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FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Ccmmission (Office of
Muclear Reactor Regulation, Division of Operating Reactors) for technical

assistance in support of NRC operating reactor licensing actions. The
technical evaluation was conducted ‘n »_cordance with criteria established by

the NRC.

Principal contributors to the tecnnical preparation of this report were

T. Stilwell, M. Darwish, W. A. Segraves, and S. J. Triolo of the Franklin
Research Center.

Dr. E. W. Wallo, Chairman of the Civil Engineering Department, Villanova
University, and Dr. R. Koliner, Professor of Civil Engineering, Villanova
University, provided assistance both as contributing authors and in an
advisor, capacity as consultants under subcontract with the Pranklin Research

Center.
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1. INTRODUCTION

For the Seismic Category I buildings and structures at the Dresden
Nuclear Power Station, Unit 2, this report provides a comparison of the
structural design codes and loading criteria used in the actual plant design
against the corresponding codes and criteria currently used for licensing of

new plants.

The objective of the code comparison review is to identify deviations in
design criteria from current criteria, and to assess the effect of these
deviations on margins of safety, as they were originally perceived and as they

would ce perceived today.

The vork was conducted as par: of the Nuclear Regulatory Commission's
(NRC) Systematic Evaluation Program (SEP) and provides technical assistance
for Topic I11-7.8B, "Design Codes, Design Criteria, and Load Combinations."
The report was prepared at the Franklin Research Center under NRC Contract No.
NRC-03-79~-118.

wlw
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2. BACKGROUND

With the development of nuclear power, provisions addressing facilities
for nuclear applications were progressively introduced into the codes and
Standards to which plant pbuilding and structures are designed. Because of
this evolutionary developmert, clder nuclear power plants-conform to a number
of different versions of these codes, some of which have since undergone

considerable revision.

There has likewise been a corresponding development of other licensing
criteria, resulting in similar non-uniformity in many of the requirements to
wnich plants have been licensed. With this in mind, the NRC undertook an
extensive program to evaluate the safety of 1l older plants (and eventually
all plants) to a common set of criteria. rhe program, entitled the Systematic
Evaluation Program (SEP), employs current licensing criteria (as defined by
NRC's Standard Review Plan) as the common basis for these evaluations.

To make the necessary determinations, the NRC is investigating, under the
SEP, 137 topics spanning a broad spectrum of safety-related issues. The work
reported herein constitutes the results of part* of the investigation of one
of these topics, Topic III-7.B, "Design Codes, Design Criteria, and Load
Combinations."

This topic is charged with the comparison of structural design criteria
in effect in the late 1950's to the late 1960's (when the SEP plants were
constructed) with those in effect today. Other SEP topics also address other
aspects of the integrity of plant struccures. All these structurally oriented
tasks, taken together, will be used to assess the structural adequacy of the
SEP plants with regard to current requirements. The determinations with
respect to structural safety will then be integrated intc an overall SEP

evaluation encompassing the entire spectrum of safety-related topics.

*The report addresses only the Dresden plant,

u:g m Research Center
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3. REVIEW OBJECTIVES

The broad objective of the NRC's Systematic Evaluation Program (SEP) is
Lo reassess the safety of 1l older nuclear power plants in accordance with the
intent of the requirements governing the licensing of current plants, and to
provide assurance, possibly involving backfitting, that operation of these
plants conforms tc the general level of safety required of modern plants.

Task 1I1I-7.B of the SEP effort seeks to compare actual and current
structural design criteria for the major civil engineering structures at each
SEP plant site, i.e., those important to shutdown, containment, or both, ard
therefore designated Seismic Category I structures. The broad safety
objective of SEP Task I[II-7.B is (when integrated with several other
interfacing SEP topics) to assess the capability of all Seismic Category I
structures to withstand all design conditions stipulated by the NRC, at least
to a degree sufficient to assure that the nuclear power plant can be safely
shut down under a{l circumstances.

The oojective of the present effort under Task III-7.B is to provide,

through code comparisons, a rational basis for making the required technical
assessments, and a tool which will assist in the structural review.

Finally, the objective of this report is to present the results of Task

[1I-7.8 as they relate to the Dresden Nuclear Power Station.

-3-
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4. SCOPE

In general, the scope of work involved a cumparison of the provisions of

the structural codes and standards used for the design of SEP plant Seismic

Category I civil engineering structures® against the corresponding provisions

governing current licensing practice. The review includes the containment and

all Category I structures within and exterior to it. Explicit aiong the

Ccriteria to be reviewed are loads and loading combinations postulated for

thiese structures.

The following specific tasks were addressed:

l.

Identify current design requirements, based on a review of NRC
Regulations; 10CFR50.55a, "Codes and Stancards®: and the NRC Standard
Review Plan (SRP).

Review the structural design codes, design criteria, design and
analysis procedures, and load combinations (including combination *
involving seismic loads) used in the design of all Seismic Category 1

structures as defined in the Final Safety Analysis Report (FSAR) for
each SEP plant.

Based upon the plant-specific design codes and standards identified
in Task 2 and current licensing codes and standards from Task 1,
ldentify plant-specific deviations from current licensing criteria
for design codes and criteria.

Assess the significance of the identified deviations, performing
(where necessary) comparative analyses to quantify significant
deviations. Such analyses may be made on typical elements (beams,
columns, frames, and the like) and should be explored over a range of
parameters representative of plant structures.

Prepare a Techrical Evaluation Report for each SEP plant including:

4. comparisons of plant design codes and criteria to those currently
accepted for licensing

b. assessment of the significance of the deviations

*In general, these are the structures normally examined in licensing reviews
under Section 3.8 of the SRP (but note the list at the end of this section of
structures specifically excluded from the scope of this review).

uﬂﬂﬁ Franklin Research Center
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c. results of any comparative stress analyses perforic?® in order to
assess the significance of the code changes on safety mai:ins

d. overall evaluation of the acceptability of structural codes used

at each SEP plant.

A number of SEP topics examine aspects of the integrity of the structures

composing SEP facilities. Several of these interface with the Task III-7.B

effort as shown below:

Topiz Designation
I1I-~1 Classificaticn of Structures, Components,

Equipment, and Systems (Seismic and
Quality)

I11-2 Wind and Tornado Loading

III-3.A Effects of High Water Level on Structures
I11-4 Missile Generation and Protection

II11-5 Evaluation of Pipe Breaks

I1I-6 Seismic Design Considerations

II1I1-7.D Structural Integrity Tests

vVi-2 Mass and Energy Release for Postulated

Pipe Break.

Because they are covered either elsewhere within the SEP review or within

Other NRC programs, the following matters are explicitly excluded from the

scope of this review:

Mark I torus shell, supports, vents,

local region of drywell at vent
penetrations

Reactor pressure vessel supports,
steam generator supports, pump
suppor ts

Equipment supports in SRP 3.8.3

U ﬂﬂﬁ Franklin Research Center
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5. MARGINS OF SAFETY

There are several bases upon wnich margins of safety* may be defined and

discussed.

The most often used is the margin of safety based on yield strergth.
This 18 a particularly useful concept when discussing the behavior of steels,
and Decame ingrained into the engineer’'ng vocabulary at the time when stael
was the principal metal of engineering structures. In this usage, the margin
Of safety reflects the reserve capacity of a structure %o withstand extra
loading without experiencing an incipient permanent change of shape anywhere
througnout the structure. Simultaneously, it reflects the reserve load
carrying capacity existing before the structure is brought to the limit for
which an engineer could be certain the computations (based on elastic behavior
of the metal) applied.

This 1s the conventional use of the term and the meaning which engineers
take as intended, unless the term is further qualified to show something else
1S meant. Thus, 1f a structure is stated to have a margin of safety of 1.0
under a given set of loads, then it will be generally understood that every
load on the structure may be simultaneously doubled without encountering
(anywhere) inelastic stresses or deflections. On the other hand, if (under
load) a structure has no margin of safety, any increment to any load will
Cause the structure to experience, in a least one (and possibly more than one)

location, some permanent distortion (however small) of its original shape.

Because the yield strengths of common structural steels are generally
well below their ultimate strengths, the engineer knows that in most (but not
all) cases, the structure possesses substantial reserve capacity--beyond his
computed margin--to carcy additional load.

There are other useful ways, however, to speak of safety margins and

these (not the conventional one) are particularly relevant to the aims of the
systematic evaluation program.

*Factors of safety (FS) are related to margins of safety (MS) through the
relation, M5 = FS - 1,

".m%‘m\ldin Research Center
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One may speak of margins of safety with respect to code allowable limits.

This margin reflects the reserve capacity of a structure to withstand extra

loading while still conforming to all criteria governing its design.

One may also speak (if it is made clear in advance that this 1s the

intended meaning) of margins of safety against actual failure. Both steel and

concrete structures exhibit much higher “margins of safety®" on this second
basis than is shown by computation of margins of safety based on code

allowables.

These latter concepts of "margin of safety" are very significant to the
SEP review. Indeed the basic review concept, at least as it relates to
structural integrity, cannot be easily defined in any quantitative manner
without considering both. The SEP review concept 1s predicated on the
assumption that it is unrealistic to expect that plants which were built to,
and were in compliance with, oclder codes will still conform to current
criteria in all respects. The SEP review seeks to assess whether or not
plants meet the "intent" of current licensing criteria as defined by the
Standard Review Plan (SRP). The objective is not to require that older plants
be brought into conformance with all SRP requirements to the letter, but
rather to assess wnhether or not their design is sufficient to provide the

general level of safety that current licensing requirements assure.

With respect to aspects of the SEP program that involve the integrity of
structures, the SEP review concept can be rephrased in a somewhat more
quantitative fashion in terms of these two "margins of safety." Thus, it is
not expected or demanded that all structures show positive margins of safety

based upon code allowables in meeting all current SRP requirements; but it is

demanded that margins of safety based upon ultimate strength are not only

positive, but ample. In fact, the critical judgments to be made (for SEP
plants) are:

1. to what extent may current code margins be infringed upon.

2. what minimum margin of safety based on ultimate strength must be
assured.

The choice of method for Topic III-7.B review can be discussed in terms

of these two key considerations.

4%.555
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6. CHOICE OF REVIEW APPROACH

The approach taken in the review process depends on wnich key questions

(of Section 5) one chooses to emphasize and address first.

Cne could give primary consideration to the second. If this approach is
chosen, one first sets up a minimum margin of safety (based on failure) that
will be acceptable for SEP plants. This margin 1is to be computed in
accordance with current criteria. Then one investigates structures designed
in accordance with earlier code provisions, and to different loading
combinations, to see if they meet the chosen SEP margin when challenged by
current loading combinations and evaluated to current criteria. This approach
gives the appearance of being efficient. The review proceeds from the general
(the chosen minimum margin of safety) to the particular (the ability of a
previously designed structure to meet the chosen margin). Moreover, issues
are immediately resolved on a "go; no-go®" basis. The initial step in this
approach 1is not easy, nor are the necessary evaluations. One is dealing with
highly loaded structures in regions where materials benave inelastically.

Rulemaking in such areas is sure to be difficult, and likely to be highly
controversial.

The alternative approach is taken in this review. It proceeds from the
pParcticular to the general, and places initial emphasis upon seeking to answer
(for SEP plants) questions as to what, how many, and of what magnitude are the
infringements on current criteria. No new rulemaking is involved (at least at

the outsecr). All initial assessments are based on existing criteria.

Current and older codes are compared paragraph-by-paragraph to see the
effects that code changes may have on the load carrying ability of individual
elements (beams, columns, frames, and the like). It should be noted that this
process, although involving judgments, is basically fact-finding -- not
decisionmaking.

This kind of review is painstaking, and there is no assurance in advance

that it in itself will be decisive. It may turn out, after examinaticn of the

J00 Frankiin Research Center
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facts, that designs predicated upon the older criteria infringe upon current
design allowables in many cases and to extensive depths. If so, such
information will certainly be of value to the final safety assessment, but

many unresolved cuestions will remain.

On the other hand, it may turn out that infringements upon current
criteria are infrequent and not of great magnitude. If this is the case, many
1ssues will have been resolved, and questions of structural integrity will be

sharply focused upon a few remaining key issues.

UBBL Franklin Research Center
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7. METHCOD

A brief description of the approach used to carry out SEP Topic III-7.B
follows. Por discussion of the work, it is convenient to divide the approach
Into S8iX areas:

1. information retrieval and assembly

2. appraisal of informaticn content

J. code comparison reviews

4. code change impact assessment

5. plant-specific review of the relevancy of code change impacts
6. summarizing plant status vis-a-vis design criteria changes.

7.1 INFORMATION RETRIEVAL

The 1initial step (and to a lesser extent an ongoing task of the review)
was to collect and organize necessary information. At the outset, NRC
forwarded files relevant to the work. These submittals included pertinent
sections of plant FSARs, Standard Review Plan (SRP) 3.8, responses to
questions on Topic III-7.B pteviéusly requested of licensees by the NRC, and

other relevant data and reports.

These submittals were organized into Topic III-7.B files on a plant-by~-

plant basis. The files also contain subsequently received information, as

well as other documents developed for the plant review.

A numpber of channels were used to gather additional information. These
included information requests to NPC; letter requests for additional infor-
mation sent to licensees; plant site visits; and retrieval of representative

structural drawings, design calculations, and design specifications.

In addition, a separate file was set up to maintain past and present
structural codes, NRC Regulatory Guides, Staff Position Papers, and other
relevant documents (including, where available, reports from SEP tasks
intertacing with the III-7.B effort).

7.2 APPRAISAL OF INFORMATION CONTENT

Most of the information sources were originally written for purposes

Other than those of the Task III-7.B review. Consequently, much of the

TmmﬁﬁzumnﬂanuthCuwu
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information sought was empbedded pliecemeal in the documents furnished. These
sources were searched for the relevant information that they did contain.
Generally, it was found that information gaps remained (i.e., some items were
not referenced at all or were not specific enocugh for Task III-7.B purposes).
The information found was assembled and the gaps were filled through the

information retrieval efforts mentioned earlier.

7.3 CODE COMPARISON REVIEWS

The codes and standards used to represent current licensing practice were
selected as described in Appendix I of this report. Briefly summarized, the
criteria selection corresponds to NUREG-800 (NRC's Standard Review Plan), the
operative document providing guidance to NRC reviewers on licensing matters

(see Reference 1).

Next, the Seismic Category I structures at the Dresden Nuclear Power
Station were identified (see Section 8). For these, the codes and standards
which were used for actuwl design were likewise 1dentified on a structure-by-
structure pasis (see Section 9). Each code was then paired with its counter-

part wnich would govern design were the structure to be licensed today.

Workbooks were prepared for each code pair. The workbook format
consisted of paragraph-by-corresponding-paragraph photocopies of the older and
the current versions laid out side-by-side on ll-by-l17-inch pages. A central
column between the codes was left open to provide space for reviewer comments.

The code versions were initially screened to discover areas where the
text either remained identical in both versions or had been reedited withocut
changing technical content. Code paragraphs which were found to be essentially

the same in both versions were so marked in the comments column.

The review then focused on the remaining portions of the codes where
textual disparities existed. Pertinent comments were entered. Typical

comments address either the reason the change had been introduced, the intent

—12-
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Of the change, 1ts impact upon safety margins, or a compbination of such

considerations.

A8 can be readlily afp sreciated, many different circumstances arise in such

"

evaluations--some simple, some complex. A few examples are cited and briefly

discussed below.

krovisions were found where code changes liberalized requirements, i.e.,
less stringent criteria are in force today than were formerly required. Such
Changes are introducea from time to time as new information becomes available
regarding the provision in question. Not infrequently, code committees are
Called upon to protect against failure modes where the effects are well known;
but too little is yet clear concerning the actual failure mechanism and the
relative importance of the contributing factors. The committee often cannot
defer action until a full investigation has been completed, but must act on
benalf of safety. Issues such as these are usually resolved with prudence and
caution--sometimes by the adoption of a rule (based upon experience and
judgment) known to be conservative enough to assure safety. Subseguent inves-
tigation may produce evidence showing the adopted rule to be overly cautious,

and provide grounas for its relaxation.

On the other hand, some changes which on first view may appear to reflect
a relaxation of code requirements do not in fact actually do so. Structural
codes tend to be documents with interactive provisions. Sometimes apparent
liberalization of a code paragraph may really reflect a general tightening of
Criteria, because the change is associated with stiffening of requirements

elsewhere.

TO cite a simple example, a newly introduced code provision may be found,
making it unnecessary to check thin flanged, box section beams of relatively
small depth-to-width ratio for buckling. This might appear to be a relaxation

of requirements; however, elsewhere the code has also introduced a require-
ment that the designer must space end supports closely enough to preclude

buckling. Thus, code requirements have been tightened, not relaxed.

hﬂ Franklin Research Center
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Whenever it was found that code requirements had truly been relaxed, this
was noted in the reviewer's comments in the code comparison review. Because
liberalization of code criteria clearly cannot give rise to safety issues
concerning structures built to more stringent requirements, such matters were

not considered further.

On the other hand, whenever it was clear that a code'cnange introduced
more stringent criteria, the potential impact of the change on margins of
safety shown for the structure was assessed. When it was felt that the change
(although more restrictive) would not significantly affect safety margins,
this judgment was entered as a reviewer comment. When it was clear that the
code change had the potential to significantly affect the perceived margin of
safety, this was noted in the comments and the paragraph flagged for further

consideration.

Sometimes the effects of a code change are not apparent. Indeed,
depending upon a number of factors,* the change may reflect a tightening of
requirements for some structures and a liberalization for others. When
doubtful or ambiguous situations were encountered in the review, the effect of
tne code change was explored analytically using simple models.

A variety of analytical technigues were used, depending on the situation
at hand. One general approach was to select a basic structural element (a
beam, a column, a frame, a slab, or the like) and analytically test it, under
both the clder and the current criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to
the older code requirements. Next, the load carrying capacity of this
structure was reexamined using current code criteria. Finally, the load
carrying capacities of the element, as shown by the older criteria and as
determined by the current criteria, were compared. Examples of investigations
performed to assess code change impacts are found in Appendix B.

*Geometry, material properties, magnitude or type of loading, type of supports--
to name a few.

-14-
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In making these studies, an attempt was made to use structural elements,
model dimensions, and load magnitudes that were representative of actual
Structures. For studies that were parametized, an attempt was made to span

the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results from simplified
models may be totally applicable to the more complex situations occurring in
real structures, it was felt that such examples provi.ed reasonable guidance
for making rational judgments concerning the impact of changed code provisions

on perceived margins of safety.

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES

A8 the scope of the Task 1II-7.B assignment indicates, a limited
Objective 1s sought in assessing the effects of code changes on Seismic

Category I structures.

The scope of this review 1s not set at the level of appraisal of
individual, as-built structures on plant sites. Conseqguently, “he review does
nOt attempt tO make quantitative assessments as to the structural adequacy

under current NRC criteria of specific structures at particular SEP plants.

To the contrary, the scope is confined to the compar ison of former
Structural codes and criteria with counterpart current requirements. Corres-
ponaingly, the assessment of the impact of changes in codes and criteria is
confined to what can be deduced solely from the provisions of the codes and
criteria.

Althougn the review is therefore carried out with minimal reference to
actual structures in the field, the assessments of code change impacts that

can be made at the code comparison level hold considerable significance for
actual structures.

In this respect, two important points should be noted:

l. The review brings sharply into focus the changes in code provisions
that may give rise to concern with respect to structural margins of
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safety as perceived from the standpoint of the regquirements that NRC
now imposes upon plants currently beinra licensed.

The review simultaneously culls away a number of code changes that do
not give rise to such concerns, but wnich (because tney are there)

would otherwise have to be addressed, on a structure-by-structure
basis.

2. The effects of code changes that can be determined from the level of

code review are confined to potential or possible impacts on actual
structures.

A review conducted at the code comparison level cannot determine

whether or not potentially adverse impacts are actually realized in a
given structure. The review may only warn that this may be the cese.

For example, current criteria may require demonstration of structural
integrity under a loading combination that includes an additional

load not specified in the corresponding loading combination to which
the structure was designed. If the non-considered load is large

(l.e., in the order of or larger than other major loaas that were
included), then it is guite possible that some members in the

structure would appear overloaded as viewed by current criteria.
Thus a potential concern exists.

However, no determination as to actual overstress in any member can
be made by code review alone. Actual margins of safety in the
controlling member (and several others*) must certainly be examined
before even a tentative judgment of this kind may be attempted.
In order to carry out the code review objective of identifying criteria
changes that could potentially impair perceived margins of safety, the

following scheme classifying ccde change impacts was adopted.

7.4.1 Classification of Code Changes

Where code changes involve technical content (as opposed to those which

are editorial, organizational, administrative, and the like), the changes are
classified according to the following scheme.

*The adaition of a new load can change the location of the point of highest
stress.
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Each such code change is classified according %o its potential to alter
perceived margins of safety® in structural elements to which it applies. Four
categorlies are established:

Scale A Change - The new criteria have the potential to substantially impair
margins of safety as perceived under the former criteria.

Scale Ay Change - The impact of the code change on margins of safety is not
immediately apparent. Scale Ay code changes require
analytical studies of model structures to assess the
potential magnitude of their effect upon margins of safety.

Scale B Change - The new criteria Operate to impair margins of safety but not

enough to cause engineering concern about the adequacy of
any structural element.

Scale C Change ~ The new criteria will give rise to larger margins of safety
than were exnibited under the former criteria.

7.4.1.1 General and Conditional Classifications of Code Change Impacts

Scale ratings of code changes are found in two different forms in this
report. For example, some are aesignated as "Scale A," and others as "Scale
C." Others have dual designation, such as "Scale A if --- [a condition state-
ment] or Scale C i1f --- [a second condition statement] .”

In assidgning scale classifications, an efficient design to original
Criteria is assumed. That is, it is postulated that (a) the provision in
question controls design, and (b) the structural member to which the code
provision applies was proportioned to be at (or close to) the allowable

limit, The impact scale rating is assigned accordingly.

If the code change is Scale A, and it applies (in a particular structure)
tOo a member which is not highly stressed, then this may afford excellent
grounds for asseriing that this particular member is adequate; but it does not
thereby downgcrade the ranking to, say, a Scale B change for that member. The

*That is, 1f (all other considerations remaining the same) safety margins as
computed by the older code rules were to be recomputed for an as-built
structure in accordance with current code provisions, would there be a
difference due only to the code change under consideration?

n
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scale ranking is neither a function of member stress* nor a ranking of member

adequacy. The scale system ranks code change impact, not individual members.

However, a number of code provisions are framed so that the allowable
limit is made a function of member proportion. When this kind of a code
provision is changed, the change may affect members of certain proportions one

way and members of other proportions differently.

For example, assume a change in column design requirements is introduced
into the code and is framed in terms of the ratio of the effective column
length to its radius of gyration. The new rule acts to tighten design require-
ments for slender columns, but liperalizes former requirements for columns that
are not slender. This change may be rated Scale A for slender columns, and
simultaneously, Scale C for non-slender ones. Althcugh some columns now appear
to be Scale A columns while others appear to be Scale C columns, the distinc-

tion between them reslides in the code, and is not a reflection of member

adequacy. Clearly, it is still the code changes that are ranked; but, in this
case, the code change does not happen to affect all columns in a unilateral

way .

7.4.1.2 Code Impact on Structural Margins

This classification of ccde changes identifies both (a) changes that have
the potential to significantly impair perceived margins of safety (Scale A) and

(b) changes that have the potential to enhance perceived margins of safety
(Scale C).

Emphasis is subsequently placed on Scale A charges, not on Scale C
changes. The purpose of the code comparison review is to narrow down and bring
into sharper focus the areas where structures shown adequate under former
criteria may not fully comply with current criteria. Once such criteria
changes have been identified, actual structures may be checked to see if the
potential concern is applicable to the structure. Depending upon a number of
structure-specific circumstances, it may or may not pertain.

*There are exceptions, but these are code-related, not adequacy-related.
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The same thing is true of Scale C changes, i.e., those that may enhance
perceived structural margins. Specific structures must be examined to see if
the potential benefit is actually applicable to the structure. 1If it is
applicable, credit may be taken for it, However, this step can only be taken

at the structural level, not at the code level.

A simple example may help clarify this point. Assume a steel beam exists
in a structure designed by AISC 1963 rules for the then-specified locading
combination. Current criteria require inclusion of an additional load in the
loading combination (Scale A change), but the current structural code permits
a higher allowable load if the beam design conforms to certain stipulated

proportions (5cale C change). Several circumstances are possible for beams in

actual structures, as shown below.

New Load Higher Stress Limit Results
Maximum stress in beam Applicability Beam adequate under
under original loading immaterial current criteria

conditions was low with
ample margin for addi-

tional load

Maximum stress in beam Beam qualifies for Beam may be

under original loading higher stress limit adequate under current
condition was near former Criteria

allowaple limit

Maximum stress in beam Beam does not qualify Beam unlikely to be
under original loading for increased stress adequate under current
condition was near former limit criteria

allowable limit

It is clear from this example that the function of the code review is to
point out code changes which might impair perceived margins of safety, and
that assessment of their pertinence is best accomplished at the structure-
specific level.
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7.5 PLANT-SPECIFIC CODE CHANGES

Thete is substantial overlap among the SEP plants in the codes and stan-

dards used for structural design. Several plants, for example, followed the

provisions of ACI-318, 1963 edition, in designing major concrete structures.

Thus, the initial work of comparing older and current criteria 1is not
plant-specific. However, when the reviewed codes are packaged in sets
containing only those code comparisons relevant to design of Seismic Category
I structures in a particular 5.P plant, the results begin %o take on plant-

specific character.

The code changes potentially applicable to particular structures at a
particular SEP plant have then been identified. However, this list is almost
surely overly long because the list has been prepared without reference to
actual plant structures. For example, the code change list might include an
item relating to recently introduced provisions for the design of slender

columns, while none actually exist in any structures in that particular plant.

In-depth examination of design drawings, audit of structural analyses,
and review of plant specifications were beyond the scope of the III-7.B task;
accordingly, such activities were not attempted. However, occasional
treference to such documents was necessary to the review work. Consequently,
it was possible to cull from the list some items that were obviously
inappropriate to the Dresden plant structures. Wherever this was done, tnhe
reason for removal was documented, but no attempt was made to remove every

such item.

Code changes that may be significant for structures in general but did
not appear applicable to any of the Seismic Category I structures at the
Dresden plant were relegated to Appendix A. The 3cale A or Scule Ax changes
that remained are listed on a code-by-code basis in Section 11.

e
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8. DRESDEN UNIT 2 SEISMIC CATEGORY ! STRUCTURES

SEP Topic 1II-l has for its cbjectives the classification of components,
structures, and systems with respect to ooth quality group ana seismic
designation. Seismic Category I structures in Dresden Unit 2 have been

identified by Reference 5 (FSAR) and Reference 6 as follows:
A. Primary Containment

Includes:
Drywell
Torus, Vents, and Penetrations (reviewed in Generic Task A=7)

B. Reactor Builaing
C. Control Room (located in turbine building)
D. Stack.

Major structures not classified as Seismic Category I by Reference 5 are
the intake and discharge (crib house) structures and the turbine building,
althougn 1in this report the crib house is treated as a Category I structure.
Seismic analyses were performed for these structures as well as for the above

Seismic Category I structures.

All of the above structures except the intake ard discharge (crib house)
Structures were analyzed for operating basis ear thquake (OBE, 0.lg horizontal,
0.0679 vertical) using modal response time history analysis and were reviewed
to assure that they could withstand twice the OBE seismic shears and moments
without hindering the ability of the plant to be safely shut down, according
to Sectiocn 12, FSAR.

The intake and discharge (crib house) structures were analyzed for static

equivalent seismic loads in accordance with the Uniform Building Code.

In addition, the following structures are not identified (by Reference 5
or Reference 6) as Seismic Category I, although they might be classified
Seismic Category I under current criteria:

Spent fuel pool

Diesel generator room{s)
HPCI pump building.
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Design load tables and loading combination tables are also supplied in

Section 10 for these structures.
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The structural codes governing design of the major Seismic Category I

structures for Dresden Unit 2 are detailed in the following table:

Structure
A. Containment

1. Drywell

4. Drywell access
hatch (equipment
acrcess hatch)

3. UOrywell access lock
{personnel airlock)

B. Reactor Builaing

C. Fuel Builaing

D. Control Room

E. Stack*

Design
Criteria

(Ref. Containment Spec.
P. 2-2 and 3~1) ASME Code
Section III, Subsection B
1963 and 1964 Addenda

(Ref. Containment Spec.

P. 2=-2 and 3-1) ASME Code
Section III, Subsection B
1963 and 1964 Addenda (1365
Edition is used herein for
code comparisons)

(Ref. Containment Spec.

P. 2-2 and 3-1) ASME Code
Section II1I, Subsection B
1963 and 1964 Addenda

ACI 318-63 Concrete
AISC~-1963 Steel

ACI 318-63 Concrete
AISC-1¢63 Steel

ACI 318-63 Concrete
AISC-1963 Steel

ACI 505-54

Current
Criteria

ASME B&PV Codge,
Section III,
Subsection NE,
1980

ASME B&PV Code,
Section III,
Subsection NE,
1980

ASME B&PV Code,
Section III,
Subsection NE,
1980

ACI 349-76
AISC-1980

ACI 349-76
AISC-1980

ACI 349-76
AISC-1930

ACI 307-79

*Although the provisions of ACI 349-76 currently govern design of all Seismic
Category I structures external to containment, nonconflicting provisions of

ACI 307-79 also apply.

However, comparisons of these design codes with

previous versions of ACI chimney codes are not carried out in this report.
it 1s understood that a complete reanalysis of the stack to current criteria

will be carried out within the SEP program.

This circumstance reduces code

comparisons for the stack to an academic and superfluous status and negates
all practical need for this work.
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Structure
Intake and Discharce
Structures

(Crib House)

Diesel Generator Rooms

HPCI Pump Building
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Design
Criterla

Uniform Building Code

ACI 318-63 Concrete
AISC-1963 Steel

ACI 318-63 Concrete
AISC-1963 Steel
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10. LOADS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TABLES OF LCADS AND LOAD COMBINATIONS

The requirements governing loads and load combinations to be considered
in the design of civil engineering structures for nuclear service have been
revised since the older nuclear power plants were constructed and licensed.
Such changes constitute a major aspect of the general pattern of evoliving
design requirements; consequently, they are singled ocut for special considera-

tion in this section of this report.

The NRC Regulatory Guides and Standard Review Plans provide guidance as
to what loads and load combinations must be considered. In scme cases, the
required loads and load combinations are also specified within the governing
Structural design code; other structural codes have no such provisions and
take loads and load combinations as given a priori. In this report, loads and
load combinations are treated within the present section whether or not the

Structural dgesign codes also include them.

Later sections of this report address, paragraph by paragraph, changes in
text between design codes current at the time the plant was constructed and
those governing design today; however, to avoid repetition, code changes
related to loads and load combinations will not be evaluated again although

they may appear as provisions of the structural design codes.

To provide a compact and systematic comparison of previous and present

requirements, two sets of tables are used:

l. iocad tables

2. load combination tables.

Both sets of tables are constructed in accordance with current require-~
ments for Seismic Category I Structures, i.e., the load tables list all loads
that must be considered in today's design of these structures (as enumerated
in NRC's Standard Review Plan), and the load combination tables list all
combinations of these loadings for which current licensing procedures require

demonstration of structural integrity.
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In general, the loads and load combinations to be considered are determined
by the structure under discussion. The design loads for tne structure housing
the emergency power diesel jenerator, for example, are quite different than
those for the design of the containment vessel. Consequently, structures must
be considered individually. Each structure usually requires a load table and

load combination table appropriate to its specific uesign. requirements.

The design requirements for the various civil engineering structures
within a nuclear power plant are echoced in applicable sections of NRC's
Standard Review Plan (SRP) 3.8. The tables in the present report correspond
to, and summarize, these requirements for each structure. A note at the
bottom of each table provides the reference tc the applicable section of the

Standard Review Plan. Section 10.2 of this report lists, for reference, the

load symbols used in the charts together with their definitions.

The loads actually used for design are considered, structure by structure,

and the load taples are filled in according to the following scheme:

1. The list of  ,otentially applicable loads (according to current
requirements) is examined to eliminate loads which either do not

occur on, or are not significant for, the structure under
consideration.

2. The loads included in the actual design basis are then checked

against the reduced list to see if all applicable loads (according to
current requirements) were actually considered during design.

3. Each load that was considered during design is next screened to see
L1f it appears to correspond to current requirements. Questions such
as the following are addressed: Were all the individual loads
encompassed by the load category definition represented in the
applied loading? Do all loads appear to match present requirements
(1) in magnitude? (2) in method of application?

4. An annotacion is made as to whether deviations from present
requirements exist, either because of load omissions or because the
loads do not correspond in magnitude or in other particulars.

5. If a deviation is found, a judgment (in the form of a scale ranking)

is made as to the potential impact of the deviation on perceived
margins of safety.

6. Relevant notes or comments are zccordod,

-26=
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Of particular importance to the Topic III-7.B review are comments indicat-
ing that the effects of certain loadings (tornado and seismic loads, in
particular) are being examined under other SEP topics. In all such cases, the
findings ot these special SEP topics (where review in depth of the indicated
loading conditions will be undertaken) will be definitive for the overall SEP
effort. Consequently, no licensee investigation of such issues is required
under Topic II1I-7.B nor is such effort within the scope of Topic III-7.B (see
Section 4). Licensee participation in the resolution of such issues may,
however, bDe requested under the scope of other SEP topics devoted to such

issues.

After the load tables have been filled out, the load combination tables
are compiled. Like the load tables, .he load combination tables are drawn up
O current requirements and the load combinations actually used in the design

Dasis are matched against these requirements.

Current criteria require consideration during plant design of 13 load
combinations for most structures, as shown in the load combination tables.
These specific requirements were not in effect at the time when SEP plants
were designed. Consequently, other sets of load combinations were used. In
comparing actual and current criteria, an attempt was made to match each of the
load combinations actually considered to its nearest counterpart under present
requirements. For example, consider a Plant where the safe shutdown earthquake
was addressed in combination with other loads, but not in combination with the
effects of a LOCA (load combination 13). The load combination tables would
reflect this by showing that load case 9 was addressed, but that load case 13
was not. If six load cases were considered, only six (nearest counterpart)

load cases are indicated in the table--not partial fulfillment of all 13.

For ease of comparison, the load combinations actually used are super-

imposed on the load combinations currently required. This is accomplished in
two steps:

1. Currently specified load combinations include loads sufficient for
the most general cases. In particular applications, some of these
are either inappropriate or insignificant. Therefore, the first step

3T
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is to strike all loads that are not applicaple to the structure under
consideration from all locad combinations in which they appear.

2. Next, loads actually combined are indicated by encircling (in the
appropriate load combinations) each load contributing to the
summation considered for design.

Thus, the comparison between wnat was actually done and what is required
today is readily apparent. If the load combinations used are in complete
accord with current requirements, each load symbol on the sheet appears as
either struck or encircled. Load combinations not considered, and loads

omitted from the lcad combinations stand out as unencircled items.

A scale ranking is next assigned to the load combinations; however (unlike
the corresponding ranking of loads), a scale ranking is not necessarily
assigned to each one. Wwhen the load combinations used for design correspond
closely to current requirements, scale ratings may be assigned to all
combinations. However, when the number of load combinaticns considered in
design was substantially fewer than current criteria prescribe, it did not
appear to serve any engineering purpose to rank the structure for each

currently required load combination. Instead, a limited number of loading

cases (usually two) were ranked.
The following considerations guided the selection of these cases:

1. Por purposes of the SEP review, it was not believed necessary to
require an extensive reanalysis of structures under all load
combinations currently specified.

2. SEP plants have been in full power operation for a number of years.
During this time, they have experienced a wide spectrum of operating
and upset conditions. There is no evidence that major Seismic
Category I structures lack integrity under these operating conditions.

3. The most severe load combinations occur under emergency and accident
conditions. These are 2lso the conditions associated with the
greatest consequences ‘' .ublic health and safety.

4. If demonstration of structural adequacy under the most severe load
combinations currently specified for emergency and accident
conditions is provided, a reasonable inference can be drawn that the
structure is also adequate to sustain the less severe loadings
assoclated with less severe consegquences.

-28-
A ar——

LUl Franklin Research Center
A Dvision of The Franadin institute



TER-CS5257-321

The scale rankings assigned to loads and load combinations in tables are
intended as an appraisal of plant status, with respect tc demonstration of
compliance with current design criteria, based on information available to the
NRC prior to the inception of the SEP review. A number of structurally
related SEP topics review some loads and load combinations in detail based
upon current calculational methods. In order that a consistent basis for the
tables ve maintained, they are pased upon load compinations considered in the
Ooriginal design of the facility or, in the case of facility modifications,
they are based upon the compiraticns used in the design of the modification.
Loads that were not included in the original design or that have increased in
majnitude and have not been specifically addressed in another SEP topic should

be addressed by the Licensee.

10.2 LOAD DEFINITIONS

D Dead loads or their related internal moments and forces (such as
permanent equipment lcads).

E or Ey Loads generated by the cperating basis earthquake.
E' or Egg Loads generated by the safe shutdown earthquake.

F Loads resulting from the application of pre-stress.

H Hydrostatic loads under operating conditions.

Hy Hydrostatic loads generated under accident conditions, such as
post-accident internal flooding. (PL is sometimes used by others*
to designate post-LOCA internal flcoding.)

L Live loads or their related internal moments and forces {such as
movable equipment loads).

P, Pressure load generated by accident cornditions (such as those
generated by the postulated pipe break accident).

Py or Py, Loads resulting from pressure due to normal operating conditions.

*See, for example, SRP 3.8.2.
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Ps All pressure loads which are caused by the actuation of safety
relief valve discharge including pool swell and subsequent

hydrodynamic loads.

or R, Plpe reactions unader accident conditions (such as those generated by
thermal transients asscociated with an accigent).

Ky Pipe reactions during startup, normal operating, or shutdown
condaitions, based on the critical transient or Steady-state
condition.

Rg All pipe reaction loads which are generated Dy the discharge of
safety relief valves.

T, Thermal loads under accident conditions (such as those generated by
a postulated pipe break accident).

To Thermal effects and loads during startup, normal operating., or
shutdown conditions, based on the most critical transient or

steady-state condition.

Tg All thermal loads which are generated by the discharge of safety
relief valves.

w Loads generated by the design wind specified for the plant.

W' or Wy Loads generated by the design tornado specified for the piont.
Tornado loads include loads due to tornado wind pressure, tognado-

Created differential pressure, and tornado-generated missiles.

Yj Equivalent static load on the structure generated by the impinge-

ment of the fluid jet from the broken pipe during the design basis
accident.

Yy Missile impact equivalent static load on the structure generated by
or during the design basis accident, such as pipe whipping.

Yy Equivalent static load on the structure generated by the reaction
on the broken pipe during the design basis accident.

The load combination charts correspond tc loading cases and load defini-
tions as specified in the appropriate SRP. Each chart is associated with a
specific SRP as identified in the notes accompanying the chart. Guidance with
respect to the specific loads which must be considered in forming each load
combination is provided by the referenced SRP. All SRPs are prepared to a
standard format; consequently, subsection 3 of each plan always contains the

appropriate load definitions and load combination guidance.
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10.3 DESIGN LOAD TABLES

"COMPARISON OF DESIGN BASI5 LOADS"

-31l-

wUﬁ Franklin Research Center

A Drvison of ™he Franidin insttute



TER-CS5257-321

STRUCTURE
COMPARISON OF DESIGN BASIS LOADS
: DR ‘ELL
PLANT:  DRESDEN 2 \
. I ¥
Current |Is Load Is Load SEP Topte Does Load | Does sode
Design Applicablidincluded ieviewing Magnitude | Ceviation| Impact
3asis To This In Plant ™is Load Correspund| Exist Scale Comments
Loads Structure {Design To Present! In Load Ramking
Basia? Criceria’ | Basis?
2 I
- 2 Tes Tes —— Tes Yo — 1.
>
; L Tes Yes ——— Yas l No —— 1
I F No —— e - .- | ———
. 4 Tas Tes 111-5.A . . { . 1..2.
3 L Yes Tes R Tes No I ——— 5.
»
]
5 r Tes Yes vi-2.D, 11I-7.8 . . -
2 Yeas No ——— — Yes — T
.A
H |
- e Tes “o —— S Tes —
i
: ?‘ Tes Tas Vi-2.D, I1l-7.8 " . . "o (o FSAR
e - Tes %o —— — Tee —— ]
4 Tes Tes —— NOT STATEY) — ——— 4|"H" in FSAR
o
¥ -
-d 3 R Yes Yo — _— Tes A 3.
a® a x
Re Yes o — I — Tes AL
< g Tes Tes 1116 l . . A 5
:i' ‘es Tos I11-6 . - 3.
s W' No — 11I-2, I[Il-4.A . - PR
> v o —— 111-2, III-4.A . . -
w
Yr Tes Tes IIT=5.A . . A oo
v
2 Tes Tes I1T-5.A . - A 'R" ia FSAR
3 ‘!- Tes Tes {1I1-5.A . » l .
Ref.; SRP(1981) Section J.3.1 or 1.8.2

_omments

* To be determined per resul:s of SEP topics

judgments,

1. D,L. 8 6% P° are all included ia D of FSAR (Para. 12.1.1.3).
1. Tlooded condition for drywell i{s required by containment design specifications to elev. 566'0".

if operational transient or steady state loads have caused any problems.

Guides 1.60 & 1.61, respectively.

6. Jet resctions and jet forces (e.g. FSAR 5.2-32) not calculated in accordance with curreant criteria
(SRP 1.6.2), i.s., 1.0 ¥, ured instead of 1.126 L

-
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Reviewved i generic task A~7, +ffects of “ydraulic loads, Mark I containmentc.

Scale ranking shown for SEP topic items are independent
based on information in the FSAR or other original design documents.

FSAR (p.5.2+32) describes protective measures for limiting »ipe movement at penetrations.

4. Magnitudes of piping and sechanical loads 2ot stated in FSAR. Operating history should indicate

Response spectra and damping values appear to bde unconservative compared to current criteria, leg.
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- e - Age o aaActe s T
COMPARISON OF DESIGN BASIS LOADS WACTIR 2UILOLNG
EL. 472.5" %o 512.0°
PLANT ORESDEN 2
' Current | Is Load Is Load SEP Tooic Does Load | Does Coae
Design App.icabldincluded Revieving Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exist Scala Comments
Loads Structure {Design To Presend In Load Ranking
Basis’ Criteria? | Basis’
> |
- 0 Tes Tes —— Tes %o - '
>
5 L Yae Yes ——ee Tes No — | 1.
. . o —— —_ —~— — ;
M l
3 H Tas Tes 111-3. A . . . |
"
|
v
> :. Yas No 111-5.8 - . * ‘
]
r r Negl. No PR R Teas - |
£ -] |
3 T Tes No 111-5.8 . . . | e ga FSAR
- 4
-
" 2 R’ Yes No -—— —_— Yes ‘ 3" in FSAR 2.
T2 ] Tes No —— S tes A |
a |
b g Tes Tes 1116 . . AL | s.
i g Tas Tes 1124 . . .
E 4 Tes Tes 111 2, I1I-4.A . . - 3
3 ¥ Tes Tes 111-2, 11l-4.4 . . . '
\'r Tes No [11-5.3 . . A‘ “.
v
= Tes Tes 111-5.3 . . A, "R in FSAR 4,
; b}
- 1 Y‘ Tes No [11-5.8 . . .
Ref.; SRP(1981) Section 1.3.4
Commencs
* To be determined per resulcts of SEP tooics. Scale ranking shown for SEP zopic items are independent
judgmencs, Sased on i(nformation in the TSAR or other original design do-umentcs.
L. Roof loads have increased per SEP Topic II-2.A (greater col. loads from superstructure); and zay

increase per SEP Topic II-1.3 for parapet rocfs.
Some pipes and supports typical of installation are likely to have experienced major transieats.
FSAR (9.12.1-10-11) states tornado wind from J00 to 500 “PH (capability) depending om part of

structure.

Jet reaccions and jet forces (e.g. FSAR,5.2-32) not calculated ia accordance with current criteria
(SRP 3.6.2), L.e. 1.0 P. vas used insctead of 1.26 P‘.

Response spectra and damping values appear to be unconservative compared to current criteria,
Reg. Guldes 1.50 & 1.51, respectively.

i
Juﬁ‘i Franklin Research Center

A Dvision of The Franin insttute



TER-C5257-321

STRUCTURE : REACTIR BUILDING
COMPARISCH OF JESiIGH BASIS LOADS SUPERSTRUCTURE ABOVE
EL. 61320"
PLANT: ORESCEN 2
Current | [s Load Is Load SEP Topice Does Loac | Does Code
Design Applicablidlncluded Revieving Magnitude | Deviacion|Impace
Basis To This {a Plant This Load Correspond Exist Scale Comments
Loads Structure {Design To ?rn.enﬁ In Load Ranking
Basis’ Criteria’ | Basis’
-
- 0 fes Tes —— Tes o ——
>
- . Tes Tes —_— Tes Yo A 1.
" F to — . — P -—
a H Yo — I11-3.A . . —
n
~
- ?. Negl. No 111-5.8 . . -
i 1, Vegl. Yo S _ Yoo .
&: t. Negl. No 111-5.8 . . . vee (n FSAR
!
£ — ———— —— —— —— s tad
L 4 . so " in FSAR
- -
- — — —— — —
il a Yo
- g Tas Tes I11-6 . . A
- x
! £ Tes Tes 111-6 . . .
E “ Tes Tes 111-2, Ill-4.A . . A 2..3.
3 " Yes Yes II1-2, III-4.A . . . .
|
Yr -— -— 1I11-5.8 . . -
-
':' Y, ] = — 111-5.8 . - . “R" {n FSAR
' -
Lad Y —— — -3
Y I11-5.8 . . .
Ref.; SRP(1981) Section 1.8.4

Commencs

* To be determined per results of SEP copics.
based on information in the FSAR or othe: original iesign documents.

{udgments ,

1.
raofs.

Scale

1. Not included in load combinations, bSut considered seperately.

3.

- %
..“Jﬂ' Franklin Research Center

A Dwision of The Frankdin insutute
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“iniking shown for SEP topic items are independent

Roof snow loads have increased per SEP Topic II-2.A and may i(ncrease per Topic [I-3.3 for parapet

FSAR states wind loads of 170 to 300 MPH, first with siding on, them with siding blowm off.




TER-C5257-321

STRUCTURE
COMPARISON OF DESLIGN 3ASIS LD ADS "
T SPENT FUEL POOL (concrete)
PLANT ORESOEN 2 ‘
srvent | [s Load Is Load SEP Trptc Does Load | Does Code
Des Lan \pplicablyincluded feviewinp Masmitude | Deviation|lmpact
Jasis To This In Plantc ™is Load Correspond Exisc Scale ‘omments
Loads Setructure {Dusign To Preseny In load |Ranking
Basis'’ Criterias? | 3asis’
>
- 0 Yes Yes — Yas No
>
h L Tes Tes e Tes No
- ¥ No — R — o
g “ Tes Tes 111-%.a . .
-
;:‘ P‘ No —— 111-5.% - -
- o ¥ 4. }
: L Negl. - e - — |
N - Tas Yas 111-5.8 . . !
- a
= |
!
x. -E la No — —— — —
- -
- R No own e — —
a
-2 L Tes Tes I11-6 . . .
i 3 Tes Tes 111-6 . . N
5 W Yes No 111-2, LIl-4.A . . » 3.
E ¥ No - 1112, IIT-4.A . .
.
'fr — — 111-5.3 . . * 2.
k3
3 Y, = P 171-5.3 . ° . 3.
: J
- Y - — I11-5.38 . . - 2.
-
Ref.; SRP(1981) Section 1.8.4
comments
* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent

judgmencs, Oased on information (n the FSAR or other original design documencs.

L. Applicadle only since steel structure over spent fuel pool {s not tormado resiscant.
1. Pipe break external to containment is evaluasted in SEP Topic I[II-5.3.

3. SEP Topic III-2 will determine vhether or not pool exposure :o possible tormado effects
is an allovable spent fuel pool load.

4. Fuel pool temperature (high density racks, fully losded) is limited to 90°F for all reactors.

1ﬁﬁﬁ%§:;HW1Reyuwd1Cenur

A Divison of The Franiiin institute
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TER-C5257-321

STRUCTURE
MPARTSON F DESLGN ! . ‘
s ittt . CONTRO0L 300M
PLANT: ORESDEN 2 L
Current | Is Load Is Load SEP Toplc Does Load | Joes Code
Des tgn Applicabliqincluded Revieving Magnitude | Deviation|Impact 3
Sasis To This In Plant This Load Correspond Exist Scale lompents
Loads Structure {Design To Presend In Load Ranking
Basis’ Criteria? | Sasis?
B |
b4 2 Yes Yes —— Tes No —_— {
.:. L Ten Yes —— Tes No —_— !
° F No e e —— —- -—— !
H i Mo — 111-3.4 . . -— ’
'ﬂ 1
E " Tes No 111-5.8 . . ® {1
a
|
- - J
3 el degl. No ————— —— Tes — ‘
é T, Tes Yo 111-5.8 . . . ‘ 1. "™ {n FSAR
: b — e—— - e - - | e
a 2 RJ fo | "5 ia FSAR
-l B i
- R o — R — — ———
a
s e | tes Yes 111-6 . . A, 2.
i 1 [ Yes Tes 111-6 . . *
5 9 Tes No IT11-2, I11-4.A . . “ 3.
z 4 Yos No I11-2, 1IT-4.A . . .
< ‘ 4
gL — —_— 111-5.8 . . .
s t
3 Y, - v— 111-5.8 . . . 4. "R" {a FSAR
| ]
3 l Y- — — [11-5.3 . . »
Ref.; SRP(1981) Section 3.8.4

Commentcs

* To be determined per results of 3EP ronics.

judgmencs,

1.
2.

to be

L4

Reg. Guides 1.50 & 1.51, respectively.

J. Max. tormado wind used was 100 MPH.
Jet forces (e.g. FSAR p.5.2-12) not calculated in accordance with curreat criteria (SRP 1.6.2),

“.

Not a major structural concern, but aight affect comtrol room habitab dicy.
Response spectra and damping values

Current criteria call for 360 WPH.

Scale ranking shown for SEP :topic items are independent
based on information in the FSAR or other sriginal design documents.

vative compared to current :riteria,

f.0. 1.0 ? wvas used {nstead of 1.26 P , implies that oo amnlification faczors were used
anvwhere f3r calculaction of jer rueu&u or forces.

JJL Franklin Research Center

A Divimion of The Frankiin institute
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TER-C5257-321

L STRUCTURE INTAKE AND DISCHARGE
COMPARISON OF DESIGN BASIS LOADS STRUCTURE (Crid House)
PLANT: DRESDEN 2
4 "
Current | Is Load Is Load SEP Topic Does Load | Does Code
Design ,-pplxcabl1 Included levieving Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exisc Scale Comments
Loads Structure {Cesign To Present In Load Ranking
Basis’ Criteria’ | Basis’
~ .
- b] Tes —- o — —_ — —— %
>
: L Yes — — — — —— 3.,%
— A
. [ 4 Yo —— -—— — — —
2 H Tes - I11-3.A . . .
E
v
& P‘ No - I11-5.8 * " —
i § Negl. - S " s —
3 Yo - 111-5.8 . . o
e . |
s 4 la Yas — c— — — — ¥
i | 1 Yo — PR o - ——
a
b g Tes Yus I11-6 . . A 2.
! £ Tes Tes 111-6 . . .
3 ' Tes Tes I11-2, 1Il-é.A . . AL 2.
: W Tas Tes II1-2, IIl-4.A . . -
e -
|
'r No — I11-5.8 * . g
bl
s 4
3 'O Yo — I11-5.3 . . A
g |
- Y. No - I11-5.8 . . —

Ref.; SRP(1981) Section 1.8.4

Comments
* To be determined per results of SEP ropics. GScale ranking shown for SEP topic items are independent
judgments, Dased on information in the FSAR or other original design iocuments,

1. FSAR tmplies that the intake and discharge structure (crid house) not seismic cat. [ but is treated
as such in this Table.

2. TSAR (p.12.1-9) states 1/) increase io allowable stresses (of unif. vldg. code) for combinations
including seismic or vind loads. Current criteria (SRP p.1.3.4=13) does not permit this 1/J increase.

J. PSAR (aformaticn insufficient to evaluste these items.

4. Roof loads have increased per SEP Topic IT-2.A and may increase per SEP Topic II-3.3 for parapet

roofs.

3=

J ﬂﬂﬁ Franklin Research Center

A Divimon of The Frandin institute



COMPARISON OF DESIGN BASIS .0ADS

PLANT: DRESDEN 2

TER-C5257-321

STRUCTURE
DIESEL GEN. PORTION OF TURBIN

BUILDING

Current | [s Load Is Load SEP Topic Does Load | Does "':.mn
Oes Lgn Applicablqlncluded Reviewing Magnitude | Deviation|Impace )
Banis To This In Plant This Load Correspond] Zxisc Sca“.c “omments
Loads Structure [Design To Present] In Load Ranking
Basia’ Criteria? | 3astis’
: 1
- 2 Tes Tes Tes No - !
>
M L Tes Tes —— Tes o - 2.
|
= F No P e —— a—— —— ;
3 M . % 3. 111-3.4 . . . ;
a
- P‘ . No I11-5.8 ’ . . i
3 T Tes No & ——- — i — ‘
s T . Yo 111-5.8 . . 8 ;
- : |
R Yas No —_—— p— Tes —— %
kd a8 3
= & |
& £ 1 T No — _— Tes —_— 5.
1
—: g Ten Tas [1I-%6 . . ,\‘ | Baid
-
i £ Yas Tes 111-6 . . - 7.
E w' Tes Yan I11-2, [11-4.A - - A‘ 5.,8.
3 - Tes Tes 111-2, 111-4.A . . .
% - No 112-5.3 . . .
v
-: | - No 111-5.3 . . .
3 Y - No I11-5.8 . . -
"
Ref.; SRP(1981) Section 3.3.4
Commencs

¢ To be determined per results of SEP cooics.

judgmencs ,
1.

‘e

48 catagory [ here.

Scale ranking shown for SEP topic items are independent
based on (nformation in the FSAR or sther original design documents.

Turdine building classified as seismic category [I; diesel gen. rooms of turbine buudinc treated

%wof loads have increased per SEP Topic II-2.A and zay increase per SEP Topic II-1.3 for parapet

roofs.

3. Hydrostatic loads considered part of dead load according to FSAR 12.1-4 but no specific refereace
to its application to this structure; sect. 2.5-1 also states that external flooding is not a major
concern.

. N srence tJ these loads, in FSAR, pertaining to turbine building.

5. loads, if any, were small

5. FSAR states: 1/) increase in allov. stress vas used for load comb. containing wind or earthquake
loads - not permitted for Class [ structures.

Reactor and turbine buildings treated together for seismic analysis in FPSAR 12.1-12.

Jﬂ&ﬁ Frankiin Research Center

A Divimon of The Frankiin institute
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All structures designed for 110 MPH ain. wind [FSAR 12..-7].



TER-C5257-321

STRUCTURE {134 PRESSURE CoCLANT
COMPARISON OF DESIGN BAS!S LCADS INJECTION PuUMP AND JIESEL GEN.
ENCLOSURE
PLANT . DRESDEN 2
Current | Is Load Is Load SEP Tonic Does Load | Does Code
Design Applicabliqincluded Reviewing Magnitude | Deviation|Inpact ,
Basis To This In Plant This Load Correspond Exise Scale f omments
Loads Structure (Design To Presend In Load Ranking l
Basis’ Criterial | Basis?
|
!
o1 |
- 2 Yos Tes —— Tes Yo — l
>
. L Tes Tes e Tes No A‘ Il.
3
P F No pa— —_— — —— p—
H H Tes Tes 111-3.A . . > |
a
v
- P Tes o 117-5.3 . . . {
3 T, Negl. %o —— — Tes 3 '
H T, Yes No 111-5.8 . . . " in FSAR
=
S & l’ Tes No ——— — Yes 3 "R ta TSAR 2.
a P} ‘
- -
& —— P v
£ !‘ Yes No Tes A‘
< g Tes Tes I11-5 . . A - 5
- x
H £ Tes Tas 111-6 N .
3 g Tes Tes II1-2, Ill-4.A . . * 4.
3 “ Yes Tes 111-2, I12-4.A . . .
T
. "!r Tes No II1-5.8 . . n\'
3 L Tes %o S.| 1I1-5.3 . . AL "R" in FSAR
i J
B, | - - -
L Tes No I11-5.8 . A

Ref.; SRP(1981) Sectiom 1.3.4
Comments
* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
judgments, Dased on i(nformation {n the FSAR or ather original design documents.
l. Roof snow loads have increased per SEP Topic II-2.A and zay incresse per Topic II-3.3 for parapet
roofs.
2. Sowe pipes and supports typical of installation are likely to have experienced major transiencs.

J. Raesponse spectra and damping values appear 2o Se unconservative compared o curreat criteria,
Reg. Guides 1.50 & 1.61, respectively.

4. FSAR (12.1-10 & 11) states tornado wini from 300 ro 500 MPH (capability) depending on part of
structure (for reactor bdldg.).

5. lLoad included as part of loading combination for Classe I struciures bdut no specific reference to
its application to this structure in FSAR.

*3P=
JE u Franklin Research Center
A Dvimon of The Frankiin insttute



TER=-C5257
COMPARISON OF DESIGN SASLS LOADS !V
PLANT DRESODEN 2 I
Current | [s Load Is Load SEP Topic Does Load | Does —ode
Design Applicabldlncluded Reviswing Magnitude | Deviation|Impace
Basis To This In Plant This Load lorrespond Exist icale Comments
Loads Sctructure{Desizn To Present In Load Ranking
Basis’ Criteria’ | Basis’?
>
& ] Tes Tes —— Yes No —
>
b - Tes Tes S Tes No —_
" ¥ 0 — —_—— — — -—
| 4 Tes No 1I1-3.A . . .
-4
v
= Pa - e 111-5.8 . . | a0
.
3 T Tes Tes — 3 1.
[ 2
. T No — (11-5.8 . - TR
= a
|
* f (3 No Yo —_— — —— —
Pl 2 No — pr—— o S R
a
b g Tes Yas 111-6 . . .
i L4 Tes Yes 111-6 . N N
3. W' Tes Tes 111-2, III-4.A . . A
H § Tes Tes II1-2, 1II-4.A . . *
Yr No —_— I111-5.3 . . —
u
"
= Y: No —_— 111~5.8 . . —
[ 1
- Y‘ Yo - 111-5.8 . - ——
Ref.; SRP(1981) Section J.8.4
Comments
* To be determined per results of SEP topics. Scale ranking shown for SEP ropic items are independent
judgmencs, DSased on i(nformation in the FSAR or other original design documents.
L. GStack designed for ampient temp. of 150° max. and ~-10° ain., normal temp. of vaste will de 70°
(TSAR 12.1-15).
2. 1a dynamic computer analysis, stack is treated as flexible cantilever system with the distribution
of lateral forces in accordance with UBC formula: \M'h! Total lateral static ccefficients:
10% of gravity modes. ?‘ o . % o

(Ref. FSAR 12.1-15). Seisamic design of class [ structures b d upon r
TSAR Fig. 12.1.2 & 12.1.3.

i spectrum curves in

). Max. (tormado) wind used vas 110 ¥PH, Curreat criteria call for 360 MPH.

J'Jﬂu Franklin Research Center
A Dmsion of The Franiiin insttute
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TER-C5257-321

10.4 LOAD COMBINATION TABLES

"COMPARISON OF LOADING COMBINATION CRITERIA"

-4l

JJCi Franklin Research Cente:

A Dvision of The Frankiin institute
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SOMPAR|SON OF LOADING COMBINATION CRITERIA { STRUCTURE

PLANT: DRESOEN 2 | i
v‘:)-’ ined iravicy ] Natural Ispulsive ISN-I
Loading Owad, Theraail Sressure|Mechanicall Phenomena | Loading | Ranking
T Lilye
< 0+l e ? A | |
4 , 2
y 6 b+ L '. ;0 . |
v T P
g 3 D+ L b P i‘
»
E & D+ L T.ot. P‘OP, R‘OI‘
- D)+, Ea ™ 2 (2
: : Yy & Ty - 2 ¥ ‘ a 6
8 SRR LN B U R R ' |
- L T R |
; b) D+ L T ?’ b g | I
A . D+ L J'..rg PAO?’ l.{‘ll |
w9 ' E'
~ s D+ L ’:. P‘ R.
v
E 2 D+ L f“ ." l: E
_’,: 3 D+t LA A L R o*R x
>
3
N
' v
1 D+ L ?‘ P. R. 13 A.."‘.’V,
a : -~ o~ L) Y o
o5 2 “@’“.'J Y r T. ( a)’ P' Rn - ll Q v v@ Al L JUS. PN 8
3 ®
_‘ \’/ T,
-
3
3
n
1 D+l @ ® A &.,8.
=
33
w3
g =
2 -
a
Ref.: SRP Sec 3.8.2 eel Containment
Notes
) Encircled loads are those actually considered in tne design per FSAR.
#hen load factors different {rom those currently required vere used,
the factor used is also encircled.

3. lg was used (nstead of l‘.

3. This load combination vas considered using doth Z and ', hHut with different
acceptance criteria.

4. TFSAR 5.2.).5 indicates that drywell seismic analysis ves performed for both empty and
flooded conditions, but no indication of what other loads were used to form this load
combination.

5. Drywell aissile protection {s discussed in FSAR 5.2.1.7

6.

o
m%unkﬁn Research Center

For purposes of the SEP Review, demonscration that structural integrity is msintained for
the above load cases (per current criteria) may de considered as providing reasonable
assurance that this structure seecs the intent of current design criteria.

.

A Dvision of The Franidin insttute
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COMPARISON OF STRESS LIMITS

FOR
STEEL CONTAINMENT STRUCTURES
PLANT DRESDEN 2
SERVICE CURRENT CRITERIA DESIGN CRITERIA
i _ SPECIFICATION FOR CONTAINMENT VESSELS,
LEvEL (REF : TABLE WE - 3221-1, ASME SECTION 111, 1980) (REF.: pou secr. 101, CLASS B, 1965)
CRITERIA VALUE, pst CRITERIA VALUE, psit
¥ 1o, 19,300 sl mmﬁ" Note 7)
s L
" ’, 1.5 S 28,950 T :
P' * Pb 1.5 S_( 28,950 - 212 GRADE - 8 to A300
PLvPytQ 305, 67,500 YIELD STRESS (s,) . 38,000 pst
Licg note 6 4 7) WT. STRENGTH (S ) = 70,000 psi
p. 1.0 Sac 19,300 P- 1.1s 19,300 -
\ o 1S S 28,950 X 1.50as) | 19,300 CURRENT e T -
: PRIMARY ey © 22,500 P
®u*h V-5 Sac .95 Lt Py o 1S0as) +875 STRESS INTENSITY . 300 %
PPt 3es,, 67,500 Pt P LML L3ce oote 1)
{Sce note 6 4 2) Pat P+ O 1153 52,900 2:?:‘?;( § 17,500 pst
P 125 orlos 38,000 ME MBRANE - 300 °F
STRESS LIMIT
c Fl I.8 S‘ or 1.5 S’ 57,000
oo 185, or 155 57,000
(See notes 3, 4 86 8 7)
k. 1.05, 41,650
" P 155, 62,475 Pt Py ~ 9785 35,625
p P 1.5 s 62,475 Pm v Pb ¢ 3.0% 62,500
\ b * % {Ref.: Para 3.030f of Contatnment Specs.)
{See notes 2, 5 8 6)
POST- P- 1.2 5"‘L or 1 0 Sy 38,000
FLOODING P 185 orl5s 57,000
CONDLT 10N y P+ P ¢+ (without earthquake) 1.0 S 38,000
R 18S_or15S S Lt
'l . Pb ‘Q (TS 3.0 s:‘ 67,500 (with earthquake) 1.0 Su 79,000
(Sec notes 8 868 7) (Ref.: Para. 3.038b of containment specs.)
NOTES: 1. NOTE THAT CURRENT PRIMARY SI umns Y l MITS  PRESUME WER € JAL MODERN COMPUTERIZ
METHOUS OF ANALYSIS. coustauzu Ly, cm 0ULD BE OBSERVED IN nxmu. 3%:?! c&w Y'su':gtulm SIGN SIRESS ‘ MITS
APPROPRIATE FOR LESS MODERN ANALYTICAL mxmms M
2. THE COMPARABLE CURRENT CRITERIA ASSUMING ELASTIC METHODS WERE USED FOR TME ORIGINAL DESIGN ANALYSIS !3
3. VALUES SHOWN PERTAIN TO INTEGRAL AND CONTINUOUS STRUCTURES ONLY
4. JHE LARGER OF THE TWO LIMITS IS APPLICABLE . &
S. 3fF IS 852 OF THE GENERAL PRIMARY MEMBRANE ALLOWABLE PERMITIED IN APPENDIX F OF SECTION 111, ASME CODE . h
g. :u ALL INSTANCES FATIGUE AND BUCKLING CRITLRIA nusl ALSO BE SATISFIED. 0
- IN ACCORDANCE WIfW ASME 111, DIV. 1, SUBSECT. SUBPARA. HE 2121, THIS MATERIAL IS NOT LISTED AMONG
’ THOSE CURBENTLY ~3
Pmumn REF: APPENDICES TABLE 1-10.1 -uuwm- STRESS VALUES LISTED ARE DERIVED USING Sac = 1.1 x 1/4 x Su, and ’
Sgi @ 3000 F FROM TABLE N-42) ASME BAPY CODE SEC. ill, CLASS A, (1965). ' ' »
;]

-
.



TER-C5257-321
|
COMPARISON OF LOADING COMBINATION CRITERIA | STRUCTURE: |
CONCRETE STRUCTURES REACTOR BUILDING ‘
PLANT: _ORESDEN 2 gl S04 2 102 |
Comdined i Sakanal T r (
| Loading |Gravicy Dead, Live| Thermal ?r-uun[ Mechanical »"J" | ;”‘“"" |Scale
. Phenome.a Loading e
1L Cases { i!!arut.nq
| e .
1 1.4D » 1.7L , ' | i
2 1.4D #+ L.7L .98 | 1
| — $- st }
I 1.4D + 1.7L : | L. i |
| - | |
P 78 (1.4 L TL) |ty . 2 &)
73 (1.6D + 1.7L) > =l R" |
! 5 75 (1.4D & 1.7L) [ribmiriets 75 % L7 R | .75 x 1O |
f 7 4 L. L) | et ? ? L3 .
| ® 79 (1.4D + L) -t A8 x L7 R TS x LW
, 7 1.20 1.3¢ |
L] 1.20 1.79
3 D+L ‘\ R e
1 aN 5 A 8 .
| _10 D+l AN R, ® "
11 D+ L Y 1.5 P R, |
12 L T, 128 e, R, 1.29) | ¥, .@. 11
-~ . D) A 7.
13 LD T, A R, &) T +(Y)* 7+ =

Ref.: SRP (1981) Sect. 1.3.4 Other Category [ structures (concrecte)

Notes 1. Ultimate strength method required by ACI-349 (1977).
Methods used in design { working stress v~ consequently %0 load factors were ured.
3. loads dz.med inapplicable or negligible struck from loading combinaticos.

4. Encircled loauds are those actually consf‘dered in the design. When load
factors different ‘rom those currently required Jere used, the factor
used is also encircled.

5. Includes tornado miseiles according to FSAR Sect. 12.1-10.

5. Snov load coefficlents {n accordance with ANSI AS8.1 aav Le used, or provisions of
UBC Section 1211(J) invoked.
7. For purposes of the SEP Review, Jemonstration that structural {otegrity is maintained

for load cases 10, 13 (per current criteria) may be considered as providing reascnaocle
assurance that cthis structure meets the intent of current design criteria.

@

LLL. Frankiin Research Center
A Division of The Frankiin insttute
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COMPARISON OF LCADING COMBINATION CRITERIA STRUCTURE EACTOR BUILDING
STEEL STRUCTURES (Elastic Analysis) SUPERSTRUCTURE ABGVE EL.
1M
PLANT CRESDEN 2 5120
o ey Jravisy Natural lspulsive .
Loading Dead, Thermal Pressure | Mechanical Ph Loading Scale
Canes Live l
2 1 D+1 E
) D+L "
“ D+t £ %
b DeL “ \ 4
A L \ \_ ©
? DeL \ \‘ | o
]
A KLLE AN = 1
—
] DeL ‘l l‘ 1‘
i ! L , .Y+t 5.
0 @ °® % b \ @ @ r JI
‘ |
u | ©0 | % N | ® [t & |50
Raf; SRP (198]1) SECT. ).8.4 Other Category [ structures (sceel)
sotes

e

amed

Loads deemed (napplicable or negllgible struck from loading combinations.

Encircled loads are those actually considered (n the design.
factors are different {rom those currently requiied vere used, the factor
is also encircled.

“hen load

FSAR (P.12.1-10) staces 170 MPH for panel blowoff, 100 ¥PH for vield in

structural steel frame.
Maxisum tornado wind was 100 WOH,
Y, indicated as vall in FSAR-load combinations, but no indication that it

was applied to superstructure.
ut wncludes tornado missiles, according to FSAR 12.1-1C.

Snow load coefficients i{n accordance with ANST AS8.1 may Se used, or
provisions of UBC Section 2311 () invoked.

Current criteris call for 160 MPH.

For purposes of the SEP Review, demonstration that structural integrity is msintained
for load cases 3, 11 (per current criteria) may de considered is providing reasonable
assurance that this structure meets the inteat of current design criteria.

4
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A Dmsion of The Franwin insutute

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE : SPENT FUEL POOL
CONCRETE STRUCTURES [CONCRETE). IN REACTOR 1
5LANT . ORESDEN 2 SulLOING )
]
. ! I { |
Comt Lned N 4 le
| Loading |Gravity Dead, Live) Thermal Pressure| Mechanical Ph::\:::. : g::;::‘ |Scale
cases ' \ ERAnun
' : - l
1 1.4D + L.7L | |
]
2 1,40 + 1.7L ] 1.9€ i
—— . } - |
{3 L.4D + L.7L ! e |
|
P s 23 (1.6 RIT] TN R i ' |
! 5 (1.4D + 1.70) - 3‘
[ —
5 T8 (LA LT i il .73 % 1.9E) !
iy ]
" 79 (1.4D + L.7L) [r¥nd ‘% ’h—t—?—&; Enaan auane ] |
? 1.20 1.9¢ i
|
3 1.20 —
| |
3 D+t ‘1‘ \ g
} 10 D+t \. \(‘ LA
1
11 D+L T -t-»-a.— "} | '
12 D+t T, R IR 1.25¢ \-\ o\‘(

T -_4.'»

13 0 T, x, ™ @ \.\.\‘ A
Ref. SRP (1981) Sect. 1.3.4 Other Category [ structures (concrete)
Notes 1. Ultimate streugth method required by ACI-349 (1977).

2. Methods used in design {wtuu scress / consequently 20 load factors vere used

1. loads deemad inapplicable or negligible uml from loading combinations.

4. Encircled loads are those actuslly comsidered in the design. When load
factors different from those currently required were used, the factor
used (s also eacircled.

5. For purposes of the SEP Review, demonstration that structural integrity i{s zaintained
for load caee 1] (per current criteris) may be considered as proviuing reasonable
assurance that this structure seets the intemt of curremt design criteria.
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COMPARISON OF LOADING COMBINATICN CRITERIA STRUCTURE:
{
CONCRETE STRUCTURES CONTROL 200M
PLANT: DR N 2
-cmbined I \ ', v v |
[ Loading |Gravicy Dead, Live Therma. Puuun, Mechanical Ph::v::;a 'tg:;::" Scale
| Cases i |Ranking
| | 1 |
. 1.40 + 1.7L | | |
L2 1.4D + 1.7L L9t |
-y [ 1.40 + 1.7L Ay 1.@5.‘ .
i |
I 75 (14D # LLTL) [t ———
| 8 T8 (14D & 1L TL) pritr [t | .75 x 1.3 |
;; | " i |
| 8 B S B e B A e o [TPSx=tri==| 7S x 174 |
! ? 1.20 T |
{
3 1.20 L
)
9 D+L \ \ E' : |
-
10 D+l . \.\ \ 9, lL T
\ |
11 DL LS —rir- X ;
2 | @+® % e R 12 [, @y Yl 5.
I (%5 % RN © |- gl
Ref.: SRP (1981) Sect. J.3.4 Other Category [ structures (concrete)
Notes 1. Ultisate strength mechod required dy ACI-349 (1977).

"

Methcds used in design {W“ﬂll scress « consequently no load factors vers used.

J. loads deemed i(napplicable or negligible struck from loading combinacions.

4. Encircled loads are those actually considered in the design.

When load

factors different from those currencly required were used, the factor

used 13 also encircled.

5. Y, indicated in FSAR load combinations, but no indication that it was applied to

control room.

6. Wind loading based »n 110 MPH wing and claimed by FSAR to be considerably in excess

of uniform bduilding code requirements.

For purposes of the JEP Review, demonstracicn that structural integrity is szaintained
for load cases 10, 13 (per current criteria) way be considered as providing reasonable
assurance that this structure seets the intent of current design criteria.
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TER-C5257=321

-
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:  DIESEL GEN. f
CONCRETE STRULTURES PORTIONS OF TURBINE BUILDING |
f PLANT : DRESDEN 2 )
. ~ -
Combined | Nagursl | Im |
} " - b lmpulsive |
Loading [Cravity Dead, Live| Thermal | Pressure| Mechanical [, o0ttt | Loading |3cale
Cases | | ’lanun
=
| | |
1 1.4D « 1.7L ' | ,(
b2 1.4D # 1.7L 1.9t | ;,
b——-- % _— .
toy 1.4D0 + 1.7L 1.7% .| |
4 75 (L.4D + L7L)| .75 x 1.7 T 75 % 1.7 R |
5 73 (1.4D + 1.70)] .78 x 1.7 "'., 7% 5 1.7 ‘; 75 x 1.98 |
[ 73 (1,40 + L70)] .79 x LT T, S xLIR) 78 x L7d
!
{ 7 1.20 1.9¢
|
k) 1.20 1.74 I
-+
9 D+l Tg l° E | ' " 9.
\ 6 A 7.9
| 10 D+ L To l° H: %
il D+ L Tl 137.1 l‘ | _ i
12 D+L '.'. 135 ° l. 1.238 ,Y'¢Y10Y. 7
. 7.
13 D+ L T‘ P. l. 4 YYOY:OY
Raf.: SRP (1981) Sect. 3.8.4 Other _ategory [ st uctures (concrete)
Notes 1. Ultimate strength method required by ACI-349 (1977).
1. Methods used in design { working stress ¥ consequently 2o load factors were used
J. loads deemad inapplicable or negligible struck from loading combinations.
4. Encircled loads are those actually considered i(n the design. <hen ioad
factors different from those currently required were used, tha factor
used is also encircled.
S. According to FSAR 12.1-9, Clase II i{tems vere designed following "normal praczice”
for .llincis and the UBC-64. No load combination specified 'n FSAR for Class II
structures.
8. Wind loadings vased on 110 “PH wind and claimed, by FSAR, to be "considerably in
excess of UBC requirements.”
7. Combination contains loads to be considered by another SEP Topic.
3. Snow load coefficients in accordance with ANSI ASS.l may be used, or provisions »f
UBC Ssectiom 2311(4) invoked.
3. For purposes of the SEP Review, demonstration that structural integrity ls maintained

JEHE Franklin Researci, Cente:

for load cases 5, lU (per current criteria) may be considered as providing reasonable
4ssurance that this structure mwets the inteat of current design criteria.
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lef RP L} ect 3.4 Other Category [ structures ncrete

ces i liimate strength aethod require

iy 20 >ad factors were used
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