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My name is Robert P. Kennedy. I am President of Struc wral ~7//
Mechanics Associates, Inc. (SMA), located at 5160 Birch Street, Newport
Beach, California. Under my direct supervision, SMA has been retained by
Consumers Power Company to act as general consultants to assist in
reviewing specialized aspects of the seismic design of the Midland Plant
since September, 1980. I have over 19 years of consulting experience in
the design and analysis of structures and components subjected to dynamic
loadings (seismic, wind, impact, and blast) and the officers and senior
employees of SMA have over 150 years of combined experience in this field.
A statement of my qualifications is attached to my testimony as
Attachment A.

My testimony concerns the dynamic mathematical models being used
by Bechtel to perform the seismic evaluation of structures in conjunction
with foundation remedial work. My testimony summarizes the dynamic mathe-
matical models developed for 1) the Auxiliary Building - Control Tower -
Electrical Penetration Area (Aux. Building) which are all supported on an
interconnected foundation system; 2) the Service Water Pump Structure
(SWPS) and 3) the Borated Water Storage Tank (BWST). The Aux. Building
and SWPS models have been developed by staff members of the Bechtel
Corporation, Ann Arbor, Michigan, and important features of the models
have been reviewed by myself and SMA staff members under my direct
supervision. The BWST model was developed by myself and SMA staff —c
members. I consider these models to be adequate for the purpose of L/“;
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1) defining seismic design forces to be used in the design of foundation
remedial work on these structures, 2) conservatively estimating the
seismic-induced forces in these structures, and 3) defining the seismic
input to equipment, systems, and components mounted on these structurect.

't is intended that the models used in this testimony will also
be used SMA to perform a seismic margin review of the Midland Plant
for eart/ juake ground motion defined by the Site Specific Response Spectra
(SSRS) presented in the testimony of Richard Holt of Weston Geophysical
Corporation and Jeffrey Kimball of the NRC staff. The criteria to be
used by SMA with these models in conducting the seismic margin review
will be different from the criteria described in this testimony and used
by Bechtel Corporation in the design of the founation remedial work and
in their subsequent analyses of the structures and equipment affected by
the foundation remedial work.

The dynamic models discussed in the testimony are those submitted
in a letter dated September 30, 1981, from D. W. Cook to H. R. Denton.
[t is not unusual for models to change somewhat during the course of
finalizing the analyses. Any significant changes would, of course, be
reported to the NKC.

1. Introduction to Dynamic Mathematical Models

Dynamic mathematical models are used by a dynamic analyst to
define the dynamic response characteristics of a structure when subjected
to a dynamic forcing function. The level of complexity of these models
depends upon the purpose for which they are being used and the character-
istics of the dynamic forcing function being applied.

For the seismic evaluation of complex buildinas such as the Aux.
Building or the SWPS, the most common procedure (and the procedure which
I recommend) is called a two-step procedure. In the first step, an
overall dynamic response model of the complete structure is developed.



This model must be adequate to determine the seismic-induced forces,
shears, moments, displacements and accelerations at all important
locations throughout the structure. This model is also used to determine
the seismic input to equipment mounted on the structure. In the second
step, detailed static models are developed for local regions of the
complex structure to convert the maximum overall seismic-induced dynamic
responses from step one to local forces and stresses for use in the
seismic evaluation or design of individual structural elements. This
two-step procedure avoids having to place excessive and extraneous
details into the overall dynamic model. The dynamic analyst can
concentrate on those factors which influence overall structural response
rather than on those features which influence local stresses. In my
judgment, the two-step procedure leads to more reliable estimates of the
overall response of complex structures to seismic input than can be
obtained from more complex one-step models which must also be capable of
computing local stresses and local responses in the same analysis. The
dynamic mathematical models presented in my testimony are good overall
dynamic models for use in a two-step procedure. They can be used to
adequately and conservatively determine the overall seismic-induced
forces, shears, moments, displacements, and accelerations throughout the
Aux. Building, SWPS, and BWST structures including their foundations, and
to determine the seismic input to equipment mounted on these structures.
However, these models are not adequate for determining local stresses and
local forces; i.e., the second-step of the two-step procedure. My
testimony is limited to the overall dynamic mathematical models.

The overall dynamic response of a complex structural system to
seismic input is heavily influenced by:

a. The distribution of mass (weight divided by gravity)
throughout the structural system.

b. The distribution of stiffness (the forces required to
produce a unit deformation of the structural system).

c. How the structure is founded on the supporting soil (soil-
structure interaction).
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d. How major separate structural systems are intertied
together (for instance, how is the mair auxiliary building
interconnected to the control tower and the electrical
penetration wings in the case of the Aux. Building).

and

e. The amount of energy dissipation capability (damping within
the structural system and the radiation of energy away from
the structure through the supporting soil).

A proper dynamic mathematical model must either reasonably accurately or
conservatively incorporate the important aspects of each of the above
listed factors. For the Aux. Building and SWPS dynamic models, the
actual building and major equipment masses can be concentrated (lumped)
at the individual floor levels within these buildings. However, it is
necessary that these lumped masses be located at their proper eleva-
tions. In a plan view, they must be placed with reasonable accuracy at
the center of gravity of the actual distributed masses. The building
stiffnesses can be modeled as concentrated stiffness elements which
account for the actual distributed shear, flexural, and axial stiffnesses
of the seismic-resistant structural systems. These stiffness elements
link together vertically and horizontally each of the concentrated mass
points in the dynamic model. These stiffness values are determined by
more detailed local static analyses using local structural models. It is
important that these concentrated stiffness elements be located in a plan
view at the approximate center of rigidity of the actual distributed
seismic-resistant structural system. Individual vertical and horizontal
mass-stiffness models are developed for each major separate structural
system (for instance, the main auxiliary building, control tower, and
electrical penetration wings of the Aux. Building). These individual
models are linked together horizontally at each mass point by horizontal
concentrated stiffness elements which define the stiffnesses (inverse of
flexibilities) associated with the interties between the individual
structural systems.
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The seismic input is fed into the overall building dynamic model
through a soil-structure interaction model which connects the building
foundation elements to the supporting soil. These soil-structure inter-
action models must:

a. feed the seismic input into the building models at the
appropriate elevations and plan view locations (center of
rigidity of the supporting soil),

b. account for the reduced stiffness of the overall building
system due to the flexibility (inverse of stiffness) of the
supporting soil,

and

c. conservatively account for the radiation of energy (associ-
ated with building response relative to the soil? from the
building model into the surrounding soil.

Important aspects of how these soil-structure interaction factors are
incorporated into the Aux. Building, SWPS, and BWST dynamic models are
described in the next section.

Energy dissipation within the structural system is approximated
in the dynamic models as viscous (velocity proportional) damping.
Viscous dashpots are also used to model the radiation of energy from the
structure back into the supporting soil. Damping aspects of the models
will be discussed in a subsequent section.

The resultant mathematical models for overall dynamic response
of the actual structural systems have the appearance of a series of inter-
connected "l1ollypops" with the "ball" of each "lollypop" representing a
concentrated mass point and the “"stick" of each "lollypop" representing a
concentrated stiffness element. The responses (accelerations, and dis-
placements) of each "ball", which are obtained from a dynamic analysis
using this model, define the responses of specific locations within the
actual structure. Similarly, the responses (forces, shears, and moments)
computed within each "stick" of the mathematical model define these same
responses within the seismic-resistant structural system represented by
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the "stick" in the actua! structural system. It is totally irrelevant
that the mathematical model does not look like the actual structure. It
is only relevant that the mathematical model reproduces the important
response parameters of the actual structure.

Mathematical dynamic models of the type dcscribed are not always
necessary. For a very simple building, such as a one-story structure, an
analyst can determine the natural frequency of vibration and thus the
structural responses (forces, moments, shears, accelerations, and dis-
placements) without constructing such a model. Similarly, for simple
belowground structures such as valve pits and retaining walls, the
seismic-induced soil forces on the walls can be determined without
constructing such mathematical models. Mathematical models are an aid to
the dynamic analyst in predicting structural response and have no
inherent value unto themselves except as an aid to the analyst when
needed.

Secondly, the mathematical representation of complex structures
is a combination of science and art. Given the same set of drawings or
the same actual structure, a grour of qualified engineers would describe
the dynamic characteristics of that structure by a wide variety of
differing dynamic models simply because of the degree of engineering
Judgment that goes into the modeling process. So long as each model
describes the important structural characteristics which I listed earlier
as heavily influencing dynamic response, no one can say that one model is
necessarily better than another. In my experience, competent s.ructural
analysts can obtain reasonably similar results even though each may use
totally different models which have no resemblance to each other so long
as each model incorporates the important structural response character-
istics. Also, within my experience of actual structures subjected to
actual earthquake and nuclear weapon test generated ground motion,
competent structural analysts will nearly always overpredict the actual
measured structural responses because of conservatism which they embed
into their modeling practice to cover uncertainty.



Based upon my review, it is my opinion that the models described
in my testimony incorporate all of thr important structural response
parameters and are adequate for conservatively predicting the overall
seismic response of these structures to a defined ground motion.

2. Soil-Structure Interaction Modeling
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fhe soil-structure interaction effect on complex buildings such
as the Aux. Building is a complex and controversial subject in which
there is a lack of unanimity among experts. Experts agree that a
complete interaction analysis would have to 1) account for the variation
of soil properties with depth, 2) give appropriate consideration to the
material nonlinear behavior of soil, 3) consider the three-dimensional
nature of the problem, 4) consider the complex nature of wave propagation
which produced the ground motions, 5) consider possible interactions with
neighboring structures, and 6) consider the overall three-dimensional
response characteristics of the structure. Unfortunately, such an
analysis is beyond the current state-of-the-art and cannot be performed
for complex buildings. Therefore, all soil-structure interaction
modeling involves approximations and assumptions. Despite this
situation, conservative seismic evaluations can be performed and safe
structures can be designed by: a) conservatively approximating
soil-structure interaction effects, and b) parameter variation.

The scil-structure interaction models incorporated into the Aux.
Building, SWPS, and BWST models for the foundation remedial design work
are very simple models. They do not represent the most advanced state-
of-art models. If I were engaged in a project to provide the "best
possible" prediction of soil-structure interaction effects, I would use
more sophisticated models. The models described in this testimony either
do not incorporate or very greatly simplify some of the complete inter-
action effects described above. However, considerable judgment and
expertise was exercised in developing these models so as to provide high
confidence that these simple models will conservatively overpredict the



seismic response of the structures because of the factors that the models
do not explicitly consider. These models are adequate for the purposes
of conservatively designing the structures (including foundation remedial
work) and evaluating the seismic safety of equipment. More sophisticated
models could be used to eliminate some of the conservatism. However, I
would judge that the added effort involved is mot likely to be warranted.

For the foundation remedial work on the Aux. Building, SWPS,
BWST, soil-structure interaction effects are modeled using frequency
independent impedance functions based upon the soil beneath the
foundations being treated as an elastic half-space. These impedance
functions consist of real terms which can be modeled as stiffness
linkages ("sticks") between the structure foundation and ¢oil, and
imaginary terms which can be modeled as dashpots (viscous aampers) which
radiate energy out from the structure to the surrounding soil. All six
degrees of freedom of response (two horizontal translations, one vertical
translation, two rocking rotations, and one torsional rotation) are

included.

Best estimate soil properties have been used to establish the
impedance function “stiffness" and “dashpot" values. Strain degradation
of the soil stiffness properties (approximate nonlinear behavior of the
s0il) was included in establishing those properties. For instance, the
majority of the Aux. Building after the foundation remedial work is
completed will be founded at elevations between 562 feet and 571 feet,
i.e., on undisturbed glacial ti1l. Below these elevations, the best
estimated effective modulus of elasticity of the soil, including strain
degradation due to seismic strains in the range of 3x10-3% to 3x1072%
is 22x108 psf. Similarly, best estimate soil properties were estab-
lished under other foundations such as the Railroad Bay of the Aux.
Building model. The additional stiffening effects of the soil on the
side walls due to embedment of the foundation below the ground surface
level was incorporated.



In my judgment, this soil-structure interaction approach provides
a good "best estimate" of the "softening" of the overall structural system
stiffnesses due to soil-structure interaction effects (i.e., the effect
of soil-structure interaction on the natural frequencies and mode shapes
of vibration of the structure is reasonably approximated by this modeling
of soil-structure interaction). However, because of uncertainties in sofl
properties, and uncertainties in the mathematical modeling of soil-
structure interaction, there is significant uncertainty in the "softening"”
effect of soil-structure interaction. In order to cover this uncertainty,
the soil-structure interaction stiffnesses are varied within the range
from 0.5 to 1.5 times the "best estimate™ soil-structure interaction
stiffnesses. The seismic evaluation used for the foundation remedial work
or for any future seismic margin evaluations will be based on the envelope
of seismic responses obtained for soil-structure interaction stiffnesses
which vary throughout this range of possible stiffnesses. I am convinced
that this parameter variation in soil-structure interaction stiffnesses
fully covers any uncertainty which exists concerning the “softening"
effect on structural response due to soil-structure interaction, and
avoids the need for more sophisticated modeling from this standpoint.

The design ground resonse spectra is fed directly into the soil-
structure interaction impedance function elements ("stiffnesses" and
“dashpots") and through them intn the structure foundations. This
approach ignores the spatial variation (both vertically and horizontally)
of the ground motion. This spatial variation of ground motion occurs
because the ground motion arrives at the site as a result of a series of
propagating waves. These waves consist of a mixture of surface waves,
and body waves (compressive and shear) propagating to the site at various
incident angles relative to the ground surface. All theoretical wave
propagation analysis models indicate a reduction in ground motion with
depth below the ground surface within certain frequency bands. Field
data are limited, but also shows this reduction. In other words, there
is a theoretical basis and some field data which indirates a vertical
spatial variation of the ground motion. This verticai spatial variation
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of the ground motion significantly reduces the translational ground
motion input to embedded structure foundations at least within certain
frequency bands. However, vertical spatial variation also cru..es a
rocking ground motion input to embedded structures. The simple soil-
structure interaction model used for the Aux. Building and SWPS ignores
the vertical spatial variation of the ground motion. The BWST is founded
at the ground surface and vertical spatial variation of the ground motion
has no impact. Ignoring vertical spatial variation of the ground motion
leads to a significant overprediction of the translational response of
the structure and a slight underprediction of the rocking response.
Within my experience, the net effect is to produce considerable conserva-
tism in the predicted response of the structure at lower elevations at
least within certain frequency bands and approximately correct or some-
t.mes considerably conservative predicted responses at higher elevations
in the structure. The subject of vertical spatial variation of the
ground motion is uncertain and the prudent engineer should either ignore
the effect for design as is being done on Midland or must do para-

meter studies with more sophisticated soil-structure interaction models
if he wished to take credit for this effect. So long as no credit is.
taken for the vertical spatial variation of the ground motion, the simple
soil-structure interaction models of the type used on Midland will
produce conserva.ive response results.

Non-vertically propagating waves also produce horizontal spatial
variation of the ground motion. Such horizontal variation of the ground
motion also reduces the translational response of the structure but in-
creases the torsional response at least within certain frequency ranges.
The simple soil-structure interaction models used on Midland ignore this
effect. Again, within my experience, the net effect is to produce
considerable conservatism in the response of the central region of the
structure at least in certain frequency ranges but approximately correct
responses of the extremities of the structure. Again, the simplified
soil-structure interaction models are adequate for conservatively
computing responses <o long as the benefits of this effect are ignored.

10
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The assumption that the soil beneath the foundations is an
elastic half-space can lead to an overprediction of the radiation damping
(i.e., the radiation of energy from the structure into the ground). This
situation occurs because an elastic half-space assumption does not account
for the variation of soil properties with depth. Overyrediction of the
radiation damping results in too much energyv dicein_tion being incor-
porated into the overall dynamic model which can lead to underprediction
of the structural responses from this model. For the foundation remedial
work and Bechtel's subsequent analyses of the structures and equipment,
this potential problem is compensated for in the following, conservative
fashion:

1. For modes of structural vibrations which are a combination
of soil-structure interaction und flexible structural
response, the composite modal damping is computed. If this
composite modal damping (made up of structurai damping,
soil material damping, and radiation damping) exceeds 10%
of critical, then the composite modal damping is arbitrarily
and conservatively limited to 10% of critical.

2. For modes of structural vibrations which are nearly
exclusivelv soil-structure interaction modes (i.e., rigid
body structural response modes), the radiation damping used
7ill]oe limited to 75% of the theoretical radiation damping

evels.

3. For modes of structural vibration which are nearly
exclusively structural rodes, the composite modal damping
value is not influenced by radiation damping into the soil
and this discussion is irrelevant.

In my judgment, the layering effects (variation of soil properties with
depth) beneath the Aux. Building, BWST, and SWPS are relatively minor and
the radiation dc ping levels will be at least 75% of the theoretical
elastic half-space values. Furthermore, the limitatiun of composite
modal damping levels to 10% of critical for combined vibration modes has
been shown by many studies to be an extremely conservative criteria which
leads to overprediction of structural responses. Imposing this criteria
more than compensates for any unconservatism which might result from the
use of elastic half-space theory to estimate the radiation damping levels.

11



My conclusions are that the soil-structure interaction models
are very simplified. However, these models have been carefully developed
s0 as to provide high confidence that the simplifications result in
conservatism in the prediction of structural response when these models
ave used. Thus, these models are adequate for the purpose of establishing
ceaservative seismic forces to be used in the design of the foundation
remedial fixes and in Bechtel's analysis of the structures and equipment.

3. Da 2ing Levels Used in Models

The dynamic seismic models must also incorporate estimates of
the energy dissipation capability of the structure. Viscous damping is
used as a measure of the rate of energy dissipation for structures and
equipment. Viscous damping is defined as a percentage of critical damping
where critical damping is the minimum level of damping at which a
structure will not oscillate in free vibration. Earthquazke ground motion
feeds a limited amount of energy into the structi-es and ~quipment over
the duration of the ground motion. The higher the damping (rate of
energy dissipation) the lower the maximum structural response resulting
from earthquake ground motion. The importance of damping in reducing
maximum structural response can be observed from Figure 1 in which the
Housner response spectra (References 1 and 2) are presented for various
damping levels. At the time the Midland Plant design was initiated, very
low damping levels were generally used. The FSAR SSE damping levels are
summarized in Table 1. More recently, considerably higher damping levels
have been able to be justified. For instance, current design practice is
to use U.S. NRC Regulatory Guide 1.61 (Reference 3) damping levels.

These damping levels are considerably higher than those given in the
Midland FSAR Plant design (see Table 1 for comparison), and result in a
reduction of computed response. Use of the low damping levels in the
Midland Plant design represents a source of corservatism.

Actually, the Regulatory Guide 1.61 damping levels are generally

conside ed to be highly conservative. Although appropriate for design,
they are too conservative for use in reviewing the seismic safety of

12
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existing facilities. N. M. Newmark and W. J. Hall, acting as consultants
to the U.S. MRC, have recommended ranges of damping levels appropriate
for reviewing the seismic adequacy of existing nuclear plants (Reference
4). These damping levels are also tabulated in Table 1. Reference 4
states that the lower values of each damping range are nearly lower
bounds while the upper values are essentially average (median) values.
The NRC Staff formed a Senior Seismic Review Team (N. M. Newmark, W. ..
Hall, J. D. Stevenson, F. J. Tokarz, and myself) to provide ecommenda-
tions of criter a for the seismic review of existing nuclear >lants in
the Systematic Evaluation Program (SEP). This Senior Seismic Review Team
(SSRT) has recommended the usc of the upper damping values when reviewing
the seismic safety of existing plants and such has been done in published
SEP reviews (for instance, Reference 5).

It is my belief that the highest damping range values from
NUREG/CR-0098 are the most appropriate values to use to make a best
estimate of the seismic response. For new designs, the damping values
from Regulatory Guide 1.61 should be used to iniroduce intentional
conservatism into the seism’c design. However, for the foundation
remedial work, the Midland FSAR (Reference 1) damping levels are used in
the mathematical models. This added conservatism is introduced to ensure
that the remedial work will be shown to be seismically safe in a subse-
guent seismic margin review which incorporates Site Specific Response
Spectra.

4. Auxiliary Building Dynamic Model

The model described her2in will be used to evaluate overall
building response to seismic "oadings as well as to generate in-structure
response spectra. The responses developed from this model will provide
input to other static analyses to develop forces in the individual
structural elements. The building is represented by a three-dimensional,
lumped-mass stick model (with additional detail in the electrical pene-
tration areas) which preserves tae physical geometry of the various
building components. This mode! has been developed accounting for the
factors described in Sectiors 1 through 3 of my testimony.

13



Figure 2 presents a schematic plan of the Aur. Building. This
building can be subdivided into a main auxiliary building, a control
tower, and two electrical penetration wings which are interconnected.

The foundation remedial work is being performed under the control tower
and the electrical penetration wings under which «nderpinning is being
extended down to undistrubed glacial till. The ove~all dynamic response
of the Aux. Building can be modeled using a series of vertical sticks
(stiffness elements) with each representing a major portion of the
building (Figures 3 and 4). The stiffness and mass characteristics of
the main auxiliary building (north of column line G) are modeled as one
vertical stick. The control tower (south of column line H) is modeled as
a second vertical stick. Flexible beam elements at each floor elevation
between column lines G and H are used t. model the flexible interconnec-
tivity between these two portions of the Aux. Building. The stiffness
for these connecting beam elements reflects both the floor properties and
any intcrconnecting shear walls between column lines G and H. Rigid
e'ements are used as connection members between column line H and the
center line of the control tower stick, and between column line G and the
center line of the main auxiliary stick to reflect the actual geometry
between the two sticks.

The wing areas are made up of a major vertical wall (south side)
with several intermediate cross walls; therefore, a series of plate
elements have been used to represent the south wall along with three
sticks per wing to reflect the intermediate cross walls. The plate
elements are connected to the wing sticks by a series of rigid elements.
The individual wing sticks are connected by horizontal beam elements
whose stiffness represents the existing floor properties. The wing
boundary nearest the contro! tower is connected to the control stick by
rigid elements, representing the geometric distance to the control tower
stick.

14



Fiqures 5 and 6 present the overall Aux. Building dynamic model.
Solid balls (@) on this model represent locations where masses are lumped
in this model. The mass associated with the main auxiliary and control
tower has beem lumped at the major floor elevations. The mass includes
concrete, steel, blockwalls, major equipment and 25% of the floor design
live loading. The center of mass was established for each floor level
and these mass nodes were placed at these centers of mass. For the wing
areas, the mass associated with each plate element have been lumped in
accordance with the plate thicknesses and the remaining mass associated
with each wing lumped at the floor elevations along the six sticks.
Stick (beam) elements in Figure 5 define the stiffness characteristics of
the structural systems being represented. These stick elements have been
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 properly account for torsional vibrations.
These offsets at floor levels are accomplished by the use of static node
points (0) which do not have mass associated with them. The plate
elements (Figure 6) are used to model the stiffnesses of tie south wall
of the electrical penetration wings and of the underpinning under these
wings. These plate stiffness elements are interconnected to the stick
elements at the node points shown.

The proposed underpinning design underneath the control tower
has been accounted for in the section properties of the control tower
stick below Elevation 614 feet. The underpinning wall layout is
connected to the existing column line H wall to make up the extension of
the control tower stick to Elevation 562 feet. This portion of the
control tower stick is also connected to the main auxiliary stick by beam
elements representing the floor properties and interconnecting shear
walls in the same manner as the higher elevations. The mass associatad
with this portion of the control tower stick includes both the concrete
and any effective antrapped soil.

The wing area underpinning is represented by a series of plate
elements having section properties equivalent to the underpinning

concrete sections. The wing underpinning plates are connected to the

15
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structural wing sticks and plates by rigid beams to maintain the geometric
location ard continuity of stiffness between the underpinning and

existing structure. The underpinning plates are connected to the control
tower stick by rigid elements to reflect the gecmetry. The mass
associated with the wing urderpinning has b.en lumped to 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
stiffnesses and dashpots) are attachod to the structural model at the
foundation mass points (B) shown. A single set of soil-structure inter-
action impedance functions are 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 electrical penetration area.

The soil-structure interaction impedance functions were developed
in accordance with the approach discussed in Section 2. In order to
cover uncertainty in soil-structure interaction stiffnesses, the
stiffness properties will be varied over the range from 0.5 to 1.5 times
the best estimate properties. However, for the Aux. Building model,
there is also uncertainty in the relative stiffnesses between the
soil-structure interaction stiffnesses beneath the electrical penetration
wings and the stiffnesses beneath the main auxiliary buiiding and control
tower complex. The relative stiffnesses are likely to influence the
electrical penetration wing responses in the N-S direction. Thus, for
the N-S direction, very conservative upper and lower bounds on the
electrical penetration wing soil-structure interaction stiffnesses
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