on the soil stiffness and geometric damping
impedance functions. Based upon these studies, it was estimated that a
conservative lower bound on soil stiffnesses and geometr.ic damping could
be obtained by using a lower bound on the effective soil shear modulus
given by:

G
eff 0.6 G (3-1) .

=
eff

lower I-3-1

where Gejf represents the effective soil shear modulus obtained from the
soft soil profile shown in Figure I-3-1. Similarly, a reasonable upper
bound on soil stiffnesses and geometric damping can be obtained by using
an upper bound on the effective soil shear modulus given by:

G 1.3 Geff eff (3-2)=

upper I-3-2

where grepresents the effective soil shear modulus obtained from the
stiff soil profile shown in Figure I-3-2.

I-3-5
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Thus for the SMR, soil shear moduli were varied from 60 percent
of the soft soil profile shown in Figure I-3-1 to 130 percent of the
stiff soil profile shown in Figure I-3-2. This range is judged to be
sufficiently wide so as to encompass the full possible range of Midland
soil properties.
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Elevation

634 Top of Grada

603 Original Ground
Glacial Till

7 106 psf135 pcf GmaxW = =
s

2 106 psf0.47 GSME
= =v

WO @s=
s550

Glacial Till

12 106135 pcf GW psf= =
s max

0.47 GSME 4.2 106 psfv = =

V 1690 fps=
s

410

Dense Lonesionless Material
G = 27106 psf

max
2540 fps L Elevation135 pcf VW ==

ss
4100.34 GSME = 17.8106 psfv =

G = 37 106 psfmax

2970 fps ElevationV =
s

260GSME = 25.2 106 psf

260

Bedrock

150 pcf VW 5000 fps= =
s s

0.33v =
,

1

FIGURE I-3-1. SOIL LAYERING PROFILE FOR SOFT SITE
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Elevation

634 Top of Grade

603 Original Ground !
acial Till

Aux- G = 7.3 106 psf lmaxWs = 120 pcf iBldg.- 570
v = 0.49 Vs = 1400 fps GSME = 3.65 106 psf'

Reactor
Bldg. - 568

" " "
SWPS - 585 '

135 pcf G = 22.2 106 psfWs =
max

0.42 GSME = 13.3 106 psfv =

Vs 2300 fps=

463

Glacial Till

6135 pcf GW 37.8 10 psf= =
s max

0.42 GSME 25.0 106 psfv = =

V 3000 fps=
s

363 -
..

Dense Cohesionle s Material

37.8 106135 pcf baxWs psf= =

0.34 GSME 31.0 106 psfv = =

V 3000 fps=
3

263

Bedrock

150 pcf VW 5000 fps= =
3 s

0.33v =

FIGURE I-3-2. SOIL LAYERING PROFILE FOR STIFF SITE
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Elevation

634 Top of Grade

603 Original Ground
Glacial Till

W = 110 pcf G = 7.7 106 psf
s max

v = 0.49 G = 4.08 106 psfSME

V = 1500 fpss
553

Glacial Till

W = 135 pcf G = 15 106 psfs max
v = 0.42 GSME = 7.95 106 psf
Vs = 1890 fps

.

463
~

Dense Cohesionless Material

W = 135 pcf G = 25.6 106 psf
s max

v = 0.34 GSME = 13.6 106 psf
V = 2468 fpss

263

Bedrock

W = 145 pcf V = 5000 fpss s

v = 0.33

FIGURE I-3-3. INTERMEDIATE S0IL PROFILE
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4. S0IL-STRUCTURE INTERACTION

With the exception of the borated water storage tank and the
diesel generator building, all structures investigated for the SME are
founded on the original glacial till with varying amounts of embedment.
In order to evaluate the effects of the site characteristics at Midland,

equivalent elastic half-space stiffness and damping representations were
developed based on a layered site analysis which could then be modified
to account for embedment and non-standard shape foundation plans.

4.1 EFFECTIVE SHEAR MODULI WITH LAYERING

The soil profiles presented in Section 3.2 above were used to
conduct layered site analyses using the program CLASSI (Reference 13).
CLASSI develops frequency dependent soil impedances (both real and
imaginary) for the structure.

' In order to use CLASSI to conduct the layered site analysis,
s'everal simplifying approximations were made concerning soil-structure
interaction behavior at the site. These are:

1. Equivalent linear high strain soil shear moduli, as
discussed in Section 3, adequately represent the soil
properties at SME strain levels.

2. Soil-structure interaction effects may be represented by
soil springs and dashpots beneath the structure modeling
the real and imaginary parts of soil impedance.

3. The foundation base mats for the structures behave rigidly.

4. Coupling effects between adjacent structures through the
soil are not important.

5. Embedment effects due to soil surrounding the structure may
be represented as a multiplier applied to the unembedded
soil impedances.

I-4-1
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6. Based upon the soil strain levels defined in Section 3, the
soil material (hysteretic) damping was conservatively
assumed to be five percent of critical damping (Figure
I-4-1).

7. The complex foundation geometry for these structures can be
modeled as an equivalent rectangle or circle.

The assumptions presented above are considered to be reasonable
for the buildings studied at the Midland site.

In conducting the layered site analyses using CLASSI, idealized
foundation geometries were used in the analyses for each of the structures
studied. These idealized geometries closely approximated the actual foun-
dation characteristics. For instance, Figure I-4-2 presents the actual
projected foundation geometry for the auxiliary building superimposed
with the dashed' outlined of the idealized foundation used in the CLASSI
analysis. The auxiliary building was idealized as a 140' by 236'
rectangular foundation which includes the entrapped soil beneath the
control tower. Similarly, the SWPS was idealized as an 89' by 106'
rectangular foundation as shown in Figure I-4-3. The diesel generator
idealized foundation consisted of a 77.5' by 162.5' rectangle which
corresponds to the outside dimensions of the spread footings. The
reactor building was idealized as a 62' radius circle which is close to
the actual structure foundation configuration. The BWST was similarly
idealized as a 28.75' radius circle with appropriate adjustment for the
rocking degrees of freedom.

The CLASSI layered site analyses considered the structures to be
unembedded with the ground surf ace corresponding to the bottom of the
foundation base mat. The base of the foundation for each of the
structures studied was determined to be:

1. Auxiliary Building - Elevation 562'

2. Reactor Building - Elevation 578'

3. SWPS - Elevation 587'

4. Diesel Generator Buildin'g - Elevation 628'

5. BWST - Elevation 628'

I-4-2
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Using these base mat elevations in conjunction with the general soil
profiles shown in Figures I-3-1 to I-3-3, unique layered site soil
profiles were determined for each structure.

Layered site analyses were run for each of the three soil
profiles presented in Figures I-3-1 to I-3-3 for both the reactor
building and the auxiliary building. Only the intermediate soil profile
(Figure I-3-3) was used with the SWPS. Conservative soil impedances for

i the other two soil profiles were developed for this structure based on
the auxiliary building results. Analyses for these soil profiles were
conducted for the diesel generator building including provisions for the
fill soil properties as discussed in Volume V of this report.

Figure I-4-4 presents typical CLASSI results obtained for the
auxiliary building for the intemediate soil profile. These frequency
dependent compliance functions for horizontal translation of the
idealized 140' by 236' foundation in the North-South (N-S) direction
correspond to stiffness and damping coefficients. Review of this figure
shows that some resonance of the foundation and the underlying soil
layers occurs in the 6 to 10 hertz frequency range for this stiffness
term. This resonance is also reflected in the damping coefficient, but
to a lesser degree.

|
In order to convert the CLASSI layered site soil impedances

'

developed for the idealized foundations into soil springs and dashpots
applicable to the actual structure foundation shapes accounting for both
embedment effects and soil layering, effective elastic half-space shear

moduli, GefP were developed. These effective shear moduli are defined
as the soil shear moduli which would be required in order to obtain
frequency-dependent soil stiffnesses identical to those determined by
CLASSI layered site analyses using theoretical elastic half-space

| equations and the idealized foundation shape. The frequency-dependent
I elastic half-space equations (based on Reference 14) used to determinei

Geff are presented in Table I-4-1 for rectangular and circular foundation
shapes.

I-4-3;
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Using Figure I-4-4 for reference, the procedure used for
determining G for each degree-of-freedom (dof) of the structureeff
(horizontal and vertical translation, rocking, and torsion), is as
follows:

1. Estimate the fundamental soil-structure frequency, f, of
the structure for the dof of interest.

2. Because of uncertainties in the evaluation of the
fundamental frequency f above, determine an average layered
stiffness K(CLASSI), over a frequency range of 0.7f to
1.35f.

3. Using the frequency dependent elastic half-space equations
presented in Table I-4-1, write an equation for Geff where
the stiffness K of the half-space is defined as
K(CLASSI). For example, in horizontal translation

G - K(CLASSI)
eff k 2(1 + v) 8 fi[g x

4. Estimate the frequency-dependent coefficierit k , fromg
theoretical elastic half-space theory as presented in
References 15, 16, 17, and 18.

5. Solve for Geff or the dof in question, by estimating 8f x
from Table I-4-1 for the idealized foundation dimensions
and estimating Poisson's ratio v from the layered site
profile.

A similar approach was used for all other dof of the soil (rocking,
vertical translation, and torsion). When structural frequencies
accounting for soil-structure interaction were finally developed with

' actual foundation geometry and embedment effects incorporated, the
frequency estimate, f, used in Step 1 was checked to ensure that the
assumed frequencies were compatible with the final structural
f requencies. If a significant frequency shif t had occurred and the
results of Steps 1 to 5 were substantially modified, another iteration of
the process was rstformed.

:
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Using the procedures described above, effective soil shear

moduli, G,ff, were determined for the auxiliary building and the reactor
building for each of the three soil profiles presented in Figure I-3-1 to
I-3-3. Effective soil shear moduli for the diesel generator building
wem determined for the soft site and stiff site soil profiles only. For
this structure, soil shear moduli for the intermediate 5011 case were
estimated from the results of the two bounding cases. For the BWST,

; three values of effective shear modulus were used. The SWPS was studied
for the intemediate soil profile only and effective soil shear moduli
for the soft and stiff profiles were conservatively scaled from the '

auxiliary building results for these two cases. Table I-4-2 presents

; these effective elastic half-space shear moduli, G,ff, for each of the
j structures. Layered site analysis results demonstrated that the
4 effective shear moduli for horizontal translation and torsion could be
j averaged together and represented by a single value. Similarly, for
' rocking and vertical translation, the effective soil shear modulus may
! also usually be mpresented by one number.

!
'

Comparison of the Geff values tabulated in Table I-4-2 to the
layered site profiles in Figures I-3-1 to I-3-3 shows that for horizontal

I translation and torsion, the effective soil shear modulus is heavily
I influenced by the soil shear modulus in the layers close to the building
i foundation. For motions which involve vertical motion of the structure

such as rocking and vertical translation, the effective soil shear
i modulus increases due to the stiffening effects of the deeper layers.
! The relative influence of the various layers beneath the structure varies

considerably with layer depth and foundation size and geometry. In all

l cases, the effective elastic half-space shear modulus, Geff, is heavily
influenced by the soil layer imediately beneath the foundation.

.

4.2 ENERGY ENTRAPMENT DUE TO LAYERING

Two types of damping may be defined for the soil. The first
type, known as material or hysteretic damping, is due to energy absorption

'

by the soil due to straining of the material. For the Midland site, this
damping has been conservatively estimated to be five percent of critical
damping for the SME. Typical material damping (Figure I-4-1) expected at
the Midland site soil strain levels would indicate higher than five

I-4-5
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percont. Material damping is not strongly affected by layering as
discussed in Section 4.5. The second type of soil damping, known as
radiation or geometric damping, involves the wave propagation of energy
through the soil away from the structure. For an elastic half-space,
these waves propagate outwards to infinity. Layered soil profiles,
however, tend to trap and reflect some of the energy back up towards the
s tructu re. One of the principal reasons for conducting a layered site
analysis for the SME was to determine the effect of layering on geometric
damping from the structures. In effect, the geometric damping for the
layered profile is reduced to some percentage of the damping determined
for an equivalent elastic half-space. This decrease in geometric damping
may be determined through the use of a factor defined as

Layer , C(CLASSI Layered Site Analysis)p
| C(Theoretical Elastic Half-Space

This ratio is indicative of the amount of energy entrapped beneath the
structure due to layering.

The layering factor may be determined from the CLASSI layered
site analyses results for each dof. Using Figure I-4-4 as an example,
the layering f actor, F layer is determined in the following manner:

1. Using the same estimate of the fundamental structure
frequency, f, and a frequency range from 0.7f to 1.35f as
discussed in Section 4.1 above, determine the average
CLASSI damping, C*(CLASSI). The damping coefficient
determined from CLASSI incorporates the five percent soil
material damping in addition to geometric damping effects.

2. Remove the frequency normalization from the CLASSI damping
coefficient by:

C'(CLASSI) = C*(CLASSI)Zu

3. Remove the five percent soil material damping from the
CLASSI result to determine the layered site geometric
damping by:

C(CLASSI) + C'(CLASSI)-0.1 K(C ASSI) [4 1)

where K(CLASSI) is the corresponding layered site stiffness
at frequency f as discussed in Section 4.1 above.

I-4-6



4. Determine the equivalent theoretical elastic half-space
(EHS) damping coefficient using the equations presented in
Table I-4-1. These coefficients are of the form:

R'sta c *
C(EHS) = Cj (4-2)

s
where:

cj Frequency-dependent coefficient determined=

from an appropriate reference such as
References 15, 16, 17, or 18.

Kstatic Static stiffness of the equivalent half-space '=

determined by K(CLASSI)/ki with these terms
having the same definitions as given in
Section 4.1 above.

R Equivalent radius of the foundation based on=4

eq
stiffness equivalence between rectangular
and circular foundations.

v *O /p where Geff is determined fromTabfe I-4-2 for the appropriate dof and pfs
is

the mass density of the soil beneath the
structure.

5. Calculate the layering f actor, Flayer, by:

C(CLASSI)F
layer C(EHS) (4-3)*

A similar approach was used for all the degrees-of-freedom of the
structure.

Layering factors for damping were determined for all three soil
cases for both the auxiliary and reactor buildings. For the diesel
generator building, layering f actors were determined for the soft and
stiff soil profiles. For this building, layering f actors for the
intermediate soil profile were estimated from these results. For the
SWPS, layering f actors were determined for the intennediate soil profile
only. Layering factors for the soft and stiff soil profiles were
conservatively developed based on auxiliary building results.
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The layering f actors have been conservatively limited to an upper
bound of 75 percent of theoretical elastic half-space damping. This limi-
tation is consistent with a conservative interpretation of experimental
results from other nuclear power plant sites (References 19 and 20) and
has been recomended as a standard procedunt for existing nuclear power
plant seismic evaluation (Reference 21).

The layering f actors, Flayer, for the structures are presented
in Table I-4-3. A single set of layering factors were justified for each
of the three soil profiles studied for the auxiliary building, reactor
building, and the SWPS. The diesel generator building, however, required
an individual set of layering f actors for each soil profile. The diesel
generator building and BWST are founded on top of a layer of fill
underlain by glacial till. Significant impedance mismatches occur at the
fill to glacial till interface. For a structure with large foundation
dimensions such as the diesel generator building (77.5' by 162.5'), soil
stresses due to soil-structure interaction propagate below the bottom of
the fill layer. Consequently, elastic energy radiating outward from the
structure is trapped at the fill to glacial till interface and reflects
back up toward the structure foundation. This energy entrapment is shown
in the layering factors determined for the diesel generator building.
Different layering f actors were required for each of the soil profiles
studied for this structure because of significant variation in the
magnitude of the impedance mismatch at the fill to glacial till
interf ace. For a structure with smaller foundation dimensions, layering
f actors would approach theoretical elastic half-space damping because of
lesser influence of this interface.

l

4.3 DEVELOPMENT OF UPPER AND LOWER B0UND SHEAR MODULI

The effective shear moduli values listed in Table I-4-2 are for
the soil profiles shown in Figures I-3-1 (soft), I-3-2 (stiff), and I-3-3
(intermediate). These ranges of effective shear moduli do not incorporate
all of the sources of uncertainty defined in Section 3.4. Based upon

| parameter studies, it was determined to define conservative lower and
|

upper bound values of G by:
eff

I-4-8
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G 0.6 G
eff eff (4-4)

=

lower soft

G,ff - 1.3 G (4-5)eff
upper s ti ff

t

Table I-4-4 presents lower and upper bounds on G for each of the
eff

buildings based upon Equations 4-4 and 4-5 and Table I-4-2. The resultant
range on G ,ff is very broad and accounts for the full range of uncertainty
on the effective shear moduli.

4.4 S0IL STIFFNESSES

Soil springs representing the stiffness of the soil for all
degrees-of-freedom of the structure (horizontal and vertical translation,
rocking, and torsion) were developed for the auxiliary building, the
reactor building, the diesel building, and the SWPS based on the

effective soil shear moduli, Geff, presented in Table I-4-4 for each of
the soil cases studied. The unembedded, frequency-dependent, elastic
half-space impedance functions were evaluated for each structure based on
actual foundation geometry. For foundations which contain entrapped soil
such as the auxiliary building and SWPS (Figures I-4-2 and I-4-3), th'e
horizontal and torsional impedances were based on the entire area

enclosed within the foundation perimeter, while for vertical and rocking
only the foundation contact area was used. Actual foundation geometries
for these structures were transformed into equivalent rectangles by
maintaining equivalence of area and moments of inertia. The details of
the development of the equivalent rectangle geometries are presented in

i the volumes of this report covering the individual structures. A
circular base mat with a radius of 62 feet was used in all caset for the
reactor building. For the BWST, a circular base mat with a radius of
28.75 feet was used for the vertical and horizontal translation
impedances. For rocking, the impedances developed for a 24-foot radius
circular base mat were subtracted from the 28.75-foot rocking impedances
to develop equivalent ring foundation impedances.

I-4-9
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The frequency-dependent, elastic half-space equations presented
in Table I-4-1 were used to develop soil stiffnesses for each structure.
Tables I-4-5 through I-4-8 present the unembedded soil stiffnesses for
the lower bound, intermediate, and upper bound soil cases for the

auxiliary building SWPS, reactor building, and diesel generator building.

The auxiliary building / control tower, the reactor buildings and
the SWPS are all embedded to varying degrees. The diesel generator
building and BWST were considered to be unembedded. These embedment

effects were considered to be applied as a multiplier to the frequency
dependent elastic half-space impedances discussed above. Embedment

increases both the damping and stiffness of soil-structure systems.
Multipliers applied to unembedded stiffnesses and dashpots accounting for
embedment effects wem developed based on methodology presented in
Reference 10. The embedment effect applied to the unembedded soil
stiffness is of the form:

~

G

ed I + ("i ~I) GF *

i . 2 .

The embedment coefficient for damping is similar.

The coefficient aj represents the embedment for degree-of-freedom i

| for full embedment of the structure to a depth H below the ground surf ace
l

assuming complete lateral perimeter contact with the surrounding soil.
The ratio of high strain side soil shear modulus (G ) to the soil shear

1

modulus for soil beneath the foundation (G ) is a correction accounting
2

for the differences in soil properties surrounding the structure. The
coefficient j in the above equation is a correction term which accounts

for partial embedment effects. The coefficient aj is based on the
assumption the structure is fully bonded to the surrounding soil.

| However, for a structure oscillating under earthquake loadings,
separation of the structure and side soil may occur af ter a few cycles.
Because of the limited ability of the soil to transmit tension, only the

I-4-10
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portion of embedded soil in compression can then be reliably counted on
to provide additional stiffening effects. The coefficient i accounts for
side soil separation from the structure. In addition, this term also

accounts for the fact that the structure may not be fully embedded on all

sides of its perimeter. A typical plot of aj is shown in Figure I-4-5
(from Reference 10). The details of the embedment stiffness coefficients
used in the SE evaluation are presented in the appropriate volumes for
the individual structures. Figure I-4-6 shows the plot of the impedance
correction f actor.

Tables I-4-5 through I-4-7 present the embedment factors and

corresponding embedded soil stiffnesses for the auxiliary building,
reactor building, and SWPS. As shown by these t' ables, the embedment
f actors for this site are relatively small and represent increases of 10
to 20 percent over the unembedded soil stiffnesses. The soil stiffnesses
for the DBG and BWST are not affected by embedment as shown in Tables
I-4-8 and I-4-13, respectively.

4.5 SOIL ENERGY DISSIPATION

Soil dashpots accounting for both geometrical and material
damping were developed for all degrees-of-freedom of the structures.
These soil impedances accounted for the actual foundation geometry of the
structures, frequency dependent effects, and reduction of the soil
gecmetrical damping due to layering effects. Embedment effects were
considered to be applied as a multiplier to the unembedded dashpots
determined from the elastic half-space equations presented in Table I-4-1.

The fundamental equation for calculating an unembedded dashpot
accounting for geometric damping is:

KT (Static) Req F
C* = C; Layer (4-7)y

W

.
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In this formulation, C is the frequency-dependent coefficient determined
4

from References 15,16,17, or 18 as discussed in Section 4.2 above, Req |
is the equivalent radius of the foundation, and v is the high strain '

s

shear wwe velocity corresponding to the effective soil shear modulus,
eff. The soil stiffness, KT (static), represents the unembedded soilG

spring stiffness presented in Tables I-4-5 through I-4-8 divided by the
appropriate frequency-dependent coefficient, kj, as defined by Section

4.1 above. The layering f actor, Flayer, represents the reduction in
radiation damping due to energy entrapment from soil layering. These

,

layering f actors have been previously presented in Table I-4-3. Tables
I-4-9 through I-4-ll present the unembedded dashpots calculated for the
auxiliary building, reactor building, and SWPS.

Usino an approach similar to that discussed for the stiffness
calculations, embedment f actors wem calculated which were applied as a
multiplier to the unembedded soil damping coefficient, C*. The embedment

f actors for damping were calculated based on the procedure presented in
Reference 10 and are shown in Tables I-4-9 through I-4-11 for each of the
structures studied which were determined to have significant embedment.

Soil material damping of five percent of critical was added to
the damping coefficients af ter the soil embedment f actors had been

applied. The five percent soil material damping is defined as:

KT(embedded)
C(5%) = 0.1 (4-8)2xf

whem K (embedded) is the embedded soil stiffness for the structureT

determined from Tables I-4-5 through I-4-8 and the frequency, f, is the
estimate of the fundamental soil-structure frequency as discussed in
Section 4.1 above. The total embedded soil dashpot was calculated by:

C = C* Fe2(damping) + C(5%) (4-9)

I-4-12*
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where Femb (damping) is the embedment coefficient applicable to damping
as previously discussed. Tables I-4-9 through I-4-13 present the final
soil dashpots used in the SMR for all three soil cases studied.

.

.
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TABLE I-4-1

Frcqu ncy Dep:nd:nt Elastic Half-Spaca Imptdance

Direction Equivalent Spring Equivalent Spring
.of Ccnstant For Constant For Equivalent

Motion Rectangular Footing Circular Footing Damping Coefficient

32(1-v)GR
k =k 2(1+v)G8 / BL kx=kj c =cjk (static)R/p/GHorizontal x 1 x x x

7-89

8GR3

Rocking k =k2 8,B L k,=k2 c9=c2kt(static)R/ p/G2
9 3(1-v)

Vertical k =k3 z/BL k =k h c =c3 x(static)R/p/Gkz z 3 z

Torsion k "h R3 ct"C4 t(static)R/p/Gke 4

.

in which:
v = Poisson's ratio of foundation medium,

G = shear modulus of foundation meditan,
R = radius of the circular base mat,

p = density of foundation medium,
B = width of the base mat in the plane of horizontal excitation,
L = length of the base mal perpendicular to the plane of horizontal excitation,

,' = frequency dependent ctefficients modifying the static stiffness or damping.
c

.... u: .. . .. . . . . . . . . .
,

*. vvn rv*

W*
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4 4' L ',*
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.....'..=***** . ..

.
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.
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Constants p,, p , and p, for
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TABLE I-4-2

Equivalent Elastic Half-Space Shear Moduli For Midland
Soil Profiles

Dynamic Soil Shear Modulus, Geff (Ksf)
_

Structure
Building DOF Soft Soil Intermediate Stiff ~ Soil

Profile Soil Profile Profile

Auxiliary Horizontal Trans-
lation, Torsion 3,200 7,100 13,900

Vertical Trans-
lation, Rocking 4,000 8,600 14,900

Reactor Horizontal Trans-
lation 2,400 5,300 7,800

Vertical Trans-
lation, Rocking 2,800 7,300 11,800

SWPS Horizontal Trans-
lation, Torsion 2,200 4,900 13,900

Vertical Trans-
'ation, Rocking 2,900 6,200 14,900

DGB Horizontal Trans-
lation 830 950 1,100

Vertical Trans-
lation 1,650 2,800 3,500

Rocking 1,300 1,700 2 ,100

BWST All Degrees of
Freedom 690 1,150 1,900

,
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TABLE I-4-3

LAYERING FACTORS FOR DAMPING FOR MIDLAND STRUCTURES

C (CLASSI Layered Site Analysis)
F *
layer C (Theoretical Elastic Half Space)

Direction

Auxiliary Building * Reactor Building * SWPS* Diesel Generator Building
*

Soft Intermediate Stiff
Soil soil soil

l

3[ Horizontal Translation 0.75 0.50 0.75 0.50 0.30 0.20
.L

' Vertical Translation 0.75 0.75 0.75 0.50 0.30 0.20

Rocking 0.50 0.25 0.50 0.20 0.10 0.05-

Torsion 0.75 NA 0.75 NA NA NA

*The same layering factor was justified for all three soil profiles for these structures.

.



TABLE I-4-4

Equivalent Elastic Half-Space Shear Moduli
For Range of Soil Properties Used in SME

Dynamic Soil Shear Modulus, Geff (Ksf)

Structure Lower Bound Intermediate Upper Bound
Building Dof Soil Case Soil Case Soil Case

Auxiliary Horizontal Trans-
lation, Torsion 1,900 7,100 18,100

Vertical Trans-
lation, Rocking 2,400 8,600 19,400

Reactor Horizontal Trans-
lation 1,400 5,300 10,100

Vertical Trans-
. lation, Rocking 1,700 7,300 15,300

SWPS Horizontal Trans-
lation, Torsion 1,300. 4,900 18,100

Vertical Trans-
lation, Rocking 1,750 6,200 19,400

DGB Horizontal Trans-
lation 500 950 1,400

Vertical Trans-
lation 1,000 2,800 4,600

Rocking 770 1,700 2,700

BWST All Degrees of
Freedom 690 1,150 1,900

I-4-17
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! TABLE I-4-5

AUXILIARY BUILDING S0IL STIFFNESSES

; Non-Embedded Soil Stiffness Embedded Soil Stiffness
? Embedment

Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper Bound
! Motion Soil Soil Soil Soil Soil Soil
!

2

: Translational
North-South 0.90 106 3.21 106 8.18 106 1,11 1,00 106 3.56 106 9.08 106

}| East-West 0.93 106 3.36 106 8.54 106 1.10 1.02 106 3.70 106 9.40 106
6f; Vertical 1.18 10 3.64 106 8.07 106 1.09 1.28 106 3.97 106 8.80 106

'

Rotational
North-South 1.14 1010 3.73 1010 8.41 1010 1.24 1.41 1010 4.63 1010 10,4 1010i

East-West 0.87 1010 2.85 1010 6.25 1010 1.22 1.06 1010 3.48 1010 7.63 1010
'

Torsional 0.94 1010 3.48 1010 8.92 1010 1.21 1.13 1010 4.21 1010 10,9 1010

NOTES: 1. Units for Translational Soil Springs are K/ft.
2. Units for Rotational Soil Springs are K-ft./ rad.

:

.

k



'TABLE I-4-6

SERVICE WATER PUMP STRUCTURE S0IL STIFFNESSES

I

Non-Embedded Soil Stiffness Embedded Soil StiffnessEmbedment
Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper Bound

Motion Soil Soil Soil

Translational
North-South 3.48 105 1.26 106 4.66 106 1.05 3.69 105 1.34 106 4,94 106

7 East-West 3.53 105 1.28 106 54,74.j06 1.06 0.74 10 1.36 106 5.02 106
vertical 3.52 105 1.46 106 4.58 106 1.06 4.79 105 1.55 106 4.85 106

Rotational .

North-South 8.54 108 2.77 109 8.65 109 1.14 9.73 108 3.15 109 9.86 109
East-West 8.55 108 2.78 109 8.63 109 1.17 1.00 109 3.24 109 1.01 1010
Torsional 8.96 108 3.94 109 1.25 1010 1.16 1.04 109 3.94 109 1.45 1010

Notes: 1. Units for Translational Soil Springs are K/ft.

2. Units for Rotational Soil Springs are K-f t/ rad.
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TABLE I-4-7

REACTOR BUILDING S0ll STIFFNESSES

Non-Embedded Soil Stiffnesses Embedded Soil Stiffnesses,

Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper Bound
i Motion Soil Soil Soil soil Soil Soil

Translational
5 0 6 5 6 0

North-South 4.55x10 1.65x10 3.16x10 1.06 4.83x10 1.75x10 3.35x10
5 6 6 5 6 6! East-West 4.55x10 1.65x10 3.16x10 1.06 4.83x10 1.75x10 3.35x10
5 6 6 5 6 6Vertical 6.00x10 2.65x10 5.38x10 1.04 6.24x10 2.76x10 5.60x10

{
h Rotational

North-South 1.96x10 6.90x10 1.50x10 1.h3 2.21x10 7.78x10 1.69x10
9 9 10 9 9 I9
9 9 10 9 9 10East-West 1.96x10 6.90x10 1.50x10 1.13 2.21x10 7.78x10 1.69x10

Notes: 1. Units for Translational Soil Springs are K/ft.
2. Units for Rotational Soil Springs are K-ft/ rad.

!

!

,

e
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TABLE I-4-8

DIESEL GENERATOR BUILDING S0Il STIFFNESSES

Soil Stiffness

Motion Lower Bound Intermediate Upper Bound
4 Soil Soil Soil

Translational
5North-South 1.50 x 10 2.80 x 105 4.10 x 105

East-West 1.47 x 105 2.75 x 105 54.02 x 10
5 6Vertical 2.87 x 10 7.69 x 105 1.25 x 10-

h
m
~ Rotational

North-South 3.94 x 108 9.12 x 108 1,43 x 109

East-West 1.03 x 109 2.44 x 109 3.84 x 109

,

Notes: 1. Units for Translational Soil Springs are K/ft.

2. Units for Rotational Soil Springs are K-ft/ rad.

!



TABLE I-4-9

AUXILIARY BUILDING DAMPING CONSTANTS

Non-Embedded Dashpot Embedded Dashpot (3)

Embedment
Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper Bound

Motion Soil Soil Soil Soil Soil Soil
_-

7*
? Translational

North-South 6.02 104 1.12 105 1.77 105 1.25 8.33 104 1.60 105 2.58 105

East-West 6.46 104 1.22 105 j,91 105 1.24 ' 8.82 104 1.69 105 2.76 105

Vertical 1.41 105 2.54 105 3.74 105 1.11 1.64 105 2.97 105 4.42 105

Rotational
North-South 2.17 108 4.53 108 5.65 108 1,44 4.25 108 9.07 108 1.24 109
East-West ?.80 107 2.03 108 2.55 108 1,46 2.27 108 5.01 108 6.84 108
Torsional 2.08 108 3.79 108 6.35 108 1.49 4.01 108 8.03 108 1,39 108

.

NOTES: 1. Units for Translational Dashpots are K-sec/ft.
'

2. UniLI for Rotational Dashpots are K-sec-ft./ rad.

3. Includes 5% Soil Hysteretic Damping.

i

_ _ _ - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -



- - - _ _ _ _ . _ . . - _ - - _ - - ..

,

i
:
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| TABLE I-4-10

.
SERVICE WATER PUMP STRUCTURE DAMPING CONSTANTS

!

Non-Embedded Oashpot Embedded Dashpot (3)>

Embedment
, Lower Bound Intermediate Upper Bound Factor Lower Bound Intennediate Upper Bound
| Motion Soil Soil Soil Soil Soil Soil
I

Translational
4

7 North-South 1.57 10 2.94 104 5.65 104 1.12 1.99 104 3.73 104 7.16 104
#

4 East-West 1.62 104 3.04 104 5.84 104 1.14 2.09 104 3.91 104 7.51 104
" Vertical 2.79 104 4.80 104 4 1.09 3.29 104 5.66 104 1.00 1058.50 10

*Rotational
North-South 8.61 106 1.48 107 72.62 107 1.30 1.69 107 2.94 107 5.15 10
East-West 7.74 10 - 1.33 107f 2.35 104 1.37 1.65 107 2.88 107 5.03 107
Torsional 1.24 107 2.41 107 4.63 107 1.36 2.35 107 4.56 107 8.76 107

Notes: 1. Units for Translational Oashpots are K-sec/ft
2. Units for Rotational Dashpots are K-sec-ft/ rad
3. Includes 5% Soil Hysteretic Damping

,

b

- -_- - _ _ - _ _ _ _ _ _ -
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TABLE I-4-11

REACTOR BUILDING DAMPING CONSTANTS,

,

|
i

Non-Embedded Dashpot Embedded Dashpot (3)
Embedment

Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper BoundMotion Soil Soil Soil Soil Soil Soil

Translational
North-South 1,77x104 3.06x104 4.23x104 1.15 -2.28x104 4 44.33x10 5.95x10

;

East-West 1.77x104 3.06x104 44.23x10 1.15 2.28x104 44.33x10 5.95x104
h Vertical 4.96x104 5 5 4 5 51.06x10 1.49x10 1.07 5.36x10 1.16x10 1.66x10%

Rotational
6 6 7 7 7 8; North-South 5.02x10 8.48x10 1.48x10 1.37 2.81x10 6.42x10 1.01x10
6 6 7 7 7 8East-West 5.02x10 8.48x10 1.48x10 1.41 2.81x10 6.42x10 1.01x10

| .

|
4

,
Notes: 1. Units for Translational Dashpots are K-sec/ft

) 2. Units for Rotational Dashpots are K-sec-ft/ rad
| 3. Includes 5% Soil Hysteretic Damping

!

,

. --



TABLE I-4-12

DIESEL GENERATOR BUILDING DAMPING CONSTANTS

' Dashpot

Motion
Lower Bound Intermediate Upper Bound

Soil Soil Soil

Translation
North-South 1.07 x 104 8.97 x 104 8.01 x 103

[ Eas t-West 9.42 x 103 8.18 x 103 7.49 x 103

h Vertical 2.76 x 104 2.64 x 104 2.48 x 104

Rotational
North-South 5.62 x 106 5.94 x 106 6.66 x 106
East-West 2.60 x 107 2.70 x 107 2.94 x 107

Notes: 1. Units for Translational Dashpots are K-sec/ft. .

2. Units for Rotational Dashpots are K-sec-ft/ rad.
3. Includes 5% Soil Hysteretic Damping.



___

TABLE I-4-13

B0 RATED WATER STORAGE TANK STIFFNESS AND DAMPING CONSTANTS

Radf ation Damping Plus Sof tStt ffness Dashpot (Radiation Damping) Materf al Dampf ng (5 of
CriticalMotion Lower Bound Intermedia te Upper Bound Lower Sound Intermediate Upper Sound ,

Soll Soll Soil Sofi 5o11 Soft All Soffs
7 $ 5 5 3 3 3Horizontal Translation 0.98x10 1.63x10 2.72x10 3.97x10 5.13x10 6.62x10 56
A'

M Rocking 2.16x10 3.60x10 6.01:10 5.84x10 7.54x10 9.74x10 39

7 7 5 5 5

5 5Vertical Trap.lation 0.99x10 1.65x10 2.76x105 4 4 40.81x10 1.05x10 1.35x10 88

,

NOTES: 1. Units for Transistional Soll Springs K/ft
2. Units for Rotational Soll Springs K-ft/ rad
3. Units for Translational Dashpots K-sec/ft
4. Units for Rotational Dashpots K-sec-ft/ rad

a 5. Percent of Critical Damping includes 55 Soil Hysteretic Damping

,

t

"
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5. STRUCTURE ANALYTICAL MODELS

5.1 SE STRUCTURES MODEL APPROACH

For the Reactor Building, Auxiliary Building and Control Tower,
Service Water Pump Structure, and the Diesel Generator Building, existing
design models developed by Bechtel (References 9-12) for the structures
were used for the SMR. For the BWST analysis, a new model was developed.

In general, the analytical models consist of lumped masses connected by
massless elements representing the structure stiffness. In locations
such as the auxiliary building electrical penetration wings and under-
pinning walls where additional detail was required, plate finite elements
were incorporated in the model. Both two and three-dimensional models of
the structures were used as required. For the three-dimensional models,
the center of mass and center of rigidity were nodeled separately in
order to account for the torsional response.

The models were reviewed for general method of approach and

adequacy, but the detailed calculations used to develop these models were
not checked as part of the SMR. However, in order to assure consistency
between the structure models used in design and the SME calculations, all
models were first run for either a fixed base condition or with design
values for the soil springs, and the frequencies and mode shapes were
compared with the design values.

With the exception of heavy components such as the Nuclear Steam

Supply System (NSSS), equipment was not specifically modeled in the
dynamic models of the Midland structures. The overall dynamic models of
the auxiliary building, reactor building, SWPS, and diesel generator
building included the mass of the equipment lumped at the appropriate
floor in the structures but no dynamic characteristics of the equipment
were included. For light, floor-mounted equipment which has negligible
influence on the overall dynamic characteristics of the structure, this
is an acceptable modeling assumption.

I-5-1
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5.2 STRUCTURE MODEL DESCRIPTION

This section presents a brief description of the structure
models used in the SMR. Detailed mass, stiffness, eigenvalue, and
damping information for the individual structures is presented in
subsequent volumes, together with the response results.

The dynamic lumped mass model for the reactor building is shown
in Figure I-5-1. Since the structure is essentially synnetric a
two-dimensional model is considered adequate. The model includes
representations of the containment vessel shell, the concrete internals
structure, the steam generators, and the reactor vessel. Soil compliance
functions for the SME site characteristics including embedment were
developed separately and added to the model.

The auxiliary building structure is considerably more complex.
A sketch of the external configuration is shown in Figure I-5-2. This
sketch shows only the exterior concreta outline and does not include the
steel superstructure of the auxiliary building.or the underpinning walls
beneath the control tower and electrical penetration wings. The dynamic
model of the auxiliary building includes the underpinning walls. The
structure is essentially symmetric about the N-S axis. However, in order
to adequately model the torsional response introduced by E-W excitation,
a three-dimensional model is necessary. In addition, a combination of

lumped mass and flat plate finite elements were incorporated to more
accurately treat the electrical penetration wings and underpinning. The
dynamic model used for the auxiliary building is shown in Figure I-5-3.
Centers of mass and stiffness were offset as required. The element
stiffnesses comprising massless elements of the sticks were computed
accounting for the different shear wall orientations at the stories.

Concrete block wall stiffnesses were not considered to contribute to the
primary structure stiffness.

I-5-2 I
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A vertical section view of the service water pump structure
together with the lumped mass model is shown in Figure I-5-4. Although

this is a much simpler structure than the auxiliary building, a three-
dimensional model was also developed for this building. The mass of the
water for horizontal response was distributed between the nodes located
from the base slab through Elevation 620'. The mass of the water for
vertical response was concentrated at the base slab. The service water
pump structure model also includes the underpinning walls for the soils
remedial design.

<

The diesel generator building dynamic model is presented in
Figure I-5-5. Because this structure is essentially symnetric, a two
dimensional lumped mass model is considered adequate for calculating
dynamic response. The lumped mass degree-of-freedom (dof) for the model

shown represents the mass of the footings, diesel generator pedestals and
diesel generators, walls, and major floors. Massless stiffness elements
were used to represent the shear walls in this structure. This model
assumes the building, entrapped soil, and diesel generators are coupled
and respond in-phase.

In addition, to conservatively- bound the diesel generator
building response, a seccad independent dynamic model of the structure
was developed. This new model assumes the structure and diesel

generators are uncoupled. The base mat mass and soil stiffnesses are
assumed to be located at Elevation 634'-6". Entrapped soil, spread
footings, diesel generator pedestals, and diesel generator masses are not
included in this model. Dynamic responses from both models were

evaluated in determining peak loads and floor response spectra for the
SME margin study.

A new analytical model including the structure mass and
stiffness, soil impedance functions, and fluid effects including sloshing
was developed for the BWST.

I-5-3
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6. STRUCTURES SEISMIC RESPONSE

6.1 SEISMIC ANALYSIS PROCEDURE

The generation of the SMR structure loads aad in-structure
response spectra was conducted with the design basis models of the
structures with new soil compliance functions, and using the SME ground
motions described in Section 2 as input. A simplified flow chart of the
analysis process is shown in Figure I-6-1. In order to assure that the
design models were properly interpreted aid implemented for use for the
SME analysis, a comparison of frequencies and mode shapes was made with
the corresponding results generated by Bechtel. Depending on the
assumptions made in the individual models received from Bechtel, the
check was for either the fixed base condition or one of the design soil
Cases.

A review of the design basis models which included methods of

lumping mass procedures for computing elenent stiffnesses, and general
level of detail required to characterize the seismic response was
conducted. Where any significant uncertainties existed concerning
assumptions in modeling or levels of detail in the design models,
parametric studies were conducted or additional analyses were pursued.
Examples of parametric studies conducted are the modeling assumptions
used in determining the relative soil stiffness under the electrical
penetration wings of the auxiliary building control tower structure
(Volume III), the vertical amplification ]f floor slabs (Appendix I-A),
and different assumptions of the diesel generator building entrapped soil
(Volume V). Therefore, detailed checks of the design calculations used
to develop the models were not conducted for the SMR.

Both time history and response spectrum analyses were conducted
for the SME. Time history analyses were used to develop the in-structure
response spectra used as input to floor mounted equipment. Response

spectrum analyses were used to generate the seismic response loads in the

I-6-1
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structu res. By using response spectrum analyses to determine seismic

response loads, excess conservatism was avoided since the SME ground

response spectra are snooth and do not have the peaks and valleys
associated with the spectra generated by the synthetic time histories.

6.2 COWOSITE M00AL DAWING

Response spectrum analysis techniques assume the structure has
classical nonnal modes. In other words, the equations of motion are
assumed to be uncoupled and the response of the structure can be

calculated as the superimposed response of a series of single
degree-of-freedom systens. For structures with more than 10 to 20
percent critical damping, the structure does not possess classical normal
modes. Structural r'esponse can be rigoriously computed only by a;

step-by-step technique such as direct integration time history analysis.
j However, by appropriately selecting modal damping values, a normal mode
!

method such as response spectrum analysis can be used to generate
reasonably accurate results.

For structures on a soil site such as the Midland Plant,
soil-structure interaction is an important consideration. Typically the
fundamental frequencies of these structures are in the 2 to 4 Hz range
with the primary response mode being a combined soil-structur? mode. -

|

These fundamental soil modes are often highly damped with damping values
for horizontal translational response as high as the 20 to 30 percent
critical damping range. Vertical translational damping values can be as
much as 60 percent critical damping. The damping used for each mode in a
normal mode analysis represents a combination of both damping due to the
soil in the form of soil hysteresis and energy waves propagating outward
from the structure, and damping in the structure. Combined soil
geometric and material damping ratios are normally several times as large
as structural damping. For structural response modes which are combined

soil and structure, it is necessary to assign modal damping to each
! combined mode of the structure in order to assure accurate yet conserva-
i

; tive levels of seismic response.
i
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Various techniques an! available for computing composite modal
damping accounting for both soil damping and structural damping. These
include empirically derived methods such as stiffness and mass propor-
tional damping. With these methods, the degree of approximation between
a normal mode solution using damping values computed by these techniques
and a rigorous solution cannot be predicted. Frt.quently, these methods

| overpredict the modal damping and consequently can seriously under-
predic!: structural response. Underprediction of response can become
quite serious at locations high in the structure. This underprediction
of response is normally prevented by cutting off the maximum modal
damping predictei by these methods at an arbitrary damping level. The
degree of conservatism this arbitrary cutoff introduces normally is not
k nown.

In order to avoid underpredicting the seismic response, a
technique developed by Tsai (Reference 23) was used to' develop the

composite modal damping for the Midland structures. The basic principal
of this technique is, at the flexible base structural frequencies, to
match the rigorous and normal mode solutions of the transfer function at
critical locations in the structure. Matching of the transfer function
normally is done high in the structure at a location like the top floor
where response is sensitive to damping. In this method, the structure -

model is excited by a unit harmonic input and the structural response
transfer function for a particular location is determined throughout the
frequency range of interest. Flexible base modes of the structure are
then determined including the effect of soil flexibility. The structure
transfer function for the normal mode solution is then developed from the
uncoupled equations of motion. By iterating on the modal damping used in
the normal mode solution, the transfer functions from the normal mode
solution and harmonically excited complex solution can be equated at all
frequencies of interest and conservative composite modal damping calcu-
lated for all important modes. Comparisons of nomal mode solutions
using damping based on this technique and rigorous solutions shows
excellent agreement (Reference 22).
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Composite modal damping values based on the Tsai approach were

calculated using the program S0ILST (Reference 24) for all structures
,

considered in the SMR. This program is an extension of the work
presented in Reference 23 to three dimensions. For each soil case
studied in the SMR, locations in the various structures were chosen which

were expected to be sensitive to damping. Composite modal damping values

were determined at these different locations in the structure for
excitation in each of the three principal directions. Composite modal

'

- damping values predicted by S0ILST were tabulated for each location on a
mode by mode basis. Damping values for each mode were chosen based on a

conservative fit of all data.

In order to ensure that the composite modal damping values were
'

conservatively chosen, comparisons of structural response predicted by
direct integration time history analysis using concentrated dashpots to
model the soil gennetric and material damping and seismic response
predicted using composite modal damping were conducted. Acceleration
levels throughout each of the structures were calculated from direct
integration time history analyses during the development of floor
response spectra. These zero period accelerations are directly related
to the maximum seismic response loads on the structure. A similar set of
response accelerations in the structure was calculated by using modal
superposition time history analysis with modal damping values corres-
ponding to the composite modal damping determined in the manner described

above. The same input time history was used in both the direct integra-
tion and modal superposition analyses in making these comparisons. By

comparing zero period accelerations throughout the structure and checking
that the zero period accelerations determined using composite modal
damping approximately met or exceeded those from direct integration time
history analysis, confidence in the calculated composite modal damping
values was developed. The actual composite modal damping values
determined for each structure and soil case are presented in the separate
volumes for each structure presenting SMR results.

I -6 -4
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6.3 STRUCTURE SEISMIC LOADS

Structure shear, moment, and axial loads were developed using
response spectrum analysis techniques. The computer program MODSAP
(Reference 25) was used to develop the flexible base modes required for
the response spectra analysis. MODSAP is an updated version of SAP IV
and is directly compatible with the Bechtel version of SAP IV used in the
design analysis. The appropriate SE spectra presented in Section 2 of
this report were then used in conjunction with the composite modal

,

damping values and flexible base modes discussed above to determine
seismic response loads in the structure.

.

6.4 DETERMINATION OF NUMER OF MODES

For a particular soil case, enougn flexible base modes were
determined for each structure to ensure the overall seismic response was
accurately defined. The number of modes required for a particular soil
case was determined by the criteria that for any nodal location k on the
structures enough modal mass must be participating to ensure:

m

0.85 s [ PF s 1.15k'i (6-1)j 4
j=1 j j

whem m is the number of modes, PFij is the earthquake participation
f actor for excitation direction 1, mode j, and 4k,ij is the eigenvector
for node k, degree-of-f reedom 1, and mode j. This criteria ensures no
less than 85 percent and no more than 115 percent of the structure mass
is participating in the modal solution. These limitations are generally
considered to be adequate for detarmining the seismic response of
structures.
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6.5 COMBINATION OF MODAL RESPONSES

Seismic response c? S!1R structures was evaluated for ground
motion in each of the thrm earthquake components (two horizontal and one
vertical) acting independently. Combination of individual modal
responses was done in accordance with U.S. NRC Regulatory Guide 1.92

(Reference 26). Modes of the structure which were considered to be
randomly phased were Jombined by square-root-sum-of-the-squares (SRSS).

Closely-spaced modes for which random phasing was not a valid assumption
wem combined by the ten percent grouping method defined by U.S. NRC
Regulatory Guide 1.92. For any response value R which is desired, the
representative maximum value of the particular response for a particular

'' earthquake component is given by:

'

N
Y{R +2r|RR|R= 2

j3 1/j (6-2)
k=1

-
.

where Rk is the peak response value due to the k the mode, and N is the
number of significant modes considered in the modal response combina-
tion. The second sunrnation accounts for all i and j modes which are
closeiy spaced to each other and can be considered to be in phase.
Closely spaced modes are defined by:

w3 wj
= 0.10,

(6-3)

also 1s is js N [

I
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6.6 COPBINATION OF THE THREE COWONENTS OF MOTION

Structural response loads to seismic excitation were determined

for each of the three earthquake components acting independently.

Stresses at all critical locations in the structure were determined for
each earthquake component considered separately. Stresses due to all
three earthquake components considered simultaneously were calculated
using the square-root-sum-of-the-squares of individual responses.
Overall structural moments, shears, axial loads, and displacements were
calculated based on a square-root-sum-of-the-squares of directional
responses.

6.7 DISTRIBUTION OF LOADS TO STRUCTURE ELEENTS

Overall seismic loads were developed from the SE response
spectrum analyses conducted for each of the structures. For lumped mass
structures whose stiffnesses were represented by vertical stick elements,
these loads consist of axial forces, horizontal shears, torsional
moments, and overturning moments. To conduct the structures capacities
evaluation, it is necessary to distribute these overall structure seismic
loads to the individual elements that compose the load-resisting system.

,

The load distribution methods employed were selected as being appropriate
for the different load-resisting systems evaluated in this study.

The lateral load-resisting systems for the auxiliary building,
service water pump structure, and diesel generator building consist

j primarily of concrete shear walls interconnected by concrete floor
slabs. The floor slabs act as diaphragms distributing horizontal seismic
inertial loads to the shear walls which transmit these loads down through
the structure to the foundation. If the diaphragm is nearly rigid, the
shear walls of a story are constrained to displace laterally as a unit

! and the horizontal loads can be distributed to the walls in proportion to

their relative rigidities. The rigid diaphragm approximation is comonly
I employed in the design of concrete wall / floor slab structures. It is

expected to lead to reasonable estimates of structure element loads and

was used to define the load distributions within the concrete portions of
; the auxiliary building (main auxiliary building and control tower),

service water pump structure, and diesel generator building.

I-6-7
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Equations used to calculate individual wall horizontal shaar,

loads based on wall relative rigidities are presented in Reference 27.
The total element shear load consisted of contributions from overall
structure story shears and torsional moments. For conservatism, the
contribution from torsional moment was always taken to increase the total
element shear since relative signs of the overall story shear and,

torsional moment are lost by the SRSS modal combination. Overall story
shears and torsional moments used as load input to the load distribution
equations were those generated by the structure response spectrum
analysis. For symmetric structures, minimum torsional moments were
defined as the product of the story shear acting in the direction of
ground motion and an eccentricity equal to fiv percent of the maximum
structure plan dimension at that story. As not d in Section 6.6, element
forces were determined for overall loads due to each of the three
earthquake directional components acting separately, then combined by
SRSS.

>

Overall structure overturning moments are defined at the nodes
of the dynamic model. The incremental change in overturning moment in a
story (difference in overturning moment between the top and bottom floors
of the story) was distributed to the walls in the same proportion as the
distribution of horizontal shears to the walls. This approach is
specified by References 28 and 29. In effect, the overturning moment
increments were distributed to the walls in proportion to their relative
rigidities. To account for additional load due to torsion, an
incremental overturning moment equal to the product of the horizontal
shear due to torsional moment and the story height was included for each
wall. The total wall overturning moment at a particular elevation was

| taken as the sum of the incremental changes in wall overturning moment
for the stories from the top of the wall to that elevation.

,

Determination of wall relative rigidities requires estimates of
the element story stiffnesses in the directions of lateral loading.
Structural members considered effective in resisting seismic loads were

I-6-8
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identified in the calculations perfomed by Bechtel to develop the dynamic
model stiffnesses for the auxiliary building, SWPS, and diesel generator
building. For the auxiliary building (main auxiliary building and control
tower) and service water pump structure, the seismic load-resisting walls
at a story were discretized into separate elements rectangular in plan.
Story stiffnesses for these elements were calculated in both horizontal
directions. In-plane wall stiffnesses considered both shear and flexural
deformations while out-of-plane wall stiffnesses considered flexural
defomations only. These stiffnesses were based on a condition of
rotational fixity at the top and bottom floors of the stories. In
general, all concrete walls were included in the dynamic models. Some
walls were modeled by a series of elements rather than a single
continuous element. Major openings were included as discontinuities in
the element layout. Masonry walls were not considered to be seismic load-
resisting shear walls.

For the auxiliary building and the service water pump structure,
the element story stiffnesses presented as part of the dynamic model
properties calculations were used to determine element relative

rigidities. Story stiffnesses for the walls of the diesel generator
building were calculated in a similar manner. Out-of-plane wall
stiffnesses were not included so that conservative in-plane loads would
be produced. When necessary, some of the wall story stiffnesses were
modified to provide better correlation to the actual structural

conditions. When a single wall was defir.ed by a series of elements, the
total load acting on that wall was taken as the sum of the element
loads. When a single element was used to model a length of wall actually
consisting of a series of piers separated by significant openings, the
total shear load was distributed to the individual piers in proportion to
their relative rigidities.

Concrete structures which are not composed of conventional shear
wall / floor slab lateral load-resisting systems include the containment

; building and internal structures. These structures do not

i
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have floor diaphragms to distribute the seismic loads to the vertical
elements so the relative rigidities approach adopted for the auxiliary
building is not as directly applicable. The dynamic model stiffness

i properties of the containment and internal structures were represented by
elastic beam properties consisting of axial and shear areas and moments
of inertia. The seismic stress distributions are expected to be
predicted with sufficient accuracy by elementary elastic beam theory.
For the containment wall, being a shell, the horizontal seismic responses
generated by beam elements translate primarily into tangential shear and

meridional membrane stresses. These stresses were distributed around the
shell wall according to a first hannonic. Axial responses generated on
the beam elements representing the containment shell from the vertical
seismic analyses result in unifonnly distributed wall meridionai .nembrane
stress. Membrane and bending stresses due to the seismic response of the
base mat and dome were estimated through classical solutions. The
seismic load-resisting walls of the reactor b Gding internal structure
am sufficiently tied together to behave as a single vertical beam member.

} Calculations performed to determine the equivalent beam properties for
the dynamic model identified which walls were considered to be seismic

| load-resisting. Overall horizontal shears from the response spectrum
analyses were distributed to the walls in proportion to their shear

| areas. Vertical stresses due to vertical load and overturning moment
were determined by elementary elastic beam theory with the walls

'

occurring at a particular elevation combined to form a single beam
cross-s ection.

The only steel framed structure expected to oe significantly
stressed by seismic loads occurs above Elevation 659'-0 in the auxiliary
building. Resistance to seismic loading consists primarily of moment-
resisting f rames in the E-W direction and braced frames in the N-S
direction . Seismic design forces in the structural steel members due to
the OBE wem determined by static finite element analyses. The finite
element model is able to account for the effects of seismic inertial

I-6-10
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loads and differential displacements between the main auxiliary building
and the control tower en the structural steel member forces. Member
forces due to the SE were determined by increasing the OBE forces from
the static analyses by scale f actors. These scale f actors were defined
as the ratios of the SE responses to the OBE responses in the elements

,

of the dynamic model.

,

1
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7. MARGIN EVALUATION OF STRUCTURES

7.1 LOAD COMBINATIONS

The structures seismic margin review was conducted for the '

following load combination:

U = 1.0D + 1.0T + 1.0L + kE
sm

where: U = Limiting load on the structure
D = Dead load (Including equipment)
L = Operating live load during normal operation plus any live

load occurring as a direct result of earthquake loading.
T = Loads due to differential settlement, if any

E = Seismic Margin Earthquake loadsm
k = Ductility reduction factor

In addition, the load combination for the reactor containment
building includes the design basis pressure and temperature for this
condition.

U = 1.0D + 1.0F + 1.0L + 1.0P + 1.0TA + KEsm

where: F P restress=

Design Basis Pressure (Reference 1)P =

T
A Design Basis Temperature (Reference 1)=

Member forces due t. dead and live loads were based on the
results of existing design basis analyses or calculations by Bechtel. In

cases where live or settlement loads were found to reduce the effects of
dead and seismic loads, structural member capacities were checked without
the presence of the live and settlement loads. For structures which
could conceivably be above yield as a result of the SME, provisions are
made to include the effects of inelastic energy dissipation by means of
the ductility reduction f actor, k. The ductility reduction factor is a

means of accounting for the inherent seismic resistance of a system above
that expected based on clastic analysis. Nonlinear behavior of a' ductile '
system limits the imposed forces and accompanying stresses. A
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ductility reduction factor less than unity would be expected for ductile
post-yield behavior. The derivation and limitation on the use of
ductility reduction factors is described in Appendix B of this volume.

The seismic margin review is primarily concerned with reporting
code margins (margins against current code allowables). For code margins:

k = 1.0

In other words, no ductility reduction factor was used in any code margin.
Provision is made to compute a failure margin in any case where the code
margin is calculated to be less than unity. In developing failure
margins, a ductility reduction f actor less than unity may be used. Where
k less than unity is used, the value used is clearly defined. In
general, for failure margins:

k = 0.8

For certain failure modes discussed in Appendix B, a value af k of unity
is used even for failure margins. A value of k less than 0.8 is used
only when justified by special studies.

7.2 ACCEPTANCE CRITERIA

The acceptance criteria adopted for evaluation of the structural
elements confonn to the applicable codes currently specified by the
Standard Review Plan (SRP) for design of concrete containments, concrete
internal structures, and other Seismic Category I structures.

| 7.2.1 Concrete Structures

For the concrete containment, the provisions specified by
Article CC-3000 of the ASME Section III, Division 2, " Code for Concrete

Reactor Vessels and Containments" (Reference 30) were followed. Stresses
in the concrete, steel reinforcement, and prestress tendons were limited
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to the allowable stresses for f actored loads. In addition, the

tangential shear stress in the prestressed containment wall was limited

to that value causing a principal tensile stress of 4 dj where f[ is
the concrete compressive strength in psi. This requirement is specified
in subsection II.5 of Section 3.8.1 of the Standard Review Plan. For the
concrete internal structuyps and concrete. portions of the other Seismic
.r,ategory I structures, tie section strength available for resisting loads
was based on the ultimate strength design methods contained in ACI
349-80, " Code Requirements for Nuclear Safety Related Concrete

Structures" (Reference 31).

The code allowable values were based on the as-built
configurations for the elements evaluated. The evaluation of selected ,

concreta elements included a check for the reinforcing cutting allowance
delineated in Reference 32. These criteria provide that one bar each
way, each face, may be cut no closer than five feet or equivalent for
selected locations. No cutting was allowed in the containment shell,
near steel lined surf aces, in congested locations or bundle bars, #14 or
#18 bars, or other critical locations. In addition, non-conformance
reports were reviewed in order to identify any other discrepancies
existing in the elements selected for the SE evaluation.

7.2.2 Steel Structures

Stresses in members of the steel structures were calculated
elastically and were typically limited to 1.6 times the allowable
stresses specified in Part 1 of the AISC " Specification for the Design,
Fabrication, and Erection of Structural Steel for Buildings" (Reference
33). Shear stresses were limited to 0.55 times the minimum specified
material yield stress in accordance with Section 2.5 of the AISC
Specifications. This stress limit is that specified in the Standard
Review Plan for steel structures subjected to a load combinations
consisting of normal operating and extreme environmental loads. The

one-third increase in allowable stresses for steel members was not
permi tted . Determination of the allowable stresses or ultimate strengths
was conservatively based on the minimum specified material yield or
crushing strengths.

| I-7-3

i

!



8. INPUT TO EQUIPMENT

8.1 DEVELOPMENT OF IN-STRUCTURE RESPONSE SPECTRA

In-structure reponse spectra were developed based on the dynamic
structures models used in the SMR. Development of these spectra
considered the effects of niultidirectional earthquake excitation, the
different soil profiles evaluated for the SME, torsional response of the
strutures, and floor slab vertical amplification. This section presents
the methodology used in developing in-structure response spectra for the
SME. Actual spectra generated for the critical structures studied in
this evaluation are presented in the separate volumes for each structure.

In-structure response spectra were generated at specified
locations in the SMR structures. ijpically, one set of in-structure
response spectra which considered both the effects of multidirectional
earthquake excitation and torsional response vere developed for each
excitation direction at a specific elevation 'or each structure
analyzed. For the main auxiliary building, /loor response spectra were
generated at critical floor elevations ir. the control tower, throughout
the main auxiliary building, and at the eastern end of the east
electrical penetration wing. Examination of auxiliary building modal
response and symmetry considerations demonstrated that response of the
west electrical penetration wing was virtually identical to the east
electrical penetration wing and separate response spectra were not
required. In the reactor building, in-structure response spectra were
generated at the structure base mat for the internal reactor vessel-steam
generator support structure, and at the crane support level on the
containment. In-structure response spectra were generated at the base
mat and at all major floors for both the service water pump structure and
the diesel generator building.

I-8-1
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Structural damping values defined by US NRC Regulatory Guide
1.61 (Reference 33) for the SSE were used for the major concrete
structures. It was verified that for each structure the SME stress
levels exceeded one-half yield stress so that these damping values were
justified. For reinforced concrete structures, such as the auxiliary
building, diesel generator building, service water pump structure, and
reactor building internal structure, structural damping was assumed to be

I 7 percent of critical damping. The prestressed concrete containment for
the reactor building was taken to be at 5 percent critical damping.
Stresses in both the reactor vessel and steam geerator were considered
to be below one-half yield stress and a corresponding lower damping value
of 2 percent.of critical was used for these large pieces of equipment to
reflect the lower stresses.

4

Stiffness proportional damping was ased in conjunction with the
fixed-base eigensolution for the reactor building to define modal damping
for all modes. In this formulation, the equivalent modal damping 5 for

3
the jth mode is defined by:

<+3> [E] p3}_

sj = ,,j, gg3 {,j; J = 1, . . . . .n M

where: {4} is the mode shape for the jth mode,
3

<4> isthetransposeof{4}3 3

[K] is the modififed stiffness matrix constructed from
the product of the modal damping ratio and the
element stiffness matrix for each member.

i [K] is the stiffness matrix

The fixe."-base mode shapes and corresponding stiffness proportional modal
damping values were used as input to the program S0ILST for determining
time history response.
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For a set of soil impedances corresponding to each soil case,
the appropriate artificial time history (either original ground surface
or top-of-fill) from Section 2 was used as input to the structure dynamic

: model considered. The structure was excited by each earthquake component
acting independently and response time histories were calculated
throughout the structure for all translation degrees-of-freedom and
rotation about the vertical axis.

1

1

Response spectra were generated for each of the three excitation
directions including torsion. These spectra were generated for 2, 3, 4,
and 7 percent of critical equipment damping at the frequency intervals
outlined in US NRC Regulatory Guide 1.122 (Reference 34).

For the SMR analysis, much of the equipment is expected to be ut
stress levels exceeding one-half yield due to scismic loadings. Higher
damping levels are considered to be appropriate for evaluating equipment
at these higher stresses. Table I-8-1 presents the damping levels used
for determining both the code margin capacity and failure margin capacity
(if necessary) for structures and equipment analyzed in the SMR.

Since several of the structures studied in the SMR are
ansymmetric, structural excitation in one direction will excite response
for other degrees-of-freedom. Translational floor response spectra for
each response direction (two horizontal and one vertical) were developed

j by taking the square-root-sum-of-the-squares (SRSS) of the contributions
to the spectral ordinates from the vertical and the two horizontal ground
motions. Rotational in-structure response spectra for rotations about
the vertical structure axis at the center of rigidity of each floor were

[ developed in a similar fashion.

In developing the SMR in-structure response spectra, inclusion
| of the torsional response of the structures was required when equipment

was not located at the center of rigidity (rotation) of the floor. The
procedure to incorporate torsional response into the SMR spectra can be

;
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visualized using Figure I-8-1, which presents a schematic representation
of a typical structure floor showing critical equipment items at
distances R 'and R1 2 from the center of rigidity. Both translational >

and torsional in-structure response spectra were developed at the center
of rigidity of each floor accounting for all three excitation directions
as described above. For floors of a structure which have significant >

torsional response, the Y direction translational spectrum for an

equipment item located at a distance R1 (Figure I-8-1) from the center
of rigidity may have a significant translational component due to

] rotation about the center of rigidity. 'his translational component can
be conservatively included in the in-structure spectra for Y excitation'

'

by adding the absolute sum of the moment arm R times the rotational
1

spectra at the floor center of rigidity to the Y direction translational
spectra at the center of rigidity. By choosing this location such that ,

.

the distance in the X direction from the center of rigidity is maximized,
conservative spectra in the Y direction are defined for the floor.

Development of the in-structure response spectra in the X direction is
similar. In this case, a distance R2 representing the maximum distance
in the Y diraction that a critical piece of equipment is located from the,

4 center i igidity is used to define the translational component of X
response due to rotation. Translational response in the vertical

i direction, due to rotations about the two horizontal building axes, was
determined to be unimport'nt for all SMR structures and was not| a

considered in the development of vertical in-structure response spectra.

The approach described above to include , torsional response in
the translational response' spectra is conservative. Adding the absolute

j sum of the rotational spectra times a moment arm assumes that worst

possible phasing is occurring at all times. By maximizing the distance
' R from the center of rigidity to critical equipment on the floor, -

,

torsional effects are maximized.
!

i

i

|
'
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8.2 IN-STRUCTURE FLOOR RESPONSE SPECTRA SM0OTHING AND BROADENING

To account for variabilities in structural frequencies due to
uncertainties in material properties, soil profiles, and approximations
in modeling techniques, the peaks of the spectra from the three soil
cases were broadened by i 10%. Uncertainty in the knowledge of the site
soil characteristics is covered by the broad range of soil shear moduli
used in the SMR evaluation. The i 10% broadening is considered to j

conservatively cover the uncertainty introduced by structural modeling
assumptions and variations in material properties and is in conformance
with USNRC Regulatory Guide 1.122 (Reference 35). Where additional
uncertainties were considered possible, additional parametric analyses
were conducted, and worst case response results were used for the

in-structure response spectra. The peak broadening of 1 0.10 fj on
structure frequency j, is shown in Figure I-8-2. This broadening
procedure was done for all specified response locations using a
computerized broadening technique.

Final SME in-structure response spectra were then developed as
an envelope of the broadened spectra for the different soil cases at.each
location. This development of the enveloped spectra considered possible
shifting of structure frequencies due to uncertainty in actual site soil
properties. The enveloped spectra were further smoothed to remove minor

valleys. A typical example of this enveloping procedure is shown in
Figure I-8-3. |

8.3 VERTICAL AMPLIFICATION OF FLOOR SLABS

Enveloped vertical floor response spectra were developed in
accordance with the procedures presented in this section. These vertical
design spectra are applicable for equipment located close to the shear

l walls and for floors which have frequencies high enough to be considered
rigid. However, for equipment centrally located on larger, more flexible

( floor slabs, these vertical floor response spectra can be unconservative
since additional amplification of the ground motion due to slab vertical
flexibility may occur.

|

|
.
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The vertical seismic input to piping and equipment may exceed that which
would otherwise he computed from an overall soil-structure interaction,

model which neglects vertical floor slab flexibility. The dynamic models !

used in the original design did not include a provision for vertical
floor slab flexibility. In order to evaluate the effect of vertical

' floor slab flexibility on vertical seismic input to piping and equipment,
i representative floor slabs on which critical equipment and piping were

,

located were selected for analysis.

The selection of the floor slabs for evaluation was based on a'

,

general raview of the individual structures. Emphasis was placed on
slabs with long spans and/or high loads. Finite element models of the
slabs were developed including plate element representation of the slab
together with consideration of the beams, girders, and cut-outs. These
models included the weights of attached equipment items and non-
loadbearing masonry calls. A total of five slabs located throughout the
main auxiliary building. control tower, and electrical penetration wings

; were analyzed in the auxiliary building structure and one each in the
SWPS and diesel generator building. Fundamental frequencies in the range
from 11 Hz to over 33 Hz were calculated. Relatively low stress levels
resulting from combined seismic and dead-weight loads were computed, so'

that uncracked section properties were used in the analysis. Consistent
. with these low stress levels, structural damping in the slabs was limited
i to 4% of critical.

In-structure response spectra were generated at the centers of
'

the slabs and were then compared to spectra near the wall at tne corres-
i ponding locations throughout the structure. From these comparisons, a

! vertical amplification f actor (VAF) was developed which was used to deter-
mine the increased ir!put to equipment located near the floor slab centers.
The VAF is a function of both equipment frequency and damping and permits

: including a conservative representation of the floor slab vertical
amplification effects without the need to analyze every slab in the struc-
ture. The details of this evaluation are included in Appendix I-A of

| this report.
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TABLE I-8-1

DAMPING VALUES - PERCENT CRITICAL TO BE USED IN THE
I4)

SEISMIC MARGINS REVIEW FOR PASSIVE COMPONENTS

Structure or Component Percent Critical Damping

Code Margin Failure Margin

3.0 4.0(1)large diameter piping systems
Pipe diameter > 12 in.

_

Small diameter piping systems 2.0 3.0(1)
Pipe diameter < 12 in. .

Welded Steel Structures 4.0 4.0(3)

Bolted Steel Structures 7.0 7.0(3)

Welded Steel Components 3.0 4.0(2)

Bolted Steel Components 3.0 7.0(2)

Reinforced Concrete Structures 7.0 7.0(3)

Prestressed Concrete Structures 5.0 5.0(3)

(1) These values are based on test performed by Westinghouse Electric
Co. (References 35, 36).

(2) These damping values are consistent with damping values defined for
welded and bolted structures and by review of existing test data
(Reference 36).

(3) R.G..l.61 OBE damping levels shall be used as structural damping in
generation of floor response spectra where total calculated stresses
in the structure for the SME do not exceed one-half yield.

(4) Damping values used in evaluation of active components shall be
reduced in the same proportion of OBE to SSE damping values as
defined in Table 1 of R.G. 1.61.

I

j I-8-7

L



- .. -

.

!

h - Critical Equipment
Locations on Floor

Y
a

- %X
a @.

R
2

..

R I.. , ^X++ <
^

go

@
Floor Center of Rigidity

i
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9. SME SEISMIC MARGIN EVALUATION METHODS AND ACCEPTANCE

CRITERIA FOR EQUIPMENT AND SUPPORTS

A carefully selected sample of equipment was evaluated for the
SME. The evaluation was conducted in accordance with methodology and

acceptance criteria comparable to current NRC licensing criteria. In the
event that the acceptance criteria were not met, margins against failure
were calculated in order to assess the magnitude of actual margins for
the SME loading. -

Equipment acceptance criteria vary, depending upon the governing
design code, Regulatory Guide and Standard Review Plan criteria. Some

equipment were qualified by test to demonstrate functioncbility as well
as structural integrity while other equipment and their supports were
qualified for seismic service by analyticcl methods only. The following
general categories of equipment and supports are addressed in the Seismic
Margin Review Study:

NSSS Piping, Vessels and Supports
Reactor Internals
ASME Code Class 1 Balance-of-Plant Piping
ASNE Code Class 2 and 3 Balance-of-Plant Piping
ASME Code Class 1 Balance-of-Plant Equipment
ASME Code Class 2 and 3 Balance-of-Plant Equipment
Component Supports for ASME Code Class 1 Piping and Equipment
Component Supports for ASME Code Class 2 and 3 Piping and

Equipment
Emergency Power Supplies
Cable Trays and Supports
HVAC Ducting and Supports
Electrical Conduit and Supports
Component Support Anchorage
Electrical, Instrumentation and Control Equipment

_

'37
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Load combinations for evaluation of piping, components and
component supports were limited to the combination of normal operating
plus SME loads. Load combinations and stress acceptance criteria were
based on the requirements of governing codes and standards for plant
f aulted loading conditions.

Figure I-9-1 shows a flow diagram of the step-by-step process for
determining the margins against code or against failure for active and
passive components qualified by analysis and the margin against the
achieved test level for active and passive components qualified by test.

9.1 SELECTION OF EQUIPMENT

Equipment most vital to achieve a safe shutdown of the reactor
was selected for independent evaluation for loading resulting from the
SME. The selection process took into consideration criticality of
function, location in the structure, resulting stresses from FSAR design
load combinations and engineering judgment as to the types of components
most sensitive to seismic loading. The selection process encompassed a
review of the FSAR, equipment layout drawings, a comparison of SME to SSE

floor spectra and a review of stress summaries provided by Bechtel. In
addition, plant walk downs were conducted in order to finalize the
selection. The selection process and resulting samples are believed to
be sufficient to demonstrate that adequate margin exists to assure
function of all safe shutdown equipment in the event of a SME. Following
is a summary of the selection procedure for each of the generic equipment
categories previously listed.

9.1.1 NSSS System,(Piping, Vessels, Supports and Reactor Internals)
All critica) 3reas of the NSSS system were examined for effects

of the SME combined w- N normal operating loads. Babcock and Wilcox con-
ducted seismic response analyses for the SME and provided the resulting
responses along with responses for the SSE, LOCA and normal operating
loads to SMA. Also provided, were computed stresses for governing criti-
cal areas of the reactor internals for SSE and LOCA loading. All
potentially critical areas were examined by SMA for compliance to code
acceptance criteria.

I-9-2
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9.1.2 ASE Code Class 1, 2 and 3 Balance-of-Plant Piping and Supports

A sumary of stress response for all seismic Category 1 piping
systems was provided by Bechtel Associates Power Corporation. From this
comprehensive list, several Class 1, 2 and 3 piping systems were selected
for independent analysis for the SME. Only the highest stressed lines,
where the maximum faulted condition stress response was dominated by the
SSE, were chosen. These lines were considered to be the most sensitive
to changes in seismic loading. All supports associated with these lines
were selected for independent evaluation.

9.1.3 ASME Code Class 1 Balance-of-Plant Equipment

All ASE Class 1 active valves within the ASME Class 1 Balance-
of-Plant (B0P) piping systems chosen for independent analyses were
included in the SME study. There are no other ASME Class 1 B0P
components, besides some additional valves in lines that were not
independently evaluated, 'that are required for a safe shutdown.

9.1.4 ASME Code Class 2 and 3 Balance-of-Plant Equipment and Supports

The selection of ASME Class 2 and 3 B0P equipment was conducted

principally on the basis of criticality of function. All major pumps,
heat exchangers and vessels necessary for a safe shutdown were evaluated

for SME loading. Active valves within the piping systems chasen for in-
dependent analysis were evaluated for the SME. All component supports
for the selected piping and equipment were included in the study.

9.1.5 Emergency Power Supplies
'

The diesel generators and all of their engine-mounted and floor
and wall-mounted supporting equipment were evaluated. The 125 VDC

batteries and their racks were evaluated. Thus, all emergency power
supply sources were included in the study.

9.1.6 Cable Trays and Supports

Cable tray systems were selected on an engineering judgment
basis. Systems selected were mounted at high elevations in their respec-

i

tive supporting structures and were in locations where a comparison of SME |

i
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to SSE in-structure response spectra indicated the greatest potential
exceedance in frequency ranges deemed most applicable to cable tray
systems. A walk down of the plant was further conducted to finalize the
selection. Systens selected are considered to be representative of the
more critical systems in the plant. All supports on the tray runs
selected were included in the evaluation.

9.1.7 HVAC Ducting and Supports

The control room HVAC ducting and Diesel Generator cooling
ducting were determined to be the most critical to safe shutdown and were
selected for independent evaluation. All supports of tne ducting systems
selected were included.

9.1.8 Electrical Conduit and Supports

A generic evaluation of Bechtel's support spacing criteria for
electrical conduit was conducted. This generic evaluation encompassed
all Category i electrical conduit.

9.1.9 Component Support Anchorage

Grouted and expansion-type anchor bolts were evaluated for all
piping and equipment supports included in the SME Margin Study.

9.1.10 Electrical, Instrumentation and Control Equipment
Electrical, instrumentation and control cabinets were selected

on the basis of their functional criticality and location within the
structures. All essential 4160 V switchgear and 480 V motor control
centers were included in the sample size. Additional critical control
panels located at higher elevations in the structures were selected. The
additional cabinets included but are not limited to the Emergency Safety
Features Actuation Cabinets, Auxiliary Shutdown Panels, B0P Logic
Cabinets, HVAC control cabinets for the auxiliary and diesel generator
buildings and the diesel engine and generator control panels.

<
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9.2 PROCEDURES USED TO COMPUTE MARGINS
,

Margins against code allowables or established functional accept-
ance criteria were derived by several means. Where practical and justiff-
able, existing analyses were conservatively scaled to determine upper
bounds on SE response. The margins relative to the applicable acceptance
criteria were then computed. In other cases, new analyses were utilized
to determine responses to the SME. When new analyses were conducted, they
were performed using state-of-the-art analytical methods. When original

| qualification analyses were extrapolated to obtain SME responses, the
method of . analysis used by the equipment vendor was evaluated and if
deemed unconservative relative to current practice, appropriate and
ennservative factors were applied to assure an upper bound prediction of
SE response.

The seismic margin, FSME, was defined as the factor by which
the SE would have to be increased to reach the maximum allowable stress
or the achieved qualification test level under normal plant operating
condi tions.

; 9.2.1 Procedures Used for New Analysis

When new analyses were performed, they were conducted in accord-
1

! ance with current regulatory guide and Standard Review Plan (Reference 40)
requirements. For the most part, analyses were conducted using finite
element multimode dynamic response computer programs. The response spec-
trum method was used for all dynamic analyses of 80P equipment and
subsystems. Analyses of the NSSS system, conducted by Babcock and
Wilcox, employed both the response spectrum and time history methods of
analyses. Some analyses of rigid systems or simple flexible systems were
conducted using the equivalent static coefficient approach. When new
analyses were conducted, the margin against code allowable was computed
from the relationship:

A - "N>

F (9-1)SME * g

I-9-5

. _ ._ _. . _ . _ . _ . . _ _ _ _ _ _ - . _ _ - - -- ___
- - - -.



where

- "A allowable stress from governing code=

"N stress due to normal operating loads=

# stress due to the SMESE =

If margins against failure were computed, the allowable stress, oA, was
replaced with the failure stress, o .

f

9.2.1.1 Damping

In conducting new analyses for developing mcrgins against code,
responses to the SME were based upon the damping values specified in
Regulatory Guide 1.61, Reference 34. In the event that code margins were
not met, increased damping values were considered, where justified, in the
determination of margins against failure. Table I-8-1 shows Regulatory
Guide 1.61 damping values used fs r code margin analyses and increased

damping values for use in failure margin analyses.

9.2.1.2 Combination of Modal Responses
'

Modal responses were combined by the SRSS method except for
closely spaced modes. In all computer programs used, closely spaced mones
were combined by one of the acceptable methods specified in Regulatory
Guide 1.92, Reference 26. In conducting response spectrum analyses, non-
participating mass was accounted for per Standard Review Plan requirements
stated in Section 3.7.2 II B1 a(5). The NUPIPE computer code (Reference
39) utilized for piping analyses automatically computes the amount of
mass participation on a mode-by-mode and degree-of-freedom basis and adds

in the non-participating mass as rigid body modes. The MODSAP (Reference
25) and STARDYNE (Reference 45) computer codes used for analysis of cable

trays, ducting and component supports did not have an automatic feature
to add in the non-participating mass. In using these codes, modal
responses were computed to 33 Hz or greater. The non-participating mass
was then conservatively enveloped by applying an additional static load
equal to the zero period acceleration times the system weight. This
upper bound on non-participating mass was added to the dynamic solutuion
modal responses by the SRSS method.

I-9-6
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9.2.1.3 Combination of Earthquake Components

When new analyses were conducted, the requirenents of Regulatory
Guide 1.92 for earthquake component combinations were incorporated.

Analyses were conducted for the three independent directional inputs and
the resulting end items of interest was combined by the SRSS method. If

stresses were the item of interest, resulting stresses from the three
independent runs were combined by SRSS. If support reactions were the

end item of interest, the three reactions were combined by SRSS.

9.2.1.4 Analytical Procedures

Finite element methods were employed to compute component and

subsystem responses for normal static loading and SME dynamic loading.
The degree of complexity of the. finite element models varied with the
degree of sophistication warranted for the analysis. New analyses were

conducted for, the NSSS system, B0P piping systems, cable tray systems
and HVAC systems.

t

9.2.1.4.1 NSSS System - The NSSS system analysis was conducted by Babcock
and Wilcox (B&W) for SME base mat input motion . defined by Structural
Mechanics Associates, Inc. (SMA). B&W utilized their existing NSSS loop
model and the response spectrum analysis technique to compute NSSS piping
loads and NSSS equipment support loads. The loop model is a complex model
of one-half of the complete NSSS system and includes the RPV, one steam

generator, two primary coolant pumps, the pressurizer and all intercon-
necting piping. The model is described in Reference 46. Response spectra

at BOP piping /NSSS interface points were generated by B&W from the loop
model using the time history method of analysis. B&W also developed SME

loading for the RPV intervals using their existing RPV isolated model and
the time history method analysis. The RPV isolated model is also des-
cribed in Reference 46. All SME response results along with results for
the SSE and LOCA were transmitted to SMA via Reference 47.

I-9-7
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1

NSSS components and component support reactions from the SME

plus normal operating loads were compared by SMA to SSE plus normal

loading and the f aulted load combinations of normal plus SSE plus LOCA.
j Positive margins for the SME were derived from load comoarisons without

further analyses. For RPV internals, existing stress analyses conducted
by B&W were reviewed and scaled by SMA to derive stress levels for the

combination of normal operating plus SME loads. Margins were derived for
the internals by Equation 9-1.

9.2.1.4.2 BOP Piping Systems - B0P piping analyses were conducted using
the NUPIPE computer code, Reference 39. NUoIPE is a proprietary finite
element computer code developed by the Quadrex Corporation and offered
for use on a service bureau basis through several computer companies.
The Control Data Corporation system was used in the application of NUPIPE.

NUPIPE computational procedures are formulated to meet all appli-
cable requirements of ASME Codes, Regulatory Guidas and the Standard
Review Plan, including the earthquake component combination and multimodal

response combination requirements of Regulatory Guide 1.92 and the inclu-
sion of non-participating mass per Standard Review Plan requirements of

Section 3.7.2 II B1 a(5).

Piping supports were modeled as rigid except in the case of some
large lines in the service water system. For these lines, the flexibility
and mass of the supports was included in the finite element model.

Support reactions obtained from the piping analyses were utilized
in hand calculations or in static finite element models to compute support
stresses.

9.2.1.4.3 Cable Tray Systems - Cable tray systems were modeled in two

ways. For the simpler systems, the trays were modeled as beam elements
and the individual supports were modeled as boundary element springs.
Support stiffnesses were computed using static finite element models of

'I-9-8
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each support. System response was computed from the system models to

determine internal forces and moments and boundary forces. The internal
forces and moments were compared to acceptance criteria for the tray
systems. Boundary forces were applied to the static support computer
models and support stresses were computed from these models.

The M00 SAP computer program (Reference 25) was used for all

static and dynamic analyses of tray systems conducted in this manner.
MODSAP is a modified and expanded version of the program SAP IV originally
developed at the University of California, Berkeley. The program was
modified under a jointly-funded program between the Energy Research and
Development Administration and General Atomic Company and is available in
the public domair. This code has been used extensively by SMA for general
purpose structural analysis and has been thorougMy verified for the types
of analyses conducted in this study.

For some cable tray systems, complex coupled models were

constructed for the tray runs and supports. Static and dynamic responses
were computed for specified nonnal loading and the SME. Combined
responses in the tray runs and the support elements were compared to the
applicable acceptance criteria.

For the coupled models, the STARDYNE computer program (Reference

45) was utilized. STARDYNE is a general purpose static and dynamic

computer code developed by Mechanics Research Incorporated and marketed

on a service bureau basis. The Control Data Corporation version of the
code was used for ti.ese analyses.

9.2.1.4.4 HVAC Systems - HVAC ducting and supports were analyzed primarily
by the equivalent static coefficient method. The ducting is rigid and the
supports are in most cases rigid. Support stiffnesses were computed using
static finite element models. Tributary duct weights and the support
stiffnesses were used to develop equivalent single-degree-of-freedom
(SDOF) models for computation of natural frequency and corresponding

I-9-9



spectral acceleration. Resulting S00F responses were applied to the
static support models to develop support stresses and to simple beam
models of the ducting to obtain ducting stresses.

9.2.1.5 Multiple Support Equipment and Subsystems

Where piping, cable tray and HVAC ducting models were supported
at different elevations in a structure, the SME spectra for an elevation
equal to or greater than the highest support elevation were used for
analysis. This is conservative since the spectral acceleration
amplitudes increase with elevation in all of the structures. In

evaluating B0P Class 1 piping, multiple soectra techniques were used.
Interf ace spectra at the Class 1 BOP pipiro/NSSS interf ace were generated
by Babcock and Wilcox Company for the SME. Reactor building response
spectra were generated by Structural Mechanics Associates, Inc. The
shape and magnitude of the NSSS versus reactor building spectra were
quite different making the use of multiple spectra input desirable. The
NUPIPE computer code has an option for conducting multiple spectra
analysis. Supports were separated into groups and modal responses were

computed separately for the response spectrum applicable to each group.
The resulting modal responses for each support group were then
conservatively combined by the absolute sum method.

9.2.2 Procedures Used for Existing Design Analyses

For vendor supplied equipment qualified by analysis, margins were
determined by extrapolating data in existing qualification reports to
reflect SME response in lieu of SSE response. The equipment evaluated
responded predominantly in a single mode and was always stiff enough that
the icwest fundamental frequency was on the stiff side of the applicable
SME spectral peak. Seismic response determined by the vendor was scaled
by the ratio of the SME spectral acceleration to the SSE spectral
acceleration taken at the equipment fundamental frequency. The seismic
margin against code allowable was computed from Equation 9-1.

I-9-10



. - ________ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

In some cases, the qualification reports did not contain suffi-
cient information to separate out the stress contribution of normal opera-
ting loads from the SSE induced loads. In these cases, one of two
approaches was used to conservatively bound the SME margin.

If the SME :pectral acceleration exceeded the SSE spectral accel-
eration, the lower bound margin was computed as:

A
FSME 1T (9-2)

T

where

a
SME i

SSE + "N>I (9-3)*
T Sa

SSE

S and S are the spectral accelerations for thea a3SE and SSE kspectivk, defined at the equipment fundamental frequency

and (cSSE + "N) is the total computed stress response for the speci-
fied SSE plus normal loading. The resulting margin is conservative when
computed in this manner since the normal loading stress response is scaled
upward along with the SSE stress response.

If the SME spectral acceleration was less than the SSE spectral
acceleration, no scaling was done, as scaling the SSE plus nomal load
response downward would be non-conservative. In this case, the SME margin
is bounded by the margin computed for the SSE.

"A
FSME " T (94)

D

where oD is the combined SSE plus normal loading stress from the
vendor's design analysis.

I-9-11
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9.2.3 Procedure Used for Equignent Qualified by Test

For active equipment which must undergo a motion to provide its
functional contribution to safe shutdown, testing rather than analysis was
usually employed in the qualification process. In some cases, a combina-

tion of analysis and test was employed wherein analysis was conducted to
develop internal loads in supporting members and seismic responses at
active components of the subsystem under consideration. Testing of the
active components was then conducted to verify their f. action under the
computed responses at the mounting locations in the subassembly.

The tests may have been static or dynamic. In most cases, the
component or subsystem assemblies were complex and dynamic testing was

conducted. However, when the components are simple or are rigid, static
tests could have been performed. Valves have sometimes been qualified by
lateral static test loading of the operators while the valve was opened
or closed under operating pressure and temperature conditions. The pro-
cedures used to determine margins for the SME consequently differ
depending upon the test method.

9.2.3.1 Equipment Qualified by Dynamic Testing

When equipment was qualified by dynamic testing, the general
procedure was for a required response spectrum, RRS, applicable for the
equipment location to be provided to the equipment supplier. The supplier
then tested the equipment with an input motion that resulted in a test
response spectrum, TRS, which met or exceeded the RRS throughout the
applicable frequency range. Typically, in random motion or complex wave-
form spectral testing, the TRS closely followed the RRS in the low-
frequency regime (< 5 Hz) but greatly exceeded the RRS in the higher,

frequency ranges; thus, components with fundsnental frequencies greater
than about 5 Hz were typically overtested by a substantial amount.

.

Testing procedures for seismic qualification of equipnent have
j varied considerably for equipment purchased in the early to mid-1970's.

Current criteria for testing is defined in IEEE 344, 1975, Reference 42

I-9-12
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and Regulatory Guide 1.100, Reference 43. Earlier criteria were specified
in IEEE 344, 1971. For the most part, testing procedures reviewed by SMA
and utilized for Midland equipment qualification meet current criteria.
Most tests conducted were biaxial random motion or complex waveform
spectral tests that simultaneously excited multiple modes and multiple
directions. In a few instances, the test inputs were single axis, single
frequency tests of the sine beat, sine sweep or sine dwell type. Many
times such tests are justified if the components respond predominantly in
a single direction 'and a single mode.

In evaluating equipment qualified by dynamic testing, a thorough
review of the test mport was conducted to determine the type of test,
the frequencies of the equipment and the presence of multiaxial coupling.
For multiaxial tests or for single axis, single frequency tests where the
test data indicated that the responses would be predominantly single fre-
quency and uncoapled from multiaxes inputs, the margin against qualifica-
tion level was determined by comparison of the TRS with the SE-RRS at
the equipment fundamental frequency.

TRS
F3g = SME-RRS (9-5)

If it was determined that the single axis, single frequency tests were
not applicable because of multimode and coupled response, the TRS was

scaled downward for comparison to the SME-RRS. The scaling factors were
developed on a case-by-case basis after a thorough review of the test
reports and are described in detail where applied in Volume VII, Section
7.0, dealing with electrical power, control and instrumentation equipment.

If the test mports contained insufficient data to develop multi-

mode and multiaxes coupling scale factors, a worst-case scale factor was
developed assuming 107,' coupling of the three-directional inputs and an
assumed upper bound factor of 1.5 for multimode response. The coupling

I-9-13
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scale f actor assuming 100% coupling depends upon the specified input
(RRS) for each of the three directions. As an upper bound, considering
100% coupling between each of the three orthogonal directions and equal
spectral acceleration input for each direction (RRS is equal for each
direction), the scale f actor was taken as E

9.2.3.2 Equipment Qualified by Static Testing

The first step in developing margins for equipment qualified by
static testing was to determine if the SME loading exceeded the loadng
specified for qualification. For instance, valves are required to be
rigid and be qualified for 3g accelaration in each direction. If computed
valve accelerations did not exceed 3g, then the margin was defined as the
required acceleration level divided by the calculated acceleration level.
If the minimum required qualification level was exceeded, the quali#ica-
tion report was examined in detail to determine the achieved test level.

The SME margin was then defined as the achieved test level divided by the
calculated input level appropriate for the SME response.

9.3 LOAD COMBINATIONS AND ACCEPTANCE CRITERIA

For each of the equipment categories xnsidered in the Seismic
Margin Study, applicable load combinations and acceptance criteria were
established. Effective code dates used in the original design and in the
Seismic Margin Study varied, depending upon the component under considera-
tion. The effective code date selected was tiat which essentially was
closest to the original design criteria but which reflected the general
intent of current code criteria. In most cases, there is little technical

difference between the specified design code and current criteria and
effective code dates for the SME study are close to the specified design

,

l code date.

9.3.1 ASME Code Class 1 NSSS and Balance-of-Plant Piping

The load combination applicable for all Class 1 piping consisted
of pressure plus deadweight plus SME inertial loading. Calculated
stresses from this load combination were compared to ASME code f aulted

condition allowables. Table I-9-1 summarizes the load combination and
f aulted condition code stress acceptance criteria.
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Internal loading for Class 1 piping within the NSSS scope of work
was developed by Babcock and Wilcox (B&W) for SME base mat input motion
defined by Structural Mechanics Associates, Inc. (SMA). B&W utilized
their existing NSSS loop model . Sad the response spectrum analysis
technique to compute NSSS piping loads. Note that seismic anchor motion
loading is inherently included in the NSSS piping analysis for the SME
since the loop model couples all NSSS components and piping together.
Thus, piping reactions to differential movement of the RPV, steam
generator and primary coolant pumps is included in the analysis output.

Class 1 B0P piping analyses were conducted by SMA for selected

systems using models uncoupled from the NSSS systems. Load combinations

applicable to the Class 1 BOP systems consisted of normal operating loads
plus the SME inertial loads. The same models were used to compute thermal
expansion and seismic anchor motion loads. These loads were combined

with pressure, deadweight and SME loading in order to develop embedment
loads at seismic supports. Restraint of thermal expansion and seismic
anchor motion loading are not, however, applicable to f aulted condition
load combinations for Class 1 piping evaluation.

9.3.2 ASME Code Class 2 and 3 Balance-of-Plant Piping

Selected samples of Class 2 and 3 BOP piping were analyzed for
SME and nonnal operating loads and results were compared to ASME code

faulted condition criteria. From these same models, thermal expansion and

seismic anchor motion cases were also run. Results were combined with
pressure, weight and SME inertial loading in order to develop embedment
loads at piping supports. Load combinations and f aulted condition stress
acceptance criteria for Class 2 and 3 piping are swanarized in Table
I-9-2.

9.3.3 ASME Class 1 Vessels, Pumps and Valves

Components required for safe shutdown that are included in this

category are the reactor pressure vessel, steam generators, primary
coolant pumps, pressurizer and Class 1 valves in Class 1 Balance-of-Plant
(B0P) lines connecting to the NSSS.
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All SNE loading for these components, ~ except for BOP valves, was

developed by B&W from either their loop model using response spectrum
methods or from their Reactor Vessel Isolated Model using the time history- )
method of analysis. Critically stressed areas were identified by Babcock

|
and Wilcox and stress response information for the faulted condition
design basis loading was provided to SMA. SME stress response was

computed by scaling stresses computed for the faulted condition design4

! basis by the ratio of the SME loading to the faulted condition design
basis loading. Scaled SME stress results were combined with pressure and '

deadweight stresses and compared to ASME code f aulted condition allov-bles
to develop code margins.

! Accelerations at Class 1 valves in the Class 1 BOP piping systems
were computed from selected SMA piping models and compared to original
valve ialification criteria to derive margins for valve function. Opera-
timi of the primary coolant pumps is not necessary for a safe shutdown,
thus, evaluation of the pumps was confined to'the pressure boundary.

Acceptance criteria and applicable load combinations are summar-
ized in Table I-9-3.

| 9.3.4 ASME CODE CLASS 2 AND 3 EQUIPMENT

New analyses were not conducted for Class 2 and 3 B0P equipnent.
Selected equipment reports were reviewed and seismic stresses were scaled

by the ratio of the SME spectral acceleration to the design basis spectral

| acceleration at the equipment fundamental frequency. Stress results from
loading due to pressure, weight, operating mechanical loads and SME were
then combined and compared to the ASME code faulted condition stress
criteria. Load combinations and stress acceptance criteria are sunnarized

I in Table I-9-4.
i

~

9.3.5
; COMPONENT SUPPORTS FOR ASME CODE CLASS 1 PIPING AND EQUIPMENT

| Canponent support reactions for the load combination of dead-
; weight plus operating mechanical loads plus SME were compared to the

faulted condition loadings used in the component support designs. In the,

!

1

I-9-16

.

---+w.-.y,-.---.r.w.-w-n.. ,,,.-c _7.---,-- -.~w..-- -w r ..4 w, . - . - -.,-,,---.-------e , - - - - . ---v--- - - -



. . _

event that the faulted condition design basis loading was exceeded, an
independent stress check was made to determine the margin against code.
ASME Code Class 1 f aulted condition component support criteria and the
applicable load combination are presented in Table I-9-5.

Restraint of free-end thermal displacements and seismic anchor
motion loading are not required by code to be included in the faulted
condition acceptance criteria for component supports. These loadings are,
however, included in the evaluation of component support anchorage.

NSSS component support skirts were designed to ASME Code Class 1

vessel criteria as their design preceded ASME codification of component
supports. For those component supports designed to vessel' criteria, the
f aulted condition vessel criteria of Table I-9-3 were applied rather than
the component support criteria of Table I-9-5.

Other NSSS component supports were designed to the criteria of
the 1969 AISC code, Reference 41. These include the steam generator
upper lateral support, RPV upper lateral support and the pressurizer
upper and lower supports. Acceptance criteria for the SME is based upon
the original design code with a working stress increase factor of 1.6 for
f aulted condition loading. Table I-9-6 sunmarizes the acceptance criteria
for these supports.

9.3.6 Component Supports for ASME Code Class 2 and 3

Piping and Equipment

The Class 2 and 3 component support margin evaluation procedure
and load combination are identical to the Class 1 criteria except for the
f aulted condition acceptance criteria. Code Class 2 and 3 faulted
condition acceptance criteria for linear, plate and shell and component
standard supports are defined in Table I-9-7.
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9.3.7 Cable Trays and Supports

Cable trays for Midland were qualified by static load testing in
the lateral and vertical directions and by classic stress and buckling
analysis techniques for the longitudinal direction. Tests were run to
failure and the allowable equivalent static loading was determined to be
the lesser of two-thirds the ultimate load or one-half the deflection at
ultimate failure. Lower bound natural frequencies for the lateral and
vertical directions were derived from the load-deflection relationships
as were equivalent moments of inertia. The original design acceptance
criteria for the trays were established by limiting acceleration in each
of three directions. The acceleration acceptance criteria were based upon
the allowable equivalent static loading derived from test data. An inter-
dCtion formula was used to Combine lg dead load with the g loading for
the three-directional components of earthquake. In the design analyses,
tributary weights of cable trays were added to individual supports and
system fundamental frequencies and resulting spectral accelerations were
derived. These spectral accelerations were assumed to be uniform along
the tray and were compared to the acceleration acceptance criteria
derived from static tests.

For the SME evaluation, detailed finite element beam models were

utilized to obtain SME responses. Since internal moments in the trays
were computed from these models, an alternate tray acceptance criteria
was derived from the test data. Instead of basing the acceptance
criteria on acceleration, which varies along the length of the trays,
allowable moments were derived from the static load test data and an
interaction equation based upon allowable moments was derived. Table
I-9-8 sumnarizes the load combination and acceptance criteria for cable
trays use in the SME study.

r

Stress acceptance criteria for cable tray supports is that
defined by the latest version of the AISC Code, Reference 33, Part 2,
plastic design as supplemented by the Standard Review Plan, Section 3.8.4
II E5. Stress acceptance criteria for cable tray supports is shown in
Table I-9-9.

-9-18
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9.3.8 HVAC Ducting and Supports

HVAC ducting support spacing in Midland is specified so that the
ducting is considered rigid (frequency greater than 33 Hz). In most
instances, the supports are also rigid. Consequently, the evaluating of
ducting and supports could be carried out by static analyses methods.
Stress acceptance criteria for HVAC ducting supports are identical to that
for cable tray supports and are summarized in Table I-9-9.

Rectangular ducting, because of the large, flat sheet sections,
is more buckling critical than stress critical. Compressive stresses in
the ducting due to external pressure and beam bending were computed and

compared to buckling criteria developed for thin, rectangular simply-
supported panels. A factor of at least 2.0 was maintained for the combi-
nation of external pressure plus deadweight plus SME loading.

External pressure tests conducted on similar ducting, References
48, 49 and 50, verify that the buckling acceptance criteria developed
from classical buckling equations for simply-supported plates are conser-
vative. Table I-9-10 summarizes the ducting acceptance criteria.

9.3.9 Component Support Anchorage

Embedded anchorage criteria for component supports is governed
by appropriate civil codes and the Standard Review Plan. For steel embed-

ments in concrete, either the steel ultimate capacity or the concrete
pullout capacity will govern. Current concrete pullout capacity and
appropriate load combinations are governed by the ACI-349 Code, Reference
31, as supplemented by the Standard Review Plan, Section 3.8.4. Current
ultimate steel capacity and load combinations are governed by the AISC
code (Reference 33) as supplemented by the Standard Review Plan, Section
3.8.4. These acceptance criteria and load combinations are swanarized in
Table I-9-11.
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For grouted and shell-type expansion anchors, acceptance criteria
developed from test _ data, and applying appropriate and conservative

f actors of safety, are defined in Becntel Specifications 7220-C-305Q,
Reference 51, and 7220-C-306Q, Reference 52. Support reactions at ,

support / anchorage interf aces were compared to the allowable loads as

defined in the Bechcel Specifications to determine code margins. These
acceptance criteria are sunniarized in Table I-9-11.
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TABLE I-9-1

LOADING COMBINATIONS AND STRESS LIMITS FOR CLASS 1 PIPING

Loading Combinations for
Faulted Conditions:

Operating Pressure + Deadweight + Seismic
Margin Earthquake Loads (SME)

Code Stress Acceptance Criteria

PD D (3)"i 5 SBI 2t + B2 2 *

m

Where:

B), B2 = primary stress indices for the specific
product under investigation (NB-3680)

P = Design Pressure, psi
D = outside diameter of pipe, in (NB-3683)g

L = nominal wall thickness of product, in. (NB-3683)
I = moment of inertia, in.4 (NB-3683)
M. = resultant moment due to a combination ofI

Design Mechanical Loads (Dead Wt.+SME)

S, = allowable design stress intensity value, psi (Tables I-1.0)

Notes:

1. Faulted condition criteria per 1974 ASME Boiler and Pressure Vessel
Code, Section III, Subsection NB, with no addenda.
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TABLE I-9-2

LOADING COMBINATIONS AND STRESS LIMITS FOR CLASS 2 & 3 PIPING

r

Loading Combination for

Faulted Conditions:

Operating Pressure + Deadweight + Seismic
Margin Earthquake Loads (SME)

Stress Acceptance Criteria

P +N
+0.75i(A B)s2.4S

max o
h4t Z

n

Nhere:

P = peak pressure, psi
max

D = outside diameter of pipe, in.g

t = n minal wall thickness, in.
n

M = resultant moment loading on cross section
A due to weight and other' sustained loads, in.lb.
M = resultant moment loading on cross section

B due to earthquake inertial loads.
Z = section modulus of pipe, in.3(NC-3652.4)
i = stress intensification factor [NC-3673.2(b)].

The product of 0.75i shall never be taken as
I less than 1.0.

S = basic material allowable stress at operating
h temperture, psi

Note:

1. Faulted condition stress criteria per 1974 ASME Code,
Section III, with Winter 1976 Addenda.
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TABLE I-9-3

LOADING COMBIMATION AND STRESS LIMITS

FOR CLASS 1 VESSELS, PUMPS AND VALVES

1Loading Combination St.ress Limit ,2,3,4

2.4 S '
PN+D+ OML + SME P, s 0.7 S* Fo e{_ialj

3.6 S
PL+Pb 5 m

1.05 S
u

P, s 0.7 Su
For Materials

> in Table I-1.1
Pt+Pb s 1.05 Su

.

Where:

PN = Normal operating pressure

D = Deadweight

OML = Operating mechanical loads from connecting piping including
earthquake anchor motion and restraint of free end thermal dis-
placement

SME = Seismic Margin Earthquake Inertial Loading

S* = Allowable stress value from ASME Code,1974 edition
with-Addenda through Winter 1976, Table I-i

P, = General membrane stress intensity produced by pressure and
other mechanical loads

P = Local membrane stress intensity produced by pressure and
L other mechanical loads

Pb = Primary bending stress intensity produced by pressure ar.d
other mechanical loads

Notes:

1. Stress limits apply to extended support structures for valves.
For active valves, the extended operator support structure primary
stress is limited to S .y

2. Faulted condition stress criteria per 1974 ASME Code, Section III, with
Winter 76 Addenda.

3. Use lesser of limits specified.

4. Valve operator acceleration is limited to 3g in any direction.
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TABLE I-9-4

LOADING COMINATIONS AND STRESS LIMITS FOR

CLASS 2 & 3 VESSELS, PUMPS AND VALVES

1Loading Combination Stress Limit ,2

PN+D+OE+M g1 2.0 So

l+ b 1 2.4 Sa

Where:

P = Normal operating pressure
N

D = Deadweight

OML = Operating mechanical loads includina earthquake anchor, motion and
restraint of free' end thermal displacement loading from connecting piping-

SME = Seismic Margin Earthquake Inertial Loading

S = Allowable stress value from ASME Code 1974 edition
with Addenda through Winter 1976, Tables I-7 or I-8

o = General membrane stress produced by pressure and
* and other mechanical loads

= L cal membrane stress produced by pressure aid
L other mechanical loads

o = Primary bending stress produced by pressure and
b other mechanical loads

Notes:

1. Stress limits apply to extended support structures for valves.

For active valves, the extended operator support structure
primary stress is limited to S .

y

2. Faulted condition stress criteria per 1974 ASME Code,
Section III, with Winter 76 Addenda.

3. Valve operator acceleration is limited to 3.0g in any direction.
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TABLE I-9-5

)
LOADING COMBINATIONS AND STRESS LIMITS FOR

|
ASME CLASS 1 COMPONENT SUPPORTS i

Component Standard
Linear Supports

3Loading Linear Type
1

Designed by Plate and Shell
Combination Support Limits *2 *3'7 Load Rating Support Limit

D + OML + SME Within Lesser of: 0.8 L
t 1.5 S

P < m
1.2 S or 0.7 S 1.2 Sy u y i

F F 2.25 S
t t Pm+Pb 5 m

1.8 S
Times Normal #

Operating Stress
Limit, Fg),

where:

D Deadweight=

OML Operating Mechanical Loads=

SME Seismic Margin Earthquake Loading=

S Material yield strength at temperature=

Y
S Material ultimate strength at temperature=

Allowable tensile stress per ASME Section III,F =
t Appendix XVII at temperature

Allowable stress value from ASME Code, Appendix XVII,F =
all XVII-1100

Ultimate Collapse Load as defined in ASME Code,L =
t Appendix F, F1370(d)

P Primary membrane stress intensity produced by mechanical loads=
m

P b Primary bending stress intensity produced by mechanical loads=

Sm Allowable stress intensity from ASME Code, Appendix I=

Notes:

1. Compressive axial member loads should be kept to less than 0.67 times
the critical buckling load.

2. Includes Component Standard Supports designed by analysis.
3. Component support analyses and material allowables per ASME Code,

Section III, 1974 edition with Winter 1976 Addenda.

4. Use greater of values specified.

5. Not to exceed 0.7 S -u

6. Not to exceed 1.05 S - I-9-25u
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TABLE I-9-6 -

LOADING COMBINATION AND STRESS LIMITS FOR

NSSS COMPONENT SUPPORTS DESIGNED TO THE AISC CODE

Loading
Combination Stress Limit (j)

D + OML + SME 1.6 fs

where:

Dead LoadD =

Operating Mechanical LoadsOML =

Seismic Margin Earthquake LoadingSME =

Allowable stress from Part 1 of the AISC Specificationf =
s for Design, Fabrication and Erection of Structural Steel

for Buildings, 7th Edition

Notes:

1. Shear Stress is limited to 0.5 Fy where Fy is the specified
yield strength of the material
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TABLE I-9-7 ~

LOADING COMBINATIONS AND STRESS LIMITS FOR

CLASS 2 AND 3 COMPONENT SUPPORTS

Component Standard
Linear Supports

3Loading Linear Type Designed by I ate and Shell1Combination Support Limits '2'3 Load Rating Support Limit

D + OML + SME Within Lesser of: 0.8 L 4
t "1 1 1.5 S

S1.2 S or 0.7 S 1+ 2 1 2.25 Sy u

F F
t t "3 1 0.5 S

Times Normal
Operating Stress
Limit, F,)),

where:

D Deadweight=

OML Operating Mechanical Loads=

SME Seismic Margin Earthquake Loading=

S Material yield strength at temperature=

YS Material ultimate strength at temperature=

F Allowable tensile stress per ASME Section III,=

t Appendix XVII at temperature

F,)) Allowable stress value from ASME Code, Appendix XVII,=

XVII-1100

Ultimate Collapse Load as defined in ASME Code,L =
t Appendix F, F1370(d)

j Average membrane stress produced by mechanical loadso =

2 Primary bending stress produced by mechanical loadsa =

Maximum tensile stress at contact surface of welds ina =
3 through thickness direction of p;ates and rolled sections .

S Allowable stress from ASME Code, Appendix I=

Notes:

1. Compressive axial member loads should be kept to less than 0.67 times
the critical buckling load.

2. Includes Component Standard Support designed by analysis.
3. Component support analyses and material allowables per ASME Code,

Section III,1974 edition with Winter 1976 Addenda.

4. Not to exceed 0.4 S -u
5. Not to exceed 0.6 S ' '

u



TABLE I-9-8

LOADING COMBINATION AND ACCEPTANCE

CRITERIA FOR CABLE TRAYS

lLoad Combination Acceptance Criteria ,2

D + SME
'

2 2- I/22
f:y 1 gg 3 gg

+ 1 -(3
Mg

+ \ 1 +1 |

UV \ UT) (Yg|
S 1

N huV) M
- -

where:

'D = Dead Weight of Tray and Contents
SME = Seismic Margin Earthquake Inertial Loading
M = Bending Moment due to Dead Weight
D

M = Bending Moment in the Vertical Plane from the SMEy
M = Bending Moment in the Transverse Plane from the SME

T
M = Allowable Moment in the Vertical PlaneVV
M = Allowable Moment in the Transverse PlaneUT
E = Axial Load in Tray from the SMEL
Y = Allowable Axial Load in Trayg

Note:

1. M and M are derived from ultimate load tests and are based on theUV UT

lessor of 2/3 the maximum collapse moment or the moment at a displacement
equal to 1/2 the ultimate load displacement.

2. Y is 2/3 of the ultimate load capacity.
t
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TABLE I-9-9

LOADING COMBINATION AND

ACCEPTANCE CRITERIA FOR HVAC AND.

CABLE TRAY SUPPORTS

'

Load Combination A11owable Stress *

.

D + L + To + SME 1.6 S or Y

.

Where:

0 = Dead Load

L = Live Load

To = Loading from Restraint of Free-End Thermal Displacement

SME = Loading from Seismic Margin Earthquake Including Inertial
Effects and Differential Anchor Motion

S = Working Stress Allowable from AISC Code, 8th Edition,1980

Y = Section Strength Required to Resist Design Loads and Based on
Plastic Design Methods Described in Part 2 of the AISC Code

.

* Allowable Stress Based upon AISC Code, 8th Edition, Part 2, Plastic Design
and NUREG-0800
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TABLE I-9-10

i

LOADING COMBINATION AMD STRESS LIMITS

FOR HVAC DUCTING'

Loading Combination Stress Limit

P + D + SME 0.5 acr

where:

P = Design pressure acting externally on duct
D- = Dead Weight

St " = Seismic Margin Earthquake

a = Critical buckling stress computed for thin sheet simply supportedcr
i on all edges and subjected to biaxial compressive stresses resulting

from P, D and SME

:

1
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| TABLE I-9-fl

:

LOADING COMBINATIONS AND STRESS LIMITS FORi

COMPONENT SUPPORT ANCHORAGE ,2l

Loading (1) [2,3,41
Combination Embgd Grouted Anchors Expansion Anchorsn ors

D+L+To+Ro+SME Lesser of Allowable loads per Allowable loads per

U or 1.6S. Bechtel Specifica- Bechtel Specification

tion 7220-C-306Q 7220-C-305Q

where:

D = Dead loads from attached equipment or piping
L = Live loads from attached equipment or piping
To= Restraint of free-end thermal displacement of attached

equipment or piping
'

Ro= Pipe and equipment reactions during normal operating
or shutdown conditions not already included in
D+L+To (i.e., piping reactions on vessel which are
transmitted to vessel anchors)

SME= Load effects of Seismic Margin Earthquake filcluding
effects of differential anchor movement.

U= Ultimate pullout strength per ACI 349-80,
Appendix B

S= Allowable working stress per AISC Code, 8th edition,
1980.

NOTES:

1. Load combinations are consistent with NUREG-0800 Standard Review Plan,
,

Section 3.8.4; ACI 349-1980, Section 9.2, and Regulatory Guide 1.142i

2. Strength criteria are consistent with NUREG-0800, Standard Review Plan,
Section 3.8.4; ACI 349-1980, Appendix B and AISC Part 2, eighth edition,
1980.

3. The faulted stress limit for the reactor vessel anchor studs is 75 ksi (See
Reference 43)

4. The faulted stress limits for LAQT bolts will be provided later.
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All Soismic Cat g::ry I Components
'and Distribution Systems Requir:d

for Safe Shutdown
4

Select Sampling of Critical Components By One of Following:
1. Design Seismic Load is High Percentage of Expected Capacity
2. Judgment that Component is Critical and Vulnerable to Seismic

#%

O O q

Do the Applicable
Floor Response No Further
Spectra Generated for Evaluation of
SME Exceed those of the No

Components or Dist.
SSE by Factor of > 1.25 4 Systems at thac
for Passive Components Floor Elevation
or 1.0 for Active Components is Required

within the Frequency Range
of Interest?

* Yes
Select Additional Sample of
Components which Tend to Be
Sensitive to Seismic Loading

?
1 I

Scale up by the Ratio of SME to SSE
Floor Spectral Values in the
Frequency Range of Interest the
Calculated Input Seismic Motion
and Stress or Deformation
Resultants from SSE Loading

Report MarginReport Margin g
Against Code Against Test.

Limits. 1 Level.
^ W I I ,,

[ Passive Components | [ Active Components |
e e

Do Stress or Limit Load Do Input Seismic Motions
g Resultants Exceed Code or Defonnation exceed Test No

Faulted Condition Acceptance Input Levels or Manufacturers -

Limits? Defonnation Limits for Operation
Yes

4 Yes .y,

Calculate and Report Contact Equipment
Conservative Margin Manufacturer for Further
Against Failure Infonnation on Functional

Capacity or Achieved Test
Levels

FIGURE I-9-1: PROCESS TO SELECT COMPONENTS AND DISTRIBUTION SYSTEMS

FOR SEISMIC SAFETY MARGIN EVALUATION AND DEVELOP MARGINS
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A-1. INTRODUCTION

Typical lumped-mass models used in the seismic analysis of
nuclear power plant structures and generation of the seismic input for
qualification of piping and equipment are based on the overall mass and

stiffness of the structure. These models often do not include the local
flexibility of individual elements such as floor slabs to which piping
and equipment is attached. In the plane of the slab such as horizontal
motion of floor slabs, this introduces essentially no error due to the
high in-plane stiffness. However, the out-of-plane stiffness may be
relatively low, especially for slabs with large spans and major
openings. Vertical floor amplification may be significant for slabs with
relatively low frequencies, especially if the fundamental frequency of
the floor is close to a vertical frequency of the overall soil-structure
system. For these slabs, the vertical seismic input to piping and
equipment may exceed that which would otherwise be computed from an

overall soil-structure interaction model whicF neglects the floor slab
flexibility.

The structural models received by SMA from Bechtel were
developed to compute the overall building seismic response and,
therefore, did not include any provision for vertical floor slab
flexibility. In order to determine the effect of the floor slab
flexibility on the vertical seismic input to piping and equipment,
representative floor slabs in the Seismic Category I buildings were
selected for analysis based on the following screening and evaluation
program presented in Reference A-1. Following this program, the floor
slabs of the auxiliary building, reactor building internal structure,
service water pump structure, and diesel generator . building were reviewed
to determine the variations in structural conditions. Consideration was
given to slab thickness, spans, and reinforcement, structural steel
framing, support conditions, large slab openings, supported mass, and
location within the structure. The floor slabs of each structure were
examined and those expected to exhibit the maximum amount' of vertical
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amplification were selected for more detailed evaluation. A finite

element model of each selected floor slab was created using the program
MODSAP (Reference A-2) to provide an accurate representation of the
structural conditions and out-of-plane behavior. Vertical floor
frequencies were determined from an eigenvalue/ eigenvector analysis
performed for each model. Hand calculations were used together with

,

classical plate theory models to provide an independent check of the
finite element models.

For base slabs and other floor slabs founded directly on soil, a
much higher equivalent plate stiffness occurs so that vertical
amplification of these slabs is negligible. Also, for equipment mounted
on metal gratings, the stiffness of the grating and support frame is
often included in the component analytical model. Consequently, vertical
amplifications of slabs founded on soil and grating supported by steel
framing were not considered in the screening program.

,

Single-degree-of-freedom (SD0F) lumped mass models were created

for the selected floor slabs, each system having a fundamental vertical
frequency equal to that of the' actual slab as determined by the more
detailed MODSAP analysis. In all cases investigated, the fundamental
vertical slab frequency was found to be well above the fundamental
vertical soil-structure interaction frequencies. Therefore, the higher
frequency floor modes are not expected to have significant effect on
floor response. The SD0F models for the floors of the service water pump
structure and the diesel generator building were included in the overall
soil-structure analytical models while the SD0F models of the auxiliary
building floor slabs were not. Within the containment, no slabs subject
to vertical amplification could be which were not included in the
equiment support analytical models. Vertical in-structure response
spectra we*e generated at the floor slab masses and the masses of the
overall analytical model corresponding to the slab supports. For the
auxiliary building, comparisons of these response spectra were conducted
to develop f actors to be used to conservatively derive response spectra

I-A-1-2

. - - _ . -_ _.
_ _ ._ - . _ - - .



including the effects of floor flexibility from response spectra not
including these effects. For the service water pump structure and the '

diesel generator building, response spectra generated from the SD0F floor i

models were used directly in the SME equipment evaluation. '

Section A-2 of this report contains the fundamental frequencies
of the floors selected for evaluation. Included in this section are
descriptions of the general analytical modeling techniques, the physical
conditions of the selected floors, and additional modeling details
necessary for individual floors. Section A-3 presents in-structure
response spectra generated in this study. Comparisons are made betweeni

response spectra with and without floor flexibility and between SSE
;

design soectra and SME spectra with floor flexibility. A procedure to
apply the results of this study to floors of the auxiliary builjing that
were not evaluated is included in this section. A summary of the
conclusions of this study is contained in Section A-4.
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A-2. CALCULATION OF FUNDAENTAL VERTICAL FLOOR FREQUENCIES

!

|
Following the screening process outlined in Reference A-1, a'

number of floor slabs in the Seismic Category I structures were selected
to study the influence of floor flexibility on vertical in-structure
response spectra. The floor slabs chosen, based on a review of the
structural conditions, were those expected to show the maximum amount of
vertical amplification. The vertical floor frequencies were determined
using finite element computer models representing the actual structural
conditions. Vertical in-structure response spectra accounting for local
floor flexibility were generated from single degree of freedom lumped
mass models having frequencies equal to those of the floor slab systems
using the response of the overall soil-structure analytical model as
input. This section describes the floors selected to study possible

vertical amplification and the manner in which these floors were modeled
analytically. Fundamental vertical floor frequencies are reported for
each selected floor.

A-2.1 GENERAL ANALYTICAL MODELING APPROACH

The selected floor slabs generally correspond to single bays
bounded by vertical supports composed of load-bearing concrete walls
and/or structural steel girders connected to columns. These boundaries,
with appropriate boundary deformation conditions, permit the creation of
refined finite element models providing an accurate representation of the
actual floor structural conditions. As an example, a schematic plan of

the finite element mesh for the auxiliary building floor at Elevation
584'-0" is shown in Figure A-2-1 (see Section A-2.2.1).

| Translations and rotations at the boundaries of each floor panel

were constrained depending on the presence of walls or adjacent floor
panels with steel framing. In general, the stiffnesses of the
load-bearing walls were found to be much greater than the stiffnesses of
the floors being analyzed. Walls were thus taken to impose a condition

j
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of fixity against translation and rotation, both in-plane and
out-of-plane, at the boundaries where they occur. Steel columns also
prevent translation of the floor panels in the vertical direction.
Adjacent floor panels were generally assumed to vibrate nearly in-phase
with the floor panels being analyzed with vertical translations being
approximately equal. A condition of symmetry exists at a floor panel
boundary corresponding to an interf ace with an adjacent floor panel and
out-of-plane floor rotations about an axis through the interface as well
as in-plane translations were suppressed. The stiffnesses of steel
girders at the boundaries were appropriately reduced to reflect the
influence of mass from adjacent floor panels causing increased girder
def ormations .

The concrete slab of each floor panel was represented in the
finite element model by the plate elenents of MODSAP (Reference A-2).
These elements generate both the in-plane and out-of-plane stiffnesses of
the slab. The presence of major slab openings was included in the finite
element models to accurately represent their influence on floor
vibrational behavior. A uniform thickness was assigned to each plate
element. For concrete slabs poured on metal deck, the additional
stiffness associated with the deck and concrete confined within the deck
ribs was conservatively neglected. The above procedure is considered to
provide a realistic representation of the actual structural conditions.

The out-of-plane stiffness of a concrete floor slab is dependent
on the extent of cracking under load. For cracked members, an effective
moment of inertia can be calculated using Equation 9-7 of Reference A-3.
This effective moment of inertia is a function of the cracked and
uncracked moments of inertia, the cracking moment corresponding to a

modulus of rupture of 7.5 jf}[ (fy being the concrete compressive
strength), and the maximum moment to which the member is subjected.

Based on a comparison of expected moments due to vertical floor loading
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| at operating conditions including vertical seismic response versus
cracking moments, the stiffnesses of the slabs analyzed in this study
were found to be adequately represented by the gross, uncracked stiffness.

Steel and concrete bears and girders were represented by the

been elements of MODSAP (Reference A-2). Appropriate support conditions,-
typically fixed against translation and free to rotate for the steel

members, were assigned to the beam elements. Under vertical seismic

excitation, the concrete floor slab and the steel framing will vibrate
together as a combined system. Rigid links connecting the nodes of the
beam and plate elements were included in the finite element models to
f orce these elenents to displace together in the vertical direction.

Mass of the structural elemeats, non-load bearing interior
concrete and masonry walls, and attached equipment was incorporated in
the finite element models developed. Structural mass included that of
the concrete slab, metal deck, and steel or concrete beams and girders.
Some of the floor panels evaluated support non-load bearing interior

,

concrete or concrete block walls which can significantly contribute to
,

the total mass. Estimated masses associated with light attached
equipment, cable trays, electrical conduit, and piping were typically
uniformly distributed over the entire floor panel. Masses estimated for
heavier equipnent such as tall electrical cabinets or large tanks were
typically distributed over the actual plan area with which they are in
contact with their slabs below.

'

A-2.2 AUXILIARY BUILDING FLOORS

Because of the wide diversity of floor configurations within the
auxiliary building, several floor panels were selected from this
tructure for evaluation. The sampling includes floor panels from the

main auxiliary building, the control tower, and the electrical
penetration wings, each of which is represented by a different portion of
the overall soil-structure analytical model. The structural
configurations and fundamental vertica' frequencies for the selected
floor panels are reported in the following sections.

I-A-2-3
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A-2.2.1 Elevation 584'-0 Between Column Lines A, B, 6.2, and 6.9
This floor panel, shown in Figure A-2-2, was selected for

evaluation to mpresent a floor located at the lower elevations of the
main auxiliary building. It supports one of the large boron recovery
system receiver tanks, and this large mass was expected to cause a

greater amount of vertical amplification than other floor panels at
similar locations. The slab consists of 27 inches of concrete poured on
metal deck. The 3'-0" by 5'-0" openings located at the northeast and
northwest corners of the -floor panel were included in the finite element

model in order to account for their reduction in slab stiffness. The W36
x 280 girders on Lines 6.2 and 6.9 support W33 x 141 beams spanning in
the East-West (E-W) direction. The top portion of each beam is embedded
in the concrete slab with holes burned in the web to permit passage of
every other bottom slab reinforcement bar oriented normal to the beam.
Load-bearing walls border this floor panel on Lines A and B. The

interior concrete walls on Lines 6.2 and 6.9 are discontinued at
Elevation 584'-0" and do not span down to the base mat below. However,
these walls should still provide some boundary stiffness and, along with
the steel girders and adjacent floor panels, can be expected to impose
fixed boundary conditions for both translations and rotations. Using the
finite element model developed for this panel (Figure A-2-1), a
fundamental vertical frequency of 35 Hz was calculated.

A-2.2.2 Elevation 614'-0" Between Column Lines B, C, 6.2, and 6.9
This floor panel was selected to represent a floor at an

elevation higher in the main auxiliary building than the case previously
described in Section A-2.2.1. A sketch of this floor panel is shown in
Figure A-2-3. Equipment supported includes the load center and other
electrical gear. The slab consists of 12 inches of concrete poured on
metal deck. W14 steel columns support steel floor framing at the
southeast and southwest panel corners along Line C. The W36 x 182
girders on Lines 6.2 and 6.9 are simply connected to the columns and at
beam pockets in the wall on Line B. Beams span in the E-W direction
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between the girders and, at the south boundary, between the columns. A
0.75" x 6.5" plate was field welded to the bottom flange of each W18 x 60
beam. Boundary conditions were prescribed as noted in Section A-2.1
except at the south boundary. The region to the south of Line C contains
an equipment hatch and a stairway. Due to the lack of an adjacent floor
slab providing rotational restraint, out-of-plane slab rotations were
permitted along the boundary at Line C. A fundamental vertical freq'encyu

of 14 Hz was determined using the finite element model developed for this
floor panel.

A-2.2.3 Elevation 646'-0 Between Column Lines J, Kc , 5.9, and 6.6

This floor panel is expected to exhibit the greatest amount of
vertical amplification of the floors at the lower elevations of the
control tower. A sketch of the floor structure is shown in Figure A-2-4.
Elevation 646'-0" of the control tower contains the lower cable spreading
rooms. Slab openings for electrical and heating and ventilating chases
occur along nearly the entire length of the south control tower wall.
These openings were expected to significantly contribute to the vertical
floor flexibility and were included in the finite element model developed
for this floor panel.

The slab of the lower cable spreading room consists of 12 inches
of concrete poured on metal deck. W14 steel columns support framing at
the northeast and northwest panel corners along Line J. The W30 x 172
girders along Lines 5.9 and 6.6 are simply connected to the columns and
at beam pockets in the south centrol tower wall. W18 x 77 beams span in
the E-W direction between the girders and, at the north boundary, the
columns. A concrete buttress separates two electrical chases near Line
5.9. Six #9 reinforcement bars tie the concrete slab to this buttress.
In the finite element model, the buttress was taken to provide vertical
support for the slab with out-of-plane slab rotations conservatively

| permitted. The mass of the concrete block wall on Line 6.6 and along the
edge of the electrical chases were included in the model. A fundamental i

vertical frequency of 14 Hz was determined using the finite element model
developed for this floor panel.

l

l
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A-2.2.4 Elevation 685'-0" Between Lines H, K , 5.3, and 7.8c

This floor is expected to exhibit the greatest amount of
vertical snplification of the floors at the higher elevations of the
control tower. A sketch of this floor is shown in Figure A-2-5. HVAC

equipment and related control panels are attached to the slab. Floor
flexibility is increased by the presence of slab openings for heating and
ventilating chases along the south wall of the control tower. Also,
steel columns do not support the steel framing as at floors lower in the
control tower. Instead, girders span the full distance between the north
and south control tower walls. The reduction in out-of-plane floor
stiffness is expected to increase the snount of vertical amplification
relative to the other floors in the upper portion of the control tower.

The slab at Elevation 685'-0" consists of 15 inches of concrete
poured on metal deck. The slab openings for the heating and ventilating
chases were included in the finite element model. The W36 x 300 girders
are simply supported at beam pockets in the north and south control tower
walls. Headed studs welded to the top flange of each girder enable
composite action to be developed between the girder and the concrete slab
for resisting vertical loads. W18 x 60 beams span in the E-W direction
between the girders. Non-load bearing concrete and concrete block walls
serve as enclosures for the heating and ventilating chases and as room
p arti tions. The mass of these walls was included in the finite element
model .

To calculate the plata vibrational behavior of this floor, the
boundaries of the finite elsnent model were established at the exterior
walls of the control tower. This permits the stiffening effect of the
east and west walls to be accounted for. To model the composite
girder-slab behavior, rigid links forcing the nodes of the beam and plate
elements to displace vertically and rotete about the E-W axis together
were included. Rather than model the beams as discrete elements, tha
stiffness of the plate elements representing the slab was increased for
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rotations about the N-S axis to canpensate. Boundary conditions at the
end of the buttresses similar to those employed at Elevation 646'-0" (see
Section A-2.2.3) were used. A fundsnental vertical floor frequency of,

11 Hz was calculated with this finite element model.
!
t

. A-2.2.5 Elevation 642'-7" West of Column Line 4.1 of the West Electrical
Penetration Wing

This floor panel is expected to exhibit the maximum amount of
vertical amplification of the floors in the electrical penetration
wings. A sketch of this floor is shown in Figure A-2-6. The power

supply and transfer cabinets for the control rod drive mechanism are
mounted to the slab at this area of the penetration wings. More vertical
amplification is expected for this floor panel canpared to other panels
in the penetration wings due to the relatively high plan aspect ratio,
support flexibility at the north boundary adjacent to the reactor
building, and the supported mass of the relatively heavy electrical
cabinets.

The slab of this floor panel consists of 12 inches of concrete
poured on metal deck. Load-bearing walls form the south, east, and west
panel boundaries. W14 steel columns along Line J support steel framing
beneath the metal deck. The north boundary of the panel is separated
from the reactor building containment wall by a two inch wide expansion
joint. Vertical support at this boundary consists only of the relatively
flexible steel floor beams spanning between the columns and the west
wall. Out-of-plane slab rotations were permitted in the finite element
model. A fundamental vertical frequency of 29 Hz was determined using
the finite elenent model developed for this floor.

A-2.3 REACTOR BUILDING FLOORS
.

Most of the critical equipment in the reactor building is not
located on floor slabs which are expected to exhibit significant
amplifi cation . The NSSS is supported for the most part an the base slab
or on massive individual supports. Other slabs are used primarily to
support equipment during refueling
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One of the core flooding tanks is supported on the slab at
Elevation 640'-0" and another core flooding tank is supported on steel
framing at the same elevation. However, the flexibility of both the slab
and the framing was included in the design analysis of the tanks. For
other equipment supported on steel framing and grating within the reactor
building, the flexibility of the steel was also included in the analysis
of the component. The base slab varies between 9 and 13 feet thick and

rests on sail so that equipment items supported on this slab are not
expected to be affected by slab amplification. On the basis of this
review, no analysis of floor slab amplification within the reactor
building was conducted, and it is concluded that the vertical
in-structure response spectra determined from tne overal scil-structure
interaction model may be used as seismic input for equipment ev'aluation.

A-2.4 SERVICE WATER PUMP STRUCTURE FLOORS

Most of the safety-related equipment in the Service Water Pump
'

Structure (SWPS) is located on the floor at Elevation 634'-6". The

service water pumps are mounted adjacent to a load-bearing wall on a
floor expected to show minimal vertical amplification. The SWPS floor
selected for evaluation is shown in Figure A-2-7. Motor control centers,
load centers, and other electrical equipment are mounted to this floor.
This is the floor in the SWPS supporting safety-related equipment that is
expected to have the most vertical amplification.

The concrete floor slab in this region is 18 inches thick.
2'-0" by 3'-6" concrete beams spanning in the N-S direction were cast
integrally with the slab. To properly model the behavior of the T-beam
system including the effects of shear lag, these beams were represented
by beam elements in the finite element model. Rigid links were included
to force the beam and plate nodes to displace vertically and rotate about
the E-W axis together. The east and west boundaries of the model were
formed by the exterior walls of the SWPS. The influence of these walls
on out-of-plane floor response was conservatively modeled by permitting
slab rotations about the N-S axis at these boundaries. Out-of-plane
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rotational stiffnesses of the exterior walls, neglecting restraint due to
the soil, were represented by the boundary elements of Program MODSAP

(Reference A-2). The south boundary of the floor panel was formed by the
E-W wall below Elevation 634'-6" as shown in Figure A-2-7. The rotational
stiffness of this wall was treated similar to the east and west walls,
with a reduction taken to account for the presence of large openings near
the base mat. The rotational stiffness of the floor slab south of this
wall was conservatively neglected since the openings shown in Figure
A-2-7 significantly reduce its effectiveness. The north boundary of the
floor panel was formed by the wall, shown in Figure A-2-7, spanning above
Elevation 634'-6" to the roof. A note on the construction drawings
indicates that the floor slab shoring was not to be removed until this
wall had attained its full strength. The stiffness of this wall,
compared to other vertical slab supports, is expected to be such that the
wall will behave as a beam spanning between the east and west end walls.
Accordingly, this wall was modelled by beam elements having stiffness
against vertical loads. Appropriate additional masses acting on this
wall from the roof and the adjacent floor slab were included in the
model. N-S walls intersecting the north boundary wall eQht feet from
either side of the SWPS centerline provide additional resistance to
vertical displacement. For conservatism, only the vertical stiffness of
the wall east of the centerline was included, as the other wall does not
span down to the base mat and its effectiveness as a vertical support is
expected to be less significant. Using the finite element model
developed for this floor, a fundamental vertical frequency of 25 Hz was
determined.

A-2.5 DIESEL GENERATOR BUILDING FLOORS

The diesel generator units are mounted on concrete pedestals
bearing on the soil at the lowest story of the diesel generator
building. Most of the other safety-related equipment is attached to the
slab-on-grade at Elevation 634'-6". Floors founded directly on soil are
not expected to exhibit any vertical amplification. The diesel fuel oil

day tanks and some other equipment items are located on the floor at
Elevation 664'-0", so this floor wac selected for evaluation.,

I-A-2-9
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| The diesel generator building is composed of four nearly
' identical bays separated by cor. crete walls, each containing a diesel

generator unit and related equipment. A sketch of the floor for one of
these bays is shown in Figure A-2-8. The concrete slab is 24 inches
thick including the metal deck at the bottom f ace. Openings occur in the
slab towards the north and south exterior walls as shown in Figure A-2-8.
Structural steel beams span in the E-W direction between pockets in the
N-S load bearing exterior and interior walls. The walls forming ther

boundaries of the floor panel along with the adjacent floor panels will
tend to enforce the boundary conditions noted in Section A-2.1. The

nearly 2:1 plan dimension aspect ratio for this panel is such that
two-dimensional plate action is expected to be less significant compared
to a square panel. Also, the openings will tend to reduce the effective-
ness of the north and south exterior walls acting as supports. For
conservatism then, only a single steel beam with tributary width of slab
was represented by the finite element model developed for this. floor.
The north and south edges of this model were permitted to displace
vertically but not to rotate about the E-W axis. A fundamental frequency
of 17 Hz was determined for this floor.

.
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A-3. DEVELOPMENT OF VERTICAL IN-STRUCTURE RESPONSE SPECTRA

INCLUDING FLOOR FLEXIBILITY

F'mdamental vertical frequencies for each of the floors selected
for study were calculated by finite element models as noted in Section
A-2. To develop vertical in-structure response spectra including the
effects of flexible floor vibration, single degree of freedom (SDOF)
lumped mass models having the calculated vertical frequencies reported in
Section A-2 were created. For the auxiliary building, these SD0F models
were uncoupled from the structure. Seismic input consisted of vertical
earthquake acceleration time-histories generated by the overall soil-
structure dynamic analysis. Resulting seismic response of the SD0F models
tuned to the derived slab frequencies were used to generate in-structure
response spectra. The. SD0F models for the service water pump structure
and diesel generator building floors were included in the overall soil-
structure models and vertical seismic response of the floors generated
directly as a part of the overall structure dynamic analysis. This
section reports the resulting response spectra when floor flexibility is
included.

A-3.1 AUXILIARY BUILDING RESPONSE SPECTRA

The auxiliary building SD0F floor models were subjected to
vertical acceleration time-histories generated by the overall
soil-structure dynamic analysis for the upper bound soil case. The upper
bound soil case is expected to cause the greatest amount of floor response
since a larger portion of the structure mass participates at the higher
frequencies which approach those of the floor panels. Four percent of
critical damping, appropriate to reinforced concrete members responding
at low stress levels, was assigned to the floors based on stresses
predicted by the finite element models. The resulting uncoupled floor
vertical acceleration time-histories were used to develop in-structure
response spectra including floor flexibility at 2, 3, 4 and 7 percent
equipment damping ratios. Response spectra not including floor
flexibility were previously calculated from the acceleration time-
histories generated by the overall soil-structure dynamic analysis.

I -A-3-1
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For the floors described in Section A-2.2, the unbroadened
vertical response spectra including floor flexibility are compared to the
broadened spectra not including floor flexibility for the upper bound
soil case at 2 and 7 percent equipment damping in Figures A-3-1 to A-3-5.
The vertical spectra for 3 and 4 percent damping are not shown for
clarity. The influence of the inclusion of floor flexibility is apparent
from these comparisons. Spectral accelerations at equipment frequencies
approaching the fundamental floor frequencies considering floor
flexibility exceed those calculated when floor flexibility is neglected.
The difference can be very significant when the floor frequencies are 11
or 14 Hz. The increase in spectral accelerations carries over through
the higher frequency range of the response spectrum with at least some
amplification in the Zero Period Acceleration (ZPA). Through the lower
equipment frequency range, (less than about 5 Hz), the broadened spectra
not including floor flexibility essentially envelopes the spectra with

floor flexibility considered.

To provide a numerical comparison of the effect of floor
flexibility on equipment response spectra, a vertical amplification
factor (VAF) is defined:

(Unbroadened spectral acceleration at frequency f
including floor flexibility)VAF =

(Broadened spectral acceleration at frequency f
not including floor flexibility)

VAF's for the five auxiliary building floors evaluated in this' study are

f listed in Tables A-3-1 to A-3-4 for 2, 3, 4, and 7 percent equipment

dauping ratios. For a particular floor, the maximum VAF occurs at the
'

fundamental floor frequency with magnitudes as large as five for the 11
and 14 Hz floor frequency cases. The 11 and 14 Hz cases were selected as
the floors most likely to exhibit significant amplification. The

remaining floors throughout the structure are expected to show lower
amplification. Values less than unity are due to broadening of the
spectra not including floor flexibility. Maximum VAF's typically

|
decrease as equipment damping increases.

|
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As a part of the Seismic Margin Earthquake (SME) equipment

evaluation, design response spectra at design dampino levels developed by
Bechtel for the Safe Shutdown Earthquake (SSE) are compared to response

spectra developed for the SME at SME evaluation damping levels. For the
auxiliary building floors included in this study, vertical SME response
spectra including floor flexibility and enveloping all three soil cases
are compared to SSE design spectra in Figures A-3-6 to A-3-10. The SME

damping value depends on the can,)onent being analyzed and whether a code
margin or failure margin evaluation is being conducted. However, it is

appropriate to compare 0.5 and 1 percent SSE design spectra to 2 and 3
percent SME spectra and 2 percent SSE design spectra to 4 percent SME

spectra. As shown in Figures A-3-6 to A-3-10, the SSE design spectra
generally envelope corresponding SME spectra. However, SME spectra
including floor flexibility may significantly exceed the SSE design
spectra at equipment frequencies approaching the fundsnental floor
frequencies. This is especially true for the 11 and 14 Hz floor
frequency cases.

Based on the results of this study, it is apparent that the
effects of floor flexibility should be incorporated in the vertical
response spectra used in the SME equipment evaluation. One manner in
which this can be. conservatively accomplished is by increasing the
vertical response spectra which do not include floor flexibility by an
envelope VAF function for floor slab frequencies in excess of 14 Hz. For
a given equipment frequency and damping, the envelope VAF is defined as
the maximum VAF predicted by the results of this study. The envelope VAF
is a maximum at the center of the slab and unity at the vertical
supports. At intermediate locations, it is assumed to vary sinusoidally
to conservatively account for amplifications due to higher modes.

Due to the likely existence of floor slabs having fundamental
frequencies in the 15 Hz to 30 Hz range, additional SD0F models having
frequencies of 20 Hz and 25 Hz were created and subjected to the accelera-
tion time-histories at Elevation 614'-0" of the main auxiliary building

I-A-3-3
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and Elevation 685'-0 of the control tower. Calculated VAF's for these
cases are listed in Tables A-3-5 to A-3-8. Based on the VAF's compiled

in Tables A-3-1 to A-3-8, the envelope VAF functions presented in Figure
A-3-ll for 2, 3, 4, and 7 percent equipment damping were developed. These
functions were broadened by 10 percent consistent with the development of
response spectra for the SME evaluation. Some of the amplitudes were

conservatively adjusted to simplify the envelope VAF function shapes for
application. In addition, because of the unique conditions of the floor
at Elevation 685'-0" of the control tower, the 11 Hz frequency is not
expected to occur at any other floor panel in the structure. The

amplifications for this case were not included in developing the envelope
VAF functions.

If the fundamental frequency of a particular floor panel is
known, some of the conservatism inherent in the use of the envelope VAF's
plotted in Figure A-3-ll can be eliminated. Based on the data listed in
Tables A-3-1 to A-3-8, envelope VAF's can be determined as a function of
fundamental floor frequency as shown in Figures A-3-12 to A-3-14 for 14
Hz, 20 Hz, and 25 Hz frequencies. The envelope VAF function shapes were

derived similar to those on Figure 3-11 as noted above.

,

Based on the results of this study, the following approach will
be used to define vertical in-structure response spectra for use in the
SME auxiliary building equipment evaluation:

1. For equipment not mounted at the locations noted in 2 and 3
below:

a. The maximum VAF as a function of eqJipment frequency
and damping will be taken from Figure A-3-ll.

VAFm (f, 6) = Maximum VAF from Figure A-3-11

f = Equipnent frequency

8 = Equipment damping

I-A-3-4

_ . . - . .- ._ ..



.

.

b. Since this maximum VAF is applicable only for
equipment at the center of the floor, a reduction
accounting for the actual equipment location will be
taken.

VAFln (f, 8) = VAFm (f, 8) - 1 sin [x sin [y + 1

Distances in the two horizontal directionsx, y =

from the equipment to the vertical supports

Lx, Ly= Total floor spans between vertical
supports

c. Equipment will be evaluated using the maximum vertical
response spectra including floor flexibility.

Sain (f, 8) = Maximum vertical spectral acceleration
including floor flexibility

Sa (f, 8) VAF|n (f. B)=

Sa (f, 8) Spectral acceleration not including=

floor flexibility (generated from the
acceleration time-history from the
auxiliary building dynamic analysis).

d. For equipment not meeting th'e acceptance criteria
under the modified vertical spectrtsn S in (f. B).a
the actual fundamental floor frequency will be
calculated. The envelope VAF function can then be
determined from Figures A-3-12 to A-3-14, depending on
the floor frequency.

VAF (f, 8, F)= VAF from Figures A-3-12 to A-3-14,
depending on the actual floor frequency

F = Actual fundamental floor frequency

e. The VAF function accounting for actual floor frequency
will then be reduced to account for equipment location
as in b above.

VAF' (f, 8, F) = VAF (f, 8, F) - 1 sinhsinh+1x y

f. Equipment will then be evaluated using the vertical
response spectrum including the actual floor frequency.

S' (f 8, F) = Sa (f, 8) VAF' (f,8,F)a

I-A-3-5
.

--



2. For equipment mounted at Elevation 685'-0" of the control
tower:

a. Since the 11 Hz frequency of this floor is not
expected to occur at any other floor, its
amplifications were not included in Figure A-3-11.
Equipment mounted on this floor can be evaluated using
the broadened spectra including floor flexibility
plotted in Figure A-3-9, with a reduction accounting
for equipment location as in Step lb above.

Sa (f, 8) = Spectral acceleration including floor
flexibility and equipment location

Sam (f.8) - Sa(f,8) sinf"

x

sinf+Sa(f.8)y

Sam (f,8) Maximum spectral acceleration including=

floor flexibility (from Figure A-3-9)

S (f, 8)a Spectral acceleration not including=

floor flexibility

3. For equipment mounted in the penetration wings:

a. The 29 Hz fundamental frequency calculated for
Elevation 642'-7" is expected to be the lowest
occurring in the penetration wings. As noted in
Tables A-3-1 to A-3-4, this case exhibits little
amplification. Vertical amplification of the response
spectra in the penetration wings can therefore be
neglected.

A-3.2 SERVICE WATER PLN STRUCTURE RESPONSE SPECTRA

For the Service Water Pump Structure (SWPS), the lumped mass
model for the vertical response of the floor at Elevation 634'-6 was
included in the overall soil-structure model. Model properties consisted
of the effective modal mass for the fundamental floor mode as calculated
by the finite element analysis and a vertical stiffness corresponding to
the fundamental floor frequency of 25 Hz and the given mass. Mass

included in the SD0F floor model was deducted from the vertical mass of
the structure model at Elevation 634'-6 to preserve the total mass at

I-A-3-6



this location. Material damping of four percent of critical, appropriate
to reinforced concrete members responding at low stress levels, was
assigned to the vertical floor vibration. Vertical acceleration time-
histories were generated by the overall soil-structure dynamic analysis
for all thre soil conditions at the floor mass and the structure mass to
which the floor model was attached. In-structure response spectra at 2,
3, 4, and 7 percent equipment damping including floor flexibility were
generated using the acceleration time-histories at the floor model mass
while spectra not including floor flexibility were generated using the
acceleration time-histories at the structure mass.

Unbroadened vertical response spectra including floor flexibility
are compared to broadened spectra not including floor flexibility for 2
and 7 percent equipment damping in Figure A-3-15 for the upper bound soil
case. Vertical amplification factors, as defined in Section A-3.1, of
approximately 2.2 and 1.6 for 2 and 7 percent equipment damping, respec-
tively, occur near the fundamental floor frequency. The VAF's decrease
from these maximum values towards the low frequency end to unity at an
equipment frequency of about 10 Hz. Towards the higher frequencies, the
VAF's decrease from the maximum to a value of 1.0 at the ZPA. The maximum
values and variation of the VAF's appear to be reasonably consistent with
results for auxiliary building floors having frequencies of 25 Hz (See
Figure A-3-14).

SSE design spectra at design damping values are compared to

broadened SME spectra at SME evaluation damping values including floor
flexibility in Figure A-3-16. It is seen that the SME spectra including
floor flexibility exceed the SSE design spectra over a frequency range of
approximately 15 to 27 Hz. This can be attributed to the increase in

response, near the fundamental floor frequency of 25 Hz.

Much of the safety-related equipment in the SWPS is located on
the floor evaluated in this study. Other equipment is typically mounted
on or adjacent to walls and are expected to show little vertical
amplification. The in-structure response spectra including floor

I-A-3-7
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flexibility in Figure A-3-16 are appropriate for equipment located near

| the center of the floor panel while the response spectra not including
floor flexibility are appropriate for equipment located adjacent to the
rigid vertical supports. As a conservative first step, all equipment at

! this floor can be evaluated using the response spectra including floor
flexibility in Figure A-3-16 since these spectra contain the maximum
vertical amplifications. For equipment not meeting the acceptance
criteria based on these conservative spectra, spectral accelerations
accounting for actual equipment location can be calculated using the
interpolation procedure described in Section A-3.1 for Elevation 685'-0
of the control tower.

A-3.3 DIESEL GENERATOR BUILDING RESPONSE SPECTRA

For the diesel generator building, the lumped mass model of the

floor at Elevation 664'-0 was incluoed in the overall soil-structure
model . Derivation of the model properties for the 17;Hz fundamental
floor frequency and generation of the in-structure response spectra
including floor flexibility were performed similar to the service water
pump structure floor as described in Section A-3.2.

.

Unbroadened vertical response spectra including floor flexibility

.
are compared to broadened spectra not including floor flexibility for 2 -

and 7 percent equipment damping in Figure A-3-17 This comparison is

made for response spectra generated by the diesel generator building
upper bound soil base model giving the highest equipment response at
frequencies near that of the floor (See Section A-4.2 for description of
different diesel generator building models). Maximum vertical amplifica-
tion factors of approximately 2.4 and 1.6 for 2 and 7 percent damping,
respectiveiy, occur near the fundamental floor frequency. The VAF's
decrease down to unity towards the low frequency end of the response
spectra at an equipment frequency of approximately 3 Hz. Towards the
higher frequencies, the VAF's decrease to a value of 1.1 at the ZPA. The
VAF's appear to be reasonably consistent with results for the auxiliary
building floors with fundamental frequencies approaching the 17 Hz

I -A-3 -8

__ _ - _ . . _ _ _ , ___ . _ _ _ __ _ _ _ _ _



__

frequency for this floor. SSE design spectra at design damping values
are compared to the broadened SME spectra including floor flexibility at
SME damping values in Figure A-3-18.

'
Much of the safety-related equipment in the diesel generator

building is attached to slabs or concrete pedestals bearing directly on
the soil. This equipment is expected to experience no vertical amplifi-
cation. Any other safety-related equipment is located on the floor
evaluated in this study. Equipment mounted at the center of this floor
can be analyzed using the response spectra including floor flexibility
shown in Figure A-3-18. Response spectra not including floor flexibility
are applicable to equipment mounted on or near the walls. Spectral
accelerations for equipment mounted at intermediate locations on the
floor can be determined using the equation presented in Section A-3.2.

I
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TABLE A-3-1

.

AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS

2% Equipnent Damping,

!

| Equipment Frequency
Floor

Frequency 5 8 11 14 20 25 29 33
j Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz

El. 584'-0", Main Auxiliary Bldg. 35 1.0 0.89 0.96- 0.79 0.95 1.1 1.3 1.6

i

| El. 614'-0", Main Auxiliary Bldg. 14 1.1 1.3 2.3 5.2 1.9 1.8 1.9 1.8

| -

| s. El. 646'-0", Control Tower 14 1.2 1.1 1.8 3.4 1.1 1.3 1.4 1.4
i L>

5 El. 685'-0", Control Tower 11 1.3 1.7 5.0 2.1 1.6 2.0 2.0 2.0

El. 642'-7", West Penetration Wing 29 1.0 0.96 0.87 1.1 0.98 1.1 1.3 1.1

.;
-

1

;

4

m



._
__ - __

4

i

|
TABLE A-3-2

1 AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS
'

3% Equipment Damping

Equipment Frequency-

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hzq

E1. 584'-0", Hain Auxiliary Bldg. 35 0.99 0.83 0.99 0.79 0.96 1.1 1.3 1.6
I

El. 614'-0", Main Auxiliary Bldg. 14 1.1 1.2 2.4 4.5 1.9 1.8 1.9 1.8 '

}[ E1. 646'-0", Control Tower 14 1.1 1.1 1.8 2.9 1.1 1.3 1.4 1.4
'

L>

&. El. 685'-0", Control Tower 11 1.2 1.5 4.8 2.3 1.7 2.0 2.0 2.0;

: -
4

E1. 642'-7", West Penetration Wing 29 1.0 0.88 0.92 1.0 0.99 1.1 1.2 1.1

|

| .

,

4

_ - -



TABLE A-3-3

AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS '

4% Equipment Damping

Equipment Frequency-
Floor

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz

El. 584'-0", Main Auxiliary Bldg. 35 0.98 0.85 1.0 0.79 0.97 1.1 1.2 1.5

El. 614'-0", Main Auxiliary Bldg. 14 1.1 1.2 2.4 4.0 2.0 1.9 1.9 1.8

}; E1. 646'-0", Control Tower 14' 1.1 1.0 1.8 2.6 1.2 1. 3 1.4 1.4
0
h El. 685'-0", Control Tower 11 1.2 1.6 4.6 2.4 1.7 2.0 2.0 2.1

E1. 642'-7", West Penetration Wing 29 1.0 0.86 0.94 1.0 1.0 1.1 1.2 1.1

s

I
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TABLE A-3-4

AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS

7% Equipment Damping

Equipment Frequency-
Floor

Frequency 5 8 11 14 20 25 ~29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz

El. 584'-0", Main Auxiliary Bldg. 35 0.97 1.0 1.1 0.78 1.0 1.1 1.2 1.3

El. 614'-0", Main Auxiliary Bldg. 14 1.1 1.4 2.4 3.3 2.1 1.9 1.9 1.8

{ El . 646'-0", Control Tower 14 1.1 1.3 1.7 2.2 1.2 1.4 1.4 1.4
d>

g El. 685'-0", Control Tower 11 1.3 1.9 4.0 2.7 1.9 2.0 2.1 2.1

El. 642'-7", West Penetration Wing 29 1.0 1.0 0.96 1.1 1.1 1.1 1.1 1.1
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TABLE A-3-5

ADDITIONAL AUXILIARY BUILDING VERTICAL AMPLIFICf. TION FACTORS

2% Equipment Damping

Assumed Equipment Frequency
,

! Floor
'

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz

7 El. 614'-0", Mair. Auxiliary Bldg. 20 1.1 0.99 1.2 1.2 2.5 1.3 1.3 1.2'

i ?
E1. 685'-0". Control Tower 20 1.1 0.95 1.0 0.98 2.8 1.5 1.3 1.3

El. 614'-0". Main Auxiliary Bldg. 25 1.0 0.93 1.1 0.91 1.2 1.6 1.1 1.1

E1. 685'-0", Control Tower 25 1.0 0.90 0.91 0.38 1.2 1.8 1.2 1.1
|
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TABLE A-3-6

ADDITIONAL AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS
,

3% Equipment Damping

Asstaned Equipment Frequency
; Floor

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz- Hz Hz Hz Hz Hz

_

| {
El. 614'-0", Main Auxiliary Bidg. 20 1.0 0.92 1.3 1.1 2.2 1.3 1.3 1.2

a
g El. 685'-0" Control Tower 20 1.0 0.89 1.1 1.0 2.4 1.5 1.4 1.3|

j El. 614'-0". Main Auxiliary Bldg. 25 1.0 0.87 1.1 0.91 1.2 1.6 1.1 1.1
i

El. 685'-0", Control Tower 25 1.0 0.97 0.95 0.89 1.2 1.7 1.2 1.1
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TABLE A-3-7

| ADDITIONAL AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS

| 4% Equipment Damping
i

Assumed Equipment Frequency
Floor

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz ,

l T El. 614'-0", Main Auxiliary Bldg. 20 1.0 0.92 1. 3. 1.1 2.1 1.3 1.3 1.2
?
,5 El. 685'-0". Control Tower 20 1.0 0.87 1.1 1.0 2.1 1.5 1.4 1.3 i

I

E1. 614'-0", Main Auxiliary Bldg. 25 1.0 0.87 1.1 0.90 1.2 1.5 1.1 1.1-

El. 685'-0", Control Tower 25 1.0 0.82 0.97 0.90 1.2 1.6 1.2 1.1

.

__ __ __ __ __
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: TABLE A-3-8

|
ADDITIONAL AUXILIARY BUILDING VERTICAL AMPLIFICATION FACTORS

7% Equipment Damping

Assumed Equipment Frequency
Floor

Frequency 5 8 11 14 20 25 29 33
Location (Hz) Hz Hz Hz Hz Hz Hz Hz Hz

,

7 El. 614'-0", Hain Auxiliary Bldg. 20 1.0 1.1 1.3 0.99 1.7 1.4 1.3 1.2 ,

Y
El. 685'-0", Control Tower 20 1.1 1.1 1.1 1.1 2.0 1.5 1.4 1.3

El. 614'-0", Main Auxiliary Bldg. 25 0.99 1.1 1.1 0.87 1.2 1.3 1.1 1.1

El. 685'-0", Control Tower 25~ 1.0 1.0
i

1.0 0.96 1.2 1.4 1.2 1.1
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A-4. StMMRY

This appendix describes the study conduct'ed to evaluate the
effects of vertical floor slab flexibility on the in-structure response

spectra to be used in the SE evaluation of the Midland Plant. Lumped
mass aodels developed for the seismic analysis of nuclear power plant
structures often do not consider the local flexibility of floor slabs in
the generation of seismic input to floor-mounted equiopment and piping.
For in-plane slab behavior, this treatrrent introduces little error since

,

floor slabs generally have large in-plane stiffnesses. However, the out-
of-plane stiffnesses may be relatively low, particularly if the slabs

;

have significant npenings or must span long distances between vertical
supports. If the fundamental out-of-plane floor frequency is low enough,
the in-structure response spectra may significantly exceed those generated
by neglecting floor flexibility in the vertical direction. ihe seismic

,

models received by SMA did not account for ficor slab flexibility, so ,

this study was undertaken to evaluate the influence of vertical floor
|

amplification on the in-structure response spectra. '

;

A screening process, described in Reference A-1, was conducted
to select floor slabs in each of the Seismic Category 1 Midland structures
for detailed avaluation. The floors chosen were those expected to exhibit
the greatest amount of vertical amplification. Finite element models were
created to determine the fundamental vertical frequency of each floor.
Model boundaries, with appropriate boundary conditions, were generally
established at locations of vertical support. Concrete slabs were
represented by plate elements and concrete and steel beams and girders by
beam elements. Mass of the structural elements, non-load bearing
interior walls, and any attached equipment was accounted for in the
models. Static analyses were performed to determine concrete stresses '

under normal operating loads including vertical seismic response.
Results of these analyses indicated that significant slab cracking was

'unexpected and that the slabs could be adequately represented by their
gross stiffnesses.

I-A-4-1
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Single-degree-of-freedom (SD0F) lumped mass models having
frequencies calculated by the finite element models were created for each
of the floors. The SD0F models of the auxiliary building floors were
uncoupled from the overall soil-structure model. Acceleration time-

histories generated by the overall model were used as seismic input to
the SD0F floor models. Resulting time-histories were used to generate
in-structure response spectra including floor flexibility. Significant
increases in the response spectra were indicated for the floors having
the lower fundamental frequencies (11 to 14 Hz) at equipment frequencies
approaching those of the floors. In addition, increases to a lesser

degree in the zero period acceleration were found for these more flexible
; floors . By defining vertical amplification factor functions from the

'

auxiliary building response spectra including floor flexibility, an
approach was devised to develop response spectra to be used in the SE
equipment evaluation for floors not included in this detailed study.
Spectral accelerations including floor flexibility can be determined for
given floor frequencies and equipmer:t frequencies, dampings, and
locati ons.

Both the Service Water Pump Structure (SWPS) and the diesel

generator building were expected to have only a single floor supporting
safety-related equipment which exhibits significant vertical
amplification. The SD0F lumped mass floor models for these structures
were incorporated in the overall soil-structure models. Floor response
acceleration time-histories were generated directly as a part of the
overall structure response analysis. A comparison of the response
spectra with and without floor flexibility revealed the same trends as
those described above for the auxiliary building. The magnitudes of the
vertical amplification f actors for the SWPS and the diesel generator
building were reasonably consistent with those for the auxiliary building.

I -A-4-2
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APPENDIX I-B

;

l

B.1 EFFECT OF NONLINEAR RESPONSE AND DUCTILITY REDUCTION FACTORS

It has long been recognized that the inherent seismic resistance

) of a well designed and constructed system is usually much greater than
that expected based on elastic analysis largeTy because nonlinear
behavior is r.obilized to limit the imposed forces and accompanying
deformations. To consider this effect rigorously, it would be necessary
to perform time-history nonlinear analysis which is still'the fringe of i

the state-of-the-art for real structures and components. Newmark and
Hall (Reference B-1) have suggested the use of a modified elastic

'

response spectra as a tractable solution to the problem. In this
criteria a Duttility Reduction Factor, k, is developed as suggested by

'

villanueva (Reference B-2) and applied directly to elastically derived
f seismic loads.

Ductility reduction factor formulas are mathematically derived
i by assuming either: (1) that displacements are equal whether the

structure behaves in an elastic or elasto-plastic manner or, (2) that the
g

energy absorbed in an elastic system equals that of an elasto-plastic
system. Then, multiply each earthquake force in the member by the
ductility reduction factor with the earthquake force in the member being
computed from a pseudo-static or full dynamic linear analysis. Use these
" reduced" earthquake forces to design the members. The underlying
principle used here is that stress in a member wit 1 not continue to
increase once it reaches its yield point. .*

I-B-1
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B.2 DEFINITION OF DUCTILITY |

Ductility as used herein is defined as the ratio of the maximum
'

displacement to the displacement at yield point. ;

maxy= (B-1)
y

The term ductility generally implies strain values within the
elasto-plastic range, and in this range ductility, y, values are greater
than one.

B.3 DERIVATION _0F DUCTILITY REDUCTION FACTOR FORMULAS

There are two formulas commonly used to calculate the ductility
reduction factor, k. The derivation of these two formulas is shown
below. Each is derived using the following respective assumptions:

Assumption 1 - /pglicable for frequencies below 2 Hz. For the
same st*ucture and loading, the m nimum displacements of a nonlinear
elasto-plastic analysis equal those obtained if a linear elastic (no
yield limit) analysis were made (Reference B-3).

From Figure B.1 the actual (yield) force equation is:
'

6
Y

y 6 f "* (B-2)f =
"

max

Clearly the ductility reduction factor equation is:

1 (B-3)k=
v

Assumption 2 - Applicable for frequencies in the 2-8 Hz range.1

For the same structure and loading, the energy absorbed is the same for
both the elasto-plastic system and the elastic system.

I-B-2
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Equating eq1 valent energies E,= E as shown in Figure B.2 andp
B.3, we have:

hk6 2 + (6 -6 )K6, KT (B-4)=
y max 7 max

Dividing by the stiffness k and the square of the deformation at yield 6y
and substituting a = 6,,x/6 , the above equation can be rewritten asy

I (B-5)max2p -1 = .
62y

or- '

I = / 2u-l 6 (B-6)max 7

Since f - k6, the ductility reduction factor is:,

Ik= (B-7)
}2u-1

For frequencies above 8 Hz the value of k increases linearly to the value
of 1.0 at 33 Hz.

,

I
B.4 . LIMITATIONS ON THE USE OF THE DUCTILITY REDUCTION FACTOR, k,

AND THE DUCTILITY. p

While the use of ductility reduction factor, k, is a practical
means for introducing the effect of nonlinear response and ductility into

,

seismic design, it must be used with care. The ductility reduction
factor, k, is based on the global or systems dictility. It is quite

possible in a given structural system that local ductility demand can
exceed the assumed system ductility (Reference B-4). In this criteria,

the limiting system ductility, p = 1.3, has been conservatively selected
to ensure local ductility demands can be aiet. Use of this rather
conservative systems ductility factor results in a ductility reduction
factor, k a 0.8 for components with dominant frequencies at and below 8
Hz and varies linearly to k = 1.0 between 8 and 33 Hz. In addition,

I-B-3
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.

.

since strain softening behavior which is also characteristic of buckling
behavior can result in large local ductility demands, members subject to
buckling shall use k = 1.0. Also in cases where a brittle-type failure
mode associated with shear failures is dominant, k will be limited to
1.0. Finally, in cases where the effect on local ductility demand has
been assessed, k values less than 0.8 may be used.

;

1
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