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ABSTRACT

Seismic margin review of nuclear power plants requires that the High Confidence
of Low Probability of Failure (HCLPF) capacity be calculated for certain
components. The candidate methods for calculating the HCLPF capacity as
recommended by the Expert Panel on Quantification of Seismic Margins are the
Conservative Deterministic Failure Margin (CDFM) method and the Fragility
Analysis (FA) method. The present study evaluated these two methods using some
representative components in order to provide further guidance in conducting
seismic margin reviews. It is concluded that either of the two methods could be
used for calculating HCLPF capacities.
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PREFACE

Seismic margin review, of nuclear power plants require that the High Confidence
of Low Probability of Failure (HCLPF) capacity be calculated for certain
components. Two candidate methods for calculating the HCLPF capacity have
been recommended by the Expert Panel on Quantification of Seismic Margins. The
present study evaluated these two methods: the Conservative Deterministic Failure
Margin method and the Fragility Analysis method using some representative
components in order to provide further guidance in conducting the seismic margin
reviews. The following persons have participated in this project.

STUDY GROUP:

R.P. Kennedy (Chairman), R.P.K. Structural Mechanics Consulting
R.C. Murray, Lawrence Livermore National Laboratory
MXK. Ravindra, EQE Engineering, Inc.

J.W. Reed, Jack R. Benjamin and Associates, Inc.
J.D. Stevenson, Stevenson & Associates

OTHERS:

D.J. Guzy, Project Manager, U.S. Nuclear Regulatory Commission
R.D. Campbell, EQE Engineering, Inc.

P.S. Hashimoto, EQE Engineering, Inc.
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EXECUTIVE SUMMARY

Seismic margin reviews of nuclear power plants require that the High Confidence
of Low Probability of Failure (HCLPF) capacity be calculated for certain
components. The candidate methods for calculating the HCLPF capacity as
recommended by the Expert Panel on Quantification of Seismic Margins are the
Conservative Deterministic Failure Margin (CDFM) method and the Fragility
Analysis (FA) method. The HCLPF Study Group consisted of a Lawrence
Livermore National Laboratory Project Manager and four independent consultants
who evaluated these methods by performing the HCLPF capacity calculations on a
representative set of components. The components selected were: flat-bottom
vertical storage tank, auxiliary contactor for motor starter in an older motor
control center, starting air tank, component cooling heat exchanger, and
cantilevered reinforced block wall. Two different locations in the building (at
grade and at a floor high in the building) were studied for the motor control
center. First, the Study Group members calculated the median and HCLPF
capacities of these components using either the CDFM or FA method or both. The
results of the first round of calculations were reviewed and the sources of
differences 1n the capacities calculated by the members were identified.
Afterwards, each investigator was allowed to revise his calculations to determine if
closer agreement could be obtained.

The four consultants differed from each other by a median ratio of the high/low
values of 1.39 to 1.55 in their final estimates of the HCLPF capacity, the median
capacity, and the ratio of median/HCLPF capacity. These differences are mainly
due to the differences in models, parameters, and assumptions used by the
investigators.

Based on these calculations, the HCLPF Study Group has concluded that any
future effort in reducing the differences in calculated HCLPF capacities should be
spent in reducing the differences between the assumptions and judgment of
different analysts rather than in trying to reconcile the smaller differences
between the CDFM and FA methods. It is concluded that cither of the two
methods could be used for calculating the HCLPF capacities in seismic margin
TCVICWS,

The Study Group recommended that HCLPF and median capacity estimates be
independently performed for the selected components by a number of
representatives from architect-engineering firms. Six Architect-Engineering firms
have been selected to make independent calculations on the same five components.
This would give an indication of any increased variability in the estimates to be
expected in practice in future seismic margin reviews. This effort is expected to
be completed in 1989 and a report will be issued summarizing the results and
conclusions.
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CHAPTER 1
INTRODUCTION

1.1 Background on Seismic Margin Methodology

In recent years there has been increasing interest in assessing the capability of
nuclear power plants in the United States to withstand earthquakes beyond their
original design bases. This interest has developed because of the following
concerns:

a. The perception of seismic hazard in the plant vicinity has
changed and in most cases increased since the design of the plant,
and

b. The seismic design criteria have been revised substantially.

To resolve these concerns, a seismic margin study can be performed to estimate the
seismic capacity of the plant. Seismic margin study methodology has evolved over
the years, beginning with the Systematic Evaluation Program (SEP). More recently,
the NRC formed an expert panel to develop a seismic margin review methodology
and guidelines for application (Budnitz et al, 1985, Prassinos et al, 1986). A
parallel effort was initiated by the Electric Power Research Institute (EPRI 1987).
A discussion of the evolution of the seismic margin review methodology is given in
Section 2.1 of this report.

A seismic margin review studies the question of whether the capacity of the plant
exceeds target earthquake input selected for review. It is assumed that the
regulatory agency and the plant owner jointly select the review earthquake level.
The objectives are then to show that the plant can withstand the effects of this
review earthquake level with high confidence and to identify seismic
vulnerabilities. This is accomplished using the results and insights obtained from
past seismic Probabilistic Risk Assessments (PRA), the data on actual performance
of structures and equipment in recorded earthquakes, and analytical qualification
and test data.

s}

Although a seismic PRA would provide answers regarding the seismic capacities of
components, systems, and the plant, the large uncertainties in the seismic hazard
curves make decisions regarding seismic adequacy difficult. The large number of
systems and components to be considered in a PRA limit the attention paid to-the
more critical components and systems in the plant. The seismic margin review, on
the other hand, focuses on the few components and systems in the plant whose
failure would lead to severe core damage. The output of a seismic margin review
is an estimate of the plant seismic capacity, whereas the seismic PRA provides
estimates of seismic risks of core damage and adverse public health effects.
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1.2 Definition of Seismic Margin

The concept of a high confidence of low probability of failure (HCLPF) capacity
is used in the seismic margin reviews to quantify the seismic margin of a nuclear
power plant. This is a conservative capacity, and in simple terms it corresponds to
the earthquake level at which, with high confidence, it is extremely unlikely that
failure of the component, system, or plant will occur. The use of the term
component refers to mechanical and electrical equipment, piping, structural
elements, etc. When the component capacity is described in terms of probability
distributions, the HCLPF capacity is equal to approximately a 95 percent
confidence (subjective probability) of not exceeding approximately 5 percent
probability of failure. The concept of HCLPF capacities of components is used in
the seismic margin studies in (1) screening out certain components as having
capacities generically higher than the review earthquake level and (2) evaluating
the capacities of certain critical components in order to assess the seismic capacity
of the plant. ’

Estimating the HCLPF of a component requires estimating the response of the
component, conditional on the occurrence of the seismic margin earthquake, and
estimating the capacity of the component. Two candidate methods for calculating
the HCLPF capacities for components have been recommended: the Conservative
Deterministic Failure Margin (CDFM) method and the Fragility Analysis (FA)
method (Kennedy, 1984; Prassinos et al., 1986).

The fragility analysis method was used in the Maine Yankee seismic margin study
(Ravindra et al., 1987). This method requires evaluation of parameters such as the
median, g and BU using considerable judgment.

The CDFM method prescribes the parameter values and procedures to be used in
calculating the HCLPF capacities and requires less subjective judgment than the
FA method, although, some subjective decisions were made in formulating the
procedures used in the CDFM method.

1.3 Obijectives of the Present Study

Tléc original objectives of this study were to:

o perform a comparison of the HCLPF capacities obtained by using
the CDFM and FA methods to study a representative set of
o components;

o modify the details of the CDFM method as given in the EPRI
report based on the results of calculations, and

o compare the methods and provide additional guidance for use in
seismic margin reviews.
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1.4 Organization of this Study

A five-member HCLPF Calculation Study Group was assembled to perform this
study. Members of the Group were:

R.P. Kennedy (Chairman) RPK/Structural Mechanics Consulting

R.C. Murray Lawrence Livermore National Laboratory
M.K. Ravindra EQE Engineering Inc.

J.W. Reed Jack R. Benjamin and Associates, Inc.
J.D. Stevenson Stevenson & Associates

The Study Group laid out the approach followed in this study and performed the
capacity evaluation. EQE prepared the draft reports for review and modification
by the Study Group.

The Study Group met three times. In the first meeting, the ground rules for the
study were established, and a set of five components were selected; the members of
the Group agreed to independently calculate the median and HCLPF capacities of
these components using either the CDFM or FA method or both. In the second
meeting, the results of the first round of calculations were reviewed, and the
sources of differences in the capacities calculated by different investigators were
identified. Afterwards, each investigator was allowed to revise his calculations to
determine if closer agreement could be obtained. A draft report was prepared
summarizing the results of the two sets of calculations and the conclusions of the
Group. In the third meeting the draft report was reviewed by the Group, and the
final report was prepared. This report represents a consensus of all Study Group
members.
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CHAPTER 2
METHODS OF CALCULATING HCLPF CAPACITIES

2.1 Evolution of Methods

Kennedy (1984) and Prassinos, et al., (1986) have both recommended two possible
approaches for estimating the High-Confidence-Low-Probability-of-Failure
(HCLPF) seismic capacity of a component. These approaches are the Conservative
Deterministic Failure Margin (CDFM) and the Fragility Analysis (FA) methods.
This section gives a brief historical background on both approaches.

Traditionally, the seismic capacity of nuclear power plant components has been
very conservatively evaluated by using design evaluation procedures which have
gradually changed over the years (generally with increasing conservatism). Current
seismic criteria used in the seismic evaluation of more recent plants are contained
in the Standard Review Plan (NRC, 1981). At the same time, the perceived ground
motion levels to which these plants might be subjected by some future earthquake
have also been increasing over the years. Changed perception of ground motion
levels and changes in seismic design evaluation procedures have led to questions
concerning the seismic resisting capability of components, particularly in the older
nuclear power plants. The need for studying the seismic capability of the oldest
U.S. nuclear power plants because of these changes was first implemented in the
U.S. Nuclear Regulatory Commission (NRC) Systematic Evaluation Program (SEP).

At its inception, NRC senior management recognized that seismic evaluations in
the SEP should use evaluation criteria which were less conservative than the
seismic design criteria contained in the Standard Review Plan. In 1978 a Senior
Seismic Review Team (SSRT)' was retained to provide guidance and assist NRC
during seismic evaluation of older plants. A set of more rational but still quite
conservative seismic evaluation criteria came out of these reviews. These criteria
are documented in the plant-specific reviews of Oyster Creek (Murray, et al.,, 1981),
Ginna (Murray, et al, 1980), Dresden #2 (Newmark, et al, 1980), Millstone #1
(Nelson, et al., 1981a), and Palisades (Nelson, et al.,, 1981b) conducted by the SSRT
in 1979 and 1980.

In 1982, as part of the Seismic Safety Margins Research Program, Lawrence
Livermore National Laboratory published a Fragilities Development Report (Bohn,
et al, 1982) which included an expert opinion survey of fragilities including
HCLPF and median estimate for a large number of mechanical and electrical
components found in nuclear power plants. An expert opinion or Delphi procedure
coupled with plant walkdowns also have been used to evaluate seismic capabilities
of DOE facilities at Hanford and Savannah River sites (Becker and Stevenson,
1984).

1 Senior Seismic Review Team consisted of chairman: N.M. Newmark; members: W.J. Hall, R.P. Kennedy, R.C.
Murray, and J.D. Stevenson

2-1




In 1983, an extensive Seismic Margin Review was initiated on the Midland Nuclear
Power Plant. The SEP seismic evaluation criteria were expanded, slightly modified
in conjunction with discussions with the NRC, and documented by Wesley et al.
(1983).

During this same period (1978 through 1984), a number of plants were undergoing
Seismic Probabilistic Risk Assessments (SPRAs), which necessitated the
development of seismic fragility curves for components to define their failure
probability estimates. The methodology used in developing these seismic fragility
curves was first presented by Kennedy et al. (1980) and expanded upon and
updated by Kennedy and Ravindra (1984). This methodology was heavily based
upon earlier work of Ang and Newmark (1977) and Cornell and Newmark (1978).
The methodology presented in Kennedy et al. (1980) and Kennedy and Ravindra
(1984) has become known as the Fragility Analysis (FA) method, and it is called
such in Prassinos et al. (1986).

One aspect of the FA method is that it presents for each component a suite of
curves (corresponding to different confidence levels) of probabilities of failure
versus ground motion levels. This complexity is necessary for use in SPRASs, but it
leads to great difficulty in making decisions as to whether an adequate seismic
margin exits. Such decisions are easier when only a single conservative but
realistic capacity is reported for each component. In order to discuss the adequacy
of seismic margins with the NRC staff and the Advisory Committee on Reactor
Safeguards (ACRS), it was found useful to convert the information displayed in
the seismic fragility curves into a single seismic margin descriptor. The descriptor
chosen was the High-Confidence-Low-Probability-of-Failure (HCLPF) capacity,
which corresponds to about 95% confidence of less than about a 5% probability of
failure. Such a descriptor is conservative because there is very little chance of
failure below the HCLPF capacity; and yet it is realistic because it is an attempt to
describe failure. These HCLPF capacities derived from the FA method fragility
curves were first used to interpret the Limerick SPRA results in a Seismic Margin
context, and they were subsequently used for the same purpose with the Millstone 3
SPRA results as described in Ravindra et al. (1984). In both cases, these HCLPF
capacities were very useful in defining a conservative but adequately high seismic
margin capability for each plant,

Although HCLPF capacities obtained from fragility curves using the FA. method
proved to be a useful descriptor of seismic margin, several potential deficiencies
were identified in the method:

1. The method requires an excessive number of judgments and
calculations because a median capacity, a randomness variability
factor, and an uncertainty variability factor must each be
estimated before the HCLPF capacity can be calculated. When a
SPRA is already being performed on a plant, this condition is no
deficiency since median, randomness, and uncertainty estimates
are required for development of fragility curves to use in the
-SPRA. However, if one only needs the HCLPF capacity and does
not need the entire fragility curve, there should be a more direct
way to compute the HCLPF capacity.
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2. There are a very limited number of practitioners making seismic
fragility estimates. On the other hand, a large number of
qualified engineers have substantial experience in making and
reviewing deterministic seismic margin evaluations by using
criteria similar to that used in the SEP.

3. Because of the requirement for a significant use of judgment in
the estimation of median capacities, randomness, and uncertainty
factors, and because of the dependence of the HCLPF capacity on
all three, there was a lack of consistency in the estimated HCLPF
capacities for different plants or different components in the
same plant even when made by the same team of people. This
situation is illustrated by the variation in HCLPF capacities
reported for similar components in different nuclear plants in
Appendix B of Budnitz et al. (1985). Each of these estimates was
made by the same team of people following the methodology
given in Kennedy et al. (1980) and Kennedy and Ravindra (1984),
but the estimates were made at different times from 1978 through
1984, and they are often not consistent with each other.

4. At present time there is no consensus methodology available to
develop randomness and uncertainty factors in a consistent
manner.

Because of the considerations described above, Kennedy (1984) recommended that
the HCLPF capacity be directly computed by using deterministic approaches
similar to those used in the SEP and the Midland Seismic Margin Review (Wesley
et al., 1983). Realistic HCLPF capacities being calculated from fragility curves
using the FA method were somewhat more liberal (Kennedy, 1984) than seismic
margin capacities obtained when using the deterministic SEP and Midland Seismic
Margin Methodologies (Wesley et al, 1983). Therefore, Kennedy (1984)
recommended wusing a Conservative Deterministic Failure Margin (CDFM)
methodology to directly obtain HCLPF capacities. CDFM methodology was heavily
based upon the SEP and Midland Seismic Margin Methodologies, which Kennedy
(1984) called a Code Margin (CM) methodology. The CDFM method was to use the
same building and component response criteria as the CM method, which had been
laid out and accepted by the NRC for the Midland Seismic Margin Review.
However, in lieu of using code seismic capacities, the CDFM method more liberally
allowed the use of approximately 84% exceedance capacities based on actual test
data, where such data existed. Furthermore, the CDFM method more liberally
allowed the explicit incorporation of an inelastic energy absorption capacity
increase factor for ductile failure modes. Otherwise, it was identical to the
conventional CM method which had already had considerable use.

Only a philosophical and sketchy outline of the CDFM method is contained in
Kennedy (1984), and a considerable number of details were left open to judgment
and interpretation. Subsequently, in an Electric Power Research Institute (EPRI)
Seismic Margin Methodology Project (EPRI, 1987), the CDFM method was slightly
modified and the details of the approach were expanded. The slight modification
consisted of changing the recommendation for structure and equipment damping to
be used in response evaluations. Kennedy (1984) recommended such damping be at
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the 84% exceedance probability; EPRI (1987) recommends that a conservative
estimate of the median damping be used. However, the specific example damping
values contained in the two references are essentially identical to each other, and
this change is therefore primarily a clarification to avoid the introduction of
potentially excessive conservative damping values. Even though EPRI (1987)
expands on the details of the CDFM method, the method is still not prescriptive in
many details and is open to considerable interpretation and judgment, which leads
to differences in HCLPF values calculated by different analysts.

Although the CDFM method in its current form (EPRI, 1987) requires fewer
computations, is more prescriptive, and requires less subjective judgment than does
the FA method in its current form (Kennedy, 1980; Kennedy and Ravindra, 1984;
Prassinos et al., 1986), there is debate concerning the degree of reduction in
computational effort and the requirement for individual judgments that has
resulted. There is also debate about how prescriptive the CDFM and FA methods
should become in the future. Undoubtedly, both methods will continue to evolve,
and there will be pressure to make them more prescriptive in order to reduce the
variability of HCLPF capacity estimates.

2.2 Description of CDFM Method

In the CDFM method, a set of deterministic guidelines (e.g., ground response
spectra, damping, material strength, and ductility) have been recommended. The
HCLPF capacity of the component is determined using these guidelines. The
procedure is similar to that used in the Systematic Evaluation Program, although
the choice of some of the parameter values (e.g., damping) may be more liberal in
the CDFM method. The method is appealing because it is very similar to the
design procedures followed in the industry, except that some of the parameter
values have been liberalized.

The details of the CDFM method are given in Chapter 2 of the EPRI Seismic
Margin Report (EPRI, 1987). The basic approach is to judiciously select the
parameter values of different variables (e.g.,, strength, damping, ductility, load
combination, and response analysis methods), taking into account the margins and
uncertainties. The object is to obtain a conservative yet somewhat realistic
assessment of the capacity. Table 2-1, reproduced from Kennedy (1984), gives the
highlights of the CDFM method. '

2.3 Description of Fragility Analysis Method

In many seismic PRAs, the fragility of a component has been represented by a
double lognormal model using three parameters: (1) median ground acceleration
capacity A, logarithmic standard deviations ﬁR and BU representing,
respectively, (2) randomness in the capacity and (3) uncertainty in the median
value. Using the double lognormal model, the fragility curves as shown in Figure
2-1 are developed. The median capacity, g and ﬁU, are estimated using design-
analysis information, test data, ecarthquake experience data, and engineering
judgment (Kennedy et al, 1980; Kennedy and Ravindra, 1984). The median
capacity can be estimated as a product of an overall median safety factor times the
SSE peak ground acceleration for the plant. The overall safety factor is a product




of a number of factors representing the conservatisms at different stages of
analysis and design. When the linear scaling of response is not appropriate (e.g.,
soil sites), the median capacity is evaluated directly using median structural and
equipment response parameters, median material properties and ductility factors,
median static capacity predictions, and realistic structural modeling and method of
analysis.

The HCLPF capacity is calculated using this fragility model as:
HCLPF capacity = A exp [ -1.65 (Bg +3U )]

Further details on the development of A_, fBp, and ﬁU values for a given
component may be obtained from the cited references.




Table 2-1

SUMMARY OF CONSERVATIVE DETERMINISTIC FAILURE MARGIN

Load Combination:

Ground Response Spectrum:

Damping:
Structural Model:
Soil-Structure-Interaction:

Material Strength:

Static Capacity Equations:

Inelastic Energy Absorption:

(ductility)

In-structure (Floor) Spectra
Generation:

APPROACH

Normal + Seismic Margin Earthquake

Conservatively specified (preferably 84% Non-
Exceedance Probability Site-Specific Spectrum,
if available)

Conservative estimate of median damping

Best Estimate (Median) + Uncertainty Variation
in frequency

Best Estimate (Median) + Parameter Variation

Code Specified minimum strength or 95%
exceedance actual strength if test data are
available.

Code ultimate strength (ACI), maximum strength
(AISC), Service Leve! D (ASME), or functional
limits. If test data are available to demonstrate
excessive conservatism of code eguations, then
use 84% exceedance of test data for capacity
equation,

For non-brittle failure modes and linear
analysis, use 80% of computed seismic stress in
capacity evaluation to account for ductility
benefits, or perform nonlinear analysis and go
to 95% exceedance ductility levels.

Use frequency shifting rather than peak

broadening to account for uncertainty plus use
median damping.
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CHAPTER 3
HCLPF CAPACITY CALCULATIONS PERFORMED BY THE STUDY GROUP

The calculations performed by the Study Group are discussed in this chapter. The
basis for selection of components, description of components, and ground rules
agreed upon by the Group for calculating the capacities are described. The results
of the first round of calculations and the underlying reasons for differences in the
capacities calculated by the investigators are discussed. The results of the second
round of calculations are presented along with an analysis of the differences in the
HCLPF capacities and median capacities as reported by the Study Group members.

.l mponen lected for

The objectives of the study were to compare the HCLPF capacity calculations
performed by different analysts using either the CDFM method or the FA method.
The comparison was performed by selecting a set of representative components.
Also, the purpose of the comparison study was to modify the HCLPF capacity
determination procedures if needed.

Components for which HCLPF capacity estimates are likely to be made in future
seismic margin reviews include:

Block walls

Heat exchangers

Tanks

Active electrical equipment
HVAC fans and cooler units

© 0 0O0COC

Based on a review of these components, the Study Group selected the following
components for performing seismic capacity calculations.

1. Flat-Bottom Vertical Water Storage Tank at grade. The failure
mode to be considered is the combined bolt yiclding and shell
buckling. Water hold down force and the fluid stabilization
effect should be taken into account.

2.  Auxiliary Contactor Chatter for Motor Starter in an older Motor
Control Center (MCC). This cxample will focus on equipment
qualified using Generic Equipment Ruggedness Spectrum (GERS).
The failure mode to be investigated is the auxiliary contactor
chatter. No qualification test data exists since the component is
assumed to be in an older plant. The cabinet is well anchored
and calculations were performed for cabinets mounted at grade
and high up in the building. It is assumed to have an estimated
frequency of 6.5 Hz. It was agreed that the seismic HCLPF
capacity would be based upon the "Function-during GERS."




3. Diesel Generator Room Starting Air Tank mounted high in the
structure. This is an example of 8 vertical skirt-mounted pressure
vessel on a concrete floor high up in the building. The failure
mode to be investigated is the anchorage or support failure and
not skirt buckling.

4. Component Cooling Heat Exchanger mounted high in the
structure. This is an example of a component governed by ASME
rules. It is a horizontal heat exchanger fixed on one saddle
support and free longitudinally at the other support. It is
assumed to be bolted to a rigid support frame. The area of
concern is the saddle and anchorage.

5. Cantilevered Reinforced Block Wall mounted high in the
structure. This example is selected to avoid the case of a wall
where arching action may be present. If arching action is
present, the wall would have higher capacity; therefore a
cantilevered wall with reinforcing steel is chosen.

Three tanks or vessels (air receiver tank, heat exchanger, and flat-bottom vertical
tank), one structural component (reinforced block wall) and one electrical
component (auxiliary contactor in motor starter) are included in this set. The
analysis includes two different locations in the building (at grade and at a floor
high in the building). This set covers typical features of components that may
require seismic margin evaluation.

Figures 3-1 through 3-4 schematically illustrate the important seismic capacity
aspects of the storage tank, starting air receiver tank supports, heat exchanger
supports, and block wall, respectively. Figure 3-5 shows the "Function-during”
GERS as reproduced from the ANCO Report (1987).

The question of the adequacy of this set for comparing the CDFM and FA methods
was discussed. The Study Group judged that substantial understanding of the
applicability of the methods could be obtained by focusing on this limited set of
components. Another important feature being investigated is how different
investigators would apply the CDFM and FA methods to identical components and
how much variation could be expected between the capacity predictions by
different investigators.

2 Ground Rules f i Iculati

The following ground rules were established for performing the seismic capacity
calculations:

o Each consultant agreed to perform seismic capacity calculations
on the 5 components listed above using methods he would use in
production type Seismic Margin Review computations.

o Each consultant agreed to use the same structural properties for
cach component. These are illustrated in Figures 3-1 through 3-4.




o Both median and HCLPF capacities of the components were
evaluated. In the fragility analysis, the median capacity, and BR
and fy; were estimated.

o In the first round of calculations, Kennedy and Ravindra agreed
to use both CDFM and FA methods. Reed agreed to calculate the
capacity using the FA method. Stevenson calculated the HCLPF
capacity using the EPRI (1987) method with a probabilistic
procedure used to determine median values (Stevenson 1985).
Thus comparisons exist between different investigators using the
same method and between the same investigators using the CDFM
and FA methods.

o As a separate study, Reed took the results from the FA approach
and determined the CDFM input necessary to derive the same
HCLPF capacity; the purpose was to investigate the distribution
of conservatisms in different parts of the CDFM method. The
results of this study are included in Reed’s calculations in the

Appendix.

3.3 Ground Motion Aspects

For all HCLPF capacity computations, it was agreed to assume that the ground
motion for the largest horizontal component was given by a uniform hazard
spectrum defined at the 84% non-exceedance probability (NEP) at all frequencies.
Furthermore, this uniform hazard spectrum shape was to be defined by the
NUREG/CR-0098 (Newmark and Hall, 1978) median spectrum shape for rock sites
(Figure 3-6). The 84% vertical response spectrum was then defined to be equal to
2/3 of the 84% NEP largest horizontal response spectrum.

The result of using the 84% NEP largest horizontal component response spectrum to
determine the HCLPF capacity is that this capacity iIs conditional on this response
spectrum not being exceeded at more than 16% of the frequencies in the frequency
range and directions that dominate the component capacity.

The above ground motion information is sufficient to enable HCLPF capacity
computations to be made using the CDFM method. However, the Fragility Analysis
method requires additional description of the random variability of the ground
motion response spectrum. Variability associated with peaks and valleys of actual
response spectrum and directional response variability should be included. Each
consultant using the Fragility Analysis method was expected to make his own
estimate of these sources of response spectrum variability.

4 Floor rum A

It was agreed that the floor spectra shown in Figures 3-7 and 3-8 would be used to
represent floor spectra obtained high in a structure from a median centered
building response model subjected to median NUREG/CR-0098 response spectra
(Figure 3-6) anchored to a horizontal peak ground acceleration (PGA) of 0.18 g
(this was assumed to be the 84% NEP ground response spectrum as in Section 3.3).



Figures 3-7 and 3-8 represent horizontal and vertical floor response spectrum
respectively. Since these floor spectra are assumed to represent unbroadened
median response to an 84% NEP ground motion input, they may be used directly
without scaling in the CDFM method or the Fragility Analysis method for a review
earthquake of 0.18 g PGA. Linear scaling is used for other earthquake levels.

Di ion of Failur

In the evaluation of seismic margin or seismic fragilities, it is important to define
what is meant by failure of the component. In the following, the failure modes as
identified by the Study Group members are discussed for the components analyzed.

Flat Bottom Tank. Failure of the vertical storage tank is defined to be gross loss
of fluid contents. Horizontal seismic load initiates uplift of the tank shell from its
foundation. This uplift is resisted by the anchor bolts, the tank bottom plate, and
the tank weight. The anchor bolts are permitted to yield, so long as their behavior
is ductile, since yielding does not directly result in loss of fluid contents. Shell
compressive stresses progressively increase until buckling occurs.

Motor Control Centers. A functional failure mode associated with the motor
control centers was assumed to be governed by chatter of auxiliary contactors for
purposes of this study. This may result in spurious signals and may adversely
affect any equipment controlled by auxiliary contactors.

rting Air Receiver Tank. The starting air receiver tank is a vertical, skirt-
supported cylindrical tank which is anchored to the building floor by threec angles
welded to the tank skirt and bolted to the floor. The leg of the angle was found to
be much weaker in bending than the anchor bolts. The angle leg is very ductile in
bending, and the failure mode is tearing the mounting angles. When this occurs,
the air tank is assumed to fail through failure of attached piping.

Horizontal Heat Exchanger. The failure mode governing the median capacity of
the horizontal heat exchanger was combined tension and shear induced failure of
the anchor bolts. Tension results from overturning of the heat exchanger in the
lateral direction, while shear results from inertial loads in both horizontal
directions. When this anchorage failure occurs, the heat exchanger is assumed to
fail through failure of the nozzles and attached piping.

Block Wall. The block wall is represented as a vertical cantilever fixed at its base.
Failure is collapse or excessive lateral distortion of the wall.

3.6 Results of First Round of Calculations

The four investigators independently estimated the HCLPF and median seismic
capacitics of the components described in Section 3.1. The results of the
calculations are summarized in Table 3-1, and the complete set of calculations are
included in the Appendix. Kennedy and Stevenson initially performed the
calculations using deterministic methods; Ravindra and Reed initially performed
the calculations using the Fragility Analysis method. Kennedy also calculated the
HCLPF capacities of components using the Fragility Analysis method; Ravindra




also independently calculated the HCLPF capacities using the deterministic
method. Kennedy, Ravindra and Stevenson performed the deterministic HCLPF
calculations using their individual interpretations of the CDFM method as
described in the EPRI Seismic Margin Methodology report (EPRI, 1987).
Therefore, their results are directly comparable for the EPRI CDFM method.
Kennedy, Reed and Ravindra each performed fragility analysis computations using
their independent interpretations of the parameters involved, but they used a
common methodology so that all HCLPF capacities computed by the FA method are
comparable.

Failure modes for different components identified by the investigators are also
included in Table 3-1. In general, the same failure mode was identified for each
component type; however, there were differences in the estimation of the seismic
capacity of the component for the identified failure mode.

3.6.1 Comparison of CDFM and FA HCLPF Capacities

Since Kennedy and Ravindra performed both CDFM and FA calculations following
identical approaches (aithough making different judgments in their application),
Table 3-2 compares the range of their two sets of results by both methods. This
comparison was judged to be the most appropriate for HCLPF capacities by the
CDFM and FA methods.

In all of the example cases, the CDFM method produced less difference in the
HCLPF capacity estimates between Kennedy and Ravindra than did the FA
estimate. This is to be expected since the parameters of the CDFM method are
more specified than the parameters used in the FA method. The ratio of
High/Low estimates by the CDFM method ranged from 1.00 to 1.29 with a median
value of 1.11. For the FA method, this ratio ranged from 1.11 to 1.57 with a
median of 1.30.

In all of Kennedy’s computations the FA method produced a higher HCLPF
capacity than did the CDFM method. In all of Ravindra’s computations the FA
method produced a lower or equal HCLPF capacity than did the CDFM method.
Therefore, there is no conclusion as to whether the current CDFM method is more
or less conservative than the FA method for estimating the HCLPF capacities.

3.6.2 Comparison of HCLPF and Median Capacities

The range of HCLPF capacities from the four investigators was larger than
expected. The ratio of high to low HCLPF capacity estimates ranged from 1.23 to
1.82, with a median of 1.48 (Table 3-3). The differences in estimated HCLPF
capacitics between the four investigators was much larger than the differences in
results between the CDFM and FA methods, and this was due primarily to
differences in the subjective judgment and personal experience of the investigators.
The differences were due to the relative degree of conservatism introduced into
cach investigator’s computations.

Each investigator also independently estimated the median capacities. The high to
low ratio of median capacity estimates ranged from 1.23 to 2.13, with a median of
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1.47. Thus, there was no closer agreement in the estimates of the HCLPF capacities
than there was in the estimates of the medians. This conclusion was surprising and
contradictory to the judgment of the NRC Expert Panel on Seismic Margins, which
believed that greater agrecement would exist in the computations of HCLPF
capacities than for median capacities.

There was also essentially as large a difference in the estimates of the ratio of
median/HCLPF capacity. For the two components mounted at grade, the median
of this ratio was 2.39, but the range for the four investigators was 1.96 to 4.05. For
the four components high in the structure, the median ratio was 3.07 but ranged
for the four investigators from 2.23 to 5.14. The ratio of the High/Low prediction
of the ratio of median/HCLPF capacity for all components ranged from 1.25 to
1.80, with a median of 1.65. Therefore, even if the four investigators had agreed
on estimates of ecither the median or HCLPF capacities, they would have had
equally substantial differences in converting medians to HCLPF capacities, or vice
versa.

3.6.3 Overall Conclusions from the First Round Calculations

The results of the first round calculations indicate that differences in the HCLPF
capacity calculations using the CDFM method and the FA method are indeed small
relative to the differences in capacity calculated by four independent investigators.
The four investigators differ from cach other by a median ratio of about 1.5 to 1.7
for estimates of the HCLPF capacity, the median capacity, and the ratio of
median/HCLPF capacity. Thus, all three quantities are nearly equally uncertain.
Hence, it was concluded that further comparisons of the HCLPF capacity
calculations by the CDFM method versus the FA method is not beneficial. Further
study should be directed at achieving greater agreement between investigators as
opposed to refining differences between the CDFM and FA mecthods. The major
differences are in the selection of models and parameter values.

7_Results of nd Round of Calculation

Based on a review of the first round calculations and subsequent discussions by the
Study Group, the investigators were allowed to revise their calculations and state
the HCLPF and median capacity for each component. The results of this round of
calculations are summarized in Table 3-4. Further dectails are included in the
Appendix. A review of the two scts of calculations (Tables 3-1 and 3-4) has
indicated that the investigators converged in those cases where the differences
were not initially large (flat bottom storage tank, starting air tank, and heat
exchanger). In those cases where the differences were initially large, the second
round calculations did not bring the capacities closer; in fact they moved farther
apart in some cases (cabinet high up, and blockwall).

The four investigators differ from each other by a median of the high/low ratios
of 1.39 to 1.55 for estimates of the HCLPF capacity, the median capacity, and the
ratio of median/HCLPF capacity, (See Table 3-5). As before, these differences are
mainly due to the differences in models, parameters, and assumptions used by the
investigators.
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Table 3-1

Comperison of NCLPF Computations For

Representative Components (First Round Calculations)

HCLPF Capecity (q) Median
Component Capacity Failure Mode Comments/Remarks/Assumpt ions
COFM FA (9)
Flat Bottom Storage Tank
(At Grade)
RPK 0.29 .3 0.67 Combination of shell buckling
MKR/PSK 0.29 0.26 0.54 and anchor bolt yields
JWR ceen 0.27 0.53
JDS 0.32 mee- 1.13 Yield of anchor bolts
Auxiliary Contactor Chatter
(Function during GERS tock-in
circuit potential)
a) Cabinet at Grade
RPK 0.54 0.59 1.26 Contactor Chatter
MKR/RDC 0.47 0.39 1.58 Contactor Chatter (used 0.87 knock-down factor)
JWR -en- 0.48 1.20 Contactor Chatter
JDS 0.7 -,e- 1.88 Contactor Chatter
b) Cabinet High-up
RPK 0.10 0.1 0.30 Contactor Chatter
MXR/RDC 0.09 0.07 0.36 Contactor Chatter (used 0.87 knock-down factor)
JWR weee 0.1 0.43 Contactor Chatter
JDS 0.12 ..e- 0.43 Contactor Chatter

RPK Did catculations by COFM first, then FA,
MKR/RDC/PSH Did calculations by FA first, then CDFM,
JWR Tabutated values are from HCLPFs calculations using input spectra as 84X NEP maximum horizontal direction.
JbS Did Calculations by COFM.
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Table 3-1 (Continued)

Comparison of HCLPF Computations For

Representative Components (First Round Calculations)

HCLPF Capacity (g) Median
Component Capacity Failure Mode Comments/Remarks/Assumptions
COFM FA (9)
Starting Air Tank
(High-up)
RPK 0.48 0.50 1.07 Plastic Bending of Mounting Angles
MKR/RDC 0.53 0.44 1.55 Plastic Bending of Mounting Angles
JWR .ee- 0.43 1.40 Plastic Bending of Mounting Angles
JDS 0.39 “e-- 1.04 Plastic Bending of Mounting Angles
Heat Exchanger (Nigh-
up, Bolted to Rigid
Support Frame)
RPK 0.40 0.42 1.18 Anchor Bolt Shear Faiture;
failure through the threads
MKR/RDC 0.44 0.38 1.08 Anchor Bolt Shear & Tension Failure
JWR .-e- 0.39 1.00 Anchor Bolt Shear Failure
failure through the threads
JbS 0.30 ---- 0.96 Anchor Bolt Shear Failure
Block Wall (High-up)
RPK 0.62 0.67 1.94 Out-of-Plane Bending
MKR/PSH 0.48 0.48 1.55 Out-of-Plane Bending
JWR ---- 0.38 1.4 Out-of-Plane Bending
Jos 0.51 ---- 1.34 Out-of-Plane Bending

RPK
MKR/RDC/PSH
JWR
J0S

Did calculations by CDFM first, then FA.
Did calculations by FA first, then CDFM.

Tebulated values are from HCLPF capacity calculations using input spectra as B4X NEP maximum horizontal direction.
Did Calculations by CDFM.




Table 3-2

Comparison of EPRI CDFM and FA HCLPF
(Kennedy and Ravindra Comparable Computations)

HCLPF Range (g) High/Low Ratio

CDFM FA CDFM FA

Flat Bottom Tank 0.29 0.26 - 0.31 1.00 1.19
Cabinet at Grade 0.47 - 0.54 0.39 - 0.59 1.15 1.51
Cabinet on Floor 0.09 - 0.10 0.07 - 0.11 1.11 1.57
Air Tank 0.48 - 0.53 0.44 - 0.50 1.10 1.14
Heat Exchanger 0.40 - 0.44 0.38 - 042 1.10 111
Block Walls 0.48 - 0.62 0.48 - 0.67 1.29 1,40
Mean 1.13 1.32

Median 1.11 1.30
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Comparison of HCLPF and Median Capacities

Table 3-3

First Round Calculations

Range (g) High/Low Ratio Median/HCLPF Ratio
Component HCLPF Median HCLPF  Median Median Range High/Low Ratio

Flat Bottom Tank 0.26-0.32 0.53-1.13 1.23 2.13 2.20 1.96-3.53 1.80
Cabinet at Grade 0.39-0.71 1.20-1.88 1.82 1.57 2.58 2.33-4.05 1.74
Cabinet on Floor 0.07-0.12 0.30-0.43 1.71 1.43 3.75 3.00-5.14 1.7
Air Tank 0.39-0.48 1.04-1.55 1.23 1.49 2.96 2.23-3.52 1.58
Heat Exchanger 0.30-0.40 0.96-1.18 1.33 1.23 2.90 2.56-3.20 1.25
Block Walls 0.38-0.62 1.34-1.94 1.63 1.45 3.18 2.63-3.71 1.41

Mean 1.49 1.55 1.58

Median 1.48 1.47 1.65
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Table 3-4

Comparison of HCLPF Capacity Computations For

Representative Components (Second Round Calculations)

HCLPF Median
Component Capacity Capacity Failure Mode Comments/Remarks/Assumptions
(9) (9)
Flat Bottom Storage Tank
(At Grade)
RPK 0.29 0.67 Combination of shell buckling
MKR/PSH 0.29 0.54 and anchor bolt yields
JWR 0.28 0.55
JoS 0.32 0.83 Yield of anchor bolts
Auxiliary Contractor Chatter
(Function during GERS lock-in
circuit potential)
a) Cabinet at Grade
RPK 0.54 1.26 Contactor Chatter
MKR/RDC 0.47 1.58 Contector Chatter (used 0.87 knock-down factor)
JWR 0.48 1.20 Contactor Chatter
DS 0.7 1.88 Contactor Chatter
b) Cabinet High-up
RPK 0.10 0.30 Contactor Chatter
MKR/RDC 0.09 0.36 Contactor Chatter (used 0.87 knock-down factor)
JWR o.n 0.43 Contactor Chatter
JDs 0.15 1.88* Contactor Chatter

¢ See calculations (Appendix) for further explenation.
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Table 3-4 (Continued)

Comparison of HCLPF Capacity Computations For

Representative Components (Second Round Calculations)

HCLPF Median
Component Capacity Capacity Failure Mode Comments/Remarks/Assumptions
(9 (9)
Starting Air Tank
(High-up)
RPK 0.48 1.07 Plastic Bending of Mounting Angles
MKR/RDC 0.53 1.55 Plastic Bending of Mounting Angles
JWR 0.43 1.40 Plastic Bending of Mounting Angles
JoS 0.42 1.10 Plastic Bending of Mounting Angles
Heat Exchanger (High-up,
Bolted to Rigid
Support Frame)
RPK 0.40 1.18 Anchor Bolt Shear Failure;
failure through the threads
MKR/RDC 0.44 1.08 Anchor Bolt Shear & Tension Failure
JWR 0.39 1.00 Anchor Bolt Shear Failure;
failure through the threads
JOS 0.44 1.15 Anchor Bolt Sheer Failure
8lock Wall (High-up)
RPK 0.62 1.94 Out-of-Plane Bending
MXR/PSH 0.63 2.10 Out-of-Plane Bending
JWR 0.52 1.96 Out-of-Plane Bending
JDs 0.32 1.30 OQut-of-Plane Bending
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Comparison of HCLPF and Median Capacities

Table 3-5

Second Round Calculations

Range (g) High/Low Ratio Median/HCLPF Ratio
Component HCLPF Median HCLPF Median Median Range High/Low Ratio

Flat Bottom Tank 0.28-0.32 0.54-0.83 1.14 1.54 2.13 1.86-2.59 1.39
Cabinet at Grade 0.47-0.7 1.20-1.88 1.51 1.57 2.58 2.33-3.36 1.44
Cabinet on Floor 0.09-0.15  0.30-1.88 1.67 6.27 3.96 3.00-12.53 4.18
Air Tank 0.42-0.53  1.07-1.55 1.26 1.45 2.77 2.23-3.26 1.46
Heat Exchanger 0.39-0.44 1.00-1.18 1.13 1.18 2.59 2.45-2.95 1.20
Block Walls 0.32-0.63 1.30-2.10 1.97 1.62 3.55 3.13-4.06 1.30

Mean 1.45 2.27 1.83

Median 1.39 1.55 1.42
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Figure 3-1:  Flat Bottom Vertical Water Storage Tank,
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CHAPTER 4
SUMMARY AND CONCLUSIONS

4.1 Summar

This study evaluated the CDFM and FA methods for calculating the HCLPF
capacities of components. This was accomplished by performing the HCLPF
capacity calculations on a representative set of components using the two methods
by four investigators. The components selected were: flat-bottom vertical storage
tank, auxiliary contactor for motor starter in an older MCC, starting air tank,
component cooling heat exchanger, and cantilevered reinforced block wall. Two
different locations in the building (at grade and at a floor high in the building)
were studied for the MCC. The details of the components, ground response, and
floor response spectra were provided.

In the first round of calculations, Kennedy and Ravindra used both the CDFM and
FA methods to obtain the HCLPF capacities. They used the EPRI CDFM method
(as discussed in Section 2.2). Reed calculated the capacity using the FA method.
Stevenson calculated the HCLPF capacity using a modified SEP deterministic
method.

Since Kennedy and Ravindra performed both CDFM and FA calculations following
identical approaches, the comparison of their capacity estimates was deemed most
appropriate. The ratio of high/low estimates of HCLPF capacities by the CDFM
method ranged from 1.00 to 1.29, with a median value of 1.11. For the FA method,
this ratio ranged from 1.11 to 1.57, with a median of 1.30.

The range of HCLPF capacities from the four investigators was larger than
expected. The ratio of high to low HCLPF capacity estimates ranged from 1.23 to
1.82, with a median of 1.48. The differences in estimated HCLPF capacities
between the four investigators was much larger than the differences in results
between the CDFM method and FA method. This was primarily due to differences
in the models, parameter values, and assumptions used by the investigators.

The differences in median capacity estimates ranged from 1.23 to 2.13, with a
median of 1.47. Thus, there was only slightly closer agreement in the estimates of
the HCLPF capacities than there was in the estimates of the medians.

Based on a review of the first round calculations and subsequent discussions by the
Study Group, the investigators were allowed to revise their calculations and
resubmit the HCLPF and median capacity for each component. The four
investigators differed from each other by a median ratio of 1.39 to 1.55 in their
final estimates of the HCLPF capacity, the median capacity, and the ratio of
median/HCLPF capacity.

As before, these differences are mainly due to the differences in models,
parameters, and assumptions used by the investigators. Their estimates converged
in those cases where the differences were not initially large; they did not converge
(and in some cases diverged further) in those cases where the differences were
initially large.
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4.2 ncl

1.

ions from this Stud

The differences in estimated HCLPF capacities between the four
investigators (median high-to-low ratio equals 1.48) are much
larger than the differences in results between the CDFM
methodology and the FA method.

These differences are primarily due to differences in the
assumptions and judgments of the four investigators.

The differences between the investigators estimating the HCLPF
capacities are similar in size to the differences in estimating the
median capacities. This is contradictory to the judgment of the
NRC Expert Panel on Seismic Margins. The Panel had stated that
the median capacity of a component is difficult to calculate and
could vary widely between the analysts. The HCLPF capacity
was thought to be a more robust quantity which most engineers
would agree upon. This has not been borne out by the
calculations done by the Study Group. The four investigators
differ from each other by a median of the ratio of high-to-low
values of about 1.5 to 1.7 for estimates of the HCLPF capacity,
the median capacity, and the ratio of median/HCLPF capacities.

The differences between the investigators’ estimates of the
median/HCLPF capacity ratios (median high-to-low ratio equals
1.5) are of the same size as estimates of either HCLPF capacities
or median capacities individually. This indicates that differences
in estimates of BR and BU are also relatively large.

Any future effort in reducing the differences in calculated
HCLPF capacities should be spent in reducing the differences
between the assumptions and judgment of different investigators
rather than in trying to reconcile the much smaller differences
between the CDFM and FA methods.

Although there was as much dispersion in the computed HCLPF
capacities \as there was in the computed median capacities, there
was unanimous agreement that for each of the components all
four investigators’ HCLPF capacities represented a conservative
estimate of the component capacity. Differences were over the
degree of conservatism represented and not over whether
conservatism existed or not. Thus, for each component, the
highest HCLPF is still a conservative capacity estimate.
Obviously, the same unanimity cannot exist at the median
capacity since each separate estimate cannot represent the 50%
failure probability, although all median estimates are within each
investigator’s 90% confidence band on the median. Thus,
unanimity exists that all median estimates are credible medians
for each component, and investigator differences simply reflect
uncertainty about the median. In the face of uncertainties in
both the median and HCLPF capacities, this Study Group
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10.

1.

recommends that future seismic margin studies continue to
concentrate on estimating the HCLPF capacities since all
computed HCLPF estimate were judged to be conservative
capacity estimates. In this context, the HCLPF capacity estimate
is generally considered to be a more useful capacity estimate for
seismic margin reviews than is the median capacity, even though
there appears to be as much dispersion in HCLPF capacity
estimates as there is in median estimates.

The HCLPF Study Group does not recommend any revision to the
Expert Panel recommendation that either of the two methods
(CDFM or FA) could be used in a scismic margin review for
calculating the HCLPF capacities.

This study has further confirmed that the estimated median
capacity is at least twice the HCLPF capacity of a component.
Hence there is no "proverbial clif f" in the seismic capacity in that
seismic failure is not imminent if the ground acceleration exceeds
the HCLPF capacity of the component.

The Study Group beliecves that the classes of components
examined herein are representative and are adequate for the
purposes of this comparison study. The differences identified in
this study are likely to be larger if (a) a larger group of
competent engincers were to make the capacity estimates; (b)
investigators are required to make building response calculations
independently; (¢) the definition of what constitutes failure and
(d) what constitutes the limiting failure mode are independently
assessed or determined by the investigators.

The large differences in the HCLPF capacities estimated by the
investigators in this study stem from the differences in failure
modes assumed, capacity equations associated with any potential
failure mode, different assumed as-built material properties,
different estimates of inelastic energy absorption, different
damping, and different frequency estimates. Even when the same
models are adopted, such differences between the analysts are
expected to persist because of variations in parameters. Hence a
need exists for peer review of seismic margin studies. The Study
Group endorses the recommendations of the Expert Panel on
Seismic Margins that a peer review be an integral part of the
seismic margin study.

It is suggested that pretest predictions of failure modes and levels
should be made by independent investigators prior to conducting
fragility tests. These predictions should be published prior to the
tests. The purpose of this recommendation is to improve the
capability of engineers to predict component capacity and to
decrease the differences between investigators in predicting
component capacities.
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HIGH-CONFIDENCE-LOW-PROBABILITY-OF-FAILURE
COMPUTATIONS FOR SELECTED COMPONENTS

By

R. P. Kennedy
December 1987

1. Introductory Remarks

Both a Conservative-Deterministic-Failure-Margin (CDFM) and a Fragility
Method have been suggested in Ref. (1) and (2) for estimating the High-
Confidence-Low-Probability-of-Failure (HCLPF) capacity of components subjected
to seismic input. The CDFM method is expanded upon in Ref. (;) and is favored
by this writer because it directly leads to a HCLPF capacity estimate using
straightforward deterministic computations. The alternate Fragility Method
first requires an estimate of the median (50% probability of failure) capacity
estimate for the component, and this is often difficult to make. Next one
must estimate both the uncertainty in the median estimate and the random
variability about this estimate. This uncertainty and random variability are
often defined in terms of the logarithmic standard deviations, By and Bp,
respectively. Then the HCLPF capacity is arbitrarily estimated from:

HCLPF = Ke~1-65(Br + By) (1)

where A is the median capacity estimate. Thus, by the Fragility Method, the
HCLPF capacity is highly dependent upon the judgmental and often highly

uncertain estimates of Br and By.




The attached set of calculations compares the HCLPF Seismic Margin
Earthquake (SME) capacity of 5 components estimated by the writer using both
the CDFM method defined in Ref. (;) and the Fragility Method. Consistent
assumptions were made in both methods. The 5 components selected were:

1. Flat-Bottom Vertical Water Storage Tank at grade.

2. Auxiliary Contactor Chatter for Motor Starter in an older Motor-
Control-Center (MCC) which has a fundamental frequency of about
6.5 Hz. This estimate is made for both the cabinet high in the
structure and on the base slab at grade.

3. Diesel Generator Room Starting Air Tank Supports mounted high in the
structure.

4, Component Cooling Heat Exchanger Supports mounted high in the
structure.

5. Cantilever Reinforced Block Wall mounted high in the structure.

Figures 1 through 4 schematically illustrate the important seismic
capacity aspects of the Storage Tank, Starting Air Tank Supports, Heat
Exchanger Supports, and Block Wall, respectively. The attached calculations
were made as part of a project for four independent consultants to perform
HCLPF SME capacity computations on the same 5 components using the simplified
methods each would suggest to be used for production type Seismic Margin
Review computations. Each consultant agreed to use the same structural
properties for each component; these are illustrated in Figures 1 through 4.
For the MCC Auxiliary Contactor Chatter cases, it was agreed to assume that no
component-specific seismic qualification test data was available, that the
6.5 Hz frequency estimate was approximate, and that the seismic capacity would
be based upon the "Function-during GERS (Generic Equipment Ruggedness
Spectrum)" presented in Figure 5 as reproduced from Ref. (4).

2. Ground Motion Aspects

For all HCLPF SME capacity computations, it was agreed to assume that the
ground motion for the largest horizontal component is given by a uniform
hazard spectrum defined at the 84% non-exceedance probability (NEP) at all
frequencies. Furthermore, this uniform hazard spectrum shape was to be
defined by the NUREG/CR-0098 (Ref. 5) Median spectrum shape for Rock sites.




The 84% NEP vertical response spectrum was then defined to be equal to 2/3 of
the 84% NEP largest horizontal response spectrum.

The above ground motion information is sufficient to enable HCLPF SME
capacity computations to be made using the Ref. (3) described CDFM method.
However, the Fragility Method requires a further description of the random
variability of the ground motion response spectrum. Variability associated
with peaks and valleys of actual response spectrum and directional response
variability should be included. Each consultant using the Fragility Method
was expected to make his own estimate of these sources of response spectrum
variability. The lognormal parameters used to define random response spectrum
variability for this writer's HCLPF computations using the Fragility Method
are given in Table 1. The first four parameter values are the basic assumed
parameter values. The remaining parameter values have been derived from these

four basic parameter values.

The fact that the Fragility Method requires the incorporation of ground
motion response spectrum random variability parameters is one of its
weaknesses, since it requires the component capacity evaluator to make an
assumption on ground motion variability. However, so long as the SME ground
motion is defined at the 84% NEP largest horizontal component levels, this is
not a major weakness. The resultant HCLPF SME capacity will be rather
insensitive to the assumed parameter variabilities. However, if the SME
ground motion is defined at the 50% NEP for the average horizontal component,
the resultant HCLPF SME capacity is very sensitive to the assumed response
spectrum parameter variabilities. For this reason, this writer strongly
recommends that 84% NEP response spectrum be used as the basic ground motion
definition for HCLPF SME computations by either the CDFM or Fragility Methods.
This recommendation removes the sensitivity of the results to the assumed
variability of ground motion response spectra and the capacity evaluator is
not the right person to be estimating ground motion response spectra
variability. The result of using the 84% NEP largest horizontal component
response spectrum to determine the HCLPF SME capacity is that this capacity is
conditional on this response spectrum not being exceeded at more than 16% of
the frequencies in the frequency range and directions that dominate the
component capacity.
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The above-described ground response spectrum properties are used for
computing the HCLPF SME capacity of the ground mounted Flat-Bottom Storage
Tank and the ground mounted MCC Auxiliary Contactor Chatter Case. For the
other sample components, a floor spectrum is used as discussed in the next

section,

3. Floor Spectrum Aspects

It was agreed that the floor spectra shown in Figures 6 and 7 would be
used to represent floor spectra obtained high in a structure from a median-
centered building response model subjected to 84% NEP ground response spectra
anchored to an SME largest horizontal Peak Ground Acceleration (PGA) of
0.189. Figures 6 and 7 represent horizontal and vertical floor response,
respectively. Since these spectra are assumed to represent unbroadened median
response to an 84% NEP ground motion input, they may be used directly without
scaling in the CDFM Method defined by Ref. (§) or the Fragility Method for an
SME PGA of 0.18g. Linear scaling is used for other SME levels.

Actually, in this writer's opinion, the floor spectra shown in Figures 6
and 7 are not realistic median-centered floor spectra. They have too much
resonant amplification to be representative of floor spectra from median-
centered response analyses even high in a structure. Their use results in a
conservative underestimation of the HCLPF SME capacity for components mounted
high in the structure. However, so long as all calculations assume those
spectra came from a median-centered response analysis, the above-described
problem will not influence the relative comparisons between HCLPF capacities
obtained by the CDFM Method versus the Fragility Method or comparisons in
capacities obtained from the four independent consultants.

4, Resu]tg

Table 2 compares the HCLPF SME PGA capacities obtained by the CDFM Method
versus the Fragility Method for each of the five sample components. Table 2
also presents this writer's estimate of the median capacity and the summation
(BR + By) used in the Fragility Method. Lastly, Table 2 presents the
summation (Bﬁ + B) necessary so that both the CDFM and Fragility methods
produce the identical HCLPF capacity for each component and the ratio between
those two summations. Several conclusions are reached:
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1. For each case, excellent agreement exists between the HCLPF
capacities obtained from the CDFM and Fragility methods.

2. The estimated median capacity is at least a factor of 2 greater than
the HCLPF capacity in each case.

3. Considering all of the assumptions which must be made in the
Fragility Method to estimate both Bp and By, it requires only a
negligible change in the summation (B + By) as denoted by the ratio
(Br + B))/(Br + By) to get HCLPF capacity from the Fragility Method
to agree with that from the CDFM Method. Such changes are easily
within the uncertainty range on B and 8. Since these estimates
are uncertain and the HCLPF capacity from the Fragility Method is
sensitive to the estimates of By and By, the CDFM Method provides a
more stable estimate of the HCLPF capacity than does the Fragility
Method.

5. Interpretation of Results

Each of the capacity estimates presented in Table 2 is intended to
represent component failure capacity estimates. However, the definition of
component failure can be somewhat judgmental and therefore warrants further

discussion for each component.

The flat-bottom vertical water storage tank capacity estimates are
intended to correspond to the onset of development of a significant through-
wall crack in the tank shell, thus resulting in a loss of tank contents over
a period of less than about 24 hours. This crack would be expected to occur
either at the weld between the tank side wall and base-plate or within the
lower few feet of the tank side wall.

The auxiliary contactor chatter capacity estimates are intended to
correspond to the onset of at least 2 milliseconds of auxiliary contactor
chatter. The potential consequences of such chatter would depend upon the
electrical circuitry involved and is not addressed.

The diesel generator room starting air tank support capacity is intended
to correspond to the loss of lateral constraint for at least one of support
angles or tie-down bolts. Prior to such loss of lateral constraint, the top
of the air tank would be expected to move laterally less than 4 inches, which
would be expected to have no adverse consequences on attached air lines so

A-6




long as they have flexibility. After loss of lateral constraint, the

functional performance of the air tank would be uncertain.

The component cooling heat exchanger support capacity is intended to
correspond to breaking of anchor bolts on one of the supports, thus allowing
the heat exchanger to slide. With such sliding, the functional performance of

the heat exchanger would be uncertain.

The cantilever reinforced block wall capacity is intended to correspond
to essentially unconstrained lateral deformation of this wall, such that it
would come down unless it hit some support and was held up by that support
prior to falling. Prior to reaching this condition, deformations of the top
of the wall will be less than 10 inches, so that the Table 2 capacity esti-
mates are judged appropriate unless a component which can be damaged by wall
impact exists within 10 inches of the wall.

0f course, capacities of components are influenced by characteristics of
ground motion not defined by the response spectral amplitudes. Most important
of these are the duration of strong ground motion and the number of strong
nonlinear response cycles to which the component is subjected by the ground
motion. Since neither were defined, for this exercise I have assumed that the
duration of strong ground motion as defined in accordance with Ref. (6) is 3
to 10 seconds, subjecting each component to 3 strong nonlinear response cycles
also as defined by Ref. (g). In my judgment, such ground motion characteris-
tics correspond to the ground motion levels listed in Table 2 having come from
an earthquake with a local magnitude of about 6.5. For ground motions from
earthquakes with local magnitudes less than about 6.0, the capacities given
in Table 2 are too conservative. Conversely, for earthquakes with local
magnitudes exceeding about 7.0, these capacities may be too liberal,

Several capacities were checked for each component. Only calculations
for the controlling capacity for each component are shown in the attached
calculation package.

6. Reconciliation of Results

Each of the four consultants who participated in this project indepen-
dently produced his calculations prior to October 1987. During November 1987,
these consultants met to compare results. After that meeting, each consultant
was allowed to revise his calculations to see whether such revised
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calculations would come closer together. All the attached calculations and
summary results in Table 2 are from the independently produced work prior to
October 1987. This section contains my discussion on reconciliation of my
results with those from the other consultants (Reed, Stevenson, and EQE).

6.1 Flat Bottom Tank

Reed and EQE have HCLPF estimates of 0.27 and 0.26g, respectively, which
are very close to my estimate of 0.29g, whereas Stevenson has a HCLPF estimate
much higher than our three estimates. Similarly, Reed and EQE have median
estimates of 0.53 and 0.54g, compared to my estimate of 0.67g, whereas
Stevenson has a median estimate much higher than mine. Thus, one might think
that it might be easy for me to reconcile on an estimate between that of Reed,
EQE, and myself for both the HCLPF and median capacities, with Stevenson being
an outlier. However, this is not the case.

As discussed in Ref. (7), a copy of which is included in the attached
calculations, my capacity estimates are conservatively biased in two areas.
First, I have ignored any benefit from inelastic energy absorption. Second, I
have conservatively underestimated the benefits from fluid-holddown forces on
the base plate. These conservatisms were intentionally introduced, because I
believed that producing defensible estimates of the inelastic energy absorp-
tion capacity increase and/or less conservative estimates of the benefits of
fluid-holddown would require more sophisticated and much more costly analyses
than I considered to be warranted. Therefore, I chose to ignore these addi-
tional capacity enhancement benefits. However, these additional factors are
real, and ignoring them results in a conservative bias to my calculations.

Based on approximate computations (not attached), I estimate that inclu-
sion of a realistic (but difficult to defend without more sophisticated analy-
ses) estimate of the inelastic energy absorption capacity increase factor
would increase my HCLPF capacity by a factor of 1.25 to 0.36g, and my median
capacity by a factor of 1.75 to 1.179. Furthermore, a nonlinear, large-
deflection theory base plate uplift analysis to better account for fluid-
holddown effects would increase these capacities by an unknown further amount.

Based on these considerations, it is impossible for me to compromise with
Reed or EQE on any HCLPF capacity estimate less than 0.29g9 or median estimate
less than 0.67g. On the other hand, it would be very easy for me to reach




reconciliation with Stevenson on any HCLPF capacity between 0.29g and 0.40g
and any median capacity between 0.67g and 1.3g.

6.2 Auxiliary Contact Chatter

When component-specific fragility or qualification test data is unavail-
able, Ref. (3) suggests that the Generic Equipment Ruggedness Spectra (GERS)
from Ref. (4) be used to make HCLPF capacity estimates. However, when this is
done, I have recommended in Ref. (3) that the GERS be divided by 1.3 before
being compared with Required Response Spectra (RRS) being input at the base of
the component. This recommended reduction factor of 1.3 was based upon two
considerations:

1. The GERS were based on only a limited amount of test data and cover
broad generic component categories. As such, they do not represent
HCLPF capacity estimates. Based upon material presented in Ref. (4)
plus material presented to the Senior Seismic Review and Advisory
Panel (SSRAP), T have judged that the typical ratio between GERS and
HCLPF capacities is about 1.2 in the case of a broad-frequency input
RRS.

2. It is my judgment that an RRS developed following the recommendation
of Ref. (3) for HCLPF computations lies in the 84% to 90% non-
exceedance probability range. As such, additional conservatism of
about a factor of 1.1 is necessary to account for variability in the
input spectrum when GERS are compared to such RRS to achieve an
overall HCLPF capacity estimate.

For cases where chatter of auxiliary contacts in motor control centers is
of concern, Ref. (4) has suggested that the "Function During" GERS shown in
Figure 5 be factored by 0.87. No basis is given for this recommendation, nor
was any basis ever discussed with the SSRAP. I believe this factor is simply
an additional conservatism factor in recognition that the GERS do not repre-
sent the HCLPF capacity. Since that consideration is already covered by the
1.3 reduction factor recommended in Ref. (3) for HCLPF capacity computations,
I do not believe that both the 0.87 factor and the 1.3 factor should be
combined as was done by EQE when computing the HCLPF capacity by the CDFM
method of Ref. (3). If this 0.87 factor was removed from the EQE HCLPF
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capacity computations by the CDFM method, their CDFM HCLPF capacities would be

identical to mine.

My judgment that the 0.87 factor from Ref. (4) and the 1.3 factor from
Ref. (3) should not both be included, is supported by the fragility and
qualification test data presented in Ref. (8) for auxiliary contact chatter in
motor control centers. Ref. (g) presents results from 51 fragility tests in
which auxiliary contacts chattered and 10 qualification tests in which no
auxiliary contact chatter occurred. For broad frequency input, the 2% damped
spectral acceleration fragility levels ranged from 2.1g to 7.4g for the 51
fragility tests with auxiliary contact chatter, while the 10 qualification
tests without auxiliary contact chatter ranged from 2.0g to 5.69. Assuming
the data fits a lognormal distribution, Ref. (§) reports a 2% damped spectral
acceleration HCLPF capacity of 1.7g. However, the data does not fit a log-
normal distribution; and making the erroneous assumption of a lognormal dis-
tribution results in the highest fragility test capacity of 7.4g and the
highest qualification test capacity of 5.6g, actually driving down the HCLPF
capacity estimate because these high test results increase the estimates of
logarithmic standard deviation. If instead one performs a distribution-free
one-sided tolerance 1imit check (which is generally very conservative because
it is a distribution-free check which makes no assumptions on the data disfri-
bution) on the data, one determines a 2% damped spectral acceleration HCLPF
(95% confidence of less than 5% failure probability) capacity of 2.1g. Since
the GERS of Ref. (4) are based upon 5% damped spectra, this 2% damped HCLPF
capacity of 2.1g must be converted to a 5% damped HCLPF capacity before being
compared with the GERS “Function During" level of 1.5g shown in Figure 5. To
convert from 2% damped to 5% damped spectra, the 2% damped HCLPF capacity must
be divided by about 1.5, which leads to a 5% damped HCLPF capacity of 1.4q.
Thus, the ratio of the GERS capacity from Ref. (4) to the HCLPF capacity from
the data of Ref. (8) is 1.5/1.4 = 1.07, which is less than the 1.2 ratio of
GERS to HCLPF upon which the 1.3 reduction factor recommended in Ref. (3) is
based. Thus, it would be very inappropriate to both multiply the GERS by 0.87
and also divide by 1.3 to obtain a HCLPF capacity for auxiliary contact
chatter. In fact, the 1.3 reduction factor by itself appears to be too high
for this case.

For the case of the motor control center cabinet at grade, the HCLPF
estimates from the four consultants range from a low value of 0.39g by EQE to




a high value of 0.71g by Stevenson, with my estimate of 0.54g being about
midway. Because of the above-discussed considerations, I consider my HCLPF
estimate to be somewhat conservatively biased. For this reason, I could
accept a consensus HCLPF estimate ranging between 0.54g and 0.64g. Therefore,
it is likely to be easier for me to reach a compromise HCLPF estimate with
Stevenson than it is with the low HCLPF estimates of EQE.

For the motor control center cabinet high in the structure, the HCLPF
estimates range from a low value of 0.07g by EQE to 0.12g by Stevenson, with
my estimate of 0.10g being about midway. For the reasons discussed above, my
estimate might be slightly conservative so that I could concur with a com-
promise HCLPF ranging between 0.10g9 and 0.129. However, an estimate as low as
0.07g by EQE is totally unacceptable to me.

6.3 Starting Air Tank

For the Starting Air Tank, the HCLPF estimates for the four consultants
ranged from 0.39g by Stevenson to 0.53g9 by EQE using the CDFM, with my esti-
mate of 0.48g being midway. For the median capacity, the estimates of Reed,
Stevenson, and myself were tightly bunched from 1.01g to 1.07g, with the
median estimate from EQE being much higher at 1.55q.

An important difference in the capacity computations is that neither
Stevenson nor I took any credit for an inelastic energy absorption factor
increase. Both EQE and Reed did take credit for such an increase using
procedures which are really only appropriate when the input consists of broad
frequency ground spéctra with 5% damped amplified spectral accelerations 2 to
3 times the zero period acceleration. The floor spectrum shown in Figure 6
which is input to this component certainly does not fit into this category.
Its frequency content is very narrow, centered at about 7.5 Hz, and the 5%
spectral accelerations are amplified by more than a factor of 5. Using an
inappropriate approach in my judgment, EQE increased their median capacity by
an inelastic energy absorption factor of 2.08 and their CDFM HCLPF capacity by
1.25. Reed increased his median capacity by a much more moderate factor of
1.35 and made essentially no increase in his HCLPF capacity for inelastic
energy absorption.

By my calculations, the natural frequency of this starting air tank is
about 16 Hz. Considering both the uncertainty at which the floor spectra




peaks occur and the uncertainty in the component natural frequency, I recom-
mend that this frequency be shifted down to about 12.8 Hz when entering the
unbroadened floor spectrum of Figure 6. The nonlinear analyses of Ref. (6)
clearly demonstrate that the shape of the input spectrum to the lower fre-
quency side of the elastic frequency plays a very dominant role on the inelas-
tic energy absorption increase factor as the structure softens due to ductil-
ity. In Figure 6, as the component frequency shifts downward from 12.8 Hz,
the spectral accelerations rapidly increase. With such a rapid increase in
spectral accelerations as the frequency is reduced due to inelasticity, there
is essentially no benefit from inelastic behavior since such behavior forces
the component right into the power of the input. Unless one performs a series
of nonlinear time history analyses, I would not recommend taking any credit
for an inelastic energy absorption increase factor for this case even though
the failure mode is very ductile. Even with nonlinear time history analyses,
it is difficult for me to conceive that this factor could exceed 1.35 for the
median capacity or 1.1 for the HCLPF capacity with such a spiked spectrum as
shown in Figure 6 lying immediately below the component natural frequency.
For this reason, I believe that the median inelastic energy absorption factor
of 2.08 used by EQE to get their high median capacity to be totally
unrealistic.

For the starting air tank, I can accept a consensus HCLPF capacity any-
where in the range from 0.459 to 0.539 and a median capacity in the range from
1.0g to 1.35q.

6.4 Heat Exchanger

For the heat exchanger, the HCLPF capacity estimates ranged from a low of
0.30 by Stevenson to a high of 0.44 by EQE using the CDFM method, with my
estimate of 0.40g being between. The differences result from a number of
factors, and no clear cause is apparent to me. I can accept a consensus HCLPF
capacity for this heat exchanger anywhere in the range from 0.37g to 0.44g,
which covers all but Stevenson's existing estimate.

6.5 Block Wall

My HCLPF capacity estimate for the block wall is 0.62g. The other three
consultants had lower HCLPF capacities ranging from a Tow of 0.38g by Reed to
0.51g by Stevenson. My estimate of the median capacity of 1.94g is similarly




high compared to the range of 1.34g to 1.559 estimated by the other consul-
tants. The difference between my results and those of the other consultants
primarily lies in my treatment of the inelastic response of this block wall.

Since the block wall is reinforced, its behavior prior to failure will be
highly ductile. Therefore, a realistic computation of its capacity requires a
realistic assessment of its inelastic behavior. This wall is subjected to the
very narrow frequency, highly amplified input spectrum shown in Figure 6. In
my judgment, simplified approaches based on broad frequency, less amplified
ground spectra, cannot be used to realistically estimate the inelastic
response of highly ductile components subjected to a narrow frequency input
spectrum such as Figure 6. Based on a large number of nonlinear time-history
analyses, Ref. (6) recommends an approach for estimating inelastic response
which is appropriate for narrow frequency input spectra such as that in
Figure 6. This approach requires the estimation of an effective frequency and
effective damping. The spectral acceleration at this effective frequency and
damping are then used to estimate inelastic response rather than the spectral
acceleration at the elastic frequency and damping. 1[I have used the approach
of Ref. (6) to estimate the inelastic response of this block wall. This
approach leads to much greater capacity estimates for this ductile wall sub-
jected to the floor spectrum of Figure 6 due to inelastic response than would
be obtained using ductility factor correction approaches which are appropriate
for broader frequency content ground spectra.

Accounting for uncertainty in the natural frequency of this block wall
and uncertainty in the frequency content of the Figure 6 input spectrum, I
would conservatively estimate the "so-called elastic" response of this wall
using the 5.5 Hz, 7% damped spectral acceleration from Figure 6 of 0.87g.
This spectral acceleration value lies high up on the narrow frequency ampli-
fied spectrum of Figure 6, and softening of the component due to inelastic
behavior will dramatically reduce the input spectral acceleration. In such a
case there will be very large benefits from inelastic response. Following the
recommendations of Ref. (6), even for the HCLPF capacity I can conservatively
estimate that the effective frequency of this wall will not exceed 2.9 Hz with
an effective damping of 10%. Using these values, the spectral acceleration
from Figure 6 is 0.33g, which is only 38% of the "elastic" spectral accelera-
tion of 0.87g. Conservatively limiting the inelastic energy absorption cor-
rection factor to 1.25 as recommended by Ref. (3) rather than using the higher




value developed by the procedures of Ref. (6), I obtained an effective spec-
tral acceleration for HCLPF capacity of 0.33/1.25 = 0.26g. In my judgment,
this effective spectral acceleration of 0.26g very conservatively represents
the inelastic response of this block wall prior to failure when subjected to
the input of Figure 6. For comparison, the effective spectral acceleration
used by EQE in their CDFM HCLPF capacity computations was 0.36g9. This differ-
ence of 0.36g versus 0.26g for the effective spectral acceleration more than
accounts for the differences in our HCLPF capacities of 0.48g versus 0.62g.
Similarly, at the median level, the differences in effective spectral accel-
erations used fully accounts for the resultant differences in median

capacities.

Because I strongly believe that I have used a more realistic approach
based on Ref. (g) to estimate the inelastic response of this block wall, I

cannot support any consensus HCLPF or median capacity estimate significantly
less than those I provided in Table 2, even though my estimates are higher

than those of any of the other consultants. I could not support a consensus
HCLPF capacity estimate less than 0.579 or a median capacity estimate less
than 1.75g for this block wall.
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TABLE 1

GROUND MOTION RANDOM VARIABILITY RESPONSE PARAMETERS

Parameter Median| Bp Comments
(1) F1: Peak & Valley Variability Factor | 1.00 | 0.20
Basic
(2) Fp: Horizontal Direction Variability | 1.00 | 0.15
Factor Assumed
(3) 84% NEP Vertical / 84% NEP Largest 0.67 | ---- Parameter
Horizontal
Values
(4) Vertical / Median Average Horizontal ----| 0.34
Derived
Parameter Values
(5) Largest Horizontal / Median Average 1.13 | 0.22 | From (1) & (2)
Horizontal
(6) Fg: 84% NEP Largest Horizontal / 1.41 | ---- | From (5)
Median Average Horizontal
(7) Fy: 84% NEP Largest Horizontal / 1.22 | =--- | From (1)
Median Largest Horizontal
(8) Fg: Vertical / Median Average 0.67 | 0.34 | From (3), (4),
Horizontal & (6)
(9) Fg: Vertical / 84% NEP Largest 0.48 | 0.34 | From (6) & (8)

Horizontal




TABLE 2
COMPARISON OF CAPACITY RESULTS FROM CDFM AND FRAGILITY METHODS

Li-v

CDFM Fragility Method Equal HCLPF Capacities

HCLPF HCLPF Median , . _gﬁi:;ﬁﬁl

Component SME SME SME Br + Byl || Br+8y) | Br +8y)
Flat Bottom Storage Tank 0.29g 0.31g 0.67¢g 0.47 0.51 1.08

Auxiliary Contactor Chatter

(a) Cabiﬁet At Grade 0.54q 0.59¢g 1.26g 0.46 0.51 1.12
(b) Cabinet High in Structure 0.10g 0.11g 0.30g 0.60 0.67 1.11
Starting Air Tank 0.48g 0.50g 1.07g 0.46 0.49 1.06
Heat Exchanger 0.40g 0.42¢g 1.18¢g 0.62 0.66 1.06
Block Wall 0.62g 0.67g 1.94¢g 0.64 0.69 1.08
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Figure 1. Flat Bottom Vertical Water Storage Tank
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FLAT-BOTTOM VERTICAL WATER STORAGE TANK

CDFM METHOD*

By

R. P. Kennedy

* Reproduced from Appendix H, Ref. (3), "Flat-Bottom Vertical Water Storage
Tank" by R. P. Kennedy, August 1987.




Appendix H
FLAT-BOTTOM VERTICAL FLUID STORAGE TANKS
by
R.P. Kennedy

H.1 Introduction

Flat-bottom vertical fluid storage tanks of the type illustrated in Figure H-1
should be evaluated during a Seismic Margin Assessment (SMA) if they are needed in
the success paths being considered. First, examples of failures with loss of
contents during strong earthquake shaking exist for such tanks when they have
minimal or no anchorage. Secondly, even though such tanks at nuclear power plants
have been designed for seismic effects, past designs (those predating about 1977)
tend to have less seismic margin than exists for most other seismic designed
components.

Many of these tanks were designed using the seismic evaluation procedure of TID-
7024 (1). The major problem is that direct application of this method is
consistent with the assumption that the combined fluid-tank system in the
horizontal impulsive mode is sufficiently rigid to justify the assumption of a
rigid tank. For the case of flat bottomed tanks mounted directly on their base,
or tanks with very stiff skirt supports, this assumption leads to the usage of a
spectral acceleration equal to the zero-period base acceleration. This assumption
is unconservative for tanks mounted on the ground or low in structures when the
spectral acceleration does not return to the zero period base acceleration at
frequencies below about 20 Hz. More recent evaluation techniques (2)(3)(4)(5)
have shown that for typical tank designs, the modal frequency for this fundamental
horizontal impulsive mode of the tank shell and contained fluid is generally
between 2 and 20 Hz. Within this regime, the spectral acceleration is typically
significantly greater than the zero period acceleration.

The above described problem with such tanks in the nuclear industry was publicized
during the U.S. Nuclear Regulatory Commission Task Action Plan A-40 (2) which
provided the basis for Unresolved Safety Issue A-40. One way to resolve this
jssue is through showing an adequate seismic margin of such tanks by a seismic
evaluation as a part of a SMA. This appendix is intended to summarize a
reasonable procedure to evaluate the High-Confidence-Low-Probability-of-Failure
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(HCLPF) seismic capacity of such tanks following the general Conservative-
Deterministic-Failure-Margin (CDFM) approach summarized in Section 2.

The seismic evaluation of these tanks consists of two parts: a seismic response
evaluation, and a seismic capacity assessment. The topic of response evaluation
has been extensively described in the literature in the last 10 years ((2) through
(10)). Therefore, response evaluation will only be summarized herein as it
applies to the example tank, illustrated in Figure H-1. The general approach
followed will be that given in (2)(5)(10) and the reader is referred to any of
these readily available references for further details. Herein, it will be
assumed that the example tank is founded on a rock site so that the topic of soil-
structure-interaction (SSI) is not germane to this example. When flat-bottomed
tanks are founded on soil, the resultant SSI can substantially modify the tank
response (5) and such modifications should be considered.

The seismic capacity assessment of minimally anchored tanks such as that
illustrated in Figure H-1 has not received as thorough of a treatment in the
literature and so will be discussed herein in greater detail. The example tank
shown in Figure H-1 will be used as the vehicle for this discussion.

The example tank is representative of tanks often found at low seismic (SSE<0.15g)
nuclear power plant sites. The tank radius, R, is 20 feet, while the water
height, H, when full, is 37 feet, with the overall tank height to the top of its
dome roof being 43.4 feet. Thus, this tank is about twice as high as its

radius. Because this tank was designed for a low SSE using the TID-7024 (1)
response evaluation approach, this tank was built with only a minimal number of
hold-down anchor bolts consisting of eight 2 inch diameter A307 bolts around its
circumference. These bolts provide hold-down forces to the tank shell through the
top plate of well-designed bolt chairs at a height, h., of 24.75 inches above the
tank bottom. The bolts are anchored into the concrete foundation through an
anchor plate at a depth, h,, of 28.5 inches. The bolt chairs, their attachment to
the tank, and the bolt anchorage are sufficient to develop the full capacity of
the bolts. Because this is an atmospheric storage tank (no internal pressure)
with a low design SSE, the tank head, side wall, and base plate thicknesses are
thin which is typical for these tanks. The tanks shell is SA240-Type 304
stainless steel.

Although this tank had an unconservative TID-7024 (1) seismic response analysis
for a low SSE during design, the design capacity assessment was performed very
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conservatively as is typical of nuclear plant designs and the detailing was

good. Therefore, simply from a review of design calculations and a walkdown it is
impossible for experienced seismic engineers to assess whether this tank has a
sufficiently high seismic margin (HCLPF > 0.30g) such that an evaluation is
unnecessary or such a low seismic margin (HCLPF < 0.15g) so that the seismic
capability of this tank should be dismissed and an alternate success path
selected. A detailed seismic evaluation is warranted.

As noted in Section 2, the first step in a SMA is the selection of a Seismic
Margin Earthquake (SME) response spectrum shape anchored to a SME Peak Ground
Acceleration (PGA) level. For this example problem, the fourth alternative
approach described in Step 1 of Section 2 will be used for this selection. In
this alternative, a standard mediﬁ%7spectrum shape which approximates a uniform
hazard spectrum shape will simply be specified. For this example, the median
NUREG/CR-0098(11) spectrum shape for rock sites will be specified for the
horizontal ground motion and the vertical ground motion will be specified as two-
thirds of the horizontal motion. When specified in this way, the resultant HCLPF
SME statement is conditional on this standard spectrum anchored to the SME level
PGA not being exceeded by a future ground motion at more than 16% of the natural
frequencies in the frequency range and direction of interest. The resultant SME
PGA level will then be determined by the HCLPF seismic evaluation of the tank.

Because capacities to withstand horizontal responses are slightly influenced by
vertical responses, a small amount of nonlinearity develops when computing the SME
capacity of tanks. Therefore, it is preferable to estimate an SME capacity of the
tank, SMEe, and to compute the seismic¢ response, SEISMICe, for this SMEg.  Then
the actual SME capacity can be estimated from:

CAPACITY - STATIC
k o SEISMICe

SME = (SMEe) - (H-1)

where CAPACITY is the HCLPF capacity of the tank, STATIC is the portion of this
capacity used up by static loads and k is the inelastic energy absorption
effective seismic stress correction factor described in Section 2 and discussed in
the capacity assessment section of this appendix. If the resultant SME differs
substantially from SMEe then iteration of the procedure is necessary because of
the stight nonlinearities. So long as SME and SMEe are close, no iteration is
necessary. Ffor this example tank, the estimated SMEe will be taken to be 0.27-

g. Thus, using (11) for rock sites, the ground motion estimates to be used for
the response evaluation will be:
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Horizontal PGA: Ay
Vertical PGA: Ay
Horizontal Velocity: Vy
Vertical Velocity: VV

SME, = 0.27g

(2/3)A4 = 0.18g

36 in/sec-g(Ay) = 9.7 in/sec
(2/3)Vy = 6.5 in/sec
Horizontal Displacement: DH = (6V2H/AH) = 5.4 inches

H

Using the response evaluation and capacity assessment procedures recommended
herein together with the above definition for the SME response spectrum shape, the
example tank defined by Figure H.1 will be shown to have a HCLPF SME PGA capacity
of 0.29g. It should be noted that the HCLPF capacity level is a conservative,
essentially lower-bound estimate of the failure capacity. The actual failure
capacity is likely to be much higher. In fact, a median failure capacity estimate
(50% probability of failure) for this tank is in excess of 0.69. Therefore,
despite this tank having an unconservative TID-7024 (1) response analysis for a
low SSE during design, this tank has a substantial seismic margin capability.

H.2 Response Evaluation

The seismic response evaluation should provide estimates of each of the following:

1. The overturning moment in the tank shell immediately above the base
plate of the tank. This moment is then compared with base moment
capacity as governed by a combination of shell buckling and anchor bolt
yielding or failure and generally governs the SME capacity of the tank.

2. The overturning moment applied to the tank foundation through a
combination of the tank shell and the base plate. This moment is only
needed for tanks founded on soil sites where a foundation failure mode
should be investigated and is generally obtained as part of the SSI
evaluation. It seldom governs the SME capacity.

3. The base shear beneath the tank base plate. This base shear is
compared to the horizontal sliding capacity of the tank. For
atmospheric tanks with a radius greater than 15 feet it seldom controls
the SME capacity.

4. The combination of the hydrostatic plus hydrodynamic pressures on the
tank side wall. It is common design practice to compare these combined

A-29




pressures with the membrane hoop capacity of the tank side walls at
one-foot above the base and each wall thickness change. Thus, for the
example tank these combined pressures are needed at 22-feet, 30-feet,
and 36-feet below the top of the Qéter. These combined pressures
essentially never govern the SME capacity of a properly designed.tank.

5. The average hydrostatic minus hydrodynamic pressure on the base plate
of the tank. This pressure is used when evaluating the sliding
capacity of the tank. If hold-down forces due to fluid on the base
plate are included in the overturning moment capacity estimate, then
the minimum value of the hydrostatic minus hydrodynamic pressure near
the tank side wall should also be estimated.

6. The fluid slosh height. This slosh height is compared with the
freeboard above the top of the fluid to estimate whether roof damage is
1ikely. However, roof damage seldom interferes with the safety
function of the tank immediately after an earthquake and is generally

not of concern in a SMA.

In estimating each of these response quantities at least two horizontal modes of
combined fluid-tank vibration and one vertical mode of fluid vibration should be
considered. The two horizontal response modes should include at least one
impulsive mode in which the response of the tank shell and roof are coupled
together with the portion of the fluid contents which move in unison with the
shell and at least the fundamental sloshing (convective) mode of the fluid. As
noted previously, the response evaluation will only be summarized herein as it
applies to the example tank and will generally follow the approach given in (2)

(5)(10).

The first step of a response evaluation is to make a weight takeoff and to
determine the hydrostatic fluid pressure, Pg, at capacity evaluation locations
along the tankshell and the base. For the example tank, the component weights, W,
and their center of gravity heights, X, above the tank base are:

Head: Wy = 17.2 kips Xy = 42-ft
Shell:  Wg = 44.9 kips Xg = 16.4-ft
Bottom: W = 12.8 kips Xg = 0
Water: W, = 2900 kips Xy = 18.5-ft
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It should be noted that the water weight totally dominates over the tank weight
being nearly 40 times the total tank weight. As a first order estimate, one could
base the entire computed seismic response on the water weight ignoring tank
weights. This approach will not be done herein, but tank weight responses will be
only approximately computed.

The hydrostatic fluid pressures, PST' at capacity evaluation locations are given
in Table H-1.

H.2.1 Horizontal Impulsive Mode Response

One must first estimate the horizontal impulsive mode natural frequency, fI. One

approach is to use:

c 0.1275
f. o= okl \’ES/DS where € ;= Cp gf—— (H-2)

I 2nH pL

where E. is the modulus of elasticity for the tank wall material, osis its mass
density, oLis the fluid mass density, and CNI is a horizontal impulsive freguency
coefficient for water in a steel tank. This coefficient is a function of the
ratio (H/R) and the tank wall thickness, t. For the case of roofless tanks with a
uniform wall thickness, t, the value of C,j may be obtained from (5) or (8). For
variable wall thickness tanks, the variable wall thickness can be approximated by
an average value wherein the averaging should be done so as to emphasize the
section of the tank for which modal displacements are the largest. For water in
steel tanks (p /og) = 0.127s0 that (1 = Cyj and\/E§7E§ = 16,200 ft./sec.

For the example tank, the approximate average thickness is estimated to be 0.22-
inch and (H/R) = 1.85. Using Table 7.4 of (5) and these properties, Cyp is
estimated at 0.085. Thus, fy is 6.0 Hz with an expected accuracy range of about
5.5 Hz to 6.6 Hz.

Next, one must estimate the horizontal impulsive mode spectral acceleration, SAI'
for frequencies in the range of 5.5 to 6.6 Hz. For such an estimate, one needs an
estimate of energy dissipation as expressed by equivalent viscous damping. For
CDFM capacity evaluations, Section 2 recommends using a conservative estimate of
median damping. For tanks similar to the example tank in which inelgstic bolt
stretching, some nonlinear tank uplift, and slight “elephant-foot" buckling of the
tank shell is expected to occur prior to failure, 5% of critical damping
represents a conservative estimate of median damping for this mode. Using the
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median NUREG/CR-0098 (11) spectrum shape to define the SME spectrum shape, the 5%
damped spectral acceleration for frequencies in the range of 5.5 to 6.6 Hz and a
SMEg of 0.27g can be given by:

S, = 2.12 (0.27g) = 0.57g

Ay

Reference (2)(5)(10) then recommend that the impulsive mode base shear, Vi, and
moment at the base of the tank shell, My, be given by:

Vi = SAI [NH + ws + WJ : (H-3)

=S WX, + WX + W X } (H-4)

Al [ H™H N "1

where Wy is the effective impulsive weight of the contained fluid and X is its
effective height above the tank base. Only this effective impulsive fluid weight

is important and the head weight, Wy, and side wall weight, Wg, and their
effective heights could be ignored with less than a 5% error.

For tanks with (H/R) ratios greater than 1.5 such as for this example tank,
(2)(10) suggest that Wy and Xj can be estimated from:

H/R 2

= 1.0 - 0.436(R/H) (H-5)

kﬂ
>< 21 = w
]

=} 2 £

= 0.50 - 0.188(R/H) (H-6)

For (H/R) less than 1.5, see (2) or (10) for corresponding equations. Thus, for

this example tank with (H/R) = 1.85,
NI = 0.764NN
WiXp = 0.304WH

Thus, the impulsive mode base shear and moments from Equations (H.3) and (H.4)

are:

vy = 1310 kips M = 19,500 kip-ft (H-7)

A-32




Veletsos (5) provides a slightly different formulation for Wi and X which leads
to the following for this example tank:

which will lead to a slightly lower base shear, VI, and the identical base moment,
Mp, as that given above in Equation (H-7). Haroun and Housner (8) provide a
slightly different formulation for computing Vi and M) which leads to the
following valfes for this example tank:

Vy = 1150 kips M| = 20,800 kip-ft

The differences in impulsive response results from each of these three approaches
are small and within the underlying accuracy of the computations. Any of these
three approaches may be used. For this example, the results given in Equation
(H.7) will be used.

Next, the impulsive mode hydrodynamic pressures, PI' on the tank should be
approximately estimated. Reference (2) and (10) suggest that for depths y from
the top of the fluid greater than 0.15H, this pressure Py can be approximated by:

H > 0.15

]
P, = —— (H-8)
I 1.36rH?

with the impulsive pressure varying approximately linearly from zero at the top of
the fluid (y = o) to the value for Equation (H.8) at y = 0.15H. For the example
tank, at depths greater than 5.6-ft, the impulsive pressure is estimated from

Equation (H-8) to be:

y 2 5.6ft : Py = 3.5 psi (H-9)

Both Veletsos (5) and Haroun and Housner (8) provide alternate formulations for
estimating the impulsive pressure. For this example tank, by (5) the maximum
impulisive pressure is estimated to be 3.4 psi, whereas by (8) the average
impulsive pressure over the tank height is estimated to be 3.4 psi. .Since
hydrodynamic pressures seldom govern the determination of the SME capacity, any of
these approaches are adequate for estimating the impulsive pressure. The
impulsive pressure given by Equation (H-9) has been used in Table H-1 for this

example tank.
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H.2.2 Horizontal Coprective (Sloshing) Mode Response

The fundamental convective mode frequency, fc, can be estimated from:

7
‘.- ‘/ 150 fe/sec’ ) (1.835(H/R)) (H-10)

Thus, for the example tank, f. = 0.274 Hz. This convective mode is very lightly
dampad and it is suggested that a damping ratio of 0.5 percent of critical damping
be used when estimating the convective mode spectral acceleration, Sp.- for the
SME spectrum shape anchored to the estimated SME, of 0.27g, at fo = 0.274 Hz and
0.5 percent damping the convective mode spectral acceleration is:

S, = 0.084q

Ac

The convective mode base shear and moment are then given by:

Ve = Sa, W (H-11)

<
|

= Sp_ e X (H-12)

where W. is the effective convective mode fluid weight and Xo is its effective
height of application above the base.

From (1), (2) and (10), these effective convective mode weights and heights may be

estimated from:

W (H-13)
o= = 0.46(R/H) tanh (1.835(H/R))

w
*e .| o . _cosh (1.835(H/R)) - 1.0 (H-14)
F= 40 = T.835(H/R) sinh (1.835(H/R))

For the example tank with (H/R) = 1.85, these equations lead to:
We = 0.248 W, WX = 0.180 WH

which result in a convective mode base shear and moment of :




Ve = 60 kips M. = 1600 kip-ft (H-15)

Note how low these convective mode shears and moments are relative to the
impulsive mode values (Egn (H-7).

The hydrodynamic convective pressure can be estimated from (1), (2) and (10):

0.267 Wy Sy cosn(1.835(%Y))

Pe = —n Cosh(1.835(R/R)) (H-16)

Such pressures are generally negligible compared to either the hydrodynamic
impulsive pressure, Py, or the hydrostatic pressure, PST' except at shallow depths
below the fluid surface. For instance, at the first critical section (y = 22 ft)
listed in Table H-1 for the example tank, the convective pressure, P¢, is only 0.1
psi and is less at greater depths.

Lastly, the fundamental mode fluid slosh height, h., can be approximated by (1),
(2), (5), and (10):

he = O.837R(SAC/g) (H-17)
which leads to the following slosh height for the example tank:
hg = 1.41 ft (H-18)

H.2.3 Vertical Fluid Mode Response

Hydrodynamic pressures due to the fundamental vertical fluid mode should be
estimated at critical locations on the tank shell. The fundamental frequency of
this vertical response mode is heavily influenced by the breathing flexibility of
the tank shell and is typically only slightly greater than the horizontal
impulsive mode frequency. Thus, the vertical fluid response mode typically lies
in the highly amplified spectral acceleration response regime so that the use of
the vertical PGA to compute the hydrodynamic pressures due to vertical response as
recommended by (2) is generally inappropriate and unconservative.

One approach to compute the fundamental frequency of the vertical fluid response

mode is to use:

0.127pS

c
- Y -
fy = 5 "ES/os where C , = CW o (K-19)
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which is the same equation form as that used to compute the horizontal impulsive
mode response. The coefficient va for water in a rigidly supported steel tank of
uniform thickness, t, can be obtained from Table 1 of (6) as a function of the
(t/R) and (H/R) ratios. For variable wall thickness tanks, an effective uniform
wall thickness must be estimated similarly as was done for the horizontal
impulsive modal frequency. Assuming a (t/R) ratio of 0.00092 and (H/R) = 1.85 for
the example tank, Cyy is estimated to be 0.091 for which Equation (H-19) provides
a frequency f, of 6.4 Hz with an estimate accuracy range of about 5.9 to 7.0 Hz.
The frequency of the vertical fluid response mode can also be estimated using Egn
C3500-13 of (10) which for the above example tank properties leads to a frequency
f, estimate of 6.6 Hz which is in the same range.

The hydrodynamic vertical fluid response mode pressure for a tank on a rigid
foundation can be estimated from (7):

P, = 0.8 o H (SAV) cos (3 =) (H-20)
which is more accurate than the linear varying pressure defined by Eqn 3500-7 of
(10). An effective damping value together with the vertical mode frequency f,
must be used to estimate the vertical spectral acceleration SAV. A flexible
foundation greatly reduces the vertical fluid mode hydrodynamic pressures below
that computed for a rigid foundation (5)(7). One way to approximate this
influence is through the use of increased damping. Even for tanks on a rock site
there will be some foundation flexibility. To partially account for this effect,
it is recommended that for a CDFM evaluation 5% of critical damping be used when
estimating the vertical spectral acceleration SAv for tanks on rock sites.

For the previously defined SME spectrum shape anchored to a SMEe horizontal PGA of
0.27g (corresponding vertical PGA of 0.18g), the 5% damped S, for a frequency

v
range of 5.9 to 7.0 Hz is:

Sy = 2.12 (0.18g) = 0.38g
A

Using this spectral accelerations, the hydrodynamic vertical fluid response mode
pressures, P, computed by Equation (H-20) for the various capacity evaluation
locations are presented in Table H-1 for the example tank. Note that the
hydrodynamic pressures due to the vertical fluid response mode, P,» exceed those
due to the horizontal response mode at all locations.
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H.2.4 Combined Responses

The combined horizontal seismic responses for base shear (Vgy) base moment (MSH),
and horizontal seismic hydrodynamic pressures (PSH) can be obtained by the SRSS
combination the corresponding horizontal impulsive and convective responses (2),
(5)(10). Thus, for the example tank the impulsive responses (Eqn (H-7)) and the
convective responses (Eqn (H-15)) produce the following combined horizontal
seismic responses:

Vo = 1310 kips Mgy = 19,600 kip ft (H-21)

Table H-1 presents the combined horizontal seismic hydrodynamic pressures, PSH.at
the capacity evaluation locations. Note that for this example tank, the combined
horizontal seismic responses are essentially equal to the impulsive mode responses
and the influence of the convective mode is negligible.

For the purposes of the membrane hgﬁp stress capacity check, it is necessary to
have an estimate of the maximum seismic hydrodynamic pressures, PSM' which can be
obtained by the SRSS combination of the horizontal seismic pressures, PSH’ and the
vertical fluid response hydrodynamic pressures P,. fFfor the example tank, Table H-
1 presents the maximum seismic hydrodynamic pressures, pSMr at capacity evaluation
locations.

For the purposes of estimating the compressive buckling capacity of the tank
shell, it is necessary to have an estimate of the expected maximum and minimum
fluid pressures acting against the tank shell near its base at the location of
maximum axial compression during the time of maximum base moment. Those expected
maximum and minimum compression zone pressures, PC+ and PC_, at the time of
maximum base moment can be estimated from:

= P

+ Pey + 0.4PV

ST SH

(H-22)

= Poq + Py - 0.4P

ST SH

where the 0.4 factor on P, is to account for the probable vertical made
hydrodynamic vertical pressure at the time of maximum base moment.
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Similarly, for the purposes of estimating the expected minimum fluid hold-down

forces in the zone of maximum tank wall axial tension, one needs an estimate of
the minimum tension zone fluid pressure, Py_, at the time of maximum moment as

given by:

PT- = pST - PSH - 0.4pv (H-23)

For the sliding capacity evaluation one needs the expected minimum average fluid
pressure on the base plate, Pa' at the time of maximum base shear as given by:

Py = Pg7 - 0.4 Py (H-24)
Using the base plate hydrostatic and hydrodynamic pressures given in Table H-1,
the following combined pressures are computed for the base p1ate from Egns (H-22)

through (H-24):

Base Plate

Pey = 16.0 + 3.5 + (0.4)(4.9) = 21.5 psi
Pe. = 16.0 + 3.5 - (0.4)(4.9) = 17.5 psi
(H-25)
Pr_ = 16.0 - 3.5 - (0.4)(4.9) = 10.5 psi
P, = 16.0 - (0.4)(4.9) = 14.0 psi

Lastly, one also needs an estimate of the expected minimum total effective weight,
Wre, Of the tank shell acting on the base at the time of maximum moment and base

shear:
wTe = (HH + ws)(l - 0.4 (AV/g)) (H-26)
which for the example tank problem is:

Wie = 57.6 kips
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H.3 Capacity Assessment

Generally the SME capacity of a minimally anchored flat bottom tank such as that
shown in Figure H-1 is governed by the seismic overturning moment capacity at its
base, Mgc, compared to the applied overturning moment seismic response, MSH' In
turn, this moment capacity depends upon the axial compressive buckling capacity of
the tank shell (C,), the tensile hold-down capacity of the anchor bolts including
their anchorage and attachment to the tank (TBC), and the hold-down capacity of
fluid pressure acting on the tank base plate (Te). Thus, each of these capacities
must be estimated prior to estimating the overturning moment capacity.

Although unlikely for larger radius tanks, the SME capacity is sometimes governed
by the sliding shear capacity at the tank base, VSC’ compared to the seismic base
shear response, VSH' Ever though it does not appear that any butt welded steel
tank has ever failed due to seismic induced membrane hoop stresses due to combined
hydrostatic plus hydrodynamic fluid pressures, the SME capacity of this failure
mode should also be checked. Such a check requires the computation of the
pressure capacity, Pcas of the tank shell for comparison with the combined
hydrostatic, PST' and maximum seismic hydrodynamic, PSM’ pressures.

Some assessment of the possibility and consequences of fluid sloshing against the
tank roof should be made. For soil sites, foundation failure modes should also be
checked. Lastly, the possibility of failure of piping or their attachment to the
tank should be assessed.

Each of these topics will be further discussed in this subsection.

H.3.1 Compressive Buckling Capacity of the Tank Shell

The most 1ikely way for tank shells to buckle is in “elephant-foot" buckling near
the base of the tank shell. The tank shell is subjected to a biaxial stress state
consisting of hoop tension and vertical (axial) compression. In addition, radial
deformations under internal pressure which are prevented at the base due to
membrane tension in the base plate introduce eccentricity and bending stresses in
the axial plane which further induce the tendency to "elephant-foot" buckle. The
onset of such "elephant-foot" buckles can be estimated using elastic-plastic
collapse theory (12)(13)(14). However, it should be noted that the initiating of
"elephant-foot"” buckles does not directly correspond to failure of a tank. Many
tanks have continued to perform their function of containing fluid even after
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developing substantial "elephant-foot" buckles. However, no simple capability to
predict tank performance after the development of "elephant-foot" buckles

exists. Therefore, for a CDFM approach to estimating the HCLPF SME capacity of
tanks, the onset of "elephant-foot" buckling will be judged to represent the limit
to the compressive buckling capacity of the tank shell, C,. However, because such
buckling is not failure, no significant conservatism needs to be intentionally
introduced when estimating C.

The "elephant-foot" buckling axial stress capacity, cp, of the tank shell can be
accurately (no intentional conservatism) estimated by (12)(13)(14):

0.6 £ 2 Sy + (o,./36 ksi)
S P R ] 1 ye
g ==——=211 - [¥——onH 1 - (H-27)
P (R/t,) [ (?ye ts) ] [ 1.12 + Sl1.5] [ 5, + 1 J

where S = (R/ts)/400)

and t is the sidewall thickness near the shell base, P is the tank internal
pressure near its base, and °ye is the effective yjeld stress of the tank shell
material. For HCLPF capacity computations it is suggested that a slight
conservatism be introduced by specifying Cp in terms of 0.9 Oy Thus:

Cp = 0.9 ot (H-28)

P
Furthermore, P should be set equal to P, which represents the maximum combined
pressure against the tank wall at the time of maximum moment. Lastly, for a tank
shell material such as SA 240-Type 304 stainless steel with no specific yield
point, it is uncertain what stress to use for Oy This material shows no flat
yield plateau and continues to show increasing stress with increased strain until
its minimum ultimate stress capacity of 75 ksi is reached. For a COFM capacity
evaluation it seems reasonable to set %e at the ASME Code (15) seismic design
1imit for primary local membrane plus primary bending which is 2.45y or 45 ksi for
this material. The potential uncertainty range for e is estimated to be from 30
ksi to 60 ksi with it likely to exceed 45 ksi.

For the example tank, P=P;, = 21.5 psi, tg = 0.375 inch, £ = 27.7 x 103 ksi,
(R/tg) = 640, Sy = 1.6, (P/o ;) = 0.48 x 1073, and (0,6/36 ksi) = 1.25. Thus,
from Eqn (H-27), % = 17.6 ksi. When one considers the potential range on e of
30 to 60 ksi, then the resultant range on % is 13.1 ksi to 21.1 ksi. The
influence of this uncertainty range on the SME capacity will be subsequently
assessed. Using Eqn (H-28), the compressive capacity of the shell is:
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Cp = 0.9 (17.6 ksi)(0.375 in) = 5.92 Kip/in (H-29)
Although unlikely to govern for overall seismic response of fluid containing
tanks, one should also check the buckling capacity of supported cylindrical shells
under combined axial bending and internal pressure. The axial bending induced
buckling stress, ocg for such a case can be conservatively (essentially lower
bound) estimated from (16):

E

ocg = (0.6v + Ay)(R/is) (H-30)

1
where ¢ 16 R/tS

1- 0.73(1-e”%)

<
"

and oy is an increase factor for internal pressure as given by Figure 6 of (l6).
The minimum compression zone pressure at the base of the tank shell, PC_,
corresponding to the time of maximum moment should be used with Figure 6 of (16 )
when estimating ay. Equation (H-30) is appropriate for ocg SO long as cCBis less
than the yield stress, Oy- Otherwise, see (16). Since g is conservatively
estimated, it may be directly used with no reduction for estimating Cm = °C8ts‘
For the example tank, PC- = 17.5 psi, y = 0.419, and sy = 0.15. Thus, ocg = 17.4
ksi which exceeds O.Qcp so this buckling mode does not govern.

H.3.2 Bolt Hold-Down Capacity

The bolt hold-down capacity, TBC' is governed by the weakest of the following
elements:

Bolt tensile capacity
Anchorage of bolt into concrete foundation
Capacity of the top plate of bolt chairs to transfer bolt loads to the
vertical chair gussets.

4. Attachment of the top plate and vertical chair gussets to the tank
shell.

5. Capability of tank shell to withstand concentrated loads imposed on it
by bolt chairs.




To simplify this already long tank evaluation example, it will be assumed that the
bolt tensile capacity is the weakest bolt hold-down link for the example tank.
However, in an actual application, each of these five capacity elements need to be
checked.

Type A307 anchor bolts are the most common low strength anchor bolt material used
to anchor tanks and other heavy equipment. For a CDFM capacity evaluation, their
capacity can be estimated based upon the Part 2 provisions of the AISC Code

(17). The example tank has 2-inch diameter bolts which have a nominal cross-

sectional area, A of 3.14 square inches. Based upon Part 2 of the AISC Code

nom?*
for A307 bolts the tension capacity, TBC' is:

Tge = 1.7(20 ksi)(3.14in?) = 107 kips (H-31)

H.3.3 Fluid Hold-Down Forces

For tanks with minimum anchorage, hold-down forces resulting from fluid pressure
acting on the tank bottom will contribute significantly to the overturning moment
capacity, Msc, of the tank. The situation in the region of axial tension in the
tank shell is illustrated in Figure H-2 for small uplift displacements, Sq At
point "o" away from the tank sidewall, the tank bottom is in full contact with the
foundation and the displacements, rotation, and moment in the tank bottom is

zero. However, at the intersection of the tank bottom and side wall at point "l",
the tank bottom has uplifted §a and rotated g The length of the uplift zone
is g and the fluid pressure, P, on the tank bottom and side wall resists this
uplift. This uplift is accompanied by the development of a tension, Te' and
moment , Me' in the side shell at the intersection with the tank bottom. This
tension, T,, acts as a fluid hold-down force on the tank shell. For a given
uplift height, 8o the hold-down tension, T,, that develops is both a function of
the bending stiffness of the tank shell which is a function of its thickness, t.,
and radius, R, and the bending stiffness of the base plate which is a function of

its thickness, t,.

For a tank shell restrained against radial displacement at point "1" by the base
plate, the relationship between M, and o, can be obtained from pages 276 through

278 of Flugge (18) to be:

e

M, = Kgag + M (H-32)
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Using Equations (H-34) through (H-37), one can determine the uplift height (ée),

tank shell hold-down tension (T.), end moment (M,), and maximum positive moment

e e
(M,) in the base plate as a function of the uplift length, ¢, and fluid pressure,

P. From this information the relationship between and Te is obtained. This

8
e
small displacement theory solution is only strictly applicable under the following

conditions:

1. (2/R) < 0.15. The solution ignores the stiffening of the base plate
from hoop behavior and thus conservatively overpredicts the displace-
ment §o corresponding to a given T, as the ratio (2/R) becomes larger.

2. (ée/tb) < 0.6. This solution is based upon small displacement theory
and conservatively ignores the beneficial influence of Targe
displacement membrane theory together with membrane tensions in the
base plate to reduce 8o corresponding to a given T,. For unanchored
tanks it has been shown (19)(20) that large displacement membrane
theory greatly increase the fluid hold-down forces, Te. Thus, for

unanchored tanks, ignoring large displacement membrane theory is likely

to lead to excessive conservatism. For anchored tanks the uplift
heights ée are not expected to be so great and only moderate
conservatism is expected to result from ignoring large displacement
membrane effects. Unfortunately no simple solution exists for
considering such membrane effects and so one must either accept this
source of conservatism for anchored tanks at this time or make
judgmental corrections to the completed fluid hold-down forces

following guidance from (13) and (20).

3. (Me/MP ) < 0.9; (Me/Mp )y < 0.9; and (M+/MP ) < 0.9 where Mp and Mps
are thB plastic moment Eapacity of the basebp1ate and shell sidewalls,
respectively. The previous solution is an elastic solution and becomes
unconservative if these conditions are not met. An alternate solution
with plastic hinges at locations where these conditions are not met is
easily formulated following the same approach as was used herein but is
judged to be unwarranted because violation of these conditions is
highly unlikely in a CDFM evaluation.

Only this third condition leads to unconservative estimates of the hold-down force
Te corresponding to a given uplift displacement ée‘ The first two conditions can
be violated so long as one is willing to accept the resulting conservative
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uncerestimation of the fluid hold-down force Te for a given uplift displacement

~

e

Sirce tne hold-down force T increases with increasing fluid pressure, P, one
should conservatively substitute for P the minimum tension zonc fluid pressure
Pr_, expected at the time cf maximum moment. For the example tank problem, P =
Pr_ = 10.5 psi. Using this fluid pressure and Equations (H-34) through (H-37),
the relationship between Ten L and 2 has been estimated for the example tank.
Figure H-3 shows the relationship between T, and 6o while fFigure H-4 relates T,
and ¢. Note that even with zerc uplift there is a hold-down tension Te of 58-
1bs/inch resulting from base rotation of the side wall due to the outward acting
fluid pressure thereon. At an uplift 6o of 0.15 inches which corresponds to O.Btb
or the approximate 1imit of small displacement theory, the hold-down tension has
increased to 98-1bs/inch. Beyond this point, small displacement theory will
become increasingly conservative. The relationship shown in Figure H-3 between Te
and 6o Can be reasonably and slightly conservatively approximated by the linear

expression:

Te = Teo + Telée (H-38)

where for the example tank: T,, = 60 1bs/inch, and T,y = 270 1bs/inch2. This
approximation will be used in the overturning moment capacity evaluaticn. To
partially account for membrane tension effects, this equation for Te will be

linearly extrapolated beyond the displacement 6e of 0.15 inch for which it is

directly applicable.

H.3.4 Overturning Moment Capacity

With an estimate of the compressive capacity of the tank shell (Cm), the anchor
bolt hold-down capacity (TBC), and the relationship between fluid hold-down force
and uplift displacement, it is possible to estimate the overturning moment
capacity (MSC) of the tank making several conservative, but reasonable

assumptions:

1. The bottom of the tank shell is assumed to rigidly rotate vertically
(plane sections remain plane).

2. The cross-section of the tank at the top of the top plate of the bolt

—_— chaiﬁ% (h. above the base in Figure H.1) is assumed to remain
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horizontal so that all vertical tank distortions needed to result in

base uplift and mobilization of the anchor bolts must be accommodated

over the height, hc‘

3. The tank shell remains linear elastic until the compressive buckling
capacity is reached at the point of maximum compression and reaching
this 1imit defines the overturning moment capacity. The maximum
compressive shortening of the tank shell which takes place over the
length h. between the tank base and the top plate of the bolt chains is
conservatively underestimated to be:

m_c (H-39)

Figure H-5 schematically illustrates the vertical loadings applied to the tank
shell and its vertical rotational distortion resulting from these assumptions. At

any angle =, the vertical uplift, 8o , is then:
a
. COS a - COS B _
e = 8¢ ( 1 + cos 8 ) (H-40)

Q

Then, if the anchor bolts are assumed to be anchored at a depth hj below the tank
base as is shown in Figure H-1, and chair distortions are considered negligible,

then the anchor bolt tension, TBi’ in anchor bolt "i" corresponding to a maximum

tank shell compressive distortion, dc' below the top of the balt chair is:

T, =T, +d (fﬁ__Eﬁ_] < T (H-41)
Bi 8P e; ha + hC BC
or by combining with Equation H-40:
€OS a, - COS B
Ts, = Top * %o (1 o5 ) < Tac (H-42)
_Schs e (H-43)

where Ky =
B (ha + hc)

and oy is the angle a at bolt "i", Tgp is any bolt pretension, Ag is the bolt
area, and EB is the bolt modulus of elasticity. The fluid hold-down
force, Te , at angle o obtained by combining Equations H-38 and H-40 is:

-—
"

COS a - COS B
e Teo * ATe ( 1 + cos B8 ) (H-44)

T, (H-45)

el "¢
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>
(1Y
-3
(L]
[
—
]

A-46




For the force distribution shown in Figure K-5, the tank maximum shel)
compression, Cm', and overturning moment capacity, Msc can be obtained by setting
the sum of all vertical forces to Wre and summing moments about the centerline of
the circular tank cross-section. Thus:

n
z
IW Sy Ta
v "Te T oi=1 'Bi
Co = ( >R * Too s) €y + 0T Cy (H-46)
O 2 2
MSC = CmCZR +i£1 (TBiR COSai) + TeoR (2 sing) + ATeC4R (H-47)
where
C. = 1 + coss
1 sing + (n-8) cos3
. - SinB COSB + n-3
2 1 + coss
(H-48)

C. = —3INB - 8 coss
3 sing + (n-8) cos8

c B8 - Sing COSR
4 1 + coss

First, a trial angle 8 is selected and Equation H-46 is used to obtain Cm' which
is compared to the shell compressive capacity C; from Equation H-28. The

angle 8 is varied until Cp' = Cp Then Equation H-47 is used with this 8 to
determine the tank overturning moment capacity.

The example tank problem has the following properties:

C,=5.92 kips/in Tgc=107 kips
Teg=0.060 kips/in T =0.270 kips/in?

Wyo=57.6 kips Ag=3.14 inch? Eg=29x103 ksi
R=20 ft=240 inches he=24.75 inches h,=28.5 inches
t¢=0.375 inch E=27.7x103 ksi

Then, from Equation (H-39) 6 = 0.0141 inch; from Equation (H-43) Kg .= 24.5 kips;
and from Equation (H-45) ATe = 0.0038 kipgs/inch . Since any bolt pretension,
Tgps is unreliable after a number of years, it will be conservatively assumed that
Tgp is zero. Now it is possible to compute the overturning moment capacity, MSC'
using Equations (H-47) and (H-48) as shown in Table H-2.
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Thus,

MSC = 20,800 kip-ft
tTg = 635.7 kips (H-49)
8 =2.70

One should check whether the largest bolt elongation (a = 0) is acceptable using
Equation (H-40) to determine the elongation. For this solution:

Se0 = 0.28 inches
Certainly these bolts which have an overall length of 53.25 inches can accommodate
a 0.28 inch or 0.53% elongation. The ability of the connection between the bottom
plate and the tank side wall to withstand the distortions associated with this
uplift height, Sag? should also be considered. However, a well-designed detail at
this location should be capable of easily withstanding more than 0.3 inch
uplift. If the elongation in considered too great, then neither §. nor the
compressive buckling capacity can develop in the compressive zone. Then, a
maximum 680 should be defined and the quantities ac and Cm'shou1d be back
calculated using Equations (H-40) and (H-39), respectively, for any given
trial 8. These back calculated 8 and Cm values should then be used to solve for
Mgc. However, seldom will the resultant R be excessive so that this additional

refinement is seldom necessary.

The previous solution was for the case when a=0 is aligned with one of the
bolts. This case will nearly always govern. However, one should also check the
case where a=0 lies midway between bolts (i.e., for the example problem rotate
the o=0 line by 22.5 degrees). For the example problem, M¢e=21,000 kip-ft for
this alternate case and thus does not govern.

As noted in Subsection H.3.1, the HCLPF buckling capacity of the tank shell has
some uncertainty. This capacity could possibly (but highly unlikely) range as low
as 4.42 kips/in, rather than the 5.92 kips/in used in the above calculations.
With C, of 4.42 kips/in, the overturning capacity Mgc would be reduced to 19500
kip-ft or 94% of that for Cp=5.92 kips/in. Thus, Mgc is rather insensitive to the
estimate of Cm for this tank and the uncertainty issue previously raised for
estimating C, turns out to be relatively unimportant.
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Given the estimate of MSC=20,800 kip-ft and the previously estimated overturning
response MSH=19,600 kip-ft for an SME, of 027g, it is now possible to estimate the
SME level from Equation H-1. However for this estimate, one must have an estimate
of the inelastic energy absorption reduction factor, k, to apply to linear
computed seismic response. Certainly, this combined bolt yielding and tank shell
buckling failure mode for overturning moment is not brittie so that a k value less
than unity should be appropriate in a HCLPF capacity evaluation. However, within
the existing state of knowledge it is very difficult to make an appropriate
estimate of k for this failure mode. Therefore, it is conservatively recommended
that k be taken as unity at this time for this failure mode. Future research into
tank faijlure capacities will 1ikely lend to a less conservative recommendation in
the future. With this recommendation, from Equation H-1:

20,800 kip-ft
M = 19,600 kip-ft

SME (0.27g) = 0.299 (H-50)
based upon the overturning moment capacity.

H.3.5 Sliding Capacity

As noted previously, one should also check the sliding shear capacity, Vgc, with
the seismic base shear response, Vgy. Since the base shear, Vgy and the base
overturning moment, MSH' are primarily due to the fluid horizontal impulsive mode
of response, they both are maximum at the same time. Thus, the sliding shear
capacity is:

Ve = (COF) (W, + (£ Tp)l (H-51)

SC e

where W, = W + P (R%) (H-52)

e e
and (COF) is the coefficient of friction between the tank base and its
foundation. 1t should be noted that the effective tank shell weight, wTe, used
for the overturning moment calculations did not include the effective weight of
the tank base plate. HNeither does the seismic base shear response, VSH' include
the response forces associated with this base plate. One could add the effective
base plate weight to wTe in Equation H-52, but then would also have to add its
response contribution to Vgy. For any tank where the base plate weight is small
compared to the fluid weight, this refinement is unnecessary in that the SME for
base shear capacity will be uneffected.
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Most large diameter flat bottomed tanks such as the example tank have a slight
cone to their bottom plate so that contained fluid will always drain away from the
center and toward the drain pipe at the edge. This cone is generally created by a
variable thickness sand cushion between the tank bottom plate and its

foundation. Furthermore, the tank bottom is generally made up of slightly
overlapped fillet welded individual plates. Thus, the surface between the bottom
plate and the sand cushion contains a series of rough steps. Under these
conditions, it is reasonably conservative to estimate:

F
(Car) 2 0.7 (H-53)
£
However, under other base plate details, a conservative (CO¥) might be less.

For the example tank, Wy = 57.6 kips, P, = 14.0 psi, and (ZTB) = 635.7 kips have
e
been previously computed. Thus, from Equations (H-51) through (H-53):

2600 kips
e
(H-54)

2260 kips

X
<<
[}

. VSC

For base shear sliding, it is recommended that the inelastic energy absorption
reduction factor k be taken as unity. Combgng the above Vg with the previously
computed base shear response, Vgy = 1310 kips for SME, = 0.27g, from Equation (H-

1) one obtains:

s, = 4259 t}p: (0.27g) = 0.47g (H-55)

based on base shear. Since SMEv substantially exceeds SMEM, base shear does not
govern the seismic margin capacity of this tank. This situation is nearly always

the case.

H.3.6 Fluid Pressure Capacity

It is recommended that the CDFM hoop membrane stress capacity of the tank shell,

c,» be taken as the ASME Code (15) seismic design 1imit for primary stress of

2.0Sy or 37.5 ksi for SA240-Type 304 stainless steel. Using this stress limit,

the pressure capacities, Pgp, at capacity evaluation locations of the example tank

are given in Table H-1. A hoop membrane stress failure mode of a steel tank with
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full penetration butt-welded joints is certainly ductile. For this case an
inelastic energy absorption seismic response reduction factor of k=0.8 can be
easily justified for HCLPF capacity evaluations. Using the capacity pressure,
pCA* the hydrostatic pressures, Pgy, and the maximum seismic induced hydrodynamic
pressures, PSM' listed in Table H.l together with k=0.8, the SMEp associated with
fluid pressure can be computed using Equation (H-1). Table H-1 presents these
computed SMEp at several capacity evaluation locations for the example tank. Note
that the lowest computed SMEp is 1.3g which is many times greater than SMEy so
that it does not govern. Even if k=1.0 had been used, the lowest SMEp would have
been 1.0g from which the same conclusion would be reached. Actually, the fluid
pressure capacity never seems to govern the seismic capacity either by the CDFM
capacity calculation procedure or from seismic experience for normal designed flat
bottomed steel tanks with butt-welded side plates. Therefore, pressure

computations are included more for completeness than for SME capacity evaluations.

H.3.7 Other Capacity Checks

For the example tank, the fluid slosh height, h., was estimated to be 1.41 ft. for
SME, = 0.27g. Based on Figure H-1, this slosh height would have to exceed about
3.4 ft before any significant roof damage might be expected. Thus from Equation
(H-1), SMEg > 0.65g and will not govern. Even if roof damage might be expected,
such damage is unlikely to impair the ability of the tank to contain fluid for at
least a few days after an earthquake.

For tanks on soil sites, one should also check the SME capacity of the tank
foundation and this check sometimes governs.

Lastly, the possibility of piping failure or the failure of nozzles where such
piping is attached to the tank should be checked. Such failures will likely lead
to loss of tank contents. In fact, a significant fraction of the cases of seismic
induced loss of tank contents have been due to such failures when the piping
Eontained poor seismic details. A check of seismic details of piping and their
attachment to such tanks should be made during the seismic walkdown. A SME
evaluation of piping and nozzles is only necessary when potentially poor seismic
details are observed. Otherwise, this failure mode can be screened out during the

walkdown. The issues involved are:

1. Are heavy pipe valves or long piping runs being supported through the
piping nozzles off of either the tank side walls or the bottom plate,
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or are they independently supported? If heavy valves or long piping
runs are being supported off the tank, then the ability of the nozzles
and the tank side wall or bottom plate to withstand the imposed seismic
induced inertial forces should be checked. Methods outlined in Welding
Research Bulletin 107 (21) may be used to compute local stresses in the
tank shell, whereas the strength acceptance criteria for vessels
contained in Section 6 can be used for stress capacity. If heavy
valves or long piping runs are independently supported as is the normal
case, then for SME levels up to 0.5g these inertial checks at piping
attachment points should generally be unnecessary based upon seismic
experience and judgment.

2. Is there sufficient piping flexibility to accommodate relative seismic
anchor movements (SAM) between where the piping is supported from the
tank shell and where it is independently supported? Almost any type of
flexibility loop in the pipe between the tank and independent piping
supports should be sufficient for SME levels up to 0.5g9 so no
evaluation should generally be necessary. However, if a straight run
of pipe exists between where the pipe is independently rigidly
supported and the tank shell, the piping nozzle and tank shell should
be evaluated for their ability to withstand the expected relative SAM.

H.4 Discussion of Seismic Capacity

For the example tank, the HCLPF SME PGA capacity of 0.299 was governed by
overturning moment which is nearly always the case. Again, it should be noted
that this HCLPF statement is conditional on the SME response spectrum anchored to
this SME PGA of 0.29g not being exceeded by a future ground motion at more than
16% of the natural frequencies within the frequency range and direction of
interest. The overturning moment response and thus the SME capacity is primarily
governed by the horizontal impulsive response mode with an estimated frequency of
about 6 Hz. Thus, the frequency range of interest is about 5 to 7 Hz. For a
circular tank, the direction of interest is the direction of largest horizontal
ground motion. Thus, the HCLPF statement is conditional on the SME response
spectrum anchored to a PGA of 0.29g9 not being exceeded at more than 16% of the
natural frequencies between 5.0 and 7.0 Hz in the direction of largest horizontal

ground motion.
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Within the frequency range of 5.0 to 7.0 Hz, the SME 5% damped response spectrum
used for this example tank had a spectral amplification factor of 2.12.
Therefore, the SME 5% damped spectral acceleration becomes (2.12) (0.29g) =
0.619. Therefore, rather than defining the HCLPF SME capacity of this tank in
terms of its PGA of 0.29g, an improved HCLPF SME capacity statement for this tank
would be as follows:

“The HCLPF SME capacity of this example tank is a 5% damped, 84% non-
exceedance probability spectral acceleration between 5.0 and 7.0 Hz of
0.61g in the direction of largest horizontal ground motion."

Again, it should be noted that this capacity is a HCLPF capacity and not the
median capacity which is expected to be more than twice as great.
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Table H-1.

Hydrostatic and Hydrodynamic Pressures and SME Capacity
at Capacity Evatuation Locations

§6-v

Individual Pressures (psi) Combined Pressures (psi) Capacity Capacity
Pressures (psi)

) Horz. Max imum

Wall Seismic Seismic
Section Yy PST P] PC PV PSH PS" PCA SMEP
(9)
3/16" 22! 9.5 3.5 0.1 3.9 3.5 15.3 29.3 1.3
174" 30’ 13.0 3.5 -- 1.7 $3.5 5.8 39.1 1.5
3/8" 36' 15.6 3.5 - 4.9 $3.5 6.0 58.6 2.4
Base 37 16.0 3.5 -- 4.9 3.5 46.0 -- -~




Table H-2.

Computation of Overturning Moment
Capacity, Mec

96-v

Trial (1+cos &) C C C Cq T 27 21 2T Y Cy' Me

[ ! 2 3 k18p15 kigg kigg kigg kip?s kip/in kips«'ﬁ.
2.80 0.0578 4.40 . 449 286 53.9 107 214 214 199.4 734.4 9.09 23,100
2.75 0.0757 3.84 .513 186 41.0 107 214 214 140.7 675.7 7.21 21,900
2.70 0.0959 3.41 575 102 32.2 107 214 214 100.7 635.7 5.87 20,800
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FLAT-BOTTOM VERTICAL WATER STORAGE TANK

FRAGILITY METHOD

By

R. P. Kennedy




TITLE /: /47[ Eo/ﬁm 7;'7/6 STRUCTURAL PAGE_:Z_.OF_Z_JOI) No.

ov_ RPK  oare IR51£7 @'7( E‘Sﬁgﬁf}fﬁe COMMENTS

CHKD. BY pave_| I Ff{f/'/r'/y Mefho A
/) Tk SHAown In /:;'7. 1

:2) C_qfwr;/y (007[f0//9<'/ ﬁ)' OVrffu!n/'iy mompnf (frr //,o,omﬁ,\' /4
COFM [4/(‘/971;0”J) dve Fo /4/‘}1’/7/ l;o/-/?an/a/ fora/oo,,,hnf

v
3) Efimofed Medrn Cpecidy  SME = 0.65 (945 HED)

M — 54/’4(;/ -
SME = =2 (SHE)

Cponse ,

/ee.ffonfee _7[01- f/KFe = 0. (;

0.6 ). 5
*fME(ém F,

Me = /I/]C'éﬁ’) '

Qusnt-1 Med . (3@ Byl Lomment
ML, 0.275 | — | |Apposin #, B 44
Meprm, (5600"" | —| HMppendix H Egn H-2
Femy L& |20 — Wote 1
5 [0 |— |00yt 2
fr /o |— |o 3
M, 35700 (030 |o.to

A-62




TITLE F /97" Bo/%pm 7—2)4/( STRUCTURAL naeior_z_aob No

ov_ A/ oate 125187 (KW ggsgcmﬁ’e COMMENTS

CHKD. BY pare__| | Lris Loty Merl o)

_____/}/07((.__‘1 : @Mll o /L/Of/?on{,/ gf@un(/ Mo/"cn /QPJ{JOI\JF /‘—‘K/OV

Meé/l'or\ 7;-13/é /fp,,aom.. % fon/fo//pr/ /‘/ heodis/ /:/';rn’ /<9/'/£on/7/
fﬂ"f/fy/ Fesporse s/ Fink ;IYVD;/f}yP med p netors/ [“c/rnnr/ whi/e

f/}f/:/ jfipr//gm o/(rﬁm.J 4J J/ﬂz NVEP /;/7,/»7 /{ok./e, ’TP'{"‘/ FeIpORIe
\4

Evy =5 = 1220 (Take 9)
wa T /o(—";/’ ;Vq,//p)/ V«fr/';[}/i/)
l €,€ ::@,?4:0,20 (74 1)

7%
/VD/PR ; /LD— - p{m/oiry ﬂ/\(Pf/‘r:I‘?//‘ F;ﬂ/b"
&Vﬁ/wn;n} MWY\P/UZ (o/o//// //DI/Z z oé‘/o Mpg/? 47/ medipn

v

;ép;v,wf/ ;f & O Ha / Apponds x //j Winy NUREE/Rw 7P

Medsss, /4Mf/;7//:ff/_;" /Ecr){)/\/ .

CPAM pim,o)n/ 57 Aé;/f% T X. /42} -
MP/)(,ns p:m,on) ".570'
~/.56, ¢ Dopiry =34 AFE T K.46

6937
b (R.46/2.12) _
(90 /5 B 0‘/0.

Wide3: E = Fres. Shidt Eftect
f/? .7//“7 Fsnpe = -57;//3 o &.6 Ha
M’/I-\_},\ #.‘J Fsnye /(}F Gﬂo(-v /\of' (1\6/‘/( %)r (@0()?}’_};99(%.,“.

A-6%




TITLE F /071 /%//a;m 70_10/( STRUCTURAL PAGE.Z__OFiJob No
sy REX oaTe 712147 m ggﬁgﬁﬂf&(ﬁ COMMENTS
CHKD. BY oave_1_1 ' ﬁ{e LS Mo
&/(\f’?’ /\QFJ/ONP QU&"'// '//.P/ RF?’;#P/ 7{)}‘ [(!04(:/\, ngf[/é%{})h

S SHME = 0.6, (#2 NHP Lo Hori2)

ﬂe.r/oﬂu On ’4/?

571'4//'( /?h‘:/./u,te : /D - /5 0,0// [F /4'30/ Af/””"”*f/)

Im,dﬁ:'/r /off’//uh : F (0 6? )( )
I“FM ﬂﬂi Femy
f/“afm e
(,a} . 30)"3 5}:; Py 6;;9
’ 5' F Je &/
Verf. Frewrvre i = ,, ( h 1 Z me
(DI‘K 0. ;(7§ Y IOI MC
60f #30)—7 4, 7;:1 GM @ /_ i Ao verdies|
v /‘Z o Rets Vot Moeiz Uredd m COF A (/(,

Ewe = F2(067) = LU )2 141 ] B Tt 2
e 0.67
0. 34

X®
"
u

cmy R

/L;—C - Ea/f/L;.,;A p//@r/ 005) (h/onmﬂ‘" (;,«L,,, /o,_ Er/or
FEC —0¢ €RE‘C—03?

|

M{y onp Zans ﬁf’f/ufr : I?+ = 57- +FI * /;/7/ E;n H.22
A Y S S L
Min Tonsior Zone Berwe = P, 7- /?7' - G’ - /Ct:'z 7 App oo “

L

E//F(//./e /7/0//4/00«/&\ /{/7L T//,
- SHE, £ H 26
W, = 621 “/1 F e ] ol
W, H;{,. J

é'—'@ﬂ&; €R7:ﬂ'34

A-64




e fTed Botlom Tonk

STRUCTURAL pace—£ or_/_job No
By R PK oate 2117 Qﬁ‘ ﬂ MECHANICS  coumenTs

CHKD. BY pare_1 | CONSULTING . [ras:tify Metbod
&"(nﬂﬁ/ﬁr MPJ x1 le PU @C (DM"""%'
@7‘ /6. Cpi | — - |
I 64,, | 0.20 | 0.10|012|Beric Valves
£y 7. 8w | O.34 | 0./0 042
,DC*_ RE, 1, |0 0F | 00410 /0
IDC_ J&. & | O 13 0. 0103 Beit Fit Losnpm/
ﬂb//ﬁAo/;vn /;uh/‘
P- .5—1 3/’// 0.35 0 /é’ 042 -f/.'mvﬁfzfo» a/"’}
X é}ru 74;% Freviow /’y'<°
. 53.6% | 0.08 [0.0210.09|] £0, wroersot

C—4/°4(/7// M£l/7(‘/ ons

C. ompressive (fpw//y Tenk SThet/
Cortittd by Elgphect Fost Loty (0 K27, Apo. #)

065/71 /Z+ R _ r ji"-
- (et (2] /wJL =

5 TG )* 205?%) o

E=00 =% F=240"

G, = 974 [J [6"” ‘*)][05”][ ]

= é}n E/’f‘df' [/ﬂ* 914/(’ F =/0 @UE =a/f

/g =

J, = f/‘][f’r?[/'/f‘ Yol SHerr for /r/)240‘7/,0a 204 SS which o gy

Je ) S Aess Wil e befeyomn 0;, o 0% oWl o
7, W expacted fo b Srer s O,

A-65




TITLE Flod Botton. Tank

noz_j_—_orl_.lob No

o 7 201 f7 (K' STF&UCTURAL
sy K pate./ 1< -7< MECHANICS  comMENTS
CHKD. BY DATE l CONSULTING Fragilidy Method
Fﬁ/’ ¢ r//‘r’ /”Pop/;r\ k g(/ PC 6"""""76'
29 3720% | — |0.1310/3 |} Byprdest Propertion
I(./I- 7./"' ]d¢ ol
) £4.0 — 10.0710.07 7
ﬂ;e ég OKJI e a&; 0.25— LJ///)'(/”-/ /? (,7(// r’-r/\"-n"/
f/-om f//PJ//J/f s (a/«-«e
LN Alove 17 M/**J
(/069/ //‘f/‘ ‘rn:/m/)
Py 6.7 1 0.090.04|0./0 }” ’
£ /0 — ot} ol
K Detrved vring 15 4 En. £
! | O 1010.20 ¢ ] 7
Cm ?35 0. 0/ ﬂ‘z 2 45&1/" Pqnmn/ﬂz 5)'
S V/.:;/r.c)"h ﬂﬁj'/ %'A
/ojborlra/ 0//'17(4—/'1,//)9;\
Anchor Bolt T Copecty =27 # A307
A/’ah =3 /4 " AJ'/H// X 0.78F Anor = ;z t&
Medicn £ r 097, AJ - @ Ly ﬁ@a@ﬂ]
1.2 J, ™
107 Frob T = ! re 7
- 4
M}n
ﬂ"""“/ﬁf (ole Mes; on PU [ommpné
Iy 95: 44.0%] 0. /2 Expeded Bapectics
o, |sP| €4.0"|0.0¢ Ado7 bl
é}n . Erice ] 0 0. // fb""f P"’*/;o"‘
3k Vo3
7; P /4

A-66




NTLE. /[ /< RIS idn/ STRUCTURAL PAGE & OF 7 Job No
w__ RPX oare T 1391 #7 qu{ MECHANICS  oomMENTS
CONSULTING . .
SHKD. BY pave__L | Frigility Mershoo

F/l//'r/ //)///awg /L;f'(e/

y
ak
7- =7 /- Fron /’(f// Sertion #.3.3
co eo(p;,v, Pr__
coFm Teo = 0.0¢%, £ H. 20
k (¢7] DM 7
7; = 0.7
’ ’ p - _. -
7= - /0/5;4/: f;h /‘/ 25
e — Cofm
503

-

0Vf’r7(‘+nin’ M’A'"{ (4”914/"/; : Mj(_

) COFB Famoldion for M i wfimded o be af T Confitence
Jecr!  ar i Yoo Conseretive S Medish Ceparity Edipdr
2) f;//w',.f) Formulstion . Conpidepess 1o 4o meticn cenfered.

NA o Coy L — corP
bo = 4 (
[} e"( éo /.(Q/é
bTe = deo &
¢ Te'To K (mo(-(.zn" /4"’5[6
g - 5 i ca @ ” (/7 *hq )
ﬁ»c;‘q\/%J,f ény

/n cos
4 (g : 5’ :[?7]’_-6)] ﬂ (f -fwg
. \]}40 B = 2 5 (e_ﬁ%;v_)
, le :q V,é{;—kfﬂf*z;g"dz&]

e || l
1;0 /7 2 k3
“% M, =G R + g Reus P LR L + 47 K™ By

\ 4

T Ty T T ™ )
" 7‘/-;., [ € erar  Grrome G/ fad 6,
(\ Very B wnfil () =€, 6,, 5)
Mee |,
Te 1

A-67




/// ” /.
ITLE flef botlonm Jink STRUCTURAL PAGE /_oF 7 Job No.

v R/% oate? 25187 q7 MECHANICS
CONSULTING  COMMENTS

HKD. BY pATE__L | /:/—47//!/y Meho

v
/C/nd .Mf( [7 . r) 4// MP//;r\ ffdfwr/ PYVIRDZN /)/p./ ol 7/9;/1«.,/,,/0,
52 f/[—mr\ Ovev M‘tqn(‘wn/ ZPry?"-\

\4

4,, = 0.05 /Ac the) = 005 (2025t +285)= 266"
/;' - 0. 05'[145)(55) - aa;é‘, /4"1)(2?%/03/«:): 45'.5'0K
C = 93k T o M3 T, =003 ST = 0.7
=57 ck Ie:a-?()l: 240h 7;,0 -0 &Vd ﬁ/s-f/Ph/foA)

’
k K K k& Y., K

K
€ (-t 8 |4 |8 |4 T '27;1;2% 2% ZT|| Cnm Msc

3

;§<

-~

.75/ T4 355|763\ /5156134726 | 286 [28¢ | ool || §.60 |49 000
270 {1909 R26 |45 Y.s06 gl | -} ] L || 460 |39 PoO
REENLPLNZ 031944 492' 16291143 1286 1286 los1 W g po '39 4o0

410
M;C = 4¢,000 @ = (oéo) 0675

Find MfC l/Gl’/eéi//'/?d

-0.20

D Set G &€, Viloe ! [,p_(gzav,y.f;e 484
/4// P//P W’""-é"’/ﬁ/

% . _ '40,000)_
MIC@:3?400 v, €UC-A 36 oo -”: 03\

"

Ih/Pnj./fVe %J [/;, nf}oé;/}/f

Ofp/ B¢ o 'pu %ﬁt’j i elre medion ! 75( < /4]6-0'/3: /ng

0| reve| 4 | 8| 8| g 7 27 23] 23] 7B] 6| M

1,924 255|765 /.577/.6/)’“/25|2.5'2 252 | 252 | #P2||7.97 | 37 400
vl 1,942 12,93 1. 6701/ 530\ gegll 2¢ 1 252 Vo522 1252 1922 F. 19 "37 700

4() Ooa
MJ@ = 37500 FUTE /h 37500 )@

J//)/'//‘/ SPhs. /frr- /‘)




TITLE /7 / ‘?7/ ﬁ /f om 7;7/< STRUCTURAL nosLor_Z.Job No.

BY REK___ bate 71251 £7 K ﬁ MECHANICS  coumenTs
CONSULTING . ]
CHKD. BY DATE I [resitidy Methoo

@ V(,/.), /L-/w(/ /90//%% £ ffﬁf/uc W 7;/,.7/14,9»— Tonee The- [ oo /,-;—-/
GFe /’0% /h/Pf’/’ry'ph¢ A// P’é" recion

T =003 %% g 02 W 25765 fg0"
e | o' | M
e om0

.75 | £.51 |3F 700
270175 139400

= J970

PI%' oy /n 34:?3(0)) 0 D/ /V?f///é/

@ Inwf /ff/e Ié;";/on Eﬁor

C-DFM FOHVW/ /)o&\ /.ft’r?l/oh #34 4‘/“/77AJJ”“”!‘J %} [P 67[ 7;7 [Dh/d'ﬂ"((
Ue el sn /O/o,ﬂPr//pJ in CQFNA rOfrhU/a//Oh

Cow = 8365 T, = /43" o =0 037,
é‘»’ - G he - #3(7) _ 0. 019"
f £ A 27 7w0 (0.375) T '
87, = A af = 0.27% (0,0/977: g.005¢ ],
/(VE - LA bs 0099 (3.10)f5ne) YPL
) (he +h) (1475 + 2£5)
by, =53¢ R=20":2¢0" T, -

(e € |6 161617 % 2|2y | 5 | 6| A
700,095 |3 #1|.575\ o2 132. 20 143 | 286 | 24 | 1337\ 8507 7.28 | 2.6 000
A5\ ,0757 |3.84|.503 196 (410|143 286 e 1 N 903 127 600

M;C@=27aao
/ 40060 ) _
@(/ ";,Z; / 27000 = 0.24
Fay

E%(ﬁ?/;;)h 7/ //;P/)L Sovir~ f V/\(pr/i; rsf// M(/(L ;;—Fc/ﬁf
Uf‘("—’r/c"’"f‘/ 7”'1 ¢~ 749‘/’ l?//‘a//' »5/ LJr/L ./’y/ur/g/, / j')l;-,. s

A-69




TITLE F/ef Dyffom Tnl¢ STRUCTURAL PAGE 7 OF 7Job No

BY RFPK___ oare LiZ1¥7 m MECHANICS  commeNTS

CONSULTING. P
CHKD. BY pave_ L | Frosility Mefl o/

Vé}iqéi/)/;m 13 /L/(Zf/'- Com,w?la/‘io»a

qu'qnﬂf/f’}" ?R ?U (ammpnf}
/(F//’an/(ﬂ Me | 0.0 o. 10 /? 1 . f Cofes
C{EGC}/Z

b}(ﬂ/&)h - ﬂ 24 i3 00

Clh l:{/(’ﬂl - 0 02 V74 7

Ty Effert | —— [ 0.0€ \p7

T ettt |0.0] | — |07
Tots/ 00 (0.7

v -1.45(r 18,
YCLFF = SME € (6 #2.)

Crs7

HCLPF = ﬂ.{7e""f(”'47) = 0.3/3

e

Excellen? asrermenf wifh  prror COFPR vsfoe
7[/'014\ A[’KMJ}; // 07( 0272 - TAPI’PI/OH #9’///
nethod hor prodveed pearonsdle Feivll,

A-T70




AUXILIARY CONTACTOR CHATTER IN MOTOR CONTROL CENTER

CDFM METHOD

By

R. P. Kennedy

A-T1




sy___RrK oate 71217 MECHANICS  coymenTs
CONSULTING . (D/EM M o/l Y,

rmsﬂ cC Aax [vn factor (’/*//"’E STRUCTURAL naeLorLJob No

CHKD. BY DATE
Flh/)l 7\ ﬂi" [;K//\rﬁz /4/ g/é(/e
From Ref (2) TRS, _
SME = — AF = Aver. Sy Over 205 Frgyurney
13 AF Bers v/

TRS= GERS = /.55 Ref (8) ¢ Fys

AE, = 2.12 Ref (5) W6 [Roos  arenss 654,
5
’ ME=—2 _ - 0 5
/3(2.12) “

Nexd Coabined Movntet His ko in SHpoctore (/—7] 657 Fhy _9,(,,/”)

@Ew/ AVPH/P ,gfz 7g>r- /‘/o/—ie-. /7:30# ff&/rmr (/7) {) wer 207 ﬂ,.,/,,_,ﬂ,/
Bcthr‘c//l\ (Pnfprmﬂ On kffamn-/ /DFc/é ({ 7“' <f’2 //2)

Sy, TR25 S 2 L =197

@ T‘PJP G Gre 7[()l- IMt;: O. /Pj f/‘n(ﬁ ‘/A,/ Wiy AVP/ U/P/
"/0 }Phﬁ‘r'./p f/ﬁo? /ﬂpr//—dih,

A-T2




AUXILIARY CONTACTOR CHATTER IN MOTOR CONTROL CENTER

FRAGILITY METHOD

By

R. P. Kennedy

A-T3




e N A Condactor s STRUCTURAL ncz.;f_or;_j’_.lob Ne

AHor,
sy RPK  oare 1181£7 m ggﬁgﬁ[‘}?&; COMMENTS

CHKD. BY oave_1L | Fras/ i1y Mefbod
Geners! /}/O/P/ on C-Ohjr-ryq]/,'Jn_ 3 Vér/g/,’/,‘/; of GERS Luts

D GERS e bored vpon brog fppr?lfam /npu/;r which cre amplfed
Fhroysh o ffrrer) cfbinels  Tn &/r‘f/ﬂn‘y Groonfs S of /0/14»;»/
Fresoenriod SO /¢///(-> VW’;A‘//; in Gox Onfechr cheffer vs G ERS

&) GERS are not of HCLEF Jeor!, ﬂ(*)r pepredont & S boond
of 9 __—L-/""". v homber of  Jestr, E}?éfﬁr/@ Gux fOn;'/Q-/or Ao/ lor
GERS  gre 4% Lonfiddemre of 904 NES Sor bros fm-;. rnpet

@ GERS hove f/'PV/P’ Contorss Lirm  gndd ;}—Pﬁ/p’r' Varivk: )ty whrn
fué}ﬁr)(-/ 74 herrow 7[/—9/(\/(-»(, }nfe?L svek @ [;}w«‘ £ //)of"
f/OPr//an. /A(v\ /L!P/ Aﬁ/r J/O:r A/()c.«/ 74!7'/#?-(7 /‘nf(/?é~

@ qu‘me% 4m///'/7 /npuf 97L h’)tn‘/ 74?/./(»(}@ /h /‘9)‘/? 0[.5‘7/9 /5-//?,
/‘14/ gre 07/ //flyw ;77()0##/71 )/ak Grx. KOn/w/or (L,//r-,-/,

@ ﬁ4/r-'/ ypon G feview 07[ Ah\c.{n’r/l 744//,7/ (ﬂ;/e, fok qvX.

fan/cr/ok (507//“*"’/ 7he 7/0//%'7? 4 ’r'm_/(u Crn e /a;. fhe
poto of CAPACI?Y | GERS ™

CAFACITY [GERS Metin| B | B, | HarF
,E/ow’ /CFP/ vency I/\/”v'/ .floe-/fun— / 4.; 0. // 0. 23 0 g3
/Vckrc)w /C/(7 In,ouf f/ﬁr//um / 71- 0, // ﬂ 25_ 0 76

A-T4




TITLE MCC /4(/X (O-h'/k/ ﬂ ‘//l‘f‘ STRUCTURAL ’AGE.LOF 3

ev___ KK pare 71251 &7 W ggﬁgsr%c’fc' COMMENTS

CHKD. BY DATE. || Fras:lify Metho
Cibind A G RADE

ID¢/4mp/pr MP/ FR p{/ [o'mr‘ AP ][J’
CAPJCERS | JAS (0.1 10.22 | Buws Fouy. Topor

GE/Q{/EZAE ﬂ.7/; - | — ;: %%—K(Roow

FGM// —g/oc)n//”aﬁa\ /29\ 0.0 — 1 /; 7 o(f/f‘/c/ A’J;”/;: Tonk Frsill Ay
[ f/.ﬂow\ nw /o - 1
Tote)  SME /. ,257 0.23 | 023 4 , w1y kb

Job No

/47L Glede , / p) (/OJP(Q/;;:(kﬁn-r'*
— v -/ 65(C, + wrth CHF
HCLPF = shee’ 0 ik oL
-1,65Co. 4 0.5¢
Hctpr = /,267 e “e ) - 0'567} 7

GZ/I).P?L /7//)'A ‘" f//‘(/f/(/kf

Musrt in n)(»,eofsﬁ J'/fu(fukf Feqonse Vorishif Yectors dee
fo O Ig:SHtutue £ Esiol. Frop. Variclilty (Conbiver 6 X O35 et
é) /;" N f?lfur/wr ﬁa,»/,;..) ﬂnrpr/m'n_r’/ (eu = 0. 3))
@ /% : f%u/fﬂl-e /no/é/ ggcr/l)’w/'f‘ Gh/aor«pn'/' (ohé:m/ﬂ)h
@ //‘:‘ : J’7{/Vf/(/k(= MOJP//"/ le’/ﬁé/‘//’/)’

A) 6"””‘/// 7hese /""f"‘f"?{‘ff wol) be erFonsted Bases vpon G etrifod
teview ' of 7he f7§‘uf/://'f Fesponsn fn;éj;:. A/ww,‘,, this infermmson 4y
hol cusifsbfe . There fote Gv Prose Vilveo it/ J(. ved [f,,,/ on G
/ey 07[ Simifer P///)/ﬂr,/p/ /% Sever | A shpe sosl oty FEA i,
(/{Pay;/) intlvorent ﬁ/v J/’Prir/J/vJ;/u /pr/:/-m,-/ on Diils ((,,,.,)

8) Absve ertinster witl 4 rede for e A eripment very close
Feronen/ {p;./pm) of o sweFure
_ . 235 _ .
) Rt & = "2'553‘ o 018y byt M= G = R
GERSJAF. = 1505 /1.5 = 0.1 5

A-T5




e M Ao Contect Rothmr

BY KPK

OATEZ g7

CHKD. BY

DATE

RPR

STRUCTURAL
MECHANICS
CONSULTING .

PACE_..3 OF Z Job No

COMMENTS

Ffﬁlzi ity MeHsd

/L///L\ In _I//'ur{t/fr (ﬁm%)

H([f/t.'.' 0307 e

A-T76

/D#é)nf*)[ﬂ’ /”u/,“,\ €R @u (ommpn?l
CAP/CERS | /74 |04 | 025 | Worws frog Trpd e
CERIJAE | 0.5 — | — | w2
é.Ml/ /l 22 0120 - G;Oth‘d Ma rah /)ﬂ”gn‘P/f’F' ‘V/\P'\
SME Jefined a1 P15 NEP fopsedt
(rarr,oamm/’ Ferpore  Gns 741 )vke
fov.erm-./ Ly P;y;,-,/,,/ /4//!‘/;L
/a'rf)mpﬂ-f' fﬂ/ﬁ‘l\/{‘\ IF'(" 6] p'{
/79‘)1 Potlone Tenk F"‘g;f/'/; Cles. Obaima
ﬁoh. /c,‘ on/ /FZ of 72/3/—]
FF. / /P - 0.0 F/’Pj«/ﬁ-,- V4r):/>o» j/’"/i O[( o7
Fongnes Awl wa/om-y.¢> Vv/npr;/)/:-
o mir, T oS e f/.)ft;/;/g
Sy s only chodf $5T of pok.
F o M?a”/'cw Contere -r//ur7l. /4!\7/;/,'4
b /’ 0 0' /g [cf/ /(‘/” ﬁ/ﬁ—\lﬂ;/\) W‘(Pr/fz'n/), Vq/uc
swer s S pegp Frsvishem hyh rn
Jh”“"ﬁ"*- /forL Vﬁf’;f/z;/',y-, J'/ro)ico o
FC /.0 0/2 } VG/Uco Grf/ﬁ)v A/;/a ‘A
/fp;wpn,/; rve f/,wfﬁf el
F/:/\ Lo — | 05 Foodd dynémic moJ.o//;';
SME | O 307 0.26 |0.34
Hish I SHroctore o
-5 (0.60)

0.115

Very tlose To CDFA etomste of O. /0/ Jo 7@/5/6// s
PP etts fo be Feron 4R




DIESEL GENERATOR ROOM STARTING AIR TANK SUPPORTS

CDFM METHOD

By

R. P. Kennedy




CHKD. BY DATE

TITLE ,94@4,,( Air Tk fu,p,m_rfJ STRUCTURAL nae__/_or_.[LJob No

A /’,(/’ oateZ VU E7 m ggﬁgss}&% COMMENTS

,4/'/- 7’;,,[ _ﬂwm;n F/'/«wr-* 2 s /ﬁ()wﬂ[(’g/ /VQA ja-f//u(ﬂﬂ’ Wi K /%gf
J;Mr?/h. L\'P_nl‘ Shown Ia E}I {‘C7 Jgf IM/:; = 0/Fi

s Controlted 57 Combined Base /4A;/f 5md?n/'
(JJP‘ 0/\/7 /IWL/ 7,4’/‘41‘ [nog/p 15
c OMFV/P(/ 0 Fhere  OX *r“(/e

<D FAMN csfctions,
@ Ah(/«aﬁ /70/741 ste f”'/[/Ciﬁr"//] f’héﬂJ/p(/ /~ f'Oh(l—k/r So 7/4{7#
copicity W ou prne by Aeel  and st 57 conrrete

CD ﬁifmfc [qfwr///
Gned Ah()wo" ﬁo/,/ /K;f/vfp M

Hotizonta/ Naforsl Freroery - Controlled by bendsy Trexshil:ly
of base 4n;/(>J.

a
3 QT,
A M=3T, «
I 3£7,
Ix
ari M=W-hg = Kg =
T Jx: .Viﬁf; :_i(f;-
<& Ke by
I P N T Y
' R i A - /!'3
(2aY)(341.) £t K3
T T b y Tl W

W=0.925 h = 4.5 f=1.5" Remia ax 44
£ =29x0 ks I, = %i"/_zﬁ”_'ff_? - 390007 "¢
Py i "J”‘/
Y- (9\(/4.4))(3 (27//3/(,,)[3- 7/ 40 ) - 24.2 b

ny3 - I LN
(/.5) (4/5 ) MM :/L(.&//Z

e




SFat ing Are Tenk Sopport 2 o 4
TITLE 7/ / i STRUCTURAL PAGE_"__OF_T__Job No

. 0.4 oate 7 1/21F7 m ggﬁgﬁﬂ_&se COMMENTS

CHKD. BY pare_ 1| CPFA Medhod

Ve/—/i(.;/ Ffﬁjfrnr, - j{/ >3j /2

pf’f{"/'m/'n( /e"’f/"onfe Ali‘p/i‘//rf/;ak, /r4r oW OVeF Croms JME

Horiz ! pﬂnﬁ)y =52

/C;j g Fyow' -{or/fq Y ﬂﬁéﬁﬂd’l’npa/. 70- 4((0‘4471' ]éf A) /L JI//U//UIT
Qn/ (97") mon F ﬂ UPAr Vhcorr f(?,,fy P"]lf'}’ /,_ 4 P /Pd’l/f'-J
r Tuery 4 7

76?7195(// 36/,
% =0 W(Dﬁ,):aﬁo(/&a”f): /R.8 He

Vert -

Bire Moment /Qef/oo/ue
MR = W /)CG AL 'SMé’ra‘iZKQ/,j”%zbijF = R7% sme

[/'(‘(7[;(/3 WL Bere
W = 14/[1 - 04 AL SME]= 0,7«1"[_1 - 04(1.n)SHE]
W =0.92"[1 - 0. 44 SH£]




TITLE Y 7/'0”[ /"’,’5 /]/* %k/(’,ﬂf STRUCTURAL PAGE 3 or_AJob No

/i ‘/( 7 I/ZI (P; @ MECHANICS MENTS
BY DATE COM
L l ' Cﬂ / M M e7 A oa’

CHKD. BY pate_1 |

Cq/wr}/y Cafer
ﬁo/k// - }-/J*” A307 Me /.7* /2;7(] AISC (ffﬁn‘/y(é",)},;kﬁl)

Anom by 0,306J"” Vl: /rz(“(r oh 50/74 74 (aﬁj}np itk #Pnfrlon

7& :Apom[/' 7(25-010;)' '/,'q%g] ad 7;6

Toe= 1 7(6.1%) = m4kjl e Wi
ess
= 13651 g v’

iéf(—" AA/A’ ////// V2% 550 )n7lo /77f-m$ro}h 4(7/;(,,\ w)ﬂ\ /0/-7)7
before bolf cspecitins  Gre fearhed.

S

\ For CHFM
A /M/, = ‘7&2 /L;// /0/4///( /‘Ao/hwr/j
007” fer . fan )l /o /,7‘
T Ity Y.
( \ /Vl,:-m 7 /52
s P ,/,l
S 4
=% - C
A=15" fxo05" o )k
‘ C=Ma g = 166" )05 =23
- k_ < £1f @
7(: - //,3 305{{ (OM//‘P\F @;‘@]

0 - —_ ” 4, /,‘,.’ 7:, v

Ao T h = (hyote) s & =2 d [ 0 Ll gl
7(::/-77k 1"[{Ju//-;/' @ 7;-‘ 7.7

v

7k /.;qk “— S CPEM ety Y gb/»u/mz Ao Feke ho cordid |, 4
o1 .
oL 'Zzé?[ U T = / 77/j (()h‘//o//a/ Z‘/ Ch;/(s
0.3 | 2.74 v Ploitse Aingos
g4 1301




: A
TITLE J—?ZJH['M /4/" 7,{:1( A)/V'/’f’ol’%J STRUCTURAL PAQE 4 OF 4 Job No

sy K PK Ty k7 (P MECHANICS
DATE - _COMMENTS
CHKD. BY L1 ULTING

DATE LM Medho
M o/nen 7/ (;104(,’ /]

hE_'e Me =7, a + g Ry =1V

l 8

PR Toi79t 1) W= 09 [1-0same]
¢ My = 1274 SHE (7 2)

LTy R

g=14.4" K- R (s 1)

2(1.794)(1.4%) + 0.92(12.25")
JR7Y # 0.92"(12.257)(? 44)

[one=ogry _com pont ]

SME =




DIESEL GENERATOR ROOM STARTING AIR TANK SUPPORTS

FRAGILITY METHOD

By

R. P. Kennedy




TITLE S 714* /; 23 /’/‘ Tenk a71lg STRUCTURAL PAGE / ori_Job No
ov— RIK_ oare 1%187 qf{_ ﬂ MECHANICS  ¢ouuents
CHKD. BY DATE ' [raci/dy /Mpfloc/
F;é;/%// G/ﬂf /g//au ,f;n\e /:;Hrw?l /4/ B'PV;O(/J Cﬁf/ﬁ (q/d

/feron.fp /réc 710/1

/%//e :

/C;'Pf-/f’h(z (pFM (4/( f’/oc/o(r,/ 4 /a) Pf/n fe 07/
/74'/u/¢/ //[V/"\fy /eor(//n) ‘e oppal: 4 dirocl ion 1 J‘///rr

CON/}J/P/.'/?) éa/L Vh.f/’rfqmv) /e J%’u(‘,/uh & (’_,'w/./-,«n"'
7(/“0"”"" '/'AF :‘/ Fefvere Feprr ¢ ‘/0 Y e o Pntopa 7he
’ 7/ U f 7 J Y
nbeocdonc Fhor et phi (Fy 6) 10 cdimids 4 4 :
JC = /a?f 7‘0 924 //g

210,

{ZU’,{O% pﬁ"/ﬁn) : -5—70 = MPQ-/;C'\/' 7Z :+/@Uj' 470 b 0{66/

Law 146 5, | RS% | 240 |
4% Ogjj 0,5_@5 %@U _/{Z;i_ 003
77 0 50j 0. ,df} £p
. 6, = L@g@i - 012
‘Sx;,, = O,ff} ?0,‘” =]0 ra03t = O./R

Sa, 0.55

— = = 3 06
o /y
O.If/j r\mt’

A/Z =
Vet : (R;;;/)
Z'\)gp/y/ Af;l In 710/‘m_) o/ Vp/—'/‘ f/ouh/ s0r /O./Zﬁ)

(Fiy 7) AF’—?}O-/{7 v =Y




TITLE -5_7[6/'///*-5 /1/# Tk f’:cco
8Y RFK DA“7|25'|P'7
CHKD. BY oave__l_|

v

o

5
STRUCTURAL "A%® X_or_2_sob No

MECHANICS . coMMENTS
TING .
CONSULTING Fraoi/ly Moo
/

.I '/ fw?l. k eponre Férwm- /rw

MP/NA FR ?U

Mot AL/ in f;{zu(/,,;.,/ Resporre Vor 15/ fy A A how i Wi/
r’f[»/ //Ook fpﬁ"f’lq G ky 740}% fe/mqn/ fﬁ«'/_ U/( Pf//m;#/
ﬁf /);)L\ '~ f/'//uf/w—'r Ggwé)y from Fesropsree obarec/ Ve o
ﬁ/(fl/a ({n)am Vdrl'cé"/‘/) f("h//./"w/'./] f/l/t/)’

Fsk

.)/7‘/(/(/ pﬂrﬂ/’/nj
M 06/4/ ; f@ (Ol’fdl}r’ﬂf (al‘hél‘nﬁ/vh
MUJP///r'/' Vdi 16 [///)‘7

/. O —_ o/
/.0 0.10 | —
.0 | —

0./5

/. O o0 o 19

Ca/h/b//nrr/ #0//% KF/PI)"/«‘ /I/c;-l

Pé/%mr‘/f‘l' M(’/i:n ?R

0y | Comments

020 — @j - /%/ ﬁo’/.m 71,-11//;?,'/',’// (7’/(’

Combmes Ver! Repone Aty

1/F J. 82
GM?’ (1/7.22) =
AF, 306 |— |0/
Feq Lo |l |/
AFy 2,57 022 |03 < Awh 5 SHE

B, | Cormeal

Ft g efer Mednn| €,
Vert /IME | 0.48 | 034 | — fa o Tidle 1 of Tt
AF, /.67 | — | O
SR Lo |olo 017
AF, 0.80 |035|0.19 |« Aty % TM*
{

A-84




J os_f_.lob No

TITLE "57[4//”’7’ /4’*’ 4”( *r‘?PdH(J STRUCTURAL PAGE
oy RPK  oare 925187 q{.. ﬁ MECHANICS ' ¢ouuente
__fLresilidy Mefho

Bare /“o/nen% /?e/,mn/r W=092" A(G = 4L 5"
- Kn -
Me =W by - A -SME = 3825 4 - SHE
F/S ﬂf/e W F,',
W=w'[1-F AE-sme]=0aua")- £ -5he]

&f&lm"/"f’ M(-"dﬂh (BR_ 6/ Lomments
E/C ﬂ- 4[ 0 0. 37 - Vf’//"(ﬁ/ 4&/)0/\»»/ (oml)m /iuk e Yor

AF, 0.£0 |0.35 |0./19
£ 1032 |osz]or7

Bolt Copacity  Ho" A7 App= 0.3068" A, =0 2060"
7. = F T =090, -A,,

CHKD. BY oATE. 1 |

2 0.99, A, )
o f = v (e Toe = 04" (g2 rrm 1)
B 7;( Chra :
(DS ry

- p r - . _ 06/ (¢ ;/,///
/OZ/J/OA 7;6— @'A/M‘ ..@ON—/’—ZP /n[ O;C Y.

nom

/%fgm,o}{"‘/’ /MPJ/;;‘ ?U
ki
o 36 —
R
o, 640" | g 06

f}h Z';/ar /, o 0 05- F/jow (354/\/

/C/3 /-2‘5_ 00f <« Al Aff/»/ /) ]/‘%/‘/'?('_«/vuh 'f.’:-;n

A-85




5

-

PAGE 4 OF Job No.

J’% (/{3 g4
me_S 1ot ! Air Tk Surpurt STRUCTURAL
sy R PK oan(7— 2«"' ’P A MECHANICS  comMENTS
| consuLTNg . “* =T T

CHKD. BY DATE

An?/p gé’ﬁo./}ﬂj_
/0/41//( MOmrn/ /:.‘-r./ok
MF: f;« ’ /M/’corm

F
Popameter | Medins| Ev
G /0, | LA (012 | A36 Hed

EAQN )1 1006 | (1fp.q)= 11/
Fon /35 | o0/3
P

/E;m,/ (/////7[ (;p«)/y 7; VerrvJ ﬂ/o//// (fu (J‘“‘f)’j COF/4 (a/n)

- ’ ‘ K — — k 4 /)'A/N\ '/o
7(;-—78——6 . Yl T /3 K@ 8V 02.2 /A:'P} {’(i&,'l 7:/ Vi (/U
/c/—om Mme-n./ Eﬁl/"(r 7;; = / 77 ﬁ + K L e S — ™
P 3

v

4
@ﬂfe @:/25— /% .‘_‘/.35'
v

p

d 7
OU o‘z(é/;lk CSU = 0. 3 é'f//rhr,?/f’
05"| 3. 40"
050" | 3.89°
01| 4.49¢
Jo" | 5. 03%
@ F;.,/ Jr\ //VPh(P
cS -0.3"

g - 3/2
75@ /




S _oF

5 Job No

M etho/

f7/‘ Jre " ﬁ v 7
TITLE s Al il er STRUCTURAL PAQE
. /.4 pATE_7 ,U‘ £7 MECHANICS  coumenTs
CONSULTING .~ W
G51/rT ¥

CHKD. BY DATE

@ /C—/na/ J/\ //(/Pnrp of /‘; //4F/,£;/r/y

\4 " v
dyz03" [ =135 £ -)25e
My ,

..a.oé’: //;

.7, =330 734 ) _
® 6’?/ = 330)’&0}

/Dol’(fmp%or M("Jian (?U

7, 333 | —
@J — a4
Bx, — | 007
G — | .o/

7, 333 10./6

Momen/ [{ 0‘(47// (/’j 4 COFM ({/fJ)
Mc =R88°T + 13" [1- f - 5me]
M = 38,2 AL - She (,:,3)

v

,: \S-ME. —:38‘2[//'45-/ +//'3h//;
[arameter | Medic- @R Cv Comments

A = #y 209°T 213"

7y 33| — | 0./
AFy .5/ | 022 | 022
£ 032 (053 (019

e

A-87

SME /.0751 0 02/ 0 2; Ffa(\n Emd/quan ,
/dr'«a/—m‘/ /i/?l/‘l.bt/m’i\

Y Y, fo o
(HCLPF = /07, € s 050}%’2721 ok e

St Fi7

Tresitely kerells /—e ciansble |




COMPONENT COOLING HEAT EXCHANGER SUPPORTS

CDFM METHOD

By

R. P. Kennedy

A-88




7|7LE_Z/P4 /LX ‘. / shsml %/’W/J STRUCTURAL uoe/_or_l_.lob No

BY L LK _oave W0\ F7 m ggﬁgct{:_lCNSG COMMENTS

CHKD. BY pATE LI CLEM Medh ookt

Hes! L"X(Am;rkf/aam Ih }7;3 uy Mownsee? ,é/,',,{ n f/fur/um[/{/HA
F/W)P -);P(//c\ Th,vufﬂou,« /n /(/-';uff/ {; 7 f()k ﬂ"ég = 01 /CP;

@ Seirmic ( 4/4([/ y (;p 7+ a//oa/ 57 Z-apj/'/ud),,,/ﬂwr on hotts Gnc?
0,,/7 This )[;//V,’rp mode (;qu/// s Shown in 7hese ex fr‘\n//f’
(ﬁF/f/\ f;/(‘o/p//d”/

@ A/P¢7/ l:;((A;/}(,—V /'/ ,Ea//Po/ /o f%?ﬂ/ ﬁf/’d!/z ]//'NN.D (,uA/'(L. /S
GL Vet fo be Fisi

/%//'Boﬂ}é/f VE‘///(‘/ Fkriupn,r/'Pj fx(('(/ 33//.3.
Determine Horiz € Verticc) Respornre Amplifiction Fector

5:4” — ’45 . SME 5;1,, = AF, - SME
_ 0. 3P _ _ _ 020 _ -
AR = 222222l (R 8) A =22 =111 (F.7)

Petetnine Bare Respornre Per Sct?/e
Lonq/'/udino/ (one sedd /e Aar //0//.%4 Lot /40/'*/]
V = W-AE-SME =235K2.11) ope = 49,6 SKE

/vn7
[47(4’/4/
WA, - SME —
L7 = é? o/ f’kv TME

» _ K _
Moy = b, by = 3004(07) e = £30" she

Vf(?laf -o(l;m fAeW /0'.“/- ﬁ//
Combine 1002 Zw}( Witl 0% [t £ 40/, %}/

Vs =T (1, )+ foay, ) = 2535 sme

\ two

A-89




Job No

TITLE /'/‘%" Excharser Sppor paae.X__OF L

I STRUCTURAL
av___ RFPK__opare 7 /31 ﬁJ ﬁ MECHANICS ~ coumenTs
CHKD. BY DATE COFEM Metbod

Vertics/ e

:-[1 0.4 AE sE]- ¥ (—-—
2’5*[1 - 04(1.1) SHE | - 474"(25 - )sme

W= 1. 75k - f0. 96 Sme

C-af’a(/?tl
Ff.// G/Iume 50// 64 Ges /f (O/I/fa//roo A/ sheer. W/ fUl/f‘;d"ﬂ///

(A Pr/ (omé/nw/ J“pc; end/ %(—‘nf,on

Yo = 1. 7% AXC fat 1 Copecity (Eigh ildition )

for B0 -4307 bty
I=17(6.0%= /.2

(PF/“? Cc/oﬁr/%/

CA&(/ﬁ 7;/7//'0,\ In/r’/r rok )6/—- f/’“—” -'0-41017_

/]:DM/# 7(24") + T (4) + W (#) = My
"

|
= n=(E)7
\'4 y ” _ "y
7/’ T\ c - 7- - M/«i ,,z(/#J - M/c! 7
PYEINCY 2¢4.67"
L— ’I 40/ L/Phr/ 67 Sime 02.; mex e
My = 520*'(0 401)/040) 992" W = I.75% - 0.96*(0.94) = 7.37*
99.2""- 7.37%(13")
< 0 /Vo Tension .
7I- 2¢4.67” " } doe?nf/
With /1 Jhear Vo Fresenf : 7z = . 7(26%)0.6") - 1. 8(10.2%)= £./6¥

Shoolt Alo Generidy Chek J007. LiTori! # OF Lo 4 L6 Yot Hovirune W

A-90




COMPONENT COOLING HEAT EXCHANGER SUPPORTS

FRAGILITY METHOD

By

R. P. Kennedy

A-91




TITLE H cCe 7L Z-c;(f/w 1/ Ads QL’N STRUCTURAL nos_i_or_z._.lob No.

i
26
BY RPK __oaveZ 26147 (ﬁm ggﬁgﬁﬂ?ﬁe commenTs

CHKD. BY oave._L_[ Fﬁ@/g)///z Medhsd

@SME C‘q/od(i/y 07[ /74;% FXCA 4,«/,#’ _[} Na?‘ Governe s B)
[4,,,/;,”-/ /7/0/111L /?f’ffdﬂ/(’ [Olr‘loonrsn/‘ I/ g GBVP/'I\OJ ./},v /D},;?CJ/"U/
/epjipdhjp (oo«/;o,mp?]. 5M£; 7 /P?Cr,’m/ qr 0&42 /}/ﬁ'ﬁ [4/}&'7/

/9/0/‘ /2 /nypanfr .

Zop7 ﬁerf - ff_’i /47‘ /ef/ﬂwur - H
42 Liyert Hewz rz $iLopt Hoin B E
VP/’{' Rr,/’ - F 5//’ Pl 6/ f;/ f} ¢n J f; GF* é/,// % '/)n,-y’
&4 [ﬂ/,,/%m 7 in Tobfe 1 of }n'//o/ur/or7 ’/r“\//

J@MUJ% Aéo .Z;wf/uc/e f%/‘u(/‘//‘?/ /?t‘y/mhfe Véﬁi;’/{/'// '//(/( ////A ‘e f//ur/we
Awgy /(/;on. Kﬂahvhrr, yje @ df’/’h/&/ oh Ppése 2 of 7//'5//////
M ethod (4/CJ -()/—- ffcf/z'r/ GrF /fnrf ..ff/fpof?{f,

@fnre ﬁr/ >33//j\ A//:; =2/ wed i QDEMK Coler withod V;ri(/.‘/;//»
@ . Vocdor Som Sheor Pt Btf (ree pr 1 of CLEM Cofer)

- 476" ! ER . 2 E, ) where Fee
z{'\”o ) 2 (fé 5Ml:/ (/i) * (;_(’%‘/ eq rorh/?o:mn—f

Combinelion varichle
&fwo Ln/é

Ix
Pq/vqme/PV /MPr/,’q,\ 6? ?u fohﬂmm/f
A~ /.0 0.20 | — For Totte 1

. Pom 60/

F;_ /r o 0. /-5- -
Fe ). 41 —
£ 1.0 1040 [0.19 | b 2 ety Air- Tenk Supports
fec O.40 |0.39 | —
F)( / 0"1 0 /4 - %e'/’: ).;;/ﬁaa/‘/):;";‘:ﬁhm‘ / d;j/‘/;“y/;o'\
Wp /SME | 17.9% |06 |0.19

A-92




TITLE H 5471 ‘5( chanser f",f’/""{’ STRUCTURAL noe_:z_or_Z__Job No

% PR G261 £7 MECHANICS
sy pATE 71£C| W CONSULTING ~°°.;::T,/-/ Me/bo/
s/// ')' erhe

CHKD. BY oave__1 |

Bo./7Z [4,04(//7 (ﬂff(/me 7L/P¢JJ are +» f/PW f/c'/’r”)

Yy -Aze7 » »
lé = 0 55 A/%m 0; 0{;( —spkr 0;( =36 Am,h:dé

- - 1 Jic ) - O X
éfn 5/¢r-: @EO/V - L&S /n d;() ?

/%famf/"f' M“’J"w PU
, s4% o o€
Eon /.0 0.29

I 1% 1o 30

smE= Y [, lime)

Rﬂ'«;fm«/f’r Meic PK 3 @V

(g IME) | 17.95 | 026 [0.19
V. 2./ | — o030

SME /,/577* 026 036

Z;;Z/’F =) g ) 42

VP}; hore So COIA vefor of 040)

Jo // 4;;//1 /} '“f”"/]l_/ Gt e f Fesorm C/)’/r

¥ 71 ffg,;/,// J/(//// one shout) cherk ofbher filre pydes
fo sntete 7’4:7 Lo nol ves/i i & Jewer e (cf4(a}//‘

TRe £ii)ure mede Which wer checknd vonlrols Fhe Helrr”
G‘/ﬂdr;// lfv//)oj/)é// no/ She prdion.




CANTILEVER REINFORCED BLOCK WALL

CDFM_METHOD

By

R. P. Kennedy

A-94




'L!_J?/ 0(/ 1(/4// STRUCTURAL nee_/_or 4 Job No

RP/(/ DATE /)7 97 @% (h:AOESgLAjE'hCNSG COMMENTS

KD. BY paTe_l | CLFIA  Mothoo

CJ}I)%./PV'O/" 5/0// h/c,//ﬂow\ /a /C:}# )r MOUI?/PJ %/};L /n

f?‘/‘t/(%ﬂ'( éifoé/'pr/ﬁ/ /o Féw' jp‘ﬂr'//a Inp«/ -/x()wh /n F/; éfé7‘_\
for SME = 0 8, ’

D Seirmic Earecify ir Governed 147 Ol ol Hlene Flexu,/ LPohivior
4500/ Wil Bese 40 Ahis 7t fhe On/‘/ Sei lore tnide checked 1 a
these celes

) Well i eviloitod vsing Frensii Perism mothoo.

Conctede Block [roperios

:g/: 3000p,;  Tyor S Morfer

oo From ACT 53/-79: {J;': /700,04,' (masonry Comp ///m'/U
£y = [ 7500 G

ef: A ein g einfotce
Tensile STpemih J'g :0?'5-/'7,[”, - /03/”/_{’? A y, Reinforeed

Méfol\f‘/ Fn;,'n erring
Horstbook,” Fou, Eolition

7/
Py "7

4
wa/fp,//uni ..Z(} = /340/ 17 .5; '—‘23/”?//
Chocked Soction : ];R = (?g”’/f/
Weishy - Cdf-‘///f.rf A7 /1-‘/0/#
N¢7L0fry/ /'7t7 Gtar Jection ‘f}. = [ Wz
6‘4(%»; MOMM'/ (4!”(‘/' /7
/{/] = f 5 = 0./102 ks, (—?3/”/37(/): %73.00/(7/
CR R =7




TITLE B/O(X /1/4//

BY

CHKD. BY oave_1 1

RPK  oare 101 £7 (ﬁm ggﬁgﬁﬂﬁe ‘couuCEN;FM ’ Method

Ut imad e Mowent Amrhein J ’} w y 7[7 Speeie] Jospection
j 4 _ Ar -
Mo=@ A [d-31 ez gy P=040

A_‘-: 0.233"1/ 0(7 :-gO/Uf 9(:5—’?///
g =902 (60) _ 08"
0.95(1.7)(12")

K

o]
0:0.9/0.233)(60)[5.,9/- .o.;i = 60.4 /i
p(’?(f’l'm?h(’ I(/( ,Z [/ax/i( /fp/r.. :f‘ .

3 3
Ty = (%A';—")}j +[/ - (%}7LR %f)z %): J. 0612

Ie// = (0. 06/2)(/340"7{/) 4 (0. 7}//)/P5/12/): 163 ;,4/’

- /I - [/ - V7
_{- é e”/_l} = IR pe /;j =42 2

//OOUP(/PI’ LW// Q))//fo fué//qn,/}s//f /h P/&///( f@/af-» 7 fa//
Ghd Froponie wilf éP\fOl/PfhP’/ /y in ef'ﬁ’rffz/e /n P/_GJ//(

Sreseoncy F' NUREG(CR-380S, Vo. 1, May 1724 (Komesy ot <L)

*~

wifl be wre/ 7o es7im 7e -7[5, and //\P/qJ//( .f/"f‘r‘//q/ 01PN E

@Ef}lim&,/(’ I/m/a///( 5&]4—" Ro/q?l/oh (4,04/,/7 pU/»);:) EQ
Non-Gelic Base Rotetisn (“/""'57// L, giver by ACT 349, Apr. C
- O.P5A | _ .
/Z = (0-0055_}(—-&—/- 0. 040  reins

Howevrr, Under 34 5 shrons Fejporve crefes from EGQ s houl)
/ /
Lt K to fewer velve. :

Pz Yk, =% (0.040)=0.026 radions




ITLE B/O(k W/ STRUCTURAL na:3 OF 4 Job No

R FPK 2\ & MECHANICS
Y onsj_l_.L_Z @7{ CONSULTING 'couueun

HKD. BY oate__1_| C.D‘FM Shethod

@ Dederomine Elardic £ 0nelortic Ao ot e Fion of wall CG.

wh*  _omi (10)" (1ae
/-:/4/71/(.’ J - :__7/”/ (03) ( ﬁ) -
s —22.65];// 22.6 (1. 72005 )(163"%)

0,026

Taslastic : J(é = ([_,m + /,;'(—2/-’)_-0,02(1& a.oxgﬂ"): 0.156"

@ pp/ﬁf”‘/‘/\(’ jé(cr;/ ;E'[/ ﬁ'—f}’/Pnr/'PI ;[“// ﬁqmp)n/*
- de, - 006 _
£ =5 Cesfy L2y [958 = [ 7 4,

£'=015F +0.05f =0s5(1.2)+0.8507) = 2.1 ha
&'~ jok

B Determine £ S,
%eJ/ - /( —%(fl/ P"I)

Wherp K 15 6n inelartic ferponse Fedvelion feoTor.

K = [’5/,5']2\: 0.67

/‘/owww' /?eJC (2) //M}/J k-?&.a() fol— /}wf CLFM /Mf//wr}
vnlery & nonlinecr FCIponie Ghglysis s perforn vt

@ A((o_unf 7[6'0-- /‘-H’; Unrﬁl—/wn/)’

.TAP F;; 6 f/‘a‘;'ﬁ’_f';,,.,/h' /J7—0hjh}c/¢=nr=/ gnd /}’)UJ/ Je ][;e;w.,n(/,
fA,-//,.(/ fo @rcount for J/_/u/fufe f/rlsu%r/ vnceelainty .
ﬁf'/Af‘?WI—; ng W URCe Fo.n $ rhok? ée f,,e/c, shiffed fo Gerront
J[Of’ VV‘(P/‘/4;n/}’- 7; Gcrount )[of— jo/)«/ vse }ri;AP/)L f/?.orr//;,/
arceforalion within Firse 0.7 4o | 4 Times £

JE, = L.5H % R THa




ITLE Block Wil STRUGTURAL PAGE 4 or_% sobwo

v RPE _ oaeli187 m ggﬁgﬁf_}fﬁe COMMENTS .
HKD. BY pave_ L1 COFM MeflJ

© Defetonine A //-;

- 03 von [rs 6 Jor SME =0
A(R‘?He/w) = 0 37 oo £ P SME =015

= 0.8(0.33,)= 0.265

_ 3a 0. 2€
- 0/;1 0/?9 = .47
1y 7

@ ﬂP‘A%rr'me iGJP Momm?z MR

T Kn
M, _i"_fl.AF SME = ZL/,_LLQZ)M;)M\E 9797 SHE

@ pe7l(’fm}nf” IML

// W 5‘;.47
- - = 0.625 ) CoFM

____.._.__..—«‘—-—'//'

SAc’f/
AL

A-98




CANTILEVER REINFORCED BLOCK WALL

FRAGILITY METHOD

By

R. P. Kennedy

A-99




PAOE_Z__OF 3 Job No

COMMENTS

e Block Wel/

STRUCTURAL
MECHANICS

8Y. K PK DATE 7126| 007

CONSULTING .

Srac /iy Method

pave__[_ 1

/M (>ﬂ7r’n7Z [4/94()// MU

My= 6 Ak [d-£2] az fZy Amow
[arimeter | Med @/ Corwmpnt

fy §7571 0.08 | Grade €0 Rebsr

£! .21 0./3

d sp1" ) oos

5( 0.75 | O./F Keller ‘.é.ff;/Pk/ /982 Hor Measonty

Fo /0 0.1/

A O. (?/" 0 /5 ﬂ/ffiw-d’ ﬁom Gbove
[ad-£2] |55 005 | »

My 7705\ 0. 14

/?07L47[/'0m./ [aparhzl
AN (0. 0065) (%22

Pirametrr| Med Co Comments
£ | 0.60 | 0.12 | Seumic Crelie Redoction Factot
E, /.40 0.3 | Fgn Viriabitily Factor
d 58" 0.05
a 0.81" | 0. I5
f' |ooet|0.38

A-100




Bloc k Wilr

TITLE STRUCTURAL PAG!’j OF ‘3 Job No
sy KRPK _ oave9126127 qf% ggﬁgﬁfﬁcﬁe COMMENTS
CHKD. BY pare._l | " Frasility Medhoo

£/4f7li( é‘JhP/GJZZi( pe7/0/'/nc//0h %(prfqm/)’ é‘ﬁﬁj “ﬁ(.

(A{/r/ ok Vé/uPJ f(ofc/é/}ol\l vse 1n COEAA (°V4/V4?//'0k)

A-101

/04/'4”’ P%P/’ MP/ Gu Coﬂﬂl‘/‘ pn7_/r
Elastic e, 10.026"| O50| B3 OFM Chs
Y ) 051" |0.34 | Fsn on 3 VM Colrz widh !
< ‘O/ £ ce f/arv ff{; 1y cole 5 2 by _r/mu/;/ PN
.f:s- //35-/‘/-?» 0; /7 [’;,\ Ok /2;3 (ﬂf/“( (,c/rj
F o |42kml025| ~ oo
5‘; / &0 Ha | O. /4| Arsome 3( EF are /n/(-/’("‘://'nf Obtin
57 J/mu/c/ T UJln) Esr on P3 ot
CPFM petl o
& | /5707
/{ 0.563 023\ J_:f & -,[C.I GFt (/o/»// dﬁ,oondvn%
fc [ 80K | 0.2 ifo«/r’n fo, Un(w/ain.%/ fo Geconmt
Jor sTrve? fresvency wheetfeinty
then l/JM) (//a‘/ch/Pr«nf/ 7//0.)'
et s E (8 = 0.3
%{ o 027 015 ﬁom /— 4 fon/o/an/ _7[ ¢n/ P,’
A Uh(Pr/4 ity
Aeoss 0./5 |0.27 | £u B3I COFM Gl
5;10/{
A= 758 o024 |07
6R
Random Scstfor /. O — | 0. /5| NVREG /CR3£05™
AE, 0.84 (027015




TITLE -4 / oc } /7/6//~‘ STRUCTURAL noe_3__or_~§__Job No
sv KPK oare 712447 (f{(lzy{ MECHANICS ~ gouments
ULTING - Fras:tidy Method

CHKD. BY pave.__1 |

Ih"””ﬁ"“-/-" f%/uf'%”/’?‘/ KP//”O"JP /EL(*MM’ /ﬁf*%}oh /L—4r7/0/f

O SME [9',06r,'/7 of ﬂ/o(/’ A jWPMP.rﬁ /y floor }tiponse
0(/74 07[-/0/%(’ o/ wel/ <‘L héf 5‘/ /¢/’/f:/7L Adf}z ff//){)h/'(’
(a"‘/’f«‘r‘(’n%- SME s &/(nflnr‘o/ s Yﬂz NEF /Cr/vf:/f

hotiaz. fFesporse
Ovt -of - plene Frporic _ 7 A ik fron Table 1

-

/
Jl4/?> NEP /?f/'re/f ))oh'z. 5 of in‘//».uJur'fqi; exte

@ Mot sbo mchde sTructor] response varidkility Jor Ak
n S fu\’/t/('(’ Ggwey ﬁam Fefonecnce Ure ER JP’I.VP/ ok -

Fest 2 of fm;-;/)/r CG/U )Ck J/(r/hy cre Fanf faf/’or')‘f.
@ Moment Rerponse £ JME
= MR(N’M. . A A
(h, [ome)= Shem pp o (B

F¢

SHE = M, /(Mg /sPE)
Poramcter | Medisn Cr Cu
My 770" — O. 14
(M ot e 666471 — | —
AR, | o &4 (015 | 027
I‘f—m /. O o./0 0.19

F /.0 0.20 | —
A /. 0 0.15 1 —
F 'y — | —
SKE | 1.94g | 031 | 0.33 |

Clase Gsreprenad wilh

@MF - 90, et EOY = g g7 ) Com veke A0 2y

A-102




APPENDIX B
EQE ENGINEERING, INC.




SUMMARY OF HCLPF CAPACITY CALCULATIONS FOR SELECTED COMPONENTS
PERFORMED BY EQE INCORPORATED

Component 1: Flat Bottom Storage Tank

Failure of the vertical storage tank is defined to be gross loss of
fluid contents. This is assumed to occur when the tank shell buckles.
Horizontal seismic load initiates uplift of the tank shell from its
foundation. This uplift is resisted by the anchor bolts, the tank
bottom plate, and the tank weight. The anchor bolts, with the modified
chair detail, are permitted to yield, so long as their behavior is
ductile, since yielding does not directly result in loss of fluid
contents. Shell compressive stresses progressively increase until

buckling occurs.

The following HCLPF capacities have been obtained:
Fragility Analysis Method: 0.26 g
CDFM Method : 0.29¢
Median Capacity : 0.54 g

These estimates were not revised in the Second Round Calculations
following the Study Group discussion.

Component 2: Motor Control Center

The cabinet has a fundamental frequency of 6.5 Hz which is a typical
electrical cabinet frequency that results in significant amplification
of base motion input. The functional failure mode of the motor control
center is governed by chatter of auxiliary contactors on the motor
starters. This may result in spurious signals and may adversely affect
the equipment controlled by the motor starter. The median fragility was
derived using relay and contactor chatter data evaluated during the
SSMRP program [Cover et al 1985]. However, the uncertainties for that

468nb/hclpfcal

B'2




fragility derivation were large due to the fact that some non-typical
very sensitive devices were included in the data base. Therefore,
Generic Equipment Ruggedness Spectra (GERS) [ANCO, 1987] were used to
establish a lower bound capacity and the uncertainty on strength was
derived from the acceleration capacity range between the median and GERS
capacity. The HCLPF was then derived from the median capacity and the
uncertainties in capacity, building response and equipment response.
The deterministic HCLPF capacity was derived using the EPRI methodology
and GERS. GERS were reduced by a factor of 1.3 in accordance with the
EPRI Seismic Margin (riteria Methodology. In addition, operability
during an earthquake is only a concern if there are interlock circuits.
Therefore, the 0.87 reduction factor on GERS for interlock circuits, as
stated in the GERS report [ANCO, 1987], was used to reduce the HCLPF
capacity.

An additional failure mode investigated was operability after the
earthquake. ANCO GERS and other generic test data have been used for
this HCLPF capacity derivation. Two locations for the cabinet were
studied: ground level and high-up in the building. The following HCLPF
capacities have been calculated for the MCC:

Case Median Capacity HCLPF Capacity (g)

(9)
Fragility Method CDFM Method

In-Structure
Function During 0.36 0.07 0.09
Function After 1.16 0.21 0.26
Ground Mounted
Function During 1.58 0.39 0.47
Function After 5.06 1.18 1.45

These estimates were not revised in the Second Round Calculations.
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Component 3: Starting Air Receiver Tank

The starting air receiver tank is a vertical, skirt supported
cylindrical tank which is anchored to the building floor by three angles
welded to the tank skirt and bolted to the floor. The leg of the angle
is much weaker in bending than the anchor bolts. The angle leg is very
ductile in bending and the failure mode is low cycle fatigue. When
fracture of the angle occurs, the air tank is assumed to fail through
failure of the attached piping.

A low cycle fatigue analysis was conducted to determine the ductility
limit at failure, assuming 5 cycles of strong motion input. The
resulting failure ductility was used in the fragility analysis to
determine the median acceleration capacity. The HCLPF capacity was then
computed from the median capacity and the derived uncertainties of the
important variables that contribute to building response, equipment
response, strength and ductility.

In the EPRI deterministic analysis method, bending of the angle leg was
also the governing failure mode. In this case the computed bending
stress was compared to the ASME Component Support Code allowable stress
for plate bending. In addition, a load factor of 0.8 to account for
ductility was used to reduce the seismic load before comparison to the
code allowable. This load factor is specified in the EPRI deterministic
criteria for ductile failure modes.

This tank is assumed to located high up in the building. Since the
nozzle loads were not specified, the analysis has not included any
effect of nozzle loads. The following HCLPF capacities have been
calculated:

Fragility Analysis Method: 0.44 g
CDFM Method : 0.53 ¢
Median Capacity : 1.55¢

These estimates were not revised in the Second Round Calculations.
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Component 4: Horizontal Heat Exchanger

The failure mode governing the median capacity of the horizontal heat
exchanger was combined tension and shear of the anchor bolts. Tension

results from overturning of the heat exchanger in the lateral direction
while shear results from inertial loads in both horizontal directions.
When this anchorage failure occurs, the heat exchanger is assumed to
fail through failure of the nozzles and attached piping. The HCLPF
capacity was computed from this median capacity and the derived
uncertainties in building response, equipment response and strength.

The governing failure mode for the EPRI deterministic HCLPF capacity
calculation was pure shear of the anchor bolts. This change in
governing failure mode results from the fact that dead weight resists
the overturning and tensile stresses do not develop in the bolts at the
HCLPF capacity level but do develop at the median capacity level. The
difference in the calculated HCLPF is small, however, for the two
failure modes of the anchor bolts.

Two locations for this heat exchanger have been studied: ground mounted
and high-up in the building. Since nozzle loads were not specified,
they have not been considered. The following HCLPF capacities have been
calculated:

Case Median Capacity HCLPF Capacity (g)
(9)
Fragility Method CDFM Method
Ground Mounted 1.87 0.89 0.96
In-Structure 1.08 0.38 0.44

These estimates were not revised in the Second Round Calculations.

Component 5; Reinforced Block Wall

The block wall is represented as a vertical cantilever fixed at its
base. Seismic capacity is controlled by out of plane bending moment at
the base of the wall. The wall is capable of withstanding seismic

468nb/hc1pfcal
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excitation levels in excess of those causing initial yielding through
ductile response. Failure occurs when the ductility demand reaches a
maximum permissible value. This maximum allowable ductility corresponds
to a deformation level at which the load carrying capacity begins to
significantly degrade.

The sample block wall ultimate strength and load-deflection relationship
is determined following the recommendations of the ACI-SEASC Task
Committee on Slender Walls. The capacities are estimated using two
different stiffness assumptions: equivalent elastic-plastic load-
deflection curve and secant stiffness. The following HCLPF capacities
have been calculated for block wall:

Fragility Analysis Method: 0.48 g
CDFM Method : 0.48 g
Median Capacity : 1.55¢

In the Second Round Calculations, median damping of 10 % was used along
with a median ductility of 3. The revised capacity estimates are:

HCLPF Fragility Analysis Method: 0.63 g

HCLPF CDFM Method : 0.63 g
Median Capacity : 2.10 g
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~2.3963E+06
-1, 22328406
-4, 6325E403

1. 543BE+05
=2, 03658405
-4,2854E+04
-1, 2676E+03
-8.5787E+04
-6, 45B0E+04
-5.3784E+04
-3, 9199E+04
-5, 6495E+04
-5, 51428404
-5.5619E+04
-5, D4BUE+04
-5, 531iE+04
-5, 9226E+04
-3,
-3
-5,
-o.

n

S1B4E+04
S203E+04
S194E+404
S200E+04

-3.9521E+06
-2, 341 1E+06
-1, 1680E+06
-4, 0BOSE+03
2.093BE+05
-1, 4B45E+0S
1,2386E+04
-7, 1561E+04
-3. 05878404
~5.3799E403
1. 419BE+03
-3.9966E+07
-1.2931E+03
3. 8281E+01
-b.1928E+02
-2, 80&5E+(2
-1, 110BE+02
-2, 6406E+01
1.59662401
-5, 2344E+Q0)
6. 1719E+00
4.3730£-01

R R A R R P S R R R R R R R R R R R R R R R AR R R R SRR IR SRR RS MR R R LR 8L
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RESULTS OF ANALYSIS

{1 NEUTRAL AXIS LDCATION:

DEBREES RADIANS
22,5609 4,G074E-01

{2} TEMSILE FORCES IN ANCHOR BOLTS:

BOLT 4  REF. ANBLE (DEGREES FORCE
1 180, 0000 1. 3BOOE+DS
2 135, 5000 1.3800E405
3 90, 0000 1.3B00E+03
4 43,0004 §.9983E+04

{33 DIRECT FORCES AT TANK BASE:
ONGITUDINAL FORCE IM SHELL = -1,
Jur OF ANCHOR BOLT FORCES
cGTTON PLATE HOLDOWN rORCE

"

— g e
w0
~3

0 o e

—_ ]

m o m
+
P,
wn

TOTAL = -5.5200E+04

{4) RESTORING MOMEKT:
FROM LONGITUDINAL FORCES IN SHELL= 2,b052E+08
FROM ANCHOR BOLTS TENSILE FORCES = 4,6073E+07
FROM BOTTDM PLATE HOLDOWN FORCE = 1.07B4E+D7

TOTAL = 3.1733E+08

P24
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ADDITIONAL RESULTES:

MAXINUM LENGTH OF UPLIFTED BUTTOM PLATE= 1.BSI9E#(L
MAYIMUM UPLIFT DISPLACEMENT = 3.3768E-0!
MAYIMUM FIBRE STRESS IN BOTTOM PLATE = 6.5B47E+04

B-27
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1)+BNORMAL.STY10-01-87  07:49:54
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—\ &~ TE>\J<>>k\iw~EfS gtress

TANK DATA
RADIUS = 240008402 7
SHELL THICKNESS = 3.7500E-01 7

BOTTOM PLATE THICKNESS = 2,5000E-01 ~
SHELL YOUNG'S MDDULUS 2.8000E+G7

FNCHORAGEE DATA
RUKBER OF ANCHOR BOL
~RCHOR BOLT DIAMETER
_iPOSED LENSTH OF BOLT
COTAL LENGTH OF BOLT
HGLT YOUNG'S MODULUS

i g~

o
]

2. 0000E+00 7
2, 7000E+61 7
5. 4500401 7
2.9000E4G7 7

[T

FRECALCULATED DaRTA

EFFECTIVE FLUID WEIBHT = 1,2000E+01 7
TANE SHELL CRITICAL STRESS= 1, 7400E+04
LIMIT ON BOLT CAPACITY = 1,3B0OE+05 ~~

NET VERTICAL BASE REACTION= -5,5200E+04 /7

ITERATIODN PARAMETERS

MASIMUK & OF ITERATIONS
CONVERGENCE TOLERANCE

100
100

B-28
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INTERMEDIATE

RESULTS

1TER 3

L T U U O S (Y
00 Qe LN e GBI e S SO S O T s By e

20
3
22

NEUTRAL AXIS

1,5708E400
1. 04726400
7.2273E-01
5. 0534E-01
3.5542E-61
4, TH47E~01
4,7208E-01
&, S460E~01
4, 6341E~01
4,6777E-01
4,5993E~01
4, 6985E~01
4, 683101
§, £R58E~01
4. 6871E-01
4, £864E-1
4, 6861E-01
4, 6859E-01
b, BEAOE~01
8, 6860E~01
4, 6BAOE-01
4, 6860E-01

-3, 13208 +2b
-2, 1450E+06
-1, 4957E40b
-1.0507E+06
-7.4055E 405
-9.0B4IEHS
-9.B201E+403
-9, 40918405
-9, 681 7E405
-9. 73108405
~9.7757E405
-G.7534E405
-9, 74228405
-9.747BE+00
=9, 75085405
-9, 74928405
-9, 74B5E+05
-9, 74B1E403
-9, 7483E403
-9, 7482E405
-9.7483E+05
-9, 7483E405

07:49:54

B

6. 7713E+04
2. 7367405
5. 9191E+05
7.6533E+405
B.9679E+LT
8. 0914E+05
T.B412E+GS
7.9568E 445
7.8969e+405
7.BEBIE+DS
7,B348E+05
7.8616E+05
7.8651E405
7.8634E4+05
7.B625E405
7.8625E+03
7.B631E405
7.8532E+(8
7.B632E403
7.8632E403
7.B632E405
7.8632E403

8.

PL

0330E+04

&, 9554E 404
9.7651E404

1,
. 3B4BE+UT
3956E+05
3Z06E+05
L I5F8EH0S
L 3427E+05
«J348E405
. SJ06E+GT

—

2680E405

L 332BE403
LIII0E+OS
L I330E403
3IZOE40S
3330E+0D
3330E+05
33308405
cIIIGE40S

-3, 2408 +06
-1.7997E+406
-8. 06128405
-1,3852E+403
3. 1471E+05
4. G283E+04
-b. 5226E+04
-1, 42708464
-4, 0159E+04
-3, 2791E+04
. GOI2E 404
.5918E+04
4356E+04
. S138E+04

(5328E+04

5
LS1BAE+(4
-5, 5210E+04

.S198E+04
-5, 5203E+04
b}

]

3

]

3

]

b
-5.5235E404

3

5

5

5

3.9201E+04

~2.968BE+04
-1. 74458400
-7.5092E405
-1.0332E405
3, F91EH0S
9.5485E+404
-1.0026E+04
§.0930E+04
1.5041E+(4
2. 4090E+03
-3.8324E407
-7.1B13E+02
B.440BE+07
6.2406E+01
-3, 2791E+(2
-1,3225E402
-3.4516E+01
143136401
-1, 0453E+0!
2.0000E+Q0
-4, 7031E400

-9.5313E-01
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0F ANARLYSIS

{1) NEUTRAL AXIS LOCATION:

DEGREES FADIANS
26,8487 4, 6860E-01

{2) TENSILE FORCES IN ANCHOR BOLTS:

BOLT #  REF, ANGLE (DEGREES)
! 180, 0000
2 133, 0000
3 96,0000
§ 45, i

(3} DIRECT FORCES AT TANK BASE:

LONGITUDINAL FORCE IN SHELL
SUK OF ANCHOR BOLT FORCES
ROTTOM PLATE HOLDGWN FORCE

TOTAL

RESTORING HOMENT:

FROM LONGITUDINAL FORCES IN SHELL=
FROM ANCHOR BOLTS TENSILE FORCES =
FROM BOTTOM PLATE HOLDOWN FORCE =

s
14}

TOTAL =

P B/4&

FORCE

. SBOOE4GS
1. 3BONE+GD
4,8160E+04

Sy

. T4B3E+05
7.8532E+05
1.3336E405

-5, 52018404

28BBE+08
< J613E+0T7
TH44E+06

3. 0224E+08

0o o
. -

B-30
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ADDITIDNAL RESULTS:

MAXIMUM LENGTH OF UPLIFTED BOTTOM PLATE= 1.593ZE+01
MAYIMUM UPLIFT DISPLACERENT = 2945201
<27 {MUM FIBRE STRESS IN BOTTOM PLATE = 4.8734E+04

B-3%1
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No ot oa B Hollow.

TARK DATA
RADIUS

SHELL THICKNESS

BOTTOM PLATE THICKNESS

2.4000E502 7
3.75008-01 7~
L0000E+00 7~

" on

SHELL YOUNG'S MODULUS = 2.B000E#07
5NCHORABE DATA
KUMBER GF ANCHOR BOLTS = 8§~

000400

ANCHOR BOLT CIAMETER = 20

EXPGSED LENGTH OF BOLT = 2,7000E+01 <
TOTAL LENSTH OF BOLY = 5.4300E401
BOLT YODUNG'S MODULUS = 2,9G008+07

PRECALCULATED DATH

EFFECTIVE FLUID ®EIBHT = 1.2000CE+01 7
TANE SHELL CRITICAL STRESS= 2.3000E+14 4
LIMIT OK BOLT CHPACITY = 1.3B00E+05 ~7
KET VERTICAL ERSE REACTION= -5.52008404 /7

ITEKATIOGN PARAWETERS

MAXIMUN # OF ITERATIONS = 100
CONVERBENCE TOLERANCE = 1.06

B-32
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1)+6NORMAL.STY1G-01-87  06:00:51
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INTERMEDIATE RESULTS » /%

ITER 4 NEUTRAL AXIS P P oL PSUN XNORM
{  1.570BE4G0 -A.1A00E+06  B.9SOBE04  .O0COOE#00 -4.0505E+0b -3.9953E+0b
2 LOAT2ESDD -2.BIS3EH06  3.643E+05  LO0OCEH00 -2.4709E+06 -2.41STE406
3 L.TE-0L -L.9771E+06  6.A917E405  LOGODE400 -1.3279E406 -1.2727E+0b
& 5.053E-01 -1.3688E406  7.B960ES05  .0000ES00 -5.9921E405 -5.4401E+405
5 T.S5426-01 -9.78B9E405  9.6334E405  LOGOOEH0D -1.5SABEH04  3.94526+04
b ATBATE-GL -1.200BEN0S  B.ATSIESGS  LOO0OES00 -3.5329E405 -2.9B0GE405
7 TLOTHE-O -1.0953E+05  B.93B4EH05  LOOOES0D -2.01ABE40S -1.A626E+05
8§ 3.IE-01 -1.0167E+06  9.2AT3E+05  LODOOEH00 -1.1395E+05 -5.B750E404
§ T.6b8BE-01 -1.009ZE+04  9.A290E405  LOOGOEHO0 -b.6315E404 -1.1115E+04
10 .60996-01 -9.5417E405  9.52B1ES05  LO0GOES00 -4.13S4E+06  1.3BAGESO4
1 S.6375E-01 -1.0017E406  9.4T7BE0S  LO0GOE400 -5.3936E+04  1.2636E403
12 3.S126-01 -1.00SSE+06  9.45326405  .000CE+00 -6.G151E+DA -4.950BE+03
13 T.AMTE-DI -1.0036E4GE  9.AGSSEHUS  LOOGOED0 -5,70SOE+0A -1.BAUSE(3
18 T.BG09E-01 -1.00Z7E+06  S.4T1AE4C5  LOOOEHOG -5.5494E+04 -2.9400E+02
15 3.I92E-01 -1.OO22E40E  .ATATEH0S  LOODOESGO ~5.4715E404  4.B459E402
(b S.G600E-U1 -1.0024E408  S.AII2E+95  LO0ODE4GD -S.5108E40R  9.250E+01
17 S.BAGSE-01 -LOGZSEUL  9.4724E405  LOO00EH00 -5.5299E+04  -9.8938E40]
18 T.6403E-01 -1.G02SE+06  9.4728E405  .Q000ES00 -5.5201€+04 -1.3750E400
19 3.BADIE-DL -1.0DISE+0B  9.4730E40S  LODDCE400 -5.5154E404  4.6375E401
20 T.AA02E-D1 -1.0025E+06  9.4729E405  LO00E#00 -5.5ITTEHOA  2.2563E+01
3 3.b02E-01 -1.0025E406  9.4728E+05  .O0000E+00 -5.5189E+04  1.0625E+0f
2 L.GAGE-O1 -1.0025E+06  9.4728E405  LOGOOE400 -5.5195E+04 4, 6250E400
23 3. 6402E-01  -1.0025E+06 9.4728E+05 LOOGOE+GD  -5,5199E+04 6.2560E-01

B-33
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RESULTS OF ANARLYSIS ? .3>,’f;

1) NEUTRAL AilS LOCATION:

DEGREES RADIANS
20,857t 3. 6402E-G1

{2) TENSILE FORCES IN ANCHOR BOLTS:

BOLT #  REF. ANGLE (DEGREES! FORCE
1 180, 00600 1, IBOGE+DS
2 135.6000 {.3800E+05
3 96, 000¢ 1.3800E+05
4 45,4000 1. 2864E403

{3) DIRECT FOKCES AT TANK BASE:

LONGITUDINAL FORCE IN SHELL = -1, 0025E+04
Si® OF ANCHGR BOLT FORCES = §,472BE405
EGTTOM PLATE HOLDOWN FORCE = L O000ER00

TOTAL = -B.53199E+404

{4) RESTORING MOMENT:

FRON LONBITUDINAL FORCES IN SHELL= 2,3743E+08
FROM ANCHOR BOLTS TENSILE FORCES = 3.6297E+07
FROM BOTTOM PLATE HOLDOWN FORCE = ,0000E+00

TOTAL = 2.7373E+08

B-34
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1) +@NORMAL . STY10-01-87
R R R R R R R F R R R R S R R R F R R R R R R B 3

Lower Bevad M. are\d Srress

RADIUS

SHELL THICKNESS

BGTTON PLATE THICKNESS
SHELL YOUNG'S MODULUS

r

ANCHODRABE DATA
NUMBER OF ANCHOR BOLT
ANCHOR BOLT DIAMETER
EXFOSED LENGTH OF BOLT
TGTAL LENGTH OF BOLT
BOLT YOUNS'S MODULUS

o
LU TR | B

[SC IR T N B SN )

PRECALCULATELD

2
3

2

b

LA0D0E+02
L T300E-01
. S000E-0t
. BOOOE+07

8
LO0GE+00
 T000E+91
SO0E401
. 9000E+47

ATA

EFFECTIVE FLUID WEIBHT =
TANK SHELL CRITICAL STRESS=
LIMIT ON BOLT CAPACITY =
NET VERTICAL BASE REACTION=

1. 2000E+01
2.3000E+04
1. 13G0E4GS
5.3200E+04

RAXIMUM & OF ITERRTIONS =
CONVERGENCE TOLERANCE z

B-35
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5

PR EEEE R R R R R S R R R R R R R R R R R R R R R R R R R R R
[} +€NORMAL. STY10-01-87

INTERKEDIATE EBRESULTS
ITER & KEUTRAL AXIS Ps
1 1.970BE+00 -4.1400E+00
2 1,04728+00 -2,6333E+0h
3 7.22738-01  -1.9771E+406
i 5.0536E-01 -1,3BBBE+04
3 3.9542E-01 -9,7889E405
b 4.3647E-01  ~1,200BE+06
7 J.9790E-01  -1.0933E+06
8 ILTIE-0L -1, 02878404
9 3. 6L4BE-01  -1.0092E+0b
10 J.7189E-01 -1, 0241E+06
i1 J.6920E-01 -1.0167E+0b
12 J.67BAE~DL -1.0129E+08
13 T.6716E-01 ~1.0111E+D8
14 J.67S5E-01 -1 0120B408
13 ILETRTE-OL -1 08258408
1é JOETTHE-01 -1, 0127E+04
17 TB7TIE-0Y -1, 0126E+06
12 I.6TTRE-GL  ~1. G127+
19 J.6775E-01  ~1.0127E+08
26 J.6TTAE-01 1. 01276408
21 J.6TTRE-GE ~1.G127E+06
22 J.67T4E-01 1. 01Z7E+06
23 I.6774E-01  ~1.0127E405

08:35:34

8.
3.

PB

950BE+04
£439E+05

9. 74176403

6.
7.

-
s

~3

7

ROY B I BEL SV IR S RN RSN RN T W ]

5R60E+05
F160E+05

J2251E405
7.6BB4E+03
7.

7.9100E+05
JALGOE+0T
7.

FLO0E+05

9100E+0S

, FLOGE+DS
7.
LILGGE+GS
JFLO0E+03
L FHOOEH0D
LLGOE+0S

P100E+03

F10GE+OE

L 100E+0S
LRLOGE+DS

FLHOGE+0D

FLOGE+0D
ILGGE+0S

PL

4,3253E+04
7.4580E+04
1. OATIESUS
1.3596E+403
1.6992E405
1. 4964E405
. 9B0E+0D
»bIG0E+05
LG6BIE+(S
b333EH03
. bEDBE+0S
EDATEHDE
J6b6IEH0S
. 6653E+03
GEABEHDS
. 6BABE+(S
L bb4TEH(D
BBASEH]S
bE4EEHDS
JLE4BE+(D
EBARE+(1D
INCLELIS O
1. 654BE4(T

. g e e e pa et e e e boh e

—

-4.

-2

-7

PSUH

0073E+04

.3963E+06
-1,
-3,
-1,

2982E+406
B825E+03
TOb4E+04

3. 2863E+05
-1,
-8.
. 1406E+04
JTTEHDA
.9597E+04
.S309E+04
4E1E+04
L 4486E+G4

6785E+03
37828404

ne oA

LA99BE+04
.3254E404
(S126E404
L S1B9E+04
(2218404
LS203E+04
L5157E404
L5201E404

£

. S2008+04

-3.9921E406
-2.J411E+06
-1, 2430E406
-5.3305E405
3. 7236E4+04
~2.7345E+05
-1, 12658405
-2.8382E+04
3. 7940E403
-1.2521E404
-§.3949E403
3.0927E402
1. 7392E4(3
7.1423E402
2.0242E402
-5.4391E401
7. 40%4E401
1.0B75E+01
-2.0891E+01
-4, 9375E+00
2. °3 SE*OU

-1
7. E £-02

TR R R R R R R E R R R F R R R R R R R AR R R R E R R R R R R R R R R R R R RN R R A R R R R R R R R F R F R R AR R R R F R PR R R R R R 2 0 4%
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RESULTS OF ANALYSIS f>_?7/@t

{1} NEUTRAL AXIS LDCATION:

DEGREES RADIANS
21.0699 3.4774E-01

{2} TENSILE FORCES IN ANCKOR BOLTS:

BOLT ¥  REF. ANGLE {(DEBREES! FORCE
1 180, 0000 1, 130038405
2 135, 9000 113008408
3 80. 5000 1. 1300E403
4 43, G000 1. 13008405
{3} DIRECY FORCES AT TANY EASE:
LONGITUDINAL FORCE IN SHELL = -1.0127E408
SUK OF ANCHOR BOLT FORCES = 7.9100E403
BOTTOM PLATE HOLLOWN FORCE = 1. b446E+05

TOTAL

"
1
wn
(2]
ra
=
¥
+

<
B

4

—

RESTORING MOMENT:

FROM LONGITUDINAL FORCES IN SHELL= 2.3978E+08

FROM ANCHOR BOLTS TENSILE FORCES = 2.7120E407
FROM BOTTOM PLATE HOLDOWN FORCE = 1.0994E+07
TOTRL = 2.7789E+(8
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1)+BNORMAL.STY10-01-87  08:35:34
o OERE R PR R R R R R R R R R R R R R R SRR R R R R RS E R R E R R R R R R RS

p-4/4
ADDITIOKAL RESULTS:

MAYINUM LENETH OF UPLIFTED BOTTOM PLATE= 1.9353E+01
MAYINUM UPLIFT DISPLACEMENT 6. 4128E-01
MAYIMUM FIBRE STRESS IN BOTTOR PLATE 7.1912E+04

"

B-3%8
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1)#4NORMAL, STY10-06-87  10:45:49
B R R I e R S R R R E R E T R RN R HH S

cCorH Cdpuc,C*& \/ 4
TANK DATA
RADIUS 2.4000E402 7

3.7500-01 7
2,5000€-01 <

SHELL THICKNESS
BOTTOM PLATE THICKNESS

" " n n

SHELL YDUNG'S MODULUS 2, BO00E+077
ANCHORAGE DATA

NUMBER OF ANCHOR BOLTS = g7
ANCHOR BOLT DIAMETER = 2,0000E+00 7~
EXPOSED LENGTH OF BOLT = 2.7000E+01 7

3. 4300E+01
2.9000E+07 ~

TOTAL LENGTH OF BOLY
BOLT YOUNG'S MODULUS

PRECALCULATED DATA

EFFECTIVE FLUID WEIBHT = 1,3300E+01 7
TANK SHELL CRITICAL STRESS= 1,4500E+04 <~
LIFIT ON BOLT CAFACITY L 0TO0E+G5 7
NET VERTICAL BASE REACTION= -5.B&00E+04 <~

ITERATION PRRAMETERS

MAXINUM ¥ OF ITERATIONS = 100
CONVERGENCE TOLERANCE

[}
[
-
<>
<
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{3#ANORMAL, STY10-06-87  10:45:49

FEEEFERERRER R B E R R R R E R R RN R R R R R R R R R R R R R R R R AR R R R R F AR R R SRR AR R HHERE R R IR EEHHERRRERERRERRRREERERERERIRREE

INTERMEDIATE RESULTS

ITER 4 HEUTRAL AXIS Ps PB PL
1 1,5708E400 -2.37G0E304 6. 4212E+04  4.2979E+04
2 1,0472E400 -2.0380E406  2.6143E+05 7. 4141E+04
3 7.2273E-01 -1,41B3E+06  4.B97IE+05 1. 0409E+05
4 5.0536E-01 -9.9632E+05  6.0645E+05  1.3516E+05
5 3.5942E-01 -7.0225E405  7.3109E403  1.4B93E+05
b 4.3647E-01 -B.H145E+05 b, 4BOGE40S  1.4B76E+05
7 3.9790E-01  -7.B5T6E+0S  6.BI23E+05 1. 3TETEH0S
8 £.1761E-01 -G 2444E4C5  6,6310E+00  1.09299E+08
9 4,2718E-01 -B.AJ14E+05  6,55Z2E+05  1.3082E+05

10 4, 3183E-01 -8.3234E+05  6.0153E405  1.497BE+0S
i1 4,3415E-01 -B.3690E+05  6.4975E+05  1.4927E403
12 4,3531E-01 -B8.0918E+05  6.4BB7E+(S  1.4901E+(5
13 §,3473E-01  -B.5BO4E+05  6.4931E405  1.4914E4+0D
14 4,3444E-01  -B.5T47E405  6.4353E40T 1L4920E+05
15 4, I430E-01  -B.5TI9E+05  6.4904E400  1.4924E+403
16 4.2437e-01 -6,3733E405  6.9938E+05  1.4922E403
17 4.3841E-01 -B.5740E+05  b.4955E405  1.4921E+05
18 4.3439E-01 -8,5737E405 6. 4957E405 1. 492ZE+05
19 4, 3840E-01 -B,573BE405 b, 4956E405 1. 4921E+05
ay 4.3439E-01 -B.573BE+05  6.4956E433  1,4922E+03
21 £,3440E-01 -B.573BE+05  6.495A6E403  1.492ZE+05
2 4,7439E-01 -B.57IBE+05  6.4956E403  1.4922E+05

B-40

PsuN

-2.8628E+06
-1, 69B5E+04
-8, 2852E+05
-2.5471E405

1.9777E403
-6, 4587E+04
5. J149E404
-8, 3SG5E+03
-3, 707pE+04
-3. 1028E+04
-5.78%0E+04
-6, 1296E+04
-5.9596E+04
-5.B743E+04
-5.B317E+04
-5, BSI0E+04
-5, 86378404
-5.B3B4E+04
-5, Ba10E+04
-5.B397E+04
-5.8603E+04
-3, B&OOE+04

~2.BO42E+05
~1.4399E+06
-7.6592E405
~-1.9611E405
2.5637€+05
-b.0B45E+(T
1. 1175E+05
5.0Z49E+04
2.1504E+04
7.9723E+03
7.0953E402
-2.6963E403
-9.9564E+02
-1.4338E402
2.8303E402
4.9828E+01
-3.668BE+01
1,6109E+01
-9.8904E400
2,5781E+00
-3, 10F4E+00
-2.968BE-01
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1)#ANORMAL.STY10-06-B7  10:45:49
SRR R R R R R R R R M R R R H R LR R

RESULTS OF ANALYSIS /4

(1) NEUTRAL AXIS LOCATION:

DEGREES RADIANS
24. 8894 4.3439E-01

{2) TENSILE FORCES IN ANCHOR BOLTS:

BOLT 4  REF. ANGLE (DEGREES) FORCE
1 180. 60060 1.0700E+03
2 135.0000 1. 0700E403
3 90. 0000 1. 0700E+05
4 45, 0000 3. 72B1E+04

} DIRECT FORCES AT TANE BASE:

.

LONGITUDINAL FORCE IN SHELL = -8, 5738E405
SUR OF ANCHOK BOLT FORCES = 6.4956E409
BOTTOM PLATE HOLDOWN FORCE = 149228405

TOTAL = -5.8600E+04

i4

—

RESTORING MOMENT:

FROM LONSITUDINAL FORCES IN SHELL= 2.0193E+08
FROM ANCHOR BOLTS TENSILE FORCES = 4.2555E+07
FROM BOTTOM PLATE HOLDOWN FORCE 1.0541E+07

2.5502E408

T0TAL
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I}MANORHAL, §TY10-06-87  10:45:49
CEEEE R R R R R R R E R E S R R R E R R R R R R R RS H A

4/4

ADDITIODNAL RESULTS:

MAXIMUM LENGTH OF UPLIFTED BOTTOM PLATE= 1.5935E+01
WAXINUM UPLIFT DISPLACEMENT 3.2672E-01
MAXIMUM FIBRE STRESS IN BOTTOM PLATE 3. 403BE+04
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MOTOR CONTROL CENTER

B-43




| EQF

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

sieerno
JOBNOE Z-2/8- ¢!\ ’ Heef  sSTop (1/ BYKQC __DAELO/ET
cLenT VL siaer _Mo0 R CoNTRUL CEAYTEA chkd MK L. oare 10/¢E7

DEVECOP FEAG/L/Tt/ oF moTol ConTBOL CEATER. ,

AVRICABLE [N FoemRTIc  AMD 6LovnD  AULES ArRE?

1) CAB/WET HAs {4 = 6.5 Hz

2) WMo QuALIFICATn TEST, THUS uwi&
AMCO GERLS ol oTHER @;—-wcerc Sovrl &

3 ) CABINET 7S MwNTEFLD AN sTRUCTLEL
Forl WHICH wnEpDrAMN Féec  SPECTAH
APE GIVEA Fort A 018 G PEAIC GouvD ACCE(,
ALSO PO CASE forK &loowni) Mouyreo

¢) €6 s DEFnED AS 847 wmES
EARTRGQUAKE

5) TNVESTIBATE  AvwciAf) ConTACTOrR
CUATTER  FAAGILITY "Funct o ﬁuw E-®
A L%o ﬂfueﬁbf FERGILITY [Fore "Funetiony AFTFﬂ-EQ

t

Refe reuc eg 2
/ Gonvric fezsmtc /2 74//'011 04 ﬂwﬂr éa/a u'fmo.v‘f
[:Eﬁ/zr. NP~ 5213, Pay 1987, Jepued by e
(2}
A A:Z‘-(R/“"l ot Nucloay ﬁ:w@}/ //Aw\jf' p/jrmcﬁ/]a v
pmﬁ% EPRT Rovd / lo pared ky w73 /
J}MH’HW LPK Cw\rul gy Picleave Lo f&rncé
Wou

wav/ C /W /4—;:0&4,\[ Lﬁ/ﬁﬁé Q r .
19€7 v ) e 4“7’




EQE

NGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO, _ &=
JoBNO £ 72 1¢- 01 yop HCLPF S ’10‘}’/ sy RDC  pate fo-1<7

7 Y P
cuent _LLi/L supgecr MCC oo MRS oar I+ €7

Do 7Zwo CodoS for mcc f?/

) Lunctice during @ar%uukg aJJ‘umwa(
unenoig ized auiihamy cohtovs and ielegs
which are n /m(wﬁ:c/ﬁ_ c/'chhLJ.

2) On/7 \Cuuy‘ptm a £ fer éarf/("ﬁud//Lf /s
/W1000r74m7f (te)) ciru ok 0/(Q7Véwr
e views (adicodes o Cm.co7u.on¢po7[

re /w] C/éa/?bf@/,

The GERS rpt bas 7HS; S 13 desh,n
s o w(\.cc/C\ Somo durat ot -.Qm/ﬁrm:'f
Lo lup occured ond 8 o £ wliy ro amomolie
wore ohgorved . Tl \\)@KQAMJ Auring o £o"
GERS arra/uwarzouwa() ot Ho forbuer while He
" #«nmc@m,p a4 1e" are am w g per bovwed of
succocs but ot a bove @ Lilie cate Hat
was wot fawebimaf aflor +he sewsmic fes?,
W cauncl derios o~ ead sta s Y1als madion,

B-45




FQF

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

o SHEETNO, oD
 sosn0 81218-01 0 HCLPE  STam v _RAC DATEA)/Z'/87

/
[ 4 s /
cuent _=<NL  sugger Mcc cro M KR ope (014787

L ,/L_'/VI‘ fron fo GEELS a5 /;e.:ay«/e/ Sincee
NS cfu Aa‘[ A/‘uﬁ-\) %p azéz;\a/{z 3[?6?0‘0‘76/03 v3
too Gopuney condot of Ao pnped motfins.
Wo mu?‘ Mt 14 ke Somo a//nx/mw?(e ostimal
ot # bwed Aw/w/fmif/w“, Curve,

Owo otbor Svurce of b Lo Ho Somap
prgrean bihs o medin vely chatlor
fagihby A 2074 fva beid londd
5&0/07["’(»“1 from =S5 By Tl medioy wal

derived froan 1 S‘ldwofc. Jval\‘vxgnz (ECGS I v
_ Uy t W
M (M\(N} [4;51’\3/7& A 7%\:\ 7;

U N OF T em we S W"'7

favss (B 196) dup o Hu fod HaT Some

very cousitvo veluys e meludedd Sa o origne/

Fosting . 7his chviwisl hiiseer Fo Mediar .
From e GEFS we cany Adeduce A

there ar MCCE Hiad weld Lancdion pluv iy

— EQ wiTh qwdor +lam 4—3; & o o

bage, L}ézw/s’,»/g,ltaa e IS no very muc

B-46




Q]

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO.

joBnoE 72 18-0lj0g HeLPE STy BY ,ﬁp(_, owte J/)/E7
~uent _LLNVL gupgeet MccC crkp M K#par 1oj4 J& 7

&faﬁé) Here pay be fiilues A Lot
be o /¥ Lot ws  uce e scmrf
median, avd estimidp o Y7 carfidoweo
valee using w/awéwd@sﬂs/ e Suggfey
0.87 hhe for ntorlock cimaihs,ted ), and Ho EPAE
Seismi . margin reduct o fact o4 13,0 .
(MH +Had STEAP Suy?,zf/s « reductiog of 18
Lr A -9¢ kow»wer/ this 35 a leensing ssue v JS£>
Simew  SSmEP  wmedlam g bm.cwféﬁ lows capechy HA,,/

Jacrese ScmRP by 207 as bed wre freom 23 Firmalle
M.&/{ZA—, = /11 ( 2.(67): 2. {8}

HCbPE o mc aloe ls(a-87)

s T /’02’
a. s _
69- /._eﬁ’fé"’ o 0. 55

-

7ho wppor §$ 14 Condihowcy bimondis Fou
Les (oSS

Sl Gt = g4 @ AVA )

7‘&{; q//ﬁﬂm/s rea.wvmé(v (,ut‘H»w Hos :v\:(ovm‘l('a\_\
auada«()f’(of

B-47




EQE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

. SHEETNO, _S__
JOBNO JoB HCLpF 3 'L"»d}/ ov LOC_ one /167
-~ i .
CLIENT SUBJECT M CC CHKD M H.Q DATE 10/ $1Z7

Thus £ ,&«nr_,ltc;q afun‘u?/ Ao =0,

4
@: 2.48 g,
eg - 0. 55

v

rhis g3 o 74”:7'9"2/ w P wme7[t\w1 He GEFS
qVOqu YW("J ‘/’(u«/{‘ Ho \, vwf(‘wﬁ'(%«/ re (M[J
a WX (Mv-{lupcr; ﬁa/v-(i Q. g, r? Minimuang ZPH

JN p»\/f“ OI‘\*'H-QV O?F«ﬁ:{u‘{h] .

Now ) for LuncdAim af ter +- éoﬁ”iuawv@/
e 09 GEKS s n Hog  Jower fal] oA
Ho Jugilhy coves The by yeadily reteerd
souvte Hor " Cunetean Q7C¢~0/// would  be e
op t fragl [Fy frem the SSMEP prgres
s ve (we s dorived a[rvw; sn9 /6 s hocl dests

0-( m C_r/ gw/'w.u/M (M,-Q[,h/\cumo[_;,
Use S{ = 797 g Lo ceme P
Eg{l;‘«a/(’ -}’{\9 /QLCLPF 45 GEQ/SA,B::%z 3:083

B-48




QF

IGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

, SHEETNO 2
OBNO. JO8B HCcepF S h"a/ BY /Z/j < DATEL?AZ&F 7
~LENT SUBJECT ANCC chko M KR pae 10]¢/8 7

B = e b TE - ass
fhis i ferr plui A (B od 077 o
SSHLP due fo Ho faid  Had Shars moy hace
heer Somns ,v‘\(wn‘w’(j s2ah (m/jmm}s 1 Fho
SAFEGUARS  Fesr ot ples #to Fests /V!c'/q_/a/
ot fyps o cobinefs  as ol as s

Lorive  Streaghlh hckes
Mounked T Strwcfurs
&/. GrlS awed sn s Lreetere /ﬂ/a/ﬁ' ey

pis 8+ 7.

For Yewnch o é{qv‘wuf Flo EO;I/’ Sa = /.Gk'gd 6. < !b,
2.47

FS - lcéSf
ﬂu: 0._5‘5

v .Fuvtr/vé('w) a{ ey He EQ

G- e

@_): 0.53

= /50




EQE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

, SHEETNO __Z
JOBNO. JOB Hcee e Sto Y BY LI DATE 24/ / N7
CLIENT SUBJECT ACC crco MK ope 10lu /€7

G round /Mow\/‘eﬂ(. - u;fumﬁ»‘ ﬁww‘( Guhe
$ho S o= Q‘IL(O'IQJ: @'383- (2./1 s Sl omgls

from LUPB &0 B

2. 4% Med L)
FS, = Gop = @52 Sl‘“’a‘”wj
4@‘): 0. 5SS

Groan S /;70(,:»\/,[(4/‘ Fu%g)[[w, M,é,, Ojuu.,/q

797
0-38

oS
ﬁu = 0'5_8

= 20.97

B-50




SPECTRAL ACCELERATION (g)

GERS-MCC.3
12/1/86

Minor Strecivee)

Energizes, Mo cnu:nv

De-Energized, Chalter

Oamege: Chotter (E)

f el
J

hinor Structurel Demsoe
Miner Stryctursi ,’
___Osmege: Chetter (OF)

Chetter (DE)

JOIRI (Funation swting)

Mounting
BoN Folure
/

Figure 2.
for MCC.

FAEOUENCY (M2)

Comparison of GERS with failure data: function during and after

B-51




!

!H

l

il

T |8 on F(ZEGUEUCy_

L

13

HORIZOMTAL FLOOR SYECTRA

QD

4% 5% 1o,

~-AcCCEL. C
0.8
O 41

sSPeEC
1o

Q uD

fee

0.1k

0.2
0.49
0.72

0.24

0.

1.2

C.54

1.12 koS 0.92
2.602% 1.%0
0.92..90 0.85

0.52
0.52
0.2%

5.7

.40
3.0
6.9%
0.54

145

1.5
2
20

0.50
©.50

C.23%8

-3

0.54
c.3%

.0

23.0

il
i

- 444

L2+
BEBE a1

FREQUENCY, (HED

S

Lo

4.'—\.

It

e
|

RURENRR)

L——.vi-‘__l...,é, -

L1

)

<

W
Ctnh MO AYAZRIVY

B-52

~

M ALDRLIS

Q

—




FQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

L sieeTno (O
C <‘— : s
JOBNO JOB FCLPF  SThcw ov 1210C oate 1/1/8.7
. b/
CLENT SUBJECT MCC e MKE pag 1214 187

/Z?wl’pmw/?t JZe;{mee facﬁ’r
Vavia blexr are :
methsd ot awalysis
/V\oof'e(f'w\

Da 63'.~V\
W%XO C}quMJ%uM .
Ea}’f’fﬂaua/@e [omé)zmﬂ){‘ (Damblnﬁ—f"éh

ORIV S O S
7% fhegw»\ cy  we ;;V“""\ tdf ascumasl
b ke dovived fom auddysis o ns i,
Ml 7anlb~7, Simcw . wor 2o quz‘u? a_
SDOF respoavet a bred beedeol spotice
fo de fermive ff(«o-c'\zmwv(c, MV/ Sormsp
€rreY may resa (1 w ket w U ke addwescat
m othor vavidbler | Thero ji Ay ge l¢ howie

b(“ﬁﬁ /\u\ 7%‘0 NSF&wJp fa./cq,(a.‘{c‘a_‘ Jacl\w(L\
a dO-Yt\?"\ S‘(?L‘*"\)'L‘”’*\ w hory IIYP’-’J?J; 15 ((-x«-\wrm[7

B-53




EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
_ sneeTno L]
”~ ( : i
JOBNO JOB HCLPE Slvay ov DL o /0///5’7
—~ ! J Yy
CLEENT SUBJECT Mmcc o MK Fppg 214187

used, flus, #e vavia bl Ls WA

Modol it
There are Lo soumer o4 wycertamdy horo
D Frrgueasy (;%(Hnm) erier
r) Tneccuvacy 14 /y-,ezﬂfafﬂ({«? res pon s

e guoucer

" T;::{N Ho ovver in 7&@0\] wom ey aare/u'/ﬁcn,

s vwpesded bya cov (~B)oF 015

+ pus -
Jf {n = cse - ';if{

S"*I:msr = 2.32

B = o ileasz = 0357
ZO‘GNWUI erdtc4

A SDIF )"PP*QMJ“/“IVV\ o+ réesSgpoee -Qv ([u(mrSn\

Lo Gees Ty Ikl waX \bieted Suf Hore
e o thor mou?es o kel (o contri bu)L\v (e ooy mere

X L°SS‘\)
P7i\£.§ u.u(wrrémk/"% s .SVV!FL// CMODdrea’%D

-@L-GA}M errey g Assuuq \Qu o /
-®0M = (0&5"“»‘—0/)‘* o 37

B-54




FQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

, sHeeTNO /2
e ; g
JOBNO. JOB HCL PF STl sy [ROC _ opresol2/e7
CUENT SUBJECT M CC crwp AV KE ppre 10 74/89

ﬂ AMPINE &

7 0T red

FDC /lo
AsSv e 770 a4 ‘/‘ /-ﬂ

_ Saor, _ 46S _
Gg.ou—/éﬂ T, AT O

Brzorl = g0k

MuIE  ComginnTioN) ¢
Treaked o5 SQ0F Syster | Th uvtm/r/vw\/é
5 corsidoed 14 vagde /;zt-~e{ s Thae fe
mc  ys AA L
EAKTHRUAKE  Com PoNEAT Com@IMNATION) 2

7 he IMﬁ((L, 15 based o Jfa//dvé
/M‘fmij‘ U sad rA d-@u-(’ /C@ ~7 GEFS aod /A 7,/{\2
SAFE GUARDS F;wclw—_‘) Mw;/

Feee =

e-/ WA é[ S?WISI?/M ’ZO L(V\l/r)-ey?/.wa
Ié"’Zj AA/) -aCYWV\ S'uW\Mdf—7 &+ m/(m] fe st

Ao ja g PRI margiy, SMq/ﬂfp(«, w AR 2

B-55




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
4 seeTne /D
—_
JOBNO JoB HCLPF  Shady a1 C’DATE/Q,ZL«,@7
CLIENT SUBJECT McCC crxo MK R e 10 Ju/e

wd GRS shidly, pppiudich ey
we wild opet Ho diH{eencr do fuisn  bread buded
fund oo 1a pat biagnp dosts  amd  soqbe B¥y )npd‘
b o e Hom bod Ygm 1>
LA s ko3 8

‘Qﬁgca = /5/@4 [93= O/

| AT pmeEnT /pyfmy -

Fﬂf = F"" FIJ Ficc_z
() a) () = 1o

f,«. = COLJ— 0.04}%047})%: o /3
ﬂu = (0377'4—0(7,14- O)VZ'= o. 42

ﬂ(‘_‘ q//gl(.{j 'lb “[\V\ —51170(07["(/‘9 v cele. .

For C/Vau‘%p quw{ef Cele 7"44 mn/e/l\q uw@r%ﬂtvwz-(

&{N‘L‘)"(\O?WW S[\(*r{‘“’*j /s esﬁe/u\,‘l’!;{(H J'ero J/.H,c._p
(e arf  an #/ko#(q)f)oar*k‘w\ o o Jf’fﬁ/nw—z,

B-56




FQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

f ! v
JOBNO. JOB pCcLor

SHEET NO _[.L
av O omelt/ Zﬁ)

<
<

/‘N\o:
-
¢

N\

CUENT ______ SUBJECT /7

A o) [ Fa
crkD 121 ppe = LET7

f{\p dwvf;‘j u nc%r(‘m‘«)ﬂ‘

So g, :
puol/&%: Tor

oy

<B/Zo= 0v Bo = 6. 00—

/Q\/ quol—cl/‘cp (44(5

Fee = 1O

&).{_ ot 4 6. /LL)

= (0.1 ro-uHt 0) =

B-57

O. [/

0./

0’ /r




EQE]

ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS
N _ SHEETNO z/S'Z
JOBNO JOB HCLPE  Sheay sv RDC _ ome/2/87
mce U e | 2IET
CLIENT SUBJECT CHKD __~ ~DATE '«

STOUCTURA L KESPorSE

Use PSH wvalees a3 Qf/awfrm;(l.

Eor T Shucdue (oo s
S%QCJ[V“/E .S7Qa74ﬂ;

/ﬁ;‘ - /2T
-&Q_ = 0.0
Eo Direchiom  Cndont:
FE(DD = /4/
!2& = 0-/5
/Qam/o;.w-«, /:D = /.0
fgob = 0 14
ﬁﬂb = 0.03
MU’(}O[LV%‘
FM = /LU
ﬂ(/ = O
sSz Essr = )0
ﬂﬂ, = o0l

/é(/ = 0.0S'

B-58




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS )
SHEET NO

JOBNO JoB HCLPF §f&-(/:) oy LI o L0 8/

CLENT SUBJECT 11 CC crkp MK FE o / o/v/87

StrucAure Tuolete Fospose
For  in-stouchure  ow ) twchanh  Juslosti
espute stk in fowrr foqures, bk
couid ncrees  mcc response, Howrrey, fer
Hoo  Lamch m Jurig £ ¢ cose , jte ,/@/ao/
chatley copacity 11 fow  awd fhe shrachore
s J‘f”baé“a( 4&;45/ Wreﬁ»e_/ His /7:4&»-%
for foucdin afto He €07 Ho ctucore /s
/fke[q b b Me/ow/«-}:, AJL, Mo mcC s alio
probly Gretdiq ot fo cacherag, focake
co A bt fm%wqc/w Shift ) Fondir %
w_?cﬂﬁp e odlet
Ev botW Caron _GA—
Foe = ko
@ug,z = 0.l

Fsa = /'2'1—(/-/)(’)[/)(/)0) = 13 ¢
B, = (ait+o SHoot ot gwitt o) = 0.28

P = (o + 0 400 14 0. 1614008546 '?g‘-: o4

B-59




| EQF]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

. SHEET NO. £ 2
JOBNO JOB HCLoD 20~ ov RO owe10/e/e7
‘e -~
CLIENT SUBJECT 14 CC cico MER pare 1014 /E7)

Foa  gred pnounted Cose :

Specdend Shope oudd EQ  Prech i Gndon? are 4 gl b,

F‘;ﬂ,'; /oZZ_(“) = (3L

["\ 5\7LV“-M£‘4P€ —-.\Fuw_(/)[!.w\ ﬁuvywﬁ”

4= G s (one) = 0269
Bp= (0+0usrt o028t = 028

T - VL
= {(0.55 +o0.40 +0.24% =
5‘/ < 3 - Les (0T H0E) _

0o 7L

HCLPF = 0.3 0 = 0-072

I w 9'%';(4!4’ — F-'unm[th; /4-[”“’/

v

o - (O10n=+ oust)% = o8

%
Bo = (0587042 +024") - = @76

}:LCLP,‘:: 0-7—‘8«

B-60

A= (4‘83)(/.0)(/,34)50,13) = /,/(og.




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

) SHEET NO. Ai]
JOBNO. JO8 HCLPE  Shdy sy ROC DATEM 7

-~ / -
CUENT _____ SUBJECT /M CC crn MKK pare 7014 / g7

/

On Grund - " Fune ﬂq,,'wi £0
£ = (053)(-0)0¥(o.)= [SB3
Br= (04 0.11»7’402:"),/‘— - 0.28
By = (o.ss"i 0.8 4 o}’L = 0.57

LelpE = aseplevCHE L 9,39 g

On Guund | Function Afley”

AY - @0,9_7)(,”)0-34—)(0.{8}_—_ 5.0(7%
/;
l%z_ = <\C> +~ O.\Ll'ﬁ‘(ﬁ.lsij l—:: 0. LB
L h oo ,
gu s ko:f%f’ OlISL+ OJ = - 0'60
- los (618 +0.60)
NCLPF = e = 11E3

B-61




[QF

IGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

, sieetno LT

S L/
DB NO. JOB ’JC LPF = wAd, BY é ég DATE /0/2 97
- =~ ¢ /.
SUENT SUBJECT MCC CHKD onte [DIUET

EFPLL  JETER niNisTIC ME TH0D0.

EQ + CTRUC Ty AL RES PrnSE AR mpEep 440,
ComparE. DEMAND 70 SERS/ 3

col  ASSume[ NTERCeck O/LCwTs/ L puel
GERS /;.,I 0.87 Fac i,

[}

T STRvCTUrE ”FUNCT{GM PurING
0.€7 Cl5)(0-18)

" Hct PF 5 ( 165) = 0-/!0(
TiJ ST TurfE — l\/:u/uc‘hc;u ,4}-7.54':\
4.0(.0.-(8)
* £ L PF - N a
e ey - © ¢+
on Growwd ~  Fuactim Durl‘“’l
HecerF = oe(15) (one)

©:9479. vs 039
13 (211 )0 & &

o)J (roM’ F-uvw};‘(hﬁ/) A-FJGV
4o(2®) s
HCCPP = S e l9S°g 1-192
+ Sa oA £ /c/; fn used forr HCLPF, f/‘ef/#"”“\ is o

[mear Slofse so Ovtimar ona 20T banif ool 1y So, oACsH
\JJOVSQ* Cale VJO‘A/(,X lﬂ-e 'ﬁf —_ -.[:-e? (AD(,((7 S’/\(-I‘Mfféé‘c%ru«—\

B-62




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO 2
JOBNO JOB HCLPE STwo a (RO L o /2 ?/87

CUENT _____ SUBJECT A Q elev /e L < CHKD M i< 2y (0 (/6/27

VENDore CACCY  pip woT DETERMINE  NATVZ A-C

FIZF/@MENC}’. TANK AND CKIRT ARE R (610

BuT MOUNTING AMNGLES ARE FLEr/ALE.

Q\\»‘
*\
=¥

@ .
4 deﬂ 9,,/

B-63




EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

sHEET NG, 2@

JOBNO. JOB BCLPE Sy s L0 owe L0/ 7,/ g7
MCC DMK L pate /4 /7

CLIENT SUBJECT

Shl b pes bq 5%
fer s Hoak (37 . Lmé/w}( b oA /1,

ok compeand . qho HCLPE comit f Ao e based
M Maw&mv‘"iw\ a SF 7 (3 avbrige orq a
2x)75 baA«49 u;t6£+L1 a éMM}+ -fL-D ¢%q)k.

cor ﬂmuf Y 1?}1 Wl = s.es - 7:/5@,

shfbes pus
2.0
s \ 6ERS
| [l \ . ] ] '
z 3 4 |5 ¢ 1.8%0
An % 20 % -r\u(w:wu? éw«/ wedy

B-64




|EQF

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

, sreeTnO 2/
1 -
JOBNO JOB L"" L P ﬁ S [an dde) BY KOC_ DATE /07/7,/87
CLIENT SUBJECT MCC chko M KE. pate 10/w /8

Ta Strachurt —  shidley fu7m,q1 S-S Duriay

HCLPF = 0-87(!:)(0-!6): 0,086% Vs O'«i(’ L%
i)

211 (1h3)
Iy Hructure = shidled -rﬂaw»uy Cunedie A4, ‘'

J;—CLpF _ 440(0;’8L; O.Z(og_ v 0‘2/\9‘\
b - 2. 1\ (,'3) .fvu l\.\L\\
o

FrfthW“'[ flanl‘{t“ey &(of S Mo‘f a_///Y /D 7muu—;/
va\/‘!\eoQ CaLs as (LES /3 AijéaW/( 7[47/’
S@PLJWM@} fu of (om PzV\O«\j’) Hos clos b

'"93'*”5 M Sawe emiuey.

B-65




COMPONENT 3

STARTING AIR RECEIVER TANK




 EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO. _/ —

oo B -2180l s _Hce prE  STURY BY ROL DATE 7/7—7/?:7

CUNTLEN L et _ D 6 START/ING Kl PECEIVER o MEK pare /o;"5/’87

DEVECOP  FRAGILITY

RECEWER TAMNE,

KEFERFNCE §

OF STARTING Al

Gre BEET ASSOC/ATFS CACCULATION FICE L3624/

7/(2/77

/] SSum PTLONS

J) TANI /s movnTED

2) Flou SPECTRA A

IN STRUCTURE.

RL FRom\ pmoilDING ANALYSS

THEY HRE  HED/FM CENTEELD, 2 P4 = O'/aj

3) FARTHQUAEL /S

prriwep A 895 NEP

FoRr THE LARGERL OF —Two Corv\(PouE/UTS

0F E Q.

4) NRZLE LoKa DS A
TEMoRE pRZLE

rE wnoT P(QAJU/I?ED/'/"M'/?C;%LE
REACTIONS 1A AnalysiS

B-67




SHEETNO 3

ov (LOC oue 9/2787

o~ N
crxp MK Kpae 122727

K

lan

_’/(,LO-.A?
er 7,

HC L PE
Recei

Li

JOB
SUBJECT

INEERING, PLANNING AND MANAGEMENT CONSULTANTS

3NO.
INT

“a ]
i | .
—— e, O —— i W . - e R e e
e . R
-~ T SR [V S S —_—
-y . m ' i w
o, T Y e s —ae e = e e —mmeem e e e m g o
- =~
L F. : : a
T e e e 2 . — — ————— — e
b o _ | FS
.. S PR : i : <
" R - X7 : h e
Lt : _ R
- i “ : . TR -
— 4. T
- 'D .
et

. -

-t . AT

s .
-,

",
m———.

B-68



EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS 4
SHEET NO.
S
JOBNO. JOB HCLrE “”"/’7 ov ROC  pae g/ 29/87
y . —— b ” '/, =
CUENT _____ SUBJECT A/r" 9@6(6 Lver /(/Trk CHKD /’-’fﬁKDATE/O'b/c'7

ESTIMATE NATURAL FREQ UENC,7/

FoR. mMosST FLEXIBLE — DIRECT s f= i

ANGCER TARNIC Rocks AmouT A R SOLTNG
N TEN S o o polTS AT B FC

I 9 IATERAC A7 7AMK G producE S

M = 20 (415" )= 38,80 1w *
Mot
Foﬂ.(E/ﬁyLT 32-(4;)
A= 128"+ 14. 2S5 $4n 10° = 14, 97
b L(ld«??) .
ez
/UO'{")O %0(" I;‘ Vlu{ CMSIJPIGJ
FL (FE enough ' whbio 4
l -;.rbe g_u.\dpaﬁ Cam“ Towa- kuu.fz
< Ll k&wtu/ pr ‘MTO4(%
,s¢_>] ,'é :ﬁ;iﬁ‘" FHor o o3 sttt b )
qucu A‘MLS e S Cﬂ/%)[[ ‘0()’1/ ﬁp‘/“ﬂ - /7, /0?1.7,
_ be} _ o5 (1.€)3200) = 266 0 m
&= EL a(29 Y/o“’)(s)(o, wWP

B-69




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS é‘
o SHEETNO
[ e < AL
JOBNO, 108 HCorlr - av (&P oate 9/25/87
’ " - 4‘ ' -~ R < I 7 )
CLENT SUBJECT Alr mecciyer Tor & cro MK E pare 12 6/'?7

ﬁef/ou ’(0"\ aL,T/_ Cé 0-( wak"— Mé,olwé);o,usﬂ\m

1497
L /_’5.’/ ! 346 L
J[h = 2T T ST I el 167 Hs

TA[S /e m @ -/\/4/-7[ /ﬂ&/‘//m o 7’/’/_2

7[7/‘1)( Sf(’d"“"’lvso a w10 re QC(C/';/H_/,\"&

CU /C(’(/Q%L\“’\ \\S V\U’{ wa/rad&#, u&@ /6/7 as _/:, ’
Lo/ Q(GS_‘(';C gqj{\?(/‘ﬂ\ I.‘ 0%7/@ ém(/[cwt 71@(/5/
Sy Stemn 1S i fa coF ter

A n7/0 yyaylf/af/ g/ﬂ,,s Wai{k el \/w:,
o holt.

5-/6 il bd/.f L\i-ﬁ ')I-L\\rf"“ﬂe .S~;V"€5$ a¥€4 a‘\L 0.256 /r\"g,
\/fse(d 0‘( bu H vceui § a}l 0,125 (3’.00“3: f/?,?_#’
b ebleis Lk o ody,

Orf l'\1)(4~€ 7[01/ cate wﬁp;_e
W-’,(xﬂ bwoﬁvﬁf-wﬁwﬁo}
~ 1 plestoce (g #olo /5

\—— 1
,/ ~ %{p D 4

2

/

B-70




| EQEF|

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

&
SHEET NO.
JOBNO JOB /JC‘LPI _ f’;'b'»c/,y v LD oaw ?/;30;’87
CLEENT SUBJECT Alr  <ecciver Tark oy MER puel2/6/57)
Lomid momead oA (] Al;?p oy
M- w600
~ ‘ :
/‘4L - ’SG:)uuo CO.ZSJ (3) - /é87 > +-
q
/BT #
Fk = /. 156 T /960

Much o leoy Frae b 1

O} = /.2F 0’7 coke

m, = /,zr(/@37)= 2/09 /A 7

™

/ 2§(/460): /8Z_r #

/4/10510;/ /Ibo[! ﬁ'i([ac,[ /\_{‘ V?u-./ 5(;&-\

Assu weg S(AQ&\ aneki o Qg wors{‘ Ca e .

Fron WP 5228 | ean /ﬂuﬁ( oud sfiowy

for S/8 Qlfﬂmsfwy wackiors with minimue
o hed waet s Q.S ko owoleel (s .2 fira
Hoo lud woquined fo Forim o« plake

A/:4719 ) A “{’('\? Mduvv\./‘L“%“"\ me(/é‘l/f,(/\o Ttﬂ(i/sz /\WL,
Ao V\Avuﬂv‘{"‘“"\ hive ) 1S C,/ﬁab/(.‘ N :

B-T1




SHEETNO 7 __

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
Lo —
S Gna av /R Z4 DATEié"'_J@/

. pae.on -
cHeD LN Spae 12/6/87

JOBNO. JOB Hcrer
RPN 1% e - f-
CLIENT SUBJECT Airm <ece e allalan

Cho@ (’d,faé;/c)[\-/ 0/ érﬁ@Lﬁl ‘(: d”\ov-é/r?&
I’\fv\\ﬂ,p wtcwov\)ﬁ'

© Z ?"l . ,A#ﬁv
N i

£lo A Y A
| e 39F 0. 1T\ L0482
A , 2D Jeo ' 16 Y
2 L 265 {0 265
.9l ST4
- =M . S7E L2
L‘.: S A q1dq

A— C‘ lAd’L Iw‘1

' 0‘576 +S00 .00 -

2 26 Y 379 .03 r0d¥
2 4203 "577 X 3( L Q&P
/176 Rk,
¢

G176 476 2 35S /\vv

o—

4t M, =487 mZ
/1 - /(9%7(/'379\:(1(40‘7 o5 i

“3S 2
//VH 17[ 441c1~u2u,;f

{ arr Cd"/“(

uuC"—(ﬂQ

B-72




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO. ¢E>___
<.
JOBNO JO8B HCLPFE  Sruey o LOC_ omed/slb7
; , ~ & AR Y-
CLIENT SUBJECT Air cccier Tanik CHKD i 7 > ~DATE! D 6 -

Failuwe Mds 15 C/\ook(ﬂ( //“7[‘5 é“—%’»«;
d-{ me/ ,(_p/ /ouu Cyc/»e Mjw

Assume s cyc /oJ

Mijlur{ Cd&Qf -[q/\(rjw Curwe 4 Lt 740341’
U’( ScL-pe Ltf . 7 énu CL{CC() ya‘Aﬁl{/ f;S: -

ro on cyclos .

From fadgue curvs with wo RS Ca for Ceqelog
T A 4X/6° psl. Tlo So wan dorivsd {venr
shvam comhelledf QlGw s, Av a

Je'\plwﬂ—éﬂéfuoit /1'1'1 //44417[ %\p dVL?/‘.p
5‘@0[‘”\(‘ Auwpb“c( Carn b-( ij‘//\"‘-?/”é 47

SHra o Cm“ml(@.;{,

& .
-ﬂe‘ T e 138 = /3-8 Z
29 Yo«

N =
ﬂww |4 /o/ur/rc Svérvm Cm(w‘;}m»[tm_, <o
Aot Ho ffectie noim o st \s loss,

IZC f«"f%\ whow A= 0,2 for fou Q//mf SHee /
ef: bB 32285 o Seclon me  peme che |

B-73




y.-d

n

€61

Value of S, ksi

103

o
N

) !f;
™~
\’\ /- AV7|
[~
[~
~3
~
. [
-y g
\\b .’:~ ~~ \\
InSs
8§ N
~3 L
\}*
~E
)y ~L N '~-n\.
-
T ey
h g
-
10 102 103 10% 105

NOTE: E =30 X ‘lo8 psi Number of cycles, N

=== UTS < 80.0 ksi
emmeme UTS 115.0 - 130.0 ksi
Interpolate for UTS 80.0 - 115.0 ksi

FIG. 1-9.1 DESIGN FATIGUE CURVES FOR CARBON, LOW ALLOY, AND HIGH TENSILE STEELS
FOR METAL TEMPERATURES NOT EXCEEDING 700°F
Tabie 1-9.1 Contains Tabulated Values and 2 Formula for Accurate
Interpolation of These Curves

106

uogrpd 9861

I XIANdddV

16134

g




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

seeTno 7
JOBNO JOB HcL PE Std pa av YCBOL oue 7/-30/9 7
CLENT SUBJECT Air Reccwer Tank ek MEE s bio]e7

ke" s
0.138

- = 0’Z7Q
V\(JMMJ 57LV°‘”\ = < 91

0:7—70 O‘Hid (j(?/w r7/'tra;-\ ,'S w) + O an—

29 Y/6°
Cy - LGN

,0L756
- = 7.1

w7 = S« 8

Fu  besed om o fus fec -ﬁe7u,0m7 M%Ae
i derpolated feomm Ao higul aw//tf,%;/
yango a~A Ly g r(7e/ ﬁavzw,

Epo m oomark | Bedde/  Pepor.

fus [ru-q]

F= ?*’/ i
5/-; ?'0}/—0.3 fer omF/l\[leJ ac(e/‘@f'f/?lln, prago
= 0.48)'—0'06 for o m/o/tﬁe/ acce /‘wﬂl""a W%;,Q

I = % ¢ v Teea dﬂ“i(fl“j fohsy aJ S-Z

1= s.0(s)"7 = 18T/
= 0-4&’(5')—0'(*: 0§21

B-75




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

. SHEETNO A
e <TEL o
JOBNO JOB ‘ HCLPF S7d, BY Ié C par 9/3 /&7
[ . - —p— /.
CLIENT SUBJECT Arr  Receves ranic cHep M KB pae 275 27

.[z.em[u) il 853 "
/mecqm for durati

/(,{* = lo f CD [J‘(‘,“‘)

For g‘)le@() C—D ~ lio
\,(AJ‘ = Jiok I(O(M"I‘(’) = A
0. 41—
FM - {z‘%g‘j(BB—haglj = 3ré
For YL%M( MQ
0. 1%
Fu ™~ M

F“ A 60'3: le>/

LAt Fu= 3.6 o Sfﬂl)‘fh&/Q r-éc(,k ot _712, /'b
Fa = 13/ 4 ?’3/34)’

B 6o 7 ﬂ)

Za7 Fuy = Z/-//.w + rq 33 — /ag_(uj[/a? 2. b- /07/3/3

Dof,}‘b- vg 3

Log e
Fa

0 319

N

2,03

B-76




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
SHEET NO. _./L_
JOBNO JOB HcL pF S/—‘/"5“/ gy <D  pae 239,27
CLENT SUBJECT A ('Y' QC’(&LV{ r Tar Kk CHKD Mk DATE '0/5/ 67

£ f}ﬁ?c/fgk;49 /4L(Q//E .§f4¢4¢%] S\Aﬁuxi' 74&Q4//L
Fy (e 6//”106\ [0 J Fhous T OTwr~p
o) Fu=tlo is /7 (-7:33,31) tase

B- T G EE =03
(-

[3nb'=- 0- J>ch = CD-QL‘B
/f&; = 0-0 be = 0| 7

S Hirewg Hi 6(/44V

chr/Ti réa C,*ﬂ A 51,71 /C’V;l“¥ /z‘bﬂﬁj = /8 25—f¥ (/f%' C‘/
w

4i.g

e
Rolt vew i on /= 9, /a?lém/fi 12,757@£ (/74}
/30/7’“"'9’/2(“/“'\ g wdicd = SMA (A s
od

qe as SMNV\
fo=— (“(/:?1747?%3 ~o- 476 (wW)(1-3)

B-77




| EQF

ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS

sHeeTNO. /2
.y
JOBNO, JOB HCLpPr STay av 2L oae 7/30/87

SUBJECT Al Recciver Tank crp MKR ppe 12,667

CLIENT

Frevn Maw, Cew/@ﬁé/ f/uuk ;/m;/m ,
S’q“ o /(0,7/6)570 d’ompo,\uj = 0.5/

Say, (V?-w)p«-j) = O
LAS/\VV\ /007”/402} 4070 /Kaslvu]

F = osi(ier)— 0.4% (fno](/- az(w))

Seals P EQ wate | 7:)3': Fo= /525#

XA /f[aﬂ)&ar) ~ 0. 47@(‘?7/0)(:1— F [olz:)(o.y

g2c = SOFs — 438 + 250> Fs

Fs = 2350

There atre o number of wacortowmhiee azsociafent
with <fenq o w bk jnc lukp %Md\oﬂgp

glold Shomabh ) oo Ao gty oF

oo condilave, o ot Ho brucks? aud e
gé’(réc{(éq o+ VOCkv;ﬁ (U/ o streng Th

M,G’TL(’/( I\S ‘g)\/ f’“’l\-,’ a'/A//-S }' SO”‘Q‘ 1u(\(/k SM(‘?_( O-C fU(,‘Z'*\:OT
aboud oov ey M—/(;\M(‘:\ﬁ fwo  honzgnt) Cfv&fﬂ\nn}"z of FQ

B-78




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

L sHeeTne LS
JOBNO JOB HCLPF Sanay o DL ome ?LZ_JO g7
CLUENT ___ SUBJECT Air Keceiver Tar i chkp M K R pare 1076 /&‘ 7

/n/:cw/:f’ ood He Md?p@{ uied (s redin (orv/\om—% ﬂ‘d_f/y\?
Wi “ ]de CMSL/w&/'*\ €cfucpM°w/+ red poerte 744);“/

M ATEUAL STRENGTH

ks va luo /5 7576 (2117/4&5«4.0
Po= s ie (P 12s) = 011

Othor et o, 4// Bo= 0. /0
Bo, = (o-/4’—7‘0r/0) =017

£ ouipmtEn i JPES Par/SE  fFACTOZ.

———

Nrri)d oF ALY L) -
JHERE 1S NO  DECIBERATE KL/ As » Vazs

ARALY SIS PETHOD | THVS, T4(5 FACTu.  Decs e T
ﬂﬂﬁ‘-/, VARILALICIT/ES /‘;u mvnty;u HrRE prcecs

vP N EuACURTION off OTHER VAE A BLEES.

MoOCLI i &

FHE  Two Conv ST UOEHRA 77eaS ALE
)) FEEFWUENCY

2) MopEC ACCURACY




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS .
' sheeTno, _JE
<+
JOBNO JOB HCL PR ST od Y sy /COL o 9/344 >
CUENT SUBJECT Rir Receiver Tark o ME R oae ! o/s /g7
F REGUENCY

Sﬁ—ffmoy_s o-F aug le . :u//}aw‘/' p1ay /auﬁ ,éﬁé/,
of*/-/mrs fuo " §€/_f'/‘4(C, c/fe)élm-( /17 a
fomn} d/»e’a?én-, wu; a2 pose < /xq/

Ser mode [ Medel cus simplo 4.7
(V(,(,/% ( r‘u'('nvc( /nér‘ﬂq waz I'La'f‘ Cms‘zlv‘*—/}’u/ﬁe-{[&,ﬁu SVHQ[()

fj-v[/Mq//P M ﬂp /5 0.2

-0

- /’g /:,.eiwc‘,{ - /ér7 ~€ = 13,7 Fk:z

/:WM Aawiam}d f/fdkam

Sany L L0 o g
S"'/(,,')
~2(0%)
A A N N T
Sy . 00 373
S“‘ln..") 0.5

‘@P 3 ‘24/2/‘/‘373; o. 16 = -ﬁu
i ﬁu“ o[ ‘(:0\/ Dorvvy I"L’\ 0~C/L‘°“’0 MJQ//

Use
QYH’ )-e.D»\A'lw‘ bv/?L ;—eaf/llm,
£ monr upg v o
O

T (owror)




ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS

, sHeeTno. LS~
JOBNO JOB HCL pf 5/‘7»5{;’ sy 21PC pATER/3% 97
CLENT SUBJECT Al Reziver Tark cHkp MER pate ! 0/6/57

DppPI VG
U 77 ws T+ /P

69 - ‘—éﬁ = %ES—;I‘.: o.c

)

Consid or a L @U .

1/24 o,fo Com b/ KA/‘L o

/V]o.\‘{ 0(47Mom¢'(_ /’Y‘U‘ﬁﬂ'lﬁ /3’ r<9(¢é(’ 24;(7
Foof’l;"‘q/ *H«uj/ r s Ponte /s all tw o S‘zUv/-'/\a

male ,
LA fre o ~ o0-0F

é"%ﬁ“‘”t‘*’ (‘MF/M (.'(wvémw‘/fm.,

”Vl«z(qsii wes  Aome /»/Lu'«ﬁ T e hoviend s
CW"/&OM wth o % od verhrcal émfm.a—na"
o edis, ConaPo ot hori zan S LMFW
Nz Phase ao « + 2 F Cas a/“—ff g hov zde
gt Moo verticad (M(FM \W‘low @5« 438
cadf s

B-81




N

L

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS / S‘q
/ SHEET NO.
JOBNO. JOB HCLPE STwhay BY /C DATEJJ"W7
Lo, PV —_ B
CLIENT SUBJECT Air Reciver Tork chkp TR oare YN

lvlar:@w lﬂé\ﬁSNL\

0»\/(«( q S/H-7 /50 Jlft‘;’gm Aortzw'/«j cmffmj

v § u&&f !\V‘ D“\ﬂ 57[*0"‘—77“1 (a., q,7[(m,,
A WX(&»«\ L\Okl-?yv\,/u a(re(om,.‘ﬂm U'pC/'ial«f wowu

oo (u:;vﬁ /0470}447,,/ 40 7. /44._:7“7 )

S = (Hors)t= tos
. A= aen
Eec s
/Z
e = 3 M Tew T oop = fi

(wur:/\oy N+ V I/V\ pk«w ,

%Mm mf i for kel
;-ea,c)hm duwa o kurtyméojw"-ﬁ? \N’V?Llcw{’ /a»/u.y

B-82




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

. sHeeTno Lo
JOBNO JoB EIoPE STedy s LOC  oues/30/87
CLIENT SUBJECT Air Reziver Tonk  cuolkR o io/e/e 7

W (/—ﬁv)(Mf?—‘S) ‘ 3
= 1&783 — =~ 275~ o 9w (/-gv
Fo = 1979 2. (14:47) e7g ( )
52 H = O.S-/g_
S:V - Orl;

#
Fp= o.51(1izrv) - 0'479[9"’)(/‘0'2') = £63

SM}Q“/dO‘/‘O Fb’—ﬁ_;/%ZY#
1pis = Fe (0-?/)//17?)—-0-476[%0) (/— 0'7-F_<>

1825 = bsots — 438 + £7.6Fs

223 '
————————— = 3.0 - .A) ’%1
Fs = S 376 / c V‘—\,(Fat—ecf >

@ = 31>‘Q"\ ’:3’1 = 0.02% sy 0.3 U B

FﬂE— = Fm Fp F.,,C Fecc, = (IX})(!XQ,@)(/‘@) = 049%
On RE = (o"+o’-4.o.og’*+- o.aq7-+o~03") = 0.1

4
{b\’n& - (0.147—4- 0oL+ O+0) - 0.19

B-8%




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

sHeeTNO. L7
JOBNO JoB HC L PE 5*5\-"1,7 BY RO DATE_ZZ}_QLW
CLENT SUBJECT Air Keceiver Tark crkp MER pare / 9/ 5/87

STRUCTURAL RESPONSE FACTOR

Use ASH AwnblYsc As RI7RepPRIATE

S Shupe  (tuk b fok t/ma»‘/»)aw( FQ

OINL = m ’w

v
fes = L3S

_Bp_ = 025

L =
w F‘;: .o

@ﬂ = 0.0
'9\/ = 0.14

Mode [in
Fi] = leo
Be= O
Bo. = 0- (%
ssI
Fogg = /00O
,ﬁL: 0:6/
éu - 0.6(

Fen = L35 (00D = //3r7_VZ. .
Br = (o,zs’—+003’-4-0 + 0.0/ = Oe?

fou — (04— Ov141+0,/cl+oo§? 02~

B-84




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS )

. sieeTno /B
JOBNO JOB MHCLpPF S “"_"'0// sv Y2 ot ?/5/«/87
CLENT SUBJECT Alr Becoiver Tark  qupMKR s s/57

FRAG ILITY,

vV

A= FeFufes P [0'/3):
(3-2)208)(043)(1. 35 ) 0,18 ) = /ST g

4

T

(,B)?_—- ( 0 .+o.7.(o’—+o.|l1'+o,2§’-) = 0-38
Rt

o = (o.7%0 ar+o. 114 afn—) = 0.39

_/.65'( 0af+0.39 )

HcLpF= [5S @ = 0.44?

CALeuc RTE  HcC e prF /2y FPET METHD .

Mion TING  (BAACKET WwoulD Govert

USING APPENDIX F CRITERIA Fern NSME
(o PINEAIY SO PPORT,

e R Class 32 p/a,{e (/S/\e[( CC“"\FOP\DV\ZL
§uyyﬁ/+) Fr(}"‘ﬂh»‘ bompp(:vs‘ ql/oua/f(ﬂ /S

/.S X /V,Pmén«( 4/&:4@/(9 97 /,2,21 or 0.7 5
0.7 Sv = 0.7(5‘8,0«)) = 4.0/600 ‘fs( gow»w;
Alleweblo = 1.8(40,000) = 609 ps/

B-85




EQE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS &a
, SHEET NO.
Y, < .
JOBNO. JoB He L PF uf“«(‘:{; BY RPC oue ?/BUA‘ 7
. = . /
CLIENT SUBJECT Air Recciver Tank crko MK R oare 10 /6 /€7

Ouv Purr Freg.liky conshered oL
hovizonkad  Lerec o ac/wfﬂu\ i Hes wotakes -
RYS . towrerer, we hawo fuv (W«Tmenflx o £~
hov t zonAn? Wwﬁu@ A Ho flwr  fowe [

e /y"u?/é’az/é’ﬂz /Au?w] pule /s
Q/f/fmw fo  Hoo W?ij on#ﬁq/ iu s
o (o sealv wp our horizewhd modef
Joed éq

F = 4#04'-),2—- (o8

B-86




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

. sseerno LG
JOBNO HC Z Sro 2 O¢ , /

CLIENT SUBJECT Air Rezoiyer o~k cpMEE o refer

. mc rcé[/,i'oj[o./zr)(/z_)
0o = Zz " 3 ( 0.25%) = 48

/~0+9 ‘H‘lﬂ.j «Q '{aéﬂ"’l Qs ./;S” + (‘vv\/L’YO‘C boH I‘O[P for
6/9‘!74& 6/0740#»1/;«1/.! 7Llc' Cow [(u/[a,‘{:(ol] )

Fp- Eul== /209%

Fremn F;(ua/frmo SN @7, /L

j269 = /.08(051)6 f/l?.s“) - 0.47¢ [?20)(/~ £ (o2) o ¢) >
1269 = T70LFs — 438 + 3502 Fs

FS - 1-3‘1/

HcepF = 231 (08): 0. 4 2

T add e 10 Ho EPRT wottal, o

omn Wt 0.8 GS seuwmii  fowd) e
Thus HCLPE = O'Cf;' - 0,53 Compared a
0.44q by Fragilty methat:

AH@V%‘}I\ML\ y Moo cedr imeFlad a [liw
uce o+ /1»\.«‘/‘ a i,_g/_‘; o bl ™ (s

case wokd  resu (4 v e Se2 ancwdy




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

, sreeTnO 20
Lol PE STaa .
8 NO JOB HCLPF  STaawy By Zﬁﬁ oATE 8/ B/e
© ’ . Do LT T, 2 ET/_"?_"—/
CLIENT SUBJECT Al KEC /€ T/ K crkp MK R paref0/s/c 7

/\)d+€/ W lt“( +ho ’W\oa/ Sqff“’% f%/"’i
ave wsed “Mﬂ( e LM,A)»%( 1 cmu\/wé-/‘ z_J3
]amd)iw\ e o Crwx,aln.ﬂi jeVHd’\qj e a [lew atls )

F (0v7§-£"\) WL\DF" F_ I~S /éff-é/ 0‘1( 2 oy
A

(07 £ o Jeverd

F = l &%

qw - 1,898 (O«7()S:I = §0/7@ - Cfmfarez(fg

Lo, 7O t+ aueg lp {oc’ b.vm,j:\a/w( (s ¢ omsdeed a
P(qj&@ lﬂ-ﬂmﬁpl“""]

AUC_ Qv:"{oruo\ uuaMc((f(“«J [ [0773’r*1)i «43/7@/093/

Thus , HcePF vavies e EPRL e thf
/"["""‘“‘{“\""Y u]dm C(Q'“”"/\‘.C‘?/¥Lé‘ﬂ ”'?A (""lf/no«/j
JAAJ lwiprFe"(‘l"ﬂf:d a‘—‘ﬁ (aﬂp,

B-88




COMPONENT 4

HORIZONTAL HEAT EXCHANGER

B-89




| EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. _/
Josno87-2/8.0/ o8 __H CLPFE STUOY sy ROC  omeq-26-67

7 _ ,
CUENT L4NE supsecT _C0 M PONEAT HEAT EXcHANEE L cyyp MK Rpu '0;3'/87

DEVELOP ,C,éAg/L/T/ OESCRIPTION oF cemponre T

HEAT EXCHANGE K,

REFEREICES] || JTLAS TNOUSTEIAC MFE. Co. DRAW D-1260-¢
/= 240 ComPoNEAST CUUCING HEAT

EI(CHA/UGE@ FEB, 7,/767

2) WwoopwARD CLYDJE CALCUtATICNS oF
Coen PuNENT QUUUIAG  HEAT Ly (tANGFE
Fee g/wop . 32-4-3o

3, GILPBERT ASTOC/HTFS CALOULA T LLS

com PONFAT C(ootrae HEAT f/rﬁf-ugr—-ej
FILE Jt3c.v/o—(, 6-2l-77.

ASSum pTreds  ApD  GROUAD pPucr S

/ T ALK fs mouvnNnTE AT e6frbE <’ 0o /27150 ‘
FOl.  cASE OF THAWINK 9unTErD) N S7RUCTURL )
2; [:AK—TH @UAKE /:(, DEF/UE/) £S S4Z )=
FoR  JHE ¢HREER OF TuwQ (e PeNENTS
cF E Q.

2 LR  SPECTEHA ARE FRenw BuitDING ANALYS/S
VSING 77 DAMPIn &  BUT ASSUME  7HAT

THEY HEE mep/ AN CENTEREL, zMzo./Bg,

d. WNo2LE  LeADS ARE  woT PROVIDED Hrucs
JE RGRE  MOZRLE b DT IN ANKELYSIS

B-90




| EQE]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

y SHEETNO _ <=
. - <=, . -
JOBNO JOB HC_?PF = Y sy LI C papd-26-87
P 2 = ) A BN Cm -

CLENT . SUBJECT Hf(‘, : YT~ A8 7 CHKD M }\-—”\DATE D Zic

K
) ’, 113
25 Og —
A ———

SLpiné EXD,

I '
—= 42//b )8 0

|/F/YED FrpD \ l/—-—- SLOTTE D [MHolFL,
’i

T

AT
2% __l g

SECT: ¢e-¢ <ECT. BB

WT- EmMPTY= J)s, 0 LD
Foee = 23, 5w bD
HEAT EXCHAN 6 ER. /S mounTELD on Li1erD

FRAME.

B-91




EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO, 3
D —_ -
JOBNO JOB HCLPF S Tom v RDC  pae3-%-87
“', .L - T - - e !—~”‘.“\ﬂ
CUENT ________ SUBKECT Hea T exCnanaces crkoM ik Spare T 3¢

Q
DETEEMINE GoVERNING FAILLVERE MOUE
AOD CALCOLATE mEDIAN CAPACITY.
THHERE ARE THREE AREAR oF ccrcERMN ¢
/) LoNGITup/ WAL BENDING oF SADOLE  AND
SADOLE / DoVBLER WELD (NOTE THAT CompeTe
crosS  SECTIch ;3 woT EFFECTIVE Ja JEEMDIG

AS wAS ASSOMED /N LEFS 2,+3,)

Z, 0T LoAD/NG Dom INATE D /’p‘/ IATEEF
ZoA DS .

2, PASE  PULATE rBEADING FRoA [20LT
REACTION) ( WOTE |, KEFS 2.13% USELD

INCoeRE €T  DIMENSIONS ForR THU ANy ).

CASE |, LoweITvD/inAC  IZEMDING  oF sapoLe,

JUSE owu/ LoV TUDINMEC E O (onp [r

PKEL/M/UAW/ CHECIKL cn RE LKA TIVE STRESGTHS,

B-92




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

. seerno &
A o <! ]
JOBNO, JoB HC PR < M'ﬂg- v _EPC omed-2E7
CLIENT SUBJECT Fell (Xlnopzic crico M KR pag 19[4/€ 7
e

FSTIMATE boNGITU D1 NA L FREGUENCY
owc}/ CcE  SADOLE CAERIES Lo 6 (TVD/NAC Lok DD

SADDLE AcTS AS A CANTILEBVER. )SEAM

EIYED AT FHE [ouBLER  pLATE

T

W e - 55
28 ?

4 ]
iy -

y '
f= 25— (/(,.75"—;3.5‘)" = /S.08"

com PLE TE SADDLF C eSS SECTCiws (S nuT
EFFECTWE /~ BENDINGE.  ASSumE THAT THE sSapotc
) EFFECTIVELY 2 2¥7 XL AnGLES, oF f= /S
7

TR T

E lement~ A Ai
! 3.5 0.8 o.87 o = /306 _ 938
A 3,28 375 12127 l7 G 7S
(r'lg ’2- ol
- Ele A d Ad’l/ Io 7 4
/ 3 S /68 q.4%7 0.073 T-= 32'/5:3“/5/\)
= 3.2¢ 1815 /0,706 /s 443 rER. A
2004y  /1.S/IS IT= ¢¢.32 /~*




EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
. SHEETNO 5
JOB NO. JOB /4CL~PF S—% BY /ZOC, DATE9‘26~Q7
CLIENT SUBJECT Her? Src it cr crkn M KL pare 19/ /87
¢
/8 sdadic dp‘[{yﬁ(”\/\ (3 )
g- pf> _ X3S (15.08)} . g0/ 44"
- 3EZ 3 (ranroe, (04 27
= 23,30 .3 x0"
K 0.0144
[ 1< / /b3xr0® (386.4)
= J= -— - ' = f
7/7‘/1 AT g 27 /;:SVU/_—— o] é .‘[J ‘
SYSTEmM it AT RIGID .

Loo Ik AT  pLAasTIC CAPACITY oF SADDLE

wE€eb  Tu poo BLEKR, NO  whkFeh PpPETAH!IE

‘s GIVEN. AISUWE  THERE IS SUFF/CIENT

WELD mMETAHC TO DFUVECopP Full STREMNETH ¢ =

PLATE . THVS THE  cAPACITY /5 foASELD  crv

A 7X7YL ANGLE BEmE EFFFCTIVE

— Of, (e (f}e.uu».

B»(;‘ (cVV) )e.ﬂl;l/\
pu’rsth NA

0';1 'f»onSl;dﬂ

Use Gy mmedian 04 A Sl -0 ~  44b5




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
. sHeeTno.
: <
JOBNO. JOB HCLPE < 2 v DL paP-%-87
S Yo 2 iyl e
CUENT SUBJECT et e sl CHKD i & C paTE 1014/ 25

PLASTIC WA BY TRIAL.  Assume 9~ IV

= MUA Trul 7 = /’?/¢
%, )18 )+ 0 (V) - e )G
Sibd 0—7 < 6’87 Q—VI

— (/

Try 1= 2
& (UGN - G IERY)

C-681Gq = e 250y

Try 193 )
<y ()(7)(ree)+ T (1-43)(0- s Xﬁ—_ 0- 9 ( f}/)(g 07 253%)
G- = G- 92C (4

tf

AN A I‘Q3
Momod cupachy  por  hon o (3146036 - 120y
Capucihy of botn logs = 2wy, dy
M = 2.8 )edee)= L1288 X0° /8 #

Ma&a/{\g/d’ - /S, 08 W S‘L

[, 128 X170 & ,
Sw  LmiT = = 3.16 3«
)$.08 (23/3-00)

-—




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
_ SHEETNO 2
<)
JOBNO. JoB HELPE = atmbie? v LDC. ome9i6/E7
' ’ ; inhs 12
CLIENT SUBJECT HC‘ t g)/\ [\a/\.’yf:- £~ CHKD/‘ z kﬁ DATE D'J/( 7
v

CA/AC/TY CoutD /E  LewER IF WELP
5 woT CAPABLE ¢F DEVELUPING PARENT
’V)ETA[ 57725/\1576‘ BvT oL crEmT

WAN  LE THEFAS  Fulk ,aucT/L/,—%

cHECIK (‘Aﬁ/fﬁ/TL/ s r) IBENNDINGE N 0XASITE
DIZEC T O BuclktIN G OF GUSSET FLATD
wodlp doenTROL ., GUSSET LA TE DeF <

NeT  QuALTEY FE A (LA PALT SELTIUAY

bfre, = D=7 < e = Tw e rp

A= y[omt oo (M) ‘f}] 0-70f;
O (o(aF\ Ffor Compe ) o voou“‘ guvﬂ/\
w e Al Ao w§M He smaller o

(’Eb> or //b7(})ﬁ°
(%)

Use g(fieﬂ-a%/ Uw v el Q}\/ '—"’ < —é-:;_—

/p/67 5‘1 Fé = 2—'0 FL = l 00(0): /I %2/7:7
Mfaq/*‘&p‘—— /' Bzi = (/'$Lgs(“4o4£g"(a 4’37/) = 737/;” A

B-96




SHEET NO. 8

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
P .
- av R0 DATE7/2°/87

JOBNO JOB H T F = 2 ,

— - s Y )~
CLIENT SUBJECT PC: " < X~ AP P CHKD A ] & FDATE /:) - (’7
| C

'

7’[/)9’\? /\S ﬂ()m}‘ﬂ{ /§ q FS 0'7C //r VPMOIV.:/T

Lor buvé/vwc{ o Loy (et @//owa/‘//pj,

ES‘)[/MHQ‘Q/ "'7"-26{[’(\0»1/} é%&«é /""-7 (gf& C ¢ 741 R
/oy(757 /‘hé)‘: /,/J(p//ge/‘:v]# -(/w‘f”é’;’/

o Rl plote Aiegr Copgncihy o4 1 1gwoti

-
——

S e de 2t
WO"{’I— -’\[ "'{-/.A{f é(-l cé /lv*q CC‘- ('( [ '/ o

( No‘(\@ V"(/\DJF /90/{3 WP e ‘Lud?(: V\a»—?

SL%A(‘CQA}H- /e:ﬂ th&.cc/%\ S Ccenceril
Qh;w} bub&/(“‘/ﬂ am.,y( »V_)C’(& a P« a €

f‘@(’léﬂ/)




| EQE|

ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS
_ sHEETNO. T
JOBNO JoB HCLPF S A’i/') oy OLC _ oue 9/26 /87
+ + o7 e - [ ."_‘
CLIENT SUBJECT Heel & "‘“"”ZC/‘” crp M K L pare 120 <187

CHNECKL Aol T STRENETH

—
Rolts Seo o’:ve%lors‘:—:f_-[nm X audy lads
gnd direch Housion Svonq F;
Tank is ﬂ},// S e wer Focal Airecti A, 2ol
5 abuk 26 /'(2 in A diechim . Astume o

dwcu‘(’l?v\ s rw} c{ M+ 7,04“4@0 7"‘*? uer/-.cyd

acco.(\em*tw\ lS o-{— //\or(;goy\,“'o.qp
S‘(‘VUL.C/‘QUN’/ FAre V/L\ V“l?['O i5 /owe;/, (,;‘/A/), M_f.q_,

7)’00(//\.,% 7QV‘ '/"L\.I.( V‘C',(a,“w S"('hemk“!’ﬁ\ c,a.(,wv&u.‘km«)
"Iﬂ—'l" 26 ‘ﬁ +q Sa /s abo'vdp‘/-/—?)/ 2P =
W\ed)(;uq Co«,[cw(q‘}Ll ‘M/L_{) asSsu me 32:2/3 ?7 W‘V/

gr ~ o1 gy

‘Radd %Urnwui

B-98




L EQE

ENGINEERlNG, PLANNING AND MANAGEMENT CONSULTANTS / O
. SHEET NO
)i~ s - )
JOBNO JOB FCLPE S " av RO DATEﬂ/EY
, — —
CUENT SUBJECT Feeto o 2, crko MER oare (2/4/€ 7
C
S M, .

14 Fe — S F7+-7_[;L4 Fbo + ¢ FZJ -0
T+ Tant evgl 5-’(-///“? Vvﬂ{( ¢s o rtg,;/
boby,  F = Hae Fhe

4(4 _
4 (W14 g, )= asw gy + 2[4 LD = o
329000 = 21923329, — 587 50 gy + 49332 Fb = O

s06 53?;%@\ — 329000

/:Al = 4—1'331— = /Q'nggu’— 666?

N 7 ) - /V',,,_c.
W % 40Z/ 207 Phe 7

, )
(23, 8‘09(/- 2’%129- av (23, S0 )9y + 2 | 24 Fhit e« %bjsu

229, 000 — 57‘7%33«7 - B, 5209y + 993372 Fé = o

Fha s LISTBIIN-DVILC 308790 — (669
4433

< hoay SHresy ) Use /@70/ qu/ 7 /ﬁ',,‘r/\r.}--, )

gx = o-4 (orﬂ )[/,13)5.1 = 09665y
4 bolhs dake Y fead, Zbolts boboe ¥ Jowdd.

23,500 gy 0. 40k 9y (zz,sw\ _ B/ ot
ﬁ = / z + - = /0/64534 / 0

B-99




ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO _Q__
— f" .
JOBNO JOB M PE s """’“2 sy 2 OC oaTe 9/26/€7
- Y 7 i e
CUENT SUBJECT Hee?  [ortomce, CHK'DM KR oo /v 27

(.

7L threads [n  bolT Lo fake et
Sheav e +Hop -)Q«t{(uf-ﬂ do/w /5 e For
o Hor  chear wnd lonsin o o Lol area v

fw%f/\ﬂv\ W\/ij AN %(/\0 %{H-ea,p( aréq .

Tou S1 M m/q s %pfz.c( ores

Polfe are Va9 UNC A-2¢7 | So= BeEST 7 L4,
’ / /S“Z- §2lry Vo (4 es

Strest aree = 0461 R
Full avo. = 060 mW™

A Code LTS

Fo = 0.40] (s8,c00) = 126879 ~606] |
Ty = . 4 4 < Saa{cf/._o/g,qb/w/ weld.

Fov Teusim & S hear ;‘4 -Q_Lk apeel
U s Code (Oar’vbola'c Ec\u,\)\—«m,\ and - Fv-_ 0.(

()3 (%) =+

13607 g»,‘(o(.w) _?/ 10,6025 ¥ <)

(0 601 )(5B 00V ) 6(0-60 )(:ewu)

¢ 1t

1N

0./54 9" ~0.,/50 2 + 0. 030 + 0,25673"— )i O

B-100




| EQE|

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

sHeETnO ! &
JOBNO JOB HCLPE S~ L v RO oacd/e/e?
- - y / {m =
; -+ -~ 4 ; /1
CLENT SUBJECT Hez7 o7 - f'f-"-z'/// ko ML Kpa! 24 187
/

391, — 0. 150 3——0,‘{{934-'3 &)

0. /50 — )/v/so +¢(0,4I3)o%3<f)

)_( 0. 4]"))

17T GovernS  bold Loilows

,ALLJ Mimide mator. b sHe P

bo wsed , Fer Jow Sﬁemo[% Coy br flee /[
Sucli 65 A BT, #Ho mean UTS 25 obued
L2 Himes  codwe, (M nure 6 /CR-2137 | SA-I6 £ Srz_))

;/\» 1.71_(/'1): 2. 06 ﬁ gqfac'/ﬁ

See 1 /‘o/a?L( C o 0’\’*&("00 he

U\\'\‘!;vko/ldo C*LMMTL\ ¢ { Ho ba/f,

;’:LT‘ = /3487 Qy - W6§ =

1 3697(2.06) _ (66 = ;u/szro 2

B-101




EQE]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

, SHEETNO_L’B_
JOBNG Jo8 LoLrs SM“/'ZL o P ome T-26-8"
CLIENT SUBJECT Lipe# 2, A, ot CHKDWJ’\DATE’O/“‘/?j
/\(/\/\A_:\' No weLlD) DETAIC
b GIUBA. ASSum E
J)e FoLl fENETEARTI 0N
# @
d
v
é i
¥ & @ ‘l ¥
%
(ad 3;£,
ASsumE B Y jELp  LINIS g’ T (f)/@‘%@
_ oo ) _ ry
Aeth = 2 (372 )~ 4 | .
Lk MU”’\W/F = [T 3
Ld ¢ ]

L .
Mow [Tt 4] G LY/
ng = 4¢k5/
Me

-

‘7(¢4)Cocsb)> jq 25 I k.
4

//V\LL - 2.5 (¢4—)COI§L) q‘(’zs )\V\ k—

4
My = E('LHB%}J%'- N %(ois‘) _ s8.60m k

4

B-102




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
sueeTno 14
JOBNO JO8B HCLPF  S™o , RN pae 9-%E7
P e e AL ! -
CLIENT SUBJECT Aot twfn N(* ~ _ cwoM ‘\”‘DATE’O'“” 27

\)\)OY"L = ]‘Cb cg :MLIO<\ +M(‘Ld7' 7"M¢5C7L5 J"ML_BO(L

P
= g
N
A = 1975
S
Sy T

' 0 -IB,S‘_ 2—8-/77J
d3: _o(, 23%0) whowe O: ?O—Tgn /,8——’7?—-

S AP ok v At AL V-SSP S -5
rx g\\ & 4)‘7/% + 4(35) 4 (’7/5) + 7 (3,5

F = 44000(0.:_)“'[0,‘7331‘- 0.2 + 0.79 + 0,71»8]
F = 24211 #

Bol{  Tewssmm ot wthwate fllus 4
él"eﬂvq%»\(wmsz\fvx 13 _7_?7‘»7/1‘195'] Fhus
e {oo+1‘°m bo(wo e d)%u&(u(e Squc;M
cess o fo Lol Hv attechewet— Lolls.

D@UQ(UZP ‘pmg(ltﬁ Curwl baged on b H

Q Q\\\m-ﬂ .

B-103



ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

seeTne IS
JOBNO JOB HCLPFE S L sy 2 Oc oAt 4-29-87
- e -
CLIENT SUBJECT Hent et mmmnser crkp R lor 4 87

!2@(4{04/(«}( Cafa(\(/\(e\ 0~[ éo/‘!é 1\14 ‘[(erm_g O—f
3‘1 USI‘Vw‘ - S‘f'ruyf‘uhg gdaeyqu . M fo, 10

Loy e?ua,.“.'f ey

Tx 2Ph= 207 gy &t

?}( «)"D»Cp(b'—‘ O?(U}b)?—‘]* /009?7

0. _
dz = G F4° 0-52Cly

Bofd deasicn  Usw 1wk ,wl, uf Phesig

14 W(/ o¢(,sw);)__;25 \A[97 " ZZUHLL + 4( )/:Zz_ g

329,000 — ('C{’”’L'gj = §87,§UU‘77 + 49.2232Fb. =0
(ST 9y — 319,000

- T —_
Fb‘l_ = 49 13 |3}3| 3(1 G(o@q

@w\‘[ Jhoap , u_;,'mj IC/UZ) 4021-/40%) /4/403/»;7

3—3/5“00 gq

<+ O:d(/(doé]g7 (LB/S—UU) - /U/ 903'7(1 #/AJ”/
-

B-104




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS ' /(o
SHEETNO
a -~ (: - -
JOBNO JOB BELDr =~ o av 2PC DATEQ/&?@Z
ot b K 15 e
CUENT _____ SUBJECT Hee T rrminen o v ) crkp VK Moate D, ¢

< /oo

/ 1 —_— L L
5% 24—L0LCY + )ojecs’anj

0. o) (SB Ouv 3 Oob(O.Qoixg‘ajucM)

' [4‘5‘9 ‘?cj\’— O~ l%l;j-}.O.o‘M.L “"0,7:7077?1. < o

081677 9y = 214Gy — 09634 = O

0. 146 (2 f 1o/t +4 (- 4ie7)(-9034)
Al 2 (- 4167)

i"\: I, 7058
Fovr m<ed tan oA Siu-e-m{/’f/\

3’% _ o n(lres8)s 2,05 9

B-105



| EQE|

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
o sreeTno L7
JOBNO JOB HCLPE Suay ov 12OL  oue3-28-67
iy F ’ e e e g B o
CLEENT SUBJECT et EVCAav 5T gipl DAt o427
%

CAPACITY FACTON
/4/6/@1 C'/’?;!A/ 7€\/ 0‘1740/ éa ﬁ/ 74/:1,\3
vaRS 206 g < (&, /)

Lol S?‘h‘rtq/t\ IS 91’/ C’:V,'-/;p./ﬁ"(c_p SO
'f wmediay 4S5 A~ I F codo .
ﬁd - ,;f)fﬂ e = O //

St it add hennk wncorTal Ay 1a Ao
Lo ilare r—/w»u;% and doilup o0l of
oo clmand  Jolts 'n com bineel Fousjon
ool Shay, gsfimade B ~ OIS, I,
wddiks | bocasse o4 clossuces n e
bold boles auwd focad bondivg ohfecths
Fho bt will wet ko unform by londesf
colewlided, Hes u wo /070 :»ed’uz@a@.

as

N S—VZV@M % ,

B-106




EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

) sieerno 28
;:p,p,;; _Y‘meiv %/1< R /,’_
CLIENT SUBJECT Heet Zven e e tr oo A E pare 10/4/87

'L .

o pesu [ Friz g‘fhomoy*/f; 1S Hlen
77 ;

v

206 = p M c?fy_’.
SZ; - ol /iZu%w?-\(: éﬂwz«/ ek o

Bo = Yp1rtorst~ 2.9

///:S = "/51'%2 = (2> for ‘7"0““\«}‘ MouM ‘kawk
( wole St g dir s 1 d d2PA I3
vefereuce  accelomtim )
tev Tn SHruwchuo (2o (@q,'/&) |
2Ph= 2.05/h] = 1,86 1In 7%/;’

_ 486 - 4,90 relitiv Lo i srechor
FS ~ 0.38 = 4 ;PA I Y v,

QUCT/A/7V — Cem appmw\} "‘g r(\ﬁ('d/ -JQ;,\/‘,,M YAy br”[j/?
and UTS wiedf Her r/ﬂaefé‘ Duc tilidy H A,

FQUIPMEN] LFSPonSE FACTUL

7’{4:’ DIl 6“95 o f"e "
/47.;;/'{4 f'/ < "/ 7 aa ‘/;ff/'f
Med< ff.:--’,'

Da s I:J /.14—7
,;’/'O/ s (\r . b na ,/ £

:'r(‘/ /—J“‘({ *’-“aj’(/ (JC -~ ‘pf"/';“j Coe.on b'.i'f - J C" -

B-107




 EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
sHEETNO 1
JOB NO. JOB /— Cr P/[- 5 “ 0""' BY [/&— pate 2 z8-70
L ~/, /e
CLIENT . SUBJECT 'VJ"'O - = yf A G {M CHKD MmDATE /J/\//( /

Mettdd o f 4-144/£/J/J

A Fer 7 o body MJ/LU“/’L‘M
Vﬂu(ﬁe{tw\ ey covered Aéﬂw)
Mo;{)@(zvﬁ \
Thore aie 7Zwu oS¢ /Pm/%aﬁu,

1) {Watw,o«,( @ Frey

7") l"Jlﬁ‘va ac (curac r../

. ! - 7
P st oo oo [ Lleguoncy

~ 2 }43L i JT#T\ f4LJ :f /gs o "fhfvbowa,cvg'} — D5

‘:l}.‘»ﬁ — /'/ ﬁ '7’/ I’*"fc’.? li . e./ /:S
Ve
- 0./5

f—/b = 9(46 - 22”5%’
Fr"'A“\ et +L°P +JA¢ C’VUuLw-ﬂP 570(C;/ru.u1 cv HQkﬂ j P -
R Sf%w[mw\ Ho ot of S’o.z,,/f ‘e

s M Jo )/
Lzr o ali O-10

/de?le. ']LC\P Crrvr IV‘ f/(’\p Aau,g/ Ca/Cu// ‘lf
M\'L*‘W’/ 7o be pr L7 ﬁm g. /v
-ﬂm- l% = @/ozw/o)L— O- (¢

K

B-108




| EQF

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS ZO
| SHEETNO 2O
JOBNC JOB HCLPE chajj BY ML. oaTe 4/28/37
CUENT ____ SUBJCT Heet Zochonmrr o MK R oue 10/4/27

Dregr

A1 26 Hy,
):"\ Sa_ -JEOF /#—PM dlwt/d/m U“/"{?S,
i =l P *7’(@/(,/”#-0 5(4 _./-a cuavves

'fAJsJ [“g pv\/fg\ a.bou,AL =z 70 5?( /\"i—éﬂ,(_p ég b r L

'- - ! / '.‘; . - I‘v .t .
P SR /-:)/ Y R (’L, -

Abore 14 v ey /LM»ﬂ dt-/‘/l’/ﬂ"—cc_e

Py
a S
e

o ~ LT e 5 [ P
73 AV & /r e T __

‘f"’ 2, E CenNSIPE Z ALl C /ju‘

9
5‘0 w)o u,(.-(f b-p Srimmt lapy -F:J\( cr \‘/71,,9‘/_ "~£[ (St #f/{
tevk

Y/v\(ﬂ(ﬁ Gﬁwblnrl/vff f‘_: o

~Ear%«-(1u/{g_g C)M\,Uane««7( s é}ﬂ_q_/";'(&z'}

The J00% , 0%, 9cF ru lo wel wied
i o (q./aa c},)[c‘ a«a,-(%m a3 o wmedlar,
\/Q,(U(Npr

B-109




EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
, SHEETNO 2|
TR T o '
JOBNO JOB HCLPF  SRd, av L0 omeQ/2/E2
, - [ , ' /i
CLIENT SUBJECT Hél coch »,\_f,w crwo MK ouelol 4/ €7

(wuz’/‘@/ all com Fawpn)t\" N ﬂkaw ‘/D

bhe o +3‘@ C”“‘ﬁg;‘hm”, Kﬂ(@({v[«//( bo [+
S’—ﬁe(«q’/’(/\ ngum‘lV\-B\ a/( ((mfm/\ﬁp‘/ﬁ‘ /l;\

et ; 10 for cepace e a/%,c,u
év ‘{va"‘—d’é/rofy fa Aj 76{

/:é, = /6/353'5} N |
101/ = 9____”00 1 4_@»‘16-/3)(23;@0)077 - ,7/82571#/Z0/f

4
;:;Y' ¢Q*LI}‘¢1 4“Aﬁ£ ETLsz;/ ( e L):MQ{{ o\ 4:&_Ll
ped g,
T
;e)ssrgq—occ})L+ 825 4 e
O.6o| (S8 ) 0.0 | (0-0)YSBOCO )

@.zngﬂ‘L 0-1745g + 0.0366 + 0o1tlo 71 s
0. 4dbq - 017979 -0.9034L = O

= 0.!"1”!?1‘ }/;7?514—4—(0.‘14(' )C@.?o;gqa )

F
g__(t‘l%)
%,; [.10? beted) on ceddo fwf-é""/‘/m ,
9= o ( MOS/) = (33> batef) o median Wﬂy/’é

B-110




| EQF

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO =2 2~
JOBNO. JoB 7k & m'/:; BY M__ one /28 87
4 — ] , /., -
CLIENT SUBJECT H et £ ViAa et ek MEAL pare 1074 /é’/

ﬂuﬂ@ = @ /42740'031) = 0 /4

' y WA
Acsum SAvl J Ert. a0 STRucTuRL T7

ST RUcTerlAL L. pPeNSE

Use Frs fv block walls (@' 30 )—far Tn SHreckire

mou wd edd  fawk v%ce/of‘/ eftfeds o+ Jt-ufwou,c7
Sl/\,Lt-I’{' 'ﬁ/ 'V\\Q-&QJ LLC' :+ruv‘1—u~% a ~e "‘07"
o0& ceoncern bq]‘— eHeq'/'P o f !n\e{lJvzrcV s
N 500-e<)fm z FPA Wiy bo (omsidoey A bo
ot boud Hee Sawms s /ée[wﬁ‘Mgk‘)a Ae%""?w’
E0 i rec o m«qmw has oo jmcluied
(M *Fl’ﬁﬁ((/t%»\ Calealaty o buF ot nocd 5

ncldo Uy Ccek741;m747—

B-111




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
y SHEETNO _ 2D
Ck £ '. r
JOBNO. JOB He PF = T BY /ZﬁL-aATEQZ{ e
] - } oA -~/
CLENT SUBJECT He:t Zych mavw ok M KA pate 12/¢/€7

Ma+€) EO DH’ A
{ao‘ur I“‘t(-*l{“&
(c

/fﬂs = Fss /Cso Orv % F,,] '[511‘ ENEC’ W ool L\a
- 27 ( ‘-0) (/' O)C /, QJC /e u)C/, C)) et Fgp = 110

[fes = It

//
Ry -

4

= 0.273

fo = (O°+ o O F0-16+ 0,082 00kT

/‘:U v q rou vx,gf W10 /* C% Ta "'/k .

Poake o /l—f«//( VQV‘-GU‘-’”% iy ool /aar*//r\;«)’r 4
ktgld 4;“4/((,/

T(«e E QO d/radém—\ CW\}AO"\)(» ﬁﬁ o ~0a /5
[\S a,ay}/b /OVl'a/L?'

HracAunt ‘lwa‘ s+ rwe fund vvun/e{W\T
and /;b(QJ{'Lé wﬁ"&ﬁur«/ﬂ fo_y&omjp b o ,,w_7l

Orfhw«@&/" 7{ ‘
U SSIT u ncer Ta1nd es
Fes = Fogy’ FsL = 40

7, V 4
Bo = gxt g0t~ OS5
0, o<

B, = (00 foost) =

—

B-112




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS 4
o, SHEETNO &=

~ e i

JOBNO JOB HCLPE STiom o BOC oue 9/2987
) g _‘— = ~ 10 f ; /" -

CLENT SUBJECT Heet Eveh Gy e MK Lo 194/

U
FRAGILITY

GrounND vwwnTE D TA J K .

A"/ =. 003 (FC)(»FQQ(F,Q3>
- O3 (O.LE)OAOJ( / o)
A = .87 ¢
EL: Co‘+o-/5”~+ 0.5%) = 0.2l

4

Bo = (01950 147 0&8) "= 0 FF
— 165 (01214024

Heepr = gy o T L 0BT

A STEVCTUE TAN/C

/X = 018 CF‘ }(F/ZG‘)(FJ($)
= 0.8 (#90) 1o)( ev)
i = Lo% s
4
ﬂﬁ, = (o" o 15‘1-4-0.26‘:)7' - 030

%
Gy = 0.49%t0 92+ 023%) = 053

_/’C,_X—_(o.‘ba'f.Z}) _
Hecepr= 08 & = 0‘383

B-113




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEET NO. LL
o~ -
JOBNO JOB HCLPE = BY é/’t DATE 3/ 27/9 /
- ~ {3 2 A ‘."'f'\-
CLIENT SUBJECT Heab Soch Ay oo MK Kpa 2" 07
(i

US/ 6 EPLL  NMAREIN WIE THeID .

S 470 Aden) E/(%ep(a,v(c_p AW
Mo C@M(Pre/ fﬂ’//mw\ I 5'71"4&#)0./\?,

Cow ek dlloohlo £, A-357 Forehil

Soo| Sl oo

///i‘b: /PS’.S—PV 0'7{, 6f7£< or S:/

Sy = 3Gls, governs

f'/vb ~ /@§3‘9/ ”" 0-9T7. 8, or 06 S\«.,
06 S"l = 2GRS 7arorn$,-
GRouNOD  MOUNTED TANK.
EP[L: Wavg (1 Cr toriq Uce /0070/ 4a7u/ WA

rule  wifh -ec\ua./p hov(zomap Cawwfm/w«}'s,
fa(m,(fwﬁ\o 7 Copacity from %wﬁms
o prga 19

=Ms = O

Fho= 13,687 3y ~6667

B-114




EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS L
SHEETNO 22
JOBNO JOB HC: PE Sonr RO pned/ 17/?7
CLIENT ___ SUBLECT HAie?t <o ji o — crco MR ppre 20 v /27,

G

=04 SI/\OQV‘
or - o0 d(h)ay  adze [

L - 13/5’;057 - a.4()Fy /7;_3 . ,,,g@g#//f

C e /lcv_)z' — o
:‘.FQB\‘) *<\gb

-
(135/6870?3,~66<,? 1,186 Jq ) - o
‘~ 0. 601 (36 ) 2/ aoo(o(aol

L < /o

0. 400 gy 0.2390 34 + 0.075 + 0714254

A ﬁ;" - 0.39 g — 0.90S = O

% - o234 F /olza’-+ 4 (I IdZY)@QOQ
u\ it

'z_(\-. 1425)
oF= Fy= 077 s pareddo 0. 89 g b
e j% J QFWLQ\\ L\ Mo uodt T

B-115




SHEETNO. 27

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
HCLPE Sy, o0 LLOC o2/ 7
CLENT SUBJECT He =T = rfine C e oo M <L pne QAA&?

szlﬂ 1:34/L¢C)chk{) (f;i;e - Z?/éyélz: ﬁ¢ﬁé7hﬁtyll

iZz/{ ﬂ7 ) for Eﬁc{c{,?[?\wtf’
095 g, = L/84 gy T 26 [

0 329

Qq
~
"

7;__ - 0,5'2.@(77

,ﬁ7 = )y G C69

S boqr - \ ,
“w £/
7(1/1;: _Z’__EL&)-.-ZJ + O-d—( . 184_) 71 (r 3) Y;.: ///44&/%'//“«‘-*
4 (
(133129 -tpow 11940 9y
g ol (21670

. O Go ‘ (3(00:—(,) /
0.37863.1 - 0,37735(1-1-0-01? + 07706, = /00

[r 155294 =0.3> 4, — 0-905 = O

g\,\ = 0.3793 % l/;.37‘737'+4(/./ssz_)(0.%i)
2 (1.1552)

Fa= 106 7
RCCLPF = ;’;g (0.18) = O-SO; Cfm(f)awz/ \Lu, |
| 0.38 7 57 3("’3/ /147 /zw%u///

B-116




FSE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO, 2 8
- /o
JOBNO o8 MHcepE S Lu_aQa/ ov RUC . pmesu/287e
CLIENT SUBJECT l'\/*ea/(” E el Aﬁ{«g W CHKD DATE

CMGOGLP pure shear v aucker bolt Lo
cew HX o (a to a—f/w(,%&%/ é:/ 741«451214
/(A(’ -A) UM/‘!\AVM('V\{I a‘tf/ gl\é’t/v

/30/7L :SL\AM’ I~V\ ccvur/(i(gy-af eJ /T

fos [affona ] -

/‘{b‘ :(DO I‘bf‘.L /‘:\ J:(,(/ ;e(//‘on’

W: 2’5)5_00

d v ,'S‘/VQV[(4K-
7r = e 45 Lev 0.18 e A
2y = .7(.38) a

Fv - 0.0 S"‘ = 00 C?C:): 1/,(ka/

= %;:(.4§) 0.4)12.3'(.7],3%5.
R s 7 (oel)

v = P9 bs
- 2k gz 044 vs .80 for OT case -
petors 2o )= 0

Use HeepF = 0'4407 for CDFm MQMWF er
Tenk mounded v sfruchure, (O fferent fa:lurs

mode A o v ? d s (‘}q(OMIoLIM)

B-117




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
sueerno 27
JOBNG o8 HetPf S ’1""}"1 oy LLOL e 10/28/87
CUENT SUBEDT & JA}( EX C ba W;I@//' CH D DaTE

e com_zoM/N CoFM HCLPIE  for  greund

Www\/*@y (alR £Mf//pr/d7 Jgurﬁ Jhear 1w
e gucher bilh, .

Fron pg. T oA 20 1y in foag i hudivd ()
Aiechion | # Iy s~ N3 v 2P dod  Jakorit
278 (g3) = 0% fegikdiofzor(Ge),

gy-‘ [15(v3) = 4 34
= 0g(3)s 27

£ H— o+ (242 ]

{,- [ 13 S;(;d) 4(235)( 37)) J = GTdkss
ol ol

1H° 2) = 0.9 vs (08 hv OT cate

HeLPF =

Use HCLPFE= 0-96 9 fov 7rmu~(,{)
mownked.  Fawl,

B-118




EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

sHEETND 30
JOBNO. IR0 1J0B__MARE Coranrinia BY _“PoH DAEA-22K7
CUENT L LM G SUBKECT _Block (WDall D M KR pag 22 107
Spectr ol Shape oo~ CEQ .DO_Q{:\‘\-\-\‘QMX — Shructure Response

_\Nﬂr@r’\“’\“ou@m w e fied s Hw BETe non~- exceedencd
?PDB-*-E N c_?auh\uh_ Lt el & %wV\Q&& oreh
‘QD\"\'\’\D/\Q"OQCT’ e riz . ConTone——k o .

Pea o Veet Veriotro .
Batirsre poek to Prelc verimbhilivg | P = 0.7t

= o.10
e - ©

= .1t

BT DiectHorel Contect—
Tt colouloted response s besed oo g \Svge ol e
‘o hertz. tonmporests, Well felure resu W frow 3o
One ok Ths COMDPD NLintSm Tha @D\\csuo\\& velues. ase.

evrimated -

= 1)

B-119




EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
sHeeTnO. 31
JOBNO _R1URB. 0| JOB_RUPF Compariaoa BY . DS\ DATEALZ-R7
CUENT LN SUBKECT _Bleck (ANal) cHep X f<ppe 2718
T@Jrc \

P, ~ Traoy
)

= o Wrro.s
& = 0.15

Dormpir,  ~ Structoce R&:,Q‘o.hg

Floor Spetirre Wiere &e,-\e,na*-u( G 10U gdrvucrure. ey
wh s Jud &e_d 1o be mediwn cevdaered

F£ = .o
Nea obily

B <y tatt 1 de.m?:\é s e K4 e$ceed~w vmlue,

AN

Medicw anap oo Lo Cter

W\

1.%9
: b =

Ay "
1 @’\4

BAarinmere /‘?:Q,l Oo. ?’/%u
- 0.0%

Medeti, Fackor - Shructure Response

\§>

2 P

’l%dw?\Q: Le®9 0o4x

B-120

M“;o;\d{.\& modol w &33&)::_\0_5& o be medien. ~cenciared |




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO 28

JOBNO. R12U%.0 1J08 _HLULRT Ompssam rizo. By o pare A-12-%7
Ay .
CLENT _ (A . SUBJECT _Bamek Ul CHKD v R X pate 10/5 / §7)
\‘8 el Valuy o
/)> p = 0.0

PU@AMU\ '@r C)b G 7. T 'H%

£ = —]-'Le,o";o

A\
Z a7 ke

_ loy Lolad —\oy | _ .
% A = _ﬁ__vg -Lais-s (__\Csds Q)\’I L%%S_) ﬂ_\é ‘

(E/‘-S\"\Mec*& /0_>,\~g, = O,@f

ﬁ g = \io.\s’—.,—-o- o¢-

- 0.l

B-121




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO _33
JOBNO. B1UR .01 JOB__HURE Comy arison BY . Pny DATE&IZ £
CLENT L. SUBJECT _Bdock 0a ) crkp MK parg 19! zle?

o\~ Srructure Toeracioan

F;sc =1.0 _7

fD’L - .0 S Nominsh Valuves RQov rocle Loy ded <trvckures
o *0.05

Irruckuce. Lhelase 'Kz_zs\pu.\,gq_

%\-r-uc,-\—urc, ndestie response resu e n o reduchontn
2XroctXute \(‘(’_.S\)UQ_I\C_ 3 whidal wo uld el S nLMleme v wlede
Well resporse . Howdver (el est resporae ok o Sloele wmll
cavses w refduddhioa in fos L 'Qq\e_ U0 Sk rend Wi @bt

o T Tloor specmun, ;cat blooe &
t\e>?o»\sa ws celtol=ted l&\\Ud\E_d Lo b nalie~ —cendered
Per Lin % Mohin, Ha meow SN eahon futp— - \r\%\r\@er\ed
eqbwcl oo duc +p noAlines— b cucture respo.ae
CQ:O \;—‘k o ardhass de‘I\Q.&\\\—& arruchures, Batli~itc
'f\z\ = \& S~ Up P bovd Lor & nenlineeo~— 0O DA,

VA
(== = ‘u's 3

- 0.0le . —

B-122




COMPONENT 5

REINFORCED BLOCK WALL

B-123




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

JOBNO 1001 JOB_HCIRE Conapavise.

SHEET NO.

BY _BSH_ DATES-30 -3

CLENT _LLNL.  SUBJECT Teclk UL

CHkD M K AR DATE 10-5 '37

BOCE WOALL HOLPT CARAC (T4

B-124




EQF]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO, 2 -|
By _PoM__ pa&-&®RT
crco M oare 19]5 /5'7

JOBNO. _RIUK.0( JOB_AURPE Comparisoa

CUENT (AN SUBJECT _Poloel (Aall

%UMMa(\

The [ewnle Lok Wil Vidimate QM.\&t\ Si~d (cad - dedlecha
relokionsaly s dererwinad Folowst +ia fectnmmendaeion s
ol e ALT ~-SBASC Tanll Commirtee Ox Slender Walls CReR A
FragldTesw 8w c‘muuc?ui Lor two cases U%\r\é Ak erent

stk rees daruwmptions t

'Egbu\\;s\e\-k clasrc-plashe load ~ lefledton cotue

1. Secest exribbtness

Twe ReLee ca-;_scll—t Sor Mo Erad case oo calouvlated 4 be
O'&ZB Tiia velue w Licel

torae~shve since & doesn '+
mc?\:qi-\—k

accourt Lo Tl toall P&Ms{;@..s\\l-\--\ﬁ
Ceone s r:s\r\d;s:\— ot t\i floor spectru~ HORE

Ce—PSci‘\"c for TL =eond Case s calevlst ed o e ©.4% ¢
—_— b Yes Fraghs onolas

o blocke wWall RO+ e&dc\ AC = N-ea*e» o
tetoe caltUlated velues

dbw‘\

ROURE cspaciiy T B 4%y

) o RCOLPT vauc.i%‘\s.“Q
caltulared 4o Le 0.48’23.

B-125




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. _BW -1

JOBNO 212, CH OB _BLLPY Crnvmad o, BY T DATES -1 -7
CLENT =i SUBJECT _Blech (0= crkp NI pare 10 T Iz y

Liateriol "ﬁo%%f\'}‘;\gé

.
TQ.\'\_‘OFCQ,W\Q"X
T otimuatred Velues -Q\r Crrade L rebwr

-;"\M = (,Qﬁ | SN

—

Cevu = 0.07

Mocr, . Conmteomive SHT0ra=A
P’.’\I";_Fa\e?‘ U Ve i,‘\'rﬁl‘_r"zr’l-\ = :—&-CCC ?&
L™ TICC i e Tokle €2 AT S -TH

T adimated yaloe s ™
Medi ave £, x 2ECO p,

e > v CoOmpl SSide. Srenchn
.. N N~
Tt imnre Yo lue Lo 'T\&—ee, L G e~
Mmor = L& CLEO)
T 7500 ?si
CcCoON =~ C.T

O‘\”Ke,r- cess ’Da*'é—

Otrwer deto r\ecc,s.se\/t 4o deter ~.\2M,ﬂ,-4, Well VLR
Capat. s COndurined 1A T ransvmrtel 4o Haa HOLRE
v &6 Sroua(Ret &),

B-126




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. BW -2

JOBNO 102 O JOB_HLILPE Conmarismon BY TSl DATECI-'ZJ-;X7
CLENT _LLNL.  SUBKCT ecl U\ CHKD N i parg 19 ,)5 57

The., Porce~deformoerion corve Wi be estobliahed telew ;MQ
he reommedstions c"r Rebk. 1, Thic WBTrOoth WP e~ 3o

de Conalsrent Wit tho resau g ot oo +e>-\-\“‘\é whocuon
i~ -;Thur€> 2.7 GWA IR a&f?d. 2-

:\‘t}ck—“'\ , Load @rd b{&»\gc@fc'\

\_;v..j A RN ‘C v tess
:Cr-' —{?\E}- t —
t ~ Z.gﬂ._’ Z- \)Q.._‘ -
Ocr = 2 4! » = ox EQFIR
- 2 Y20 ».1-0 el
- R4 ?\.\

Pt e v\e-‘-‘\\u_‘-.)( ) et imete morte~ vedutus c;%’ FYRTOrT
e A dimes i ACT £ allcwseile

OV, Creored Uniry
- LD \SZSOO
So?s:

Cant

\I

[\

¢

2 (S0)
IS0 p%s

T er

(

Use lesser ofF Mo two veluea (di¥derence = smalld)

Tor ~ 24 pad

B-127




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO B =4
JOBNO RIUK.O1JOB_HU LT Compuristn gy _PSH_ paEI-U-P7
v / T } It
CUENT LN SUBJECT _Blmck. Uall chkp M ¥ pae D 2 e

Chaactin Loead
1 Lo 1340;&«,% g@m \L(Q«\C)?.S ‘zei+
< hs ’

Q:____Q.

N.e%/2

- Z?DO \\AB/'QAV

Mer =~ @EDC\%@ Ucc\tc.-’v{r\é axial \oad
-~ 20, OO n- \sypy N
= 2570 -/

(o TSI
o™
= P*’[‘\'

Q\\cctim;( THectrion
ez ZAD Y4

—_ G

En = oo £
= L.0x\D* o

S0 0o (Ted
T LL.Ox 0D 1Z4ASD
d O.OQ\ '~

A.(,('r

B-128




SHEETNO. BW -5

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
BY _PSY__ pAEd-T %7

JOBNO RIUE.O( JjoB_HMOUPT Compurcinda : :

CLENT &ML SUBECT Boc. Ul

!i\dd Loed ex_l\ hbe,‘n\\ﬁt‘*' \\Or\
C,(\ecbt_d« Moment G'r.r Trer+ia

Ao = OB nT/iLY & 5@ (b
= 0.7 Int/
= fe_j\y.\CDQ
2.04L0F
L)
d—’ 6-%“

hesome (edd > 4y

10w et - 2 3.adY 1% isce.a0lsr - e

7 CGu> Cedd > (5.aD) (edd- .35 ] . O\
=0

T L 250 e - 2.0~ B

£ _ o35 (e
Cedd: 157" V4L o toe ST
Ter v g LW Q.S - 4 (5D CLST- LS
2-
~15(0.xD (5.€-1.57D
= 104 WY/bleck
- ’{% ‘n* /@4’
Uield Loed
'Qgrx > (ﬁa\ % P W’Y/
M. - 6§ coo (18D Megeeting ariel (cad

S E (5.2~ 1.5
- R4 00 in-lb /e
= 0770 - b/ie

B-129




| EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO BW-lb
JOBNO Z21UT.CL JoB_CIPF Cerngurison By _TSH DATE 4-2-%7

CLENT _LAN L SUBJECT _Felme e a1y

CHKD -~ ' DATE

RN
4

-
:

1570
Toka
7 i\ p%

Wy ~

‘{X\c,\d Bc,‘@’\e,c:\‘fcr\‘ :
. N
Per Ke_-i—.\) e odelRene! deflection in ercess o tast

TR USIN Crecin E (s based on T Cratved memant—
GL e e

- ANE ke d)
A, - O.0% « Clay = 50D A’ U1

TLT.OxCY> (%)
= 0.041 ~ |.T5

- ‘la,Z—Q\ N

Uiaetrte Srren e

Yo~ (\EL%‘ ‘.') e U it e %+F€W+b\ Cun be derernined L,‘&\'\&
T e_‘;dJ\ve\er\-\' e¥rees blece exdrocach develepadd form—
~eidorced concrete, Avis' el ack o o s naest ol
medic n Qé\\_dc:+\\ o skhoutr (T PEI Toill be (ncluderd .

Reloor wbrata- V\.;\l\dc-v\‘\m . v\eQ\ae_ ed .

Tldective Aviel Load

Pol = L QS Woll weies Masd 3 1, sonaie wole,
= WO b/l Ret _¢
Nertr, Topcs 0.0 0.'%a_ Pen ek &
= \-(,a‘lb | .‘=5'd Ten
= 0o E(- 0.4'(1.(0727 40w ol mep vtk respOAae
T 270wt

CONRLUrF L)k W/ ~ax hDry |
W‘@Q@h—’_e R

B-130




 EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS 2
SHEETNO. _Bw —

JOBNO _FAUIR.O1JOB_HCLPE Commporimon BY 29 pare 3= RT
I e
CUENT _LLML _ SUBJECT Bleck. (hal\ crko N KNS parg 1 T8
\-CM‘ -~ o ew P- BW-T

0.123 LS. 00> «~ 270
0.85 (0020
= O_%\ T~ ('b_;, ok

0.5
o - L0-13™ (eA ooy +310 | (5% - =5 D

LT ‘i~ b/t
~ 400 - n/

w,, &(7409

Che
- 14R st

B-131




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS ,

SHEETNO BR=¥

JOBNO 21UR,01 JOB_BCRE Comparinon By _ToH  pard-21-87
» 8 e e
CLIENT _LWAN L SUBJECT _Bock el CHKD i ™ < DATE | Cr
Loed - Deflecrion Curve
w I(.vs‘\')
Vi ino*t.
Q wo = 148 pot
‘b,_o | / E\ab")'\c'ttv—‘ﬁ faat ‘--c ?\a>‘k:(,

\cCo o
50 4+
) T na
l l l a )

o 0.5 Lo 1.5 2.0

B-132




EQE

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO _BW -9

JOBNO TR .0) JOB_RURE Conppurissn B TS pAEA-2-%T7
LN Lo o
CLIENT _LLN SUBJECT _Fdeele A LL CHKDi_“~ "™ DATE_ ' ¢

Eavivelent Blaadric St ddme s,

‘ D:pemc\iv\éOr\’ﬂ-q_ @'p\\td oead "\'tne, Well sRittness ma
Ve ey Fren T uncrocked (T - 1540 T/ ) to e crackeqd
CT= IR ) velves. RBecsuse He usil response and
WinmIC Epecing Wil B sersitve 1o fre \)e'\%u Tvs s es s
Two carndidete Valven il be w\ms&-«Q@—u‘,\

v Blestce stifbness, ot elesdic ~perfe at .\_\es\ﬂ:_
(oo - db@\t:;t-\ovx corve Thet Prezesves ﬂi

Q.Y\E,l\%a ups +o ae\d

2. Setoent sxfness o ;&‘\e\d. C e 'ewer boudd velue) .,

T:cbu\\,cle_v\% E\ax+§c_""Ptr£—ec+\aS Pleat+ie Corve

E= 2 (SD0.0MY + 4 (&l + 50 (1,29 - 0.4
YA

CleS (A + & (LA -4e) =

Ac" O-%U u

& aen* 0128)
Ie_ =
FLL.O X109 (0.8 )
= AT w4l

%C.C_uv\‘\' %—\-‘\-@«(—v\e.s&
T, - W CLeod* O
FLZ.0410¢D LAY
~ R Ww/

B-133




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO, Bl =10

JORNO, _R1218.01 JOB HULP T Commaricaoa gy _ToH  DATE 4-21-87

CLENT __LULASL  SUBKECT “Rlecle Wial)

kDl pae_ 7

'Pruc,\ LJ%&\‘:’C\ On Blestic = Ferfe oty Destic Corve
o \)

Fondanment=l Frequenc o -

Te = T ind/ &~

M =2 0.0L2A Co-sec™/int/ fa
L= (on

T = 2.0xt0%ps

3 2, SonR\E c:ﬂ\c,) el 4

LAY
0 - 1.215 \/'Louo (1)
c.02z9 (ot
- 2,0\.7 ~PS

£- 4.7 vz

[ecemic Loads

Recomuae block el inelas™c ene
e,r?\'\c.l-\'\
10,

shoorpHol wil be
éwur\*ed .QN-) e ot inmat e metian domPin,_ ok
a’ou t 3’44‘1»\%)?—;7%

W O.LS L)
~ AT 'Q\rc\'

\l = Ttaed
= 10 :?\{—

M= = DOt
~ OO £t - n/ie

B-134




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO B -1l
JOBNO RILX.CJOB_HAULPT Comparicaon BY oM DAES-21-%7
' . - - ".«

CLIENT _LbNL  SUBJECT _Baec b (Ada L) CHKD -~ * DATE -

THrergth Tector
W = T ek
we = |48 %—?

S
& 71
= 7.0%2

Ur\(_,et—‘\e'\rx)‘

Mo-crisl Projecricy

e~

5= EN
- 0.07

Accurvea ob C_A-v—e,\%b\ﬁhueh‘c,\) ’L.'Qov\\u\«\¢f\c_k{?
ol 0.¥ (v fethmmend et e otaetice
g—k-re.\dh\ de ;EQ-\ ofF rmenonre ia Reke. Vol 2

- ; . . . e Fali®s
(SRR N R e y-r\\'_, CIrfe lo Ot W qv £

A' ‘Gc:t,*C(_

LN O

excredecee -

| c.¥
- - L~ —_—
f= LG 1.O
< O.l4

The fellew: verlebilifes Con he determined Hro
PC&. 4 0'{" \z s R

Tor o~ =—Q>.5°\

() o -
Mo

0%
M, ) -~ 042
Mo 50y

f\— -4 ¢ O_.i%
- (.u.S’Y\l(j

- 0.0

B-135

V\-Q‘L\.'- ?P\N\st\\\& - 'QU!\C*{C»_ C)’T;"_\-’NL (\Q:N‘;OM'\‘\Q&




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

JOBNO LU .01 JOB BALDE Conpuriuas

SHEETNO, BT
By _BoH paed-t-27

CLENT (b SUBJECT _Blex o Lial)

Foc oo = O.23

(5 gm0

Yo N = 0.8

E..Js% )
.. L .e85
=~ 1.GS 1.0
ERGIEY

ot -
chep MY parp D07

— A , -
Jrcressia s e valvon Ar etLCuSt Yoe lak va, dRetd
> ~

S

'\/\:Orb\/\'\cv\g_\x - .\3) ""—.\"‘_bf’b}—\l‘:ta*e

Earirare @ ﬁ> et C 14 .
R Jo.ert e et
z C.u

Trsreese +© O 4o wccoud Lor o sour e {blocia

;r«—e‘/ telbur erca, et )

/Z/Q;Cb.\"{

Ln lestt i Tene sortos aote s

loed; ow X wrellse destred o Bek. | e hopped ke o
W s &Suc\&w et LTellute Wwasnear . Comuerizson ot meximunc
deflections to cslevisted wield dedleativny indi cotes raRog
vorainp Srom Lol 4o 2.0 wwe ewbvva&c’g whkoud 1.7 &
T consrete bloeke walls, Comporoble vouluos ure exhibited
b ?:\Ss, 2.7 - 2ox & Q.-C;Q 2. Extieote n\e_dt&v\duc_'h'lx‘}

+E oschiat Lealiure o 2.0,

The csletletred Ultimote cleflecathicur v e n !

A,> 2.00\.%D
= 2.06"

B-136




| EQF

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO B -5
JOBNO. £321R.C1 jOB_HAUPE Compurisca BY _PSH  DATES-12-%7
CLENT LM SuBKECT _Rlecle UL\ cko MR pare 105 ls p
Tee efdedive ducrilin rerio S—uvmeguwo\e:_-)r elasie ~
pert ec%té;kezﬁ«— ¢ load -deMectin Cofve 1o tan
R
De
- 2.6
0. 8
= 3.0

T (nele s T eae wbsormioa PRt D WL e dedernadod
\,sw\, d dell - revav: ;%, be canse fychiv e Sance ta
e’—&*'mne-’véﬂ Lre UQ«\L N e T SO+ dme‘{—‘ﬁ—t&mk S

Mec ionw dawx..(w o+ %\‘D = \JdQLA ¥ e aQ;t\&;*‘\:f%Q VLN S
duetile resax "D\'&-C - €y%\ I ST W | Gctr Ettrimote o Gutatitoo_
COQ}“Q’\L‘C-v-* CD o~ uﬂn*\\ s «gﬁo;p»-*-e. (CeQ's ceFreres on MG S)

-2, 7:‘0
cv\ - -'.O C-l> "‘
RN
= = T /- Accelerution PQ&C—\
~ 2.7

-~ 0.08
~ o CER LT

~ 0.4
"-‘w . .*'
o0 = (2.07 (z.0> =161\
- 2.1
VﬁPiob;LC'}
Bt imate 'Ff,\‘-' LY a &5 belowy oS Fond G antate sy

u-\ce.'-‘re-k*a%c abhoud eeéucl ‘

B-137




EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO, B0 -\
JOBNO RIUR.C 1J0B_ MR E Corapurmsada BY _ToH  DAEAR2KT
CUENT _L LRI C  SUBJECT “Rleck Ot crkp A KR o L0/s127

Z.\

O.

Crcetriol Treme Fudtnm (BEQ Tefaiwon ) — Shocture Wesionne

T ewrtgucee s Ade i~ s M FET O~ Q‘LCLC"QNLC_
srobebild h?ec:‘(fuh_ VIS SO (P LV‘LKMY‘“\QO"(’\N‘(’feN
for ‘\’N:’\%w\c\' e ria . COV\A;@/\L::J&’@Q- on .

‘\\’E,e,\__ o Pe e Vél\\\s'\"\‘Q.\
E—\‘R’;N\ﬂ'\'e .\\_C,C—L'*'c ?Le_\L Vé»f\é’\;; \\""(,A, /—:$P>& O.’(‘_C

= 6.0
R v ¢

= .l

O Dieetorel Contect—
T coleulored restPoasne 'S bewed ot \Mch b o
to0 herTz. Wampenewts, Well Klore N’_su e From o i‘
one ok Tho COMIPT "N Tha (-\-o\\@w\\& velucs. wse .‘

evrimated -

Fp > L)
ﬁ(, = O-lg

B-138




| EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. B0 -1S
BY _ TSN

JOBNO R1URB.0) J0B_RCURT Conpariaon

CUENT _LUNL  SUBJECT _eck (ANal)
Torel
-—

n \.2¢C (.\.\)
ER
/gﬁ,-. Joertrous -
- 0.5

Do irm

Shprvetoce Real oo

Nee oY
v

% rv C*V‘(‘& -‘\)v\ S N~
O

\jf—‘(‘.\ \-lbh‘\.

4

F‘ $‘\ ln\a""t 7073: devv\( é
et

- Cde\\-._\C:F‘Lc-\—or' Srroucture Zns;,e.,\&..

X
r;/\

—

B-139

*“\ccr— %Pec:'*-\ e Wlre SCNQ.S‘°+Q_QL @ur CU\A &‘\‘ruc*-um C\e»«.;.\
TS N A \_\ué ced o bemefimn cevborad ot wall felivre,

N
(’é ~

_>
ol mode g et abod+ T e H3 Ce..v-?\ L\Ll_\, r

e T¢Te exceel o e Vmidl
elie ev«-}’\\\‘i(\c_:a*—\\c}h_t’,t_*—br lC"JdaK;;K - 0% - eSS T -

BN T S .

T ey = 12T 0 00k
RANG

/;_ R .89
~u - —_—

= 0.4

—r\_n. Bot\d\-\& nodel %Q—SSUN—‘LA L Be_ el S ‘CQ'\"*‘QVC_A
1. O

DATEA-22-¥ 7
ko MK pare 19/7157)

—D




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO. Blo-ie

JOBNO. R12UKR.0 (108 _HLURTE Crnan ie=0a Bv_ToH  par d-12-%7
] - 5 -

crkp 1/ <& pae! 22 77

CLENT _LA3 _  SUBJECT e Udn )

4 M J- ~
ag’\n\.aw [ /%Ms = C. lg '\—‘Slc,g\ Neluas
= 0.0
e

/B x

Pudew\%c\ '@f‘ ch. ol -

£ - _i‘?,eo'%o

e\
B el

! Jod —loy :
lon. AT - G_é.i_ﬁﬁ Ceae AT = log XD ~le
< e B ~leg B S & |

A& =2 (.53
1. B3
ﬁ?q:’ b l 0
< 0.07
0.2
- J.Te e
TS50 g

(ors = O

Batinere Bas = 0.0¢

o

@ b= Voast—o ok
- O.lyg

B-140




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO B =1
JoBNO B1UT. 01 JoB__HURE Comyurieon BY Ty DATES-C2 87
CLIENT LA SUBJECT “Rdeek USa ) crkp MK pare 12 al 17
Sol- Shructure Toerac™oa
‘F;sc =\, O
P_;,L = 0.0 Mo minsl Valves Qo rode Louded <truckuees
o ~0.05

Sreuctuce. TrelusHe Response

Shrvckure nlewnt e ‘re;pc.ms.g resy e in @ Freduchion
adrottuce "';Pefsue_nc_ ) wida Leold PR PR TN X X '~ Blede
Well resporwt . k—komeuu (nelasc resporne ok o Slecle umll
cavses uw refuddioa in fuslt -C—ra UQ»\ ol resoMWi ek

fre— Tl Foor spectrun, -9&:{ Rlede Gsal)

rc>\,ov\_:: — &ﬁco\ ed s Qud\ed Lo e nag! o~ —Ce-Srerel
Fer Lin % Mohin, oz mtow awpVhcwhon falo- B W \kyer\cd
ey . respome due tp noAlines—shcvcture resecaae o
cx!;ou—’( lel ‘Qk'sr erdass dQ&\eﬁ_& sheuctures, Batia~it e
'V‘w\s \S. S UpDa— ool {—Qr w ~eAlinee— CC~ DA,

A VA
/-./'-(, F/‘)I |05 L\., B

|
-~ 0.0

B-141




|_EQE|

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO. BW-'%

JOBNO 2721R.01 JOB__HCLRE Covapar is0. By > parcl-22-%7
CLENT LMy SUBKECT _BleckWAg ) ool KL pae DS 1e7

Peo = Rroadeni & Seowthic &
T Ploore gac:‘rre. ere assSuwdll 4 B few biu‘\-ra‘

- D
/fbﬂ:’@u/'a

Acxiiieiol Time — Rarory - GCenctheXb.
Eg'*‘\mm "*}\\bi Co ! \Ie(\)&
~

N
Fs(__,l- R

‘DSN\:-\“\S/ E\QQ\L (LL\\
Torimerre. S0 dw;?{ s ~lem velue Tor Sloce el wita
TQ‘;,Q \;g\;%(-\( sccovted Lor.

relae— o TeSLMm-AC o

<. = O-’leecl
- .01
foo o.uS
= Ou4
(%m =e _L(_{Q_,Uj
-~ 0.Cz=,

B-142




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO®MAS =19
JOBNO _TIUE.O) JOB_HCLPE Comparimsa BY PSH  DATEA-2LE)
CLENT LMV SUBJECT _Blode We chep M KA DATE (O//v(/é‘?

Uodelle, — Block Well
Es—\'imﬁ%[ﬁg . 0.D

> fam = 40 e®'% st ke

S.=0%
PRBNEY
~ 0.4S
T 0.t

£x by = 4.7 e ® ' 4 s
<. *—O.SES
0.5

R

T G.U
b R I 9 = 0.1 (intrConed 4o acCuow dor use o¥

ckdecrive elearic et derivaRe ot ’er*-&ki*& foa e
aﬁui&re\ e<* Luadorae UD&G\) C—“'C..>‘

B-143




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO. 24082

JOBNO X1218.0; joB _HORE Conmparime. By _TxH  parR-Ti-%7

CUENT _ L suslicT _Bock. Wat crkd MKEK pare 19/51€7

Leds! Conbination
h$?°% {$}>“e—d¢vv:\\—°u?‘\\¢ ('\-'-’é‘l\)?,v’\t.e_& ‘-bi_‘,-\“v\.bb
":—'Q«\_é,cmeﬁ,';{a\\ f«-@éf . E&+:“‘&¥C_ /%‘\-Z—c O5OQ .

Ce vl rotrion o€ Conpore
Talurte of o LBel cccur s RBP('MQJW‘ dve ‘o fisponee
ie\e horizert e\ direct o~ LR\ ET Ve e\ rsRo—we

IR s.a.\Q
e miesr etblest ol resizderce. ESTIwvete

for 00

Q\JQJC\‘«‘ c\r¢\\‘l;“?g .Pdl*-l\‘\'\a'k'er>-
L

. <
T = 2.0802.0( e35D (D
= CO-Q'

K= 6.4(C%g)
\.\S%

-

.VL
P = EO.l% T 6.25%+0.02%+ 3.0% 0.0k T 0.0+ .08 % 0.05%]
i O- %Z/

y
o~ [C-1%% 0.8 T+ 0K & 016  0.08% 006 s 0.8 +0 - + . 25" L b
- ©.45

B-144




 EQE]

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

JOBNO RAUK.0) JOB _RCLPE Comp ariona

SHEETNG B -W
BY PSR pAE3-C¢S |7

CUENT _LAINL  SUBJKECT _Bloce UWis\\

t

CHKD MKE pare 3‘}5‘/‘2 7

HoLee= Cx;gg;i*}s
- .S (0.2T+0.45)
Ao LPe (g,\;,,c_tm—/ 1.:5«ae,

= C)-‘EZ.ﬁS

B-145




_EQE|

ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

JOBNO. _2I01% .01 JOB_RURE Compuricma

SHEET NO. 33 =21~
BY TS H DATE A-15-%7

CLENT _UN - SUBJECT _Bleck. U\

-~ [ =1~
crko MER pae 1215127

Trailin Bared Oa Secoct- Salbness

~ Q

Tunda mental Freavenc o
1 e = \\’3{ if\a /‘k‘\'o

Ng
L= 4.7\ =B

- 2 _% Az

Scelanmic Looda
%5 - O~4’O<C

ud = O.QCLI\\>
< 44\— ?,b_k

= 44 10)
= 4:‘*0 Pu

M= = WaSUe>T
T 2206 fh-ib b

Wwv * 143 ?b'-lc

o 43
*T

- %'+

ﬁ‘w + 0%

B-146




ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. B -2%
JOBNO _R1UVX .0 JOB_PLURPE Comparicon BY Tl DATE_A-15-%¥7
CLENT _LENL  SUBJECT _Rtock Wioll crep MKR paey /=127

Dnelswiic Ereryn_ Moscorpto. Frecduc
Beve e.H—:,@FNe_ duet\] et le ona F‘-/A o boio ok
Ol mate 4o »&&Ld defletisia . This is somewolet (onte Peatve
inLe- Enenr i~ el ettt Usl Ced ~delieckicn cot vl db go
SCLoak Cuty & % r\e,&\uj‘u\.

. "
Aoy - \:%
Loy= .0

- T

S

'e —_0 &
= L2071 - e
- 1.7

{
ﬁ)L - "-—3(_'\1‘?3

- OL17
/%(L"’/‘;u’— \'y'\:_;’Lo.\‘l\)
EARGIEICN

Medelin, = Brlecke UWalt
E&‘(?M.S\éc /a;;, 2 0.1

<

t= ‘(‘;'-n(s = 23”7 4.2 uy
So - 0'4%6

0.4
~ L d Lv-\ a——
~ ¢ Q.4

NNty

B-147




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO Bt =24

JOBNO 31UK.0) joB_HLLPT Caeparinea By _OBH  parA-25-§7
e E :.— 'I,—\

CUENT s SUBJECT _Rime ol cukp MR parg 1245187

‘Q‘ ‘Q-./} - %-8 C-c.m

T 3.4 rg

Bt i Ante ﬁ;u = 0.0 C‘/\)LL&\\.*C—A ey Ta etnble~ aide
simce Tils Rreyvesan  Stould be nere ot = lnger &;au_qs)
mdlotes Soox & Oae oF Lalbarac Pressure.  effe D

Owe roll Frasild Porometers
Tocto IR
Otner ors und Wrlebi lirley, wound be ahou™
some ey Previeusl, celovietred for tr elesdeic- ?Qr-Qui-ué ! A
Cene . Vaelues w e sorvudest Ak eresd wince wall
PespOnieg Oceuts i Tue frequenty Can p whare Yt floer—
%q;a(:-\—ra QM. ~O QA’P% U\-Q(ue,r\ Vet e stru ctuce e mSR .

However | e HORE Cags da, doulll ~S% e Vt%&“:RN
o Thie =pRro Xims e

B-148




| EQE]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

JoBNO RIE.O1 JOB_RART Covampaalinatis

SHEETNO, B 25
BY PS5 DATE A-TS=R7

CUENT LU sUBECT Rt b Wial)

cro MKL oue 10[E/87

To 2.4 LD OGBS 0D
T-0

VS l.ls%

P = Jo.mt-o it oanT
- O0.=0 =.0.32T

(%U - \/0.6\5"— 0.1t T -6 +0o 20"
=~ O 4\ Vs, O.45.

y - SO+ &
HC—L’?; C,ajtec\\*».q - [.55 e l.(.ﬂf;c,c - )
- O ?% Vs O."':’?,C>
A Fa K Br Py HeLPe
;3 ?\-' l,’ 0'3—)\ 0.45 O.S

5 2.7 A48 036 0.45 O 64

B-149




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

JOBNO T120%.0) joB_HULPE Com—\nsr\‘sov\

SHEETNO. Rl -&lp
BY _ToH DATEG -25-87

cren MKR page 125167

CUENT LML SUBJECT Blecle U]

CTFwW HeLPE Capuc v

Materigh Properties,

Use e %\\Ow'\\é‘?r ope lea -

‘Q - uO ey
£ = NOO =t
re T 0O pe!

Q——Gccw\"" %‘\';Q‘Q“gsg
Coreccing Loed o Deflection

Tew = z;SJ alele)

I (o=

72=0 (\03)
?_%/'ICO e U /ey
= 1410 el

Mer =

970>
ict
- 2] ?s-'(

Wee =

T = 100 (1160)
= L7x\ 0OV ?s:

29 uont (1110
ROk IO¥S (240)
C.037 in

Acc,r-"

B-150

Tobk\e

‘7'7—0/1»—& v




| EQE

ENGINEERING., PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO. B -2
BY _Toom DATE &~15-%7

JOBNO _R120.0) JOB_HURF Compurinea

Ve ) = A
chkp < IS pae 205787

CLENT _LLNw  SUBJKECT _Rlech. e

Wievd Loed sl Dellection
28 xl0®
le Ty bR
~ 1

—LLQ@ QedD? - %,(_s.‘\){u,d,)- u.%l-"—

S.05 (eddD T 1T LedD - 2120 =3

QeddD - 100"

(e B 5.k et = G

To = % 0>0LL>Y -4 (s5.ad0ue-1.55>7

R NS Y A= R WA
~ US n“/blecw

2z n e
M«y— o.e “8,000 )
17 (S.B-1.6k)

= 5%,700 in-leify
* 4EAD e

W = 2 (&ZR 0D
= ov
- 9% Jes—ﬁ‘

G -2 (o (M)
T 109D (WD
- 0.CZ=7+0.87T

As" 0.0%7 4

- 0.4) iw

B-151




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO R =&

JOBNO, R121%.01 yjop_HLPE Co.«?o»:m.\ BY _To» DATEA-15-8&7
cuenT _LUL  sugiecT _Baok uian crko M KR pare ’3/5 [€7

WMCNJ'\’ &l( E&P*:v

T, ¥ AOY* 1) Bltorige Aviel Loed
LT CY DD BNttt RUPFA2 O 5
SRR -y BN P P VerL oA = oWy L%".n
. oy
P=u0oli-0.40.563]
U rimet e Sheengh = RG>/ ka
¢// O'Z ~ -'\.»b\e' 1- «,REA. |

0.71%2 (LS, Coe) + 20>
O.%5 L1760> GV
- O.C in

-

0.806
Mo = 0.% ] 0.233(u0,000> x8LE] (5.¥ = ")

0B, %00 in- lergw
= E2 D &-le/ie

Wy = T L(SZIDD
o™
- 1CG ?%

Zlemic ResDonss

w _-‘ L1t \/muo“(xzﬂ)
C.0TZA LUt
~ 7.4'- ~eS

£ 2.8 krz
Use AR~ da-v\}\'«é

Su = 0‘408 770 dewzping .

B-152




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO Bt - 2§

BY _ o DATE 8-25 -%7

JOBNO BILIR.01 JOB_HCLPE Compacimn,_

ko MKR pargi 215187

CLENT _ LA SUBJECT _Rimc W\

sl ne lant e ener K shaorphoa effeck Wil he

S:\'\CQ. o~\
Qowic\c_rg) extimatre O &an-;ia.& Sweetion_ .
Se = O.34y (O dovugig

w~ O.34 AN
T 2R ek

Al Aol Losll RELRE ersctﬁrc) esstim et e Shrructure C\e-v\pi-xis
Aok I%to ped el

Fo L
.24
- C.37
IV\L,\UdC lv( "QQQ:*“DI" "Qbr M\\d o%uv& C'E— d\JU\‘\VLQ &\’\DU'\Q'\
HORT Capecity = 120 (DO D (bR
QT oz e g -3

- 0.4%
13

B-153




ENGINEERING, PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO. W0 - 20

JOBNO. 23202 .01 JOB_HIPE Conmpmcistna BY TS  DATEA-TU-B7
CUENT _(LA)L  SUBJECT lecle Uil crco MKE pare 1212 le-
R?.—QQJ‘ enc e R,

L. ACT - SBAS( Tanle Conmmitree On Senrder (/Ua\\sl
"TewX Repor On Slerder Welle " 5 1R 2.

2. Omc-\c. d‘a«\) " A Ldereture Surves T Tren;\rerba

Q—\-par\&v\\ o—tr Ma=Onr UWlhallg M TervrhFuake Tret . ~eC r\f\é
Re=cerch Center ~UCR/RERL - ‘17/07) Mer cn) aTT.

v

Suter, ©.T. wd G~ '\:en-\—o,\) "Pexyrel Cc}e:&é( ok
RC]'&OFCQQ\ L’\D‘i’bf\f‘& e moere , AC :Sourme.\J Jéi\ua«A‘—-
Cerrvar A f\g(/ .

4. Lertor dronsmyitol 5 M. Reviadra (EOTD +o R.C.
Uurrea (.L.L,U\.)/ :Tu\23 o AR,

s, Lin 3 3. od %Pr L—’\ol«:f\) “ge \\S.N\:L,’a!.&.?o\&& 0'&' L;b\:’r
Subs L.'\'Qms On jv\e\s.;‘\'?g. %*P\)C;“*UI‘C,%I " Jovernal Gé‘

te Structurel Divison ASLE, Fe.bcucm AR_S

B-154




FQE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEET NO Bt = 51

JOBNO $1U%.01 1CE _RURE Comparinal BY PO DATEl- %Y
copnT ML suecT Block UWal) cunMKR pae i-7-88

RQUU\A T Fraeals rolugis. Calculetrie
= TS 8 "
T %“ON;'\G et Catr DA Wik be macle :

' Use O me_dlev\dom?iml

2, Turr—r iv\w*('b:\ ot ‘Jr%'\’;v'\qfv\ Rek. 1wl ate s, st
rerlo ok merimum v Calculshed %ie_\d ded e s Ry,
(\cv\Qe, "Q\HDA.._ 13 4 S0 Wit ww auer&x ot ekt
2.5, RBecevae \cedl m)&:gw drio- Yo ectusl
Qeklura/ estimore o ad Qo dud»\l(«t u&a\vg*

—

Calco\ated tQLd. o oo ot =,

Lot ex L arug Coles wll he .\Qd\-(—ied,

6!\\25 T
— _ . . — v/
'\"QY’ ‘G-— ’:,% H'{,) IO% GGMS\Q’ %g —\_0.54%

W= G240
- 228 ?5} ’
’\:_-&-.—gw,é{\x Tretor
2. LS
22

- %'ﬂ v

‘—I/Ne.\e&"\:\b E&E AN %}Qr Q'RO A :Fou%r
A, = 2 (LD,
= Bbﬁ . /

/L-'Q’f W

B-155




EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEET NO. BWw-2T
JoBNO _XTUR .0) OB _RORPE ConmpariSea Bv OBH  DATE I~b-RE
£ e RF
cuen_LL supsec Rock Uadl CHK D MK pare |- 7-8

ﬂb - = (_LbSG'BO

z .86
- 1~ LS50
~ 2.56

-0,
= O .4x 0D
= O 40 /

~ 0.4
?; ~ {ts0(z> 151

= 2.0 v
\ \
- - 2 =
[>e > 2.8
= 0.7% Y
@w—-/@u - Tz >
= Ol .
Modelin, = Bloce Wl
\'or*‘/ -\ = &, LW Oe dow??n, Cadr Janct ¢ g=‘0-4’2—q
Q.47 <
fome = G2
®.24
- 0.2
Fo, 4=

B-156




EQE

“NGINEERING, PLANNING AND MANAGEMENT CONSULTANTS.

SHEETNC BW =2
JOBNO _RAVR.0O1 103 _ROLR T Compurisnd— Bv. Por DATE 1= -1
ceen _UDC et _Bledk Wa CHK D MKR ug1-7-88
Dermpin,_ ~ Block udaly
E&‘\'\‘H\w‘g AT~ daxvﬁ:e\ \\5 - \le
faN
e O .

%5— .*06
Bu= L~ QO

O-24

= C.ik V
/%R - 0. 1W)
- o - 05
Overtol Frocility, Tarsmerers
O*ar \hs\u%_'s gké:ma ex Defare
hYg
T 2.90.0D LLas>00D
= .6,
K= heComeg
L3 2. l e‘q ¥y
Pr~ \CAeTs 0.15°50.02% 0.0 0.0k . 0.0 0.05% 0.06%
- 0.3/

/%u - mo.lb"—a. Oty O +0.08 L 00U+ 0,08ty 0.162
+0.20%
- 0.4y
RLLPF = 'L.lﬁ e M
O.GBB y

B-157




EOE

NGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO B -2 &

osno IR0 o8 ROLPE Comparwta By P2 DATE I-(e-8&
ST LAY L sURECT _ Recs Ul ce~ MKR o 1-7-87

22 Coy.d COFM Colecvlalona
The, Fb\\csuoh\,d rmed Aot g Wil B mede

L Use Lo T"/u‘— 5(,_%” lo 25

2

Steockure s shpracchioy yiehd o vae [CT0 st Sur e
N
d.awx-}‘rx%y

peeE = 22 (12s> (017
2%

-

- J
Cb-(f?>&s

B-158




EQE]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO I

JOENO BI21%.C1U0B_HAIPE Covppart'son BY TS DATEI=z=R7

CUENT LLUL  SUBECT _Sangple oo Wel] CHKD DATE

FTEESTAAIDIN &

-

l —_—x
!
{
(AN IACIS 3 Sat
= vy . : f
=0 (K- u.JA.,..Zai 0 boore * Towd bewma mid SSown
]
0
#5216 — 4%
Vet , {

T A e ™
e o SL=D | Dot 4o sCale

ol e Cor sy cted ia v\unn\'z '_\_e,\AJ cellm wy/ relnt . =Cr~ou‘ad celid

s

Ricek = 12" hellpw vat - r\cr-mc-\q_)c_\ih‘*) PESTI CAC Cradfe A

J
Mortart ASTM CZ270 ’Té?a S

Nerticel Beindorcement = £E@ (" O~C.) Grode (O <teel

Rdorizent ol Bricdorcement © Exted m"@) T red, Dorous |
« " o.C

B-159




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO S
JOBNO 21T .1 JOB_HUPE Comajuriaon BY ¥ DATE2-E-RT
CLENT _LLIJL  SUBJKECT _Samale Rlock UWotl CHXD DATE = _.-17

‘/‘ﬁ.s.uw\}-\—Icr\;'-

I Ul s lony compoered do (a helgkt  taetsted Srem Tt
susperting Srructure «F e ToP u~d <des.. Can b2
mcdeled ST = one wes. member tese suprerter
R?&V\V\'\mc\r&r"‘\‘.\c.s\\ 2

N Me woreched eatipzmerT or CHnir Mol .,
v

e Trxecdend Huae ce\\ miecll pterd T

3
o

s

“ 5’3"

|_ \r2*

| IS5/R" |
T L4

-

€, Wel wci'bk; s»cx\wxs\-a\d ) peF ~or cetas '_‘fcd*e:'. <= o

<

%\\_ag\p\ 'w\QL::Hov\ \*Q.‘E\)u:'*eﬂ\.c-:'\b e ™ =

. Jn—Pe—c Srestenwre reletiy L,Li “ermall el cac he

e,
AQ&LL

A Avc.re\e, r- Compresswe s-\'-r&-i\'\\ On net wres oF 2006 L.
NN

B-160




| EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO =

JOBND 21001108 _HUPE Covperm®ay BY PS> DAEI=.cE0
CLENT &ML SUBJECT ia.,\%u_bod; AN CHKD DATE =- -- "

Nerisy Teo® t tocll meets criteris A hppendix A o
%R?'. E—:,L'*'IOV\ 5-%.* . Q"\LCL a C“"S‘k Loﬁd %M&\v\a‘h‘ﬁu\
7 e (&> -

D“"‘L—-\'To *EO*E\

Decerocred Stdbneis T ‘-‘s\UC""Lé (Vpser T oudD

Y

T, o DM =D - %7_/,5."0 LoD’
<

~ =
T (BT o6
C.2%72% \le-secV>/in® /4o

U, - CEmressiV e k;-"ren&k) X aree T BCOO P\:

;. BLOO - TECO (1500 - 1S€8N ~ 155D Table 4.5

- éxcl - 1=CD ACT S22 =15

© T 0D 3wl

E~~wcoo £.-° Teble \©.\ AT S2-79

-~ 1.5x (OV ?=:

L~ e’

B-161




EQ

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO &
JOBNO R11%,c1)08 _HLIPF Comperisen By P pAEI-le-27
CUENT LAy SUBCT _Segle Tlock, Wiall CHKD. " DATE___=:7

L LTC (gD
w - (J.%Tifbm'/ =L 4
N .04 QoD
= '15 .
L= L M
Speckeol actlleretien £075 > T Gomzped | kroedened BT

-

Malne Neolee SR~ ive BLUT

+Ur¥=./%’1f\.l. \b\c‘.\Q

Cracted S+itbrness “Fresven
R S ©
- = e
= G-T.:-?:s U\L/Qar

"y C_LAQJ&F:E£:U~{(>
N

785\ 0
l,‘)x\ob

P ovedd - e ma> (58 - d> | 2 (3

1]
e
0
v
d -
\—-

‘l
0

3 e eadt - % 5D [tdy- 51T —11 (e a5 -] 2 6
=

S.CS (ead™ + & 1 0edd ~ 27.20-D

Cedd 1"

B-162




EQE]

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS

SHEETNO _&

JOBNO R1TR C)JOB_HURE cozwgﬁt BY _TSou

DATE 2=l ¥~
CLENT _CLA )1 SUBJECT %s..%,\e Bioele W1y

CHKD__ . DATE 2. - '~

Ten = é Cled L el -1 (84> (lLut-1,e>3
+17 O > 6.8 - lue 'S

= US Y/ bleew

~ B0 w¥/4x

L. \'Z.\/Yb
=40
=.Cc

- Ha

Sreckial wiceleraroa A OGS

C

~ - : ~
Our o Pian Seiemic Luady
Trneell Som smcreot azceleration of OLUI2

ud = SN Ya N

Neo, = 220D
= 830 Wikc

\
Momay, = = (2G0T

- 418D -G.»—l\,/_gq_
= 4“\)800 =\ /e

B-163




| EQF

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETND &

JoBNS 1.0 Jos < had*‘i By DS pael-l -¥7

CUEN _LUAIL SUBKCT _Swrmple Rilock U\ CHKD___ - DAE - - -

Ccctr Teiferce me—Xx"Te ~ro\e SSress
Flloweble sYress 7 7.&)000 e S .10 A 3} AT ‘5%-'7‘:,

Tecrored wlowessic = 2.0 (14,0300 ST Sectol 254 JAi?‘E
- 48 COD $\ ( C.‘k o1
) T

46 OHD (8.~ 1.0k>

= 4@} ?OO ?$f < 4&\[::@?3? cx

orme~vativel r\c..»{tcks sl (Cad
\ A *

—

‘_',\ [ L2 'v'\es_’}'\v- A CO"V\?_'-:»S"JQ, 8‘\"‘&%
‘LM‘ = MCo ?\(:—’

!

Llevsebie stress = G225 Towe 1@\ KCT £%1-79
= O_%’bﬁ\qoe)
=) 3.
Toidor el sloweble = T.5 (50> <BY r_,wL,s.%,aj SR
z &0 L

44 300 (L.tld>
™ %

[

“.

ALl = K KOD 3yt ec

"-dQ%Ue*Q, n«;§~ L oavial (0ad weluded

B-164




G9L-d

(G)

ACCELERRATION

6.0

5.0

4.0

2.0

1.0

0.0

MAINE YANKEE RTOMIC PONER STRTION

TURBINE/SERVICE BUILDING

ELEVATION b1 FEET DIRECTION 2

GLOBAL NOOE N

ORMP ING LEGENO: — 0.005,0.020,0.070
+-- 0.010,0.040,0.150

CYGNA ENERGY SEAVICES 03 NOV 1986 REYV 0

rrryrTTrTTTrTTiruTriiuTuYTTY

TryryrTTTT

-

rerrrrrrT

TrrrevrerrT

rvryrrrrrr

FREQUENCY (HZ)

9214 3994
1-2€158-048




EQE

ENGINEERING. PLANNING AND MANAGEMENT CONSULTANTS
SHEETNO _ 1

JoBNO $IUVR.CIjoB_NCLPT Coppne

BY o DATE 116 =X

CHKD DATE

T

N
CUENT _ (L pJL.  SUBJECT :Qx;\vy\w_v\\ﬁ Blo EE: Ws

Checlt Sheor SStcess
Aower'c atress ¢ LWL

- W {rnep
= 45?:" 4509‘5-

Teble 1G4, NT S -19

'{:sdore.ﬁ. Now sk’ = 1o (-—6<S>
=Yg ?\...’

Elle Lt e arte = (5Aat ZC\-Z%:\ (5.%)
4R :'\L/b\er_k_
- %7 ;'\1 /c"

H
A
1
Q

\|
ot

)

=\ (S :rs: SN

B-166




APPENDIX C
JOHN W. REED



a;m paTe Q) [\“!V PROJECT \

PAGE OF
CHKD. av\‘Vk DATE_]

SUBJECT

JoBNo._/0S-170

JVWMMARY OF AVALYSEY

B4 HA Sy MAX Noriz Divechav (°\3

QRBWAL CALCS Revised Calcs
RCWOF MEDIRN FA
C()‘N\ QONQN% FR COrM{BYAFT) FA Reee E Mediaw
NoteTombe  O275 028, 053y 028, T.55,
ﬁ\(hu] ny‘ ‘@J\'_Oﬂ‘h
Grownd level 048 048 1,20 Vot Zeuge d
Tloor Ll O 11 .10 043 0
erw)nw) Av-Tak 043 O&41 1,40 )
1e] Exc,\».ow:)w Q.39 .26 /, © )
slocke Wl 0.3 o3 4] Q.52 RS NE

N
< S A - Qves T, \»-« 2 ) of  Corad
OW %v@;/‘ vor 10\ (M :\39—“\43\»\3"\114/?\»\4\“{'0

QNJ \jo\\/ )\“7 \ \>

A[‘g:f«clué 6 bt‘l(’ S J Tl u/ { 4 To W/‘j‘ %"J)& /vv‘éeh% Vyg\o
‘ ON Q/\—Uv. t\l) ’)J \M) OLA/\.Q-Q/tU/‘\ N ,,V\} ‘\"0
KLY, ey Mj\q MAS— c\,l/\&l.z);un—- C‘(\Jn/\») {~ P‘Aj‘

N c e Lurs o) Vo e
W wq\fﬁm WWM ;\)QCL{)F

3&;‘(_@ Cre, COF?"\g
A@F—WC;W o ~—\S""~'\s 0/\ G i 4&%})

Flaov \/Bs/‘,a"\’/_. -.{‘%:.»M wead)

\

Jack R. Benjamin & Associates, inc.
i Consulting Englneers

Cc-2




BY DATE PROJECT PAGE OF

CHKD. BY DATE SUBJECT JOB NO.

Gevoved Asngv\\p)ﬂ ONS\ Commants, < S‘F'a"‘ ”\-@

1 Jeded) Canganand = 34 wgm
I\)OM) IV\,C&,U?DQ-:\) 1~ s AR

2 U/O dafwg./»\ é,sza o {V"“&h—“— (V\ Lu\\olvw\
s Moy lar low —Jepand< 0w SOnvee STk
[~ lou aQM_\ PvARRTY S P W/\wd (e

2. Floow veslena 56\95/\/\ SRO~ \Jy b Xk
Ths s \JV) e NCPLTs seom law

4 CQW\ Jar PVOBVO‘M& o ron vy MATRCAD Ve il
&Aﬁ‘“sc

Jack R. Benjomin & Associctes, Inc. D)
Consuiting Engineers ]

C-3




N 2

B\;\"\\\_‘\‘ DATE(OTD’//K/, PROJECT PAGE L
2\ :

CHKD, B;&‘\LDATEJ_ZLTLQI{QJ SUBJECT

- OF
JoBNo._O5- 17~

FLAT- R0TToM STORAGE TAN K.

[7\,5,51}*" m'@ N é\s 6%}\3}
Co\,ﬁ)acn 18 Q/"j/\r)\Q\)J h}\n{\_a LOH % NN
ord oudd Wﬂ L $hall) “

D SQ.\SW\\( ’rﬂw\r\ Tovers El’\sec) SN S\JVV\‘MA*(’-") op
TAane Calededtions =
~ MeTions, 3\7 EQE .

HCL\D = MQC)IG\‘M
e %\C‘)‘K‘WL WY NES 947 Ner
/‘-\,\/]D./;)Q f‘/\’ \vi3 [\Wad 19 ‘V, ’\4 1 NMAZR )‘i\r !\/’)/}/ t‘l(}f"\ Dl'f
~—vf~3\\\" \M\qss Q.19 N 0. 274 O‘SS§
COF: .(mc\{n) IR 0.3 -
Rovnsad Foog Wy © 9,20 .28 O.55 o

Jack R. Benjamin & Associates, inc. D)
Consulting Engineers

w11 [12-[37 Mesdhily




BY DATE PROJECT PAGE 2 OF

CHKD. BY DATE SUBJECT JOB NO.

S)Ff\a/v\cgmﬁa
PVOB\»N\ TANK . Ra 2 m INRNPY UIN N vo

Ll o avsdas~ W(&o@\mm\ ?,amc)r»n)

VvV
QSJ)O\ - O, 34‘@;

Nt Qod g s bawd o oo wvediom Lo
%mw& nompran pssbum (1e SO, NEP)

@\9)1)\3 [a%A YA RLIVAAN QL\\NC%W\ !\N\Q)l\_—l_(/‘\ <1-€ \wf\j
seodad oy 1l - S Repedun ©)

Jack R. Benjamin & Associates, Inc.

»)
Consulting Engineers 9”}

C-5




MCAD FILES TaANK.HCZ2

CONSISTENT SET

BASE UNITS:

DERIVED UNITS:

OF UNITS:

ft = 12 1in
in
b = m
2
sec
k = 1000 1b
ft
g = 32.2° ——
2
sec
k
kg = —
2
in
MPa = 0.144 ksl

DEFINE MEDIAN PROFPERTIES OF TANK:

1= 240 1in
= 0.3751in
s
:= 1.24
= 0°in
:= 0.23°1in

Radius of tank

Thickness of tank

Shell

Shell
shell thickness

Thickness of tank

imperfection factor

wall

(normal construction)

bottom

Modulus of elasticity of tank steel

Area of tank
siffness

C-6

holddown anchor
calculations - use 2.50 for

bolt for

(O8]

- for buckling cap.

imperfection size -~ assumed equal to

strength




]

]

29000, "k

_fx

Modulus of elasticity of bolt steel

Yield strength of bolt: use effective yield
stress equal to average of median yield and
median ultimate (44 + 64)/2 = 54 ksi times
the net bolt area = 2.50 sg in. This
produces total capacity = 135 k.

Height of bolt from nut to bottom of tank
Height of baolt from nut toc embedment plate

Tarnk median yield stress

Dead weight of tank shell and rcocof

Vertical earthquake force due toc tank wall
and roof calculated for a 1.0g vertical
acceleration.

Density of water

Height of water in tank

Number of balts

Loop over all bolts to define angle from
symmetric axis to each bolt:

Angle from symmetric axis to each bolt, i

Ratic of vertical to horizontal earthquake
components

Vertical amplification for the fluid due to
tank radial expansion (median at 7%
damping)

Input scale factor for higher spectral
amplification relative to median input at 7%
damping.

Scale factor for peak earthgquake
horizontal input compared to average
of two horizontal components

Ductility increase factor which influences
the vertical earthquake reduction in bhald
down forces

c-17



-

a
p = & “h '{1 - L4 inpl inp3 ampy VOH" —

] Water pressure at bottom of tank
w W L g

Effective pressure on tank bottom

w 1= p
1 3]
I := || It Moment of inertia of bottom plate per length
12
[ a
P 1= —|P - P .4 Iinp3 T VOH T Net vertical force due to dead
net . DL EQ g load and earthguake force
pesitive up
M 1= 233800 inpl inp2 k' in Net coverturning moment due to earthguake
net (233800 k*in for 0.30g for 7% damping

average of twe horizontal components)

DETERMINE SHELL BUCKLING CAPACITY:

Tank buckling capacity based on "Seismic Design of Storage Tanks" by M. J.
N. Priestley. J. H. Woocd and B. J. Davidson. Bulletin of the New Zealand
Naticnal Society For Earthguake Engineering, Vel. 19, No. 4, December
19864.

i := 0.6°E — Classical "perfect shell" buckling stress

BUCKLING IN MEMBRANE COMPRESSION (DIAMOND BUCKELING):

1
2
& 2
o =1 - p |1 1 + — -1 Imperfection reduction
t & factor
s | A
t
=3 s -
-f-‘
Y
r o=
o f Factor to determine
c1 THICK or THIN wall

C-8




r

Toa= T 1 - | (r < ay + o A2
o Y 4 ct
elastic THICE wall elastic THIN wall
p R
v o= Nermalized circumferential wall stress
t f
S cl
* 3= P (F S) + S (F =D F is Limited to S
2
2 T
F o
2 o= 1 - (L - - 1 - Factor for wall thickness and
S f pressure — not to exceed 1.0
* ci
f 1= f C(C < 1) + f (C = 1) Stress limited by classical buckling
o] cl cl stress
T‘
p
f 1= f 0.19 + 0.81"
mct cl T
cl
i = f [f f J + f [f f ] Diamond buckling capacity
mnd md md Yy y md " limited by yield stress
ELASTIC FLASTIC COLLAFSE (ELEPHANT FOOT BUCKLING):
R
t
S
400
f
Y
2 s +
pR 1 250 MFa
= |1 - 1 -
t f 1.5 s + 1
s Y 1.12 + s




1) + f (R
ci

K <

me cl

MINIMUM BUCKLING STRESS:

1) Limit elephant foot buckling stress

to classical buckling stress .

+ f '[f < f ]
me me md

R p R

This is the — = &40 — = §7.59 MFa
buckling stress t t

used: s s

T = 17.183 ksi T = 171.061 MPa f = 119.325 MPa
m md me
f 1= f Allowable tank buckling stress

sSX m

DEFINE FORCES AND MOMENTS AT TANEK

j == 1 ..3

=] 1= 9 + 13

NA st

oLy -

Compressive force due to contact

base, positive downward:

BOTTOM AT THE CENTER:

between tank shell and

t
5 -
F =21 R e cos (9 -~ sin |
-1 S 1 - cos|e [ NA [ NA [ NA }]
J NA 3 J J
J
P
s
j where @.NA 1s angle to neutral axis
k
-2L5.5912
-285.894
3
—1.0068 10




Moment due to contact between tank shell and base, when resists earthguake
overturning:

2
k4 'R Ot
S 5 [ 1
= N N ° - - Tsinja'8a M
-] 1 - cos |8 tNA a NA s
J NA J J 3
J
1000 k" in
2268646
Force due to a single bolt: =231 .232
235.782
A f h E
b D 1 b
const = T —
j 1 - cos[é h £
NA 2 [
3
©p := const - [cos[e - cos[%
3 3 NA 2

#3  := const  |cos|e - cos[. ]—
J 3 NA 3

L L 3 J

Py r= const kos a 1 -~ cos[' J_
J j NA 4

i 3. ]

=5 1= const Eos é 1 - cos[% J_
J 3 NA S

i | J

Modify bolt force to be greater than © but less than Fy:

=2 :=F’F_"[F’E ';'»O'lv.'.]'[F’E <P :l+F-’ -[Pe P ]
j j j j y y j y




Fa = P4 ‘[F’4 > C)'k:]' [F-a g P :} + P ‘[F-q. - J
j 3 3 J Y b4 3 Y

FS := FS ~[‘5 ::=- 0'!-::]' [F'S LR ] + F '[F'S s P J
; j j 3 y y 3 y

Force due to sum of all bolts. positive downward:

ke
7692.121
7263.13
757 .45

Moment due to all bolts. positive when resists earthquake overturning:

M 1= —-R- [E'F'E 'cc-s[e } + 2°'P3 'c:c-s[e ] + 2°P4 ‘cos[e ] + PS5 'cos[FJ :H
b J 2 J 3 J 4 J S5

J

1000 k" in
AP . 234
L3.263
L4 .229




Total hold down force from water from bottom plate, positive downward:
{This equation assumes that the there iz no rotation at the tank
shell/bottom plate interface as the plate picks up due to rocking.)

N 1

1 al 4

cos |© - cos(8)

&
pd
[}

“ |

721w

F ‘h

- de

=% 1 1

- cos

T

NA

Total resisting moment from water on bottom plate,

positive when resists
‘ear thquake overturning:

1
1 rn 4
- Eos a9 - cos(e)
[ e} 4 NA
-l4R 3 3
™M g= ———— |72 1w " Ff ‘h : h Tcos(9) doe
L 3 =D 1 1 - cos |8
3 NA
L J
W
NA
J
b
w = 0,013 —
a2 M
in L
J
P 1000 k- 1in
L 10,27
T 10,23
10.192
k
140, 525
138,595
136,717
< i= P + P + F - P Vertical equilibrium equation
NET s b L net




P
NET
) J
NA
R k
0. 47 1.439
0, ~256.227
Q.4 ~54,845
100k
P
NET
J
—100" ¢
M = M + M + M
u b L
3 J 3
™M
u
3
a = " (.30°g)
CAF M
3 net

NA

J

1000 k" 1in

(VLY

2392.172

048

304,725

049

310,202

NA

047

Q.4

0.34

0,35

0.4

0..359




a - a
CaP CAP
i+l 1
a := a - p a = 0.344 g
FIN CAF NET F - F FIN
i i NET NET
1+1 i
=] - B
NA NA
i+l i
€ 1= 9 - P = = 0.471
FIN NA NET F - F FIN
1 i NET NET
i+1 i
Some parameters:
These are the ] = .47
starting st
T = 17.183 ksi values: a = .346°g
s
P = 135 k
Y
inpl = 1
inp2 = 1.11
inp3 = 1.1

VOH = 0.4667

ampv = 1.89
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MCAD FILES VTANK.HC1L

CONSISTENT SET OF UNITS:

BASE UNITS: in =

m =

sec

DERIVED UNITS: ft =

1b

MFa

DEFINE MEDIAN FROFERTIES

s
po= 1.24
s 1=t
s

t 1= 0.25'1n
E 1= 28000, " ksi

s

a2

A 1= 3.14°1in

b

il
iM
= 1T
12-in
in
m-
2
[==T
1000 1b
i
3. ———
2
sec
K
2
in
= 0.144 ksi
OF TAME :
Radius of tank
Thickness of tank wall
Shell imperfecticon factor — for buckling cap.
Shell imperfection size - assumed equal to
shell thickness (normal construction)
Thickness of tank bottom
Mocdulus of elasticity of tank steel
Area of tank holddown anchor bolt for
stiffness calculations — use 2.50 for strength

C-22
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E =
b

F -
Y

h 1=
1

n i =
2

f 1=
Y

F 1=
DL

P 1=
EQ

& HES
w

h 1=
w

n o= 8
i =1

a == (
i

VOH :=

ampyv 1=
inpl =
inp2 :=
inp3 :=

2000, ksi

110k

27 in

S4.5°1n

37 ksi

63.7 k

63.7 k

Modulus of elasticity of bolt steel

Yield strergth of bolt: use effective vield
stress equalto average 44 ksi times the wnet
bolt area = 2.30 sg in. This produces
total capacity = 110 k.

Height of bolt from nut to bottom of tank
Height of bolt from nut to embedment plate

Tank median yield stress

Dead weight of tank shell and roof

Vertical earthguake force due to tank wall

and roof calculated for a 1.0g vertical
acceleration.

Density of water

Height of water in tank

Number of boclts

Loop over all bolts to define angle from
symmetric axis to each bolt:

ANgle from symmetric axis to each bolt, i

Ratio of vertical to horizontal earthguake
components

Yertical amplificatiocn for the fluid due to
tank radial expansicon (median at 7%
damping)

Input scale factor for higher spectiral
amplification relative to median input at 7%
damping.

Scale factor for peak earthquake
horizontal input compared to average
of two horizontal components

Ductility increase factor which influences
the vertical earthquake reduction in hold
down forces




a

|

a
p := & h 1 - .4‘inp1'inp3'ampV'VOH'—] Water pressure at bottom of tank
w w al
w = p Effective pressure on tank bottom
1 3]
1 == -—}' |t J Moment of inertia of bottom plate per length
12
] a
e 1= — P - P L4 inp3-VOH- - Net vertical force due to dead
net | DL EQ g load and earthquake force
positive up
M 1= 233800 inpl-inp2 -k in Net overturning mement due to earthquake
net (233800 k%*in for 0.30g for 7% damping

average of two horizontal components)

DETERMINE SHELL BUCKLING CAFPACITY:
Tank buckling capacity based on "Seismic Design of Storage Tanks" by M. J.

N. Priestley, J. H. Wood and B. J. Davidson, Bulletin of the New Zealand
National Scociety For Earthquake Engineerings Yel. 19, No. 4, December

1986.

f = 0.6E | Classical "perfect shell"” buckling stress

BRUCKLING IN MEMEBRANE COMFRESSION (DIAMOND BUCKLING) :

i 1
2
|'cs' 2
c = 1 - pj— 1 + — -1 Imperfection reduction
tt & factor
s B |—
t
e s -
.f
Y
© =
a-f Factor to determine
cl THICK or THIN wall

C-24




r 27
' HE A -[1 - -]~(F 2 + o f o 2)
oy N 1
elastic THICE wall elastic THIN wall
pR
F o= Normalized circumferential wall stress
t - f
S cl
F o= F- (P < 8) + S (P *» 3) P is Limited toc S
[ 2
2 f
F ]
C o= |t - 1t - -} - J1L - Factor for wall thickness and
S f pressure - not to exceed 1.0
" cl
f 1= f "C-(C 1) + (C > 1) Strese limited by classical buckling
p cl ct strees
o f —I
T 1= f 0.19 + 0.8B1 —
md cl f J
| cl
f = f L T + f T > f Diamond buckling capacity
md md | md Yy Y md Yy limited by yield stress

ELASTIC PLASTIC COLLAFSE

R
t
1=
s 1= —
400
2
pR
K o= (1 - 1
t - f
s v

(ELEFHANT FOOT BUCKLING):

f
Y
s + —
1 250 MPa
1.3 5 + 1
1.12 + s




7

- -
P

T = f k(K T 1) + F AR 1) Limit elephant foot buckling stress
me ci - ocl te classical buckling stress

MINIMUM BUCKELING STRESS:

f = f | f o f + f f T
m md md me me me md
R pR
This is the — = 440 — = 40.3& MPa
buckling stress t t
used: s =
T = 13.919 ksi f = 96.662 MPa T = 118.703 MFa
m md me
f 1= f Allowable tank buckling stress
S m

DEFINE FORCES AND MOMENTS AT TANK BOTTOM AT THE CENTER:

Na st

Compressive force due to contact between tank shell and
base, positive downward:

t
s
P =2 f R - [H 'cc-s[e } - sinl:(i) :”
= SX 1 - cos |9 NA NA NE
3 [.NA } J J J
3
FF
s
3 where 9.NA is angle to neutral axis
[
~74%9.089
=765.617
~782.138
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Moment due to contact between tank shell and base, when resists earthquake
opverturning:

2
f ‘R -t
S s f 1 -
M 1= 2] - —sin{éd e M
5 1 - cos (@ [ NA 2 [ NA s
3 NA J J 3
J
1000 k- -in
176.181
Force due to a single bolt: 179.905
183.616
A Tt h =3
b SixX 1 b
const 1= _— —_—
3 1 - cos[é h E
NA 2 =3
J
rFa2 := const - |cos(® T - cosfo ]
J j [ NA L 2
L 3
P3 := const - [cos[® T - cosfo 17
3 3 NA L 3]
i L 3 J
F4 1= const - [cos(e 1 - cosfe 1]
j j NA L 4J
B L Jd J
PS := const - [cos (O T - cosfe 1]
Jj 3 NA L S5
R L JJ J

Modify bolt force to be greater than O but less than Py:

FE 1= F’E'[PE o~k]-[Pa 4P ]+P ~[Pe > P ]
j J J 3 Y Y 3 Y

" ]

A\

N

P3 ==P8'[P3 >o«]-[93 <P ]+p '[F'B.
j j 3 3 4 y j
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Force due to sum of all boltss positive downward:

P 1= a'{?a + P3  + Pa ] + PS

J 3 J J

ke
&37.107
631 .528
b2b6 .. 302

Moment due to all bolts, pesitive when resists earthquake overturning:

M 1= —R- [E'F‘E 'cos[e] + 2'F3 -c:c-s[e] + 2-P4 'cos[e] + PSS -cos B]
b 3 2 3 3 3 4 j 5

J

1000k in
48,953
49.899
50.786
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Total hold down force from water from bottom plate, positive downward:
(This equation assumes that the there is no rotation at the tank
shell/bottom plate interface as the plate picks up due to rocking.)
1
1 o7 4
T - costen ]

L)
NA
L J J

F
Py
w

r
w
n

Total resisting moment from water on bottom plates positive when resists

earthquake cverturning:

1
1 A _ _ 4
- cous |9 - cos(g)
[ a} 4 NA
-|14R 3 JJ
M 1= j72- 1w - f h cos(8)
L 32 sx 1 1 - cosfe
j NA
B L 3 .
*o
NA
J
b
w = 0,014 —
e M
in L
J
F 1000 k- in
L 5.089
j S5.0568
—_— 5.047
k
71.019
70.017
&6£9.042
F 1= F + F + P - F Vertical equilibrium equation
NET s b L net
J 3 J J

de




Fo
NET
] J
NA&
3j K
045 19.374
0,46 -3.736
O.47 —-26.457
100k
F' -b-"\.
NET -
J
-100" k
- G4 =} .48
NA
J
M 1= M + M + ™M
u b L s
J J J J
M
w
1
a 1= £ .30qg)
CAF M
3 net

I

NA

3

1000 k- in

0.45

230.223

0.6

234.8782

0.47

239.45

NA

Q.45

0.195

Q.46

0.199

Q.47

0.203

~J




CAF CAF
1+1 i
= 1= A - F : a = 0.198'g
FIN CaF NET F - P FIN
i i NET MET
i+1 i
(=} )
NA NA
1+1 i
=l 1= 9 - F : ] = 0.458
FIN NA NET P - P FIN
i i NET NET
1+1 1
Scme parameters:
These are the ] = .45
starting st
f = 13.919 ksi values: a = .198'g
S
P = 110k
Y

inpl = 1.366
inp2 = 1.11

inp3 = 1

VOH = 0.667

ampv = 2.12
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MCaD FILES MCC.GND

NORMAL DISTRIBUTION:

bi = .319381530
ba = -.356563782
B3 = 1.781477937
b4 = -1.821235978
bS = 1.330274429
p = .28315419
2
expi|™
2
2wy = — ———
2.506628279
1
t(w) = ——
1 + p‘lxl
[b 2 3
NOR(x) = (st > 0O) = Z{xn)- 1°t(x) + b2 t(x) + b3 t(x) + ba t(x)
INVERSE NORMAL DISTRIBUTION:
cO = 2.5155817
cl = .80288353
c2 = .010328
di s 1.432788
d2 = .18926%9
d3 = .001308
1
t(p) = |lIn
2
K ((p > .9) - p)
_ 2
P % 3 cO + cl t(p) + ca2 t(p)
INOR(p) = (-1) Cit(p) -
2 3

1 + di"t(p) + d2 't(p) + d3 t(m)




K%

RE&D IM AND PLOT THE BASIC FLOOR RESFONSE SPECTRUM GERS:

i 1= Q ..40

BGER := READ(EGER)

N3

25

7
ys

LFRE = READ(LFRE)

1

1 := cspline(LFRE,BGER)

n

ko= 1 L.600

&

]
interp[SI,LFRE,BGER,IN[‘_ ]
L 10]

GRSF := READ(GRSF)

LFRG := READ(LFRG)

s3 := cspline(LFRG,GRSP)

Median GERS wvalues

Legarithms of the corresponding frequencies

This fits a cubic splirne through the GERS values

4

Median ground response spectrum values

Logarithms of the corresponding frequencies




This functiocn computes 1 if either the Sa value is greateir than
the GERz. ctherwise ¢ and sums the values over all n trials:

c GSFEC » GF GERSF

<:fﬂ ke 15 4
TOTAL(c)Y 2= 7

e n
ke

%fail := TOTAL [pqa ]
J

pga Afail
i i
0.5 Q.025
Q.56 0,09
0.7 Q.235
0.8 0,395
0.9 Q.98
0.715

1.1 0.82
1.2 0,895
1.3 0,24
1.4 Q.94
1.3 0.28

This calculation take the probabilities of failure and the asscciated peak
ground acceleration values and performs a least squares fit in the
log-probability domain to cobtain the "best fit" median and 8 value.
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slope{xl.yl) = 0.271 £ = slope(xl,yl)
intercept(xli.yl) = —-0,154 a
med
corr(x®l.yl) =1
a = .857
med
£ = 0.271
z1 := intercept(il.yl) + slopef{xl.yl} ul

max(yl)
min{(yl1l)
#1)

masx(

min{xl)

Flﬁlﬂu

- 12 [0
-

J

1= expl(interceptixl.yl))

= 0.405
max(yl)
= —-0.693
\/1 21
= 2.054 3j 3 /_,-"'.’
= -1.96 min(yl) =
min{xl) x1
w1 yi =1
j i i
—1.24 ~0.,493 -0 ,588
~1.341 —-O.ai1 0,518
-0, 722 -0.357 -0,35
-0 . 26848 -0.223 -0.227
0.191 =0.105 =0.113
Q.568 (%) -t
Q.215 0,095 =3.0992°-10
1.254 0.182 0,094
) WPt Q.248 0,186
1.312 0.334 0.268
2.054 0. 405 0,337
0,403

C-40
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b o
exp[interp[}3;LFRG,GRSP,1n[—“J]} o
10

This is the

&

S5 %4 damped spectrum

10

k

10

100

DETERMINE FPOINTS ON FRAGILITY CURVE BASED ON LATIN HYFERCUBE SIMULATION

CONSIDERING THE FOLLOWING

Equipment fregquency: i

GERS:

VARIABLES BEING UNCERTAIN:

Q.20

g = 0.27

Total of n simulations are performed

n 1= 200
k2= 1 ..n

K

-1 + rnd(1)

EF 1= 6.3 exp |0.20 INGOR

median

median

This creates n squipment fie
n values — note it 1s based ow

a combined variability

+

GF =
b

k-1
1.8'exp[?.87'INDR[

rnd(l)]]
n

c-37

This creates n factors to
scale the GERS capacity




(0 NP e o b o

= 10

WRITE(EF) :=

WRITE(GF)

The program is transferred toc DOS where the files

e 10

EF

3.727
4 . 079
4,09

4,22

4,355
4,423
4,558
4,539
4,425
4,542

4

GF
kb

program CADMIX

EF
k

GF :
k

GSFEC

GERSF

Nk

- o
-

b

k

READ(EF)

READ{(GF)

1= exp[interp[%B,LFRG,GRSP,IH[FF ]]J
k

= interp[%l,LFRE,BGER,lnEE ]]
5

EF GF GSFEC

D D D

8,395 1.248 2.074
8,505 1.979 2,042
7.55 0.945 2,127
&£.374 1,067 2.114
5,231 1.0646 114
&.=92 1..109 2.113
4,369 1.261 2.114
3.727 1,065 16

o 05 0.9 2.111
.l @ﬁ 1.093 1.894

C-38

GF

p
Q. 9548
Oa.61
QD657
0.68
0,720
0,70
0,722
0,747
0,75
0,749

are randomly mixed using

Ground spectrum values at
random frequencies

GERs capacity values at
random freguencies

GF - GERSF
ju] g
1.872
2,242
1.418
1.8
1.592
L.bb4
1.891
1.544
1..35
1.64




by

Tabulate probabilities to compare calculated and best fit values:

best

N0 NP e

exp Pd

j}

NOR [ 1 J
j

MOR

Feak ground accelerations

Frobability of failure values

J Best fit probability of failure
o}

p best

31
0,025 0,012
0,09 0,039
Q0,235 0. 1468
0,325 0.323
0.54 0.497
0. 7215 0,654
0,82 0,774
0,899 0.84683
0,94 0,219
Q,.9K/5 0.294
0,928 0. 974
0,285 0,286

C-41
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MCAL FILES MCC.FRA

NORMAL DISTRIBUTION:

bt .319381530

b2 = —-.356863782

L3 1.781477%37

b4 -1.8212557978

1.330274429

o
(4]
i

2316417

a
it

a2
-
o

2

exp

2.506628275

t ()

NOQR € 32)

INVERSE NORMAL DISTRIBUTION:

cO = 2.5158517

cl = .80z2853

c2 = .010328

dl = 1.432783

d& = .1892467

d3 = .001308

1
t(p) = |1In
o
((p = .5)Y - p)

it
—~
[
|
i
-
-
ot
~
+
o

Tt

®)

a

+ b3t

3

+ b4 tin)

4

+

b

=

-

£t



2
CO + cl t(p) + c2 t(p)

(4]

Pt .
INOR(p) = (1) tip) -

2 3
1 + di t(p) + d@ t(p) + d3 t(p)

READ IN AND FLOT THE BASIC FLOOR RESPONSE SFECTRUM GERS:

1 1= O .40
BGER := READ(EBGER) Median GERS wvalues
i
LFRE := READ(LFRE) Logarithms of the corresponding frequencies
b
sl := cspline(LFRE,BGER) This fits a cubic spline through the GERS values

k os= 1 ..600

k
interp[FI,LFRE,BGER,IN[}—}}

10

1 b 100

10

READ IN AMD FLOT THE HORIZONTAL FLOOR RESFONSE SFECTRUM:

j o= 0 L0458
FLSF := READ(FLSF) Floor response spectrum values
3 :

LFRS := READ(LFRS) Logarithms of the corresponding frequencies

s2 := cspline(LFRS.FLSF)
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KEAD IN THE HORIZOMTAL FLOOR RESFONSE SFECTRUM AVERAGED OVER O.2f
FREGUEMNCY BAND

AFLEF 1= READ(AFLSF) Average floor response spectrum values

s4 1= cspline(LFRS.AFLSF)

3 .
: " f\zdlqi WO AL 1S ~al
SA(x%) 1= interp |S2 LFRS.FLSF,1n|— —_ M\JCLO'U,{\“‘O&),«\@:

1C

" i ‘(ch\ S@'H)FU/W”'\
BSAK) 1= 1interp |s4.LFRS.AFLSF In |
L10 ]
3
IJ -"
SA(k) ASACE) f !
Al .
-‘_".f ..,
o =
1 b 100
10

READ IN THE MEDIAN GROUND RESFONSE SFECTRUM NORMALIZED TO 1.0G:

1 := 0 ..60
GRSF := READ(GRSF) Median greound response spectrum values
1
LFRG := READ(LFRG) Logarithms of the corresponding frequencies
1
33 := cspline(LFRG,GRSF)
10
k T It
exp |interp [s3sLFRGGR3F,yIn|— <
10
-1 -
1 K 100

10

C-51



DETERMINE FOINTS OM FRAGILITY CURVE BASED OMN LATIN HYFERCUBE SIMULATION
COMSIDERING THE FOLLOWING VARIABLES EBEING UNCERTAIN:

Building freguency:

Equipment freguency:
Combined uncertainity:

GERS:

Total of n simulations are performed

k — 1 + rnd (1)
EF = 7.2 exp{0.25 INOR

M

CONST := exp(interp(s3,;LFRG,GREP,1n(7.2)))
CONST = 1.89
exp [interp [sa,LFRG,GRSP, in [BF H]
k
FFE 1=
" CONST

kb — 1 + rnd(1)
EF 1= 4.3 exp|{0.32 INOR
k L . n J
i k — 1 + rnd(1)
GF 1= 1.2 exp{0.27 INOR
k L L n .

C-52

0.29 median = 7.2 hz
0.20 median = &.3 hz
0.32

0.27 median = 1.2x

This creates n building fTrec
values

This constant is the ground
spectrum amplification at
the building frequency.,
7.8hz

This creates n factors to
scale the floor spectra
for different building
frequencies

This creates n equipment fr
values - note it is based o
a combined variability for
buitlding and egquipment
frequencies

This creates n factors to
scale the GERS capacity
for the variability in the
GERS




N e o o

b+ 10 JO

.10 The first ten sets of samples before vandomly mixing

FF

P
0.299
0,298
0,998
0,998
0,298
0,998
0.298
0,298
0,298
) ,998

WRITE(FF) := FF

WRITE(EF) := EF

WRITE(GF) := GF

EF
B

2,611

2.218

3.184

3.314

3.435

3.48646

3,401

3.709

3.754

3.335

GF

p
Q.5686
Q.44
0. 640
Q.87
0.699
0,714
0,723
Q,.739
Q0,798
0. 7462

The program is transferred to DOS where the files are randomly mixed

FF
K

EF

i

GF
k.

o
f

FSPEC
54

ASFEC
k

GERSF
k

READ(FF)

READ(EF)

READ(GF)

1= interp [sa,LFRs,FLSF', 1n [F_F ]]
P

:= interp [sq,LFRS,AFLSP,ln [EF ﬂ
[

:= interp [sl,LFF(E,BGER,ln [EF ]]
K

Floor spectral values at random
frequencies

Average fTlocor values at random
frequencies

GERs capacity values at random freq.




FF EF GF FF " ASFEC FF "FSFEC GF ' GERSF
] p p p B o] B B ] B
i 0,292 4,437 1.403 0,402 0605 2,106
2 0.9 3.601 0.927 Q.45 0. 4548 1.453
3 0,998 5.247 1.573 1.957 2.085 2.346
4 0,29 S.221 1.02 0,868 0. 874 1.323
o 0,29 8.227 0,937 1,602 1.593 : 1.405
& 0,298 H,.718 1.262 1.853 1.863 1.894
i 0,298 10,229 1.411 0.821 0.814 2. 117
g 0.998 7491 1.332 1.898 1,205 1.998
2 0,298 10,73 1.167 Q765 Q0,773 1.749
10 0,298 3.8335 1.14 0,463 0. 447 1,707

This function computes 1 1f either the Sa value is greater than
1.5#GERS or 1f the average Sa valve i1s greater than 1.0#GERS,
otherwise O and sums the values over all n trials:

FF CFEPEC < 1.5 GF -~GERSF ] ) [c ‘FF "ASFPEC «< GF -~ GERSF
b

h}

1 - F
T‘I k k ke k k ke
TOT(c) == ?

e

- i n
k

Moo= 10
3 o= 0 ..N

In(N)

pga = expilnia) + j- Spaces a set of paoa values evenly
3 N in the leg domaln
Pga
J
“fail = TOT | —
3 0.18 This computes the fraction of failu
(or fragility curve values) as a
function of the pga values

pga Aftail
i i
0,11 0,03
0,138 0,05
Q.174 Q.15
0.2192 0,315
0.274 (WYY
0,348 0,585
0,438 0,74 WRITE(FGA) := pga
0,551 0.84 3
D L74 0,225
0,874 0,275 WRITE(FAIL) := “4fail
1.4 0,995 j
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res




MCAD FILES LOGNORML.FIL

This program take the calculated probabilities of failure and the assoclated

peak ground acceleraticn values and performs a least squares fit in the

log-probability domain to obtain the "best fit" median and & value.

NORMAL DISTRIBUTION:

bt = .319381530
b2 = -.354563782
b3 = 1.781477937
b4 = -1.821255978
bS = 1.330274429
p = .2316417
2
exp =
2
Z(x) =

()

NOR(x) = [(x

INVERSE NORMAL DISTRIEBUTION:

cO = 2.515817

a

.802853

ci

c2 = .010328

di = 1.432788
d2 = .1892469
d3 = .OOiBOB
1
tip) = |1In
((p *» .3) - p)

0) - Z(H)'[;l't(H) + b2 t(x)
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2

+ b3 t(x)

3

+ b4 tix)

4

+



INOR(p) = (-1)

1= READ(FGH)
READ(FAIL)

w i .o
” -

v1

L.

:

=

J
0.11
0.138
0,174
0,219
D274
0,348
0.438
Q.5951
0694
0.874

1.1

: ln{?l ]
3 : J

-

WRT SV DV

- MO0 D

—~
g

slope(xl,yl) = .52
intercept(nl,yl) =

corr{xl.yl) = 0.997

-

~-1.185

a2

c + cl ti{p) + c2 tip)

1

2 3

+ dl t(p) + d2 t(p) + d3 t(p)

wl
b

i

0.03

0,05

.15

0.315

Q.45

[ I} 5

0,74

0,84

0,225

0.273

Q.9295

by

£ = slopeixl,yl)

a 1= exp(intercept(xli.yl))
med

med
i = 0.527




z1 = intercept(xl,yl) + slope(ul,yl) =1
J J

max{yl) = 0,095

max{yl) P
min(yl) = -2.207 -l
vyl ,z1 /
max{xl) = 2.576 3 3 vfﬂﬁgﬁ’
mini{xl) = -1.881 mind{yl) -
mim{xl) 21 maw(xl)
J
®1 yi z1

i i h] i

] -1.881 —2.207 -2.175

1 ~1 256485 =-1.9277 -2.051

2 —1.036 =1.747 =-1.73

3 -0,481 —1.516& —1.4238

4 -0,1 -1.284 -1.237

b} 0,214 =1.054 -1.072

& 0,643 0,824 0,344

Vi 0,794 =0Q,5925 =Q.641

=] 1.44 =0, 3485 =0, 424

2 1.24 =0, 135 -0, 132

10 2.59745 0,095 0.173

Tabulate probabilities to compare calculated and best fit values:

& s expl}l ] Fealk arouwnd accelerations
j d
poor= NUR[}l J Frobability of failure values
J J
[ a
J
In
a
med
P 1= NOR Best fit probability of failure values
best 5 (6] J
J




sl RSN Gl R VRNV L el ¥

-
s

& ()
] i
0,11 0,03 Q.08
L..138 0,05 0L 068G
0,174 Q.15 0,143
Q.219 0.319 O.26%
0. 27 0.464 Q. 423
0,349 Qo85S QL5948
0.438 Q.74 Q752
0,591 Q.84 0.868
0.694 0,225 0,24
0.874% QL2793 Q277
1.1 0.925 0Q.2722
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MCAD FILES SFECT.SIM

MORMAL DISTRIBUTION

.21%3813530

o
-
1]

. 386563782

o

1Y

]
|

1.781477937

o
w
i

-1.821255778

o
S
]

1.330274429

a
w
1

.2316419

0
i}

P

exp

La

2.506628279

Z2{x)

1]

t ()

[

it

o
1

I

NOR (:¢)

INVERSE NORMAL DISTRIEUTION

cO = 2.515517

cl = .8028%3

ce = .010328

dl = 1.432788

de = .1892489

d3 = .001308

1
t(p) = j1In
o
({p » .35 - p}
p % .9

INOR(p) = (—1) tip) -

u)'[bl't(x) + b2 t(x

=

) + B3 t()

3

=3

cO + cl tip) + c2 tip)

+ b4 t(n)

1 + dl tip)

C-66

+ d2 tip?

a2

+ d3 tig)

3

4

2]

3
+ BbS t(x) }




m =

]

3 =

XLFK

X5A
J

5 =

ko=

LSA
i

HEE
hat
.32
199
2 ...n
i+ rnd(1)
1= Fregq ‘exp |3 INOR | ———
i hat n + 1
q ==

In '[Freq ]
i i

:= READ (XLFR)
J

:= READ(X3A)

cspline(XLFKR,X5A)

1 ..4600

k.

interp s« XLFR«XSA«In |
10

-~

—

1= interp{%,XLFR,XSA,LFreq }
i
= 1In [“f—“ J
i

Cc-67

100

/Ll/

Read in the averaged 3.9% damped spectrum




Median := eupimean(LB5R))

Beta = stdev(L5A)

Median =

f
-
1o
w
|

Beta = 0.498

c-68

Finedian

Fbeta

:= exp(meanilFreq))

stdev(LFreqg)

Fmedian 6.482

Fbeta

0.327
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This

k r= L 01 H 1= L4159
0 0

k = .1 P 1= 7357
i 1

k1= Poor= 1.248
=] 2

55 1= 10 I3 1= 1.7283
3 3

k = 100 B = 1.857
4 4

1 = 0 ..4

s 1= cspline(Logk.p)

interp(s.Logkspslag(.314))

interp(sslogk:pslog(.04a2))

[}

irnterpolates first mode values for

0.979

0.381
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MCAD FILES ACCUM.FIN

This program calculates the reactions of a three support circular vertical
tank where the tank rotates as a rigid body and the location of the
compressive reaction must be cobtained by trial and error. The loading
consists of a moment loading with a vector of 10 at an angle of A with the
reference axis and a secocnd moment of 4 at 90 degrees to the vector of 190.

m
deg = —— This establishes the angle A at which the
180 bolt forces will be calculated
1 =0 .15

M == 10
Vo= 0
kir := 1.1 kr 1s the relative stiffness of the support in compression
to the support in tension. It is stiffer in compression
since the beolt does not resist any compression
r = 12 #1 :1= 55 deg w
1 M 1= M'sin[? ] + .4 Msin|jla - ~
® b 13 a2
rooi= 14,285 B2 1= 215 deq : T
2 M 1= M‘cas[é ] + 4" MecoslA -~
Y% b b 2
$3 1= 315 deg
v 1=V
n o= 9
range := range + 10 deg Note: Do not calculate at exactly 180 deagreg
2 1
1 := 0 ..n
range - range
2 1
9 = ranqge + ‘1
i 1 n o+ 1
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1

- 9
1]

- e
1]

9
1.4

1 <1 o0+ kv ﬁl 0
L 1 ] 1 J in tension or
the
1 ”;-:e > O-1 + bk F:-:e % (Jﬂ
L1 4 L i J
1 [x3 = o] + kr [x3 <« 0]
L 1 J L 1 J
2 ]
i
/| ua
k1 1
b i_l
—EB )
1
| «3 [“ + r ]
k1 i 1 2
L1l
Ml Wx2 23
1 i i
1+ xa + =3 —[~ + T J
i i 1 1 2
%1
i
#l cos(®l) + 22 ‘cos(#2) + 23 ‘cos(¥3)
i i i

1 "sin(gl)
i

+

1
1

e "sin{g2) + %3 sin($y3)
i i

1
1
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This step tests for the support being

in compression and sets

relative stitftness values
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+ r
2
&
a2
i
o
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Y
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n
i3]
—

zcal

Q2

0

0

Q

0

Q

Q

TSI T TS

s
-

9

(]

e H

Q)

=] HECI ‘ tﬁ nl + 2w - @ )
cal cal 1 cal J
1 1 1
M = —C cos |9 + F1 r
cal 1 1 cal 1 2
i 1
M 1= O a1in {8 - F1 T
yioal 1 1 cal i 2
1 1
Vv = FP1 + F& + F3 - C
zcal 1 1 i i
1
=] 1= 0 - 9
del cal i
1 i
(=) =] M
© cal del yeal
i 1 i
4,538 4,653 0,119 =10
4 TS 4.642 QL.087 e L)
4 .973 4.5831 0,098 =10
4 .59 4.,.6812 Q0,029 ~1Q
4,408 4,408 -4l ~1¢
[ Sy 4 . 397 3.333:10 -10
4. h43 4 ,.083 -0, 0029 =10
G .66 4,573 -0, 0598 —10 -
G .77 4,562 -0, OR7 —-1Q
4,895 4. o0 0. 11646 =10
-0, 149
t HE Y
i

=3 1= Cspline[},@ ]
cal cal

s 1= Ccspline(t.)
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i
&

root [interp [s

cal

,xq - interp(s,t,@,x),x] = 4,013

2 = interp[ﬁ,t,E,root interp[é sta0 ,x] - interp(s,tge,x),x]]
opt L cal cal
k
F1 Fi
i o i B
Yy 1= —_“'cos[? J R 1= —_—‘sinlé ]
NOR %1 i NOR M b
i i i i
3 2= 1
a
opt
K
A = 180 deg = 264.013
15 deqg
M Yy
F1 P2 F3 C =] NOR NOR
i i i 1 i i i
j | 1 i deq ] j
0,41 0.032 0,083 Q308 240 0,01 -0, 003
0.413 Q.035 0,084 0,508 2h1 0,014 =0,003
0,412 0,038 0,057 0,508 2462 -0, 017 =0, 002
0. 412 0,041 )05 0,508 24: -0, 01 -0, 000
Q.41 0,065 0,051 Q.50 264 -0, 01° -0, 008
Q.410 0,048 0,048 0,509 245 -0,017 0,001
0,41 0,082 0,083 0,509 2848 0,017 -, 001
Q.4 0,055 0,048 Q.51 267 -0,017 -4
0,413 0,05 0,039 0,311 2468 -0 ,017 ~8.265 14
Q.413 0.0 0,036 O.512 2469 -0, 017 —&
- [» o
=3 4
-3.,.025 14
range = 260 deg
1

Cc-88




l...______..-__\_. i ‘ t
T Ve

Q ,\{J/‘-)/.//\ L()__Z_7 - % l O
fnca ML)

p, ¢ & '%—S'ch ENCE

L @7,. Xt

-

O .07 .9 ,S0Y 64T .0l 006
Q07,233 .z1o L SIC 4ale L0t Q
059 179 310 .S¥% s .01 00

2l oLus @ Lsto 13507 .00 — 009
143 .o 309 L 546 [SEy 005 — Ol
243 Loed 286 53 80 00—t
302 O 2dz Ty 207Q -.006 -0l
5% oy 130 899 2356 -0t~ 003
LA LYY LS S93 2640 =017 =007
:TF*T ST O WSS9 ZuTw omen ook
e O 70y 3023 -0 L 013
1369 V375 Q NN 315 =015 1Y
faw a3 & W0 3286 —,013 0T
iR 3 _}j__[ G .9%& 33). —1066%  ,02¢
Mo s .¢03<Z> Jis Lo55 -S04 7 coowl .ol7
3375 17 O ,3SY 3z NgT O 3Ben Wy ot

e
(05> '\3 37
‘ s “Fhis N d(o\ No’\_\f ~ilaw Qﬁ Sv 10@\\«%'0 oo
Com PW/:.UJ\» —d,;%vﬁwﬂ L | wsts ‘{‘ﬁ*g“@”\*




BY DATE PROJECT pace_ <21  oF

CHKD. BY DATE SUBJECT JOB NO.

P\ie\\wnw\f\ C/A:p)\cﬁ?\ AML% e
= : L}Owﬂ
\VUV"\ oca ’\M}I\/\W o \L
{"\W%n@\/lo\(‘ \m()gj— O 21"4 k(h’\)Lo
MQ@QUW\ LISV N 0~\6q Cp»m( = 2.1 [K
= Guvegdn prumel =8 bz (211 [ 44 ):)|ot47,,84‘"'

w1 AeRean
e o C,‘ﬁ- - 47.9¢ - qu‘f(
A4S ‘

o = MES & = \25
%03 ]

| NS0 ?\ LNQ\VY\"LL M'ﬂcm&ﬁd

ANlow OG- ©, Q:f) (’:» [ o W}
/109/) b ,MSUWO+”’ 2,00 T2 7 bt

Fnea ‘v Lo Y) //5
{\ oot s brsa d ’*"ﬂ,L 4—/ 3 C?"'”
2 e & )

FoGshes Chfinsh b © = 319 o 15o -
Ashgs Lk b @2 319 = 15530

M shtbee — 26192

F= 27 \q3: Cotebin r bove. © = _——3'/—'?—‘: IS )(10-4"\/‘&.&
i o= 196400

Jack R. Benjamin & Assoclates, Inc. 9)
Consuliting Engineers ®

C-90




BY DATE PROJECT PAGE&‘ L OF

CHKD. BY DATE SUBJECT JOB NO.

duckldy v T =ASh 3 N=04/ (i) = B
F‘— 27 L\3 ! PJ:O\+/ (]’6“0_")(4") =6 hO

gt '}'b Ay L\Q ﬂ‘ 531«\—( @J&a\\/Ngwm«L

—_ - N
@/ 71\51«5 N (\/——' %,l S (C?i:_;‘) - 5.0 \"q ;\}j\g](g"o)__l‘(&gq :Zgﬁ

T - 13
@ 33t N =60 % (By=ah Fy=(Ah1) = 18O

v

&, Mediom F = 16 by S5
On 16- S5

I 33-0n 7.8

(012,29 O h80)

fv= 227

?r = o\nY_F,v-‘/-,_’-] = O, & Tk R\Jé%'\/NxWL

G = o] (ashndi)

L\)EE)SWCQ. leékj s o S‘l\fé sw(_lq_u,e 5(1%%

ﬁ?‘?—\k ﬂ\/: 2727 s to O(J+\M\'sj"7k '
son ok o P 22A-c
/13/8Y

}\/’\- t

! Jack R. Benjomin & Assoclales Tne.  #
Consulting Engineers B)

C-91




nAT:ﬂ.l_l_}sz_ PROJECT. M"M A\V_TO\K . PAGE 224 oF

DATE SUBJECT i . JOB NO

(?QOV\!\XV\Q\) P—QVOoch Ah’o« CQM{J AT d( (ol othpme
(é—en_ G 924 %l\., reshf O\/lslw C,m\culox“']w\)

%. ‘7 IAAK) Myl e
O i e e R A

Tl
wor (oa\\ [0}7]
wwxélp S% . lewn s o:)ﬁog ) o

mwgmw—ro o Lo NM)‘Q

Qﬁ:g(hs) !\J* _Ty v N T obtam 04w
AN hyo d wplacowant af C (-
6 0 323 470 R o

T 2, b S50
.0 5.5 YNy
[ - 1Y YOy 25 HU 2, 1/ S S P

X Y 3 T T ——
- __;_.., — - A,,__.I,' :-_._.__-_:__.,(g.\b_,._._. R ‘zo\lﬂ ‘ \1§ - . e .- R -
UL i.-_i__;...:__;..}i‘,\.q_‘_..,..._f ST YO IR _ S

T 0 RT3 g e

Pa@gb l’l&w) 2 e /\'p W wweJ s}r\*\g\ns oN,
05 Tved (_nQ L_r\)(\gk:“o33)]
- ~——-S«~/ Fy-m&}m»\g~035‘3 ow,) (iu = @ o7 T A

.....
B L T e B

4%&/\:}\)1»«9&0& Qo Fy =227 15 1567 0 =0aSs. ‘ﬂwa
' C\\k&’wvl) NA&V\--QA;;Q%—(&: p3\0 sk.msr) 07,\/03) ,?; qf) - j

R Howno% )._(\x % eed_to lar MOJ %\Q SR T SRR
\> Qu MJN%NT) X 007 vt 030 A
?_,\ Q_-M +o § ~3|o\\4hg va v QQT\MM 4 ]at Q. lS nt O 'ZS"

: ,.___ i '3) %i/‘ CL"‘-‘ ;h) \n
“ ﬂv ‘Z,Y/’S) R'LZ"I :,l CL . T
' S, %: QY s .- '\\L‘ - \/,,__'_\ T SRR UL
"Hw oS o rae Wl Qe @ dome it ot Uy

- SR $L$S ‘\‘o Q +o+~9 L lohed %v vooaly 91\:‘& e usesd,
‘-103 %\f—ll& Q = 023

. < 3 ‘D
HCJ_DF loe (zaras)_ ‘\111 wWhich 15 sl 3\«‘\‘(1 Spallor o, b{

L"\ﬁ_a’\.ﬂw\‘aa,we (S&Q (o) 54-)

ela &JCKJ\M!M\ n v;{' N»l’") *0 ew: .

J

c-92




MCAD FILES SAFU.SIM

ORIGIN = ©
y = Q
inorm(x) = root(onorm(y) — Xay)
Freg = 16
hat

- inorm

m
3
—

¥LFR = READ(HLFR)

XEAS = READ(HEAD)

cepline(XLFR«XSA5)

4]
i)
]

. 500

as
]
[y

-
interp[sS,XLFR,XSAS,ln

11/12/88

Irnverse normal distribution

i 4+ rnd(l}

n + 1
Freq = $.176
O
Freg = 40.227
199
4
ks
—— 1!
1 (:.\_ "ll )
i} ’-————-I—“—P—
1 b 100
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PFre

SaeFH

The peaked curve is Sa

'

(1

g

nterp(sS, XLFR, X8ASLFreq))

N o B
i Re e

-

8.0

9.0
10.0
15.0
20.0
130.0]

'

[ - }
linterp(pFreg.F.Freqg)

e

b i
interp[%S,XLFR,XSAS,IH[—”}}

10

k

linterp[;requaeFH,
. 10

The flat curve i1s Sa/FH

[EEI—— Y
LSA In(SaeFH)
Median = expimeani{l.8A))
Beta := stdev(L.5A}
Median = 0.325
Beta = 0.073

m

splk)ssp (k)

A

1.50]
4.70
5.20
4.40
2.90
2.10
1.4%
1.40

[1.35]

I 100

10

Fmedian := exp(mean{LFreq))

Fbeta

= stdev(lFreg)
Fmedian = 15.278
Fheta = 0.35
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MCAD FILES SFECT.SIM
f N 5

A 8 Vi RIaR] ~ i —

NORMAL DISTRIBUTION A P/OKIJ““ N RESeS T

N -
Ql‘.x\hzﬁs\ﬁf\y\\ I~ S J—M\

bl = .319381530 . ) Ly o
(\]\/V'f-/b‘-\_. VI TP AN v\‘( T(,‘v" J:LU‘\ Yo

b2 = -.35465463782 AV fy

b3 = 1.781477937

b4 = -1.821255978

bS = 1.330274429

p = .231641%
2
expi{—
2
2wy &2 ————————————
2.506628273
1
tix) =
1 + p‘[ I
[; 2 3 4 571
NOR () = (¢ > Q) — Z(x)- 1 8(x) + b2 t(x) + b3 t(x) + b4 t(x) + bS t(x) '

INVERSE NORMAL DISTRIBUTION

cO = 2.513517
cl = .802853
c2 = .010328
di = 1.432788

d2 = .18924%9

d3d = .001308

2
p 7 .3 [ ) cO + cl t(p) + c2 tip) 1
INOR(p) = (—-1) Jepy - -

a2 3
1 + dil t(p) + d2°t(p) + d3 t(p)
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f o= 0,35
o= 199

3
1]
Ea
cn

2
-
fi
o]
.
.
3

XLFR == READ(XLFR)

X5AS 1= READ(XSADS)

J
g5 = cspline(XLFR,X5A3)
o= 1 . 600

po 1
interp |85, XLFR:XSAS 1n ‘“JJ
10

LA  := 1n [SA }
i

"ERp [{;‘» " INGOR

S = interp[FS,XLFR,XSAS,LFreq ]

i 4+ rnd(l)

n + 1

1
|

‘l
[
8] ~
i b 100
10
1.
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expimeani{lLs

stdev(LSA)

Al
i~

>}

2
£ \\s

& Ghs R

vV
<,

C-102

Fmedian

1= expimean{LFreq))

Fbeta := stdevi(lLFreq)

Fmedian = 15.951
Fbeta = 0.3358
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MCALF [LESDUL IR S IM

This program calculates the distribution on ductility factor for
variability in fregqueincy of squipment

NORMAL DISTRIBUTION

bi = .319381530

~. 3565637882

o
mn
1]

1.731477737

o
W
i

o
Pl
i

-1.821255978

1.330274429

o
]
i

.231641%9

gl
1]

]

Nt

$hi
|
i
i
1
1
]
i
i
{

2.5066282/3

1

1o+ op Il

o
~
P

-
Hi

[ 2 3 4 5
NOR(x) = G > 0) — S0 bl t(u) + b2 t(x) + b3 t(x) + ba-t{x) + BS tix)

INVERSE MNORMAL DISTRIBUTIUN

co = £.515817

1l = .2302883

cE = .010328

dl = 1.432733

de = .189269

d3 = .001303

o[ —

t(p) = [In

2
j l}.(p T o.5) - p)
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2
pon W9 cO + 1 - ti(p) + c2 t(p)
INDR(p)Y = (~1) tip) -
2 3
1 + dl-tip) + d2 - t(p) + d3-t(p)
n 1= 199
i = 0 ..n
i+ rad(1 ]
dir = &6 expl|0.2% INUDR|——— Latin hypercube simulation of
1 n o+ 1 i egquipment freguency

min{(dir) = 2.014

max{dir) = 11.582
2

o= \JI0 - dir Calculate ductility from frequency

i 1
noog= N LIRS B S TN B B Ductility is constrained to be > 1

i i i i

W41
dir := [%.67'” - 1.57] Calculate ductility factor
i i

mind) = 1.338

me (M) = 45,033

minddir) = 1.302

li
~N
o]
o
[0}

max (dir)
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3
n
-

j 3= 0 ,.m

.

spe = (minddiv) — .0001) + — {(max(dir) -~ min{div) + .0002)
Treg 3= hist(spcs.dir)

ko= O ..(m — 1)

T
‘5 freq = 200

cuin = cum + freg
4] p-1 p—1
cuin
cum 1= i [ w_““
P n+ 1 1
cuin O . Y
a
o L&
2 SpC 7

s 1= lspline(spcscuin) o)

Find the median value:

: or= 4,0 cum spc
i j J
Q (8] 1.302

roct(interp(s:spcrcumsi) ~ JS4%) = 4,034 1 0, 005 i.88
e 0.015 2.454
3 0.1 3.037
4 0.31 F.615
o] 0.97 4,193

Find the + lo value: & Q.78 & .72
7 0.91 S.39

roct(interp(s:spocscumex) = .84134G.5) = 5 =] 0. 265 5288
4 0479 b S0 7
10 1 7085
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Find the - Lo value:

roect(interp(s,spo.cumsx)} — L15B866su) = 3.232

j+1
spC 1= spC
i j+l cum spC

i i ,
O] 0. 005 i, Bé
1 0.015 2,453
n=a 0.1 3.037
| 3 | 0,31 J.615
| 4 | .97 4,193
S ©.78 4,772
| & | 0.91 5,35
7] 0.965 5.923
[ 3 ] 0,99 6,507

fhis program take the calculated probabilities of tTailure and the associated
peak around acceleration values and performs a least squares fit in the
log-probability domain to obtain the "best fit" median and £ valuea.

-
i
ﬂ
[
E]

vyl 1= ln[yl ]
J J

%l = mur&[:u J
3
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slope(ul:yl) = 0,237 B = slopel(xl.yl)

intercept(xl,yl) = 1.364 a = aup{intercept(ul.vi)}
med
corr{xl.yl) = Q.991

z1 1= intercept(xl.yl) + slope(xla.yl)-ul

]
——
iy
~J
w

max (y1l)

max (yl) - -
min(yl) = 0.631 ] -
Y 1 P i _.;:1::::

min{zl) = 0,732 3 3
max(xl) = 2.327 min(z1) ==

mivm{x1l) u1 max{xl)

iy
g
e

mini{xl) = —2.57¢

x1 vyl =1

Ky [ —2.574 0,431

1 -2.171 0.9 )
2 -1.282 1.111 1,06
3 -0, 495 1.285 1.246
4 0.176 1.6434 1,404
5 0,772 1.563 1.547
& 1.341 1.&677 1.46838
7 1.812 1.73 1.794
) 2.327 1.874 1.%16

Tabulate probabilities to compare calculated and best Tit values:
a = exp[?l ] Feak ground accelerations
) j

poo= NDR[%i ] Frobability of failure values
3 i
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N
'

')

NUR | Hest Tit preobability of failure values

©

a P best
. ”..___.....'j..,v.“.“-_ . oo .,_.'j.m am e ey el ......m.._.-'-.:(]
1.88 0 005 O 001

e awl=] 0.015 G L0239

-
S

L0037 0.1 .14

L6159 0.31 D.37

123 G.57 0.615

. 77e .79 Q. 799

5 0.91 0,706
o }

G f~a jo IR TR

o~ R [ | s (G 0

23 Q0.765 .96
7 .99 .984%
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MCAD FILES SFECT.SIM { L

NORMAL DISTRIBUTION

bi = .319381530
b2 = -.33546563782
b3 = 1.781477937
b4 = —-1.8212559278
bS = 1.330274427
p = .23156419
2
exp |
2
S(y) 5
2.95066238275
1
t(x) =
1 + p'|'l
[n 2 3 4 g
NOR () = (3¢ > O) = Z(x)- 1 t() + b2 t() + b3 t(x) + b4t () + bS £ !

INVERSE NORMAL DISTRIBUTION

cO = 2.518917
cl = .802853
c2 = .010328
dl = 1.432788

d2 = .189269

d3 L001308

t(p) = {In

2
p < .9 { cO + cl t(p) + c2 t(p) ]
INOR(p) = (-1) t(p) ~

2

3
1 + dl t(p) + d2 t(p) + d3 t(p) J
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i+ rnd(l)
Freq := Freq ‘exup (AT INOR | ——
1 hat n + 1

LFreg := 1In rFreq -]
i i

ALFR = READ(XLFR)

PYe
m
»
~J
fl
il
Ti
oy
lw]
>
Uﬁ
he)
~J

57 1= cspline{XLFR,X8A7)

Eor= 1 ..600

) |
il
b f Y
interp |s7:XLFRyXBA7,1n |7
3 10 v .
: ™,
Q
1 b 100
10
S5A 1= interp |s7.XLFR.XSA7:LFreq |
i i
LSA = 1ln [SA T
1 i c-122




Median = exp(mean(LSA)) Fmedian = expimean(lFreqg))
Beta 1= stdev(LSA) Fbeta :1= stdev(LFreqg)
Median = 0.895 Fmedian = 5.998
Reta = ©.293 Fbeta = ©0.338
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Median := expimeaniL5A))

Beta := stdeviL5SA)
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MCa&L FILES DIR.FAT

This proaram calculates the distribution on response for peak-to-peak and
direction variability when the combination method is the 100 40 rule

NORMAL DISTRIBUTION

bl = .319381530

ba = -.356363782
b3 = 1.781477937
b4 = -1.821285978

b3 = 1.330274427

p = .2316419
E-
expi
2
() 8 ————
2.506628275
1
tix) =
1+ pluld
[b 2 3 4 b]l
NOR(x) = (30 > 0O) — Z(w)’ 1°t(x) + bha t(x) + b3 t(x) + b4t + bS L) !

INVERSE NORMAL DISTRIBUTION

cl = .808833
cg = .010328
di = 1.432788
dg = .189269

d3 = .001308

t(p) = |ln

({p » .3) = p)
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2
[ cQ + el tip) + c2 tip)

p % .5
INOR(p) = (-1) t(p) -
2 3
1 + di ti(p) + d2 t(p) + d3 t(p)
n o= 199
i =0 ..n
i+ rnd(l)-_’

ptp = 1.0 enp [O.20 INOR | ———— a

i n + 1 J

.’.

‘ i+ rnd(l)
dir = 1.0 exup |05 INOR|— —— a
1 n + 1

min{dir) = 0.659 a

max (divr) = 1.3585 a

WRITE(DIR) := dir o
i

WRITE(FPTF) 1= ptp o
1

WRITE(FTFF) := ptp o

Randomly mix both the direction and the twoa peak—to—peak arrays EXIT TO DOS
and run CADMIX

dir = READ(DIR)

1
ptp 1= READ(FTR) c 1= 0 ..4
i
ptpp = READ(FTFF)
b div ptp ptpp
c c c
1.087 1.0 0,724
0,234 0.9 Q.207
1.189 1.01 1.643
1.234 0,279 1,108
1.124 1.0 1..346
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Ptpp

i
div ‘ptp + .40 0O
i i dir
1
dir 1=
1 1 + .40°C
min(dir) = 0.439
max (dir) = 1.835
m 3= 10
j 1= 0O ..m
J
spc = (minddir) — .0001) + ~"(max{dir) — min{dir) + .0008)
J m
freq := hist(spc.dir)
k 2= O Jotm ~ 1)
f; freq = 200
PUSSS— k
k
cum 2= 0
®)
pos= 1 L.m
cum = cum + freq
7] p-1 p—1
cum
P
cum = T 1 AT
p n o+ 1 T
cum <
P ;
0 =1
-5 spc 1.5
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s = lspline(spc.cum)

Find the median value:

o= 1.0
cum sSpC
A i ]
L8] Q 0,458
rootlinterp(syspcicumsx) — .S,1) = 0,999 1 Q.01 0.594
2 Q. 103 0,734
3 0,295 0,971
4 0,919 1.009
= 0.489 1.147
Find the + 1o value: & 0,84 284
i 0,925 822
roct(interpi(ssspc.cumyi) = .84134,%) = 1.286 g 0.24 T
o 0,929 1.4697
1¢ 1 1,833
Find the - 1o value:
root(interp(s,spcscumsx) — .1586&6.x) = 0.779
tcum = cum
d 3
tspc 1= spc
1 3
m 2= m - 2
5 1= 1
j o= Q0 L.m
cum = tcum
3 i+l
spc 1= spc
1 i+l cum spc
Ld i 3
L O | 0,01 0,594
1 0,105 Q. 734
2 0,095 0.871
| 3 | 0.515 1.009
| & | 0,69 1.147
LS 0,84 1.284
1 & ] 0,925 d.aa22
Z 028 s
3 Q.29 d.427
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This program take the calculated probabilities of failure and the asscciated
peak ground acceleration values and performs a least squares fit in the
log-probability domain to cbtain the "best fit" median and § value.

V

-

-
]

cum
J J

spcC
3 3

1n[}1 ]

J 3
INOR[%I ]

i j

vl

vi

-
-
tt

R = slopelxl.yl)

jay

slopeixl,yl) = 0.23

intercept(xl,.yl) = 0.008 a = exp(intercept(xl.yl))
med
covrvrixl,syl) = 0,999

#

1.008

-
I

0.235

z1 2= intercept(ul,yl) + slope(xl.yl) ut
3 J

maxf{yl) = 0.52%9

mast{y1l) P
min(ytl) = —0.517 /,f“

¥yl sz1 o
min(zl) = —-0.539 3 3 o

ﬂ"/
max(xl) = 2.327 min(z1l)
mindxl) =1 max(xl1)

min(xl) = —-2.327 3
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D v 1 =1
i i i

2,327 -0, 517 =0 .5939
=1.254 ~0,31 0,287
-0,5938 —-0,138 0,119
0,038 0,009 0,017
0,499 0,137 0,124
0,994 0,29 0,241

1.44 0. 352 0. 3484

1.791 Q.444 0,419
2.327 0,029 0,954

a =@ p{}l 1 Feak arocund accelerations

3 IJ
B o= NOR[?I } Frobability of failure values

b 3

a ]
i
1In
e
med
2= NOR | ——— Best tit probability of failure values
best L (o] J
i
P
a p best

e —_ i
O 0,598 0,01 0,013

1] 0,734 D105 0,088
| 2 | 0.871 0,295 0.2468
|3 1009 0,519 0,502
4 | 1.147 0.47 0,709
5] 1.284 0,90 0.342
1 & ] 1.422 0,225 0229
| 7 1.34 0.7 0,246
| 3| 1.4897 0,29 0,937
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MCAD FILES DIR.FAC

This proavam calculates the distribution on response for peak-to—-peak and
direction variability when the combinaticon method is the SRSS
rule

NORMAL DISTRIBUTIUN

bl = .319381530
b2 = -.356563782
b3 = 1.781477937
b4 = —-1.821255978
bS = 1.33027442°9
p = .23146417
2
exp |-
2
Z(x) =
2.506628275
1
t(x) =
1+ p Il
[b a 3 4 5 |
NOR{x) = [{x = 0O) = Z(x)~ 1°t(s) + b2 t(x + b3 t{(x) + b4 t(x) + bS t(x)

INVERSE NORMAL DISTRIBUTION

cO = 2.918517
cl = .8028853
ce = .010328
di = 1.432788

d2 = .18926%

d3 = .001308
S
tip) = {1In
l 2|
Lep = o5y = py |
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!

2
B o cO + cl ti(p) + c2 tip)
[NOR(p) = (-1)

44

tip) -
2 3
1 + di ti{p) + d2 t(p) + d3 t(p)

J
i
-
0
G

-
I
o
3

+

[ [1 rnd(l)—l
ptp  := 1.0 exp |0.20° INOR -——-—J o
i L L n o+ 1

' i+ rnd(1)
dir = 1.0 exp |0 1S INOR | o
1 n o+ 1

min(divr) = O.5639 o

max(dir) = 1.958 a

WRITE(DIR) := dir a
i

WRITE(FTP) := ptp a
i

WRITE(PTFF) := ptp a

Rarndomly mix both the direction and the two peak—to-peak arrays EXIT 7O DOS
and vun CADMIX

dir := READ(DIR)

i
ptp 1= READ(FTP) c =0 ..4
i
ptpp := READ(FTFF)
i dir ptp ptpp
c (= c
1.087 1.033 0,79
0.9234 0.9 : 0.907
1.189 1.0 1.443
1.236 0,975 1.108
1.194 1.0246 1.346
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~ =
ptpp
2 i
Fir ‘ptp J + lc
i i dir
4 i
dir :=
i
I .
11 + ¢
min{dir) = Q.4%9
max(dir) = 1.839
m = 10
j = O ..m
J
spc = (minldir) - ,0001) + = (max(dir)
i m
freq := hist(spc,dir)
k2= 0O ..(m - 1)
~_
4} freq = 200
P be
k
cum = 0O
O
po:= 1 ..m
cum = cum + freg
P p-1 p-t
cum
p 1
cum =
p n + 1 cum

C-160
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s 1= lspline(spc.cum)

Find the median value:

o= 1.0

rocot(interp(s.spcscums) — .S.%) = 0.999

Find the + 1o value:

roeot(interp(s,spcscumsx) ~ .84134,x)

Find the - 1o value:

root(interpi(s,spcscumsx) — .13866,:)

tcum := Cum
i ]

tspc 1= sSpC
3 J

= 1.286

= 0.779

C-161

cum spc
J ] ]
() (9] 0,453
i 0.01 0,594
2 0105 0,734
3 Q295 0,371
4 O.5159 1,002
= 0,469 1.147
(= 0,34 1.284
7 0,223 1.422
8 0,95 1.56
9 0.29 1.697
10 1 1.835
cum spC
A N j h
| O ] 0,01 0,599
1| 0,105 0.734
| 2 | 0,295 0. 8721
| 3 0.51% 1,009
| 4 | Q.49 1.147
5 ) 0.84 1.284
| & 0,925 1.422
__'Z_1 0,926 1.56
| 8 ] 0,92 1.827




This program take the calculated probabilities of failure and the associated
peak ground acceleration values and performs a least squares fit in the
log-probability domain to obtain the "best fit" median and £ value.

-
<

-

a
]

cum

~<
Pt
]

spc

vl ln[?l ]
i J

%1 1= INDR[%[ ]
J J
slopei{sl,yl) = 0.235 B = slope(ul.yl)
intercept(xi,yl) = 0.008 a 1= exp(intercept(il,.yl))
med
corr{xlsyl) = 0.999
[ T S0 4
: 1
: Ny ]
; a = 1.008 3
C=EO med X
: = 0.235 3
;“m*n.'».' R e e R A T4 DL X TR AT ~ L T Y Cee st LT G __4
21 := intercept(xl,yl) + slope(xl.yl) nt
3 J
maxf{yl) = 0.52%9 }
max{yl) i
min(yl) = ~0.517 d/f/
Y 1 21 "_‘,/ ~
min(zl) = ~-0.539 Jj 3 ™
w"/
max{x1) = 2.327 min(zl)
min{xl) 21 maxixl)
min(xl) = -2.387 3
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39333333

sl
M

i
-2.327

=1.,254

-0 ,538

2,038

Q.,49%

0,994

1.44

1.731

2.327

vi =1
‘! ]

0,017 0,539
0,31 =0.287
-0,.133 ~0.119
0,009 0,017
0,137 0. 124
0.25 0,241
0,352 0,344
0,444 0,419
0529 Q559

Tabulate probabilities to compare calculated and best fit values:

by
L
i
T
E:
<
~
o

Ro)
I

b]

T

best

)

23303933,

a
|

0392

0,734

0.8971

1.009

1.147

1.284

1.42082

1.56

1.627

med

f

Feak aground accelerations

Frobability of failure values

Best fit probability of failure values

P

=} best
i

0,01 0,013
0,105 0,088
Q225 0268
0,918 Q502
0,49 0709
0,494 L, 049
0.925 0.929
0,246 0,289
Q.99 0,987
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MCAD FILES FEAK.COM

"his program calculates the distribution fer the maximum of two horizontal
—omponents where only the maximum component variability is included

JORMAL DISTRIBRUTION

.3192381530

,..
1]

1Y
1]

-.356563782

1.781477937

ui
i

-1.821255978

+
i)

1.330274429

8]
lit

.8316419

©
[}]

—X

exp
2

(%) -
2.5064628275

1

-4
-~
1T}

1 + p'lxl

[b 2 3 4 5
(x > 0) = ZCGO - b1 t(x) + b2 t(x) + b3 £(x) + B4 t(x) + bBS ()

-

I}

ORx)

INVERSE NORMAL DISTRIBUTION

0 = 2.515517

1 = ,802853

2 = .010328

i1 = 1.432788

i2 = .18926%9

i3 = .,001308

1

(p) = 11ln

-

I Lo 5 - m
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2
p < .5 cO + cl t(p) + c2 t(p)
NOR(p) = (-1) it tp)y -

a 3
1 + dit(p) + d2 t(p) + d3 t(p)

1 1= 199
=0 ..n
i + rnd(1l)
dir = 1.0 exp (015 INOR |
i n o+ 1
. 1 .
dir = dir 'l?ir * lJ + ‘[éir < 1] This step makes all direction
i i 1 dir i values equal to or greater
i than 1 (i.e.. peak component)
nin{div) = 1.001
wax(dir) = 1.534
mn o= 10
j o= 0 ..m
J
sSpC = (min(dir) — .0001) + " (max(dir) — min(dir) + .00Q02)
J m

freq := hist(spcsdir)

kos= 0O s.f(m — 1)

; freq = 200
d

- k-
k
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cum = 0O

cum 1= Ccum + freq
P p—1 p—-1
cum
a]
cum =
p n + 1

5 1= lgpline{spcscum)

Find the median value:

# 1= 1.0

root(interp{s,spcrcumsx)

Find the + 1o value:

~pot{interp(s.spcscums)

Find the — lo value:

oati{interp(s.sspCsCums )

cum

84134 ,)

. 158664 )

8]

1.107

1}
-
.
o
w
hot
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cum spc
i k] i
Q 0 1,001
1 0.275 1,054
2 Q.5 1.107
3 0. 68 1.161
4 0,8 1.214
o Q.885 1.267
& Q0,.935 1.321
Wi 0,97 1.374
g 0,98 1.427
9 0,99 1.48
10 1 1.534




i j+1 cum spc
o J i
| O | 0.275 1054
| 1] 0.9 1.107
| 2 0,468 1.161
| 3 0.8 1.214
| 4 | 0,885 1.267
=8 0,935 1.321
1 & ] 0,97 1.374
| 7 0,99 1.427
L 8 ] 0.29 1.48

This program take the calculated probabilities of failure and the assocciated
peak ground acceleratiocn values and performs a least squares fit in the

log—-probability domain to obtain the "best fit" median and £ value.

v1

v1i

—-
.
L]

cum
J

spC
i)

"p)

INOR [m }
j

C-171




slope(sl,yl) = 0.117

intercept(xl,yl) = 0.103

corv(xl,yl)

zl = interceptixl.,yl) +
J
max({yl) = 0.392
nin(yl) = 0.033
nin(z1l) = 0.034
nax(xl) = 2.327
Mnixl) = -1.3514
x1
i
i ~1.514
_0 | =0, 459
1 O, 088
2 0,663
3 1.2
4 | 1.7591
-] 2,171
- 25746
Z 2.974
8]

3 = slope(xl.yl)

a := exp(intercept(xi,yl))
med
a = 1.11
4 med
L f=0.117
slope(xl.yl) =1
J
max(yl) ]
v 1 .zt ~_:’_/"
e
J ] =
o
ﬁw’»
min(z1l)
min(x1) x1 max(ul)
J
yi =1
i i
-0, 235 -0, 241
=0, 034 -0, 039
0,129 Q.138
Q.272 0,867
0,394 0.398
0,507 0,827
0,608 0. 4864
0,697 0,721
.78 0,721

Tabulate probabilities to compare calculated and best fit values:

1= exp [yl ]
3 J

1= NUR[:l ]
3 i

Feak ground accelerations

Probability of failure values
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T

best

JO33333

it

1n

NOR

a

i
Q.7924

D264

1.138

1.312

1.4868

-1

1.833

2.007

2.181

T

med

A

Best fit probability of failure values

p
i

0,065

0. 255

0,235

0,74

0,885

0,924

0,985

0,995

0,995

best

0,088

0,239

0. o248

Q.747

0,884

0.9258

0,282

0,993

0,298
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MCAD FILES DIRLPEAK.MCD

10

This proaram calculates the distribution for the maximum of two horizontal
components where both the peak-to—-peak and maximum component variability

are included

NORMAL DISTRIBUTION

-1 = .319381530
2 = -.356563782
23 =2 1.781477937
a4 = ~-1.821255978
25 = 1.330274429
p E .2316419
2
axp | —
2
ARy B2 ———————
2.506628273
1
tin) =
1+ plxl
JOR(x) = (3 » 0O) — E(x)'[;l't(x) + b2 t(n)
INVERSE NORMAL DISTRIBUTION
0 = 2.9135917
-1 = .802853
2 = .010323
i1 = 1.432788
2 2 .18926%
i3 & .001308
1
(p) = |1n
2
((p O = p)
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3 5
+ bS t{x)

+ b3 t(x) + b4t

a 4

i




2
p < .5 cCO + cl t(p) + c2 t(p)
NOR(p) = (-1) “ltip) -

2 3
1 + dl t(p) + d2 t(p) + d3 t(p)

It
—
0
G

..
It

[ed]
'

»

®

3

i+ rnd(1) |
tp = 1.0 'exp{0.20 INOR|————

no+ 1

i+ rnd(l)--
dJir = 1.0 exp (0.15 INOR|——
b n + 1
i
vy 3= dir ‘[Fir * 11 + '[?ir < 1] This step makes all direction
i 1 i dir 1 values equal to or greater
i than 1 (i.e.. peak component)
miin(dir) = 1.001
iax{dir) = 1.534
JRITE(DIR) == dir o
i
ARITE(PTF) := ptp o
i

i
}

Randomly mix beth the direction and the two peak—-to—peak arrays EXIT TO DOS
and run CADMIX '

iir = READ(DIR)

i
stp := READ(FTF) c =0 ..4

i

dir ptp
c [

1.24 1.131
1.01 0.203
1.181 12
1.17 0.8
1.032 0,814
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il
o
-
~

nin(divr)

]
n
w
4y}
>

nax{dir)

spc = (minddir) - .0001)

freq := hist(spc.dir)

]

O s.lm - 1)

freq = 200

—um = O

<

J 2= 1 ..m

Tum = cum + fregqg
P p-1 p-1
cum
P
—um =
p n + 1

lspline(spc.cum)

1]

J

+ T imax{dir)

m

- min{dir) + ,0002)
1 =
cum
p 1
8]
-5 sSpC 1.5
cum spc
3 h| 3
O O 0,617
1 0,065 0,791
e 0.295 0,244
3 0,535 1,138
s Q.74 d.312
) 0,885 1.48¢8
& 0.96 1448
7 0,985 1.833
8 0,995 2.007
9 0,295 2.181
10 1 2.395
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Find the median value:

root(interpi{s.spcrCumsx) — .S,%) = 1.115

Find the + 1o value:

root(interp(ssspcycumsx) — .84134%.1) = 1.483

Find the - 1o value:

rect{interp{s.spcscumyn) — .15866.x%) = 0,892

tcum = cum

J J
tspc 1= spC

J J
m:=m - 2

5 := 1
j 1= 0 ..m
cum := tcum
3 i+l

spc 1= spC
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N L0 o

1Y

A9 30333338

cum sSpC
3 i
0. 065 0.791
Q.285 0,944
Q.535 1.1328
Q.74 1.312
0,885 1484
.96 1.64
0,985 1.833
0,999 2.007
0,995 2..181




I

This program take the calculated probabilities of failure and the associated
peak ground acceleration values and performs a least squares fit in the
log-probability demain to obtain the "best fit"” median and f value.

1 = cum
J J
1 t= spC
3 3
71 = ln[?l ]
J J
1 = INDR[}I ]
3 J
slope(xl,yl) = 0.835 f = slope(xl,yl)
intercept(xl,yl) = 0.115 a 1= expl(intercept(xl,.yl))
med
corr{xl,yl) = 0.997
a = 1.182
med
f = 0.235
z1 := intercept(xl.yl) + slope(xl.yl) u1
J 3
naxXx(yl) = 0.78
max (yl)
ninlyl) = —0.235 /
. yl »z1
Atn(zl) = -0.241 3 J __,»'/
aax(x1) = 2.576 min(z1)
min{x1l) %1 maxi(xl)
nin(xl) = —-1.514 3

c-178




1 vyl =1

ol 1 i J
0] -1.514 ~0,035 ~0, 241
D —{)  LH59 -0, 034 -0, 039
a2l 0,088 0,129 0.134
3 0,643 0,272 0.2867
. 1.2 0,394 0,398
= 1,791 0,507 0.527
] 2.171 0,804 0. 608
L7 2,574 0. 597 0.721
j] 5. 574 0.78 0.781

Tabulate probabilities to compare calculated and best fit values:

Feak ground accelerations

it
"

.l:

T

ﬁ
l"__’,< 1

-
fa—

Frobability of failure values

U
[
-
Z
(=)
b
—
b
P

r a ]
J
In
a
med
o := NOR Best fit probability of failure values
best L f J
J
p
a p best

e i i

0| 0,791 Q.05 0,068
1] 0.2484 0,255 0,259
2 1.128 0.535 0.524
3] 1.312 0. 74 Q.747
s 484 0. 885 0,884
] 1.86 0.24 0,252
- 1.833 0,985 0,982
Z1 207 0,299 0,293
8] 181 0,995 ), 298
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An Approach to Comparing the CDFM and FA Methods
by John W. Reed

An approach is presented to compare and reconcile the results from
the HCLPF calculations using the CDFM and FA methods. The purpose for
performing a reconciliation is to identify where conservatism is placed
in the CDFM analysis and to obtain a measure of influence of each of the
basic parameters relative to the conservatism in the HCLPF capacity. The
approach is based on the procedure that J. W. Reed used to obtain backfit
CDFM results from the FA analysis, which is documented earlier in this

appendix.

The approach is based on two fundamental results. First, the number
of standard deviations, vy, between the value of a basic parameter (e.qg.,
damping, response spectrum input, or member strength) used in the CDFM
analysis and the corresponding median value (in a multiplicative sense,
since the underlying distribution is assumed to be lognormal) is the same
v conservatism in the HCLPF capacity due to that basic parameter.

Second, the following relationship is true when the HCLPF values
from the CDFM and FA methods are the same:

LviBCAPi = 1.65(Br + Bu) (1)
where:
vj: Number of standard deviations between the basic parameter
i and its median value (in a multiplicative sense, since

the underlying distribution is lognormal).

BcApi: the logarithmic standard deviation of the final capacity
due to the variability in basic parameter i.
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Brs Bu: The total randomness and uncertainty logarithmic standard
deviations for the final capacity, respectively.

The procedure to reconciling the results from the CDFM and FA

methods consist of the following steps:

1. Identify the equation which relates the basic parameters to the
final capacity of the component. Note that in using this
approach the reconciliation can be performed only if the same
equation is used in both the CDFM and FA calculations.

2. Using a Taylor series expansion of the final capacity equation,
and a second moment approximation, obtain the median and
logarithmic standard deviation values of the final capacity in
terms of the statistics of the basic parameters (i.e., median
and B8).

3. For each basic parameter value, CDFMy, assumed in the CDFM
analysis, and the corresponding statistics for that basic
parameter obtained in the FA analysis, calculate the yj values

as follows:
1 CDFMi
ET In Mediani (2)

1

‘Y.i=

4. From the equation for the logarithmic standard deviation of the
capacity, Bcap, in terms of the basic parameter statistics,
calculate gcapj which is the g in capacity due to the
variability in basic parameter i. This step can be performed
in terms of the combined basic parameter variability or in
terms of the separate randomness and uncertainty parts (i.e.,
Pr; and ﬂui)' The only constraint is that the variability of
all the basic parameters, either combined or separate, must be
accounted for.
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5. As a check, Z7iBCApi should be essentially equal to 1.65 (Bp
and B,) as described above (see equation 1). In general the
two parts will not be exactly equal because the second moment
approach is only approximate.

From these results, the 7; values indicate the level of conservatism
assumed in the CDFM analysis for each of the basic parameters. The ratio
YiBcapPi/1.65(Bp+By) is the fraction of the total conservatism contributed
by the ith parameter value used in the CDFM method.

Example

The calculations by R. P. Kennedy for the Starting Air Tank are used
as an example to demonstrate a reconciliation between the CDFM and FA
approaches for calculating the HCLPF capacity (see Appendix A for
Kennedy’s calculations). The governing equation for the capacity of the
Starting Air Tank follows:

28.8 Tu + 11.3

CAP = (units: g) (3)
38.2 AFy + 11.3 Fy
where Tu = Angle capacity (units: kips)
AFy = Horizontal response factor (unitless)
Fy = Combined vertical response factor (unitless)

Note that the constants in the equation contain the appropriate
units so that the capacity is given in terms of acceleration (i.e.,
gravity units). Using a Taylor series expansion and the second moment
approach, the median and Togarithmic standard deviation for capacity in
terms of the basic parameters follow:
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Median: ‘
28.8 Tu + 11.3 (4)
38.2 AFy + 11.3 Fy

~
CAP =

Logarithmic Standard Deviation (squared):

¥ 2 ~ 2
28.8 Tu 38.2 AF
e, = g2+ | £ (5)
Y4
CAP "\o2g.8 Tu + 11.3/ T4 \38.2 AR, + 113 F AFy
g
2
11.3 F
+ v ﬂZ

v v
38.2 AFH + 11.3 FV Fv

Using the fragility parameters obtained by Kennedy and the above
equations the final results are summarized below for the fragility

analysis.
Parameter Median Py Bu Bc
Tu 3.34 - 0.16 0.16
AFY 2.51 0.22 0.22 0.31
Fy 0.32 0.53 0.19 0.56
CAP - 1.08¢g 0.21 0.26 ' 0.33

Note that the capacity values differ slightly from Kennedy’s results
since he obtained the capacity values by direct simulation rather than
the second moment method. The HCLPF capacities obtained by the two
approaches are shown below.

CDFM 0.48
0.50

En 1 0ge-1-65(0.21+0.26)

Since the HCLPF values by the two approaches differ slightly the 27ﬂ
value must be adjusted before reconciling the results as follows:
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1.08°278 = 0.48 ----> Ty = 0.8l

Table 1 gives the results of reconciling the CDFM and FA approaches.
The first three columns give the basic parameters and the results Kennedy
obtained in his analyses using the two approaches. The B¢ values are
obtained by the SRSS combination of the gy and gy values. The fourth
column gives logarithmic standard deviations of the final capacity from
each of the basic parameters using equation 5. Note that the three terms
in the parentheses of equation 5 represent influence coefficients for the
effects of the basic parameters on the variability of the Starting Air
Tank capacity. Both Tu and AFy (i.e., the angle capacity and horizontal
earthquake effect, respectively) have potentially significant influence,
but Fy (i.e., the vertical earthquake effect) has little influence.

The fifth column gives the 7 values, which are the number of
standard deviations (a measure of conservatism) assumed in the CDFM
approach for each of the basic parameters. They come from the standard
relationship for the lognormal distribution which relates the number of
standard deviations which a value is away from the median (in a
multiplicative sense) knowing the median and g (see equation 2).

The sixth column gives the YBcap value corresponding to each basic
parameter using the results from columns four and five. Finally, the
last column gives the probability level (which is a measure of the level
of conservatism) assumed for each basic parameter used in the CDFM
approach.

Based on the results in column six, most of the contribution to the
conservatism in the HCLPF capacity using the CDFM approach comes from
the angle capacity, Tu, and the horizontal response factor, AFy. Almost
none comes from the vertical earthquake component. This last result is
to be expected since the vertical component has little potential
influence on the tank capacity.
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From the probability level results it is seen that the horizontal
and vertical earthquake component values used in the CDFM analysis are
only slightly conservative (0.50 would be median) while a very large
factor of conservatism was introduced in the angle capacity value.
Finally, Table 1 shows that the Zyﬂ value calculated (i.e., 0.83) is
close to the target value of 0.81. This slight difference is expected
since the second moment approach used is approximate.
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L6L=0

Basic Parameter

Angle Capacity, Tu

Horizontal Response

Factor, AFy

Combined Vertical
Response Factor, Fy

(1.11)(0.40)
= 0.44

Table 1 Reconciliation Between (DFM and FA Approaches

YBcap
(fraction of total)

Prob. Level

FA Parameters ﬁCAP Y

Tu=3.34  (0.89)(0.16) = 0.14 y=3.90 (0.14)(3.90) = 0.55
Bc = 0.16 (.66)
1 . 3.3
Y=0.16 "G5p)
ARy =2.51  (0.96)(0.31) = 0.3 ¥=0.91 (0.30)(0.91) = 0.27
Bc = 0.31 (.33)
= 1 ]"(0 32)
Fy=0.32  (0.40)(0.56) = 0.02 y=0.57 (0.02)(0.57) = 0.01
B. = 0.56 (.01)

Total 0.83 (compare to 0.81)

$(3.90) = 0.99995

$(0.91) = 0.8

$(0.57) = 0.72
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MCADL FILES GSFECTRA.CEH

This program reads in the natwal logarithms of the median rock around
response spectra for 3%. S%4, and 74 and 10% damping and the
corresponding natural logarithms of the frequency values. Note that
there are N+1 data values for each array ranging from ¢ to N. Each
‘spectrum is fit with a cubic spline.

HORIZONTAL DIRECTION

N 1= 40
1 1= 0O ..N

Read in frequency values:

XLFR3Z := READ(XLFR3) FMEDRSFC.3% contains the lns of the freguencies
i corresponding to the 3% Sa values

XLFRS := READ(XLFRS) FMEDRSFC.3% contains the 1Ins of the frequencies
i corresponding to the S% Sa values

XLFR7 := READ(XLFR7) FMEDRSFC.7%4 contains the 1ns of the freguencies
i coriresponding to the 7% Sa values

XLFR1¢0Q == READ(XLFR10) FMEDRSFC.10% contains the lns of the

i frequencies corresponding to the 104 Sa values

Read in spectral values:

XSA3 := READ(XSA3) MEDRSFC.3% contains the lns of the 3% Sa values
i

XSAS := READ(XS5AS MEDRSFC.S% contains the lns of the 5% Sa values
1

X567 = READ(XSA7) MEDRSPC.7% contains the ins of the 7% Sa values
i

XSA10 1= READ(XSAL10) MEDRSFC.10% contains the lns of the 104 Sa values

i

s3 := cspline(XLFR3,:X5A3)

s5 = cspline(XLFRS,XSAS5)

87 1= cspline(XLFR7,X5A7)

s10 1= cspline(XLFR10,X5A10)
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exp[interpl}SsXLFRS,XSASsln

- 1200

10

5l

ia =~

1
Q0 .40
1= exp [XLFRB ] SA3 =
J 3
1= exp [XLFRS ] SAS :=
J 3
1= EAD[?LFR7 ] S5A7 ==
J J
1= exp [XLFRIO ] SA10 :=
J J

3

Example 5S4 damped ground response spectrum
scaled to 1.0g pga

N
."{’. \\
-~ ™
.-".{l \\J,_
1 k 100
20
exp [xsA3 ]
L J
eprkSAS ]
L 3
exp [xsa7 ]
L J

exp [xsmo
j

]

C-194




4},

FR3 543 FRS SAS FR7 SA7 FR10O SALD
j. ] ] 1 i j s I ]
0.3 0,327 Q.3 0,29 D.3 0,268 0.3 0. 24
0.367 04 Q.34 Q.394 0,385 0,323 0,384 0.229
0,449 0.4 0,44 0,4 O, 444 0,32 0,441 0,353
Q.59 Q.5 (9 JT2 St 0.524 Q.54 0,478 0.53 Q. 427
0.4873 0.7 006 0O.4642 Q657 0. 582 0. 54 0.5l
0,824 0,39 Q.81 0,783 0,8 0,708 0,789 0,528
1.008 1.0 0,98 0. 955 0,973 00,8481 0,252 0.741
1.234 1.34; 1.20 1.165 1,184 1.048 1,154 0,923
1.51 1.864 1.47 1.4292 1.44 1,275 1.32 1.119
1.849 2.0 1.795 1.7 1,752 1.551 1.4%4 A9&
2.263 2.4 2.19 2.116 2.131 1.887 2,058 1 .4844
2.567 2.463 £.493 2.114 2.433 1.887 2336 1,444
2.213 2,446 2.83 2.1146 2.7277 1.887 2.459 1.64
3.305 2.4 3.23 2.114 3.17 1.887 3.091 1.864
3.75 2.4 3.877 2.116 ~518 1.88 3.594 1.864
4,254 2.4 4,18 2.1186 4,129 1.887 4,058 1.64
4,827 2.4 &, 765 2.114 4,713 1.887 4,846 1.444
G877 2.4 Sa.024 2.116 5.38 1.887 S.322 -1 Y
L.2le 2,443 H.174 2.114 Jal 1.887 L.097 1.864
22051 2.443 7.028 2.1146 7,009 1.887 L9284 1 .644
8 2,443 8. 2.11 g 1.887 o] 1.64
2.218 2.231 2.218 1.9 2.218 1.77 9.218 1.246
10,621 2.09 10,4621 1.821 10,462 1 . K42 10,621 1.489
12.238 1.879 12.238 1.49 12.238 1,24 12.238 1.41
14,101 1.71 14,10 1.268 14,10 1.464 14,101 1.34
146.24 1.594 16,24 1.6435 16.24 1.374 165.248 1.282
18.722 1.4 18.7 1.349 18,72 1.28 18.722 1.22
21.57 1.3 21.57 1.252 21.57 1.21 21.572 1.14
24,85 1.198 24,85 1162 24 .85 1,139 24,856 05
28.44 1.094 28.464 1,078 28.484 1,044 28,464 1.05
33 1 33 i 33 i 33 1
A%5.033 1 35.03 1 35.03 1 35.033 i
37.191 1 37.19 1 37.19 1 37.19 i
32.483 1 392.48 1 32.48 1 39 .4t 1
41,9215 1 41 .915 1 41.9215 1 41,9213 1
44,497 i 44,49 1 44 497 1 44,597 1
47,23 1 47.23 1 47 .23 1 47,239 1
S0.149 1 S0.14%4 1 S0.14 1 0,149 1
=53.238 1 S3.23 1 53.238 1 53.238 i
k.51 i Sh.o1 1 Sh.51 1 S6.518 1
A0 1 &O i K0 1 &0 1
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MCAD FILES FSFECTRA.CHH

This proaram reads in the
#]

3.5%s 4%
of the frequency values.
array ranging from O to N.

HORIZONTAL DIRECTION

45

READ (XLFR)
READ(XSAZ)

READ(X8A3S)

READ (X5A5)

XSA7 = READ(XSA7)

cspline(XLFR,XS8A2)
= gspline(XLFR,XSA35)
cspline(XLFFRXS8A4)
cspline(XLFR,X5A5)
cspline(XLFR:XSA7)

[ I T

HORIZONTAL Tloov response spectra
S% and 7% damping and the corvresponding natural logarithms
Mote that there are N+l data values for

fC"l_ Ezlou

each
Each spectrum is it with a cubic spline.

HLFR.DAT contains the lns of the frequencies

HSAZ.DAT contains the 2% Sa values

HSA3I.DAT contains the 3.5% Sa values

HSA4 . DAT contains the 4% Sa values
HSAS.DAT contains the 5% Sa values
HSA7.DAT contains the 7% 5a values
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o= 1 ..1200 Evample plot of 3.35% floor response spectrum

interp

| S

1 b 150
20
This plot took 12 seconds to compute

joe= 0 ..43

FR P @Hp l.’(l—-""\' 'J
y i
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FR
J

-

XShaz

i

1

GO.21

1.171

O.264

1.371

0. 382

1,600

0,378

1.379

0,434

0.379

2.2

Q.47

Q.427

2.4922

0,535

0,458

2.g22

Q.582

0,488

J.1926

0.,.5628

0,518

3.6

QD h74

0.543

.1

Q.72

Q.57

4,379

0,368

OL.701

4,673

1.0186

0.823

4,794

1.164

0,245

=337

1.31&

1.067

.

5 ad

1.46

1.19

S.7273

1.884

1.518

& . 25

2.316

1.84

b .o5d

2.744

2.165

6£.871

3.172

2,49

7.2

3.6

2.815

7.6l

3.075

2.439

2.,044

2552

2,043

D503

2,088

1.4686

g.249

1.504

1.31

o P

0,928

Q. 9234

10,237

0,892

0. 852

11.03

O ,,804

Q.77

11.833

Qa7lb

0.688

12.807

0. 628

QL H086

13.4d

0,54

0,585

14.863

L

0828

16,004

QLS4

QuERs

17241

QW54

S PRTd

18587

0,54

Q.25

=20

TS

(Y ]

22,107

D508

0.49248

2% . 434

0.474

D467

27.91

QL 444

0,438

27,8353

0418

0, 409

33

038

0..38

37.171

0.38

.33

41,2135

Q.38

0,38

47 .2372

0,38

0,38

03.238

0,38

0,33

=18

Q.38

0,39

C-198

XSA4
i

A5RE

]

0,18

Q.17

X8A7
i

O.14

0024

Q.10

0,126

O .0272

0,254

0,232

0,313

Q.0294

0.2468

Q.3464%

Q. 338

0,304

Q.41

.38

Q.34

0.434

0,329

0. 3592

0,468

0,413

Q. 3464

0,488

Q.433

0.376

Q.51

Q. 437

0,388

(WIS

Q78

Q.4

Q. 4260

Q0,583

Q.8904

0,772

0,569

0,608

£, 888

Q0.798

0. 712

1.004

Q.05

D.814

1.12

1la.Ql2

0,922

1.414

1.094

1.7212

1.272

2,008

1.449

2.304

1.624

2.f

1.8

B.264

1.61

1.223

1,702

1.2

1.5922

1.432

1.23

1.254

1163

1 .04

0,92

0,894

0,85

Q.84

0,813

Q.78

O Z6

0,741

0. 71

0..648

Q.60

0. 54

[

0,588

Q.57

0582

Qual2

Q a

Qs

Q.51

0.5

T

Q.91

(0 ]

T

QL5182

(9]

Qa5

Q.ale

I

0,52

0.512

s

Q472

Q.4584

O 474

O 4hG

0,499

0,452

Q.435

Q. 433

0.428

O 408

D408

QL. 404

0 .38

0,38

0,38

Q.38

0.38

O.398

Q.33

0,33

2 ..38

0,38

.38

0,38

0,358

0 .38

0 .38

Q.39

0.38

Q.38




MCAD FILES AFHSFECT.AVE

This program reads in the averaged HORIZONTAL fleor response spectra for
Q% . 3.5%. G%s S%. and 7% damping (and the corresponding floor spectra)
ard the natural logarithme of the frequency values. Note that there are
N + 1 data values for each array ranging from O to N. Each spectrum is
fit with a cubic spline.

HORIZONTAL DIRECTION

XLFR. := READ(XLFR) HILFR.DAT contains the 1lns of the frequencies
XSAE1 := READ(XSAZ) HSA2.DAT contains the 2% S5a values

XSAB%A 1= READ(XSA3S) HSA3S.DAT contains the 3.5% Sa values
XSA4_1:= READ (XBALG) HSA4 .DAT contains the 4% Sa values

XSAS% := READ(XSAS) HSAS.DAT contains the 5% 5a values

XSA?? := READ(XSA7) HSA7.DAT contains the 7%4 Sa values

535 1= cspline(XLFR.X5A335)

ASAE. := READ(ASAZ) ASA2.DAT contains the AVERAGED 2% Sa values
ASABé' := READ(ASA3S) ASA3S5.DAT contains the AVERAGED 3.3% Sa values
ASA4.1:= READ (ASA4) ASA4.DAT contains the AVERAGED 4% Sa values
ASAS% 1= READ(AGAT) ASAS.DAT contains the AVERAGED S%4 S5a values
ASA71 1= READ(ASAT) ASA7.DAT contains the AVERAGED 7% Sa values

aldd 1= cspline(XLFRJASA35)

) k
unave(k) 3= interplﬁBS,XLFR,XSABS,ln[;—]]
0

k
ave(k) 1= interpIEBS,XLFR,ASABS,ln[;_}]
Q
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Example plot of 3.5% floor response spectra

= 1 LL.1200
4
A
[J ]
ik
ave(k)sunave (k) y
{1
& #
/ F ]
I 3 \—-— |
...--""_—’—_'— B
0
i bk 100

20

J 3
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FR XsA2 ASAZ XSA39 ASA3YS X5A4 ASAG

] Al ] h] J 3 ]
1 O.21 0,209 0,184 0. 184 0.18 0,179
1.171 Q.2484 0.265 Q.235 0,234 0.2248 0,225
1.371 0,322 0,32 0,283 0,282 Q.27 QL2772
1,505 0,378 0,377 0,331 0,3 0.31 0.317
1.879 0,434 Q.4 Q0,379 0.3 0.364 0. 384
2.2 0,49 Q.49 0,427 Q.426 O.4a1 0408
2.492 0,534 0.535 0,408 0,493 D.436 0,435
2.882 0.282 OQ.581 0,438 0.487 0 o G4 O.5481
3.1946 0.46528 Q. LH82 0,518 0,919 Q.4 0,489
J.62 0.874 O HA7 0,548 0.5 0.91 0,509
4.1 0,72 0.754 0,079 02.608 0,54 0. 369
4,379 0,848 0,867 0,701 0.7 0. 656 O 858
4,678 1.014 1.0 0,823 0.82 0,77 Q. 769
4,994 1.164 1. 15C 0,245 0,941 0.8 0,884
S.337 1.312 .3 1,087 1. 049 1.00 1,005
S 1.46 1.8 1,19 1..3¢ 1.1 1.221
T.973 1.888 1.91° 1915 1.9 1.41¢ 1.435
6,258 2.316 2.298 1.84 1.824 1.7 1.699
-] A Y 2.7 2,185 2,152 2,00 2.003
H.871 3.172 3.0 2.49 2.4 2.304 L2331
7.2 3.6 .15 2.81% 2.485 2.8 2,302
Za41 3.074 3. 00 2.439 2.387 2,28 2,217
2,064 2.952 2.577 2.04683 2,082 1.9 1.944
8.503 2,028 2.03 1,484 1.493 1.3 1.598
8.288 1.504 s 1.31 1.337 1. 256 1.28
.5 0,98 1.1 0,234 1.071 0.92 1,04
10,237 0,892 ©0.898 0,352 0.8597 0.84 0,845
11,03 0,804 0,805 0,77 0,721 0.7 0,781
11.88%5 0,714 0.71 0,688 0,62 Q.68 0,482
12.807 0,628 Q.629 0,404 Q, & Q. Q601
13.8 Q.54 0,567 0,925 055 0,52 0,045

14,343 Q.04 0.541 0505 0.525 0.5 O.o21
16,008 0,94 (9 1 0,529 0. 524 Q.3 Q0,92
17.241 Q.54 0,54 Q. 525 0,925 Q.52 (W=
18.549 Q.54 0,54 Q.925 0,525 (Rt .02
20 Q9% 0,534 [RPT=be] 0.5 Q.S 0.514
22 . 107 0, 508 0,509 Q4928 Q.4 Q.49c 0,493
24 438 O.476 0,474 Q. 4487 O b O L O, 4ol
27.01 0,944 Q. 440 0. 438 0.4 0. 483 0,537
£22.858 0,412 0.412 0,409 0,40 Q.40 0,40
33 0,39 0,388 0,38 0,3 038 0,38
37.191 0,38 0,.379 0,38 0.37 0.3 0,379
41.215 1 (0,33 0,39 0,39 0,38 0.38 0,38
47 .239 0.38 0.38 0,38 0,39 0.3 0,38
=3.238 1 1 o.38 0,38 0,38 0.3 0.38 0,38
50 0,38 0,38 0,38 0,38 0,38 0,38
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FR ) E=TAT] ASAD
i J i
1 0. 17 0.169
1.171 D218 D.212
1.371 0. 254 Q0. 2594
1.605 Q.296 0,295
1.879 0,333 Q.33
2.2 0,39 9,379
2.492 0,392 0.,.399
2.8e2 0.418 0.418
3.1946 0,438 0,439
362 0,497 Q.453
4.1 0. 474 0,503
4,379 0,583 Q.283
4 &78 0,489 0.487
4,296 Q.798 0,794
S .d37 0.205 0,203
5.7 1,012 1,092
D273 1.258 1.2782
L. 258 1,503 1.493
Sao08 289 1744
&.871 1.294 1.935
7.2 2.4 1.997
7.6l 1,927 1.933
8.044 1,702 1.71&
2.903 432 1.438
3.2488 1.1463 1 .182
2.9 0,824 0.92a7
 10.237 0.818 0.821
11.03 0,741 0.742
11.885 0,665 Q. 667
12.807 0588 Q.59 1
13.8 0,512 0,534
14.8463 Q.012 0.513
146,008 0912 Q.512
17241 0,912 0.51e
18.547 0,512 Qg.a12
20 Q.512 QL.307
o2 107 0,484 0.487
24,434 0,459 0,459
2701 0.433 Q. 433
29.8339 QL4048 0L 408
33 0.438 0,385
37.1921 0.,38 0,379
41.913 0.39 0.38
47.2392 0,38 0,38
523.238 0,38 Q.38
50 0,38 .38

KSA7 ASA7
i i
0,148 O.14
0,194 0,194
0,232 Q,a232
0,268 0,268
0,304 O 304
0,34 O, 338
0. 352 0,352
Q.364 0,363
0,374 Q.377
0,389 0,383
0.4 0. 428
0L 504 0 504
0. 508 0D &HOE
O.712 0,709
0.814 0,815
0.92 0.967
1,024 1,104
1.272 1.2485
1,448 N 1 )
1,684 1.581
1.8 1.627
1.61 1.583
a8 1.43
1.23 1.234
1,04 1.053
.85 0.211
0,78 0.783
0,71 0.711
Q. b4 Q.64
0,597 Qus7Z1
Q.5 Q,022
0,5 0,501
0.5 0,5
0,5 0.5
Q.5 [
0.5 0. 495
0,474 Q477
Q0,452 O, 452
0,428 0. 429
0 G404 ), 404
Q.38 0385
2,38 0.379
0.38 Q.38
0,38 (WIC]S]
0.38 0,38
0.38 0438
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X

X

MCAD FILES FSFECTRA.CEV

This program reads in the VERTICAL floor response spectira for 2%
3.5%. 4%. S% and 7% damping and the covresponding natuwal logarithms
of the frequency values. Note that there are N+1 data values for each
array ranging from O to N. Each spectirum iz T1t with & cubic spline.

VERTICAL DIRECTION

2= /()
s= 0O L.N
LFR := READ{XLFR) VLFR.DAT contains the 1Ins of the freguencies
i
SA2 := READ(XSAZ) YSAR.DAT contains the 2% S5a values
1
Sa35 1= READ(XS5A3ZS) VEA3S.DAT contains the 3.9% Sa values
1
S5A4 1= READ(XSA4) VsSa4.DAT contains the 4% Sa values
i
SAS 1= READ(X5AD) V5AS.DAT contains the 3% Sa values
i
SA7 r= READ(XS5AY) V8A7.DAT contains the 7% Sa values
i
2 = cspline{XLLFR,X8A2)
35 = cspline(XLFRYX5A35)
4 3= capline(XLFR,X3A4)
5 3= cspline(XLFR,XS5455)
7 = csplinel(XLFR.X5/7)
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= 1 ..1800
Example plot of 3.3% floor response spectvum
2
ﬁ
!
|
- !
k !
interp 3359, XLFRyX5A3S, 10 |7 y
20
| |
v
4
RS INg
" -1 N .
0
k: 100

1
20
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FR
3

X5AZ
i

1

Da.14

1.082

0,159

1.171

0. 178

1.267

0,127

Q.172

1.371

0.214

0.187

1,483

0,235

O 23

1 ..4605

0,294

0.21

1.7237

Q.273

QL2359

1.872

Q.292

0,251

2. 033

0,311

0,287

2.2

Q.33

0,283

2.549

Q.35

0,302

2..259%

£ 384%

0.321

34823

0411

2.248

0,433

O a3y

0,359

4. 594

Q.4485

D383

0.4922

QL3768

Q.327

H.17

O.519

0. 417

713

0,346

O.438

8.285

Q.073

0.8595

2.6

O.h

0. 474

92.817

(S =d

089

10..038

Q.44

Oaol

10.24685

Qb

0,537

10,498

Q.58

0,961

10,733

Q.7

0,58

10,9275

0,72

0, &0

11.283

R

0. 62

11.474

0.7

Q.648

11.735%

0,78

Q.57

12

0.8

0. 572:

12,263

0,25

0.78

12.531

1.k

.88

12805

0..28¢

13,089

.08

13,372

1.176

13.86%

L.27¢

13,263

1.37

14,289

1.47

14,581

1.56

14.9

1,688

15,3141

:

1.942

15,74

1.418

16.177

1.29

16.487

0~ JU 0

1.14

17.039

b = 3= 0
W NN
N LT H U

1,045

17.34%

1.184

0.921

18,0582

0.998

0.797

18954

Q0,812

QO .b73

12.Q7

0,480

192.6

O 44

Q. 5489

0,425

XShA4
]

X5A

L

1

X8A7

1

.12

0,114

011

0,135

0,128

Q. 122

0,13

0.141

0. 134

0,165

Q1535

O.148

.18

0163

Q.158

0,195

0182

0D.17

Q.21

0,196

o.182

0,229

O, 202

0,124

0.04

Q203

Q0,208

QL.295

OL.238

Q.213

Q.27

Q.23

.23

Q2,287

0.263

0239

0,304

Q.277

0.248

0.321

.27

QL8257

0,338

0,304

0. 088

OIC iitw

Q.317

Q.75

0372

0.33

0,284

0.38%

0,344

Q.,.093

0,408

Q357

0. 302

0,423

0,371

0.311

Q.45

0,384

O 32

0.48562

D408

Q.34

0,484

0.428

Q.38

0,308

0,43

0,33

0.528

Q. 48702

0.4

Qa5

Q474

042

D.o72

Q.514

0.44

0524

0. 038

0 WG éa

0414

(T

.58

0.4638

0,582

GL5

.46

O &04

Q.58

QaZad

Q. 687

R.T66

0,828

07

0,612

0,921

0.7294%

QL6598

Q.396

D857

D704

1.08

0,922

QaZ2

L1648

©0.9283

Q.79

1.248

1,048

Q842

332

1.11

Q.84g

1.416

1.173

0,934

1.3

1.236

0.928

1.322

1.154

0.922

1.284

1,071

0,864

11764

0.289

0,808

1,068

0. 904

Q.748

0,926

0. 824

D.697

0,892

O.742

0, A3

(WL

0, 4599

O,.5974

0,634

Q.5977

0.5914

0,528

0. 494

Q. 454

(IR Y=

Q.41

0.4
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w
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FR

e B
20.643

21.735e

2e.7214

24.141

25.432

26.792

28.223

29.735

31.3235

23

35.033

37.191

392.483

41.918

44 .497

47.239

50.149

53.239

596.518

=38

i)

N
D.414
.39
0.3468
0.344
Q.32
0.296
Q.272
0.248
0.224
0.2
Q.2
0.2
Q.2
Q0.2
0.2
0.2
0.2
0.2
0.2
0.2

R
0. 402

.38

0.357

Q.335

0.312

Q.27

0.267

0.245

Q.222

Q.2

0.2

0.2

0.2

0.2

.2

0.2

0.2

0.2

0.2

0.2
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0.37
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9,394

0.348

0.346

0,332

Q.327

0.31
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0.32

0.3
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0.266
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o.221

0.28

.26
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0.2
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0.2
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0.2

Q.2
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0.2
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0.2

0.2

0.2
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0.2
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0.2

0.2

0.2

0.0
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o.2

0.2

0.2




APPENDIX D
JOHN W. STEVENSON




87C1451

00466
Rev. 1 1/15/88
Rev. 2 2/15/88

Report on Development of High Confidence Low Probability
of Failure, HCLPF, Based on the
Conservative Deterministic Failure Margin,
CDFM Method for Selected Mechanical and Electrical Equipment

Prepared for:

The Nuclear Systems Safety Program
Lawrence Livermore National Laboratory
University of California
P.0. Box 808
Livermore, CA 94550
Attn: R. C. Murray

Prepared by:

Stevenson and Associates
9217 Midwest Avenue
Cleveland, OH 44125

(216) 587-3805




87C1451
00466

1.0  INTRODUCTION

In this report High Confidence Low Probability of Fallure, HCLPF's estimates
based on the Conservative Deterministic Fallure Margin, CDFM method are
developed for the following mechanical and electrical components:

(1) Refueling Water Storage Tank (Vertical Mounted Flat Bottom Tank)
Located on the ground assuming no soil structure interaction.

(2) Diesel Starting Air Tank (Vertical Clip Angle Mounted Tank)
Located on an Auxiliary Building Upper Floor

(3) Generic Motor Control Centers (Low Voltage) As Contained in the
EPRI RP. No0.-5223 pages D-34 to D-39
(a) Located on the ground assuming no soil structure
interaction
(b) Located at an Auxiliary Building Upper Floor

(4) Component Cooling Heat Exchanger (Horizontal HX on Two Saddles)
Located on an Auxiliary Building Upper Floor

(5) Sample Block Wall
Located on an Auxiliary Building Upper Floor

for which descriptions were transmitted by LLNL letter dated 4 August 1987.

For each of these five components, the 1imiting failure mode(s) are identified
and initially the HCLPF seismic load capacity computed using the procedures
contained in References 1 and 2 which are attached hereto as Appendix A.
Subsequently HCLPF's were evaluated using the HCLPF estimating procedures
recommended in Table 2.5 of the draft EPRI Margin Report (3) shown in Appendix
B to this report. The use of the Appendix B procedure, only significantly
effects the HCLPF estimation for component 3b.

The seismic load capacity for each component is initially expressed in terms
of the 1imiting resultant seismic inertia load applied to the center of
gravity of the components assuming the simultaneous application of two
horizontal and one vertical components of earthquake. It is further assumed
that resultant forces and moments developed from each direction of earthquake
are combined on a SRSS basis and this resultant is combined absolutely with
normal operating stresses to determine the 1imiting capacities.
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The seismic spectral capacities are converted to HCLPF's exEressed in peak
floor and peak ground acceleration values using the spectra 1] and
information contained in Appendix C.

In addition to the HCLPF estimates presented herein best estimates (50 percent
confidence and 50 percent probability of failure) of fallure are presented in
Section 8.0 of this report.

2.0 EVALUATION OF THE VERTICAL MOUNTED TANK

2.1 Tank Geometry and lLoading Data

2.1.1 Tank Geometry

The tank overall geometry 1s shown in Figure la. Other geometric data are
summarized as follows:

Anchor Bolts - 8-2"g spaced at 45° (typ.), 4'-0 Long

Anchor bolt Chairs - Details of the modified anchor bolt chairs are
shown in Figure 1b

2.1.2 Materials
Tank Shell, head and lugs are A240-304 Stainless Steel
Anchor bolts - ASTM A307 Ferretic Steel
2.1.3 Design Data
Operating pressure-0.25 psig
Operating temperature - Ambient
Design pressure-0.5 psig, 2" Ho0 vacuum
Design temperature-200°F
Weight-76,500 1b empty, 2,385,000 1bs fu11{2]

Capacity-375,600 gal. full, 336,000 gal. usable.
Design Depth of Water, 37.0 ft.

2.2 Tank Analysis

The first activity in determining the CDFM for the ground supported tank 1s to
identify the lower bound failure mode(s) which are to be evaluated. Past
experience in the design and evaluation of similar vertical tanks suggest the
following two lower bound failure modes:

1)} It 3s noted that the Spectra provided are median spectra from
NUREG/CR-0098 while the CDFM in accordance with Refs. 1 and 2 uses 84
percent NEP Spectra. For the purposes of this study the spectra provide
in Appendix C will be considered as 84 percentile NEP spectra.

[2] The weight full appears low, however this weight was assumed in this
calculation since 1t is the same as the weight used by the panel
throughout this study.




(1) Tension failure of anchor bolt or anchor bolt chairs

(2) Compression (buckling) failure of tank wall

Following either of these two analytically determined failure modes, a
separation between the bottom and walls of the tank would be expected which
would result in gross leakage of the tank.

The overturning moment for a nominal spectral acceleration of 1.0g using the
weight and geometry data shown in Figure 1a is determined as follows:

Overall Seismic Loads:

Vi = Base Shear
= (W + Wgg + Wgr) Sa
M = Base overturning moment
= (N]X] + wss X ss + wsrxsr) Sa
W = Effective impulsive fluid weight
= 2217k
Xy = Distance from tank Base to centroid of effective impulsive
fluid
= 14.74 ft.
Wss = Weight of tank shell
46 .6K
Xss = Distance from tank base to centroid of tank shell
= 19 ft.
Wsr = Weight of tank roof
= 171K
Xsr

Distance from tank base to centroid of tank roof
g ft. .

Base Shear for a Nominal 1.0g Lateral Acceleration

(2217 + 46.6 + 17.1) X 1.0

Vi =
= 2280 Kips

Overturning moment for a Nominal 1.0g Lateral Acceleration

My [2217 (14.74) + 46.6(19) + 17.1(38)] X 1.0 x 12 in/ft

410,582 XK - in
2.2.1 Evaluation of Anchor Bolt and Chair Capacities
Bolt Capacity:
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Actual yield strength capacity, Fy of 2" 8 A307 anchor bolts is determined

Fy = Sy X AYf x Apt
where:
S = Specified yield of material = 36 Ksi
Azf = Actual yleld coefficient = 1.05 (assumed)
Apt = Area of threaded bolt
Fy = 36 Ksi x 1.05 x 2.5 1n2 = 94.5 Kips

Chair Capacity:

In defining this capacity the bolt chajr capacity calculations performed in
Reference 4 have been considered. The Reference 4 Calculation show the
capacity of the anchor bolt chairs to be 67.7 Kips each. However, I believe
the 1imiting value of 67.7 K/bolt chair can be increased by 10 percent to
account for anticipated actual material properties of austenitic steel
compared to the specified minimum yleld properties.

67.7 x 1.10 = 74.5 Kip/bolt

Anchor capacities are therefore 1imited by chairs behavior before modification.

Subsequent to the Reference 4 analysis, the bolt chairs on the tank were
modified to increase their capacities to 120 Kips each as determine by
Kennedy(S). This increase in bolt chair capacity now means the bolt
capacities of 94.5 Kips each now control anchorage design of the tank.

Overturning Moment Capacity of Bolts Based on Assumed Distribution Shown in

Figure 2.
My = Fy bolt (lever arm to N.A.)
My = 94.5 k x (2 x 46.3 + 2 x 216 +
2 X 385.7 + 1 x 456)
My = 94.5 x (92.6 + 432 + 771.4 + 456)
My = 94.5 x 1752 in

= 165,564 K - in
2.2.2 Buckling Capacity of Shell Due to Overturning Earthquake Moment

Using the simple equation from Rourk(®) Table 35 (16), the critical buckling
moment for the tank is determined.

Mcp = 0.72 E rt? (1)
(1-v2)
McR = .72 x 27,000 x 240 x (3/8)2

0.91

Mcg = 720,989 K - 1n




Obviously the overturning capacity is significantly larger than the bolt
overturning capacity.

2.2.3 Overturning Moment Mobilized by Weight of Fluid

The moment mobilized to overcome dead weight of tank and 1iquid contents acts
to counter the seismic overturning moment. In the 1imit, this dead weight
moment is 1imited by the plastic moment capacity and membrane action of the
base plate carrying the weight of water which 1ifts off the base as shown in
Figure 3.

The elastic section modulus, Z of the 1/4" base plate:
bh2/6 = 12" x (1/4)2/6 = 0.125 1n3/ft of plate

30 Ksi; Sy = 75 Ks1; for SA 240 Type 304SS. from Tables 1-2.2
and 1-3.2. ASME Section III, Div. 1

w
«<
inon

Elastic moment capacity of base plate:

Me = 2Sy = .125 x 30 = 3.75 k-in/ft of plate
Plastic moment capacity of Plate

Mp = 1.5 x 3.75 = 5.63 k-in/ft of plate

Plastic Moment Capacity of Uniformly load fixed end beams:

Mp = 1/28 w12
where:
w = pressure weight of water
w = 62.4 1b/ft3 37.0 ft = 2308.8 1bs/ft2
w = 2308.8/12 = 192.4 1bs/in/ft. of wall
M = wlx]
5.63 k-in = .192 x 12
12 = 29.32 4n?
1 = 5.42 in
Te = Holdown per inch of wall:
Te = 192/12 x 5.42 = 86.7 Lbs/in of wall

Assume the membrane action of the plate increases the tensile capacity of the
tank wall by 100 percent.

Te = 173.4 1b/4n of wall
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Total Tension in Tank Wall
173.4 x 480 in x v = 261.48 Kips
Assume Centroid of semi-circle 1s 2/5 from centerline
240 x 2/5 = 96 + 216 = 312 in
261.4 x 312" = 81557 K-in
(0.85 x 261.4) x (216 - 96) = 26663 K-1in
Total restoring dead weight moment
81557 + 26663 = 108220 K-in

Total 0.7. moment capacity of the tank is the moment capacity of the bolts
plus the stablizing effect of the weight of the fluid in the 1ift off region
of the shell.

165,564 + 108220 = 273784 K-in

(273784/410582) x 1.0g9 = 0.667g lateral load capacity
2.2.4 Determine Fundamental Impulse Frequency
Fundamental Impulse Frequency:(4)

The horizontal impulsive response fundamental frequency is estimated using the
Haroun & Housner (H & H) method given in Ref. 7. The H & H coefficients are
used since they are available for a variety of h/R valves.

The H & H frequency coefficients are developed for steel tanks of constant
thickness filled with water. For a tank of varying thickness, the frequency
coefficient can be selected using an average thickness. A reasonable estimate
of the effective tank thickness is 3/16" since this thickness is used over the
top 60% of the tank shell where deformations and hydrodynamic pressures are
the greatest.

Shell thickness
3/16"

h

Fluid Height
37* -0
444"

Tank radius
20 13 _0"
240"

[ BT

Shell density

490 1bs/ft3
1728(386.4)

0.000734 1b-sec2/1n?




Shell modulus of elasticity
28 x 106 psi

444

240

1.85

m

o|x

= 0.1875 = 0.00078
240

|

wgH  1/(d/E) = 0.08 (Fig. 5 of Ref. 7)
Circular natural frequency:

wf = 0.08

444 _7(0.000734/28 x 100)
2«f = 35.2 = wf
f = 5.6 Hz

2.2.5 HCLPF Capacity of Tank
Given a fundamental impuise frequence of 5.6 Hz for the tank and an assumed
damping of 7 percent and neglecting sioshing gives an amplication factor to
the ground from the spectrum given in Appendix C.

0.88/.38 = 2.31

0.667/2.31 = .299 pga based on elastic response

and
Given that ylelding in the bolt chairs would provide a small amount of
additional global ductility in the resonant region of the tank, assume elastic
response demand would be reduced by 10 percent.

This results in

0.299 + 0.03g = .329 pga HCLPF
for the Appendix C spectra.

If the NUREG/CR 0098 Median Spectra for 7 percent damping 1s used in place of
the Appendix B spectra and the tank is assumed ground mounted

0.667/1.85 = 0.36 pga HCLPF

3.0 EVALUATION. OF VERTICAL ANGLE CLIP MOUNTED TANK

Given a vertical tank arrangement as shown in Figure 4. By inspection it
appears that the 1imiting seismic capacity of the tank will be in the clip
angle anchorage of the tank's mounting ring.

3.1 Determine Maximum Uplift Force on An Anchor
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Given the total weight of tank and mounting ring of tank shown in Figure 4 1is
920 1bs. The distance to the c¢.g. of the tank from the base is 41.5 in.
Total overturning seismic moment for a nominal 1.0g lateral load is

920 x 41.5 = 38180 in-1bs.

less the restraining force of dead weight of the tank. Given that the
vertical upward component of the earthquake is 2/3 of horizontal only 1/3 x
920 = 307 1bs. acting down at the center of the tank would be available to
offset the lateral overturning moment.

Taking moments about the assumed neutral axis of the tank which is taken as
2.4 inches from the edge of the mounting rings and neglecting the two inner
c14p angle supports as shown in Figure 4.

Maximum Tension in CI1ip Angle

{38180 - (307 x 10.1)] / 22.6
(38180 - 3101) / 22.6 = 1552 lbs

for a nominal 1.0g lateral load.

3.2 Determine the Clip Angle Anchor Capacity

Given a A-36 angle and 3/4" diameter bolt hole as shown in Figure 5, since the
angle leg 1s welded on three sides, it can be assumed that vertical leg is
fixed.
Maximum Moment in the Angle at the Bolt Hole
M = TL
2
= 1552(1.625)
2
= 1261 1bs

Angle Section Modulus

7 = 2.25 (0.25)2 = 0.0234 in3
6
S = 1261 = 53889 psi
0.0233

The equivaient elastic moment stress capacity would be computed as follows:

Se = SF x Fy X AYC
where:
SF = shape factor = 1.5
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Fy = Specified Minimum Yield = 36 Ksi
AYC = Actual Yield Coefficient = 1.05
Se = 1.5 x 36000 x 1.05 = 56.7 Ksi

Given that the maximum computed stress in the angle is 53889 psi from a net
uplift of 1552 ibs for an earthquake lateral acceleration of 1.0g. Therefore
the seismic capacity of the clip angle 1s 56.7/53.9 = 1.05g.

3.3 Determine Fundamental Frequency of Air Tank

I =« (124 - 11.625%) = 1942.3 in*
[}
E = 29,000,000 pst

Total weight of tank and support collar = 920 1bs.
Unit wieght w = 921/91 = 10.11 1bs/in

Assume Distributed Mass

From Ref. 6 - Table 36 (3)

f = 1 ] 12.4 £ Ig
2w wL

1/6.28 [ 12.4 x 29000000 x 1942.3 x 386 = 99.3 Hz
10.71 x 914

-
W

Estimate Stiffness Considering Only Clip Angle as Support Restraint

I = Ad2 = 0.5 x 122 x 3 = 216 in?
This results in a factor of approximately 9 decrease in stiffness and
therefore approximately 3 in frequency. However, frequency sti11 should be
above 30 Hz.

Therefore there should be no amplification of floor acceleration as a function
of frequency.

3.4 Estimate of HCLPF Capacity of the Air Tank

The tank as evaluated considers only one horizontal component of earthquake.
For rotationally symmetric components the second horizontal component would
not change the component's earthquake capacity. For rectangular components in
the 1imit the lateral capacity would be reduced in the ratio of 1/1.41. For
this component which 1s only slightly rotationally unsymmetric considering the
location of the clip angles in Figure 4 wuse a ratio of 1/1.2. The lateral
load capacity of the tank is 1.05/1.2 = 0.88g pfa HCLPF using the
amplification in going from ground to floor acceleration for the Appendix C
spectrum yields.

0.88 x .18/.38 = 0.42 pga HCLPF
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Yielding in the small clip angles would not add significantly to inelastic
response tank. :

4.0 EVALUATION OF GENERIC MOTOR CONTROL CENTER

To make this evaluation the GERS curve for MCC functioning during the E.Q.
shown in Figure 1 page D-38 of the EPRI NP-5223 Report as shown in Appendix D
was compared to the Appendix C spectra for 5 percent damping. The GERS shows
a spectra acceleration value of 1.59g. The RRS from Appendix C shows a peak
spectra acceleration of 2.29 for 5 percent damping. Using the 0.8 demand
factor from Table 2.5 from Appendix B; 2.2 x 0.8 = 1.76g. The resultant HCLPF
for the Appendix C spectrum:

1.5/1.76 x .38 = 0.32g pfa HCLPF

0.32 x .18/.38 = .159 pga HCLPF

for the NUREG/0098 median spectrum at 5 percent damping

1.5/2.1 = .719 pga

5.0 EVALUATION OF HORIZONTAL HX

Given the horizontal heat exchanger shown in Figure 6, 1t is assumed the shear
load on the bolts at the fixed saddle will control the seismic load capacity
of the HX. Given a total weight of 23.5 Kips and a nominal lateral load
coefficient of 1.0g applied to the cg. of the HX the bolt shear reaction in
the longitudinal direction would be 23.5/2 Kips or 11.75 Kips/bolt and in the
transverse direction 23.5/4 or 5.88K/bolt Kips load in each bolt.

The component shear stress in each bolt is determined:

Longitudinal = 11.75/0.601 = 19.55 Ksi; Transverse = 5.88/0.601 = 9.78
Ksi .

Allowable bolt stress from ASME Section III-NF-1986 for Service Level D

Fy < .42 Sy < .6 Sy

where:
Sy = Specified Minimum Ultimate Strength = 60 Ksi
Sy = Specified Minimum Yield Strength = (not defined) assume 36
Ks1i
Fy = 0.42 x 60 = 25.2 Ksi allowable
Fyv = 0.6 x 36 = 21.6 Ksi allowable (controls)

Resultant Shear Stress in Bolt for nominal 1.0g lateral load

fy = -J(21.21)2 + (9.78)2 - [545.5)
Resultant Shear Stress:

fy = 23.36 Ksi
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It should be noted that the current LRFD AISC Specification 1imits the
allowable shear stress in the A307 bolt based on the nominal area 0.601 in2

to 16.1 Ksi for factored loads and the AISC N630 AISC Specification 1imits
shear on nominal A307 bolt areas to 14.0 Ksi for a large earthquake loading.
Since the allowable values from the AISC specification are significantly lower
than the ASME, the ASME code value is used without any adjustment for actual

versus specified minimum properties.
Resultant Applied Seismic Load:
21.6/23.36 x 1.0g = 0.925g

5.1 Compute Limiting Longitudinal Frequency of the Tank

f = 1/2n K/M WT = 23.50 Kips
Mass = 23.5k/386-in/sec2= 0.0608 K-sec2/in

weight = 23.50 X Horizontal Stiffness, - one saddle is slotted
and free to slide, the other saddle is similar
to a pin connection; therefore the stiffness 1s
the same as a load at the end of a cantilever

beam
Saddle Prop.  Ag = 6.625 in2 K =  3€1/13
Iy = 66 int KHorz = 3(30,000 ksi) (661in%)/
1 = 13.12 4n (13.124n)3
= 2630 K/in
= 33.3 Hz

§f = 1/2¢ \/fzeao k/1n/0.0608 k.sec2/4n

5.2 Computation of HCLPF for the Horizontal HX

Given that the HX has frequency response above 33 Hz for the 7 percent damping
and the spectrum contained in Appendix C 4s applicable:

0.93g pfa HCLPF
0.93 x .18/.38 = .44g pga HCLPF

Since shear failures tend to be non ductile, 1t is assumed that the component
responds elastically.

6.0 EVALUATION OF BLOCK WALL
Assume a 12" thick reinforced concrete block wall 10 feet high can be analyzed
as a one way vertical cantilever slab. Wall is reinforced by one layer of #5

bar @ 16" center to center 1o;ated in the center of the block with fy = 60 ks1
Assume compressive strength f. = 3000 psi for Type S mortar.
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From Table 4.3 of ACI 531-79 for 12" x 16" block

w = 111 psf assuming grouted core

fm = 1700 psi masonry compressive strength

Em = 1000 fp = 1700,000 psi, As = 0.31 x 12/16 = 0.233 in2/ft
Kd= 1.54n; d = 11.625/2 = 5.8 in; jd = 5.05 in

1 = 10 ft.

6.1 Compute Bending Moment for a Nominal 1.0q Lateral Load and Resultant
Concrete and Steel Stresses

M 172 W12 = 1/2 x 111 x 102 x 12 in/ft = 66600 in -1bs/ft

M

Agfid = 0.233 x 5.05 fg = 66600 in-1bs

Tensile Stress in Reinforcement due to bending

fs = 56.60 Ksi
fs all = 60 Ks}
fs/fsa]] = .94

Compressive Stress in concrete due to bending

c = M/jd = 66600/5.05 = 13188 1bs
fe = 13188/(12 x 1.5)= 733 psi

fcall. = 0.72 x 1700 = 1224 psi

fc/fcall = .60

Tensile Stress in reinforcement controls design

Note: ACI 531-79 Coupled with SRP 3.8.4 Appendix A would give a siightly
larger value for f. all.

6.2 Compute Frequency of Wall

Uncracked Moment of Inertia
I = 1/12 x 16 x (11.625)3 - 1/12 x 11.8 x (8.63)3
I = 1.33 x 1571 - 632
= 2089 - 632 = 1457

1 = 1457/1.33 = 1095 1n3/ft of wall
Em = 1,700,000
From Ref. 6.

3.52/2 « \IEIg/wlI

3.52/6.28 V[1700000 x 1095 x 386/9.25 1bs/in x (120)% in%]

f
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= 3.52/6.28 \374.6 = 10.8 Hz[1]
6.3 Computation of HCLPF for Block Wall

Acceleration at c.g. of wall

1.0/.94 = 1.06

Spectral Amplification for 10.8 Hz from Appendix C spectrum
.15/7.38 = 1.97

Use 0.8 x spectral demand to account for inelastic response 0.8 x 1.97 =
1.58

1.06/1.58 = 0.67g pfa HCLPF
0.67 x .18/.38 = 0.32g9 pga HCLPF

Note: In reinforced concrete shear walls changes in stiffness by a
factor of 15 or more have been observed from firstlcracking to
failure. If this same shift in stiffness before féilure were
to occur in the block wall, the frequency would be reduced to
=~ 3.0 Hz. At this frequency for the Appendix € Spectrum, the
spectral amplification would be reduced to 1.0 and the
effective pga HCLPF would be increased 0.32 x 1.97 = 0.63 ¢

7.0 ESTIMATION OF BEST ESTIMATE RATHER THAN HCLPF Pga's

In performing this evaluation, a computer program FRAGIL was used. This
program i1s designed to take estimates of seismic capacities (HCLPF or
otherwise) and apply estimated variability on both failure probability as well
as confidence as shown in Table 1 to determine the probability of failure at
the 95, 50 and 5 percent probability and at the 95, 50, and 5 percent
confidence levels. 1In this evaluation variability as to probability of
fatlure and confidence were estimated as coefficients of variation on both
failure and confidence. The results of these estimates are shown in Figures
7-13 of this report. However, in no case were the median estimates permitted
to exceed 1.25 x the ca]cu1ated lateral load capacity at the center of gravity
of the equipment.

8.0 RESULTS AND CONCLUSION

8.1 HCLPF Estimation

The following is a summary of the HCLPF determined in this evaluation.

[1] Note this 1s based on uncracked section actual frequency at or near
failure could be based on at least a partially cracked section. This
- calculation results in a conservative HCLPF estimate.

D-15




8.1.1 Vertical Flat Bottom Tank

Spectra Given NUREG/CR 0098
in Appendix C Median Ground Spectra
0.32g pga 0.369 pga

8.1.2 Vertical Clip Angle Mounted Tank

Floor Spectra Given
in Appendix C

0.88g pfa

0.429 pga

8.1.3 Generic Motor Control Center (Operating During EQ.)

a) Mounted on Floor
Floor Spectra Given
in Appendix C
0.32g pfa
0.159 pga

b) Mounted on Ground

NUREG/CR 0098 Median Ground Spectra
.11g pga

8.1.4 Horizontal HX on Two Saddles

Floor Spectra

Given in Appendix C
0.93qg pfa
0.44g pga

8.1.5 Block Wall

Floor Spectra

Given in Appendix C
0.679 pfa
0.32q pgal2]

8.2 Best Estimate (50 Percent Probability) Peak Ground Acceleration
Evaluation of Failure at the 50 Percent Confidence Levels

The following is a summary of the best estimate seismic peak ground
acceleraion required to cause component failure.

[2] See discussion in Section 6.3 concerning the change in wall stiffness and
its effect on HCLPF estimation.
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8.2.1 Vertical Flat Bottom Tank

Floor Spectra Given
in Appendix C
(Figure 7)

1.25 x .667 = 0.83g
50% = 1.10g
Use 0.83g for median

NUREG/CR 0098
Median Ground Spectra
(Figure 8)

1.25 x 0.667 = 0.83g
50% = 1.20g
Use 0.83g for median

8.2.2 Vertical Clip Angle Mounted Tank

floor Spectra Given
in Appendix C (Figure 9)

1.25 x .88 = 1.10g

50% = 2.69

Use 1.10g for median

8.2.3 Generic Motor Control Center (Operating During E.Q.)

NUREG/CR 0098
Median Ground Spectra

Floor Spectra Given
in Appendix C

(Figure 10) (Figure 11)
1.25 x 1.5¢ = 1.88qg 1.25 x 1.5 = 1.88¢g
50% = 4.0qg 50% = 2.79

Use 1.88g for median Use 1.88g for median

It should be noted that in developing the median estimate of failure, I do not
consider the GERS (Function during) curve shown in Figure 2 to Appendix D of
this report as a best estimate of functional failure. Rather the curve shown
is a Tower bound estimate based on the test data shown. For this reason, I do
not believe 1t is appropriate to base a median estimate of failure on this
curve. Hence the median estimate contained in this report 1s higher than what
would be expected using the GERS (Function during) curve only.

8.2.4 Horizontal HX on Two Saddles

Floor Spectra Given
in Appendix C (Figure 12)

1.25 x 0.925 = 1.15g
50% = 1.95¢g
Use 1.159 for median

8.2.5 Block Wall

Floor Spectra Given
in Appendix € (Figure 13)

1.25 x 1.04 = 1.30g
50% = 2.10¢g
Use 1.30g for median
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Table 1 Estimates of COV's of Equipment Seismic Margins as a Function of
Location, Frequency and Damping

EQUIPMENT COV (Percent)
MOUNTING _Fatlure Confidence

Resonant Out of Resonance

2 - 15 Hz > 15 Hz

< 2 Hz
Damping Damping
3 5 7 10 3 5 7 10

Floor > 40' 200 175 150 125 100 817 715 62 35
Floor < 40' 150 125 110 90 85 60 50 45 25
Ground W/SSI 100 85 75 “ |65 60 55 45 40 15
Ground w/0/SSI 90 80 70 60 55 50 40 40 10
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Figure 7--HCLPF FRAGILITY CURVES FOR 957, 58% AND 57 CONFIDENCE LEVELS
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Figure 8--HCLPF FRAGILITY CURVES FQR 957, 5@7% AND 9% CONFIDENCE LEVELS
Component: Uertical Flat Bottom Tank
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Figure 9--HCLPF FRAGILITY CURVES FOR 957, 5@% AND 57 CONFIDENCE LEVELS
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Figure 18-HCLPF FRAGILITY CURVES FOR 95%, 5@% AND 5% CONFIDENCE LEVELS

Component: Generic Motor Cuntrol Center--Mounted on Floop
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Figure 11-HCLPF FRAGILITY CURVES FOR 95%, 307 AND 57 CONFIDENCE LEVELS
Component: Generic Motor Control Center--Mounted on Ground
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Figure 12-HCLPF FRAGILITY CURVES FOR 95%, 5% AND 57 CONFIDENCE LEVELS
Component: Horizontal HX on Two Saddles
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Figure 13-HCLPF FRAGILITY CURVES FOR 957, 507 AND 5% CONFIDENCE LEVELS
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Appendix A

Background on Development of COFM Method
for Determination of HCLPf's
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The systems analyses performed to develop the Boolean expression should be
fully documented. This documentation should include the analysis techniques
and tools used, the method used to "prune" the fault trees and the
justification, and a description of the basic events (their failure modes)
that make up the Boolean expression

4.8 Step 8 - Margin Evaluation of Components and Plant

Steps 7 and 8 are performed concurrently and with close interaction between
the system and fragility analysts.

The components that require margin evaluation, called the "screened in"
components, have been identified during the plant review and the two plant
walkdowns. Design details and actual existing conditions have been recorded
{(as far as practical).
The objectives of the analysis in Step 8 are:

0 To estimate the HCLPF of these components

o) To estimate the HCLPF of the plant.

For each HCLPF evaluation, two alternative approaches are presented.

4.8.1 Capacity of Components

The concept of HCLPF is similar to the ¢traditional notion of using code-
minimum strengths and code-maximum loads in structural d&esign codes. The
specification of these minimums and maximums was done by code committees using
past performance data, results of analysis and research, and collective expert
judgments. They implicitly or explicitly recognize the uncertainties in loads
and strengths. The capacity of a component calculated using these specifica-
tions was considered to be conservatively low. The HCLPF value calculated
using the procedures described in this report has similar attributes: it is
conservative, and it recognizes the uncertainties based on the Panel's
judgment.

There are two candidate approaches for calculating the HCLPF value of
components: the Conservative Deterministic Failure Margin (CDFM) method
proposed by Kennedy (Ref.7) and the fragility-analysis method. 1In the CDFM
method, a set of deterministic rules (e.g., ground response spectra, damping,
material strength, and ductility) is prescribed; the capacity of the component
determined using these rules gives a HCLPF value that may be more conservative
than necessary. In the fragility-analysis method, the median ground
acceleration capacity Ay and the logarithmic standard deviations 8, and BU for
which there is less than a five percent probability of failure with 95 percent
confidence. The randomness and uncertainty in the median capacity are assumed
to be lognormally distributed. 1In the trial plant reviews, both these methods
may require that seismic response analyses separate from the design analyses
be performed. The fragility analyst must review the structural models used in
the plant design to confirm the adequacy of these models and the
appropriateness of scaling the responses. If scaling is not appropriate, the
response analysis becomes a major effort in seismic margin reviews. In the
CDFM method, values for a number of parameters (e.g., system ductility,

D-34




damping, and response spectra) need to be selected. 1In the fragility-analysis
method median values Bp and By need to ber estimated by the fragility
analyst. There have not been enough studies done to compare the HCLPF
estimated using these two candidate methods for different components.
Additional comparison studies should be conducted to identify situations where
both methods would yield comparable results and those where the results would
widely differ. A review of such results would also lead to a "calibration" of
the parameter values of either or both methods so that the two methods give
essentially identical capacity estimates. The £final goal of such studies
would be to provide a set of deterministic rules in the CDFM method for
calculating the HCLPF of screened in components. Until such research is done,
it is recommended that both the candidate methods be used to calculate the
HCLPF of components in trial plant reviews. The trial plant reviews should be
viewed as providing further basis and guidance on research towards calibration
of the two candidate methods.

4.8.1.1 Conservative Deterministic Failure Margin (CDFM) Method

In this method a failure margin is computed using conservative material and
response parameters but taking credit for conservatively defined failure
capacity and inelastic energy absorption capability of structures and
components. The following parameter values have been proposed (Ref. 7) and
might be more conservative than necessary:

Load Combination: Normal + Earthquake Review Level

Ground Response Spectrums: 84% Non-Exceedence Probability Site-Specific
Spectrum

Damping: Depending on the earthgquake review level,

the fcllowing are the conservative estimates
of the median values:

Structure: 7%
Piping: 5%
Cable trays: 15%

Structural Model: - Best-estimate -~ median

Soil-Structure Interaction: Envelope expected parameter variation
Material Strength: 95% exceedance actual strength

Static Capacity Egquations: 84% exceedance by test data or code equation
System Ductility:. ‘ Conservatively selected to be between 1.0
(Inelastic Energy and 1.5. For shear wall structures, should
Absorption) not be less than 1.3.

Floor Spectra Generation: Median damping value for equipment

Frequency shifting of floor spectra rather
than peak broadening.
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For structure/equipment qualified by analysis, the response of the equipment
is calculated using the above structural and equipment response parameters.
Potential failure modes of the equipment are identified. The static inelastic
capacities of the structure/equipment are estimated. If the capacity of the
structure/equipment exceeds the calculated response for the load combination
(Normal + Earthquake Review Level), it is assumed that the component has  a-
HCLPF value exceeding the earthquake review level peak ground acceleration.
For equipment qualified by test, the floor spectrum for median equipment.
damping is generated using the above conservative structural and/or egquipment
response parameters. If the floor spectral values throughout the equipment
frequency range of interest are less than generic equipment ruggedness
spectrum (GERS) for the equipment (Ref. 18), it is assumed that the equipment
has a HCLPF exceeding the earthquake review level PGA. So far, GERS has been
developed for seven classes of equipment (i.e., motor-operated valves, motor
contrel centers, switchgear, batteries and battery racks, inverters, battery
chargers, and relays). For other egquipment, one should use the highest
spectral value for which similar equipment has been qualified as the capacity.

The GERS will be lower than the lowest observed failure level for the
equipment (i.e., the GERS is the highest level for which the equipment did not
fail). For equipment mounted on floors at higher elevations in the structure,
the conservatisms in floor spectra generation and the conservatisms in
structural parameters (i.e., damping and system ductility) yield HCLPF values
that are considerably less than the median capacities. However, for equipment
on grade that do not include significant response conservatism, use of GERS or
experience data may not guarantee that there is no "cliff" in the capacity
beyond the value of HCLPF (i.e., the component may fail suddenly when the peak
ground acceleration exceeds the HCLPF value, instead of a gradual increase in
the probability of failure increases). To avoid this problem, it is
recommended that the capacity determined by experience data for grade level
equipment be reduced by a factor. This factor may be determined during the
trial plant reviews.

By a judicious selection of the values of different parameters, the CDFM
method aims to produce a conservative estimate of the component's HCLPF.
However, the CDFM method is less conservative than the procedures given in the
Sstandard Review Plan (Ref. 9). The load combination specified is more liberal
compared to the SRP requirements, i.e., no OBE load combination and no LOCA +
review earthquake load combination in the CDFM method. The ground response
spectrum is a 84% nonexceedence probability site-specific spectrum and is
expected to be less conservative than the R.G. 1.60 spectrum. Similarly, the
damping values proposed for the seismic margin review are more liberal than
those specified in the Standard Review Plan. ‘

The basis for the selection of values of different parameters in the CDFM
methods and how they contribute to the high confidence in the capacity that
assures a low probability of failure should be studied. For example, the use
of 84% nonexceedence-probability site-specific spectrum and conservative
estimates of the median damping are expected to result in a computed capacity
indicating a low probability of failure. The use of material strength at 95%
exceedance value and 84% exceedance value for static capacity prediction
equations is expected to contribute to the high confidence statement about the
capacity. However, this approach cannot be used to determine the
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contributions of different parameters because the seismic capacity of a
component is a nonlinear function of these parameters; the impact on capacity
of any value of a single parameter depends not only on the significance of the
parameter on the median capacity but also on the relative variabilities (i.e.,
randomness and uncertainties) of all the parameters. The CDFM method
discussed here may be even more conservative than necessary. Until further
research on calibration 1is performed (discussed earlier), the degree
conservatism cannot be quantified.

4.8.1.2 Fragility-Analysis Method

One method of describing the fragility of a component is to express it in
terms of three parameters (Ref. 19): median capacity Am’ logarithmic standard
deviations By, and B, representing, respectively, randomness in the capacity
and uncertainty in the median wvalue. (Fragility Bandbook, Ref. 19) Rather
than estimating the median capacity as a product of an overall median safety
factor times the SSE pga for the plant (where the overall safety factor is a
product of a number of factors representing the conservatisms at different
stages of analysis and design), the median capacity is evaluated using median
structural and equipment response parameters, median material properties, and
ductility factors, median static capacity predictions, and realistic
structural modeling and method of analysis. If the fragility analyst is
convinced that the scaling of response is appropriate, the median seismic
capacity may be estimated as the product of the overall median safety factor
and the SSE pga.

The median response of the structure/equipment for the earthquake review
level (REL) is calculated. The median capacity of the structure/equipment is
estimated as the median static capacity multiplied by the median inelastic
energy absorption capacity factor. The median ground acceleration capacity of
the structure/element is approximately estimated as:

Median Normal Design
A, = (REL) Capacity - Load Response
Median Response caused by REL

This is valid because the normal loads have low variability and the normal
design loads are conservatively selected.

In lieu of explicitly determined Bg and BU' the HCLPF value for the structure/
equipment may be conservatively estimated by assuming B + BU = 0.08 and the
lognormal model: (Ref. 10 and 12)

HCLPF = 0.25 An

If the HCLPF value calculated as above does not exceed the earthquake review
level, the analyst may revise the capacity by estimating BR and B8,, using
plant-specific data and PRA methods (i.e., seismic fragilities). Another
option, if this proves to be too conservative, is to revise the median-
capacity estimate by performing further studies such as nonlinear, inelastic
static, or time history dynamic analyses.
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This section is an excerpt from
EPRI Report NP-4101-SR

Section 2

VARIOUS TYPES OF REPORTED SEISMIC MARGINS AND THEIR USES
R. P. Kennedy*

INTRODUCTION

Nuclear power plant structures and safety-related systems have been generally
designed conservatively for a safe shutdown earthquake (SSE) and more conservativel
for a smaller operating basis earthquake (OBE). Depending upon the relative con-
servatism of the design criteria, either the SSE or the O0BE will control the
design. For plants with SSE levels less than 0.2g, often non-seismic loadings
control the design.

In recent years, increasing knowledge in the geoscience field has led to a better
understanding that, although highly unlikely, it is possible for the nuclear power
plant to be subjected to earthquake ground motion greiter than the ground motion
for which the plant was designed. For this reason, interest has developed in
demonstrating that nuclear plant structures and safety-related systems can safely
withstand earthquake ground motion larger than their design earthquake ground
motions (SSE and OBE). Within this paper, this larger-than-design earthquake
ground motion will be called the seismic margin earthquake (SME) to distinguish it
from the design earthquakes. The plant has already been designed. Therefore, for
the SME the goal is not to design the plant. The goal is to determine the perform
ance of already-designed structures, components, and systems when subjected to the
SME. Different and generally more liberal criteria should be used when evaluating
the performance of structures, components and systems for the SME than were used %
design. Retrofit, and redesign, should only be contemplated if one cannot show a
seismic margin greater than unity for the SME using these more liberal criteria.
In other words, the SME is not a design earthquake. It is not a replacement for
the SSE and generally has nothing to do with design. The SME is a performance-
check earthquake.

*Senior Consultant, Structural Mechanics Associates, Newport Beach, California
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VARIQUS TYPES OF SEISMIC MARGIN

Existing literature contains a wide variety of highly dissimilar criteria for deter-
mining seismic margin. Therefore, one must be careful to distinguish what type of
seismic margin is being reported. Seismic margins reported in the literature can
generally be divided into the following four categories:

1. Desian Seismic Margin (DM) - The seismic margin computed using

US NRC Reg. Guides (R.G.), Standard Review Plans (SRP), Design
Code Capacities and load combinations.

2. Code (Elastic-Computed) Seijsmic Margin (CM) - Margin computed
using possibly less. stringent structural response parameters
(such as damping) and less stringent load combination (normal
plus seismic) but assuming essentially elastic behavior and
capacities defined by code.

3. Conservative Deterministic Seismic Marain Against Failure (CDFM)-
A failure margin computed using conservative material and res-
ponse parameters but taking credit for conservatively defined
failure capacity and inelastic energy absorption capability of
structures and components.

4, Probabjlistic Seismic Margin Against Failure (PFM) - Median-
centered estimate of seismic margin which also displays uncer-
tainties in the estimate.

Both the Design Margin (DM} and the Code Margin (CM) represent traditionally
computed margins. As such, they are prescriptive and essentially non-controversial.
However, in most cases, such margins are very conservative and are not a good
measure of the failure capacity. For some SME problems, it might be adequate to
determine the DM or CM. Some examples of when the DM or CM might be adequate are:

a. Where the SSE design response spectrum was a Housner spectrum,

one might be required to demonstrate margin for a R.G. 1.60
spectrum.

b. Where the SSE was 0.12g, one might be required to demonstrate
margin for an SME of 0.14q.

Both of these examples do not require one to push oneself to demonstrate substan-
tial margin. In my experience, the DM or CM approaches are generally adequate to
demonstrate margin for a SME less than about 0.15g or a SME less than about 1.2
times the SSE. For more severe SME problems, it is generally necessary to con-
sider failure margins.

The Conservative Deterministic Failure Margin (CDFM) is more controversial than

either the OM or CM. Actual failure capacities are highly uncertzin. A CDFM does
not display the uncertainty. However, it does represent a reasonably conservative,
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but realistic, measure of the failure capacity of the structure or component. The
Probabilistic Failure Marcin (PFM) fully displays the uncertainty in failure capa-
city and represents the most complete and best descriptor of the failure margin.
However, there will always be great uncertainty about uncertainty. Secondly, the
PFM attempts to remove all or nearly all conservatism. As such, the PFM will tend
to be more judgmental and controversial than the CDFM.

Irrespective of which of the abave four types of seismic margin (SM) is being
computed, this margin is generally obtained by one of the following equations:

c
M, = —" (1)
1 Dgye * Dys
c-0
SMZ = .D__Ns; (2)
SME

where C represents the capacity, DSME represents the demand (loading) from the SME,
and DNS represents the non-seismic demand (lacding) from all non-seismic loads in
the load combination. In my opinion, Equation (2) provides a better description of
the seismic margin than does Equation (1). As an example, assume: C = 100;

DSME = 20; DNS = 60. For this example, SM1 = 1.25 and SM2 = 2.00. The seismic
margin SM2 represents the multiplier by which the SME can be factored before
reaching capacity € while the margin SM1 does not truly provide a seismic margin
but provides a margin for the entire load combination. The seismic margin SM2 will
often be much larger than the margin SMl for structures or components in which
seismic s not the dominant loading. In these cases, SM1 is misleadingly Tow.

CANDIDATE CRITERIA FOR VARIQUS SEISMIC MARGINS

Table 2-1 presents some recommended criteria for use in estimating each of the dif-
ferent types of seismic margin for structures. Essentially each of the determinis-
tic seismic margins (DM, CM, and CDFM) uses conservatively biased criteria. Gener-
ally, it is suggested that parameters be set at about either the 84% or 95% excsed-
ance probability or non-exceedance probability (NEP) levels depending upon the
degree of conservatism desired. For normally distributed parameters, the 84% NED
and the 84% exceedance probability values correspond to plus and minus one standard
deviation from the mean. This level of conservatism is considered to represent a
reasonable degres-of-conservatism for individual structural response parameters.
Some capacity parameters should probably be more conservatively selected. The 95%
exceedance probability corresponds to minus 1.65 standard deviations from the mean
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for normally distributed parameters. Such a value envelopes essentially all capa-
city data except for extreme outliers which are likely %o be suspect data.

The probabilistic fajlure margin (PFM) approach uses median-centered estimates with
It is suggested that these uncertainty bands
should encompass about the central 90% of all possible parameter values. Thus, the
uncertainty bands should encompass from about the 5% to the 95% NEP range with
extreme outliers again being ignored.

uncertainty bands for each parameter.

TABLE 2-1

CANDIDATE SEISMIC MARGIN CRITERIA FOR STRUCTURES

(Example for Reinforced Concrete Structure)

CONSERVATIVE
OESIGN CooE OETERMINISTIC PROBABILISTIC
MARGIN MARGIN FAILURE MARGIN FAILURE MARGIN
PARAMETER [ J =} ComM [d4]
SSE
ERRTHQUAKE G8E SHE SME SME
LaA0 CNIMTXON* SRP NOBRMAL ~ SME NORMAL <« SME NCRMAL * SME
SPECTRA R.G. 1.80 342 NEP 84% NEP §.-95% NEP
R.G. 1.8
(C: - Q8E 843 EXCEEDANCE 843 EXCESDANCE <-95% NEP
QAMPING 7% - SSE, (73) (7%) ($3-202)
STRUCTURAL MEDIAN MEQLAN MEDTAN MEDtAN &
MOOEL UNCERTAINTY
ENVELOPE ERVELOPE ENVELOPE
SOIL- EXPECTED EXPECTED EXPECTED
STRUCTURE - PARAMETER PARAMETER PARAMETER MEDIAN &
{NTERACTION- VARLATION VARIATION VARIATION UNCERTAINTY
*-352 “€P
JESIGn 95% SXCEECANCE 95% EXCEEDANCE | ACTUAL STREMGTH
MATERIAL STRENGTH ACTUAL STRENGTH ACTUAL STRENGTH (3300 7S¢
STRENGTH (3000 Pst) (3300 PSI) {3400 PSt) -5300 #S1)
84T EXCEEDANCE §2-953 NEP
STATIC 8Y ACTUAL 8Y ACTUAL
CAPACITY CODE CAPACITY CODE CAPACITY TEST QATA TEST DATA
ESUATIONS (act 318) (act 218) (1.5=C00E) (1.4-2.4°C00E)
SYSTEM
OUCTILITY
(INELASTIC
ENERGY IGNORE [GXORE 953 EXCEEDANCE §3-353 NEP
ABSORPTION) (1.0) (1.0) (1.3) (1.3-1.0)




CONSERVATISM OF COMPUTED RESPONSE

Deterministic computed responses for a SME obtained using the parameters suggestsd
in Table 2-1 and discussed in the previous sections will clearly be conservative
when compared to median response results of a probabilistic margin review. In fact,
one would have high confidence that there is greater than a 84% probability that
actual responses to the SME would not exceed this deterministic computed response.
Comparison of deterministic computed responses with probabilistic responses ’
reported in several seismic PRAs indicate that the median response factor of

safety for these deterministic computed responses range from a low of about 1.4 for
a stiff concrete structure on rock to a high of about 3.0 for structures with sig-
nificant SSI effects.

MATERIAL STRENGTH

For design, one generally uses conservatively bjased design material strengths.

For instance, concretz might have a design compressive strength of 3000 psi and one
would have high confidence that this strength would be achieved or exceeded within
28 days after placement of the concrete. For seismic margin reviews to a SME, one
should use conservatively biased actual material strengths which in the case of
concrete take into account that concrete strength continues to increase with time
beyond 28 days after placement. Material strengths used in deterministic seismic
margin reviews for the SME should be sufficiently conservative that there is very
little 1ikelihood that actual strengths are less than those used in the margin
review (approximately 95% exceedance probability strengths achieve this goal). For
a PFM review, median material strengths plus the probable range of strengths should
be used.

For a typical 3000 psi concrete design strength, one would likely expect that the
90% bounds on actual strengths after two years would range from about“3400 psi to
5000 psi with a median of about 4200 psi. This full range should be considered in
a PFM review while a deterministic margin review could use a conservative strength
of 3400 psi in lieu of the design strength of 3000 psi.

STATIC STRENGTH OR CAPACITY EQUATIONS

Code equations for static strength or capacity are generally very conservatively
biased. In cases where one is attempting to predict a failure margin (either COFM
or PFM) and when failure test data exists to demonstrate excessive conservatism in
code equations for static strength or capacity, one should use actual failure test
data in lieu of code equations to predict seismic margins for the SME.

/
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INELASTIC ENERGY ABSORPTION CAPACITY

Nearly all structures and components exhibit at least some ductility (i.e., ability
to strain beyond the elastic limit) before failure. Because of the limited energy
content and oscillatory nature of earthquake ground motion, this ductility is highly
beneficial in increasing the seismic margin against failure for structures and
components. The inelastic energy absorption, Fu’ represents the ratio of the SME
at which a certain system ductility u is reached to the earthquake level for which
failure would be predicted by linear elastic analysis. The additional seismic
margin due to this inelastic energy absorption factor F; should be considered in
any failure margin review. Ignoring this effect will lead to unrealistically Tow
estimates of the failure margin. It is impossible to correlate performance of
structures and equipment in past earthquake experience with capacities predicted by
elastic analyses without considering the Fu'factor.

In a probabilistic failure margin (PFM) review, one should estimate the probable
range on Fu' For instance, for a shear wall structure with highly non-uniform
Demand/Capacity ratios throughout the structure (i.e., inelastic response is con-
centrated in localized regions), one might estimate the probable range for Fu to be
1.3 to 3.0. This entire range should be used in a PFM review. For a conservative
deterministic failure margin (CDFM) review, a conservative lower bound estimate on
Fu should be used. For this shear wall structure, such a conservative lower bound
on Fu might be 1.3.  Actually, all but the most brittle structures and components
will exhibit Fu values of at least 1.3 so that values less than 1.3 should seldom
be used for Fu in a failure margin review.

CONSERVATISM OF COMPUTED CAPACITY

In a CDFM review, the capacity should be computed sufficiently conservatively so
that if the computed response actually occurs, one has high confidence that the
probability of failure is negligible. In other words, fajlure will occur if a
severe unknown construction error exists or if the actual seismic response signifi-
cantly exceeds the computed seismic response. Capacities computed following the
guidelines in Table 2-1 and described in the previous sections for CDFM reviews are
expected to achieve this goal.

Based upon comparison of capacities compﬁted by the guidelines of Table2-1 for CDFii
reviews with median probabilistic computed capacities reported in several seismic
PRAs, it is estimated that the median probable capacities (50% probability of
failure) typically lie between 1.4 and 3.0 times the CDFM computed lower bound
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capacities. Responses would have to be increased by factors of about 1.4 to 3.0
before failures would be expected.

COMPARISON OF VARIOUS SEISMIC MARGINS

Probabilistic Failure margins (PFM) are typically displayed by fragility curves
such as that shown in Figure 2-1 for a typical 0.15g SSE designed stiff shear wall
structure founded on rock. These fragility curves illustrate that one has high
confidence of Tow probability of failure for an SME less than 0.3g (i.e., 2 times
the SSE) and has high confidence that the SME associated with a 50% probability of
failure lies between 0.5g and 1.6g with a median value of 0.9g9. ODiscussion on the
development of such fragility curves is contained in References 1 and 2.

For this same structure, the SME associated with the Code Margin (CM) was only
0.16g and the SME associated with a Conservative Deterministic Failure Margin (COFM)
was 0.32g. Note that the CDOFM value for the SME agrees closely with the high
confidence of Tow probability of fajlure value of 0.3g obtained from a PFM review.
This close agreement between the CDFM value and the high confidence, low proba-
bility of failure value from a PFM review has been observed in a number of cases
for which both margin reviews have been conducted. In other words, the CDFM
criteria in Table 2-1 can probably be used to deterministically establish the lower
bound on PFM fragility curves. In fact, one might prescriptively define

COFM = 955 confidence of less than 5% probability of failure (3)

Use of Equation (3) would provide a simpler and probably more consistent method of
obtaining the high confidence ( = 95%), low probability (< 5%) point on fragility
curves than the separation of variables method described in References 1 and 2.
This point on the fragility curve would be deterministically determined using the
CDFM criteria in Table 2-1. However, further validation of Equation (3) is needed.

A review of fragility curves presented in several seismic PRAs (Zion, Indian Point
2, Indian Point 3, Limerick, Millstone, Midland, and'Seabrook) generally indicate
a factor of 2.5 to 6.0 between the median (50% failure) fragility value and the
high confidence ( = 95%), low probability ( <5%) point on the fragility curve.
Thus, margins defined by the CDFM criteria would still contain substantial conser-
vatism below median fragilities.
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level, the input to floor-mounted equipment should also be defined at the 84% NEP
level. Use of 84% NEP floor spectra as input to equipment would provide the same
level of response consarvatism for equipment as exists for the structure. Unfor-
tunately, the generation of 84% NEP floor spectra would require probabilistic

structural response analyses which are more costly and have seldom been performed.

If 84% NEP floor spectra were generated and used in a margin study, one would have
to multiply such spectra by a scale factor for equipment qualified by testing. The
CDFM procedure defined in Table 2-1 introduces considerable conservatism in esti-
mating the capacity of equipment qualified by analysis for a given floor spectrum.
This factor of conservatism from the median failure capacity is estimated to range
from about 1.5 to more than 3 for equipment qualified by analysis. Thus, to intro-
duce a similar conservatism for equipment qualified by testing would require a
scale factor of about 2. 1In other words, for a COFM review the floor response
spectrum to be used for comparison with equipment qualification test response
spectrum (TRS) should be:

TRS = 2+(84% NEP Floor Response Spectrum) (8)

Again, it should be noted that within the current state-of-art one would not
generally generate 84% NEP floor spectra for a seismic margin review. Instead,

one would 1ikely use conservative broadened floor spectra generated using conser-
vative deterministic structural response parameters similar to those described in
Table 2-1. These conservative broadened floor spectra can be used directly to
determine a CDFM for equipment qualified by testing. However, for equipment quali-
fied by analysis some conservatism should be removed in a CDFM review. This
reduction in conservatism can be accomplished by:

1. Using median or slightly greater than median damping values for
computing equipment response.

2. Perform frequency shifting of floor spectra rather than frequency
broadening to account for frequency uncertainty.

For a seismic margin review of equipment mounted on structures, one should gener-
ally use 5% to 155 damped floor spectra as input to the equipment to partially
compensate for the conservatism introduced in the generation of these spectra.

USE OF THE CONCEPT OF SEISMIC-INDUCED SCENARIOS IN SEISMIC MARGIN STUDIES

It is unnecessary to demonstrate seismic margin for all structures, components, and
systems subjected to an SME. Instead, one should concentrate on the more likely
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Table 2-5.

SUMMARY OF CONSERVATIVE DETERMINISTIC FAILURE MARGIN APPROACH

Load Combination:

Ground Response Spectrum:
Damping:
Structural Model:

Soil1-Structure-Interaction:

Material Strength:

Static Capacity Equations:

Inelastic Energy Absorption:
(ductility)

In-Structure (Floor) Spectra
Generation:

Source: (4)

Normal + SME

Conservatively specified (preferably 84% Non-
Exceedance Probability Site-Specific Spectrum, if
Available)

Conservative estimate of median damping

Best Estimate (Median) + Uncertainty Variation in
Frequency

Best Estimate (Medfan) + Parameter Variation

Code Specified minimum strength or 95% exceedance
actual strength if test data are available.

Code ultimate strength (ACI), maximum strength
(AISC), Service Level D (ASME), or functional
limits. If test data are available to demonstrate
excessive conservatism of code equations, then use
84% exceedance of test data for capacity equation.

For non-brittle failure modes and

1inear analysis, use 80% of computed seismic
stress in capacity evaluation to account for duc-
tility benefits, or perform nonlinear analysis and
go to 95% exceedance ductility levels.

Use frequency shifting rather than peak broadening

to account for uncertainty plus use median damp-
ing.
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FLOOR SPECTRA

Attached are selected horizontal and vertical floor spectra at 2%, 4%,
and 7% damping. They have been "debroadened", with some associated
simplifications, from the broadened Maine Yankee turbine/service
building spectra at EL 61°-0", E-W and vertical directions. A
description of the dynamic model is contained on pp. 111 to 134 of
Cygna’s report (Appendix C of the prior transmittal). 7% structure
damping was used in the dynamic analysis. Ground motion input consisted
of time-histories matching the median NUREG/CR-0098 spectra scaled to
0.18g horizontal PGA and 0.12g vertical PGA.

Unbroadened floor spectra at the desired equipment frequencies are not
- contained in the Dresden SEP report (only 0.5% damping). Broadened
horizontal spectra at 2%, 3%, and 7% dampings are available. Also,
vertical spectra are not contained. The Maine Yankee spectra were
selected as the basis for the "debroadened" spectra for the following
reasons:

m Vertical spectra are available.

m The fundamental horizontal frequency is comparable (7.5
Hz vs. 5 Hz)

m In-structure spectral accelerations at the peaks and high
frequencies are about the same as for the Dresden spectra
at upper elevations, for nearly equivalent ground input.

While some information is lost towards the higher frequencies in the

debroadening, the same problem would exist with the broadened Dresden
spectra.
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1.0 INTRODUCTION

A Generic Equipment Ruggedness Spectrum (GERS) for Mctor Contro)l Centers (low

voltage) is presented and discussed in the following sections.
2.0 EQUIPMENT DESCRIPTION

The egquipment class covered by the GERS presented here is Low Voltage Motor Control
Centers (MCC) which are steel enclosures containing various sizes of motor starters
(contactors and control relays), circuit breakers, auxiliary relays, disccnnect
switches, control or distribution transformers, and paneiboards. They may also
have indicator lamps and meters. Cable or conduit entry can be from the bcttom,
top, or side. Units are low voltage rated at 600 VAC or 250 VOC. Typical low-
voltage NEMA nominal enclosure section sizes are 20 inches wide, 14 to 20 inches
deep, and 390 inches high. They are fabricated of 14 gage cr heavier steel sheets,
framed with angles, and supported on channels at the bottom. The base channels are
either integral with the MCC frame or are external members connected by internal
polts to the MCC frame. Multiple MCC sections may be grouped together to make
widths to 120 inches or greater. The units must be anchored at the base to a sup-
porting structure. The validation of anchorage adegquacy requires an independent
evaluation. This equipment class covers virtually all low voltage MCCs used in
pcwer plants for critical motor control. The checklist given in Section 5 can be

used to screen for outliers.
3.0 TEST DATA BASE

The data base includes basic equipment descriptive information, test methods/
description, and test data covering a wide range of MCC for fifteen separate tests.
The earliest test in the data base was conducted in 1974. Forty vertical MCC sec-
tions with weights ranging from 200 tc 800 pounds (per section) from ten manufac-
turers which represent the range of units found in actual pcwer plants are inciuded
in the data base. The units tested involved both single- and multi-section MCC
units (up to six sections). Two of the tests included valid data; however, they do
not meet the class inclusion rules. QOne of these tests had a top brace attachment
(i.e., not entirely base-mounted), and the other MCC unit was housed in a non-
typical (larger) enclosure. All units were mounted within NEMA-type metal enclo-

sures with either welded or bolted anchorage.
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Twelve tests were performed with random, independent, biaxial input motions. One
test used random, independent, triaxial input motion, while two additional tests
utilized single-axis sine-beat inputs. The test results span the entire range of
possible success and failure. Failure modes are relay chatter and minor structura)
base damage. In one test series involving four MCC sections, the equipment fragi-
lity limits were sought. In some cases, the tests were performed on MCCs in which
artificially aged components had been installed, while in others, the components
were new. Typical parameters which are monitored during testing include contact
chatter and coil dropout. Tests are typically performed in a deenergized state and
then repeated with the circuits energized. Hi-pot tests, under- and over-voltage
relay functionality, and circuit breaker functionality are checked before and after

the tests.

In general, the functionality of MCCs 1is limited by auxiliary relay and motor
starter auxiliary contact chatter in the deenergized state. Thus, the issue of MCC
function during a dynamic event is dgoverned by the ruggedness of the relays pre-
sent. It should be noted that all MCC units, dynamically tested, functioned in

post-test operation, including those units that sustained minor base damage.
4.0 GENERIC EQUIPMENT RUGGEONESS SPECTRUM

Figure 1 compares the GERS to the horizontal Test Response Spectra (TRS)
(standardized to 5% damping) for all of the thirteen TRS used to construct the
GERS. Both the energized and the deenergized data from successful are compared in
Figure 1. For this eauipment class, dual GERS are proposed. The "function after”
GERS accommodates the test data of several manufacturers over the frequency range
of 1 to 33 Hz. Also the "function after” GERS accommodates the tests where minor
structural damage (not affecting function) occurred. The "function during" GERS
conservatively accommodates the low.bound of data base TRS for which relay chatter
was noted in a wide spectrum of cabinet and relay or starter types as shown in
Figure 2. The vertical TRS in all tests on which the GERS is based was approxima-
tely equal to the horizontal input motion. Thus, the GERS presented is valid for

concurrent vertical and horizontal motion.
§.0 CHECKLIST
To apply this GERS to Motor Control Centers, the following criteria must be

verified,
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The MCC must be a low voltage unit with 3 floor-mounted NEMA-type
enclosure with an average weight per vertical section that does not
exceed 800 pounds (review of manufacturer's submittals is
sufficient}).

The MCC must be base anchored and the installed anchorage must be
evaluated (units which utilize a top brace attachment as part of the
unit anchorage require a secarate evaluation in order to justify the
“function after" GERS limit; however, the "function during" GERS may
be used directly with such units).

The base anchorage must utilize the MCC base channels for attachment.
Base anchorage details that induce significant bending of sheet are
not acceptable.

Cutouts in cabinet sheathing are less than 6-in. wide and 12-in.
high in the lower half of the cabinet height.

A1l door 1latches or screwdriver operated door fasteners must be
secured,

In order to utilize the "function during” GERS certain relays with
low ruggedness must be excluded. Al relays must have a GERS greater
than 4.5 g within the amplified spectral region.

Auxiliary contacts of contactors require a separate evaluation if they

are used for interlocks or control signals. The “function during”
GERS spectral levels must be factored by 0-87 to be applied to the
auxiliary contacts of contactors. o.cl

If the "function during” GERS limits for MCCs are exceeded by cer-
tain plant floor response spectra, a separate relay evaluation is
required which accounts for specific relay ruggedness, relay loca-
tion within an enclosure, and enclosure amplification.
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Table 1

Comparison of HCLPF Capacity Computations for Representative Components
(First Round Calculations)

HCLPF Capacity (g)
Median
Capacity
Component CDFM FA (@) Failure Mode Comments/Remarks/Assumptions
Flat Bottom Storage Tank
(At Grade)
RPK 0.29 0.3t 0.67 Combination of shell buckling
MKR/PSH 0.29 0.26 0.54 and anchor bolt yields
JWR - 0.27 0.53
JDS 048~ 1.13 Yield of anchor bolts
.32
Auxiliary Contactor Chatter
(Function during GERS lock-in
circuit potential)
a) Cabinet at Grade
RPK 0.54 0.59 1.26 Contactor Chatter
MKR/RDC 0.47 0.39 1.58 Contactor Chatter (used .87 knock-down factor)
JWR 0.48 1.20 Contactor Chatter
JOS 0.71 1.88 Contactor Chatter
b) Cabinet High-up
(Function during GERS lock-in
circuit potential)
RPK 0.10 0.11 0.30 Contactor Chatter
MKR/RDC 0.09 0.07 0.36 Contactor Chatter (used .87 knock-down factor)
JWR .- 0.11 0.43 Contactor Chatter
JDS 0.12 0.43 Contactor Chatter
RPK Did calculations by CDFM (by EPRI methodology) first, then FA. -
MKR/RDC/PSH Did calculations by FA first, then COFM (by EPRI methodology).
JWR Tabulated values are from HCLPF Capacity calculations using input spectra as 84% NEP maximum horizontal direction.
JDS Did calculations by CDFM (by deterministic approach).
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Table 2

Comparison of HCLPF Capacity Computations for Representative -Components
(Second Round Calculations)

HCLPF Median
Capacity Capacity
Component (9 (9) Failure Mode Comments/Rem arks/Assumptions
Flat Bottom Storage Tank
(At Grade)
RPK 0.29 0.67 Combination of shell buckling
MKR/PSH 0.29 0.54 and anchor bolt yields
JWR 0.28 0.55 .
JDS 0.32 0.83 Yield of anchor bolts awd <afer¥i...
'6- bena ye o'} ﬁ_lm-'v.. weal O ',LL:CL
Auxiliary Contactor Chatter
{Function during GERS lock-in
circuit potential)
a) Cabinet at Grade
RPK 0.54 1.26 Contactor Chatter
MKR/RDC 0.47 1.58 Contactor Chatter (used .87 knock-down factor)
JWR 0.48 1.20 Contactor Chatter
JDS 0.71 1.88 Contactor Chatter
b) Cabinet High-up ‘
(Function during GERS lock-in
circuit potential)
APK 0.11 0.30 Contactor Chatter .
MKRRDC 0.09 0.36 Contactor Chatter (used .87 knock-down factor)
JWR ' 0.11 0.43 Contactor Chatter
JDS 0.15 1.88* Contactor Chatter

* See calculations (Appendix A) for further explanation.
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Table 2 (Continued)

Comparison of HCLPF Capacity Computations for Representative Components
(Second Round Calculations)

HCLPF Maedian
Capacity Capacity

Component () (9) Faillure Mode Comments/Remarks/Assumptions
Starling Alr Tank
(High-up)

RPK 0.48 1.07 Plasti¢c Bending of Mounting Angles

MKRRDC 0.53 1.55 Plastic Bending of Mounting Angles

JWR 0.43 1.40 Plastic Bending of Mounting Angles

JDS 0.42 1.10 Plastic Bending of Mounting Angles
Heat Exchanger (High-up)
(Bolted to Rigid Support Frams)

RPK 0.40 1.18 Anchor Bolt Shear Failure;

failure through the threads
MKRRDC 0.44 1.08 Anchor Bolt Shear & Tension Failure
JWR 0.39 1.00 Anchor Bolt Shear Failure;
failure through the threads

JDS 0.44 1.15 Anchor Bolt Shear Failure
Block Wall (High-up)

RPK 0.62 1.94 Out-of-Plane Bending

MKRPSH 0.63 2.10 Out-of-Plane Bending boaarer K*M

JWR 0.52 1.96 Out-of-Plane Bending .

JDS 0.31 1.30 0wl wf~ P Lune Ranatoqy HCLPF o on Ancoel oa o.eae
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