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General Offices: 1945 West Pernall Road. Jackson. MI 49201 * (517) 788-1933

September 2, 1983

Harold R Denton, Director
Office .of Nuclear Reactor Regulation
US Nuclear Regulatory Commission
Washington, DC 20555

MIDLAND ENERGY CENTER
MIDLAND DOC"ET NOS 50-329, 50-330
SEISMIC MARGIN REVIEW REPORT
FILE: B3.7.1 SERIAL: 25494

t

ENCLOSURE: VOLUME IV - SERVICE WATER PUMP STRUCTURE (25 COPIES)
t

REFERENCE: LETTER FROM J W COOK TO H R DENTON
SERIAL 21010, DATED FEBRUARY 4, 1983

i

| As an attachment to our letter, Serial 21010, dated February 4, 1983, we
I 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

j task of performing the Seismic Margin Review per the criteria in Volume I.
' Volume IV, dealing with the evaluation of the Seismic Margins in the Service

Water Pump Structure (SWPS) is submitted for the Staff's review as an
j attachment to this letter.

Volume IV of the Seismic Margin Review Report titled, " Service Water Pump
Structure" describes in detail the method of analysis and the resulting

seismic margins. The underpinning walls of the SWPS were included in this
evaluation for their margins. 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 3.7 with respect to
code allowables. The lowest margin identified in the rest of the structure
was conservatively estimated at 1.6 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.
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CONSUMERS POWER COMPAhT
Midland Units 1 and 2

* Docket No 50-329, 50-330
,

Letter Serial 25494 Dated September 2, 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 IV of the Seismic Margin Review titled, " Service Water Pump Structure"..

CONSUMERS POWER COMPANY

By /s/ F W Buckman
F W Buckman, Executive Manager

Midland Project Ofice

Sworn and subscribed before me this 2nd day of September,19S3 -

/s/Pamela J Griffin
Notary Public

' Jackson County, Michigan

My Commission Expires Sept 8, 198h
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1. INTRODUCTION

A seismic margin evaluation of the Midland Nuclear Power
Generating Station'has been conducted. The purpose of this assessment
was to provide confidence in the safety and structural integrity of
critical structures and equipment 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 Service Water Pump

Structure (SWPS).

Much of the design and construction of the Midland Plant was
completed by 1973. The plant was designed in accordance with criteria
and codes in effect at that time (Reference 1). The plant was originally
designed to withstand both an Operating Basis Earthquake (0BE) and a Safe
Shutdown Earthquake (SSE). The ground response spectra used in the
initial design analyses were based on work by Housner (Reference 2)

,

f increased by 50 percent in the 0.2 to 0.6 second range.

Recently, the seismic hazard at the Midland site has been
reevaluated using current methodology (Reference 3, 4 and 5). Seismic
inputs for the site were determined in terms of site specific response
spectra at both the original grade and at the top-of-fill locations.

These site specific response spectra exceed the original design spectra
over a broad frequency range. In order to assure the adequacy of the
service water pump structure and Category I equipment at the Midland

Plant to withstand the higher postulated seismic excitation, an evalua-
tion of this structure was conducted to determine the seismic margins to
current code allowables, and if necessary, the seismic margins to
failure. This report presents the results of the service water pump
structure seismic analysis. 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 and will not be presented herein.

IV-1-1
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1.1 DESCRIPTION OF STRUCTURE

The service water pump structure at the Midland Nuclear
Generating Station is a reinforced concrete structure. Plan dimensions'

of the structure at grade are 86 feet by 106 feet, with a maximum
internal height of, about 62 feet. The structure houses five service

3

water pumps and associated support equipment. The service water pump

structure is embedded in the soil on the north and east sides. On the
west side, it is separated from the Class 2 circulating pump structure by
an expansion joint. The south side of the structure is in direct contact
with the cooling pond. A schematic representation of this structure is
presented.in Figure IV-1-1.

Under the southern two-thirds of the building, the service water
pump structure is supported by a 5-foot thick reinforced concrete mat
approximately 74 feet long by 90 feet wide (Figure IV-1-2). The bottom
of the concrete mat is founded on glacial till at Elevation 587'.
Beneath the northern one-third of this building, remedial underpinning
has been designed which transfers all structure loads to the undisturbed
glacial till at Elevation 587'. The proposed underpinning is a 4-foot
thick, 30-foot high, reinforced concrete wall. This wall is designed to
behave as a continuous support member under the perimeter of the structure
overhang. The base of the north underpinning wall bells out to a 6 foot
thickness. Along the east and west sides of the building the underpinning

| walls are 4 feet wide for their entire height.

1.2 GROUND MOTION

The service water pump structure including the foundation
remedial work is founded on the natural material (glacial till) at the
Midland site. The Seismic Margin Earthquake (SME) ground response
spectra appropriate for use with structures founded on the original
ground was presented in Volume 1 and is shown in Figure IV-1-3 for
reference. These spectra were developed based on an envelope of the

( original ground surface site specific response spectra and the original
Housner spectra anchored to 0.12g peak acceleration. Volume I contains

{ the description of the ground response spectra development. These

[ IV-1-2
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spectra were used in a response spectrum analysis to develop seismic
response loads for the Seismic Margin Review (SMR). The ground response
spectra were applied to the soil impedances at the base of the service
water pump structure dynamic model. Vertical input was taken as 2/3 of
the horizontal spe.ctra.

In-structure (floor) response spectra for the equipment
evaluation were developed from time history analyses of the service water
pump structure. A site specific artificial earthquake time history
consistent with the SME ground response spectra for the original ground
surface was developed as described in Volume I to provide the seismic
input to the service water pump structure dynamic model. In-structure
response spectra for the equipment evaluation were developed by directly
integrating the coupled equations of motion for the service water pump
structure mathematical model and generating response time histories at
all locations of interest for each of the soil cases studied.

1.3 S0IL PROPERTIES

The service water pump structure is founded on glacial till
deposits at the Midland site. These deposits consist of very stiff to
hard cohesive soils, predominantly grey, silty-clay, which extends to
depths ranging from Elevation 587 to 545 at this location. The details
of the 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 IV-1-4 and IV-1-5 present the Midland soil profiles for

the soft site and stiff site profiles, respectively. In addition, figure

IV-1-6 presents an intermediate soil 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 SMR

are discussed in Volume I. These profiles were used in conducting layered

f site analyses to ensure a wide range of soil characteristics to account
for uncertainties in the data and provide conservative response results

( throughout the structure.

IV-1-3
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2. SEISMIC ANALYSIS

|

2.1 STRUCTURE. DYNAMIC MODEL

The service water pump structure is represented by a three-
dimensional, lumped-mass, single-stick model which preserves the physical

geometry of the various building components. The service water pump
structure mathematical model was developed by Bechtel (Reference 7). As

, part of the SMR evaluation, this model was reviewed to ensure that the
overall dynamic characteristics of the structure have been adequately
represented. The service water pump structure dynamic model described
herein was used to evaluate overall building response to seismic
loadings, as well as to generate in-structure response spectra. The
overall building dynamic responses developed from this model were also
used to develop forces in the individual structural elements.

Figures IV-1-2 and IV-2-1 present a schematic view and plan of

[ the SWPS. Figure IV-2-2 and IV-2-3 present an illustration of the dynamic
model superimposed unto the North-South and East-West sections of the
SWPS, respectively. Figure IV-2-4 presents an isometric view of the SWPS
dynamic model. The mass of the structure is lumped at the major floor
elevations. The mass includes concrete, steel, major equipment, water

; within the building, entrapped soil, and 25% of the floor design live
loading. The center of mass wai established for each floor level. The
horizontal inertial effects of the water mass within the SWPS are lumped
at Elevations 589.5, 605, and 620 feet. The vertical water mass inertial
effects are lumped at the base (Elevation 589.5 feet) because the water

'' transmits its own dynamic responses down to this level rather than having
these effects transmitted through the walls. Similarly, the soil

entrapped within the underpinning walls respond horizontally with theseL

walls and the horizontal inertial mass of this entrapped soil is lumped

L at Elevations 589.5, 605, and 620 feet. The vertical inertial entrapped
soil mass effects were not included in the model since this mass is

f
L

I
'

IV-2-1
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carried by the soil and does not load the building. Because the vertical
and horizontal inertial (mass) effects of. the water and entrapped soil
are treated. differently, the vertical and horizontal centers of mass at
which the masses are lumped differ from each other at Elevations 589.5,
605, and 620 feet. These differences are incorporated into the model as
shown in Figure IV-2-4.

.

The beam elements shown in Figure IV-2-4 define the stiffness
characteristics of the structural systems between floor levels. These
stick elements have been located at the calcu. lated centers of rigidity
between each level and are thus horizontally offset from the mass points

and from each other. These offsets (eccentricities) are included to
properly account for torsional vibrations. Rigid elements are used to
connect the center of stiffness and center of mass.

The proposed underpinning design underneath the northern portion
! of the building has been accounted for in the section properties below

Elevation 620 feet. The underpinning wall layout is connected to the
existing wall to make up the extension of the beam to Elevation 587 feet.

The soil-structure interaction impedance functions (developed in
accordance with the approach discussed in Section 2.2) are attached to
the structure portion of the SWPS model at Elevation 590 feet. The
design ground motion is input into this structure through these
soil-structure interaction impedance functions.

2.2 S0ll-STRUCTURE INTERACTION

2.2.1 Layered Site Analyses

The effects of the layered site characteristics on the service

water pump structure 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
modified to account for embedment effects and non-standard foundation
shapes. The layered site soil profiles presented in the previous section

IV-2-2
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were used in conducting layered site analyses using the program CLASSI
(Reference 8) which calculates the frequency-dependent soil impedances
for the structure. The service water pump structure foundation geometry
was idealized as a 89' by 106' rectangular foundation as shown in Figure
IV-2-5 in all CLASSI analyses. This idealized foundation is founded at
Elevation 587 feet.

The results of the CLASSI analyses are presented in Figures
IV-2-6 to IV-2-11 for the intermediate soil profile. Soil impedances
were developed for all global translational and rotational degrees-of-
freedom. Both the real (stiffness) and imaginary (damping) portions of
the soil impedance are presented in these figures for a range of soil-
structure frequencies varying from 0 to 10 hertz.

CLASSI analyses of the sof t site and stiff site layered soil
profiles were not run for this structure. Results for the intermediate
soil profile demonstrated that soil impedances for these other two soil
profiles could be conservatively developed based on the auxiliary building
results which are presented in Volume III of this report. The development
of the effective elastic half-space shear moduli for the soft site and
stiff site layered soil profiles is discussed in Section 2.2.3.

Examination of the stiffness coefficients for the intermediate

{
case soil profile (Figures IV-2-6 to IV-2-11) shows there is a minor
frequency dependence and some resonance due to layering effects for
horizontal translation degrees-of-freedom. The vertical translation and
rocking degrees-of-freedom exhibit much stronger frequency dependence
with res.onance due to layering effects evident in the 2 to 3 hertz
frequency range for the vertical translation stiffness term. The
torsional stiffness coefficient and damping coefficients for all

f degrees-of-freedom are relatively unaffected by layering. It should be
noted that because CLASSI incorporates the five percent material damping

( for the soil in the layered site analysis, the damping coefficient terms
are not zero for the static case (0 hertz) as would be expected if only

[
geometric. damping was considered in the analysis.

IV-2-3
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t The results of the CLASSI layered site analysis were used to
develop effective elastic half-space shear moduli, G eff for all degrees-
of-freedom of the structure (horizontal and vertical translation, rocking,

' and torsion) for the intermediate soil profile. 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 Volume III presents
an illustrative calculation of Geff for the auxiliary building which

I demonstrates this procedure. The development of Geff for this struc-
ture was conducted in a similar manner.

|

The effective elastic half-space soil shear moduli determined
from the CLASSI layered site analysis for the intermediate soil case are
as follows:

Effective Elastic Half-Space
Structure Degree-of-Freedom Shear Modulus, Geff(ksf)

Horizontal Translation and Torsion 4,900

|
Vertical Translation and Rocking 6,200

( These effective shear moduli may be compared to the intermediate case
soil profile shown in Figure IV-1-6. The Geff value of 4,900 ksf
associated with horizontal translation and torsion of the structure
primarily reflects the stiffness of the 35 foot layer of glacial till

'

beneath the structure from Elevation 587' to Elevation 553'. Little
r

L influence of the stiffer material below Elevation 553' is seen in the
effective soil shear modulus for this degree-of-freedom. The vertical

[ and rocking Geff of 6,200 ksf exhibits considerably more influence of
the stiffer glacial till material below Elevation 553' which would be

[ expected for degrees-of-freedom primarily associated with vertical motion
of the structure.

{

f
-
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i

2.2.2 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. Material damping is not significantly affected by
layering. The second type of soil damping, known as geometric or radia-
tion 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 some of the energy back up towards the structure. One
of the principal reasons for conducting a layered site analysis for the
SMR was to determine the effect of layering on geometric damping from the
structure. In effect, the geometric 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 geometric damping may
be determined through the use of a factor defined as

, C(CLASSI layered site analysis)| 7
i Layer C(theoretical elastic half-space)

where C(CLASSI layered site analysis) is the frequency-dependent damping'

including layering effects determined by the CLASSI layered site
L analysis. The term C(theoretical elastic half-space) represents the

geometric damping which would be calculated for the structure based on

( the effective elastic half-space shear moduli presented in the previous
section and the ioealized foundation shape shown in Figure IV-2-5. This

[ ratio is indicative of the amount of energy entrapped beneath the
structure due to layering. The procedure for calculating F 15layer

g presented in Volume I. Appendix A of Volume III presents a sample
L calculation of F for the auxiliary building. The calculation oflayer

F for this structure is similar.layer
L

IV-2-5
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Layering f actors were determined for the intennediate soil
profile for the service water pump structure. Layering factors were
conservatively limited to a maximum of 75 percent of theoretical elastic
half-space geometric damping for all degrees-of-freedom where F

layer
was determined to be greater than 0.75. This conservative cutoff on
geometric damping was based on results presented in Reference 10. The
following layer f actors were defined for the service water pump structure:

Structure Degree-of-Freedom Layering Factor, Flayer

Horizontal Translation 0.75
a.nd Torsion

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
geometric damping of the structure was primarily determined by the
glacial till material above Elevation 553' as shown in Figure IV-1-6.
The impedance mismatch at Elevation 553' did not significantly reduce
geometric damping below theoretical values. For rocking of the
structure, layering effects were somewhat 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
service water pump structure is relatively unimportant, however, and the
lower calculated rocking geometric damping has a negligible effect on
overall responses.

2.2.3 Development of Lower Bound and Upper Bound Soil Case

Effective Soil Shear Moduli
Table IV-2-1 presents a comparison of the intermediate soil case

effective elastic half-space shear moduli and layering f actors, Flayer,
determined for the service water pump structure and the auxiliary
building. Effective soil shear modulus values for the auxiliary building

IV-2-6
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(bottom of foundation at Elevation 562') reflect properties prime.rily
associated with the deep glacial till layer below Elevation 553'. The
layering f actor of 0.75 determined for horizontal translation, vertical
translation, and torsion implies that soil geometric damping is essen-
tially determined .by the soil below Elevation 553'. The 9 foot layer of '

( material between the bottom of foundation base mat at Elevation 562' and
'

the glacial till at Elevation 553' has a negligible influence on the

[
overall damping except for rocking where geometric damping is reduced to
50 percent of theoretical.

The service water pump structure results showed characteristics
similar to these determined for the auxiliary building for this soil
case. The service water pump structure is founded on glacial till
material at Elevation 587'. For horizontal translation and torsional
degrees-of-freedom effective soil shear modulus values are primarily due
to the glacial till material above Elevation 553'. Vertical translation
and rocking soil shear modulus values show some influence of the stiffer
material below Elevation 553'. The layering f actors developed for the
service water pump structure are identical to those determined for the
auxiliary building. These high layering f actors indicate that the
impedance mismatch at Elevation 553' has only a small influence on the

L soil geometric damping. The layered soil profile beneath the service
water pump structure does not entrap enough energy to reduce the soil ;;

[ geometric damping significantly below that determined for a theoretical
elastic half-space.

[
Both the soft site and stiff site soil profiles have layering

[
characteristics (i.e., layer heights and relative impedance mismatch
ratios) similar to the intermediate case soil profile. Because of the
similar configuration of these profiles, the relative ratio of auxiliary
building effective soil. shear modulus values to service water pump
structure effective soil shear modulus values which would be determined

k for the soft and stiff site profiles should be in the same proportion as
the ratios determined for the intennediate soil case. The layering

f

(
IV-2-7
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f actors justified for the intemediate soil case would also be applicable
to the other soil profiles. Therefore, because of the similarity of

f auxiliary building and service water pump structure results for the
l intermediate soil case and the similar profile characteristics for all

three soil profiles, Geff values for the soft and stiff site soil
[ profiles were developed based on auxiliary building retults for these

other two profiles,
f

(
The effective soil shear moduli from the auxiliary building upper

j bound soil case were used to develop Geff values for the service water
'

pump structure upper bound soil case. Both structures are essentially
founded on the deep layer of glacial till extending down to Elevation,

1 463' as shown in Figure IV-1-5. The effective soil shear modulus valuesL

determined for the auxiliary building of 18,100 ksf (horizontal transla-
| tion and torsion) and 19,400 ksf (vertical translation and rocking) show

some influence of the material below Elevation 463' but are primarily due
to the soil from Elevation 463' to Elevation 562' (bottom of the auxiliary
building). Because the service water pump structure has a smaller founda-

/ tion size (89' x 106' versus 140' x 236') and is founded at a higher
elevation (Elevation 587' versus Elevation 562') than the auxiliary
building, effective soil shear modulus values for this structure would be
expected to be prirnrily associated with the softer material above'

Elevation 463' and use of the auxiliary building soil properties is
r

L conservative.

( Lower bound soil case effective soil shear modulus values for
the service water pump structure were determined by ratioing the
auxiliary building lower bound soil case results. The principal
elevations of the top two glacial till layers shown in Figures IV-1-4 and
IV-1-6 for the soft site and intermediate case soil profiles are quite
similar (Elevation 550' for the sof t site profile versus Elevation 553'
for the intermediate soil profile). Intermediate soil case results for

[ both structures demonstrated that these layers ware important in
determining the effective soil shear modulus. Because of the similarity

k

[
IV-2-8
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|

i

of the intermediate and soft site soil profiles, sof t site Geff values
for these structures would be in approximately the same ratio as the

I intermediate, case results. A ratioing procedure based on the intermediate
soil case was used whereby:

G,ff (SWPS,I .S. )
eff (SWPS, L.B.) = G,7f (Aux. Bldg., I.S.) 6eff ( Aux. Bldg. , L.B.)

G

l (2-1)

where:

Lower bound soil caseL.B. =
r
l
'

Intermediate soil caseI.S. =

the effective soil shear
{ Geff (structure, soil case) =

modulus for the structure and
degree-of-freedom of interest

Table IV-2-2 presents the service water pump structure effective

soil shear moduli, Geff, determined for the lower bound, intermediate, _

.

and upper bound soil cases. The layer factors presented in Section 2.2,.2
for this structure were used for all soil cases.

,

L

Effective elastic half-space soil shear moduli for the lower and
upper bound sbil cases were developed based on auxiliary building results'

in Volume III. The upper and lower bound soil cases represent a conserva-

[ tive range of soil properties which might be possible at the Midland site.
The procedure used to account for variability of such factors as uncer-

[ tainty in strain degradation effects, uncertainty in modeling soil-
structure interaction, and the uncertainty in the knowledge of soil site
characteristics is presented in Volume I. The auxiliary building Geff
values for the auxiliary building lower and upper bound soil cases
already incorporate the uncertainties due to these factors. Thus the

Geff values determined for the SWPS represent realistic bounds which
account for possible variability in the soil properties.

{ .

[
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2.2.4 DEVELOPMENT OF GLOBAL S0IL STIFFNESSES AND DASHPOTS
I Soil springs modeling the stiffness of the soil beneath the

'

auxiliary building were developed based on the effective soil shear

[ modulus values presented in Table IV-2-2 and the actual building founda-
tion geometry. Soil stiffnesses were calculated from the frequency-

( dependent elastic half-space equations shown in Table IV-2-3. These

equations and frequency-dependent coefficients are presented in

( References 11 to 14.
L

The service water pump structure foundation geometry used in
I determining the global soil stiffness for the structure is shown in Figure

IV-2-5. For horizontal translation and torsional degrees-of-freedom, the

( entrapped soil beneath the north end of the building was considered 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 calculate soil
impedances required the development of equivalent rectangles and circles
for the service water pump structure based en the actual foundation
geometry. The equivalent rectangles developed for the horizontal trans-

t lation and rocking degrees-of-freedom were developed based on equivalence
between the actual foundation geometric properties and the geometric

[ properties of the rectangle. In the vertical direction, an equivalent

rectangle was calculated based on area equivalence between the rectangle
and the service water pump structure foundation contact area. The
equivalent' circle used to calculate the torsional soil stiffness was
developed based on equivalence of polar moments of inertia between a
circle and the actual foundation geometry. The unembedded soil stiff-
nesses determined for each of the three soil cases studied are shown in
Table IV-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

{

IV-2-10
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sides of the structure and stiffening of the soil due to weight of adja-
cent structures. Volume I presents the procedure used to calculate embed-
ment effects for the SMR. Appendix A of Volume III presents a sample
calculation of soil stiffnesses for the auxiliary building including
embedment effects.,and the calculation of the embedment for the SWPS was

conducted in a similar manner.

As shown by Table IV-2-4, embedment effects for the service water
pump structure soil stiffnesses are relatively small. Translational
degrees-of-freedom are stiffened by about 6 percent while rotational
degrees-of-freedom show an increase on the order of 14 to 17 percent.
Thus, the corresponding fundamental soil-structure frequencies would be
expected to increase in the range of 2 to 8 percent due to embednent
effects. The final global soil stiffnesses for the structure, including

( embedment effects, are presented in Table IV-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
IV-?-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. Appendix A of Volume III presents a sample calculation of an
embedded dashpot for the auxiliary building which illustrates this
procedure.

Table IV-2-5 presents the unembedded dashpots and embedment

factors for this structure. Embednent effects for damping increased
translational dashpots 9 to 14 percent above their unembedded values.
Rotational dashpots were increased by about 30 to 37 percent due to the
stiffening effects from the surrounding soil. The embedded dashpots,
including 5 percent soil material damping, are presented in Table IV-2-5.

(
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TABLE IV-2-1

( COMPARIS0N OF AUXILIARY BUILDING AND SERVICE

WATER PUMP STRUCTURE EFFECTIVE S0Il SHEAR MODULI AND

L'AYERING FACTORS, INTERMEDIATE S0Il CASE
i

l

i
l a) Effective Shear Moduli

( Dynamic Soil Shear Modulus, Geff (KSF)

( Structure Service Water
Degree-of-Freedom Auxiliary Building Pump Structure

( ---

Horizontal Translation
and Torsion 7,100 4,900

Vertical Translation
and Rocking 8,600 6,200

|
.

b) Layering Factors-

,

Layering Factor, F
layer

Structure Service Water
-

Degree-of-Freedom Au'xiliary Building Pump Structure'

Horizontal Translation
and Torsion 0.75 0.75

Vertical Translation 0.75 0.75

Rocking 0.50 0.50

IV-2-12
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1

1

l

TABLE IV-2-2

SERVICE WATER PUMP STRUCTURE SEISMIC MARGIN EVALUATION

EQUIVALENT ELASTIC HALF-SPACE SHEAR MODULI

[ Dynamic Soil Shear Modulus, G
eff

Structure
Degree-of-Freedom

L Lower Bound Intermediate Upper Bound
Soil Case Soil Case Soil Case

(KSF) (KSF) (KSF)

Horizontal Translation
I and Torsion 1,300 4,900 18,100

Vertical Translation
and Rocking 1,750 6,200 19,400

s

I
s

L

L

IV-2-13
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TABLE IV-2-3
>

FREQUENCY DEPENDENT ELASTIC HALF-SPACE IMPEDANCE

l

|
Direction Equivalent Spring Equivalent Spring

( of Constant For Constant For Equivalent
Motion Rectangular Footing Circular Footing Damping Coefficient

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

x 1 x x x
7-8v

8GR3
Rocking k =k2 8BL k =k2 cpc2k&(static)R/p/G2

p $ 4
3(1-v)

c =c3 z(static)R/p/G8 /BL k =k kVertical k =kz 31v z z 3 v z

[

k =k hR
3 ct=c4 t(static)R/p/Gk| Torsion e 4

.

in whicii:s

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,'

L k1,h ,k ,k4 = frequency dependent coefficients modifying the static stiffness or damping.2 3
c),c2,c3,c4

r '.s- : . . . . . , , . . . .i.. . . .

.,,a rr

H B- 4-

~

( i.oz 3y.

i "

9'^ 1
t L .

'
n : --

,.-

L . . . . , .
~ . . . . ..

o.s--- -
e -

', Os

r .
.

. , .'o' ,. ., e i , o. . . . ,. .

0.s 0.2 0.4 0.5 i.0 2 4 4 8 80

B/L

Constants e 8,and s for Rectangular Basesx z IV-2-14
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TABLE IV-2-4

SERVICE WATER PUMP STRUCTURE 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

Translational
5 1.34 106 4,94 106

North-South 3.48 105 1.26 106 4.66 106 1.06 3.69 10
5

East-West 3.53 105 1.28 106 4.74'106 1.06 3.74 10 1.36 106 5.02 106

Vertical 3.52 105 1.46 106 4.58 10 1.06 4.79 105 1.55 106 4.85 1066
7

1
' G Rotational
| North-South 8.54 108 2.77 109 8.65 109 1.14 9.73 108 3.15 109 9.86 109 1

'

East-West 8.55 108 2.78 109 8.63 109 1.17 1.00 10 3.24 109 1.01 10109

Torsional 8.96 108 3.94 109 1.25 1010 1.16 1.04 109 3.94 109 1.45 1010

|

|

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

2. Units for Rotational Soil Springs are K-ft/ rad.
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TABLE IV-2-5

SERVICE WATER PUMP STRUCTURE DAMPING CONSTANTS

Embedded Dashpot (3)Non Embedded Dashpot Embedment
Lower Bound Intermediate Upper Bound Factor Lower Bound Intermediate Upper Bound

Motion Soil Soil Soil Soil Soil Soil

Translational
4 4 1.12 1.99 104 3.73 104 7.16 104North-South 1.57 10 2.94 104 5.65 10

2 East-West 1.62 104 3.04 104 5.84 104 1.14 2.09 104 3.91 104 7.51 104

h Vertical 2.79 104 4.80 104 8.50 10 1.09 3.29 104 5.66 104 1.00 1054

E
Rotational

76 1.48 107 2.62 107 1.30 1.69 107 2.94 107 5.15 10North-South 8.61 10
East-West 7.74 106 1.33 107 4 1.37 1.65 107 2.88 107 5.03 1072.35 10

4.63 107 1.36 2.35 107 4.56 107 8.76 107Torsional 1.24 107 2.41 107

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

-
- - - _ _ _ _ _ -
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FIGURE IV-2- 4. SERVICE WATER PUMP STRUCTURE DYNAMIC MODEL
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3. SEISMIC RESPONSE
|

3.1 MODAL CH_ARACTERISTICS

l The service water pump structure natural frequencies, percentage
of total structure mass participating in each mode, and mode description

I for the three soil cases studied are presented in Tables IV-3-1 through
IV-3-3. The fundamental mode for the lower bound soil case is an East-

|
West soil-structure translational mode with a natural frequency of
approximately 2.10 hertz. About 77 percent of the structure mass in the

[
East-West direction participates in this mode. Some coupling with the
North-South direction occurs at this frequency as shown by the 11 percent
of participating structure mass in the North-South direction. The second

| mode of the structure has a natural frequency of approximately 2.12 hertz
with approximately 75 percent of the structure mass in the North-South

[ dire'. tion participating. Minor coupling between the North-South and
East-West directions also occurs at this frequency. The fundamental

( vertical natural frequency occurs at about 3.10 hertz. About 96 percent
of the vertical structure mass participates in this soil-structure mode.
Higher frequency structure modes are primarily associated with out-of-
phase soil-structure response. The percentage of structural mass'

participating in these higher modes is relatively low with at most 11.3
r

L percent of the mass responding in any individual mode. Inclusion of 10
structure modes in the response spectrum analysis for this soil case

( resulted in at least 99.9 percent of the structure mass being included.

( Results for the intermediate soil case are quite similar. The
fundamental soil-structure natural frequencies in the North-South and

[
East-West directions occur at 3.84 and 3.86 hertz, respectively.

' Approximately 75 percent of the structure mass participates in the
fundamental North-South mode.. The primary East-West translational mode

c

L has about 78 percent mass participation. Some coupling occurs between

these two directions as evidenced by the 8 percent of structure mass

IV-3-1
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participation in the orthogonal response directions for these two modes.
The fundamental vertical soil-structure mode has a natural frequency of
5.54 hertz'and has 96 percent of vertical mass responding in this mode.
The higher frequency structure modes are mainly associated with out-of-
phase soil-structure response with at most 14 percent of the structure
mass participating in any individual mode. Ten structure modes were used
in response spectrum analyses for the intermediate soil case which
results in at least 99.9 percent of all structure mass being included.

Results for the upper bound soil case are presented in Table

IV-3-3. The fundamental soil-structure natural frequencies determined

for the North-South and East-West directions occur at 6.52 and 6.58
hertz, respectively. Between 79 and 82 percent of the total structure
mass participates in these modes. Little coupling occurs between the
East-West and North-South directions for this soil case. In the vertical
direction, the fundamental soil-structure frequency occurs at 9.62
hertz. Ninety-seven percent of the total structure mass participates in
this mode. Out-of-phase soil-structure translational modes are slightly

{ more important for this soil case with between 16 and 17 percent of the
structure mass responding in the higher modes. Use of fifteen structure

|
modes in the response spectrum analysis for this soil case resulted in
99.9 percent of the total structure mass being included in the results.

3.2 _ COMPOSITE MODAL DAMPING

Response spectrum analysis techniques assume the structure has

{ classical normal modes. In other words, the equations of motion are
assumed to uncouple and the response of the structure can be calculated

{ as the superimposed response of a series 'f single-degree-of-freedomo

systems. For multi-degree-of-freedom structures with more than approxi-

{
mately 20 percent critical damping, the structure does not normally
possess classical normal modes. Structural response can be rigorously

computed only by a step-by-step technique such as direct integration time
history analysis. However, when modal damping values are appro-
priately selected, normal mode techniques such as response spectrum

(
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analysis can be used to calculate accurate seismic response loads. The
use of response spectrum analysis techniques to compute the structure
seismic loads allows a more accurate representation of the SME input
characteristics without the peaks and valleys associated with an
artificial time history input.

Service water pump structure seismic response loads were
determined from response spectrum analysis using composite modal damping

techniques to define modal damping for the combined soil-structure

f modes. Typically, composite modal damping for the structure is defined
by an empirical technique such as stiffness proportional damping. This
technique works well for determining structural modal damping for
buildings comprised of structural systems which have different element
damping ratios associated with each load-carrying subsystem. However,
experience with these techniques has shown that when a structure with
relatively low overall damping (approximately 4 to 7 percent of critical
damping) is coupled to a soil model with large radiation and material
damping (approximately 15 to 20 percent of critical damping), resulting

| composite modal damping values may lead to underpredictior of st-uctural
response for locations high in the structure. The procedure presented in

( Volume I of this report was used to define composite modal damping for
the coupled soil-structure model of the service water pump structure, and

'

avoids this difficulty. This method 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 cen-
troid of the overall foundation in determining structure dynamic charac-
teristics. Structure response transfer functions are then 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 essen-
tially match. By choosing locations which are sensitive to damping,
composite modal damping values are determined which generally predict
conservative response at all locations.

IV-3-3-
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Composite modal damping values were determined using the program

S0ILST (Reference 15). The embedded stiffnesses and dashpots presented in
Tables IV-2-4 and IV-2-5 defined the soil impedances beneath the structure
in this analysis. Structural damping of 7 percent of critical damping was
used for the reinforced concrete service water pump structure. The fixed
base structure modes and corresponding structural modal damping were input
to program S0ILST to determine composite modal d'amping which accounted for
both structural damping and soil geometric and material damping.

Composite modal damping values were determined for a number of

locations in the structure. Typical floors were chosen in the building
that were relatively high in the structure and were judged to have
dynamic responses sensitive to modal damping. Composite modal damping
values for all important modes were chosen based on a conservative fit of
the data for all locations studied.

Composite modal damping values were determined using the method-

ology described above for all modes contributing to more than about 10
percent of the total degree-of-freedom response at the structure location
studied. Local modes associated with structure response only were damped

at the building structural damping value of 7 percent of critical. High
frequency structure modes were conservatively damped at 3-1/2 percent of
critical damping. The rational for lightly damping higher frequency
modes was based on a parametric study of auxiliary building response as
discussed in Volume III.

The composite modal damping values used to determine seismic re-

{
sponse loads in the service water pump structure are presented in Tables
IV-3-1 to IV-3-3. Damping for the fundamental horizontal translational
soil-structure modes ranges from 14 percent of critical damping for the

[ upper bound soil case to 22 percent of critical damping for the lower
bound soil case. Composite modal damping values used for the fundamental
vertical mode range from 49 to 60 percent of critical damping. Higher
frequency modes typically are highly damped. Because of high partici-

IV-3-4
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j pating mass percentages in the fundamental modes, overall seismic
response loads in the structure are primarily determined by the damping

i associated with the fundamental modes in each direction.

To ensure that composite modal damping values were conservatively
chosen for all structure modes, comparisons of structural response pre-

dicted by direct integration time history aaalysis using concentrated
dashpots to model the soil damping were made with the seismic response
determined by modal superposition using composite modal danr,ing. Response <

[ accelerations at typical locations in the structure were determined from
direct integration of the coupled equations of motion. At these same
locations response accelerations were then developed from a modal super-
position time history analysis of the flexible base structure model using
the modal damping values defined for each soil case by Tables IV-3-1 to
IV-3-3. The same input time history was used in both time history analy-
ses. Response accelerations from the two analyses were comoared to ensure

the accelerations based on the composite modal damping values approxi-
mately met or exceeded those determined from the direct integration time

( history analyses. Table IV-3-4 presents comparisons of zero period
accelerations in the structure obtained by these two procedures for the
upper bound soil case. The results for the upper bound soil case are
presented since seismic response loads throughout the structure are

[
generally controlled by this soil case. Results for the other soil cases

' were similar.

{ 3.3 ERUCTURESEISMICRESPONSE
Seismic loads throughout the structure were determined from the

( dynamic model of the service water pump structure for each of the three
soil cases' studied. The overall seismic loads computed for the building

( were distributed to the individual structural elements as described in
Section 3.3.3 of this volume.

The seismic loads in the structure were determined using
response spectrum modal analysis techniques. Earthquake excitation was
specified as the SME ground response spectra for the original ground
surface. The development of these spectra is described in Section 2.2 of i

IV-3-5
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|
Volume I of this report. The nertical input was assumed to be 2/3 of the

l horizontal spectra. Soil-structure interaction effects were considered
for the upper, intennediate, and lower bound soil cases. The effects of

I embedment on the soil-structure interaction parameters were discussed in

Section 2 of this volume.

The overall seismic loads were developed from the SRSS of the

j modal responses including consideration of closely spaced modes as

discussed in Section 6.4 of Volume I. The structural response loads were
determined for each of the three earthquake direction components acting
independently and were then combined by SRSS. For the SMR evaluation,
the highest load computed for the structural element from any of the
three soil cases was used to determine its code margin.

3.3.1 Effects of Soil Conditions on Seismic Loads
i

Plots of SRSS horizontal seismic shear and overturning moments

are shown in Figure IV-3-1 through IV-3-4 for the three soil cases
studied. Seismic response loads in the structure were generally control-
led by either the intennediate or the upper bound soil case. Seismic
shear loads above Elevation 620' are maximized by the upper bound soil

o case. At lower elevations in the structure, the intermediate soil case
shear loads either control or are approximately the same as the upper
bound soil case results. Overturning moments in the structure determined
from both the intermediate and upper bound soil case results are virtu-
ally identical at all locations in the structure.

I
Figures IV-3-5 and IV-3-6 presents plots of SRSS axial force and

SRSS torsional moment in the structure. ' Axial loads in the structure
were maximized'at all elevations by the upper bound soil case. Torsional
moments in the structure were maximized by the intennediate soil case
above Elevation 620' . Below this elevation, the lower bound soil case
resulted in the maximum seismic torsional loads. The seismic code margin
evaluation was based on the worst case soil condition which resulted in
the maximum load in the element considered, even though the worst case

soil condition cannot occur simultaneously for a number of different
elements.

IV-3-6
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! 3.3.2 Comparison of SMR and FSAR Design Loads

One basis for selecting various elements for code margint

evaluation for the SMR was the ratio of SME seismic load to the FSAR
seismic load. In order to determine the relative magnitudes of the SMR
loads to the corre.sponding FSAR loads, comparisons of the lateral shear

.

forces, overturning moments, vertical axial forces, and torsional
response throughout the structure are shown in Figures IV-3-7 through

| IV-3-12.

[
Figures IV-3-7 through IV-3-10 show comparisons of the lateral

' seismic shear forces and corresponding overturning moments throughout the
service water pump structure. Below Elevation 620', the FSAR shears and

r

L moments exceed the SMR loads by about 5 to 10 percent. At locations
higher in the structure, FSAR seismic shear forces and moments either
approximately equal SMR values or exceed them by about 5 percent. The
underpinning structure is being designed to 1.5 times the FSAR.

A comparison of FSAR and SMR vertical axial forces is shown in

f Figure IV-3-11. In the vertical direction, the axial forces calculated

for the SMR exceed the FSAR values by about 10 percent. This slight
increase in vertical loads has only a small effect on the code margins

y determined for the structure. As shown by Figure IV-3-12, seismic
torsional moments determined for the SMR exceed the FSAR values at all
elevations. SMR torsional response loads are about 25 to 35 percentt

higher than FSAR values for locations high in the structure. At lower-

( elevations, the SMR torsional moments are as large as FSAR values at
certain locations. These high torsional loads develop because of

[
coupling which occurs for the lower bound and intemediate soil cases,
and results in increased lateral loads in the peripheral shear walls of
the structure.

3.3.3 Element Loads
I The dynamic model used for the seismic analysis of the service

water pump structure consisted primarily of interconnected vertical beam
elements representing the stiffness properties of the structure. Each
vertical element typically modelled the combined stiffness of the

IV-3-7
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i

structural members of the load-resisting system at that story. Overall!

seismic loads acting on the structure were developed for these elements
from the response spectrum analyset. Distribution of the overall loads

.

to the individual structural members was performed using techniques
appropriate for the load-resisting system evaluated.

The service water pump structure is composed primarily of
concrete shear walls interconnected by concrete floor slabs. For this
type of structural system, the floor slabs act as diaphragms transmitting
the seismic inertial forces to the load-resisting shear walls. 1-f the

diaphragms have sufficient stiffness, the walls spanning a story are
constrained to displace together in the lateral directions. The overall
seismic lateral loads can then be distributed to the individual walls in
proportion to their relative rigidities. This technique is comonly used
to develop load distributions for the design of concrete shear wall / floor
slab systems.

The rigid diaphragm approximation was judged to be adequate for
the determination of lateral seismic loads acting on the shear walls of
the service water pump structure. Load distributions to the individual
structural elements were developed as described in Section 6.7 of Volume

I. Structural elements included in these load distributions were
typically those considered to be seismic load-resisting in calculations
performed to determine the stiffness properties of the dynamic model. In

general, all exterior and interior concrete walls capable of resisting

f seismic loads were included. The walls receiving seismic forces were
identified by individual elements having rectangular dimensions in plan.
Some walls were modeled by a series of continuous elements. Major wall
openings were treated as complete discontinuities in the element layout
with the openings effectively spanning the full story height.

Story stiffnesses for elements identified as being seismic load-
resisting were calculated by Bechtel as part of the development of
stiffness properties of the dynamic model. These story stiffnesses were
determined as described in Section 6.7 of Volume I. Out-of-planc wall

IV-3-8
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stiffnesses were not included so that conservative -in-plane loads would
be produced. In-plane wall story stiffnesses considered the effects of
both shear and flexural deformations. As an approximation, the flexural
wall story stiffnesses were based on a condition of rotational fixity
imposed at the top and bottom of the stories. The influence of flexural
deformations diminishes for walls whose lengths are greater than their
story heights and the lateral deflections of these walls are due primarily

( to shear defonnations. The distribution of lateral seismic load, therc~-
fore, is not expected to be sensitive to the treatment of wall rotational

f boundary conditions.

Seismic in-planc shears and overturning moments for the walls of
the service water pump structure were calculated following the methodology
for shear wall / floor slab systems described in Section 6.7 of Volume I.
Wall element relative rigidities associated with the rigid diaphragm
approximation were based on the wall story stiffnesses. Individual wall
shears due to overall structure shears and torsional moments were then
calculated using equations presented in Reference 16. Load input to these
equations consisted of shears and torsional moments predicted by the
structure response spectrum analyses. For conservatism, the possibility
of a reduction in structure seismic load due to embedment effects was
neglected. Seismic loads acting on the existing wall elements evaluated
in the SMR are listed in Tables IV-4-1 and IV-4-2. Seismic loads acting '

on the underpinning wall and connectors evaluated are listed in Table
IV-4-4.

f
Overall axial loads due to seismic response were available from

the results of the response spectrum analyses. These axial loads were
distributed to the walls in proportion to their cross-sectional areas.
These axial loads have some effect on the capacities of the walls against
shear and overturning moment. However, capacities of the walls are not
particularly sensitive to small changes in the axial loads due to seismic
response. Axial loads determined in this manner were included in the
shear and overturning moment capacity calculations.

IV-3-9
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The concrete floor slab at a given elevation serves as a
diaphragm distributing floor inertial forces to the load-resisting shear
walls. The slab also redistributes seismic shears from the walls of the
story above to the walls of the story below when there is in an alteration
in the relative wall stiffness distribution from story-to-story. The

diaphragm can be idealized as a beam subjected to load comprised of the
~

i seismic floor inertial force and shears from the walls of the story
above. Support reactions for the idealized beam consist of the shears
for the walls of the story below. Diaphragm in-plane shears and moments
at the critical sections were determined based on these applied loads and
reactions. For slabs framing into an exterior wall, the diaphragm shear
at the wall is equal to the difference in wall snears between the story
above and the story below. This treatment accounts for diaphragm loads

due to both floor inertial forces and redistribution of lateral seismic
loads due to changes in the stiffness distribution of the vertical
load-resisting elements. It is conservative since the diaphragm load
calculated in this manner includes the inertial load associated with the
wall itself which is not actually transmitted through the diaphragm.
Applied seismic loads acting on the diaphragms selected for evaluation in
the SMR are listed in Table IV-4-3.

The load combination used in the structures capacities
evaluation is discussed in Section 7.1 of Volume I. The dead and live

.

load cases account for loads occurring at normal operating conditions.
Forces and stresses in the reinforced concrete structural members of the
service water pump structure due to loads occurring at normal operating
conditions were taken from the results of the static analyses supplied by
Bechtel'(Reference 17). Two sets of analytical results corresponding to
the use of different soil springs representing different differential
settlement conditions were available. Five load cases for each set of
results were supplied. One load case combined the stresses due to all
loads occurring at normal operating conditions, including applied dead,
live, lateral earth pressure, surcharge, settlement, hydrostatic

IV-3-10
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pressure, and jacking prelcads. The other four load cases report stresses
due to Bechtel's dynamic soil decrements.- In Bechtel's static analysis
of the service water pump structure, the backfill soil is assumed to
displace more than the structure under seismic ground motion. Under this
assumption, the soil pulls away from the structure. To represent the

l soil's inability to transmit tension across the structure interface,

Bechtel's dynamic soil decrement load cases cancel out the imposed

lateral earth pressures occurring at normal operating conditions. The
four load cases correspond to different combinations of backfill soil

I displacement relative to the structure. The code margins for the
structural elements were based on the following load combination.

U=D+L+PL + T + DSD + SME

where:

Dead LoadsD =

Live LoadsL =

r

PL Jacking Preload effects=

Differential settlementT =

Dynamic Soil DecrementDSD =

Seismic Margin Earthquake loadsSME =

( In this load combination, the loads from the worst case differential
settlement condition were used. Also, the dynamic soil decrement load

r case yielding the worst case loading when combined with the normal
operating condition loads was included. The effects of thermal gradients
through the walls and slabs are discussed in Section 4-6.

f
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)
The three-dimensioaal finite element model used for these static

f analyses generally consisted of plate elements representing the walls and

f slabs and beam elements representing the columns and the beams. Results

from the static analyses for the plate elements modeling the concrete
walls and slabs consisted of membrane normal and shear forces per unit

length and out-of-plane bending and twisting moments per unit length.
For the walls and slabs, net in-plane axial forces, shears, and moments
were calculated by integrating the reported plate element membrane
stresses along the cross-sections being evaluated. In-plane shears and
moments obtained from Bechtel static finite element analysis results for
the walls and diaphragms evaluated in this study are also listed in
Tables IV-4-1 through IV-4-4. Out-of-plane moments predicted by the
plate elements were taken directly from the analytical results.

'
,

.

e
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TABLE IV-3-1

SERVICE WATER PUMP STRUCTURE NATURAL FREQUENCIES, MODAL MASS, AND MODAL DAMPING

LOWER B0UND SOIL

Percentage of Total Structure
Mass Participating in Each Mode

ModalMode Modal
Number Frequer.cy North-South East-West Vertical Damping

(Hz) Response Response Response (% Critical) Mode Description
-

1 2.10 11.2 76.7 22 East-West (E/W) Soil----

Structure Translation
2 2.12 75.3 11.4 0.9 22 North-South (N/S) Soil-

Structure Translation
3 3.10 2.2 95.9 60 Vertical Soil-Structure---

-

? Translation
w

g /W Response of Upper Floors,L 4 3.23 --- 2.3 --- 7 E
w

5 4.16 11.3 --- 3.0 34 | 0ut-of-Phase N/S Soil-
jStructureMode

6 4.56 --- 9.4 0.1 34 Out-of-Phase E/W Soil-
Structur9 i4 ode

7 3.5

. .

10 3.5
1

Participating mass percentages less than 0.1 percent are not shown.
.
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TABLE IV-3-2

SERVICE WATER PUMP STRUCTURE NATURAL FREQUENCIES, MODAL MASS, AND M0DAL DAMPING

INTERMEDIATE S0IL i

,

Percentage of Total Structure
Mass Participating in Each Mode

ModalMode Modal
Number Frequency North-South East-West Vertical Damping

(Hz) Response Response Response (% Critical) Mode Description i

i

1 3.84 75.5 8.4 0.8 15 North-South (N/S) Soil-
Structure Translation .

2 3.86 8.0 78.3 0.2 15 East-West (E/W) Sofi-Structure
Translation

3 5.54 2.3 0.1 96.4 60 Vertical Soil-Structure-
franslationy

1.0 --- 7 E/W Response of Upper Floorsy 4 6.01 ---
,

5 7.61 14.0 --- 2.5 41 Out-of-Phase N/S Soil-
Structure Mode

38 Out-of Phase E/W Soil-6 8.30 --- 12.0 ---
'

Structure Mode ,

7 3.5 !

\
-

|
.

i

10 3.5

1

Participating mass percentages less than 0.1 percent are not shown.
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TABLE IV-3-3

SERVICE WATER PUMP STRUCTURE NATURAL FREQUENCIES, MODAL MASS, AND M00AL DAMPING

UPPER B0UND S0IL

Percentage of Total Structure
Mass Participating in Each Mode ModalMode Modal

Number Frequency North-South East-West Vertical Damping

(Hz) Response Response Response (% Critical) Nde Description

1 6.52 79.0 0.4 0.7 14 North-South (N/S) Soil-
Structure Translation

14 East-West M/W) Soil-Structure2 6.58 0.4 82.0 ---

Translation
96.9 49 Vertical Soil-Structure3 9.62 1.8 ---

Translationg
7 E/W Response of Upper Floorsh 4 10.07 0.1 ------

1.8 19 Out-of-Phase N/S Soil-G 5 13.69 17.4 ---

Structure Mode

19 Out-of-Phase E/W Soil-16.26 14.68 ------

! Structure Mode

.

I
.

.

15 3.5

Participating mass percentages less than 0.1 percent are not shown.

. .
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TABLE IV-3-4

COMPARISON OF IN-STRUCTURE ZE,RO PERIOD ACCELERATION DETERMINED

BY DIRECT INTEGRATION AND MODAL SUPERPOSITION

UPPER B0UND S0Il CASE

I

North-South Response East-West Response Vertical Response
Due to Due to Due to

Location North-South Excitation East-West Excitation Vertical Excitation

Direct Modal Direct Modal Direct Modal
Integration Superposition Integration Superposition Integration Superposition

Elevation 634'-6" 0.212 0.223 0.211 0.224 0.105 0.099'

Elevation 620'-0" 0.185 0.194 0.182 0.197 0.099 0.099

Elevation 589'-6" 0.151 0.164 0.150 0.160 0.093 0.097

All accelerations are in G units

5
Y
5;
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4. CODE MARGINS

For the service water pump structure code margins evaluation, a .

number of structural elerrents were selected from locations throughout the -

structure to compara their cepacities as prescribed by the acceptance
criteria against their loads due to the SME combined with those due to
normal operating canottions arid dynamic soil decrements. The selected
existing shear walls, floor diaphragms, and underpinning wall are listed
in Tables IV-4-1 through IV-4-4. liach shear wall and underpinning wall
is identified in Figure IV-4-1. Each floor diaphragm is assigned an
identification number in Table IV-4-3, The location of the selected

diaphragms is then referenced by their identification numbers in Figures
IV-4-2 and IV-4-3.

The structural elements selected for evaluation in this study
are those expected to be more highly stressed due to seismic loads
relative to other elements within the service water pump structure.
General criteria used to identify structural elements to be included in
the SMR structures capacities evaluation involved several considera-
tions. The layout of the shear walls was reviewed to determine the

'

distribution of walls throughout the structure and the availability of
resistance to lateral load. The load distributions were compared to
identify walls required to resist a significant portion of the seismic
load at each story. To provide an approximate assessment of the relative
wall capacities, wall thicknesses, reinforcement patterns, and the
presence of openings which would tend to reduce the amount of material
available for load resistance were reviewed. Particular attention was
given to the major walls since their relative rigidities are typically
greater than smaller walls and consequently receive greater loads.

I

(
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Diaphragm elements were selected for detailed evaluation on a

basis similar to that for the shear walls. Review of the shear wall
'

layout through the structure also provided insight into the manner in
,

which the floor slabs function as diaphragms in providing load paths to
the walls. From the load distributions, locations of possible significant

.

diaphragm stress were identified. Slab thicknesses, reinforcement
patterns,and the presence of openings were reviewed to provide an
approximate assessment of the relative diaphragn capacities.

Capacities for the structural elements selected for review were
developed in accordance with the structural acceptance criterie described
in Section 7.2 of Volume I. For the reinforced concrete portions of ithe
service water pump structure, the ultimate strength design provisions of
ACI 349-80, " Code Requirements for Nuclear Safety Related Concrete
Structures" (Reference 18), were followed. The ultimate strengths were
conservatively based on minimum specified concrete crushing strengths.
The concrete used in the construction of the existing service water pump
structure was typically specified to have a minimum compressive strength
of 4,000 psi. Concrete for the underpinning walls was specified to have
a minimum compressive strength of 6000 psi at 60 days. Reinforcing steel
used was required to confonn to ASTM Designation A615, Grade 60 and has a

specified minimum yield stress of 60,000 psi.

4.1 SHEAR WALL CAPACITY OF EXISTING STRUCTURE

The shear strength provisions for concrete walls are contained
in Section 11.10 of ACI 349-80. The total ultimate strength capacity is
composed of separate contributions from the concrete and the steel rein- |

forcement. ACI 349-80 provides alternati've formulations with different I

levels of detail required for determining the concrete in-plane shear
strength. Section 11.10.5 specifies the concrete shear strength as the

value corresponding to an average shear stress of 2 % (psi) acting on
the effective area for walls in compression.

|
V = 2 ff{ hd for walls in compression (4-1) |c

|

IV-4-2

- . _ _ _ ._



Vc Nominal concrete shear strength, lb=

fc Concrete compressive strength, psi=

h Wall thickness, in=

Effective wall depth, ind =

This strength is subjected to a reduction specified in Sections
11.3.2.3 and 11.10.S cf ACI 349-80 if the wall is loaded in tension.
This definition of the concrete shear strength was typically used to
detemine the wall capacities. Alternative formulations for the concrete
in-plane shear strength are permitted by Section 11.10.6 of ACI 349-80.
Use of these formulations for low-rise shear walls such as the walls of
the service water pump structure typically leads to concrete in-plane
shear strengths greater than those predicted by Equation 4-1. Because

wall shear strengths were determined using Equation 4-1 rather than the
alternative formulations of Section 11.10.6 of ACI 349-80, resulting code
margins for shear walls governed by shear are conservative. The wall
in-plane shear strength contributed by the steel reinforcement was'

determined following the provisions of Section 11.10.9 of ACI 349-80.
The steel shear strength was bassd on the horizontal reinforcement
provided in each wall. The effective wall depth, d, was taken as 0.8
times the wall length as permitted by Section 11.10.4 of ACI 349-80. The
wall ultimate shear strength was taken as the sum of the concrete and

! reinforcing steel shear strengths reduced by a strength reduction factor
of 0.85. Some of the walls must also transmit out-of-plane shears due to

' lateral forces. Because the in-plane concrete shear strength was
determined in accordance with Sections 11.10.2 to 11.10.8 of ACI 349-80, _

Section 11.10.1 eliminates the need to consider interaction between
in-plane and out-of-plane shear. For walls separated into a series of
piers by significant openings, shear capacities were developed for the
individual piers. The total seismic shear acting on the wall was
distributed to the piers in proportion to their relative rigidities using

,

( equations presented in Reference 16. Shears due to loads from normal
.

?

'
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2

'

operating conditions and the dynamic soil decrement acting on the
individual piers were determined as noted in Section 3.3.3 using stresses

i occurring in the plate elements modeling these piers.

i

Shear wall resistance to overturning moment is provided by the
internal couple consisting of the vertical wall reinforcenent stressed in
tension and the concrete stressed vertically in compression. An efficient

,

means of developing overturning resistance is by concentrating the neces-
sary vertical reinforcement at the ends of the wall so that the moment arm
will be a maximum. In general, however, vertical reinforcement of the

,

service water pump structure walls was uniformly distributed along the

} 1engths of the walls.
.

:

As noted in Reference 19, experimental results indicate that the
flexural strengths of rectangular shear walls with height-to-length

! ratios' equal to or greater than 1.0 and containing uniformly distributed
vertical reinforcement are adequately predicted by the design provisions
for reinforcement concrete beams loaded axially and in bending. These'

provisions are contained in Section 10.2 of ACI 349-80. The flexural
strength calculated using these provisions can be expressed by the.

following equation presented in Reference 19.

1
-

'

( N )f B c)g g

"u = A #yL 1+A 7 2L js s y)
(4-2)

.

e

c2 I g2 i
g1+7-8

-

.
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where:

c 4+a
1., , 2q + 0.358

3
.

A,fy
'*Lhf{

N f
u y

" IIffy and s = 57,000~
C

Mu Design resisting moment at section, in.-lb.=

As Total area of vertical reinforcement atsection,=

sq. in.

fy Specified yield strength of vertical reinforcecent,=

psi

L Horizontal length of shear wall, in,=

Distance from extreme compression fiber to neutralc =

axis, in.

d Distance from extreme compression fiber to resultant=
,

of tension force, in.

h Thickness of shear wall, in.=

'
,

Nu Design axial load, positive if compression, Ib.= '

ff Specified compressive strength of concrete, psi=

,

0.85 for strength fd up to 4000 psi and reduced |
8 =

3 continuously at a rate of 0.05 for each 1000 psi )

of strength in excess of 4000 psi

|

r
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!

Reference 19 presented the following approximation to this equation:
|

Bchf N

) (1 - g

1 + g y )lM'5 0.5A f L
L (4,3)y y \ j

;

Upon inspection of Equation 4-3, it is apparent that this approximation
is equivalent to ebtaining the flexural strength of an underreinforced
beam with the uniformly distributed reinforcement lumpCd at midlength of

the wall. i

Based on the findings of Reference 19, the design provisions in

Section 10.2 of ACI 349-80 were used to determine the resistances to
overturning moment for the walls of the service water pump structure. In

accordance with Section 9.3.2 of ACI 349-80, the calculated overturning

moment resistances, M', were modified by the appropriate strength
reduction f actor 4.

Mu = 4M'

where c = strength reduction factor per Section 9.3.2 of ACI 349-80.
.

Most of the major walls of the service water pump structure are
intersected at their ends by other walls oriented transversely. Due to
defonnational compatibility at the intersections, these transverse walls
will behave similar to flanges of a wide-flanged beam. However, only the
resistance to overturning moment provided by the web of the wall loaded

in-plane was accounted for. This is conservative since the additional
overturning resistance provided by the flanges may be significant due to
their greater internal moment arms.

i
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Some of the walls evaluated in this study contain small openings
for doorways, pipe penetrations, etc. Typical details call for additional
vertical reinforcement to be provided at the faces of the openings to make
up for the reinforcement interrupted by these openings. The flexural
strength of a wall. containing small openings was calculated for the wall
as a single element rather than as a series of individual piers since the
openings are generally small compared to the wtl1 f tself 7.nd are usually

,

isolated as opposed to occurring in a regular pattern through the wall
height. Failure is expected to occer due to gross, overall beSavior.
The :dditional reinforcement around the openings is normally sufficient
to resist any stress concentratinos. i

Some of the walls of the service water pump structure are
subjected to out-of-plane forces imparted by adjacent soil or water. The
presence of out-of-plane moments about a horizontal axis through the wall
is expected to influence the capacity of the wall to resist the in-plane
overturning moment due to horizontal seismic response of the building.
The procedure used to account for the effects of out-of-plane moments on
the wall overturning moment capacities is described in Appendix C of

Volume III.

The out-of-plane moments used included contributions from normal

operating condition loads, the dynamic soil decrements, and dynamic
response of the water contained in the structure, wall inertia, and the
soil entrapped by the underpinning walls. Out-of-plane moments due to

|
normal operating conditions and the dynamic soil decrements,were
available from the results of Bechtel's static analyses performed on
their finite element model. The calculation of the impulsive and
convective hydrodynamic pressures was generally based on Housner's
equations contained in Reference 2 with modifications included to more
appropriately represent the behavior of the structure as a flexible
tank. These modifications included use of accelerations from the

( structure response spectrum analyses to predict the fluid impulsive
forces and distribution of the impulsive hydrodynamic pressures by the

IV-4-7
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approximation noted in Reference 24. This approach is similar to that
described in Volume VI for the evaluation of the borated water storage
tank. Wall inertial forces were based on structure accelerations from
the response spectrum analyses. Lateral pressures from the entrapped
soil were determined using structure accelerations and estimated effec-
tive entrapped soil masses.

Capacities for the selected shear walls determed in accordance
with ACI 349-80 are presented in Tables IV-4-1 and Ub 4-E. The possibil-
ity of failure due to in-plane shear or overturning was considered for
these walls. Shear capacities for the walls whose code mergins are
governed by shear are listed in Table IV-4-1 while overturning capacities
for the walls whose code margins are governed by overturning are listed
in Table IV-4-2. Applied in-plane shear and overturning loads due to
seismic, normal operating condition, and dynamic soil decrement loads are
also listed in these tables. These loads were calculated as described in
Section 3.3.3.

The code margins for the selected shear walls were developed
from the calculated loads and capacities and are listed in Tables IV-4-1

I and IV-4-2. The code margin, CM, is defined as the ratio of the code
capacity to the applied load. The applied load is specified by the load
combination given in Section 3.3.3 and is taken as the sum of the applied
loads due to the seismic, normal operating condition, and dynamic soil
decrement load cases.

I
CodeMargin=hCM =

C .= Element code capacity

Applied load due to the combined normal operatingP =

condition, dynamic soil decrement, and seismic load
cases = PNOL + PDSD + PSME

PNOL Applied load due to normal operating condition load=

PDSD Applied load due to the dynamic soil decrement=

PSME Applied load due to the SME=

IV-4-8
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In general, the walls are subjected to axial loads occurring
simultaneously with the shears and overturning moments. The magnitudes
of the axial load can have an influence on the shear and overturning
capacities. Code margins were determined based on the capacities and
loads under consideration (shear or overturning) with the effect of the

~

axial load included in the capacities.
,

'

For each of the selected shear walls, a factor FSME is also
listed in Tables IV-4-1 and IV 4-2. This term is the factor by which the
SME ground motion would have to be multiplied to cause loads equal to the
code capacities:

- (PNOL + PDSD)F
SME = p

SME

When the effect of axial load was included in the capacity, this
equation was modified to account for the influence of the axial load due
to seismic response. F factors less than the code margins occurSME
when the seismic axial load tends to reduce the capacity against shear or
overturning moment. As an example, derivation of the FSME factor for
the south wall from Elevation 589'-6" to Elevation 605'-0" is as follows:

M Overturning moment due to the SME factored by FSME=
SME

70,600F k-ft=
SME

M
NOL + MDSD Overturning moment due to normal operating=

conditions and dynamic soil decrement
6,800 k-ft=

" NET MSME + (MN0L + MDSD)
"

70,600FSME + 6,800= ~

IV-4-9
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M Overturning moment capacity per Equation 4-3 including=
U

the effects of the axial load due to the SME factored
by F

SME

-9.26FSME -6,520FSME + 148,000 k-ft=

M
MNET

=y

-9.26FsMg 6,520FSME + 148,000 = 70,600FSME + 6,800i

-9.26FSME -77,100Fsgg + 141,000 = 0

F 1.8SME =

.

4.2 DIAPHRAGM CAPACITY OF EXISTING STRUCTURE

Capacities of diaphragms for in-plane shear and moment are not
directly addressed by ACI 349-80. However, it is common to desigri con-
crete diaphragms by the same provisions as those used for shear walls
because of similarities in geometry and loading. Section 11.8 of
Reference 20 specifies the same limiting shear stress for shear walls and
diaphragms. Consequently, in-plane shear and flexural capacities of the

f diaphragms selected for evaluation were calculated in the same manner as
the corresponding capacities of the shear walls. The slabs must also
transmit out-of-plane shears due to vertical forces. Because the in-4

plane concrete shear strength was determined in accordance with Sections
11.10.2 to 11.10.8 of ACI 349-80, Section 11.10.1 eliminates the need to
consider interaction between in-plane and out-of-plane shear.

i
'

The diaphragms of the service water pump structure selected for
evaluation correspond to locations where slab openings reduce the amount
of material available to resist the appli'ed loads. The diaphragm sections
evaluated are also on the load paths to the east-west direction exterior

' walls. These walls, in addition to being among the major lateral load-
resisting walls, resist larger portions of the torsional moments due to
their greater distance from the story centers of rigidity. The diaphragm
sections selected for evaluation are those expected to be the most highly
stressed. Figures IV-4-2 and IV-4-3 identify the selected critical

' diaphragm sections at the roof (Elevation 656'-0") and the floor at
Elevation 634'-6".
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The diaphragms selected for evaluation were found to be governed
by shear rather than in-plane moment. As noted in Section 3.3.3 the
shears acting on diaphragms adjacent to exterior walls were calculated

,

conservatively. The slab openings separate the diaphragms into piers,

similar to the piers of a shear wall. Code capacities and applied loads
were determined for these piers as individual structural elements, i.oads
due to the 3ME, normal operating conditions, and dynamic soil decrement,

code capacities, code margins, CM, and F3gg factors are listed in Table
f IV-4-3. The code margins and F factors were determined in the sameSME

manner es for the shear walls.

4.3 EFFECTS OF REINFORCEMENT BAR CUTTING

The shear wall and diaphragn capacities were based on information
available from the structural drawings for the selected elements. The
presence of small and large openings indicated on the structural drawings
was accounted for in the development of these capacities. Available non-
confonnance reports noting deviations from the construction specifications
were reviewed to verify that there were no gross deviations that would

;

significantly influence the capacity of the selected structural elements.

.

The calculated wall capacities do not include the effect of any minor
devi ations. The capacities reported in Tables IV-4-1 through IV-4-3 also
do not address the reduction in strength due to reinforcement cutting

,

permitted by Reference 21 since the exact location and number of
"

reinforcement bars cut within this allowance was unavailable. Per

i Section 2.1 of Appendix E of Reference 21, one bar could be cut each way,
each face, with the radial distance to the next cut bar on the same f ace,

j in the same direction, no less than five feet. Per Section 2.2 of
' Appendix E of Reference 21, two bars coul'd be cut each way, each face,

with the radial distance to the next cut bar on the same f ace, in the
same direction, no less than 10 feet. Additional limitations are noted
in Section 7.2 of Volume I.

l
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To determine the effect of the reinforcement cutting allowance
and non-conformances on the shear capacity of the walls, the wall with
the lowest code margin against shear, which is the original below grade
north wall from Elevation 589'-6" to Elevation 605'-0", was recalculated.
The effect of reinforcement cutting is expected to be dependent on the
crack pattern that leads to f ailure of the wall.. If a crack crosses a
horizontal bar where it has been cut or where it does not have sufficient
development length from the cut to develop its yield strength, then the
effectiveness of that bar may be significantly reduced. As an approxima-
tion, a crack was asped to form at a 45 degree angle from horizontal
through the story height of the wall noted above. This angle is approxi-
mately consistent with the crack angle assumed in the derivation of the
shear strength provided by web reinforcement of concrete beams. For the

worst case of horizontal bars cut at both faces every five feet along the
assumed crack, the reinforcement area effective in resisting shear was
modified and the total wall shear strength recalculated. No non-
conformances were reported for the wall at this story. Using the revised

; shear strength, a code margin of 2.8 was determined for this wall compared
to 3.5 as originally calculated.

1
-

To determine the effects of the reinforcement cutting allowance
and the non-confonnances on the overturning moment capacity of the walls,
the wall with the lowest code margin against overturning, which is the
south exterior wall from Elevation 589'-6" to Elevation 605'-0", was

o recalculated. It was assumed that vertical bars at each face were cut
,

every five feet along a horizontal planc. No non-conformances were

f reported for the wall at this story. Using the effective reinforcement
I area, the overturning moment was recalculated. A code margin of 1.6

corresponds to this revised capacity compared to 1.9 as originally
calculated.

,

i
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To determine the effect of the reinforcement cutting allowance
and non-conformances on the capacities of the diaphragms, the diaphragm
with the lowest code margin, which is noted by diaphragm identification
number 1, was recalculated. Because this diaphragm is governed by shear,
the effect of reinforcement cutting on the shear capacity was considered
using the same approach developed for the she walls. Using the revised
shear strength, a code margin of 2.7 was detennined for this diaphragm,

compared to 3.2 as originally calculated,

t

The code margins for the walls and the diaphragms were still
found to be greater than unity when the reinforcement cutting allowance
and non-conformances were considered for the selected examples. It can
be concluded that the cutting allowance and the non-conformances do not
adversely affect the results of this study for the walls and diaphragms
of the service water pump structure.

4.4 UNDERPINNING WALL CAPACITIES

Evaluation of the underpinning walls of service water pump
structure was conducted on the basis of the drawings showing the
preliminary design configuration. The north underpinning wall was
selected for study. The code margin of this wall was determined using
the same methodology and criteria developed for shear walls described in

i Section 4.1. This wall was found to be governed by shear. Applied
loads, code capacity, code margin, and F factor are listed in TableSME
IV-4-4 for shear on the nortn underpinning wall.

The connectors providing load transfer between the north
underpinning wall and the base mat of the existing structure above were
also evaluated. The connectors to be used at the top faces of the
service water pump structure underpinning walls are 2.25-inch diameter
anchor bolts fabricated from ASTM AS40 Grade 23 Class 4 steel with a
minimum specified yield strength of 120 ksi. A total of 27 connectors
are provided for the north underpinning wall. One end of each connector

'

is anchored into the concrete at the top of the underpinning wall while
the other end is anchored by a steel plate bearing against the top f ace

IV-4-13
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of the existing base mat. The eccentricity between the connector
location and tne underpinning wall centerline was considered in the
evaluation of the connectors. The capacities of the underpinning
connectors at the interface between the north underpinning wall and the
existing base mat above were determined using the strength provisions of
ACI 349-80. The connectors were found to be governed by shear. The
connectors' shear capacity was evaluated based on the shear friction
provisions contained in ACI 349-80. The shear capacity at the interface
was calculated by the following equation:

V ## (^Vf y), lb (4,4)*
u

where:

Connector tensile stress area, in2#

Avf =

Connector yield stress, psif =y

Strength reduction f actor4 =

1.0 for concrete-to-concrete interfacesp =

j Additional steel area must be provided to resist any direct tension acting
across an interface transmitting shear by shear-friction. As noted in
Reference 23, the presence of axial compression across an interface will

f increase the. shear-friction capacity available.

Applied shear loads considered in the evaluation of the connec-
tors between the north underpinning wall and the existing base mat above

j included in-plane and out-of-plane shears due to the SME, normal operating
conditions, and dynamic soil decrements. Because the principal effect of

j the SME is to cause in-plane shear on the wall, the code margin for the
connectors was based upon a comparison of the available in-plane shear
capacity and the applied in-plane shear load. The effect of the applied
out-of-plane shear was conservatively accounted for by deducting vecto-
rially the maximum out-of-plane shear per unit wall length from the net
shear capacity per unit length calculated by Equation 4-4. The available
connector in-plane shear capacity was found by factoring this capacity

IV-4-14
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per unit length by the total wall length. The in-plane shear applied

load and code capacity, code margin, and fSME factor for the connectors
evaluated are listed in Table IV-4-4.

4.5 S0IL BEARING AND STRUCTURE STABILITY CAPACITY

Factors of safety for soil bearing pressures for net dead, live,
and seismic loads reported in the FSAR (Reference 1) range from 3.8 for
the lower mat based on an ultimate soil bearing capacity of 50,000

2lb/ft to 5.9 under the underpinning walls based on an ultimate soil
2bearing capacity of 52,000 lb/ft . SME shears, overturning moments,

and axial loads for the service water pump structure are nearly equal or
less than the corresponding FSAR loads at the building foundation loca-
tions so that f actors of safety much less than those reported in the FSAR
would not be expected for SME loads. Since the SME overall overturning
moments and base shears are less than the curresponding FSAR loads,

f actors of safety for structure stability against sliding and overturning
are greater than the corresponding FSAR values.

4.6 EFFECTS OF THERMAL GRADIENTS

Some of the exterior walls and diaphragms whose code margins

; were evaluated as part of the SMR are subjected to thermal gradients at
normal operating conditions. These thermal gradients can introduce
additional moments on the structural members due to restraint imposed by

' their supports against the thermal curvature. Design thermal gradients
for the walls and slabs evaluated in the SMR were transmitted as a part

of Reference 17. These values were based on the most severe combination!

of interior operating temperature and the worst effective winter exterior
. temperature.

An approach to account for thermal gradients was included in a
study described in Appendix C of Volume III to determine the effect of
out-of-plane moments on in-plane wall and diaphragm capacities. Based
upon the results of this study, it was determined that the effect of
out-of-plane moments and thermal gradients on the in-plane moment
capacities could be adequately represented by the simplified method
described in Appendix C of Volume III.
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Table IV-4-1

CODE MARGINS AND F FACTORS FOR SHEAR WALLS GOVERNED BY SHEAR
SME

V YNOL'* YDSD NET U
Y Y

SME
Wall (1) (kips) (kips) (kips) | kips) CM SME

F

Original belowgrade north wall, 3020 950 3970 13800 3.5 4.3
El. 589'-6" to El. 605'

North end wall, El. 620' to (2) 192 12 204 1120 5.5 5.8
El. 634'-6", northeast pier

$
[ NOTE: (1) See Figure IV-4-1 for locations of walls.
*

(2) This wall consists of a series of piers. Load and capacity are reported for the controlling
pier only.

VSME = Shear due to SME
:

Shear due to normal operating load and dynamic soil decrement
VNOL + VDSD

=

|

VNET " YSME * (YNOL * YDSD)
Code ultimate shear capacityV =

U

Code marginCM =
1

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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Table IV-4-2

CODE MARGINS AND F FACTORS FOR SHEAR WALLS GOVERNED BY OVERTURNING M0 MENT
SME

"SME "NOL * "DSD " NET "U
WALL (1) (k-ft) (k-ft) (k-ft) (k-ft) CM 'F

SME

South wall, El. 589'-6" to 70600 6800 77400 147000 1.9 1.8
El. 605'

West wall, El. 589'-6" to 101000 28000 129000 360000 2.8 2.7
El. 605'

2

NOTE: (1) See Figure IV-4-1 for locations of walls.

Overturning moment due to SMEM =
SME

MN0L + "DSD = Overturning moment due to normal operating loads and dynamic soil decrement

MNET " "SME + ("N0L + "DSD)
Code ultimate overturning moment capacityM =

U

Code marginCM =

.
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Table IV-4-3

CODE MARGINS AND F FACTORS FOR DIAPHRAGMS
SME

Dia ragm V YN0L * V Y
SME NET U

F(kips) (kips) CM SMEDiaphragm No. (1) (kips)
( s)

Roof at Elevation 656'-0", 1 78 82 160 519 3.2 5.6
between 18-inch interior wall
and north wall.

Roof at Elevation 656'-0", 2 363 49 412 1590 3.9 4.2
adjacent to the south wall.

2
L Floor slab at Elevation 634'-6", 3 248 256 504 2390 4.7 8.6

adjacent to the south wall.'

o>

NOTES: (1) See Figures IV-4-2 and IV-4-3 for locations of diaphragms corresponding to
diaphragm identification numbers.

(2) Each diaphragm consists of a series of sections separated by openings. Load and
capacity are reported for the controlling section only.

Shear due to SMEV =

SME

Shear due to normal operating loads and dynamic soil decrementVNOL * YDSD
=

VNET " VSME + (VN0L + DSD)
Code ultimate shear strength capacityV =

U

Code marginCM =
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Table IV-4-4'

NORTH UNDERPINNING WALL AND IN-PHASE CONNECTOR CODE MARGINS AND F FACTORS
SME

Y Y CN FV YN0L * YDSD NET U SMESME

(k) (k) (k) (k)

North. underpinning wall 3260 610 3870 14200 3.7 4.2

Connectors between north 1880 470 2350 8820 3.8 4.2-

y underpinning wall and
y existing base mat above
G

Shear due to SMENotes: V =
SME

Shear due to normal operating loads and dynamic soil decrementVNOL + YDSD
=

Net ShearV =
NET

V + (YNOL + YDSD)
=

SME

Code ultimate strength shear capacityV =
U
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5. INPUT TO EQUIPMENT

Seismic input to equipment for the SMR was specified by
in-structure response spectra. These spectra were generated by time
history analysis using the coupled equations of motion of the structure
as discussed in Section 8 of Volume I of this report. The time history
input used was an artificial earthquake whose response spectra essen-
tially envelop the SME ground response spectra at the original ground
location. The development of the artificial earthquake is discussed in
Section 2 of Volume I. The spectra developed for the service water pump
structure considered the effects of multidirection excitation, the range
of soil characteristics previously discussed, and the torsional response
of the structure.

In-structure response spectra were developed for all locations
of critical equipment within the service water pump structure. Spectra

were generated for the lower bound, intermediate, and upper bound soil
conditions. These spectra were smoothed and the peaks broadened + 10

_

percent as discussed in Section 8 of Volume I. Final spectra were

developed from an envelope of the three soil conditions. The in-structure
response spectra developed for the service water pump structure includei

the effects of the torsional response of the structure. The method of

accounting for the torsional components is described in Section 8.1 of
Volume I. Enveloped in-structure response spectra for the North-South
(N-S), East-West (E-W), and vertical directions for equipment damping
ratios of 2, 3, 4, and 7 percent of critical are shown in Figures IV-A-1 *

through IV-A-12.
t

The vertical spectra as shown are applicable for piping and
I equipment located adjacent to. major walls or on rigid slabs. For

flexible floor slabs within the service water pump structure, vertical

IV-5-1
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1

input to equipment for the SME was determined by means of Vertical
Amplification Factors (VAFs). These f actors were developed from analyses
of selected. flexible floor slabs throughout the structure as described in
Appendix A of Volume I. Damping ratios of 2 through 7 percent of
critical are considered appropriate for the response of piping and
equipment for the SME.

<

s

O
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6_ . SUMMARY

.

As part of the Seismic Margin Review (SMR) conducted for
Midland, the ability of the service water pump structure to withstand
seismic excitation was investigated.. The evaluation was conducted using
new seismic response loads developed for the Seismic Margin Earthquake
(SME) together with design dead, live settlement, and dynamic soil
decrement loads (including jacking loads). The seismic loads were
developed using a site specific earthquake for Midland as well as new
soil-structure interaction parameters which reflect the site layering
characteristics. Margins against code allowable values were calculated
for selected elements throughout the structure.

The seismic excitation of the structure was specified in terms

of site specific response spectra developed for the original ground
location. These spectra have a peak ground acceleration of approximately

0.139 The vertical component was specified as 2/3 of horizontal.

Soil properties used in the evaluation were based on soil
profiles developed from geotechnical investigations conducted for the
site. In addition, an intermediate profile based on approximately
mid-range properties was used in the analysis. Layered site analyses for
the intermediate soil profile were used to develop the soil impedance

4
~

functions for the structure using an equivalent rectangular foundation

plan. Effective shear moduli (Geff) were calculated based on elastic

|
half-space formulae by maintaining the same stiffness values as those

f obtained for the layered site analyses for the intermediate soil
profile. Intennediate soil case results demonstrated that upper and

'

lower bound Geff values for this structure could be conservatively
developed from auxiliary building results. The Geff values were then
used to develop global stiffnesses and dashpots for these soil cases.
These parameters were then adjusted to account for embedment. Damping

IV-6-1
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values were conservatively limited to 75 percent of theoretical elastic
half-space values for all degrees-of-freedom except rocking which was
limited to 50 percent of theoretical.

The vertical beam lumped-mass dynamic model of the structure

used for the SMR evaluation was the same model used for the seismic
design. As part of the SMR evaluation, the model was reviewed for the
general methodology used in its development and for adequacy to
characterize the seismic response of the structure. The detailed
calculations used in the model development were not checked as part of
the SMR program.

Composite modal damping ratios were computed for the combined

soil-structure model by matching structure response determined by directly
integrating the coupled equations of motion to the dynamic response
calculated by modal analysis techniques at several locations in the
structure. Structural damping based on seven percent of critical was
used throughout the structure.

Structural loads were determined using response spectrum modal

analysis. Modal responses were combined on an SRSS basis except for

closely spaced modes which were combined by the absolute sum. The
responses to three directions of input motion were calculated
indepen.dently and combined by the SRSS method.

In general, the upper bound soil condition resulted in maximum
structural loads. Depending on the location within the structure, the
intenned'iate or lower bound soil case could control in certain
instances. The code margin evaluation was based on the maximum load
condition in all instances. When compared with seismic design loads, the
maximum SME loads were generally found to be lower with the exception of
vertical axial loads and torsional response. Overall seismic loads
determined by the structure response spectrum analyses were distributed
to the resisting structural elements by methods appropriate to the
load-resisting system being evaluated.

!
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Overall seismic loads determined by the response spectrum analy-

ses were distributed to the resisting structural elements by the rigid
diaphragm approximation. This method is appropriate for the concrete
shear wall and diaphragm system of the service water pump structure.
Seismic shears and. overturning moments were distributed to the individual
walls in proportion to their relative rigid'ities. Seismic loads acting
on the diaphragms were determined using information available from the
load distributions to the individual walls. The shear walls and
diaphragms were evaluated for seismic loads combined with loads due to
normal operating conditions and dynamic soil decrements predicted by
Bechtel's. static analyses.

Capacities for the shear walls were developed in accordance with
the ultimate strength design provisions contained in ACI 349-80. Shear
walls were checked for their ability to resist in-plane shears and over-
turning moments. Code margins and FSME factors were determined for the
selected walls based on comparisons of the loads due to seismic, normal
operating conditions, and dynamic soil decrements and the code ultimate
strength capacities. The lowest code margins calculated were found to be
3.5 for walls governed by shear and 1.9 for walls governed by overturning.
The SME would have to be increased by at least a factor of 1.8 before the
code margin for any wall would be exceeded. To account for the effects
of the reinforcement cutting allowance and available non-conformance
reports indicating deviations from the construction specifications, the
governing walls were reevaluated assuming the worst case possible due to
these field conditions. Code margins of 2.8 and 1.6 were. calculated for
the walls governed by shear and overturning, respectively.

Diaphragm capacities were determined using ACI 349-80 criteria
developed for shear walls. The diaphragms evaluated were found to be
governed by shear. The lowest code margin for the diaphragms was found

to be 3.2. For any diaphragm to reach code capacity, the SME would have
to be increased by a factor of 4.2. Accounting for the worst case effects
of the reinforcement cutting allowance led to a code margin of 2.7 for
the governing diaphragm.

I
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Capacities of both the north underpinning wall and their connec-
tors to the existing structure were determined. The wall was evaluated
using the same acceptance criteria developed for the shear walls. A code
margin of 3.7 was found for this wall. Shear strength of the conectors
between the north underpinning wall and the existing base mat above was
calculated using the shear-friction provisions of ACI 349-80. The
connectors were found to have a code margin of 3.8. The SME would have

to be increased by a factor of 4.2 before the code capacity of the
selected underpinning wall would be exceeded.

Code margins for the selected structural elements were all
conservatively based on minimum specified material strengths and maximum
seismic load cases. Reductions in loads to account for inelastic energy
dissipation were not used for the service water pump structure. All code
margins were determined to be greater than unity. Before the code capac-

ity is reached for any service water pump structure element investigated,
the SME would have to be increased by a factor of 1.8. It can, therefore,

be concluded that the service water pump structure has more than suffi-
cient structural capacity to resist the SME based on code criteria and
significantly higher capacity before failure is expected.

In-structure response spectra were generated for the service
water pump structure SMR by time-history analyses using the coupled
equations of motion. Envelopes of spectra for the three soil cases and
upper and lower bound relative soil stiffness conditions were generated
for the two horizontal and the vertical directions. Horizontal in-
structure response spectra were increased five percent at all frequencies
to account for accidental torsion. Vertical amplification factors to

account for the vertical response of flexible floor slabs were developed
for use in the evaluation of piping and equipment located near the
centers of the flexible slabs. The effects of out-of-plane moments and
thermal gradients on in-plane wall and diaphragm capacities were
considered.
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APPENDIX IV-A

SERVICE WATER PUMP STRUCTURE IN-STRUCTURE RESPONSE SPECTRA
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