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As an attachment Lo our letter, Serial 21010, dated February &, 1983, we
submitted the criteria for the Seismic Margin Review, Volume I, for the
Staff's review and it was subsequently discussed in a meeting on February 8§,
1983 in Bethesda. The firm of Structural Mechanics Associates (SMA) of
Newport Beach, CA, under the direction of Dr R P Kennedy, was assigned the
task of performing the Seismic Margin Review per the criteria in Volume I.
Volume III, dealing with the evaluation of the Seismic Margins in the
Auxiliary Building 1s submitted for the Staff's review as an attachment to
this letter.

Volume III of the Seismic Margin Review Report titled, "Auxiliary Building"
describes in detail the method of analysis and the resulting seismic margins.
The underpinning walls of the Electrical Penetration Areas (EPA) and the
Control Tower were included in this evaluation for their margins. A wide
range of relative soil stiffnesses between the main Auxiliary Building and the
EPA were considered in the margin evaluation. In spite of the wide range of
soils stiffnesses mentioned above, this evaluation shows that there is still a
considerable amount of margin in the design. The lowest margin identified for
the underpinning walls was conservatively estimated at 1.6 with respect to
code allowables. The lowest margin identified in the rest of the structure
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was conservatively estimated at 1.2 with respect to code allowables.
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Future volumes of the Seismic Margin Review Report dealing with structures and
systems will be submitted as they become available.

FWB/BFH/bib

CC  FJCook, Midland Resident 'nspector
JGKeppler, Administrator, NRC Region III
DSHood, NRC
FRinaldi, NRC
GHarstead, Harstead Engineering

0c0783-0516a100



BCC TABuczwinski, Midland
DBMiller, Midland, (3)
TABuczwinski, Midland
DMBudzik, P-24-517
PPSteptoe, IL&B (21)
PJGriffin, P-24-513
NRC Correspondence File, P-24-517
LGraber, LIS
FRHand, P-14-417
BFHenley, P-14-212
Dr R P Kennedy, SMA
TRThiruvengadam, P-14-400
KBRazdan
UFI, P-24-517A
BJWalraven, P-24-517

0c0783-0516a100



CONSUMERS POWER COMPANY
Midland Units 1 and 2
Docket No 50-329, 50-330

Letter Serial 23861 Dated July 22, 1983

At the request of the Commission and pursuant to the Atomic Energy Act of
1954, and the Energy Reorganization Act of 1974, as amended and the
Commission's Rules and Regulations thereunder, Consumers Power Company submits
Volume III of the Seismic Margin Review titled, "Auxiliary Building".
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1. INTRODUCTION

A seismic margin cvaiuation of the Midland Energy Center has
been conducted. The purpose of this assessment was to provide confidence
in the safety and structural integrity of critical structures and equip-
ment required to remain operational during an earthquake in order to
achieve safe shutdown. This volume presents the results of the seismic
analysis conducted for the auxiliary building complex.

The plant was designed in accordance with criteria and codes
described in the FSAR (Reference 1). Recently, the expected seismic

input at the Midland site has been reevaluated using current methodology
(Reference 3, 4 and 5). Seismic inputs applicable for the auxiliary

building were determined in terms of site specific response spectra at
the nriginal ground surface. These site specific response spectra as
well as the overall methodology used to develop the seismic models and
in-structure response spectra for equipment evaluation are contained in
Volume I of this report (Reference 6). This volune of the report
presents the results of the auxiliary building seismic analysis.

1.1 BUILDING FUNCTION

The auxiliary building is located between the two reactor
containment building structures and provides essential control and
service facilities for the reactor buildings. The auxiliary building

contains the control room, access control room, cable spreading rooms,
engineered safeguards systems, switchgear equipment, and facilities for
fuel handling, storage and shipment (Reference 1). The areas containing
engineered safeguards equipment are partitioned into separate rooms to
provide protection against postulated accidents. The structure was
designed to Seismic Category I criteria.




1.2 DESCRIPTION OF THE STRUCTURE

The auxiliary building at the Midland Nuclear Generating Station
is a reinforced concrete structure consisting of the main auxiliary
building, the control tower, and the east and west electrical penetration
wing areas. The auxiliary building complex contains the control room,

access control room, cable spreading room, engineered safeguards systems,
switchgear equipment, and facilities for fuel handling, storage and ship-
ment. A schematic representation of the concrete portion of this complex
structure is presented in Figure I1I-1-1.

The auxiliary building is a reinforced concrete shear wall
structure with structural steel framing above Eievation 659'-0" in the
main auxiliary building. The geometry of the auxilia~y building is a
relatively complex building because of the many diverse functions this
structure performs. Exterior walls, the spent fuel pool, and some
interior walls are all part of the vertical load-carrying system. Many
of the interior walls in the structure are of reinforced concrete block.
These walls are designed to provide separation of building facilities
only and were designed to have no load-carrying capacity. Reinforced
concrete floor slabs supported on steel beams and integrally connected to
the shear walls are used throughout the structure as part of the vertical
load-carrying system and provide diaphragm action to distribute the
lateral forces resulting from seismic response. The structural steel
frame above Elevation 659' in the main auxiliary building is used to
support a 125 ton main crane and a 15 ton auxiliary crane.

The main auxiliary building is supported by a 6-foot thick
reinforced concrete mat approximately 158' long and 79' wide, founded on
glacial till at Elevation 562 feet. Beneath the control tower and
electrical penetration wings, remedial underpinning (Figures III-1-1 and
[11-1-2) has been designed which transfers all loads from the control
tower and electrical penetration wings to the undisturbed glacial till.

The underpinning beneath the electrical penetration wing areas are 6-foot
thick, reinforced concrete walls, 38 feet high, belled out to 10-feet




thick at the bottom. The underpinning walls beneath the control tower
are 6-foot thick, reinforced concrete walls, varying from 41 to 47

feet high. These walls bell outward to 14-feet thick at the base.
Individual piers are provided to underpin interior columns of the
building. The bottom of the underpinning beneath the control tower is at
Elevation 562 feet. Beneath the electrical penetration wings, the bottom
of the underpinning is at Elevation 571 feet.

1.3 GROUND MOTION

The auxiliary building base mat and foundation remedial structure
beneath the control tower and electrical penetration wings are founded on
the natural material (glacial till1) at the Midland site. The SME ground
response spectra appropriate for use with structures founded on the
original ground were presented in Volume I of this report and are shown
in Figure I11-1-3 for reference.

1.4 SOIL PROPERTIES

The auxiliary building is founded on glacial till deposits.
These deposits consist of very stiff to hard cohesive soils, with some
very dense sandy soils near the bedrock. The details of site geology are
discussed in the FSAR (Reference 1). The site characteristics for the
Midland plant have been discussed in Volume I of this report. Figures
I11-1-4 and 11I-1-5 present the soft site and stiff site profiles,
respectively. In addition, Figure III-1-6 presents an intermediate
profile. The development of the intermediate profile as well as the low
strain shear moduli, strain degradation effects and other engineering
characteristics used in the Seismic Margin Review (SMR) are discussed in
Volume 1 (Reference 6). Use of this wide range of soil characteristics
in the seismic analysis of the auxiliary building ensures conservative
response results in both the structure loads and in-structure response

spectra.

I11-1-3
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2. SEISMIC ANALYSIS

- 4 STRUCTURE DYNAMIC MODEL

The auxiliary building is represented by a three-dimensional,
lumped-mass multi-stick model (with additional detail in the electrical
penetration areas (EPA) provided by plate elements) which preserves the
physical geometry of the various building components. The auxiliary
building mathematical model was developed by Bechtel (Reference 13). As
part of the SME evaluation, this model was reviewed to ensure that the

overall dynamic characteristics of the structure are expected to be
adequately represented. The auxiliary building dynamic model described

herein was used to evaluate overall building response to seismic loaaings

as well as to generate the in-structure response spectra. The overall
building dynamic responses developed from this model were also used to
develop forces in the individual structural elements.

Figure I11-2-1 presents a schematic plan of the auxiliary
building. This building can be subdivided into a main auxiliary
building, a control tower, and two EPA, all of which are interconnected.
The overall dynamic response of the auxiliary building was calculated
from a mode]l developed using a series of vertical beam elements, each
representing a major portion of the building (Figures 11I-2-2 through
I11-2-4). The stiffness and mass characteristics of the main auxiliary
building (north of column line G) were modeled as one vertical beam. The
control tower was also modeled as a vertical beam. Flexible beam elements
at each floor elevation between column lines G and H are used to model
the flexible interconnectivity between the control tower and the main
auxiliary building. The stiffnesses for these connecting beam elements
reflect both the floor properties and any interconnecting shear walls
between column lines G and H. Rigid elements were used as connection
members between column line H and the control tower beam, and between
column line G and the main auxiliary building to reflect the actual
geometry of the structure.




The wing areas are made up of a major vertical wall along the
external south side of the structure with several intermediate cross
walls. The south walls were represented by a series of plate elements
with three beams per wing to reflect the intermediate cross walls. The
individual EPA beams are connected by horizontal beam elements whose
stiffness represents the existing floor properties. The EPA boundary
nearest the control tower is connected to the control beam by rigid

elements, representing the geometric distance to the control tower model.

Figures I11-2-5 and 111-2-6 present the overall auxiliary
building dynamic model. The weights associated with major floors and
walls throughout the structures were represented by lumped masses. The
masses include concrete, steel, blockwalls, major equipment and 25% of
the floor design live loading. The center of mass was established for
each floor level and mass nodes were placed at these centers of mass.
For the wing areas, the masses associated with each plate element were
lumped in accordance with the plate thicknesses and the remaining mass
associated with each EPA Tumped at the floor elevations along the six
sticks. Beam elements in Figure 11I-2-5 define the stiffness character-

istics of the structural systems being represented. The elements were

located at the calculated centers of rigidity and are thus horizontally

offset from the mass points and from each other. These offsets (eccen-
tricities) are included to properiy account for torsional response.

The proposed underpinning design underneath the control tower
was accounted for in the section properties of the control tower model
below Elevation 614 feet. The underpinning wall layout was connected to
the existing column line H wall to make up the extension of the control
tower model to Elevation 562 feet. This portion of the control tower
stick was also connected to the main auxiliary model by beam elements
representing the floor properties and interconnecting shear walls in the
same manner as the higher elevations. The mass associated with this

portion of the control tower model includes hoth the concrete and any
effective entrapped soil.




The EPA underpinning was represented by a series of plate ele-
ments having section properties equivalent to the underpinning concrete
sections. The EPA underpinning plates were connected to the structural
EPA beams and plates by rigid beams to maintain the geometric location
and continuity of stiffness between the underpinning and existing struc-
ture. The underpinning plates were connected to the controi tower model
by rigid elements to reflect the geometry. The mass associated with the
EPA underpinning was lumped at the nodes connecting the plate elements.
This mass includes the actual concrete volume and the effective entrapped
soil.

Soil-structure interaction impedance functions (represented by
springs and dashpots) are attached to the structural model at the founda-
tion mass points (@) shown in Figures I1I1I1-2-5 and 1II-2-6. A single set
of soil-structure interaction impedance functions is used for the main
auxiliary and control tower portions of the foundation and are attached
at the center of resistance for this foundation system. Individual
impedance functions are placed at distributed node points at the base of
the underpinning system for the EPA as shown in Figure 111-2-3.

2.2 SOIL -STRUCTURE INTERACTION

2.2.3 Layered Site Analyses

The effects of the layered site characteristics on the auxiliary
building seismic response were evaluated by developing equivalent elastic
half-space soil impedances based on layered site analyses. These
equivalent elastic half-space impedance functions were then modified to
account for embedment effects and non-standard foundation shapes and were
used in conjunction with the structure model described in Section 2.1 to
perform the soil-structure interaction analysis of the auxiliary building
complex. The layered site soil profiles presented in the previous
section were used in conducting layered site analyses using the program
CLASSI (Reference 7) to calculate the frequency-dependent soil impedances
for the structure. The auxiliary building foundation geometry was

[11-2-3



idealized as a 140' by 236' rectangular foundation as shown in Figure
111-2-7 in all CLASSI analyses. This idealized foundation is founded at
Elevation 562 feet.

The results of the CLASSI analyses are presznted in Figures
111-2-8 to 111-2-25 for the three soil profiles studied. Soil impedances
were developed for all global translational and rotational degrees-of-
freedom. Both the real (stiffness) and imaginary (damping) portions of
the soil impedances are presented in these figures for 2 range of soil-
structure frequencies varying from O to 10 hertz. Figures III-2-8 to
I111-2-13 present the CLASSI layered site soil impedances for the soft
site 3011 profile while Figures 111-2-14 to 111-2-19 and Figures 111-2-20
to 111-2-25 present the corresponding CLASSI results for the intermediate
soil profile and the stiff site soil profile, respectively.

Examination of stiffness and damping terms for the soft site soil
profile (Figures I1I1-2-6 to 111-2-13) shows there is same frequency
dependence and resonance due to layering effects for horizontal transla-
tion degrees-of-freedam. The vertical translation and rocking degrees-of-
freedom exhibit much stronger frequency dependence with layering effects
particularly important in the vertical translation damping termm. Tor-
sional response of the structure is relatively unaffected by layering or
frequency-dependent effects at all frequencies. Observations regarding
layering effects for both the intermediate and stiff site soil profiles
are similar. It should be noted that because CLASSI incorporates
the five percent soil material damping in the layered site analysis,
(References 6 and 7) the damping coefficient terms are mot zero for the
static case (0 hertz) as would be expected if only geometric damping was
considered in the analysis.

2:8.2 Effective Elastic Half-Space Shear Moduli

The results of the CLASSI layered site analyses were used to
develop effective elastic half-spazce shear moduli, Gefg, for all
degrees-of-freedom of the structure (horizontal and vertical translation,

I11-2-4



rocking, and torsion). The effective elastic half-space shear moduli
were then used to develop soil impedances which accounted for actual
foundation geametry, embedment effects, and soil layering. The procedure
used to develop effective elastic half-space shear moduli from the CLASSI
layered site analysis is presented in Volume I. Appendix A of this
report presents a sample calculation of Geff to demonstrate the
procedure.

Table III-2-1 presents the effective soil shear moduli for each
of the three soil profiles studied as determined from the CLASSI layered
site analyses. For the auxiliary building, an effective soil shear
modulus was developed which adequately represented the site character-
istics fzr both the horizontal translation and torsional response modes
of che structure for each soil case. Similarly, one shear modulus value
was developed which was applicable to the vertical translation and
rocking degrees-of-freedom of the structure.

Comparison of G ¢ values tabulated in Table II1-2-1 to the
layered soil profiles presented in Figures I11-1-4 to III-1-6 used in the
CLASSI layered site analyses demonstrates some general trends. For the
soft site soil profile, the G ¢ of 3200 ksf associated with the
horizontal translational and torsional response of the structure is
influenced by the 12-foot thick layer of softer glacial till material
beneath the structure from Elevation 550' to 562' shown in Figure
I11-1-4. For vertical translation and rocking, however, the Geff of
4000 ksf is almost entirely due to the influence of the 140-foot thick
layer of glacial till from Elevation 410' to 550' which has a degraded
shear modulus of 4200 ksf.

Results for the intermediate soil case are similar. The
effective soil shear modulus, G ¢¢, of 7100 ksf associated with
horizontal translation and torsional response of the structure is slightly
influenced by the soft layer of glacial till immediately beneath the
structure. This layer tends to reduce to effective stiffness of the

I11-2-5



half-space. The effective soil shear modulus, Gefr, of 8600 ksf
determined for vertical translation and rocking of the structure is
primaily due to the till mate-ial from Elevation 463' to 553'. Same
minor influence of material below Elevation 463' is also reflected in the
Gofs determined for these degrees-of-freedom.

The effective soil shear modulus values determined from the stiff
site soil profiles reflect that the G‘!ff values of 13,900 ksf for
horizontal translation and torsion, and 14,400 ksf for vertical transla-
tion and rocking degrees-of-freedom, are almost entirely due to the
99-foot thick layer of glacial till located between Elevation 463' to
562'. The stiffer material below Elevation 463' has a relatively minor
influence on the Geff values determined for this profile.

Upper and lower bound soil cases were developed for the
auxiliary building based on the effective elastic half-space shear moduli
presented in Table III-2-1. The upper and lower bound soil cases repre-
sent bounds the range of soil properties which might be possible at the
Midland site. This is considered to adequately account for the variabil-
ity from such factors as uncertainty in strain degradation effects,
uncertainty in modeling soil-structure interaction, and the uncertainty
in the knowledge of secil characteristics in the soil profiles studied.
Based on these uncertainties, it was determined that 0.6 x Geff based
on the soft site soil profile represented a realistic lower bound soil
case for use in the SME. Similarly, 1.3 x Geff based on the stiff site
soil profile was considered to be a realistic upper bound soil case for
this structure. The details of the procedure used in developing the
upper and lower bounds are presented in Section 4.3 of Volume I of this
report. The intermediate soil case was not modified since it was
considered to be a median representation of site conditions. Table
111-2-2 presents the G.¢c values used for the lower, intermediate, and
upper bound soil cases used in the auxiliary building SME analysis.
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B P Energy Entrapment Due to Layering

Two tyes 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 danping for the S¥E. Material damping is not significantly
affected by layering. The second type of soil damping, known as
geometric or radiation damping, involves the wave propagation of energy
through the soil away from the structure. For an elastic half-space,
these waves will propagate outwards to infinity. Layered soil profiles,
however, tend to trap and reflect same of the energy back up towards the
structure due to impedance mismatch at the layer interfaces. One of the
principal reasons for conducting a layered site analysis for the SM was
to determine the effect of layering on the geometric damping from the
structure. In effect, the geametric damping for the layered profile is
reduced to some percentage of the damping which would be determined for
an equivalent elastic half-space. This decrease in geametric damping may
be determined through the use of a factor defined as:

C(CLASSI layered site analysis)

FLayer * T(theoretical elastic half-space)

where C (CLASSI layered site analysis) is the freguency-dependent damping
including layering effects determined by the CLASSI layered site analysis.
The term C (theoretical elastic half-space) represents the geametric
damping which would be calculated for the structure based on the
effective elastic half-space shear moduli and idealized foundation shape
presented in Table III1-2-1 and Figure I1I-2-7, respectively. This ratio
is indicative of the amount of energy entrapped beneath the structure due
to layering. The procedure for calculating FLayer is presented in

Volume I. A sample calculation of F is presented in Appendix A of
this report.

Layer



Layering factors were determined for all three soil cases for
the auxiliary building. Results showed that it was possible to define
one set of layering factors for this structure applicable to all three
soil profiles. Layering factors were conservatively limited to a maximum
of 75 percent of theoretical elastic half-space geometric damping for all
degrees-of-freedom where FLayer was determined to be greater than 0.75.
This conservative cutoff on geometric damping was based on results
presented in Reference 8. These factors were defined for the auxiliary
building as follows:

Structure Degree-of -Freedom Layering Factor, FLayer
Horizontal Translation and Torsion 0.75
Vertical Translation 0.75
Rocking 0.50

The results for this structure indicated that soil site layering
was not significant for horizontal and vertical translations and the
torsional degrees-of-freedom. For motions in these directions, the
geametric damping of the structure was primarily determined by the thick
glacial till lavers below Elevation 550' shown in Figures 111-1-4 to
II1-1-6. For rocking of the structure, however. layering effects were
more important resulting in a reduction to 50 percent of theoretical
elastic half-space damping. Rocking response of low-rise shear wall type
structures such as the auxiliary building is relatively unimportant,
however, and the lower calculated rocking geanetric damping has a
negligible effect on the overall responses.

2.2.4 Development of Global Soil Siiffnesses and Dashpots

Soil springs modeling the stiffness of the soil beneath the
aixiliary building were developed based on the effective soil shear
modulus values presented in Table I11-2-2 and the actual building
foundation geametry. Soil stiffnesses were calculated from the frequency-
dependent elastic half-space equations shown in Table 111-2-3. These
equations and frequency-dependent coefficients are presented in
References 9 to 12.
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The auxiliary building foundation geametry used in determining
the global soil stiffnesses for the structure is shown in Figure 111-2-7.
For the horizontal translation and torsional degrees-of-freedan, the
entrapped soil beneath the control tower was assumed to act integrally
with the foundation base mat. For vertical translation and rocking
degrees-of -freedom, the geometric properties of the foundation were
developed based on foundation contact area only.

The use of elastic half-space equations to calaulate soil
impedances required the development of equivalent base slab rectangles
and circles for the auxiliary building based on the actual foundation
geametry. The equivalent rectangles developed for the horizontal
translation and rocking degrees-of-freedom were developed based on
equivalence between the actual foundation geametric properties and the
geometric properties of the rectangle. In the vertical direction, an
equivalent rectangle was calculated based on area equivaience between the
rectangle and the auxiliary building foundation contact area. The
equivalent circle used to calculate the torsional soil stiffness was
developed based on equivalence of polar maments of imnertia between a
circle and the actual foundation geometry.

The majority of the auxiliary building foundation is founded on
glacial till at Elevation 562' and the Geff values presented in Table
[11-2-2 are considered to be an appropriate representation of the effec-
tive soil shear modulus beneath most of the structure. However, the
railroad bay is founded on softer fill material at approximately
Elevation 630.5'. Use of the overall structure geometry inciuding the
railroad bay and the effective soil shear modulus values associated with
Elevation 52' would overpredict soil stiffnesses beneath the auxiliary
building. In order to appruximately account for the softer material
beneath the railroad bay, a weighted average soil stiffness was developed.
The weighting procedure used to account for soil beneath the railroad bay

is as follows:
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1. Based on the overall foundation geametry including the
raiiroad bay (Figure 111-2-7) and the Ggrs values shown
in Table 111-2-2 calculate the unembedded soil stiffness K*
for the degree-of-freedom of interest.

2. Calculate an uvnambedded soil stiffness K' based on the
structure foundation geometry neglecting the railroad bay
forlthe same degree-of-freedom and use the same Gg¢¢ as
in 1 above.

3. Determine the global soil stiffness for the
degree-of-freedam by:
G (railroad bay)
= K' + (K*-K') off

KG of f evation

(2-1)

where Gefs (railroad bay) represents the effective soil
shear modulus beneath the railroad bay and Gef¢
(Elevation 562') is the effective soil shear modulus
presented in Table I1]-2-2.

This procedure was used for all degrees-of-freedom for the auxiliary
building and is illustrated in Appendix A. Unembedded soil stiffnesses
for each of the three soil cases studied are shown in Table I11-2-4,

Embedment effects were considered to be applied as a multiplier
to the unembedded frequency-dependent elastic half-space soil stiffnesses.
Embedment effects considered both the soil in physical contact with the
sides of the structure and stiffening of the soil due to the weight of
aljacent structures. The procedure used to calculate embedment effects
for the SM is described in Section 4.3 of Volume I. Appendix A of this
volume presents a sample soil stiffness calculation including embedment
effects.

As shown by Table I1I1-2-4, embedment effects for the auxiliary
building soil stiffnesses are relatively small. Translational degrees-
of-freedom are stiffened by about 10 percent while rotational degrees-
of-freedom show an increase on the order of 20 to 25 percent. Thus, the
corresponding fundamental soil-structure frequencies would be expected to
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increase in the range of 5 to 10 percent due to embedment effects. The
final global soil stiffnesses for the structure including embedment
effects are presented in Table [11-2-4 for each of the three soil cases
studied.

Dashpots modeling soil geometric and material damping were
developed using the elastic half-space equations presented in Table
I11-2-3. Material damping of 5 percent of critical damping was assumed
for the soil. Soil dashpots were calculated accounting for both layering
and embedment effects as discussed in Volume I on methodology and
criteria (Reference 6). A sample calculation of an embedded dashpot is
presented in Appendix A of this report.

Table III.2-5 presents the unembedded dashpots and embedment
factors for this structure. Embedment effects for damping increased
translational dashpots 10 to 25 percent above their unembedded values.
Rotatioral dashpots were increased by about 45 to 50 percent due to the
stiffening effects from the surrounding soil. The embedded dashpots
including 5 percent material damping are presented in Table 111-2-5.

2.2.5 Relative Spring Stiffnesses Beneath the

Electrical Penetration Areas

The global soil impedances presented in the previous section were
based on the full auxiliary building foundation geometry. Examination of
Figure 111-2-7 shows this building has a fairly complex fourdation shape.
This structure has a thick base mat with many large interior shear walls
stiffening the foundation. The structure base mat under the main struc-
ture is expected to act rigidly, and the global soil compliances for the
structure were developed on this basis. However, because the EPA are
long and narrow (Figures I11-2-1 and 111-2-2), there was concern that for
seismic excitation there may be some slight flexibility of the EPA founda-
tions relative to the main auxiliary/control tower foundation. Though
this flexibility would not substantially affect the global soil impedances
calcul ated by elastic half-space theory, flexing of the EPA relative to
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the main auxiliary building and control tower could substantially in-
fluence the loads in the EPA underpinnings and possibly the in-structure
response spectra calculated at locations in the EPA. Therefore, in order
to conservatively define the loadings and in-structure spectra in the
EPA, it was considered necessary to evaluate the effects of various
approximations concerning the distribution of tha portion of overall soil
spring stiffness that supports them. Consideration was given to distri-
buting the soil stiffness under the wings to the nodal points in the
mathematical model representing the EPA foundation rather then lump all
the soil stiffness at a single location beneath the auxiliary building
foundation.

Because of these concerns, a parametric study was conducted in
order to determine the effect on loads and in-structure response spectra
of the distribution of the soil impedance beneath the EPA. Three cases
were analyzed. The first case studied, defined as the global stiffness
case, assumed that the soil compliance functions were developed using the
overall structure foundation geometry and were located at the base mat
centroid. Separate soil springs were not located beneath the EPA for
this case. In the second case, defined as the lower bound relative wing
stiffness casn, a procedure was developed that calculated the lowest
reasonable relative stiffnesses for the springs beneath the EPA. Soil
springs were then distributed beneath the EPA and under the main auxiliary
building/control tower foundation as shown schematically in Figure
I11-2-3. Equilibrium of the overall model was considered in order to
ensure this case had the same global soil characteristics as defined by
case one above. The final case, defined as the upper bound relative EPA
stiffness case, used a procedure that calculated the highest reasonable
relative stiffness for soil springs under them. As in case two, the soil
stiffnesses beneath the auxiliary building/control tower foundation were
adjusted to maintain the same global model characteristics defined by
cas® one above. Using these models, comparisons of in-structure response
spec . ra, peak accelerations, and peak displacements for each of the three
models were made in order to determine the influence of modeling assump-
tions for the snil beneath the EPA.

111-2-12



The results of the parametric study investigating the influence
of relative soil stiffness beneath the EPA are presented in Appendix B of
this report. The relative soil springs beneath the EPA were developed
using the methodology presented in Reference 28. Upper and lower bound
relative EPA stiffresses are presented in Tables 111-2-6 to 111-2-8 for
each of the three soil cases studied for the SME. Locations of structural
nodes referenced in these tables are shown in Figures 111-2-5 and 111-2-6.

The basic conclusions reached in this study were that for all
locations studied, the in-structure response spectra, accelerations, and
displacements were virtually identical for each of the three cases
studied. The results indicated that the structure base mat was trans-
lating and rotating as a rigid body. Conservative in-struciure response
spectra can be calculated using the global stiffness case since the
inclusion of relative soil springs beneath the EPA did not significantly
influence structure response. Local load distributions were more
sensitive to the assumptions. In developing structure dynamic response
loads, maments and shears throughout the structure are conservatively
taken as the envelope of results fram both the lower bound relative wing
stiffress case and the upper bound relative EPA stiffness case for each
of the soil cases studied (lower bound, intermediate, and upper bound).
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TABLE III-2-1

Auxiliary Building Seismic Margin Evaluation
Equivalent Elastic Half-Space Shear Moduli

Dynamic Soil Shear Modulus, Geff
Structure Soft Site Intermediate Stiff Site
Degree-of-Freedom Soil Profile Soil Profile Soil Profile

(KSF) (KSF) (KSF)
Horizontal Translation, 3,200 7,100 13,900
Torsion
Vertical Translation, 4,000 8,600 14,900
Rocking
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TABLE II-2-2

Auxiliary Building Seismic Margin Evaluation
Equivalent Elas*tic Half-Space Shear Moduli

Dynamic Soil Shear Modulus, Ggg¢¢

Structure Intermediate Upper Bound
Degree-of-Freedom L°§§§,ng's‘g Soil Case Soil Case
(KSF) (KSF) (KSF)
Horizontal Translation, 1,900 7,100 18,100
Torsion
Vertical Translation, 2,400 8,600 19,400

Rocking
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Frequency Dependent Elastic Half-Space Impedance

TABLE 111-2-3

Direction Equivalent Spring Equivalent Spring
of Constant For Constant For Equivalent
Motion Rectangular Footing Circular Footing Damping Coefficient
32(1-v)GR
Horizontal ky=k12(1+v)68, /BL kx=kj c, =c1k, (static)RVo/G
7-8v
e 8GR3
Rocking ky=ky To-8,B2L kw-kzm ¢y =coky(static)RV o/6
-V
Vertical ky=k3 7o, /BL ky=ky oo ¢,=c3k, (static)RVo/G
Torsion ko=kg 3 r3 ct=C4kt(static)R»/o/G
in whicu:

v = Poisson's ratio of foundation medium,
G = shear modulus of foundation medium,
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 mat perpendicular to the plane of horizontal excitation,
k1,k2,k3.kg . frequency dependent coefficients modifying the static stiffness or damping.
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TABLE I11-2-4

Auxiliary Building Soil Stiffnesses Developed For SME

Non Embedded Soil Stiffness

Embedded Soil Stiffness

Embedment
Lower Bound | Intermediate | Upper Bound Facter Lower Bound Intermediate Upper Bou
Motion Soil Soil Soil Soil Soil Soil

Translational

North-South 0.90-106 3.21-106 8.18-106 . .00-106 3.56-106 9.08-106

East-West 0.93-106 3.36-106 8.54.106 1.10 .02-106 3.70-106 9.40-106

Vertical 1.18-10° 3.64-106 8.07-106 1.09 .28-106 3.97-106 8.80-106
Rotational

North-South 1.14-1010 3.73-1010 8.41-1010 1.24 .41-1010 4.63-1010 10.4 -1010

East-West 0.87-10'0 2.85-1010 6.25-1010 1.22 .06-1010 3.48-1010 7.63-1010

Torsional 0.94-10'0 3.48-1010 8.92-1010 1.21 .13-1010 4.21-1010 10.9 -10'0
NOTES: 1. Units for Translational Soil Springs are K/ft.

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




Auxiliary Building Damping Constants

TABLE IT1-2-5

81-2-111

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
Translational

North-South 6.02-10% 1.12-10% 1.77-10% 1.25 8.33-104 1.60-10% 2.58-10%

East-West 6.46-10% 1.22-10% 1.91-10% 1.24 8.82-104 1.73-10° 2.76-10%

Vertical 1.41-10% 2.54-10% 3.74-10° 1.1 1.64-105 2.97-10% 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 9.80-107 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-S€C/ft.

2. Units for Rotational Dashpots are K-sec-ft.,naq.

3. Includes 5% Soil Hysteretic Damping.



TABLE 111-2-6

MODAL SPRING STIFFNESS FOR
LOWER AND UPPER BOUND RELATIVE WING STIFFNESS CASES
LOWER BOUND SOIL CASE

Node ) Lower Bound Relative Upper Bound Relative
Number Direction Motion Wing Stiffness Case Wing Stiffness Case

N-$ Translation 1.17 x 108 3.76 x 104

214.217 E-W Translation 1.19 x 102 335 x 10
’ Vertical | Translation 1.61 x 106 4.51 x 104
N-S Rocking 3.29 x 10 1.41 x 107

N-S Translation 1.26 x 104 4.05 x 10°

E-W Translation 1.29 : 184 3.61 x 102

211,220 Vertical | Translation 1.74 x 104 4.86 x 10
N-S Rocking 354 x 10° 1.52 x 107

N-S Translation 3 4

E-W Translation g'gg : }83 ;'g; : 133

112,168 Vertical | Translation 4'58 x 103 1.28 x 104
N-5 Rocking 9.35 x 10° 4.02 x 106
N-S Translation 7.04 x 103 2.26 x 104
E-W Translation 7.18 x 103 2.01 x 104
208,223 Vertical | Translation 9.69 x 103 2.71 x 104
N-S Rocking 1.98 x 106 8.50 x 10°
N-S Translation 6.14 x 103 1.97 x 104
E-W Translation 6.26 x 103 1.76 x 10
205,226 Vertical | Translation 8.45 x 103 2.36 x 10¢
N-S Rocking 1.72 x 108 7.41 x 10

N-S Translation 1.52 x 103 4.88 x log

E-W Translation 1.55 x 103 4.34 x 10

269,272 Vertical | Translation 2.09 x 103 5.84 x log
N-S Rocking 4.26 x 10° 1.83 x 10

N-S Translation 9.15 x 102 8.28 x 105

|- E-W Translation 9.34 x 10° 7.78 x 105
Vertical | Translation 1.16 x 109 9.54 x 10°

N-S Rocking 9.67 x 10 8.08 x 109

E-W Rocking 1.28 x 1010 9.31 x 109

Torsion Rocking 9.80 x 10 6.41 x 109

NOTE: 1. Units on translational springs are kip/ft
¢. Lnits on rotational springs are k'p'ft/rad
3. Node Locations are shown in Figures 11-2-24 and I1-2-25
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TABLE I11-2-7

MODAL SPRING STIFFNESS FOR
LOWER AND UPPER BOUND RELATIVE WING STIFFNESS CASES
INTERMEDIATE SOIL CASE

Node Lower Bound Relative Upper Bound Relative
Number Direction Motion wing Stiffness Case Wing Stiffness Case
N-S Translation 4.17-105 1.41°103
214.217 E-W Translation 4.33-104 1.25'105
’ Vertical | Translation 5.00-107 1.53‘!07
N-S Rocking 1.02:10 5.06°10
N-S Translation 4.49-10; 1.52°10;
E-W Translation 4.67-!04 1.35'105
211,220 Vertical | Translation 5.39-107 1.65'107
N-S Rocking 1.10-10 5.46°10
. 1 4
N-S Translation 1.18-104 4.00'104
E-W Translation 1.23'104 3.56'104
112,168 Vertical | Translation 1.42-106 4.35‘107
N-S Rocking 2.90°10 1.44°10
4 e
N-S Translation 2.50-104 8.47 104
E-W Translation 2.60-104 7.53'104
208,223 Vertical | Translation 3.01-106 9.20'107
N-S Rocking 6.13-10 3.04°10
4 [
N-S Translation 2.18-104 7.38'104
E-W Translation 2.27-104 6.57'104
205,226 Vertical | Translation 2.62'106 8.02-107
N-S Rocking 5.35°10 2.65-10
N-S Translation 5.40-103 1 .82~10T
E-W Translation 5.61‘103 1.62-104
269,272 Vertical | Translation 6.48'106 1.98-106
N-S Rocking 1.32°10 6.56°10
N-S franslation 3.26-10¢ 2.54-10°
239 E-W Translation 3.38-10g 2.79'106
Vertical | Translation 3.61-10]0 2.86-10]0
N-S Rocking 3.20-10]0 2.62'10]0
E-W Rocking 4..‘23-10]0 3.05-10]0
Torsion Rocking 3.68-10 2.39°10
NOTE: 1. Units on translational springs are kip/ft
2. Units on rotational springs are k1p°ft/rad
3. Node Locations are shown in Figures 11-2-24 and 11-2-25
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TABLE 1II-2-8

NODAL SPRING STIFFNESS FOR
R_AN 3
UPPER BOUND SOIL CASE
Node Lower Bound Relative | Upper Bound Relative
Number Direction| Motion Wing Stiffness Case Wing Stiffness Case

N-$ Translation 1.06 x 105 3.60 x 103

214 217 E-W | Translation 1.10 x 102 3.21 x 10°
* Vertical | Translation 1.11 x 10° 3.46 x* 105
N-S Rocking 2.26 x 107 1.15 x 108

N-S Translation : 3.88 x 103

E-W Translation 118 108 3.46 x 102

211,220 | Vertical | Translation 1719 x 105 3.73 x 10°
N-S Rocking 244 x 107 1.23 x 108

N-S Translation 3.02 x 104 5

E-W Translation 3.13 x 104 ;'?g : }84

112,168 Vertical | Translation 3.15 x 104 9.83 x 104
N-S Rocking 6.43 x 106 3:26 x 107

N-S Translation 2 '

E-W Translation g‘g? : }84 f';g X }gg

208,223 Vertical | Translation 6 66 x 108 2°08 x 105
N-S Rocking 1.36 x 107 6:89 < 107

N-S Translation - 4 B

E-W Translation g-;; i }84 }'gg : }gs

205,226 Vertical Tranglation 5.81 X 198 1:81 x 105
N-S Rocking 119 x 107 6.00 x 107

N-S Translation 1.38 x 103 4.66 x 104

E-W Translation 1.43 x 10 4.16 x 104

269,272 Vertical | Translation 1.44 x 10% 4.48 x 104
N-S Rocking 2.93 x 106 1.48 x 107

N-S Translation 8.31 x 106 6.48 x 102

239 E-W Translation 8.61 x 106 7.08 x 'IO6
Vertical | Translation 8.00 x 106 6.30 x 1010
N-S Rocking 7.01 x 1010 5.69 x 10]0
E-W Rocking 9.51 x 1010 6.87 x 10]0

Torsion | Rocking 9.56 x 1010 6.25 x 10

NOTE: 1. Units on translational springs are klp/ft
Z. Llnits on rotational springs are k1p-ft/rad
3. Node Locations are shown in Figurgs 11-2-24 and 11-2-25
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3. SEISMIC RESPONSE

3.1 MODAL CHARACTERISTICS

The auxiliary building natural frequencies, percentage of total
structure mass participating in each mode, and mode description are
presented in Tables III-3-1 to II1-3-6. Using the results presented in
these tables it can be noted that for the lower bound soil case, the
fundamental East-West (E-W) translational frequency occurs at 1.52 hertz
for the lower bound relative EPA stiffness case and 1.53 hertz for the
upper bound relative EPA stiffness case. In the North-South (N-S)
direction, the fundamental translational frequency occurs at 1.57 hertz
and 1.60 hertz for the lower and upper bound relative EPA stiffness
cases, respectively. Between R2 percent and 85 percent of the total
structure mass participates in these coupled horizontal translational
soil-structure modes. The fundamental vertical soil-structure mode
occurs at 2.12 hertz for both relative EPA stiffness cases with
approximately 93 percent of the total structure mass participating in
this mode. Higher modes for these two relative EPA stiffness cases are
virtually identical as shown by the natural frequencies, participating
mass percentages, and mode descriptions. The higher modes for this soil
case primarily represent out-of-phase soil-structure response in both the
N-S and E-W directions. The percentage of mass participating in these
higher modes ranges from a Tow of about 3 percent in the vertical
direction to a high of 12 percentage for N-S response. In conducting the
response spectrum analysis for this soil case, 30 modes of structure were
used which resulted in at least 99.9 percent of the structure mass in
each direction being included in all analyses.

The fundamental E-W translation frequency for the intermediate
soil case occur at 2.66 hertz for the lower bound relative EPA stiffness
case and 2.71 hertz for the upper bound relative EPA stiffness case. In
the N-S direction, these frequencies occur at 2.71 hertz and 2.68 hertz
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for the lower and upper bound relative EPA stiffness cases, respectively.
Approximately 81 to 83 percent of the total structure mass participates
in these fundamental horizontal translational soil-structure modes. The
fundamental vertical frequency occurs at approximately 3.69 hertz with
about 95 to 97 percent of the total structure mass responding in this
vertical soil-structure mode. For the higher modes, a comparison of
modal descriptions shows there are some minor shifting of modal
frequencies and participating mass percentages between the lower and
upper bound relative EPA stiffness cases. Higher modes are associated
~#ith both local structure response and out-of-phase soil-structure
translational response in both the E-W and N-S directions. The

per entage of mass pa~ticipating in these higher modes (neglecting local
modes) ranges from a lov of about 2 percent in the vertical airection to
a high of 12 percent for out-of-phase N-S soil structure response.
Thirty modes of the s*ructure were used in conducting the response
spectrum analysis which resulted in at least 99.6 percent of the
structure mass in each direction being included for this soil case.

For the upper bound soil case, the fundamental E-W translation
frequency occurs at 3.72 hertz for the lower bound relative EPA stiff-
ness case and 3.71 hertz for the upper bound relative EPA stiffness
case. In the N-S direction, the corresponding fundamental frequencies
are 3.65 and 3.63 hertz. The fundamental vertical translational mode
occurs at approximately 5.34 hertz. Between 65 and 71 percent of the
total structure mass participates in the fundamental horizontal
translational soil-structure modes. In the vertical direction, between
91 and 95 percent of the total structure mass responds in this coupled
soil-structure mode. A comparison of modal descriptions for the higher
modes for the lower and upper bound relative EPA stiffness cases again
shows some minor shifting of modal frequencies and participating mass
percentages for these two cases. The higher modes for the upper bound
soil case are associated with both local structure response and motion of
the overall structure. In both the N-S and E-W directions, structural
response is described by a number of smaller modes of the EPA, the
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main auxiliary building and control tower. The percentage of mass
participating in these higher modes (neglecting local modes) ranges from
a low of about 1 percent in the vertical and N-S directions to a high of
12 percent in the N-S direction. Inclusion of 30 structure modes in the
response spectrum analysis conducted for the upper bound soil case
resulted in at least 97.6 percent of the total structure mass included in
each direction.

Table I11-3-7 presents a comparison of the fundamental soil-
structure translational modes for both the lower and upper bound relative
EPA stiffness cases for all three soil cases studied. In ali cases, the
fundamental soil structure frequencies for the lower and upper bound
relative EPA stiffness cases are virtually identical. This clese
frequency ccnparison implies that the procedure used to develop relative
EPA stiffnesses is not an important factor in determining global
structure response. The substantial shift in fundamental structure
frequencies for the three soil cases reflects the effects of the
conservatively broad range of soil profiles evaluated for this structure.

32 COMPOSITE MODAL DAMP ING

As discussed in Section 6 of Volume I of this report, 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 seismic response loads in the auxiliary building.
By using response spectrum analyses to determine seismic response loads,
excess conservatism was avoided since the SME ground response spectra are
smooth and do not have the peaks and valleys associated with the spectra
generated by the synthetic time histories. Use of response spectrum
techniques to determine seismic response loads required the development
of composite modal damping values for the structure. The procedure
presented in Volume I of this report was used to define composite modal
damping for the auxiliary building.
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The method presented in Volume I is based on matching the
response computed from the coupled equations of motion with the modal
response at selected locations. Soil impedances are considered to act at
the centroid of the overall foundation in determining structure dynamic
characteristics. Structure response transfer functions are developed at
a number of locations in the structure for both the rigorous and normal
mode solutions. Modal damping values for the normal mode solution are
iterated upon until the transfer functions for the two solutions match.
By choosing locations which are sensitive to damping, composite modal
damping values are determined which generally predizt conservative
response at ail locations.

Composite modal damping values were determined using the program
SCILST (Reference 14). The embedded stiffnesses and dashpots presented
in Tables 11I1-2-4 and 111-2-5 defined the soil impedances beneath the
structure in this analysis. The concrete structure was considered to be
damped at 7 percent of critical damping consistent with SME damping for
reinforced concrete structures above one-half yield.

Composite modal damping values were determined for a number of
locations in the structure. Typical floors were chosen in both the main
auxiliary building and the control tower that were relatively high in the
structure and were judged to have dynamic responses sensitive to modal
damping. Additional locations high in the EPA were also evaluated.
Composite modal damping values for all modes were chosen based on a
generally lower bound envelope of the modal damping values determined for
all locations studied.

Composite modal damping values were determined only for modes
contributing significantly to the dynamic response at the degree-of-
freedom studied (in general more than about 10 percent of the total
degree-of-freedom response). Damping for less significant modes of the
auxiliary building was based on parametric studies of in-structure
response spectra developed for the intermediate soil case. Because these
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modes were typically associated with local, higher frequency response of
the structure, overall seismic response loads were not particularly
sensitive to the modal damping values used for the less significant
modes. However, conservative modal damping values were chosen for these
modes in order to avoid any underprediction of the auxiliary building
response in same locations. In this study, in-structure response spectra
were developed at tyical locations in the structure by directly inte-
grating the coupled equations of motion. These in-structure response
spectra were then compared to the in-structure spectra determined from a
modal superposition time history analysis of the structure. 3y appro-
priately modifying the damping of the less significant modes in the modal
superposition time history analysis until close comparisons of the
response spectra ana zero period accelerations were obtained, conserva-
tive modal damiing ratios were determined for these less significant
modes. Based on these studies, high-frequency modes were damped at 3-1/2
percent of Critical damping. These modes typically are associated with
the local response of a small portion of the dynamic model. Lower
frequency modes associated primarily with gross structure response were
damped at 7 percent of critical damping consistent with the SME damping
for concrete structures above one-half yield. Figure III-3-1 presents a
comparison of tyical in-structure response spectra determined in this
manner.

The composite modal damping values used to determine the seismic
response loads in the auxiliary building are presented in Tables IIl-3-1
to I11-3-6. Damping associated with primarily horizontal translational
soil modes ranges from a low of 12 percent of critical damping for the
upper bound soil case to a high of 22 percent of critical damping in the
lower bound soil case. Vertical soil modes were damped between 55 to 60
percent of critical damping. Because of the high percentages of struc-
ture mass participating in each of the 3 fundamental soil-structure modes,
seismic response accelerations are primarily due to these fundamental
modes and corresponding composite modal damping values. To further
ensure that the composite modal damping values developed in the manner
described above were conservatively chosen for all structure modes,
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comparisons of structural response predicted by direct integration time
history analysis using concentrated dashpots to model the soii damping
were made with the seismic response determined by modal superposition
using composite modal damping. Response accelerations at typical loca-
tions in the structure were determined from direct integration of the
coupled equations of motion. At these same locations, response accelera-
tions were then developed from a modal superposition time history analysis
of the flexible base structure model using the modal damping values
defined for each soil case by Tables III-3-1 to III-3-6. The same input
time history was used in both time history analyses. Response accelera-
tions fram the two analyse2s were compared to ensure the accelerations
based on the composite modal damping values approximately met or exceeded
those determined from the direct integration time history analyses.

Table II1-3-8 presents comparisons of zero period accelerations in the
structure obtained by these two procedures for the upper bound soil,
upper bound relative EPA stiffness case. The upper bound relative EPA
stiffness case is presented because seismic response loads throughout the
structure are generally controlled by this relative EPA stiffness case as
discussed in Section 3.3.1. Results for the other soil cases were
similar.

3.3 STRUCTLRE SE ISMIC RESPONSE

Seismic loads tiroughout the auxiliary building structure were
developed from the combined auxiliary building/control tower dynamic
model. The overall seismic loads computed for the main auxiliary
building and control tower model were distributed to the individual
structural elements<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>