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FOREWORD

This Technical Evaluation Report was prepared by Pranklin Research Center
undar a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Cperating Reactors) for technical
assistance in support of NRC operating reactor licensing actions. The
technical evaluation was conducted in accordance with criteria established by
the NRC.

Principal contributors to the technical preparation of this report were
T. Stilwell, M. Darwish, and R. H. Hollinger 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
advisory capacity as consultants under subcontract with the Franklin Research

Center.
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1. INTRODUCTION

For the Seismic Category I buildings and structures at the R. E. Ginna
Plant, 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 be perceived today.
The work was conducted as part of the Nuclear Regulatory Commission's

(NRC) Systematic Evaluation Program (SEP) and provides technical assistance

for Topic III-7.B, "Design Codes, Design Criteria, and Load Combinations."

The report was prepared at the Pranklin Research Center under NRC Contract No.

NRC-03-79~-118.

s
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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 building and structures are designed. Because of
this evolutionary development, older nuclear »ower 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
whicn 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. The program, entitled the Systematic
Evaluation Program (SEP), employs current licensing criteria (as defined by

NRC's Standard Review Plan) as the common b.sis 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 structures. 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 in%to an overall SEP

evaluation encompassing the entire spectrum of sartety-related topics.

*The report addresses only the Ginna plant.

s
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3. REVIEW OBJECTIVES

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

Task III-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, and
therefore designated Seismic Category I structures. The broad safety
objective of SEP Task III-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 all 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
III-7.B as they relate toc the Ginna plant.

<!ﬁ%§;mu
Ul in Research Center
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4. SCOPE

In general, the scope of work requires comparison 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 among the
criteria to be reviewed are loads and loading combinations postulated for

these structures.
The review scope consists of the following specific tasks:

1. Identify current design requirements, based on a review of NRC

Regulations; l10CFR50.55a, "Codes and Standards"; and the NRC Standard
Review Plan (SRP).

2. Review the structural design codes, design criteria, design and -
analvsis procedures, and locad combinations (including combinations
involving seismic loads) used in the design of all Seismic Category I
structures as defined in the Final Safety Analysis Report (FSAR) for
each SEP plant.

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

for design codes and criteria.

4. 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.

5. Prepare a Technical Evaluation Report for each SEP plant including:

a. 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).

/..:.'. -
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c. results of any comparative stress analyses performed in order to
assess the significance of the ccde changes on safety margins

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:

Topic Designation

I1I-1 Classification of Structures, Components,
Equipment, and Systems (Seismic and
Quality)

III-2 Wind and Tornado Loading

III-3.A Effects of High Water Level on Structures

III-4 Missile Generation and Protection

III-5 Evaluation of Pipe Breaks

I11-6 Seismic Design Considerations

I1II-7.D Structural Integrity Tests

vVIi-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
supports

Equipment supports in SRP 3.8.3

A -3=
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Reviewed in Generic Task A-2,
A-lz .

Reviewed generically in Topic
III-6, Generic Task A-l12.



Other component supports (steel
and concrete)

Testing of containment

Inservice inspection; quality
control/assurance

Determination of structures that
should be classified Seismic
Category I

Shield walls and subcompartments
inside containment

Masonry walls

Seismic analysis

... Franklin Research Center
A Dwsion of The Franniin insgtute
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Specific supports have been
analyzed in detail in Topic
III-6. (Component supports may
be included later if items of
concern applicable to component
supports are found as a result of
reviewing the structural codes.)

Reviewed in Topic III-7.D.

Should be considered in the review
only to the extent that it

affects de. .qn criteria and

design alluwables. Aspects of
inservice inspection are being
reviewed in Topics III-7.A and
I11-3.C

Not within scope.

Reviewed in Generic Task A-2.

Reviewed generically in IE
Bulletin 80-l1.

Being reviewed by Lawrence
Livermore Laboratory.
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S. MARGINS OF SAFETY

Thete are several bases upon which margins of safety* may be defined and

discussed.

The most often used is the margin of safety based on yield strength.
This is a particularly useful concept when discussing the behavior of steels,
and became ingrained into the engineering vocabulary at the time when steel
was the principal metal of engineering structures. In this usage, the margin
of safety reflects the reserve capacity of a structure to withstand extra
loading without experiencing an incipient permanent change of shape anywhere
throughout 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 is the conventional use of the term and the meaning which engineers
take as intended, unless the term is further qualified to show something else
is meant. Thus, if 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 pcssibly more than one)

location, some permanent distortiou (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 carry 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, MS = FS - 1.

~J
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One may speak of margins of safety with respec: 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 is 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 1% relates to
structural integrity, cannot be easily defined in any quantitaiive manner
without considering both. The SEP review concept is predicated ¢n the
assumption that it is unrealistic to expect that plants which were built to,
and were in compliance with, older 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 whether or nct their design is sufficient to provide the

general level of safety that current licensing requirements assure.

With respect to aspects of tae 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:
l. 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.

s -
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6. CHOICE OF REVIEW APPROACH

The approach taken in the review process depends on which key gquestions

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

One 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 is to be computed in
accordance with current criteria. Then one investigates structures designed
in accordance with earlier code provisions, and to different 1oidinq
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 is not easy, nor are the necessary evaluations. One is dealing with
highly loaded structures in regions where materials behave 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
particular 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 outset). 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 ocut, after examination of the

- o
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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 guestions 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
issues will have been resolved, and questions of structural integrity will be

sharply foucused upon a few remaining key issues.

/\._; -10- —

..L. Franklin Research Center
A Dmison of The Franmiin insotute




TER-C5257-322

7. METHOD

A brief description of the approach used to carry out SEP Topic III-7.B

follows. For discussion of the work, it is convenient to divide the approach
into six areas:

1. information retrieval and assembly

2. appraisal of information content

3. 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 initial 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 previously 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 number of channels were used to gather additional information. These
included information requests to NRC; 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
interfacing 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

s =il-
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information sought was embedded piecemeal 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 enough 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 tc 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 Ginna plant were
identified (see Section 8). For these, the codes and standards which were
used for actual design were likewise identified on a structure-by-structure
basis (see Section 9). Each code was then paired with its counterpart which

would govern design were the structure to be iicensed today.

wWorkbooks 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 without
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 nad been introduced, the intent

P -12~-
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of the change, its impact upon safety margins, or a combination of such

considerations.

As can be readily appreciated, many different circumstances arise in such
evaluations--some simple, some comple:. A few examples are cited and briefly

discussed below.

Provisions were found where code changes liberalized requirements, i.e.,
less stringent criteria are in force today than were formerly required. Such
changes are introduced from time to time as new information becomes available
regarding the provision in gquestion. DNot infrequently, code committees are
called upon to protect against fa‘lure 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
behalf of safety. Issues such as these are usually resolved with prudence a&ﬁ
caution--sometimes by the adoption of a rule (based upon experience and
Judgment) known to oe conservative enough to assure safety. Subsequent inves-
tigation may produce evidence showing the adopted rule to be overly cautious,

and provide grounds 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 encugh to preclude

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

s =13~
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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 reguirements, such matters were

not considered further.

On the other hand, whenever it was clear that a code change 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 tue
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.

‘>metimes 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

the code change was explored analytically using simple models.

A variety of analytical techniques 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 older and the cuctrent criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to
the older ccde 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 fcund in Appendix C.

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

/ g =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 paramnetized, an attempt was made to span

the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results from simplified
modeis may be totally applicable to the more complex situations occurring in
real structures, it was felt thgt such examples provided 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

As the scope of the Task III-7.B assignment indicates, a limited
objective is sought in assessing the effects of code changes on Seismic

Category 1 structures.

The scope of this review is not set at the level of appraisal of
individual, as-built structures on plant sites. Consequently, the 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 comparison of former
structural codes and criteria with counterpart current requirements. Corres-
pondingly, the assessment of the impact of changes in codes and criteria is
confined to what can be deduced solely from the provisions of tle codes and

criteria.

Although 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:

1. 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 requirements that NRC
now imposes upon plants currently being licensed.

The review simultaneously culls away a number of code changes that do
not give rise to such concerns, but which (because they 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 case.

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
(i.e., in the order of or larger than other major loads that were
included), then it is quite 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 code change impacts was adopted.

7.4.1 (Clagsification 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.

*rhe addition of a new load can change the location of the point of highest
stress.

- -16-
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Each such code change is classified according to its potential to alter
perceived margins of safety* in structural elements to which it applies. Four
categories are established:

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

Scale A, 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 exhibited 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 ar? designated as "Scale A," and others as "Scale
cC.* Ot s have dual designation, such as "Scale A if --- [a condition state-
ment| or Scale C if --- [a second condition statement]."

In assigning 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)
to a member which is not highly stressed, then this may afford excellent
grounds for asserting that this particular member is adeguate; but it does not

thereby downgrade the ranking to, say, a Scale B change £or that member. The

*That is, if (all other considerations remaining t'e same) safety margins as
computed by the older code rules were to be recc juted for an as-built
structure in accordance with current code provis.ions, would there be a
difference due only to the code change under consideration?
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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 liberalizes former requirements for columns that
are not slender. This change may be rataed Scale A for slender columns, and
simultaneously, Scale C for non-slender ones. Although some columns now appear
to be Scale A columns while others appear to be Scale C columns, the distinc-
tion between them resides in the code, and is not a reflection of member }
adequacy. Clearly, it is still the code changes that are ranked; but, in this
Ccase, 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 code chanées identifies both (a) changes that have
the potential to significantly impair perceived margins of safety (Scale A) and
(o) changes that have the potential to enhance perceived margins of safety
(Scale C).

Emphasis is subsequently placed cn Scale A changes, not on Scale C
changes. The purpnse 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. If 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 tren-specified loading
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 (Scale C change). Several circumstances are possible for beams in

actual structures, as shown below.

w_Load Higher Stress Limit Results
Maximum stress in beanm 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

allowable 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 ou%t 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

There 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 is 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 SEP plant, the results begin to take on plant-

specific character.

The codo 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
reference 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 Ginna plant structures. Wherever this was done, the
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 Ginna
plant were relegated to Appendix A. The Scale A or Scale Ax changes that
remained are listed on a code-by-code basis in Section 11.
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8. GINNA SEISMIC CATEGORY I STRUCTURES

SEP Topic III-l has for its objective the classification of components,

structures, and systems with respect to both quality group and seismic
designation. Based upon the review of the Ginna FSAR (5] and Gilbert
Associates, Inc. drawings (6] showing the location of Seismic Category I

equipment, the present report considers the following to be Seismic Category I

structures:

A.

Containment

Includes:
Cylindrical wall, dome, and slab
Liner (no credit for structural strength under mechanical loads)
Equipment hatch
Personnel locks

Internal Structures

Steam generator/reactor coolant pump compartments (reviewed in
Generic Task A-2)

Biological shield (reviewed in Generic Task A-2)

Fuel transfer canal

C. External Structures
1. Auxiliary Building

Contains the following Seismic Category I structures:
Spent fuel storage pit
New fuel storage area
480~V switchgear room
Portions of the fuel transfer tube

Houses the following Seismic Category I equipment:
Safety injection pumps and residual heat removal pumps (in

pit beneath basement floor)
Refueling water storage tank
Boric acid tanks
Containment spray pumps
Waste holdup tanks
480~V switchgear
/‘-:\’ -21‘
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3.

4.

S.

TER-C5257-322

Control Room Building
Contains:
Control room
Battery room
Relay room

Portions of the intermediate building
(which house auxiliary feedwater pumps)

Cable tunnel
Intake/discharge structure and screen house

Diesel generator annex.

Major structures not classified as Seismic Category I are the turbine
building and the service building.

/.___;\
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The structural codes governing design of the major Seismic Category I

structures for the Ginna Nuclear Power Plant are detailed in the following

table.

S ture
1. Containment
a. C(oncrete

(including shell,
dome, and slab)

b. Liner

¢. Personnel locks and

equipment hatches

<+ Auxiliary Building

Design
Criteria

ACI 318-63

ACI 301-63
(specifications for
concrete)

ASME B&PV Section III, 1965
(Provisions of Article 4%)

ASME B&PV Section VIII
(undated), (Fabrication Prac-
tices for Welded Vessels Only)
ASME B&PV Section IX
(undated), (welding procedure
and welders qualifications
only)

ACI 318-63 for Concrete
ASME B&PV Section III,
1965, for steel

AISC-1963
ACI 318-63

*The two significant applications of this article are:
1. determination of thermal stresses in the liner
2. analysis of pipe penetration attached to the liner.

-
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Current

Criteria

ASME B&PV Code,
Section III,
Division 2, 1980
(subtitled ACI
359-80)

ACI 301-72
(Rev. 1975)

ASME B&PV Code,
Section III ’
Division 2, 1980
(Subtitled ACI
359-80)

ASME B&PV Code,
Section III,
Division 2, 1980
(subtitled ACI
359-80)

AISC-1980
ACI 349-80



TER-C5257-322

Design Current
Structure Criteria Criteria

Control Room AISC~-1963 AISC~1980
Building ACI 318-63 ACI 349-80
4. Portions of the AISC-1963 AISC-1980
Intermediate ACI 318-63 ACI 349-80
Building
5. Cable Tunnel ACI 318-63 ACI 349-80
6. Intake/Discharge AISC-1963 AISC-1980
Structure and ACI 318-63 ACI 349-80

Screen House
7. Diesel Generator AISC-1963 AISC-1980
Annex ACI 318-63 ACI 349-80
REFERENCES IDENTIFYING MAJOR CODES USED FOR THE ORIGINAL DESIGN: -

1. PFinal Facility Description and Safety Analysis Report for the Robert
Emmett Ginna Nuclear Power Plant No. 1.

2. Rochester Gas and Electric Corporation's response to NRC's Request For
Information letter, Topic III-7.B.

.
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10. LOADS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TABLES OF LOADS 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 evolving
design requirements; consequently, they are singled out 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 some 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 aéd
load combinations are treated within the present section whether or not the

structural design codes also include them.

Later sections of this report address, paragrapn by paragraph, changes in
text petween 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 se%s of tables are used:

1. load 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.

P -25-
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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 the structure housing
the emergency power diesel generator, 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 design requirements.

The design requirements for the various civil engineering structures
within a nuclear power plant are echoed 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 to 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 strutture,

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

1. The list of potentially applicable locads (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
if 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 annotation 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.

S. 1If 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
Ynargins of safety.

v

6. *Welevant notes or comments are recorded.
L4
T
L]
v
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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 of 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 III-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, be requested under the scope of other SEP tcpics devoted to such

issues.

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

basis 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. 1In
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:

l. 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

P -27-
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is to strike all loads that are not applicable to the structure under
consideration from all load combinations in whicu 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 what 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
cmitted from the load 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. When the load combinations used for design correspond

closely to current requirements, scale ratings may be assigned :o all

combinations. However, when the number of load combinations 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:

l. For 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 also the conditions associated with the
gJreatest consequences to public 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 locadings
associated with less severe consequences.

‘ «28=
P e
... Franklin Research Center
A Owision of The Franmin insutute




TER-C5257-322

The scale rankings assigned to loads and load combinations in tables are
intended as an appraisal of plant status, with respect to 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 be maintained, they are based upon load combinations considered in the
original design of the facility or, in the case of facility modifications,
they are based upon the combinations used in the design of the modification.
Loads that were not included in the original design or that have increased in
magnitude 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 loads).

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

4 Loads resulting from the application of pre-stress.

H Hydrostatic loads under operating conditions.

H, Hydrostatic loads generated under accident conditions, such as
post-accident internal flooding. (P, is sometimes used by others*

to designate post-LOCA internal flooding.)

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

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

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

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

Pipe reactions under accident conditions (such as those generated by
thermal transients associated with an accident).

R, Pipe reactions during startup, normal operating, or shutdown
conditions, based on the critical transient or steady-state

condition.

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

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

Ty, Thermal effects and locads 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 plant.
Tornado loads include loads due to tornado wind pressure, tornado-

created differential pressure, and tornado-generated missiles.

3 Equivaleﬁt 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.

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

The load combination charts correspond to 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
compination 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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"COMPARISON OF DESIGN BASIS LOADS"
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STRUCTURE :
COMPARISON OF DESIGN BASIS LOADS
CONTAINMENT STRUCTURE (concrete)
PLANT; GINNA
Current |Is load |Is Load SEP Topic Does Load | Does Code
Design Applicablgqincluded Reviewing Magnitude | Deviation| Impact
Basis To This In Plant This Load Corrupon# Exist Scale Comments
Loads StructurelDesign To Present| In Load Ranking
asis? Criteria? | Basis?
>
- D Yes Yes ——— Yes No ———
B3
o L Yes Yes ——— Yes No ——
F Yes Yes —— Yes No
d i Yes Yes I11-5.A B . * .
B P Yes Yes R Yes No —
2 | "
5 ?, Yes Yes v1-2.D, I1I-7.3 . * ”
Pj No —_— ———— — No ———
o TO Yes Yes — Yes No — 1. 2
F
= o Yes Yes vi-2.D, III-7.3 . * . 1.
) ?S No — —— — No —
Ro Yes Yes —— Yes No —_—
3 =
T3 R. Yes Yes ——— Yes Neo —
RS No — ——— — No —
= o Yes Yes I1II-6 B * A é
; E Yes Yes IIl=6 » - *
3 W Yes No I12-2, I1l-é.A . * A
3 4 Yes Yes 111-2, I1I-6.A . . ' 2.
Yr Yes Yes I1I-5.A » - * 3.
= Yes Yes ITT-$.A * . - 3.
- Y, No Yes 11I-5.A * * . 3.

Ref.; SRP(1981) Section 3.3.1 or 3.8.2

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

1. FSAR (Pg. 5.1.2-56) states pemetrations were analyzed for these loads.

FSAR (Pg. 5.1.2-6) indicates wind loads were considered. Thev do not appear in Table 5.1.2-41,
(75 MPR used).

3. These loads were reviewed in all operating plants.
4. FSAR (Section 5.1.2.8) states that all sources of interzal missiles are shielded from comtaimment

1

Vali.ia.

"

S. R GSE engineers repors hrerological soil pressure was considered. Warer rable rakem ar slev. 250 ‘r.

6. Equivalent static analysis used for original design and checked by response spectrum analvsis using
housnar spectrum.
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STRUCTURE :
SPENT FUEL POOL (concrete)

PLANT: GINNA
Current | [s Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicablqIncluded Reviewing Magnitude | Deviation|Impact
Basis To This |Ia Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Presead In Load |Ranking
Basis? Criteria? | Basis?
E D Yes Yes —
>
= Tes Yes —_— A 4.
) x
N o =
3 o Tes Tes 11I-3.A * . .
a
»
= Lo No —_ I11-5.8 » - R
! T, Negl. 39 e P—
3 T Yes I11-5.8 . . *
-] a
g. Y '5 RO No -—— ——
P | R, Yo s A
b E' Tes I111-6 » * A
= x
g E Tes 111-6 . .
;E W' Tes I1I1-2, I1l-4.A *1. . AL
s “ Yo I11-2, ITI-4.A * *
Y — —_— I11-5.8 . . .
. r
-g' Yj — . I111-5.3 . . *
- b — _—— 1%« -
{. I11-5.8 * -

Ref.; SRP(1981) Section 3.8.4

Comments

* To be determined per results of SEP ropics.

fudgments

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

1. SEP Topic ITI-2 will determine whether or not pool exposure to possible tormado effects is aam allowable
spent fuel pool load.

L

Applicable only since roof over spent fual pool is not believed to be tornado resistant. J
J. No information on design loads specific to the spent fuel pool was found. However, loads an load

combinaticns for the auxiliary building (in which the pool is located) were provided by Roc' :ster
G & E's rasponse to NRC III-78 inquiry. These are assumed %o apply to the speant fuel pool .lso.

4. Roof loads have increased per SEP Topic II-2.A, and may increase per SEP Topic II-3.3 for _arapet roofs.

w

S

..u. Franklin Research Center
A Dhagion of The Frankhn insttute
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Fuel pool temperature (high density racks, fully loaded) i{s limited to 90°F for all reactors.



TER-C5257-322

TRUCTURE:
COMPARISON OF DESIGN BASIS LOADS AUXILIARY BUILDING
(Concrete)
PLANT: GINNA
Current |Is Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicabldIncluded| Reviewing Magnitude | Deviation|Impact
Basis To This |In Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Present] In Load ([Ranking
Basis? Criteria? | Basis?
>
- D Tes Yes — Yes No -—
>
o Yes Yes e Yes No AL 4.
]
- F No _— —_— No ——- —
2 + Yes Tes I111-3.A . . * 3
n
= P, Yo s 111-5.3 * » .
i o Yes No ——— —— Yes 3 !!h.cn are small
é‘ a No -— I11-5.8 . * _—
g & R, Yes NO ﬁNPOIHATION FOUND
o v
At | R, o - e —— Yo P
- £ Yes Yes I1I-6 . . A 2.
[
H £ Tes No II1-6 . N * 2.
H el Yes Yo 111-2, IIl-4.A * . A
s - Yes “es I11-2, II1-4.A . . .
Y Yes No 111-5.3 * . A‘ 3.
4
v
- »
Z Y“ Tes No 211-5.8 » » l\x
.i ¢ Tes -— I11-5.8 » . A 1.
- x

Ref.; SRP(1981) Section 3.8.4
Comments
* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
judgments, based on infcrmation in the FSAR or other original design documents.
1. Effects of pipe rupture outside containment is being addressed {n another SEP topic.
2. Inicial design used static earthquake loading (g-loads).
3. Water table taken at elevation 250 feet.
Roof loads have increased per SEP Topic II-2.A, and may increase per SEP Topic II-3.3 for parapet

>

roofs.
GENERAL NOTE: There are a number of masonry walls in this structure. This subject is addressed in
IE Bulletin 80-11 and other SEP Topics.
/\1 =~ =34~ o DL -

<ULl Franklin Research Center
A Division of The Franmin institute



COMPARISON OF DESIGN BASIS LOADS

TER-C5257-322

STRUCTURE :
AUXILIARY BUILDING (steel)

PLANT: GINNA
Current |Is load |Is Load SEP Topic Does Load | Does Code
Design |ApplicabldIncluded Reviewing Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure|Design To Present] In Load |Ranking
Basis? Criteria? | Basis?
ks
- YTes Yes — Tes No —
> .
= L Yes Yes B Yes No A, 3.
" F No — ————— — No —
; i %o - 111-3.4 . * e
.
= ?. No _— [11-5.8 » . =
i Yas No — — Yes 3
-1 2
v ) Yo — I1:-5.8 * * —
. : R No — _— NO INFQRMATION FOUND
i £ °
; " £ R‘ No — — No e
< g Tes Yes I11-6 * . A L.
g E Yes No I1I11-6 . * » 1.
: W' Yes No IT11-2, 1Il-4.A % * A,
g W Yes Yes I11-2, III-4.A * * =
Y Tes No I11-5.8 * * Ax 2.
-
-;; Y, Tes Yo I11-5.8 . . A, 2.
; b!
- Ya Yes —_— 111-5.3 * » Ax p
Ref.; SRP(1981) Section 1.8.4
Comments
* To be determined per results of SEP ropics. Scale ranking shown for SEP topic items are i{ndependent

4
1

-
-

3.

>

udgments,

Seismic loadings for design were taken as static (g-loads).
Pipe break outside containment is being considered as a separate SEP Topic (SEP III-5.3)

ENERAL NOTE:

Roof snow loads have increased per SEP Topic II-2.A.

based on information in the FSAR or other original design documents.

The auxiliary building employs a number of masonry walls to bYe investigated in
[E Bulletin 30-11 and other SEP Topics.

.... Frankiin Research Center
A Dwmion of ™he Franmiin insutute
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TER-C5257-322

STRUCTURE :

COMPARISON OF DESIGN BASIS LOADS CONTROL SUILOING (concrete)

NNA

Current | Is Load |Is Load SEP Topic Does
Design |Applicabldincluded Reviewing Deviation
Basis To This In Plant This Load Exist
Loads Structure{Design In Load
Basis? Basis?

Gravity

Pressure

Thermal

-
h e Tes Tes II1-6 * * A 3.
P g Tes No 111-6 . . * 1.
2 v Yes Yo I11-2, 11I-4.4 - * A
2 § Yes ‘o I71-2, I1I-4.A * * .

Y, Yo -— I11-5.8 . . — 3.
- Y, Yes —— 112-5.8 . . * %\
j' Yn Yes -— IT1-5.8 * . * 3.

Ref.; SRP(1981) Section 1.3.4
Comments

* To be determined per results of SEP ?an}cs. Scale ranking shown for SEP topic items are independent
judgments, based on information in the 7SAR ar other original desizn documents.

Treated earthquake loadings as static (g-load).
Effects small. Building has experienced a broad spectrum of them.

L

—

Shares wall in common with turbine Suilding, =missile and jet reasction barrier {s understcod to have
been installed.

4. Water table taken at aslev. 250 FT.

re_n

5 Roof loads have increased per SZP Topic II-2.A and mav increase per SEP Topic II-1.3 for parapet roofs.

e -36-

... Franklin Research Center
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COMPARISON OF DESIGN BASIS LOADS

TER-C5257-322

STRUCTURE:  PORTIONS OF
INTERMEDIATE BUILDING

(Concrete)
PLANT: GINNA
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |Applicablqlincluded) Reviewing Magnitude | Deviation|Impact
Basis To This |Ian Plant This Load Correspond Exist Scale Comments
Loads Structure|Design To Present In Load |Ranking
Basis? Criteria? | Basis?
>
- ] Yes
>
- Yes
]
s F No
2 H Tes I11-3.A * - »
v
.- P‘ No I111-5.8 » * S
-!' To Yes
8 T No I11-5.8 b * ——
B EY
2 6] o | ™
=2 R, Tes L.
< E' Tes 111-6 . . A
! E Yes I11-6 * * b
_:: W' Yes I11-2, III-4.A * . A
E w Yes 1I1-2, IIl-4.A - . .
‘{f Yes I11-5.8 - - * 1.
v
"
- e Yes I11I-5.8 * * * ) 8
% J
i Y' Yes I11-5.8 - - - 2.

Ref.; SRP(1981) Section 1.8.4

Comments

* To be determined per results of SEP

Jud

-

2

'

gments, Dbased on information in the

topics. Scale ranking shown for SZP topic items are independent

FSAR or other original design docume-ts.

Mainysteam, feedwater piping, and relief valve discharge piping.

Intermediate building shares common wall with turbine building. No information was found
on design loads for the intermediate building.

A reasonable assumption is that it was

designed to the same conditions as the rest of the building complex. On this basis, design
is comparable to that of the auxiliary building.

v... Frankiin Research Center
A Devamion of The Frandin insttute
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TER-C5257-322

STRUCTURE : PORTIONS OF
MPARISCH OF DESIGN BSASIS LOA ¥
CONPARISON OF DESION BASIS LOADS INTERMEDIATE BUILDING
(steel)
PLANT: GINNA
Current | Is Load Is Load SEP Topic Does Load | Does Code
Design ApplicablqIncluded Reviewing Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure|Design To Present] In Load |Ranking
Basis? Criteria? | Basis?
>
- D Yes
> .
- - Yes
v F No
i H Yo III-3.4 * . i
4 - 1=
- * Yo 111-5.8 . . —
E !‘J Yes :
2 T, Yo I11-5.8 * . -—
s & R Vas
-3 3
- z R Yec 1.
a
b g Yes I1I-6 . * A
i £ Yes 111-6 . . *
z W Yes I1I-2, IIl-4.A » . L
E W Yes I11-2, III-4.A - - *
‘.’r Yes II1-5.8 . * * 1.
9
< Y Yes 112-5.8 . . . L.
i .
- ‘e Tes II1-5.3 - . * - 58

Ref.; SRP(1981) Section 1.8.4

Comments

* To be determined per results of SEP tonics.

‘udgments,

1. Main steam and feedwvater piping pass through intermediate building.
piping also.

[

Intermediate building shares common wall with turbine building.
iloads specific to the intermediace building.

same criteria as other structures of the building complex.
to the auxiliarvy building.

Wil F

ranklin Research Center
Omsion of The Franiin institute
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Scale ranking shown for SEP topic items are i(ndependent
based on information in the FSAR or other criginal design documents.

Relief valve discharg-

No ianformation concerm: ag
A reascnable assumption is that design was to

Jn this basis, design is comparable



TER=C5257-322

STRUCTURE :
COMPARISON OF DESIGN BASIS LOADS
CABLE TUNNEL
PLANT: GINNA
Current | Is Losd |Is Load SEP Topic Does Load | Does Code
Design | Applicabl4Included Reviewing Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Present] In Load |Ranking
Basis? Criteria? | Basis?
>
- Yes
>
4 L Yes
o
s No
H H Yes I11-3.A * . . .
"
-
' P‘ No I11-5.8 * * N
'é ) - Yes
Q
% No L11-5.8 . . —_
-
3 5' Ro No
Pl | R No
a
= . -
. E Yes I11-6 . . A L.
b E Yes 111-6 . . —— i.
2 W' No I1I-2, III-4.A * . A
x
E W No I1I-2, III-4.A * . —
Yr No II1-5.8 * * _—
v
= Y, Yo I11-5.3 . . -
L § Y, Yo I11-5.8 » . —_
|
Ref.; SRP(1981) Section 3.8.4
Comments
* To be determined per resul:s of SEP topics. Scale ranking shown for SEP topic items are independent

judgments, Dbased on information in the FSAR or other original design documents.

L. No information on the design of the cable tunnel was found.

S 3=

J.u. Franklin Research Center
A Dvigion of The Srankiin institute




TER~C5257-322

STRUCTURE : INTAKE/DISCHARGE
COW‘R'[SON OF DESIGN BAS!IS LOADS STRUCTURE & SCREEN HOUSE
(concrete)
PLANT: GINNA
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design ApplicablqIncluded Reviewing Masnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure |Design To Present] In Load |[Ranking
Basis? Criteria? | Basis?
»
- 2 Yes Yes —— Yes No —
E L Yes Yes —_—— Yes No A 3.
- F No —— — No -
2 H Yes Tes 111-3.A . ™ B
n
s i Yo s 111-5.8 . . - -
i T Tes No -— Yes 5 2.
2
5 ?a o - 111-5.8 b *
: B Yes No —— Tes 3 2
3. 4|
Pl 2 No p— - No s
a
s & Tes Yes I11-6 * * A 1.
§ E Yes Tes 1116 * - b 1.
= ¥ Yes Yo IT1-2, I11-4.A . . A
3 4 Yes Yes 1I1-2, IlI-4.A . . .
. ?r Yes P 111-5.3 - - Ax
-; Y Yes e 111-5.3 . . A,
- Y’ Yes - 111-5.8 . . A
Ref.; SRP(1981) Sectiom 3.8.4
Comments

* To be determined per results of SEP tooics.

fudgments ,

1. Earthquake loadings taken as static (g-load) in original design.

o

Small effects.

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

3. Roof loads have i{ancreased per SEP Topic II-2A and may increase per SEP Topic II-1.3 for parapet

roofs.

B T

s.iL Franklin Research Center
A Dovmon of The Frammin insttute
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COMPARISON QF DESIGN BASIS LOADS

TER-C5257-322

STRUCTURE :

DIESEL GENERATOR

BUILDING (concrete)

PLANT: GINNA
Current | Is Load |Is Load SEP Topic Does Loznd | Does Code
Design |ApplicablqIncluded| Reviewing Magnitude | Deviation|Impact
Basis To This In Plant This Load Correspond Exisc Scale Comments
Loads Structure{De={gn To Presenty In Load |[Ranking
Basis? Criceria? | Basis?
&
% Yes Yes —_— . Tes No —
5 Yes Yeas —_— Yoo No ‘x
. B No . —— c—— No -
2 Bl Tes Yes 111-3.A * -« -
Ed
- —
- A No - 111-5.8 . .
'i T Yes No —_ _ Yes 3
o
- T No —_ 111-5.8 . * e
£ a
. X ——_ - — h ——
2 £ N | ®
= - * El No —— — - No ——
- -
; e Yes Tes III-6 B ™ -
i £ Yes Yes 111-6 . . o
2 @ Yes No I11-2, IIl-4.A . . -
3 § Yes Yo 1112, ITI-4.A . . .
& No —— 111-5.8 . . it
v
- Y, NO INFO [ — I11-5.3 . . "
3 v. Tes Yo 111-5.8 - N -

Ref.; SRP(1981) Section 1.8.4

Comment’

* To be determined per resfults of SEP tonics.
Judgm hes,

=

W oW N
" ARt

Effect

roofs.

v.u. Franklin Research Center
A Dvimon of The Franmin institute

Earthquake loads treated as static (g-load).

D/G bldg. shares common wall with turbine bldg.
{s small.
Considered for wvall panels only.
Roof loads have ilacreased per SEP Topic II-2.A and may increase per SEP Topic II-3.3 for parapet

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



10.4 LOAD COMBINATION TABLES

"COMPARISON OF LOADING COMBINATION CRITERIA"

.u.. Franklin Research Center
A Dmaon of ™he Franmiin insutute
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COMPARISON OF LOADING COMBINATION CRITERIA

TER-C5257-322

STRUCTURE
CONCRETE CONTAINMENT

1. Encircled loads are those considered in the design. When load factors different
from those currently required vere used, the factor used is also escircled.

"

Loads deemed inapplicable or negligible struck from loading combinations.

PLANT: GINNA
Combined Gravity Prestress Severe Natural Scale
Category Loading Dead, load Pressure Thersal Eanvironment |Phenomena | Mechanical | Ranking
Cases Live
Noreal ) 0 | ® ’, @ 4
2 D+ 1L 1 4 P T E R
134 {3 T—_— - g o o
3 D+ L 4 P ‘!° w R
Severe
Zaviroasental 4 D+ 1.3L 1 4 !' 1'° 1.5!° l°
(Factored)
Seu—_ s D+ 1.0 r r, T, 1.5 A
Extreme 3 <:>¢ 1 4 @ R
Environmental @ @ e @ e
7 D+ L F P' r° U' I° A‘
BERERERRE E
Abnormal
9 D+ L F P. 1'. 1.25 R.
Abnormal/ 10 L ¥ R
- @-© © [E37) k™ .
Environzental| 1) D+ 1L r Lase, T, 1.25 R 3.
2 @ | v |® |®
13 D+ L r H. T° v
Abnormal/
Extreme 1w o+® ® @ @ Q R eR oA
il S LS80 L) —
Ref.: 1. SRP Section 3.8.1 Concrete Containment
2. ASME Section III, Div. 2 Article CC-3000
Notes

3. FSAR (Pg. 5.1.2-6) indicates that wind load was considered; but the loading combinations actually calculated
do not include it (See Table 5.1.2-4I) thus, it may be that stresses from load combination 1l are less than

those from case 10 and 12 evervwhere in the structure; but explicit documentation of this was not found.

is understood that 75 MPH wind vas used.

4. R_ =R _+1
4 T L3

3

+R _.
™

this expression.

For this containment, according to FSAR (Pg. 5.1.2-83a), ln

it

may be taken as zero in

5. For purposes of the SEP Reviev, demonstration that structural integrity is maintained for load case 7, 8 & 14
(per current criteria) may be considered as providing reascmable assurance that this structure meets the inteat
of current design criteria.

/‘;..\

Juut Franklin Research Center

A Dwson of ™he Franmun insonute
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TER-C5257-322

STRUCTURE

COMPARISON OF LOADING COMBINATION CRITERIA
CONTAINMENT LINER

PLANT: GINNA
L°:° :::‘ g:::“’ estress Severe Natural Scale
Category . ad Pressure Thermal vironmsent | Phenomena | Mechanical | Ranking
Cases Live
Normal 1 ®©+® ® ?, @ R,
- ———

Severe 2 D+ L 4 P T 4
Environmental ¥ » ’ o

k] D+ L 4 Pv To W by
Severe " R
Environmental - L 4 ’v f° !o f
(Factored) 5 D+L 4 ?o b lo
Ixtreme B @#@ @ ? @ @
Eavironmental > 9 9 A

7 D+L r e, T, ¢ % x
Abnormal ’ ®‘ k @ <o @ a Ax

9 D+L F

a a
Abnormal/ 10 + @ - @ R
sonors ®-0 o) .
Environmental il D+L F P‘ ‘l" - lo
2 @O | @ |- ©

13 D+L r i, Ts v
Abnorzal/ 2 + 18
Extreme 14 @4® @ a r A
Znvironmental

Ref.: 1. SAP Section J.3.1 Concrete Containment
2., ASME Section III, Div. 2 Article CC-3000

NOTES
1. Zncircled loads are those actually considered in the design. When load factors
different from those currently required were used, the factor used is also encircled.
Loads deemed inapplicable or negligible when struck from loading combinations.
The liner may have been considered non-load-iearing in the case of some of the mechanical loads.

8, The liner should be shown leak-free under tormade load and its missiles and under credible events generating
R‘ - Rr loading concurrent with loading combination lé.

“wore

3. For purposes of the SEP Review, demonstration that structural integrity is maiatained for load cases 7, 8 & 14
(per curvent criteria) may be considered as providing reasonmable assurance that this structure meets the intent
of current design criteria.

P -44-
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TER-C5257-322
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:

CONCRETE STRUCTURES SPENT FUEL POOL (concrete)
PLANT: GINNA
Combined
Loading [Gravity Dead, Live| Thermal Pressure| Mechanical ’::eura:. I:::::::‘ Scale
Cases Rankin

b 99
1 140> 1.@
2 1.4D + 1.7L 1.9
| WS SR -

] j 1.4D +# 1.7L J ——

« [ asawerm)asxirr, B

5 g .79 (1.4D & 1.70L)].75 = 1.7 To "F’h-l"l"-.'o .75!1.9!’

5 .78 (1.4D + 1.7L)} .78 x 1.7 To M@ e

7 ] L2 1.9€

8 1.2 R

I (OO \ \ @ 6.

0w 10+® %, X, W, A

‘ : p

11 D+ L LA -kr’-':ﬁ s .

2 o+t T, s AN 1.252 \¢\~\1

13 ®+© . \ ] s.\(o\oqa‘

Ref.: SRP (1981) Sect. 1.3.4 Other Category I structures (concrece)

Notes 1
p
3.
5.
6.

Ultimate strength method required by ACI-349 (1977).
Methods used in design .{ working stresse” consequently no load factors were used

i e et i
Loads deemed inapplicable or negligible struck from loading combinations.

Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used i{s also encircled.

No information on design loads specific to the spent fuel pool was found.
However, loads and load combinations for the auxiliary building (in which

the pool {s located) were provided by Rochester C & E's response to NRC III-73
Inquiry. These are assumed to apply to the spent fuel pool also.

Method of seismic analysia does not correspond to current criteria.

For purposes of the SEP Review, demonstration that structural integrity is
saintained for load cases 10 and 13 (per current criteria) may be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

... Franklin Research Center

A Dramon of ™he

Franmin insutute



TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :

CONCRETE STRUCTURES AUXILIARY BUILDING (concrete)
PLANT: GINNA
Combined :
Natural Impulsive
Loading {Cravity Dead, Live} Thermal Pressure| Mechanical Scale
Cades Phenomena Loading Rankin

L@+ 1.00) 2+
t 2 1.4D + 1.7L 1.98
3 1.4+ 1.70 1.0
- | -75 (14D +1.70)| .78 x 1.7 T, 75 x 1.7 R
I I L R N KIS 75 x 1.7 R ] .75 x 198

«73 (1.4D + 1.7L)]| .75 x 1.7 to 75 x 1.7 R .75 x 1.7W

1.2D 1.9

1.20 1./W

@+© s. A R ® -

| 10 D+ 1L To lo H: ; A’

11 D+L ‘5 1.3 ‘l} ’}

12 D+L \ 1.25\ \ 1.25E Yr - Yj +Y

L

13 D+ L \ \ \ E Yr4-\'3*1+5:
Ref SRP (1981) Sect. 3.3.4 Other Category I structures (concrete)
Notes 1. Ultimate strength method required by ACI-349 (1977).

2. Methods used in design {uotking stressv consequently no load factors were used

3. loads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered i. che design. When Joad
factors different from those currently require. were used, the factor
used is also encircled.

8 included in D+L.

6. Earthquake locading taken as static g-load.

7. Snow load coefficients in accordance with ANSI AS8.1 may be used, or provisions of
UBC Sectiom 2311 (i) invoked.

8. For purposes of the SEP Review, demonstration that structural integrity is maintained
for load cases 10 and 1] (per current criteria) may be considered as providing
reasonable assurance that this structure meets the intent of current design criteria.

P =46~

..yl Franklin Research Center
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TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :

STEEL STRUCTURES (Elastic Analysis) AUXILIARY BUILDIMG (steel)
PLANT: GINNA
Combined Gravicy Natu
ral Impulsive

Loading Dead, Thermai Pressure | Mechanical Phesonins Loadiog Scale
Cases Live

1 )+

2 D+L E

I [oX0) O

4 D+L ’.'o *l“

S D+L to &m E

6 D+ L To &0. W

7 @*@ L @ 3. -

8 D+L ro x '-‘t "x

B D+L £ = ‘{.

10 D+L \ \ \ E ‘{j *Y_ YJ

11 D+L \ {l \i‘ E ‘.’j *‘trt'{!Ax

|
Ref; SRP (1981) SECT. 3.8.4 Other Category I structures (steel)
Notes

Farirels’ loads are those actually considered in the design. When load
factors are different from those currently required were used, the factor
used is alsc encircled.

2. Loads deemed inapplicable or negligible struck from loading combinations.

3. Earthquake loading taken as static g-load.

4. Snow lcad coefficients in accordance with ANSI AS8.1 may de used, or provisions
of UBC Sectionm 2311(}) invoked.

. For purposes of the SEP Review, demcnstration that structural integrity is main-
tained for load cases 3 and 1l (per current criteria) may be comsidered as
sroviding reasonable assurance that this structure meets the intent of current
design criteria.

s g

. Franklin Research Center
A Dasion of The Franmin insutute



TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
CONCRETE STRUCTURES CONTROL BUILDING
PLANT : GINNA
Combined Natural Impulsive
Loading {Gravity Dead, Live} Thermal Pressure| Mechanical Siaeandss Loading Scale
Cases hnkin*
! 1 1.4D + 1.7L
b2 i+t 1.9E
———— e - o~
{ 3 i+ 3.0
2
i 4 <75 (1.4D + 1.7L){.75 x 1.7 ‘r° I3 = l..71.° |
5 o739 (1.4D + 1.7L)] +75 x 1.7 To B 1 1.715‘ 73 % 1.951
" W75 (L.4D + L7L)[ .75 x 1.7 T, J5 x LIRY .75 x 1.7w
| 7 4 1.20 1.9E
8 1.20 LW
|
9 D+L T, R, €)s. |
. 10 f D+t L & " A
11 D+1L E 1.3\ \'}-
12 o+t < Lasn | ow 1L.2SE [Y +¥, +¥ 6.
13 D+L \ \ \ E' Yr+\'j+'{’{ Axb.
Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrece)
Notes 1. Ulcimate strength method required by ACI-349 (1977).

2. Methods used in design {wr\gin; stress v consequently no load factors were used

3. Loads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. Concrete walls were originally designed by applying an earthquake loading of 0.2g
(SSE) to midspan of wall panel.

6. Missile barrier has been installed.

7. Snow load coefficients in accordance with ANSI AS8.1 may be used, or provisions of
UBC Sectiom 2311(J) invoked.

8. For purposes of the SEP Review, demonstration that structural integrity is maintained
for load cases 10 & 1] (per curremnt criteria) may be considered as previding reasonable
assurance that this structure meets the intent of current design criteria.

e -48-
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TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: PORTIONS OF THE
INTERMEDIATE BUILDING
CONCRETE STRUCTURES (Concrete)
PLANT: GINNA
Combined Natural Impulsive
Loading |Cravicty Dead, Live} Thermal Pressure| Mechanical . Loading Scale
Cases Rankin
! 1 1.4D + 1.7L
—_—
L2 1.4D + 1.7 1.98
e -
i3 | 1.4D + 1.7L . 1.7W
i 4 | .75 (1.4D + 1 7L)|.75 x 1.7 ro o713 B 142 Ro
.75 (1.4D0 + 1.70L)} .75 x 1.7 To 75 % 3.7 Ro 3 B 1.9%
5 .75 (1.4D + 171} .78 x 1.7 T, IS = 1TR| .75 % 1.79
i 2 § 1.20 1.9 )
3 1.2D 1.7W
|
9 D+1L ro l° E :
| 10 D+1L T° Ro "t Ax
11 B+L 1.'1L 1.3 P! R‘ b
12 D+L T, 1.25 7, R, 1.25% T, * Y, ¢ YJ
13 D+L T B R g’ L&Y, «Ti N
" a a a r i
Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes 1. Ultimate strength method required by ACI-349 (1977).

2. Mathods used in design working stress/ consequently no load factors were used

3. loads deemed inapplicable or negligible struck from loading combinaticms.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. No information found on building design basis. A reasonable assumption is that
design was to same basis as rest of building complex. Consequently, intermediate
building is taken as the auxiliary building.

6. For purposes of the SEP Review, demonstration that structural integrity is main-
tained for load cases 10, 13 (per current criteria) may be considered as providing
reasonable assurance that this structure meets the intent of current design criteria.

/' ‘49'

.. Franklin Research Center
A Dwamion of The Franwiin institute



TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:  PORTIONS OF THE
STEEL STRUCTURES (Elastic Analysis) INTERMEDIATE BUILDING (steel)
PLANT: GINNA
g ) s Natural Impulsive
loading Dead, Thermal Pressure Mechanical Phen 2 Loading Scale
Cases Live
1 D+ L
2 D+1L a E
3 D+1L W
- D+L To lo
5 D+L To Ro E
6 D+L To Ro W
7 D+L To Ro E' :
3 H D+1L ‘l'o ‘o E: Ax
B u D+L % L X,
10 D+ L T. P. l. E YJ + Yr + Y
11 D+L T. ?. R. E' Tj + Yr + Y Ax

Ref; SRP (1981) SECT. 3.8.4 Otner Category I structures (steel)

Notes

1. Encircled loads are those actually considered in the design. When load
factors are different from those currently required were used, the facror
used is also emcircled.

2. Loads deemed inapplicable or negligible struck from loading combinations.

3. Information not found. A reasonable assumption is that the design was to the
same basis as other structures in the building complex. Consequently,
intermediate building is taken as the auxiliary building.

4. For purposes of the SEP Review, demonstration that structural integrity is
maintained for load cases 8, 11 (per current criteria) may be considered as
providing reasomable assurance that this structure meets the intent of curreant
design criteria.

P =50~
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
CONCRETE STRUCTURES CABLE TUNNEL
PLANT : GINNA
Combined i
Loading [Gravity Dead, Live} Thermal Pressure| Mechanical P:::::::a l:::t;::‘ Scale
Cases Rankin
1 1.4D + 1.7L
2 1.4D + 1.7L 1.98
——— - - b
3 f 1.4D + 1.7L 1.7%
4 .75 (1.4D + 1.7L)} .75 x 1.7 To 73 % 3.7 Ro
5 «75 (1.8D + 2.7} .73 = 3.7 TO 79 x 1.7 Ro .75 x 1.9E]
6 o793 (1.4D + 1.7L)] .75 x 1.7 To I3 W 17 Ro I3 B 178
7 4 1.2D 1.9
3 1.20 1.7w
.
9 D+ L To lo E
| 10 D+ L To lo "c
11 D+L Tg, 1.3 P‘ Ra .
~ |
12 | o+ L T. 1+23 P‘ a. 1.25E Yr + YJ + Yﬂ
L]
13 D+1L Ta P. R‘ E Yr + YJ + Yﬁ Ax
Ref.: SRP (198l1) Sect. 3.8.4 Other Category [ structures (concrete)
Notes 1. Ultimate strength method required by ACI-349 (1977).

2. Methods used in design ‘{ working stressV consequently no load factors were used

3. Loads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used s also encircled.

5. No information on desigzn of the cable tunnel was found.

6. For purpcses of the SEP Review, demonstration that structural integrity is
maintained for load case 13 (per current criteria) may be considered as
providing reasonable assurance that this structure meets the intent of current
design criteria.

o =51~



TER-C5257-322

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE : INTAKE/DISCHARGE

CONCRETE STRUCTURES STRUCTURE & SCREEN HOUSE
_PLANT: GINNA (concrete)
Conbinad Natural Iaopulsive
Loading |Gravity Dead, Live} Thermal Pressure| Mechanical Scale
St Phenomena Loading Rankinq

2.

1 1.4+ 1.0

2 L.+ 1.0 2 1.9

3 | L@+ 1D 2 1.0

i

4 : .75 (1.4D + 1.70)[.75 x 1.7 T, .75 x 1.7 R

5 1 .75 .ep + 17075 x 1.7 T, .75 x 1.7 R | .75 x 1.9§

- .75 (1.4D + 1.71)| .75 x 1.7 T, 75 x L7 R | .75 x 1.7W

7 1.2D 1.9E i

3 1.20 1.7W

9 @+@® T, R, @

10 D+L LA R, W, A

11 D+L l& 1.5 R,

12 D+1L \ 1.25\ ), 1.25E Y + YJ - YJ

13 D+ L N . R, E' Yr+YJ+Yﬁ A

Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

Notes

P

.... Franklin Research Center

1
2.
3

Ultimate strength method required by ACI-349 (1977).
Methods used in design .{ working stress/ consequently no load factors were used.

Loads deemed inapplicable or negligible struck from loading combinations.

Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

Snow load coefficients in accordance with ANSI A58.1 may b "
of UBC Section 2311(j) invoked. i e i

For purposes of the SEP Review, demonstration that structural integrity is main-
tained for load case 10 & 13 (per current criteria) may be considered as providing
reasonable assurance that this structure meets the intent of current design criteria.

-52=-
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
CONCRETE STRUCTURES DIESEL GENERATOR ANNEX
PLANT: NNA (concrete)
Combined
Loading |Gravity Dead, Live| Thermal Pressure| Mechanical P:““":. I::::;:;‘ Scale
Cases Rankin
1 1.4D + 1.7L
2 L@+ 1.0 % 1.99) 5
! 3 | 140 + 1.7 - 1.7%
4 { .75 (x40 + 17|75 x 1.7 T, T8 x LR
5 75 (140 + LTL)|.7S x L7 T, 75 x L7R)] .75 x 1.98
- | -75 (1.4D + 1.7L)|.75 x 1.7 T, 75 x L7RY .75 x LW
7 1.2D 1.9E
- 1.20 1./w
3 | @+C T, * ® 3
10 D+L T, L W, A
11 D+L I} 1.5 R . N
— — -1-—
12 ] D+ L T, 1.25°% L 1.258 |Y_+ YJ - '1“1
i
13 D+ L 'g “9} \ E' Yr+YJ*Y4Ax

Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

Ultimate strength method required by ACI-349 (1977).
Methods used in design ,{ working itressV consequently no load factors were used

i S e
Loads deemed inapplicable or negligible struck from loadiag combinaticas.

o
"
[
@
e

L
. .

&
.

Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. Earthquake loadings taken as static g-loads.

6. Snow load coefficients in accordance with ANSI AS8.1 may be used, or provisions
of UBC Section 2311(j) invoked.

7. For purposes of the SEP Review, demonstration that structural integrity is
maiotained for load cases 10 and 13 (per current criteria) may be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

o g =33~
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11. REVIEW FINDINGS

The most important findings of the review are summarized in this section

in tabular form.

The major structural codes used for design of Seismic Category I buildings

and structures for the Ginna Nuclear Power Plant were:

l. AISC, "Specification for Design, Fabrication, and Erection of
Structural Steel for Buildings,® 1963

2. ACI 318-63, "Building Code Requirements for Reinforced Concrete,” 1963

3. ACI 301-63, "Suggested Specifications for Structural Concrete for
Buildings," 1963.
Each of these design codes has been compared with the corresponding
structural code governing current licensing criteria. Tables follow, in the
order listed above, summarizing important results of these comparisons for

each code.
These tables provide:

l. identification by paragraph number (both of the orginal code and of
its current counterpart) of code provisions where Scale A or Scale
Ay deviations exist.

2. idertification of structural elements to which each such provision

may apply.

Some listed provisions may apply only to elements that do not exist in
the Ginna structures. When it could be determined that this was the case,
such provisions were struck from the list. Any provisions that appeared to be
inapplicaple for other reasons alsc were eliminated. Items so removed are

listed in Appendix A to this report.

Access to further information concerning code provision changes is
provided by additionai appendixes. Each pair of codes (the design and the
current ones) has a tabular summary within the report (Appendix B) which lists

all code changes by scale ranking.

[.; -34=
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In addition, a separately bound appendix exists for each code pair. This

provides:

1. full texts of each revisad provision in both the former and current
versions

2. comments or conclusions, or both, relevant to the code change

3. the scale ranking of the change.

/*1:_

... Franklin Research Center
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11.1 MAJOR FINDINGS OF AISC-1963 VS. AISC-1980 CODE COMPARISON

56
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MAJOR FINDINGS OF AISC 1963 VS. AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)

Scale A
Referenced
AISC AISC
1380 1963
1.5.1.2.2 ==
109.l02 l.gll

and Appendix C

1.10.6

-

1.10.6

Structural Elements

Potentially Affected

Beam end connection
where the top flange

is coped and subject
to shear, or failure by
shear along a plane
through fasteners or by
a combination of shear
along a plane through
fasteners plus tension
along a perpendicular
plane

Slender compression unstiff-
ened elements subject to axial
compression or compression
due to bending when actual
width~-to-thickness ratio
exceeds the values specified
in subsection 1.9.1.2

Hybrid girder - reducticn
in flange stress

-57-
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Comments

See case study 1
for details.

New provisions added
in the 1980 Code,

Appendix C

See case study 10
for details.

New requirement added
in the 1980 Code.
Hybrid girders were
not covered in the
1963 Code.

See case study 9
for details.
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MAJOR FINDINGS OF AISC 1963 VS. AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)

Scale A (Cont.)
Referenced
Supsection

AISC AISC
1980 1963
1:11:4 1.11.4

1-11.5 -

101‘0202 —_—

2.9 2.8

I

Structural Elements -
Potentially Affected

Shear connectors in
composite beams

Composite beams or girders
with formed steel deck

Axially loaded tension
members where the locad is
transmitted by bolts or
rivets through some but not
all of the cross-sectional
elements of the members

Restrained members when
flange or moment connection
plates for end connections
of beams and girders are
welded to the flange of I
or H shaped columns

Lateral bracing of members
to resist lateral and
torsional displacement

-58=
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Comments

New requirements added

in the 1980 Code regard-

ing the distribution of

shear connectors {(egn.
1.11-7). The diameter

and spacing of the

shear connectors are

also subject to new controls.

New requirement
added in the 1980
Code

New requirement
added in the 1580
Code

New requirement
added in the 1980

Code

Scale
A 0.0 < M/Mp < 1.0
C 0.0 > M/Mp > -1.0

See case study 7
for details.



11.2 MAJOR FINDINGS OF ACI 318-63 VS.
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Scale A

Referenced

Subsection

ACI ACI
349-76 318-63

7.10.3 805

11.13

11.15 o—

['-:;

Degrada Perceived Margin of Safety)

Structural Elements
Potentially Affected

Columns designed for stress reversals
with variation of stress from fY in
compression to 1/2 fy in tension

Short brackets and corbels which are
primary load-carrying members

Applies to any elements loaded in
shear where it is inappropriate to
consider shear as a measure of
diagonal tension and the loading could
induce direct shear type cracks.

-60~-
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Comments

Splices of the main
reinforcement in
such columns must
be reasonably
limited to provide
for adeguate
ductility under all
loading conditions.

As this provision

is new, any existing
corbels or brackets
may not meet these
criteria and Zailure
of such elements
could be non-ductile
type failure.
Structural integrity
may be seriously
endangered if the
design fails to
fulfill these
requirements.

Structural integrity
may be seriously
endangered if the
design fails to ful-
fill these require-
ments.



MAJOR FINDINGS OF ACI 318-63 VS.
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ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Scale A (Cont.)
Referenced
Subsection

ACI ACI
349-76 318-63

1l.16 =

Appendix -
A

Degr>4e Perceived Margin of Safety)

Structural Elements
Potentially Affected

All structural walls - those which

are primary load carrying, e.9., shear
walls and thcse which serve to provide
protection from impacts of missile-
type cbjects.

All elements subject to time~dependent
and position-dependent temperature
variations and restrained so that
thermal strains will result in thermal
stresses.

-§l=
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Comments

Guidelires for these
kinds of wall loads
were not provided by
older codes; there-
fore, structural
integrity may be
seriously endangered
if the design fails
to fulfill these-
requirements.

For structures sub-
ject to effects of
pipe break, espe-
cially jet impinge-
ment, thermal
Stresses may be sig-
nificant. Scale A
for areas of jet
impingement or where
the conditions could
develop causing
concrete temperature
to exceed limitation
of A.4.2.

For structures not
subject to effects

of pipe break acci-
dent, thermal
stresses are unlikely
to be significant
(Scale B).
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)

Scale A (Cont.)

Referenced

Subsection
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
Appendix -— All steel embedments used to transmit New appendix; there-
B loads from attachments into the rein- fore, considerable
forced concrete structure. review of older
designs is warranted.
Since stress analysis
associated with these
conditions is highly
dependent on defini-
tion of failure
planes and allowable
stress for these
special conditions,
past practice varied
with designers'
opinions. Stresses
may vary signifi-
cantly from those
thought to exist
under previous design
procedures.
Appendix - All elements whose failure under
C lmpulsive and impactive loads must
be precluded
New appendix; therefore, consideration
and review of older designs is consid-
ered important. Since stress
analysis assoc. ated with these condi-
tions is highly dependent on defi-
nition of failure planes and allow-
able stress for these special condi-
tions, past practice varied with
designers' opinions. Stresses may
vary significantly from those
thought to exist under previous design
procedures.
ol 2w
B A
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11.3 MAJOR FINDINGS OF ACI 301-63 VS. ACI 301-72 (REVISED 1975) COMPARISON

No Scale A or Ax changes were found in the ACI 301 Code Comparison.

P =63~

... Franklin Research Center
A Dwmon of T™he ©ranudiin institute



TER-C5257-322

11.4 MAJOR FINDINGS OF ACI 318-63 VS. ASME 3&PV CODE, SECTION III, -

DIVISION 2, 1980 CODE COMPARISON

S =64~
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MAJOR FINDINGS OF ACI 318-63 VS. ASME B&PV CODE,
SECTION III, DIVISION 2, 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)

Scale A

Referenced

Subsection
Sec. III ACI

1980 318-63

Structural Elements
Potentially Affected

CC-3421.5

- Containment and other
elements transmitting in-
plane shear

CcC~-3421.6 1707 Regions subject to
peripheral shear in the
region of concentrated
forces normal to the shell

surface

P
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Comments

New concept. There is no com-
parable section in ACI 318-63,
i.e., no specific section
addressing in-plane shear.

The general concept used here
(that the concrete, under
certain conditions, can resist
some shear, and the remainder
must be carried by reinforce-
ment) is the same as in ACI
318-63.

Concepts of in-plane shear
and shear friction were not
addressed in the old codes
and therefore a check of old
designs could show some
significant decrease in
overall prediction of
structural integrity.

These equations reduce to

Ve = 4\f', when membrane
stresses are zero, which com-
pares to ACI 318-63 ([Sections
1707 (¢) and (d)] which
address "punching® shear in
slabs and footings with the

¢ factor taken care of in

the basic shear equation
(Section CC-3521.2.1, Egn.
10).
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ASME B&PV CODE, SECTION III, DIVISION 2, 1980
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale A (Cont.)

Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CC~3421.6
(Cont.)
CC-3421.7 921 Regions subject to
torsion
CC-3421.8 === Bracket and corbels
e e

... Franklin Research Center
A Dvmion of T™he Franwin insttute

Comments

Previous code logic did not
address the problem of
punching shear as related to
diagonal tension, but control
was on the average uniform
shear stress on a critical
section.

See case study 13 for details.

New defined limit on shear
stress due to pure torsion.
The equation relates shear
stress from a biaxial stress
condition (plane stress) to
the resulting principai
tensile stress and sets the
principal tensile stress
equal to 6\{E'..

Previcus code superimposed
only torsion and transverse
shear stresses.

New provisions. No comparable
section in ACI 318-63; there-
fore, any existing corbels or
brackets may not meet these
criteria, and failure of such
elements could be non-ductile
type failure.

Structural integrity may be
seriously endangered if the
design fails to fulfill these
reguirements.
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ASME B&»”V CODE, SECTION III, DIVISION 2, 1980
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale A (Cont.)
Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-6 Potentially Affected
cC=- ——— All concrete elements
3440(b) , (c) which could possibly
be exposed to short
term high thermal
loading
cC- - where biaxial tension
3533.1.3 exists
. ~67-
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Comments

New limitations are imposed
on short-term thermal loading.
No comparable provisions
existed in the ACI 318-63.

ACI 318-63 did not consider
the problem of development
length in biaxial tension .
fields.
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12. SUMMARY

The table that follows provides a summary of the status of the findings
from the Task III-7.B criteria comparison review of structural codes and
loading requirements for Seismic Category I structures at the Ginna Nuclear
Power Plant.

The first and second columns of the table show the extent to which all
Seismic Category I structures external to containment comply with current
design criteria codes. The first column applies to the concrete portion of
these structures; the second column applies to the portions which are of steel
frame construction. The third cclumn applies to concrete structures with
regard to original and current specifications for structural concrete. The

fourth column applies only to the containment building, including its liner.

The salient feature of this table is the limited number of code change
impacts requiring a Scale A ranking. Consequently, resolution, at the
structural level, of potential concerns with respect to changes in structural
code requirements appears, at least for the Ginna plant, to be an effort of

tractable size.

e ~68-
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SUMMARY
NUMBER OF CODE CHANGE IMPACTS
FOR GINNA CATEGORY I STRUCTURES

TER=C5257-322

ACT 318-63 | AISC 1963 | Ac -
SCALE RANKING Vs. Vs. ' 3?1 1y Gt 3%3-63
ACI 349-76 | AIsC 1980 | Acr 301-72 ASME B&P& SEC.II
(1975 Rev.)l Div. 2. 1980
Total Changes Pound 82 33 37 40
‘ A or A‘ Not
o4 c JApplicable 1L + 4% 11 0 3%
'i - Lt Ciona
= f‘ B 63 10 21 27
253
- - '
225 - 7 4 16
3 A
=
a0
¥
239 A
o B2 -

SCALE RATINGS:

The new criteria have the potential to substantially
impair margins of safety as perceived under the former

criteria.

Scale A Change =~

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

margins of safety.

Scale A, Change -

The new criteria will give rise to larger margins of

Change =~
safety than were exhibited under the former criteria.

Scale C

*These changes are related to specified loads and load combinations.
Loading critecria changes are separately considered elsewhere.

s =69~
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13. RECOMMENDATIONS

Potential concerns with respect to the ability of Seismic Category I
buildings and structures in SEP plants to conform to current structural
criteria are raised by the review at the code comparison leve.. These nmust

ultimately be resolved by examination of individual as-built structures.

It is recommended that the Rochester Gas and Electric Corporation be

requested to take three actions:

1. Review individually all Seismic Category I structures at the Ginna
plant to see if any of the structural elements listed in the
following table occur in their designs. These are the structural
elements for which a potential exists for margins of safety to be
less than originally computed, due to criteria changes since plant
design and construction. For structures which do incorporate these
features, assess the actual impact of the associated code changes on
margins of safety. s

2. Reexamine the margins of safety of Seismic Category I structures
under loads and load combinations which correspond to current
criteria. Only those load combinations assigned a Scale A or Scale
Ay rating in Section 10 of this report need be considered in this
review. If the load combination includes individual loads which have
themselves been ranked A or Ay, indicating that they do not conform
to current criteria, update such loads.

Full reanalysis of these structures is not necessarily required.
Simple hand computations or appropriate modifications of existing
results can qualify as acceptable means of demonstrating structural
adequacy.

3. Review Appendix A of this report to confirm that all items listed
there have no impact on safety margins at the Ginna plant.

P
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Structural Elements to be
Examined

Beanms

a. Composite Beams

l. Shear connecto:s in
composite beams

2. Composite beams or
girders with formed
steel deck

b. Hybrid Girders
Stress in flange
Com ion Element
With width-to-thickness

ratio higher than speci-
fied in 1.9.1.2

p s [®)

When load is transmitted
by bolts or rivets

Connections

a. Beam ends with top flange
coped, if subject to

shear

b. Connections carrying moment
or restrained member
connection

*Double dash

..u. Franklin Research Center
A Drasion of The Franmiin nsttute

Ch Affecting These Elements
New Code 0ld Code
AISC 1980 AISC 1963
1.11.4 1.11.4
1.11-5 -—
1.10.6 1.10.6
AISC 1980 AISC 1963
1.9:.1.2 and 1.9:.1
Appendix C
AISC 1980 AISC 1963
1.14n2o2 _——

AISC 1980 AISC 1963
l.5:1:2:.2 _—
1-15.5.2 -—
1+19.5.3

1:15.5.4

=Yy

LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED

TER-C5257-322

indicates that no provisions were provided in the older code.



LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be

_Examined
Members Designed to Operate
I e ime

Spacing of lateral bracing
Short Brackets and Corbels

having a shear span-to-
depth ratio of unity or less

Shear Walls used as a

primary load-carrying
member

Precast Concrete Structural
Elements, wh2are shear is not
a measure of diagonal tension

Concrete Regions Subject to

H ¢ g

Time-dependent and
position-dependent
temperature variations

Columns with Splic

Rg;n;o;cemgng

supject to stress reversals;
ty in compression to
1/2 £y in tension

Steel Embedments used to

transmit load to concrete

E nts Subije to Impulsiv

and Impactive Loads whose

failure must be precluded

Containment and Other

Element transmitti
In- n nea

P
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h Affectin
New Code

AISC 1980
2.9
ACI 349-76

11.13

ACI 349-76
11.16

ACI 349-76
11.15

ACI 349-76

Appendix A

ACI 349-76

7.10.3

ACI 349-76
Appendix B

ACI 349-76
Appendix C

B&PV Code

Section III,
Div. 2, 1980

CC-3421.5

-72=

These Elements

0ld Cod

AISC 1963

2.8

ACI 318-63

ACI 318-63

ACI 318-63

ACI 318-63

ACI 318-63

805

ACI 318-63

ACI 318-63

ACI 318-63

TER-C5257-322

Scale



TER-C5257-322

LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be C Ch Affecting These Element
Examined New Code 0ld Code Scale

Region of shell carrying B&PV Code, ACI 318-63 A
concentrated forces normal Section III, 1707
to the shull surface (see Div. 2, 1980
case study 13 for details) CC-3421.6
Region of shell under B&PV Code ACI 318-63 A
torsion Section III, 921

Div. 2, 1980

CC-3421.7
Elements Subject to B&PV Code, ACI 318-63 A
Short-term High Section III,
Temperature Loading Div. 2, 1980

CC-3440(b) , (c) i
E ts S ct to B&PV Code, ACI 318-63 A
Biax T n Section III,

Div. 2, 1980

CC'3.532-1.2 o
B kets and Cor B&PV Code, ACI 318-63 A

Section III,
Div. 2, 1980
CC-3421.8 -

Roots A - A

Extreme environmental snow loads are provided by SEP Topic II-2.A Regulatory
Guide 1.102 (Position 3) provides guidance to preclude adverse consequences
from ponding on parapet roofs. Failure of roofs not designed for such
Ccircumstances could generate impulsive loadings and water damage, possibly
extending to Seismic Category I components of all floor levels.

l. Not shown in tabular summary of code change impacts.

P -73-

...u Franklin Research Center
A Dvison of The ©ranain institute



TER-C5257-322

l4. REFERENCES

l. Standard Review Plan, NUREG-0800 (Formerly NUREG-75/087), Rev. 1,
NRC, July 1981

2. Specification for Design, Fabrication, and Erection of Structural
Steel for Buildings

American Institute of Steel Construction (AISC), 1963

3. ACI 318-63, "Building Code Requirements for Reinforced Concrete"
American Concrete Institute, 1963

4. ACI 301-63, "Suggested Specifications for Structural Concrete for
Buildings"
American Concrete Institute, 1963

5. PRochester Gas and Electric Corp. -
Final Facility Description and Safety Analysis
Report for Robert Emmett Ginna Nuclear Power Plant Unit 1

6. Gilbert Associates, Inc.
Drawings Nos. 04-4750-D-024-002 through 04-4750-D-024-020

7. Appendix I to Technical Evaluation Report, "Design Codes,
Design Criteria, and Loading Combinations"
Contains List of Basic Documents Defining Current
Licensing Criteria for SEP Topic III-7.B.

Franklin Research Center, 1981
TER-C5257-327

Py =74

... Franklin Research Center
A Dwvimon of The Frankin instiute
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SCALE A AND SCALE A, CHANGES
DEEMED INAPPROPRIATE TO GINNA PLANT
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TER-C5257-323

APPENDIX A-l
AISC 1963 VS. AISC 1980 CODE COMPARISON

(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO MILLSTONE UNIT 1
OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

A.l-
P 1-1

s..L Franklin Research Center
A Dvimon of The Franman insutute



Referenced
Subsection
AISC AISC
1980 1963
1.5.1.1 1.5.1.1
2.4 2:3
lst 1lst
Para. Para,
2.7 2.6
=

Structural rFlements
Potentially affected

Structural members under
tension, except for pin

connected members

Limitations

0.833 Fy <Py < 0.875 7y

Fy 2 0.875 F,

Slenderness ratio

for columns, Must satisfy:

g
Fy

Ia

1
T

Fy £ 40 ksi
45 < Py < 44 ksi
Fy > 44 ksi

Flanges of rolled w, M,
or S shapes and similar
built-up single-web shapes
subject to compression

Fy £ 36 ksi
36 < P, < 38 ksi
FY 2> 38 ksi

A-loz

..Ul Franklin Research Center
A Cvimon of ™he Franmiin insutute

ATSC 1963 VS, AISC 1980 CODE COMPARISON

Scale

> won

Scale

> w0

Scale

w O

e

TER-C5257-322

Comment s

Structural

steel used in
Ginna cat, 1
structure

is A-36. Thus,

Fy < 0.83 Py
rz;totore. Scale C
for Ginna,

Scale ¢

for Ginna.

See case study 4
for details,

Scale ¢

for Ginna.

See case study
6 for details.



AISC 1963 Vs.

Referenced
Subsection
AISC AISC
1980 1963
1.5.1.4:1 1.5.1.4.1
Subpara.
6
l.s.ll‘.l 105.1.4.1
Subpara.
B
1051104.4 .
) O T8 O 3.7
s 7 1.7
and
Appendix
B

Structural Elements
Potentially Affected

Box-shaped members (subject to bending)
of rectangular cross section whose
depth is not more than 6 times its

width and whose flange
thickness is not more than
2 times the web thickness

New requirement in the 1980 Code

Hollow circular sections
subject to bending

New requirement in the 1980 Code

Lateral support requirements
for box sections whose depth
is larger than 6 times their
width

New requirement in the 1980 Code
Rivets, bolts, and threaded

parts subject to 20,000
cycles or more

Members and connections
subject to 20,000 cycles
or more

A-1.3

... Franklin Researcn Center
A Dwamon of ™he Frankiin institute

AISC 1980 CODE COMPARISON

TER-C5257-322

Comments

Box-shaped mem-
bers not found
to be used in
Ginna Cat.

I structures;
therefore, not
applicable

Hollow circular
sections not
found to be used
in Ginna

Cat. I struc~
tures; therefore,
not applicable

Box section
members not
found to be used
in Ginna Cat.

I structures;
therefore; not
applicable

Cat. I struc~
tures are not
subject to such
cyclic loading;
therefore, not
applicable

Cat. I struc=
tures are not
subject to such
cyclic loading;
therefore, not
applicable



AISC 1963 Vvs.

Referenced
Subsection
AISC
1963
1:9:3:.3 -
and
Aproendix
C
7
1:13.3 -
Appendix -
D
g

A Dvimon of The Fransiin insutute

Structural Elements
Potentially Affected

AISC 1980 CODE COMPARISON

Circular tubular elements
subject to axial compression

New requirements added

to the 1980 Code

Roof surface not provided
with sufficient slope towards
points of free drainage or
adequate individual drains to
prevent the accumulation

of rain water (ponding)

Web tapered members

New requirement added

in the 1980 Code

A-1l.4

... Frankiin Research Center

TER-C5257-322

Comments

Circular tubular
elements are not
found to be used
in Ginna

Cat. I struc~-
tures; there-
fore, not appli-
cable

Web tapered
members are not
found to be used
in the Ginna
Cat. I struc-
ture; therefore,
not applicable



APPENDIX A-2
ACI 318-63 VS. ACI 349-76 CODE COMPARISON

(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO GINNA
OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

— A-2.1

.. Franklin Research Center
A Dwsion of The Frankiin institute



ACI 318-63 VS. ACI 349-76 CODE COMPARISON

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected
Chapter 9 Chapter 15 All primary load-carrying members

9.1, 9.2, or elements of the structural
& 9.3 system are potentially affected.
most
specifi- Definition of new loads not normally
cally used in design of traditional build-
ings and redefinition of load factors
and capacity reduction factors have
altered the traditional analysis
requirements.*
10.1 - All primary load-carrying members
and 10.10
Design loads here refer to
Chapter 9 load combinations.*
11.1 - All primary load-carrying members
Design loads here refer to
Chapter 9 load combinations.*
18.1.4 Prestressed concrete elements
and
18.4.2 New loadings here refer to
Chapter 9 load combinations.*
Chapter - Shell structures with thickness
19 equal to or greater than 12 in

This chapter is completely new;
therefore, shell structures designed
by the general criteria of older
codes may not satisfy all aspects

of this chapter. This chapter

also refers to Chapter 9 load
provisions.

No prestressed
elzments outside
primary contain-
ment; therefore,
not applicable.

No shell struc=-
ture except
primary
containment;
therefore,

not applicable.

*Special treatment of loads and load combinations is addressed in other

gsections of the report.

o A-2.2

... Franklin Research Center
A Dvasion of The Franidin nsttute



APPENDIX A-3

ACI 318-63 VS. ASME B&PV CODE, SECTION III,

DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON

(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO GINNA OR CODE
CHANGES RELATED TO LOAD COMBINATIONS AND THEREFORE TREATED ELSEWHERE)

S A-3.1

.... Franklin Research Center
A Dwis.on of ™he Franmin insutute



ACI 318-63 VS. AMSE B&PV CODE, SECTION III,
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON

Referenced
Section
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected Comments
CC-3230 1506 Containment (load combinations Definition of new
and applicable load factor)* loads not normally
4 used in design of
4 traditional
buildings.
Table 1506 Containment (load combinations Definition of
CC-3230~1 and applicable load factor)* loads and load
combinations
along with new
load factors have
altered the
traditional
analysis
requirements.
CC-3900 — Concrete containment* New design
All sec- criteria. ACI
tions in 318-63 did not
this contain design
chapter criteria for
loading such as
impulse or

missile impact.
Therefore, no
comparison is
possible for this
section.

*Special treatment oi loads and load combinations is addressed in other
sections of the report.

f;;\ A°3-2

... Franklin Research Center il 5
A Devmion of The Franiiin insttute
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APPENDIX B

SUMMARIES OF CODE COMPARISON FINDINGS

B-1

... Franklin Research Center
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APPENDIX B-1

AISC 1963 VS. AISC 1980

SUMMARY OF CODE COMPARISON

B'lol



AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Scale A
Referenced
Subsection
AISC AISC Structural Elements
1980 1963 Potentially Affected Comments
1:5.1.:1 1.5.1.1 Structural members under Limitations Scale
tension, except for pin
connected members
Fy < 0.833 Fu c
< < 0,
0.833 Fu Fy 0.875 Pu B
Py > 0.875 Fu A
1.5.1. 2.2 - Beam end connection See case study 1
where the top flange for details.
is coped and subject
to shear, failure by
shear along a plane
through fasteners, or )
shear and tension along
and perpendicular to a
plane through fasteners
1.5.1.4.1 1.5.1.4.1 Box-shaped members (subject New reguirement in the
Subpara. to bending) of rectangular 1980 Code
6 cross section whose depth
is not more than 6 times
their width and whose flange
thickness is not more than
2 times the web thickness
1.5.1.4.1 1.5.1.4.1 Hollow circular sections New requirement in the
Subpara. subject to bending 1980 Code
7
1.5.1.4. 4 - Lateral support requirements New requirement in the
for box sections whose depth 1980 Code
is larger than 6 times their
width
1.5.2.2 1.7 Rivets, bolts, and Change in the require-
threaded parts subject to ments
20,000 cycles or more
[.;\_\:;: 3‘1.2
..U. Franklin Research Center - e

A Divimson of The Frankiin insttute



Scale A
Referenced
Subsection

AISC AISC
1980 1963

1.7 1.7

and

Appendix

B

1.9.1.3 1:9:1

and

Appendix

C

l. 9. 2'3 T

and

Appendix

C

1.10.6 1.10.6

1:11. 4 l.11. 4

lo ll-s -_—

N

AISC 1963 VS. AISC 1980

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Members and connections
subject to 20,000 cycles
or more

Slender compression unstiff-
ened elements subject to axial
compression or compression

due to bending when actual
width~to-thickness ratio
exceeds the values specified
in subsection 1.9.1.2

Circular tubular elements
subject to axial compression

Hybrid girder - reduction
in flange stress

Shear connectors in
composite beams

Composite beams or girders
with formed steel deck

Restrained members when
flange or moment connection
plates for end connections
of beams and girders are
welded to the flange of I
or H shaped columns

B-1.3

.... Franklin Research Center

A Drvimon of The

Fransiin insutute

Comments

Change in the raquire-
ments

New provisions added in
the 1980 Code, . ppendix C.
See case study 10 for
details.

New requirements added
in the 1980 Code

New requirement added

in the 1980 Code.

Hybrid girders were not
covered in the 1963 Code.

See case study 9 for details.

New requirements added
in the 1980 Code regard-
ing the distribution of
shear connectors [(egn.
1.11-7). The diameter
and spacing of the

shear connectors are
also introduced.

New requirements added
in the 1980 Code

New requirement added
in the 1980 Code



AISC 1963 vs. AISC 1980
SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced
Subsection
AISC AISC Structural Elements
1980 1963 Pc.entially Affected
1.13.3 - Roof surface not provided
with sufficient slope
towards points of free drain-
age or adequate individual
drains to prevent the
accumulation of rain water
(ponding)
1.14.2.2 - Axially loaded tension
mempers where the load is
transmitted by bolts or
rivets through some but not
all of the cross-sectional
elements of the members
2.4 2.3 Slenderness ratio
lst ist for columns. Must satisfy:
Para. Para.
2
i < 2%“E
E ry
2.7 2.6 Flanges of rolled W, M,
or £ shapes and similar
built-up single-web shapes
subject to compression
2.9 2.8 Lateral bracing of members
to resist lateral and
torsional displacement
Appendix - web tapered members
D
B~-1.4
- ’
...J Frankiin Research Center
A Drvmon of ™he Frankin insttute

Comments

New requirement added
in the 1980 Code

See case study 4 Scale
for details.
F, 240 ksi c
40 < py < 44 ksi
F_ > 44 ksi A

y-
See case study 6 Scale
for details.
FY < 36 ksi c
36 < Fy < 38 ksi B

> 38 ksi

Fy »

See case study 7
for details.

New requirements added
in the 1980 Code



Scale B
Referenced
Subsection

AISC AISC
1980 1963

1.9.2‘2 109.2

1.10.1 -
1.11.4 l.11. 4
lc 13-2 -

1.i4.6.1.3 ==

1.16.4.2 l.16.4

1.16.5 1.16.5

AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Flanges of square and
rectangular box sections

of uniform thickness, of
stiffened elements, when
subject to axial compres-
sion or to uniform compres-
sion due to bending

Hybrid girders

Flat soffit concrete slabs,
using rotary kiln produced
aggregates conforming to
ASTM C330

Beams and girders supporting
large floor areas free of
partitions or other source
of damping, where trans.ent
vibration due to pedestrian
traffic might not be
acceptable

Flare type groove welds when
flush to the surface of the
solid section of the bar

Fasteners, minimum spacing,

requirements between fasteners

Structural joints, edge
distances of holes for
bolts and rivets

B-1.5

... Frankiin Research Center
A Dwision of ™he Franman insutute

Comments

The 1980 Code limit on
width-to-thickness ratio
of flanges is slightly
more stringent than that
of the 1963 Code.

Hybrid girders were not
covered in ‘the 1963
Code. Application of
the new requirement
could not be much
different from other
rational method.

Lightweight concrete is
not permitted in nuclear
plants as structvral
members (Ref. ACI-349).

Light=weight construction
not applicable to
nuclear structures which
are designed for greater
loads



Scale B (Cont.)

Referenced
Subsection
AIsC AlIsSC
1980 1963

1.15.5.5 -

2.3.1 -

2.3.2

2. 4 2.3
-

AISC 1963 vs.

Structural Elements
Potentially Affected

Connections having high
shear in the column web

Braced and unbraced multi-
story frame - instability
effect

Members subject to combined
axial and bending moments

B-1.6

Juul Frankiin Research Center

A Divmion of The Franwin insttute

AISC 1980
SUMMARY OF CODE COMPARISON

Comments

New insert in the 1980
Code

Instability effect on
short buildings will
have negligible effect.

Procedure used in the
1963 Code for the
interaction analysis is
replaced by a different
procedure. See case
study 8 for details.



Gcale C

Referenced

Subsection
AISC AISC
198C 1863
1.3.3 3.3
LeBele8:3d 1.9.2.2
1.30.9%9.3 1:10:5:3
1.11.4 1.11.4

P

AISC 1963 VS. AISC 1980

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Support girders and their
connections - pendant
operated traveling cranes

The 1962 Code requires 25%
increase in live loads to
allow for impact as applied
to traveling cranes, while
the 1980 Code requires

10% increase.

Bolts and rivets - projected
area - in shear connections
Pp = 1.5 F; (1980 Code)

?p = 1.35 ?y (1963 Code)

Stiffeners in girders -
spacing between stiffeners
at end panels, at panels
containing large holes, and
at panels adjacent to panels
containing large holes

Continuous composite beams,
where longitudinal reinforc-
ing steel is considered

to act compositely with the
steel Leam in the negative
moment regions

B-1.7

... Franklin Research Center
A Divimon of ™he Franuiin insttute

Comments

The 1963 Code require-
ment is more stringent,
and, therefore,
conservative.

Results using 1963 Code
are conservative.

New design concept added
in 1980 Code giving

less stringent require-
ments. See case study S
for details.

New requirement added
in the 1980 Code



APPENDIX B-2
ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

B B-2.1

v..L Franklin Research Center W e
A Dvimon of The Franmiin insutute




Scale A

Referenced
Section

ACI
349-76

ACI
318-63

7.10.3 805

Chapter 9
9.1, 9.2, &
9.3 most
specifically

Chapter 15

10.1

and
10.10

1l.1

11.13

ACI 318-63 Vs.

Structural Elements

Potentially Affected

Columns designed for
stress reversals with
variation of stress from
f, in compression to

172 £y in tension

All primary load-carrying
members or elements of the
structural system are
potentially affected

All primary load-carrying
members

All primary load-carrying
members

Short brackets and corbels
which are primary load-
carrying members

ACI 349-76
SUMMARY CF CODE COMPARISON

Comments

Splices of the main rein-
forcement in such columns
must be reasonably limited
to provide for adequate
ductility under all loading
cenditions.

Definition of new loads
not normally used in
design of traditional
buildings and redefini-
tion of load factors and
capacity reduction factors
has altered the
traditional analysis
requirements.*

Design loads here refer

to Chapter 9 lcad
combinations.*

Design loads here refer
to Chapter 9 load
combinations.*

As this provision

is new, any existing
corbels or brackets may
not meet these criteria
and failure of such
elements could be
non-ductile type failure.
Structural integrity

*Special treatment of load and loading combinations is addressed in other

sections of the report.

——

..u. Franklin Research Center
A Divimon of T™he Franiin insttute

8-20 2



Scale A (Cont.)

Referenced
Section
ACI
318-63

ACI
349-76

11.13
(CO-‘lt o)

11.15

11.16

18.1.4
and
18.4.2

Chapter 19

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Applies to any elements
loaded in shear where it is
inappropriate to consider
shear as a measure of
diagonal tension and the
loading could induce
direct shear-type cracks

All structural walls -
those which are primary
load carrying, e.g., shear
walls and those which
serve to provide protec-
tion from impacts of
missile-type objects

Prestressed concrete
elements

Shell structures with
thickness equal to or
greater than 12 inches

Comments

may be seriously
endangered if the design

fails to fulfill these
requirements.

Structural integrity
may be seriously
endangered if the design
fails to fulfill these
requirements.

Guidelines for these
kinds of wall loads were
not provided by older
codes; therefore, struc-
tural integrity may be
seriously endangered if
the design fails to
fulfill these require~
ments.

New load combinations
here refer to Chapter 9
load combinations.*

This chapter is com-
pletely new; therefore,
shell structures
designed by the general
criteria of older codes
may not satisfy all
aspects of this chapter.

*Special treatment of loads and loading combinations is addressed in other

sections of the report.

o

...l Franklin Research Center
A Dvimon of The Frankan insttute



Scale A (Cont.)

Referenced
Section
ACI
318-63

ACI
349-76

Chapter 19
(Cont.)

Appendix A

Appendix B

Appendix C

ACI 318-63 VS.

ACI 349-76

SUMMARY OF CODE COMPARISON

Structural Elements

Potentially Affected

All elements subject to
time-dependent and
position-dependent
temperature variations and
which are restrained such
that thermal strains will
result in thermal stresses

All steel embedments used
to transmit loads from
attachments into the
reinforced concrete
structures

All elements whose
failure under

impulsive and impactive
loads must be precluded

Comments

Additionally, this
chapter refers to
Chapter 9 provisions.

New appendix; older Code
did not give specific
guidelines on short-term
temperature limits for
concrete. The possible
effects of strength loss in
concrete at high tempera-
tures should be assessed.

Scale A for any accident
temperatura or other
thermal condition exceeding
limits of paragraph A.4.2.

New appendix; therefore,
considerable review of
older designs is
warranted,**

New appendix; therefore,
considerations and

review of older designs

is considered important,**

**Since stress analysis associated with these conditions is highly dependent on
definition of failure planes and allowable stress for these special conditions,

Past practice varied with designers' opinions.

Stresses may vary

significantly from those thought to exist under previous design procedures,

P

———

B-2.4

... Franklin Research Center

A Dwision of T™he Franwin insatute




Scale B

Referenced
Section

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

ACI
349-76

103.2

Chapter 3

3.2

3.3

3.3.1

o

...t Franklin Research Center
Franwin insttute

A Dwgon of The

103 (b)

Chapter 4

402

403

403

ACI
318-63

Structural Elements
Potentially Affected

Ambient temperature control
for concrete inspection -
upper limit reduced 5°
(from 100°F to 95°F)

applies to all structural
concrete

Requirement of a "Quality
Assurance Program" is new.
Applies to all structural
concrete

Any elements containing
steel with £, > 60,000
psi or lightweight
concrete

Cement

Aggregate

Any structural concrete
covered by ACI 349-76 and
expected to provide for
radiation shielding 1in
addition to structural
capacity

B-2.5

Comments

Tighter control to
ensure adequate control
of curing environment
for cast-in-place
concrete.

Previous codes required
inspection but not the
establishment of a
quality assurance

program.

Use of lightweight con-
crete in a nuclear plant
not likely. Elements
containing steel with

£, > 60,000 psi may

have inadequate ductility
or excessive deflections
at service loads.

This servas to clarify
intent of previous code.

Eliminated reference to
lightweight aggregate.

Controls of AS™ C637,
"Standard Specifications
for Aggregates for
Radiation Shielding
Concrece, " closely
parallel those for ASTM
C33, "Standard Specifi-
cation for Concrete
Aggregates. "




Scale B (Cont.)

Referenced
Section
ACI ACI
349-76 318-63
3:.3.3 403
3.4.3 404
3.5 405
3.6 406, 407
& 408
4.1 and 501 & 502
4.2
4.3 504
5.7 607
6.3.3 -
e

... Franklin Research Center
A Division of The Frankiin insotute

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements

Potentially Affected

Aggregate

Water for concrete

Metal reinforcement

Concrete admixtures

Concrete proportioning

Evaluation and acceptance
of concrete

Curing of very large
concrete elements and
control of hydration

temperature

All structural elements
with embedded piping

containing high tempera-
ture materials in excess

Comments

To ensure adegquate
control.

Improve quality control
measures.

Removed all reference
to steel with
ty > 60,000 psi.

Added requirements to
improve quality control.

Proportioning logic
improved to account for
statistical variation
and statistical gquality
control.

Added provision to

allow for design
specified strength at

age > 28 days to be

used. Not considered

to be a problem, since
large cross sections will
allow concrete in place
to continue to hydrate.

Attention to this is
required because of the
thicker elements en-
countered in nuclear-
related structures.

Previous codes did not
address the problem of
long periods of exposure
to high temperature and




Scale B (Cont.)

Referenced
Section

ACI
349-76

6.3.3
(Cont.)

7.5' 7.6'
& 7.8

7.9

7.10 &
7.11

7.12.3
7.12.4

7.13.1
through
7.13.3

8.6

9.5.1.1

-

ACI

318-63

805

805

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

of 150°F, or <00°F in
localized areas not
insulated from the
concrete

Members with spliced
reinforcing steel

Members containing
deformed wire fabric

Connection of primary
load-carrying members and
at splices in column steel

Lateral ties in columns

Reinforcement in exposed
concrete

Continuous nonprestressed
flexural members.

Reinforced concrete members
subject to bending -
deflection limits

..u. Franklin Resear-h Center

A Dvision of ™he Franwiin imsttute

Comments

did not provide for
reduction in design
allowables to account for
strength reduction at high
(>150°F) temperatures.

Sections on splicing
and tie requirements
amplified to better

control strength at

splice locations and
provide ductility.

New sections to define
requirements for this
new material.

To ensure adequate
ductility.

To provide for adequate
ductility.

New requirements to
conform with the
expected large thick-
nesses in nuclear
related structures.

Allowance for redistri-

bution of negative
moments has been

redefined as a function
of the steel percentage.

Allows for more
stringent controls on
deflection in special
cases.

=



Scale B (Cont.)

Referenced
Section

ACI

349-76

9.5.2.4

9.5.3

O w
.

10.2.7

10.3.6

-

..uu Franklin Research Center
Dnasion of The Frandin insutute

ACI

318-63

1505

909

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Reinforcing steel - design
strength limitation

Slab and beams - minimum
thickness requirements

Beams and one-way
slabs

Nonprestressed two-
way construction

Prestressed concrete
members

Flexural members - new
limit on B factor

Compression members, with
spiral reinforcement or
tied reinforcement, non-

prestressed and pre-
stressed

Comments

See comments in
Chapter 3 summary.

Minimum thickness
generally would not

control this type of
structure.

Affects serviceability,
not strength.

Immediate and long _time
deflecticns generally not
critical in structures
designed for very large
live loadings; however,
design by ultimate
requires mcre attention to
deflection controls.

Control of camber, both
initial and long time in
addition to service load
deflection, requires more
attention for Jdesigns by
ultimate strength.

Lower limit on B of

0.65 would correspond to
an £', of 8,000 psi. No
concrete of this strength
likely to be found in a
nuclear structure.

Limits on axial design
load for these members
given in terms of design
equations.

See case study 2



Scale B (Cont.,)

Referenced
Section
ACI ACI

349-76 318-63
1508

10.6.5 -

10.11.1 915
10.11.2 916
10.11.3
10.11.4
10.11.5
10.11.5.)
10.11.5.2
10.11.6
10.11.7
10.12
10.15.1 1404-1406
10.15.2

10.15.3

10.15.4

10.15.5

10.15.6

10.17 _—

-

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements

Potentially Affected

Beams and one-way slabs

Beams

Compression members,
slenderness effects

Composite compression
members

Massive concrete members,
more than 48 in thick

B=-2.9

... Franklin Research Center

A Dvimion of The Franiin insatute

Comments

Changes in distribution
of reinforcement for
crack control.

New insert

For slender columns,
moment magnification
concept replaces the so-
called strength reduc-
tion concept but for the
limits stated in ACI 318-63
both methods yield equal
accuracy and both are
acceptable methods.

New items - no way to
compare; ACI 318-63 con-
tained only working stress
method of design for these
members.

New item - no" comparison.



Scale B (Cont.)

Referenced
Section
ACI ACI
349-76 318-63
11-2-1 -
11.2.2
1107 i
through
11.8.6
B

ACI 318-63 Vs.
SUMMARY OF CODE COMPARISON

ACI 349-76

Structural Elements
Potentially Affected

Concrete flexural members

Nonprestressed members

vulu Franklin Research Center
A Dvison of The Franwdin insutute

B-2.10

Comments

For nonprestressed
members, concept of
minimum area of shear
reinforcement is new.
For prestressed members,
Egn. 11-2 is the same as
in ACI 318-63.
Requirement of minimum
shear reinforcement
provides for ductility and
restrains inclined crack
growth in the event of
unexpected loading.

Detailed provisions for
this load combination
were not part of ACI
318-63. These new
sections provide a
conservative logic which
requires that the steel
needed for torsion be
added to that required for
transverse shear, which is
consistent with the logic
of ACI 318-63.

This is not considered to
be critical, as ACI 318-63
required the designer to
consider torsional
stresses; assuming that
some rational method was
used to account for
torsion, no problem is
expected to arise.



ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments

11.9 - Deep beams Special provisions for

through shear stresses in deep

11.9.6 beams is new. The minimum
steel requirements are
similar to the ACI 318-63
requirements of using the
wall steel limits.
Deep beams designed under
previous ACI 318-63
criterion were reinforced
as walls at the minimum
and therefore no ;
unreinforced saction would
have resulted.

11.10 — Slabs and footings New provision for shear

through reinforcement in slabs

11.10.7 or footings for the :wo-
way action condition and
new controls where shear
head reinforcement is
used.
Logic consistent with ACI
318-63 for these
conditions and change is
not considered major.

B-2.11
P

-— e

.... Franklin Research Center
A Diwvmion o The Franain insutute



ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected
11.11.1 1707 Slabs and footings
1l.11.2 -— Slabs
through
11.11.2.5
11.12 —— Openings in slabs and
footings
pr - B-2.12

...l Franklin Research Center
A Dvimion of The Franwiin insttute

Comments

The change which deletes
the old requirement that
steel be considered as
only 50% effective and
allows concrete to carry
1/2 the allowable for
two-way action is new.
Also deleted was the
requirement that shear
reinforcement not be
considered effective in
slabs less than 10 in
thick.

Change is based on recent
research which indicates
that such reinforcement
works even in thin slabs.

Details for the design

of shearhead is new. ACI
318-63 had no provisions
for shearhead design.

The requirements in this
section for slabs and
footings are not likely to
have been used in older
plant designs. If such
devices were used, it is
assumed a rational design
method was used.

Modification for inclusion
of shearhead design.
See above conclusion.



Scale B (Cont.)

Referenced
Section

ACI ACI

349-76 318-63

11013-1 ——
11.13.2

Chapter 12 -

12.1.6 918(C)
through
12.1.6.3

1202l2 -
12.2.3

12.4 -

-
[SH Y]
N

-

ACI 318-63 VS, ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Columns

Reinforcement

Reinforcement

Reinforcement

Reinforcement of

special members

Standard hooks

B=2.13

... Franklin Research Center

A Dwimon of ™he Franmin insttute

Comments

No problem anticipated
since previous code
required design
consideration by some
analysis.

Development length con-
cept replaces bond

stress concept in ACI
318-63.

The various l4 lengths

in this chapter are based
entirely on ACI 318-63
permissible bond stresses.
There is essentially no
difference in the fina’
design results in a design
under the new code
compared to ACI 318-63.

Modified with minimum
added to ACI 318-63,
918(C) .

New insert in ACI 349-76.

New insert.

Gives emphasis to
special member
consideration.

Based on ACI 318-63 bond
stress allowables in
general; therefore, no
major change.



ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale 8 (Cont.)

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments

12.10.1 - Wire fabric New insert.

12.10.2(b) Use of such reinforce-
ment not likely in
Category I structures
for nuclear plants.

12.11.2 - Wire fabric New insert.
Mainly applies to pre-
cast prestressed
members.

12.13.1.4 - Wire fabric New insert.
Use of this material
for stirrups not likely
in heavy members of a
nuclear plant.

13.5 - £lab reinforcement New details on slab
reinforcement intended
to produce better crack
control and maintain
ductility.

Past practice was not
inconsistent with this
in general.

14.2 - Walls with loads in Change of the order of
the Kern area of the the empirical equation
thickness (14-1) makes the

sciution compatible with
Chapter 10 for walls
with loads in the Kern
area of the thickness.

P - B-2.14

<... Franklin Research Center h
A Dwsion of ™he Fransdin insutute



Scale B (Cont.)

Referenced
Section

ACI ACI

349-76 318-63
1%.5 -—
15.9 -
16.2 -

17.%:3 2505
18.4.1 -
- ;i?

J.uL Franklin Research Center
A Dvsion of The Frankin insotute

ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Footings - shear and
development of rein-
forcement

Minimum thickness of plain
footing on piles

Design :onsiderations for
a structure behaving
monolithically or not,

as well as for joints
and bearings.

Horizontal shear stress
in any segment

Concrete immediately after
prestress transfer

B-2. 15

Comments

Changes here are in~
tended to be compatible
with change in concept
of checking bar devel-
opment instead of
nominal bond stress con-
sistent with Chapter 1l2.

Reference to minimum
thickness of plain foot-
ing on piles which was_
in ACI 318-63 was remcved
entirely.

New but consistent with

the intent of previous
code.

Use of Nominal Average
Shear Stress equation
(17-1) replaces the
theoretical elastic
equation (25-1) of ACI
318-63. It provides for
easier computation for
the designer.

Change allows more
tension, thus is less con-
servative but not
considered a prorlem.



Scale B

Re

(Cont.)

ferenced
Section

ACI

349-76

18.5

18.7.1

18.11.3
18.11.4

18.13
18.14

18.15
18.16.1

18.16.2

18.16.4

ACI

2606

s

... Frankiin Research Center
A Division of ™he Franudiin Insutute

318-63

ACI 318-63 V5. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Tendcns (steel)

Bonded and unponded members

Two-way flat plates
(solid slabs)

having minimum bonded
reinforcement

Bonded reinforcement at
supports

Prestressed compression
members under combined

axial load and bending.
Unbonded tendons.

Post tensioning ducts.
Grout for bonded tendons.

Proportions of grouting

materials

Grouting temperature

B~2.16

Comments

Augmented to include
yield and ultimate in

the jacking force
requirement.

Egn. 18-4 is based
on more recent test
data.

Intended primarily for
control of cracking.

New to allow for
consideration of the
redistribution of
negative moments in the
design.

New to emphasize
details particular to
prestressed members not
previously addressed in
the codes in detail.

Expanded definition of
how grout properties may
be determined.

Expanded definition of

temperature controls
when grouting.



ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale C
Referencea
Section
ACI ACI Structural Elements

349-76 318-63 Potentially Affected Comments

7.13.4 - Reinforcement in flexural
slabs

10.8.1 912 Compression members, Minimum size limitations

10.8.2 limiting dimensions are deleted in newer Code,

10.8.3 * g@iving the designer more

freedom in cross-sectional
dimensioning.

10.14 2306 Bearing - sections ACI 318-63 is more
controlled by design conservative, allowing a
bearing stresses stress of &

1.9(0.25 £',) =
0.475 £'c < 0.6 £'¢

11.2.5 1706 Reinforcement concrete mem- Allowance of spirals as

bers without prestressing shear reinforcement is new.
Requirement of two lines
of web reinforcement,
where shear stress exceeds
6¢/f'c, was removed.

13.0 - Two-way slaps with Slabs designed by the

to end multiple square or rec- previous criteria of ACI
tangular panels 318-63 are generally the

same Or more conservative.
13.4.1.5 - Equivalent column flexi- Previous code did not
bility stiffness and consider the effect of
attached torsional members stiffness of members
normal to the plane of the
equivalent frame.

17.5.4 - Permissible horizontal Nominal increase in

17.5.5 shear stress for any allowable shear stress
surface, ties provided under new code.
or not provided

B~2.17

..uu Franklin Research Center

A Drasion of The Franmim insutute



APPENDIX B-3

ACI 301-63 Vvs. ACI 301-72 (REVISED 1975) g
SUMMARY OF CODE COMPARISON

o B-3.1

... Franklin Research Center
A Cvmion of ™e Franiin insthie



ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON

Scale B
Referenced
Section
ACI ACI Structural Elements
301-72 301-63 Potentially Affected
3h8.2.1 309b Lower strength concrete
3.8.2.3 can be proportioned when
"working stress concrete"
is used
3.8.2.2 3094 Mix proportions could
35823 give lower strength
concrete
b & P N 17044 Lower strength concrete
could have been used
B-3.2

... Frankiin Research Center
A Dwsion of The Franin insgtute

Comments

ACI 301-72 (Rev. 1975) bases
proportioning of concrete
mixes on the specified
strength plus a value
determined from the standard
deviation of test cylinder
strength results. ACI 301-63
bases proporticning for
"working stress concrete" on
the specified strength plus
15 percent with no mention of
standard deviation. High
standard deviations in .
cylinder test results could
require more than 15 percent
under ACI 301-72 (Rev. 1975)

ACI 301-72 (Rev. 1975)
requires mcre strength tests
than ACI 301-63 for evalua-
tion of strength and bases
the strength to be achieved
on the standard deviation of
strength test results.

ACI 301-72 (Rev. 1975)
requires core samples to have
an average strength at least
85 percent of “he specified
strength with no single
result less than 75 percent
of the specified strength.
ACI 301-63 simply requires
"strength adequate for the
intended purpose." If
"adequate for the intended
purpose” is less than 85
percent of the specified
strength, lower strength
concrete could be used.



ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements
301-72 301-63 Potentially Affected Comments

273 1702a Lower strength concrete ACI 301-72 (Rev. 1975)
1703a could have been used specifies that that no

individual strength *“est
result shall fall below the
specified strength by more
than 500 psi. ACI 301-63
specifies that either 20
percent (1702a) or 10 percent
(1703a) of the strength tests
can be below the specified
strength. Just how far below
is not noted.

15.2.6.1 1502bl Weaker tendon bond ACI 301-72 (Rev. 1975)
possible requires fine aggregate
in grout when sheath is more
than four times the tendon
area. ACI 301-63 requires
fine sand addition at five
times the tendon area.

2.1 1502el Prestressing may not be ACI 301-72 (Rev. 1975) gives
15.2.2.2 as good considerably more detail for
2ed bonded and unbonded tendon
anchorages and couplings.
ACI 301-63 does not seem to
address unbonded tendons.

8.4.3 804D Cure of concrete may not ACI-301-72 (Rev. 1975)
be as good r.ovides for better control
of placing temperature. This
will give better initial cure.

8.2.2.4 802b4 Concrete may be more ACI 301-72 (Rev. 1975)
nonuniform when placed provides for a maximum slump
loss. This gives better
control of the character-
istics of the placed
concrete.

B-3.3
<<.u Frankiin Research Center
A Dwsion of The Franwiin insttute



Scale B (Cont.)

Referenced
Section

ACI ACI
301-72 301-63
8.3.2 803b
5- 5.2 -
53.5.3 -
8 8¢5:1 503a
5. 2:5:. 3
S 2.1 -
4.6.3 406c

ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Weaker columns and waiis
possible

Poor bonding of reinforce-
ment to concrete possible

Reinforcement may not be
as good

Reinforcement may not be
as good when welded steel
wire fabric is used

Reinforcement may not have
reserve strength and
ductility

Floors may crack

B-3.4

.... Franklin Research Center
A Dmsion of The Franiin institute

Comments

ACI 301-72 (Rev. 1975)
provides for a longer

setting time for concrete in
columns and walls before
placing concrete in supported
elements.

ACI 301-72 (Rev. 1975)
provides for cleaning of
reinforcement. ACI 301-63
has no corresponding section.

ACI 301-72 (Rev. 1975)
provides for use of i
welded deformed steel wire
fabric for reinforcement.
ACI 301-63 has no
corresponding section.

ACI 301-72 (Rev. 1975)
provides a maximum spacing of
12 in for welded intersec-
tion in the direction of
principal reinforcement.

ACI 301-72 (Rev. 1975) has

more stringent yield
requirements.

ACI 301-72 (Rev. 1975)
provides for placement of
reshores directly under
shores above, while ACI
301-63 states that reshores
shall be placed "in
approximately the same
pattern. "



Scale B (Cont).

Referenced
Section

ACI ACI
301-72 301-63
4.6.2 -
‘.6.4 -
4.2.13 -
3.805 ——
3.7:.2 -
3.4.4
3.4.2 -
3.4.3
102 ——

-

—_—

ACI 301-63 VS. ACI 301-72 (REVISED 1975)

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Concrete may sag or be
lower in strength

Concrete may sag or be
lower in strength

Low strength possible if
reinforcing steel is
distorted

Possible to have lower
strength floors

Embedments may corrode ind
lower concrete strength

Possible lower strength

Possible damage to green
or underage concrete
resulting in lower
strength

B=3.5

.v.. Franklin Research Center
A Dwvigon of The Frankdin ‘nsutute

Comments

ACI 301-72 (Rev. 1975)
provides for reshoring no
later than the end of the
working day when stripping
occurs.

ACI 301-72 (Rev. 1975)
provides for load distribu-
tion by reshoring in
multistory buildings.

ACI 301-72 (Rev. 1975)
requires that equipment
runways not rest on reinforc-
ing steel.

ACI 301-72 (Rev. 1975) places
tighter control on the
concrete for floors.

ACI 301-72 (Rev. 1975)
requires that it be
demonstrated that mix water
does not contain a
deleterious amount of
chloride ion.

ACI 301-72 (Rev. 1975) places
tighter control on water-

cement ratios for watertight
structures and structures

exposed to chemically
aggressive solutions.

ACI 301-72 (Rev. 1975)
provides for limits on
loading of emplaced concrete.



Scale C
Referenced
Section
ACI ACI
301-72 301-63
3:5 305
3.6 306b

3.8.2.1 3090

S

... Frankiin Research Center
A Dvimon of ™he Franmsn insutute

ACI 301-63 VS. ACI 301-72 (REVISED 1973)
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Better strength resulting
from better placement and

consolidation

Better strength resulting
from better placement and

consolidation

Higher strength from
better proportioning

8-30 6

Comments

ACI 301-63 gives a minimum
slump requirement.

ACI 301-72 (Rev. 1975)

omits minimum slump which
could lead to difficulty in
placement and/or consolida-
tion of very low slump
concrete. A tolerance of 1
in above maximum slump is
allowed provided the average
slump does not exceed maximum.
Generally the placed concrete
could be less uniform and of
lower strength. -

ACI 301-63 provides for use
of single mix design with
maximum nominal aggregate
size suited to the most
critical condition of
concreting. ACI 301-72
(Rev. 1975) allows waiver of
size requirement if the
architect-engineer believes
the concrete can be placed
and consolidated.

ACI 301-63 bases propor=-
tioning for "ultimate
strength" concrete on the
specified strength plus 25%.
ACI 301-72 (Rev. 1975) bases
proportioning on the
specified strength plus a
value determined from the
standard deviation of test
cylinder strengths. The
requirement to exceed the
specified strength by 25%
gives nigher strengths than
the standard deviation method.




Scale C (Cont.)

Referenced
Section

ACI ACI
301-72

4.4.2.2 404c

4.5.5 4050

4.6.2 406b

'y 407a
s

301-63

ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON

Structural Elements
Potencially Affected

Better bond to reinforce-
ment gives better strength

Better strength and less
chance of cracking or

sagging

Better strength and less
chance of cracking or
sagging

Better strength by curing
longer in forms

B=3.7

... Frankiin Research Center
A Dvagion of ™he Franmin institute

Comments

ACI 301-63 provides that form
coating be applied prior to
placing reinforcing steel.
ACI 301-72 (Rev. 1975) omits
this requirement. If form
coating contacts the rein-
forcement, no bond will
develop.

ACI 301-63 provides for
keeping forms in place until
the 28-day strength is
attained. ACI 301-72 (Rev.
1975) provides for removal of
forms when specified removal
strength is reached.

Same as above but applied to
reshoring.

ACI 301-63 provides for
cylinder field cure under
most unfavorable conditions
prevailing for any part of
structure. ACI 301-72 (Rev.
1975) provides only that the
cylinders be cured along with
the concrete they represent.
Cure of cylinders could give
higher strength than the
in-place concrete and forms
could be removed too soon.



Scale C (Cont.)

Referenced
Section
ACI ACI

301-72 301-63
$.2.2.1 -
5:.2.3:2
5.5.4 505b
9:.5.5
Jd:+2:3 12014
14.4.1 1404
15:8:31.1 1502-clb
i3 % 1.3 1502=c2

‘4f;E;

ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON

Structural Elements

Potentially Affected

Better strength, less
chance of cracked rein-
forcing bars

Better strength from
reinforcement

Better strength from
better cure of concrete

Better strength resulting
from better uniformity

Higher strength from
higher yield prestressing
bars

Higher strength from
better prestressing steel

B-3.8

..Ul Franklin Ressarch Center
A Ovimon of ™he Franmin insttute

Comments

ACI 301-72 (Rev. 1975) has
less stringent bending

requirement for reinforcing
bars than does ACI 318-63.

ACI 301-63 provides for more
overlap in welded wire fabric.

ACI 301-63 provides for final
curing for 7 days with air
temperature above 50°F.

ACI 301-72 (Rev. 1975)
provides for curing for 7
days and compressive strength
of test cylinders to be 70
percent of specified
strength. This could allow
termination of cure too soon.

ACI 301-63 provides for a
maximum slump of 2 in.

ACI 301-72 (Rev. 1975) gives
a tolerance on the maximum
slump which could lead to
nonuniformity in the concrete
in place.

ACI 301-63 requires higher

yield stress than does
ACI 301-72 (Rev. 1975)

ACI 301-63 requires that
stress curves from the
production lot of steel be
furnished. ACI 301-72 (Rev.
1975) requires that a typical
stress-strain curve be
submitted. The use of the
typical curve may miss lower
strength material.




ACI 301-63 Vs.

Scale C (Cont.)

Referenced
Section
ACI ACI
301-72 301-63

16.3.4.3 1602-4c

16.3.4.4 1602-4d

concrete

17.3.2.3 17044

developed

A‘—&‘\
——

... Franklin Research Center
A Dmvamon of ™he Franiin insatute

ACI 301-72 (REVISED 1975)

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Better strength resulting
from better cylinder tests

Better strength, less
chance of substandard

Better strength could be

B=3.9

Comments

ACI 301-63 requires 3
cylinders to be tested at

28 days; if a cylinder is
damaged, the strength is
based on the average of two.
ACI 301-72 (Rev. 1975)
requires only two 28-day
cylinders; if one is damaged,
the strength is based on the
one survivor.

ACI 301-63 requires that less
than 100 yd3 of any class

of concrete placed in any one
day be represented by 5 tests.
ACI 301-72 (Rev. 1975) allows
strength tests to be waived
on less than 50 yd3.

ACI 301-63 requires c-~e
strengths "adequate for the
intended purposes."

ACI 301-72 (Rev. 1979)
requires an average strength
at least 85 percent of the
specified strength with no
single result less than 75
percent of the specified
strength. If "adequate for
the intended purpcse" is
higher than 85 percent of the
specified strength, the
concrete is stronger.



APPENDIX B-4

ACI 318-63 VS. ASME B&PV CODE, SECTION III, DIVISION 2, 1980

SUMMARY OF CODE COMPARISON

o B=4.1

... Franklin Research Center e
A Drvison of The Frankiin 'nsutute



ACI 318-63 Vs.
DIVISION 2,

ASME B&PV CODE,
1980 (ACI 359-80) CODE COMPARISON

Scale A
Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CC-3230 1506 Containment (load combina-
tions and applicable load
factor)*
Table 1506 Containment (locad combina-
CC-3230~-1 tions and applicable load
factor)*
CC=-3421.5 === Containment and other

elements transmitting in-
plane shear

*Special treatment of load and load combinations
sections of the report.

‘(—_-._\

...l Franklin Research Center
A Divisson of The Franmin insatute

SECTION III,

Comments

Definition of new loads not
normally used in design of
traditional buildings.

Definition of loads and load
combinations along with new
load factors has altered the
traditional analysis require-
ments.

New concept. There is no
comparable section in AC]
318-63, i.e., no specific
section addressing in-plane
shear. The general concept
used here (that the concrete,
under certain conditions, can
resist some shear, and the
remainder must be carried by
reinforcement) is the same as
in ACI 318-63.

Concepts of in-plane shear
and shear friction were not
addressed in the old codes
and therefore a check of old
designs could show some
significant decrease in
overall predicticn of
structural integrity.

is addressed in other



ACI 318-63 VS. ASME B&PV CODE, SECTION III,
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON

Scale A (Cont.)

Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected Comments

CC-3421.6 17C7 Peripheral shear in the These equations reduce to
region of concentrated Ve = 4.Jf'c when membrane
forces normal to the shell stresses are zero, which com=-
surface pares to ACI 318-63, Sections

1707 (c) and (d) which
address "punching" shear in
slabs and footings with the
¢ factor taken care of in
the basic shear equation
(Section CC-3521.2.1, Egn.
10).

Previous code logic did not
address the problem of
punching shear as related to
diagonal tension, but control
was on the average uniform
shear stress on a critical
section.

See case study 12 for details.

CC=-3421.7 921 Torsion New defined limit on shear
stress due to pure torsion.
The equation relates shear
stress from a biaxial stress
condition (plane stress) to
the resulting principal
tensile stress and sets the
principal tensile stress
equal tc 6,/E'c.

Previous code superim-
posed only torsion and
transverse shear stresses.

See case study 13 for details.

B-4.3

. Franklin Research Center
A Dvimon o The Franmin insstute
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Scale A (Cont.)

Referenced

ACI 318-62 VS. ASME B&PV CODE, SECTION III,
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON

Subsection

Sec. III ACI
318-63

—1380
CC-3421.8 ===

ce- -—-
3440(b) , (¢)

cc- -—
3532.1.2

CC=-3900 -—
All sec-

tions in

this

chapter

Structural Elements

Potentially Affected

Bracket and corbels

All concrete elements
which could possibly be
exposed to short-term
high thermal loading

wWhere biaxial tension
exists

Concrete containment*

Comments

New provisions. No comparable
section in ACI 318-63;
therefore, any existing
corbels or brackets may not
meet these criteria and
failure of such elements

could be non-ductile type
failure.

Structural integrity may be
seriously endangered if the
design fails to fulfill these
requirements.

New limitations are imposed
on short term thermal loading.
No comparable provisions
existed in the ACI 318-63.

ACI 318-63 did not consider
the problem of development
length in biaxial tension
fields.

New design criteria. ACI
J18-63 did not contain design
criteria for loading such as
impulse or missile impact.
Therefore, no compatiszon is
possible for this section.

*Special treatment of load and load combinations is addressed in other sections

of the report.

-

B-"‘

J.uL Franklin Research Center

A Divimon of The

Franmin nsgtute



ASME B&PV CODE, SECTION III, DIVISICN 2, 1980

(ACI 359-80) Vs.

Scale B
Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CC-3320 —— Shells
CC-3340 —— Penetrations and openings
Table 1503 (¢) Containment-allowable
CC-3421~-1 stress for factored
compression loads
cC- 1701 Containment and any
3421.4.1 section carrying trans-
verse shear
B~4.5
P

.... Franklin Research Center
A Dramon of ™he Franwin nsctute

ACI 318-63 CODE COMPARISON

Comments

Added explicit design guidance
for concrete reactor vessels
not stated in the previous
code.

Acceptance of elastic behavior
as the basis for analysis is
consistent with the logic of
the older codes.

Added to ensure the consid-
eration of special conditions

particular to concrete reactor
vessels and containments.

These conditions would have
been considered in design
practice even though not
specifically referred to in
the old code.

ACI 318-63 allowable
concrete compressive stress
was 0.85 f', if an equiva-
lent rectangular stress block
was assumed; also ACI 318-63
made no distinction between
primary and secondary stress.

ACI 318-63 used 0.003 in/in

as the maximum concrete com-
pressive strain at ultimate

strength.

Modified and amplified from
ACI 318-63, Section 1701.1.

l. ¢ factors removed from

a’’. equations and included in
CC"3521. 2. l' Eqno 170



ASME B&PV CODE, SECTION III, DIVISION 2, 1980

(ACI 359-80) Vs.

Scale B (Cont.)

Referenced
Supsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CcC-
3421.4.1
(Cont.)
CcC- 2610 (b) Prestressed concrete
3421.4.2 sections

CC-3422.1 1508(b) Reinforcing steel

Ah\

L. Franklin Research Center
A Devmon of ™he Franwin insutute

ACI 318-63 CODE COMPARISON

Comments

2. Separation of equations
applicable to sections under
axial compression and axial
tension. New equations added.

3. Equations applicable to
cross sections with combined
shear and bending modified
for case where © < 0.015.

4. Modification for low
values of ° will not be a
large reduction; therefore,
change is not deemed to be
major.

ACI 318-63, Egn. 26-13 is a
straight line approximation
of Egn. 8 (the "exact" Mohr's
circle solution) with the
prestress force shear
component "Vp" added.

(Ref. ACI 426 R-74) ACI
318-63, Egn. 26-12 modified
to include members with axial
load on the cross section and
modified to reflect steel
percentage. Remaining logic
similar to ACI 318-63,
Section 2610.

Both codes intend to control
the principal tensile stress.

ACI 318-63 allowed higher
if full scale tests show
agequate crack control.




ASME B&PV CODE, SECTION III, DIVISION 2, 1980
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale B (Cont.)

Referenced

Subsection
Sec. III ACI Structural Elements

1980 318-63 Potentially Affected Comments
CC-3422.1 The requirement for tests
(Cont.) where £, > 60 ksi was used

would provide adequate
assurance, in old design,
that crack control was
maintained.

CC-3422.1 1503(d) All ordinary reinforcing ACI 318-63-allowed stress for
steel load resisting purpcses was

f,,. However, a capacity
reduction factor ¢ of 0.9
was used in flexure.
Therefore, allowable tensile
stress due to flexure could
be interpreted as limited to
some percentage of fY less
than 1.0 fy and greater
than 0.9 ty.

Limiting the allowable tensile
stress to 0.9 fy is in
effect the same as applying a

capacity reduction factor ¢
of 0.9 to the theoretical

equation.
CC=-3422.1 All ordinary reinforcing ACI 318-63 had no provision
steel to cover limiting steel

strains; therefore, this
section is completely new.

Traditional concrete design
practice has been directed at
control of stresses and
limiting steel percentages to
control ductility.

&‘. 7

ranklin Research Center
A Dvimion of ™he Franudin insttute




318-63 VS. ASME B&PV CODE, SECTION III,
ION 2, 1980 (ACI 359-80) CODE COMPARISON

Scale B (Cont.)

Referenced

Subsection
Sec. III ACI Structural Elemencs

1980 318-63 Potentially Affected Comments
CC-3422.1 The logic of providing a
\Cont.) control of design parameters

at the centroid of all the
bars in layered bar arrange-
ment is consistent with older
codes and design practice.

CC-3422.2 1503(4)

™

w

O
T
"
(O]

"

1
w
[7}]
O
b |
"

einforcing ACI 318-63 al
compressive s stress
limit to be f, however,
the capacity reduction factor
for tied compression members
was ¢ = 0.70 and for spiral
ties ¢ = 0.75, applied to
the theoretical equation. As
this overall reduction for
such members is so large,
part of the reduction could
be considered as reducing the
allowable compressive stress
to some level less than f
therefore, the 0.9 £, lim
here 1s consistent w
reasonably similar t
older code.

owed the
-

~<

"_1 Y ENQ . T . -
GLEL P «0U0o iencdon system stresses

CC=3431l.3 === Shear, torsion, and

bearing

o8]
'
&
(o)

/

e n R , . ’
anklin Research Cente

A Dvisson of The Frammiin insutute




ACI 318-63 Vs.
DIVISION 2,

Scale B {Cont.)

Referenced
Subsection
Sec. III ACI

1980 318-63
Table ———
CC-3431-1

CC-3432.2 1003(b)

CC-3432.2 1004
(b), (€)

CC-3433 2606

CC-3521

o

——

Structural Elements
Potentially Affected

Allowable stresses for
service compression loads

Reinforcing bar
(compression)

Reinforcing bar
(compression)

Tendon system stress

Reinforced concrete

B~4.9

.... Franklin Research Center
A Dwvmion of The Franuin nsgtute

ASME B&PV CODE,
1980 (ACI 359-80) CODE COMPARISON

SECTION III,

Comments

Allowable concrete compressive
stresses are less conservative
than or the same as the ACI
318-63 equivalent allowables.

ACI 318-63 is slightly more
conservative in using 0.4 f
up to a limit of 30 ksi. Tgc
upper limit is the same,
since ACI 359-80 stipulates
max ty = 60 ksi. ,
Logic similar to older codes.
Allowance of 1/3 overstress
for short duration loading.

Limits here are essentially
the same as in ACI 318-63 or
slightly less conservative;
ACI 318-63 limits effective
prestress to 0.6 of the
ultimate strength or 0.8 of
the yield strength, whichever
is smaller.

Membrane forces in both
horizontal and verticai
directions are taken by the
reinforcing steel, since
concrete is not expected to
take any tension. Tangential
shear in the inclined
direction is taken, up to

Ver by the concrete, and

the rest by the reinforcing
steel. In all cases, the ACI
concept of ¢ is incorporated



ACI 318-63 VS. ASME B&PV CODE, SECTION III,
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON

Scale B (Cont).

Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected Comments

cC-3521 in the equation as 0.9.

(Cont.) While not specifically
indicating how to design for
membrane stresses, ACI 318-63
indicated the basic premises
that tension forces are taken
by reinforcing steel (and not
concrete) and that concrete
can take some shear, but any
excess beyond a certain limit
must be taken by reinforcing
steel. .

CcC- 1701 Nominal shear Similar to ACI 318-63, with

3521.3.1 stress the exception of ¢, which
equals 0.85, being included
in the Egn. 17.

Placing ¢ in the stress
formula, rather than in the
formulae for shear
reinforcement, provides the
same end result.

CC-3532

Where bundled Bundled bars were not

bars are used commonly used prior to 1963;
therefore, no criteria were
specified in ACI 318-63.

In more recent codes,
identical requirements are
specified for bundled bars.

- B-4.10

—_——
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ASME B&PV CODE, SECTION III, DIVISION 2, 1980
ACI 318-63 CODE COMPARISON

(ACI 359-80) Vs.

Scale B (Cont).

Referenced

Subsection
Sec. 111 ACI Structural Elements

1980 318-63 Potentially Affected
CcC~- 918 (¢) Where tensile steel is
3532.1. 2 terminated in tension

zones
cC~ 1801 Where bars carrying stress
3532.1.2 are to be terminated
CC-3532.3 918(h) Hooked bars
801
B-4.11
B

... Franklin Research Center
A Dramon of The Franiin instiute

Comments

Similar to older code, but
maximum shear allowed at
cutoff point increased to 2/3,
as compared to 1/2 in ACI
318-63, over that normally
permitted. Slightly less con-
servative than ACI 318-63.
This is not considered
critical since good design
practice has always avoided
bar cutoff in tension zones._

Development lengths derived

from the basic concept of
ACI 318-63 where:

bond strength = tensile strength
Loul = Abfy

If u=9.5/8:./D

then L = 0.0335 Apfy/ff'c

With ¢ = 0.85
L = 0.0394 Af AETC

No change in basic philosophy
for #11 and smaller bars.

Change in format. New values
are similar for small bars and
more conservative for large

bars and higher yield strength
bars. Not considered critical

since prior to 1963 the use of
fy > 40 ksi steel was not

common.



ASME B&PV CODE SECTION III DIV. 2
1980 (ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale B (Cont.)

Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected Comments

CC-3533 919 Shear reinforcement Essentially the same concepts.
Bend of 135° now permitted
(versus 180° formerly) and two-
piece stirrups now permitted.
These are not considered as
sacrificing strength. Other
items here are identical.

CC=3534.1 === Bundled bars - Provisions for bundled bars
any location were nct considered in
ACI 318-63. L

Bundled bars were not commonly
used before the early 1960s.
Later codes provide identical
provisions.

CC-3536

Curved reinforcement Early codes did not provide
detailed information, but good

design practice would consider
such conditions.

CC-3543 2614 Tendon end anchor Similar to concepts in ACI
reinforcement 318-63, Section 2614 but new
statement is more specific.

Basic requirements are not
changed.

CC-3550 Structures integral Statement here is specific to
with containment concrete reactor vessels.
The logic of this guideline is
consistent with the design
logic used for all indetermi-

nate structures.

..uU Franklin Research Center
A Divimion of The Franain insutute




1380

Referenced
Subsection
Sec. III ACI

1983 318<863
CC=3550
(Cont. !
CC-3560
o

ASME B&PV CODE SECTION III DIV. 2
ACI 318-63 CODE COMPARISON

(ACI 359-80) Vs.

Structural Elements
Potentially Affected

Foundation requirements

..Ul Franklin Research Center
A Do of e Franuin insutues

B-4.13

Comments

ACI 318-63 did not specifi-
cally state any ~uideline
in this rega:zd.

There is no corparable s=ction
in ACI 318-63.

These items were assumed tc Ze
controlled by the appropriate
general buildiny code of which
ACI 318~63 was to Le a
referenced inclusion. 211
items are considered to

be part of common bui’_aing
design practice.



————

1980 (ACI 359-80) Vs.

Scale C

Referenced
Subsection
Sec. 111 ACI
_l9so 318-63

CC-3421.9 2306(f)
and (g)

CC-3431.2 2605

Appen-
dax II -

CC-3531 s

,.::-\-\
—_—

ASME B&PV CODE SECTION III DIV. 2

Structural Elements
Potentially Affected

Bearing

Concrete

{allowable stress in
concrete)

Concrete reactor vessels

All

B-4.14

LUl Franklin Research Center
A Dramion of The Frankiin instinute

ACI 318-63 CODE COMPARISON

Comments

ACI 318-63 is more conserva-
tive, allowing a stress of
1.9 (0.25 £') =

0.475 £', < 0.6 £',

Identical to ACI 318-63
logic.

ACI 318-63 did not contain any
criteria for compressive
strength modification for
multiaxial stress conditions.
Therefore, no comparison is
possible for Section II-1100.
Because of this, ACI 318-63
was more conservative by
ignoring the strength increase
which accompanies triaxial
stress conditions.

This section probably does not

apply to concrete containment
structures.

Rather conservative for
service loads. Using ¢ of
0.9 for flexure,

g, 15 1.8
. ET; to 3.9 = 1,67 to 2.0

for ACI 318-63. By using the
value of 2.0, the upper limit

of the ratio of factored to
service loads is employed.
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1963 CQNE 1GR0 CNOF
360N0, 000N, 12,20 1.00 0,74 172800, 10a400,
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CASE STUDY 2

AXIALLY LOADED COLUMNS

Maximum allowable axial load on tied columns by working stress design criteria

is defined by
P = 0.85 [A8 (0.25 £, + £ ps)]

where Pg ® fgg and allowable fs - O.Afy < 30,000 psi

A
2

that is, max f < 75,000 psi

therefore, the maximum load could be expressed as:

= "
Pallow (0.21 Ag £ + 0.34 gr Ast)

Maximum allowable axial load on tied columns by strength design criteria is defined

by

P - = ! -
allow -~ ©P, = 0.8 [0.85 £ (A, = A,) +A fy]

for a tied column in axial compression % = 0.7 and P,=l4D+1.7L

Reducing these equations to be comparable to working stress limits and

considering all extremes of steel % and D. to L. load ratios, we get

ifA_=0.00A P =04P =4 (0. '
L g PO =0 (0.673F A +0.84A £)

L
if A =0.084 P =0P = (0.
- g Py = 0B (0.626 £ A +0.84 £)

and to bracket extremes, consider the following three cases.

(a) D=0
(b) L =D and p
(¢) L=0 with P

allow L.F.

FORM CS-FIRL-81
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(a) for L.F. = 1.7

= 0.28 £ A_+0.33 ¢

Pallow g

- 0

Pallow = 0.26 fc A8 +0.33 ¢

(b) for L.F. = 1,55

Pallow = 0.30 fc Ag + 0.36 £

'
= 0.28f A +0.36 £
. c 8 y

allow

for L.F. = 1.4

'
= 0. f A +0.40 f
P 34 % y

allow

'
Pallov = 0.31 fc Ag + 0.40 £

Comparison of these resulting equations to the P
design criteria shows that the new code allows from 1.24 to 1.62 times more load

on the concrete in a tied column and from 0.97 to 1.18 times more load

y Ast or

y Ase

y Asc or

Ast

Ast or

y Ase

longitudinal steel in a tied column.

Therefore, Scale C

allow

by working stress

on the

FORM CS-FIRL-81
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1T 8Y Alternate  Oesign

F‘“AT“% the location of the mevtral axis x(: kd )

g x (%) =9 (1266)(571-X)
Selving , X = kKd = al.a7’ ,
“+he moment C\rm-‘-Jc\’??-%"—;l-QQ-QI
“Then Ma= Yo (135%/m*)UE*)(X1.277)(49.41°) =12,900""
and Mg = (3.60 7 (20 ¥ )(49.91") = (2,440" %
¢ Governs)

g Com parison !

15,130"™ = 12,640 "
\2, 40"

X100% = 1977 Aouwmee

Conclusion * For Rectanaylar Beams |,
The work‘mz %fress Des?a-ns
C Cammon\7 vsed when {’o“ow«‘na +he earlier
ACT 318 codes) Were Ccns‘\deraub\, ore
Conservative,
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CASE STUDY -4 -

Ref AISC 1980 Coof
Subsection 2.4  Columns

U I +he plane of bendma of columns which
would JQVQbP a qus-\rc k‘ﬂ‘ﬁe at UH’TW‘Q-te

loadmg , the slenderness ratio .;,sbd?wf
exceed Cg, ="

wWhere Ce = 2.‘:3"6
&

E= 29 X100t Ks!
Fy= yreld Stress
Therefore 2 . 7566
=

JFa,.

Ref  AISC 963 Code
Subsection 2.3 Columns
" In the plane of bending of columns Which
would Jevelop a Pplastic Hnge ar  UMtTmate
!oad‘mg , the slenderness ratio <hall ot
exeed (20, -+ "

2 £ 20
r
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Wmich of the Tho codes 195 the Y aYe ¢¢,.\1n‘cﬂ~‘.
on Q/( valio A‘Pu\ds M Thi ll'eQA s'(fev-atk cf"-
Tre SYCLQ wsed -{cv Che Coe‘u.v-\ﬁﬁ.

() Both codes give -“-P;=‘?-° when

b4 &
CC = lr_—" = \20
JFy
"H\en,
F"a-.-_ 40 Ksl|

X)) The 1380 Cede s 5Z weve Consecvalive whe

IE.

Conceusion: Scale
Fy € 40 Ksl @
40 < F'é < 4 @

Ty 7 4% @
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Ref

TASE STUDY -~-5-

Alsc 1980  Code
Subsection [.10.5.3
* In 3‘.rders Aes?gned ov +the basis of

tension  freld action , +he srac‘mg, behween
Stifferners gt era Pd’ne\ﬂ, at Pame\g
Con‘\'aﬁn?n% large holes , and at Pome\s
adjacent o panels containing  large
holes shall be Such +hat v Jdoes mdt
exceed the valve given ” elow

. Y £0.4F
Fv T84 Cv pe

Where & 2
5000
AR TS iiaia e

= i A W hey Qa .
" T oy el Bl

= 5.3y 4(—;7;—)‘ when a]/h )10
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Ref  AlSC [G63  Cosde
Subsection 1. 10.5.3

1]

“The 5P°°T“‘} between Stiffoners at
end PG“G‘S and Fanelg Cow+aTv\Tna
large holes  shall be such that

the Smaller panel dimension a or h
shall mot exceed

loogt “
JFv
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ReF AISC Sub section [-10.5.3

V=240 Kip?
GXAmPLE /)
h= 68" 7
t< 375" i
e - / 6z
Au=(3x% =255 7
/1 |
V = 240 Kips % ‘ L
{r = .5'5% = 4.06 Ks| /le42® - :
a
from 1.10.5. 3 1463 Code
2
a orh $ Moot _ uiccoxs _ 44,
,/__.f;," 9.06x 1000

Which Ts +he disfamce .Ffow\ the ewd o‘g-"b\\g z(rdu.r
6 the fint Cramsuerte sCL'{-gc.-v\gf.

87 C,ﬂsidcﬂ;\g the Gﬁ);m {te,u O.M
as spechaed ™ 1980 Code Swubsectim 1.10.5.3 )

-= M h - £2 = =4%4r =.68
- =4q.06 ksl <=5 IR ¢ ﬂh >3 5
= g+ 22 + 23 = (9.98
" (@/n)* * (i8S ’
Cow SMseh . emmp 2798 o go¢

Fy (hje)* T T3 syt

Fa < .4
v 9 Cu- -— F&-

I

= 36 4 (26 =259 Ks| £ from —rable 10.3C the
2%9

Aaeua.\o-oc\ ¢ hear stvers = ¥.06 Kst (Ckct‘..s Gn?wrd \‘&&u.)

howeves | Lowes Tham .;\r ef Qo6 i st

Scale B {o this example
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Remarks

The -f:ollow‘ma +wo {r%urgg Show B ve. AT
- variovs valves of /’V/H and Fy .

By Knowing +he shear stress Fv or FV’
e A/t value Can be abtained and
Compared with the desiyn A/t . —Thus
Ca-mror?so*n should be examined on a case
by case basis.
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PUT Y
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CASE STUDY =—6-

Red AISC (380 Code
Sectin Q7T

Y The width = +hickness ratio for 'F\omcje of
colled W, M, or S shapes and Similar
puift-up s‘msle- Web Sl-.apes +hat- would be
Subjected to compressim Twvolvive hinge
rofation uUnder (l+imate load?ng shall Mgt
exceed  the ﬁ\\ou‘m& values @ ”

Faul %4,

26 l g5
42 | 20
s | 7-4
g0 | 70
=5 | 6.4
b0 {3
is £.0

" The width - thickness raths of sTmer\y cgmpressed

-ﬁlomﬁe plates ™ box Sectlons and cover ,:lafes
shall wmot  exceed 140/_)";:—; o

i

<3\
_ 4o [|Ee IR
= YE | 36 | 3.7
so | 269
| =25 | 22
| (00| 14

.

xo\mple
o

5

J

rf~|o-
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\

The de?‘ﬁ\-\'\ﬂckﬂes ratlo of webs of
members  suijected 4o plastie bendi’na,
shall ot exceed «-+v 7

dfp = @2/ | ul hen - <.
/t J-F_;(l ,HP‘3> Wwhen %“017

Fa | 9k

36 62.7

Fov F:-:o.o 50 583
78 | 472.6

0o | 41.2

d/1: - 3% when -r% > 0.27

 Fy | 9/ |
: 36 42-8}
| S0 3.3 |
| 95 | 3o !
100 | 267 |
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Ref AISC (963 Code
Sectim 2.6

1 Projec%ng elemert, +hat would be subJected
*o Compression vaolang plastic h?nge rotation
under  UltTmate loadrﬂa shall have width -
thickness ratip  mo gr‘eo«‘fev’ than the
Foﬂow‘v‘n%: ’

‘f/m £ 85 Rolled Shapes

‘if/tf £ 32 Box Sectioms

N

The depth - thickness ratio of beam
and %Tr*der webs subjected 4o plastTe
bev\JTng,' TS given b\, e follow?na,
Formula

P
4a < d/w < 70-(007_.,;

Re war ks

The 1963 Code -rake Patd account material

For A6 of Fy =36 ksl or less ((ndfe +hat
“he <wo codes are the same for Féa 36).

I{ e stracture was desianed Ustng matertal
naving higher yleld, the design might wot
be aceeylable wmder presesl reguive memts,

F} £ 3¢ Ksl

3¢ <F3 3¢ Ks]
:d Z Rie  Ksl @
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CASE sSrvor -T-
Ref  Alsc 980  Code
Section 29 Lateral ~ Sracing
’ Members shall be a&equafe‘y braced +o
resist lateral ond torsiomal  dis place merts - -,
The ‘GTQFAU\/ unSuPPorTed drsﬁmce = .ch,
shall not exceed +he valye determined
-@rom 5
r-’. Fla.
or Rer _ 1375 Al B e % el
rcr 2 when 0.5 2 Mf > (o}
¢ ¢
Lxomple
j—cf/r% Faf.?é Kl } 50 75 | o0 ,
[ >%,7'-5 £3.2 52.5 ! 43.3 3875 |
—.5'2§P7-|.o 38.2 275 & & 3 13. 75
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Date

Ch'k'd Date | Rev.

MDD seeT ‘8 \_é-”y/?/d 10/2

Ref AlSC (463 Code

Section 2.2 lateral Brou:?ng,
When the ~moment definthion &
Cm\Fa{'TMe_ WTth “+he 1920 Code,

+he ‘formula -For vpa/r? becomes

3c <‘-27‘;-'= 6o +‘f'0£43;

example = -«Q_cr
e Py
( (00
0 6o
-.5| 40 k

ConcnuSious

The {Tgure which Pllows ( jc/ra_ Vs. M/M,.)

indicales et for A-36 SGd (%6 ksi)

Scale
ol 4l —— &

o> B2l —— @

Note : Th summary 's based o materisl

wTth F3=36, other material should

be examined M a cCase by case hasis.
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2
ki
—
e |- _—
l..‘n'n‘& Ush
30 / — 11943 ¢oce
]
‘ / Fy= 34 Kk51 |
SRR oo v . et e s, ;{',___,
[ F$=50 KSI
/ ’1‘7‘“8'
as |
i&-‘ ; 30- ———.
e e I — _
o -5 P 5 <
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\

Comparison of  Section 2.3 ,

with Sectton 24 2

AlISC 1963

Slenderness ratio for columns
Tn Comtinygus -Fr-cunes where
sideway TS ndl prevented, Ts
[tmited by Formula (20)

2L & 1.0

Py Tor

This |imits slenderness

Ratio L £ 70 and oxial
jcad Mot <o exceed (.- P\/
‘FU" _ﬁr, = 0. A\SO (c‘m?,'ed

oy formula (26) given below-i

2. For columns ™ broced
frames the maximum
axial lead P shall met
exceed 0-& Py.

( See Case S'T'udy 4 alse

Columms (AISC, 1963)

Columns CAlSC, 980D

<

-

AISC 1920

1. Slenderness ratio For
Columns Tn Continuovs

frames here Stdesway Ts
Tt Prevenﬁed, vot limited
) onl\/ 70 . Qul  limited
by Formulas <2q - 1la) and
(29 -1b) given below and
-'& not +o exceed Ce,

as given below

2. T™é axial lcad
Columns ™ braced $rames
et +o exceed .85 Py

™

$or  Slenderness mﬂo)
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UUl Franklin Research Center ~ — S
e 2A seor e el ol |
3. a) Slenderness ratio 3a.a Slendermess ratio
"'Or not +o exceed |70 % mot *o exceed Ce

b) The allowakle

laterall y unsu pporTed

drstance
/L:r = (50"40 ‘%)r ’

formula (26) Byt -ch<t55f]

c) K .4 4o exceed
rm?n
QL0 ™ (me case

Where Cec = J.![J'E
7Y
ond v, F'y = 36 Ksi,
CC = (26-1

3b. The lod*emlly vnsupported
drstance  Ler mot 4o exceed
Fhe -G;llcmrns

Ler o 1338

ry Fy +29 (2_.‘{~1a)

" 3
When *‘"O>-M—P7 0.5

And
Ler _ 1375
o ol

When = 0.5 7 -"4—7 -1-0
Mp

(29 - 1b)

3c. XL

V min

net to exceed Qo0 in

0“7 case .
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4@) TInteraction frmules  for
s‘mgle curvaiure  are
Fcrmula (7_2.)

Mo pg-g(E)z1.0
Le -6 ()

M & Mp
anrd  Formula (23)

-{%‘; L1.0~-— H(%:,)-I(P/h),.

Valves of B, &, H ad T
Itsted ™ tables as a
funciten of slenderness ratio

and F\a.

(b) Tnteraction formulas for
deuble curvature are
Formula (21)

M _é_MP for P/P7é°"5_

+or P/Py Z 0I5
and  Frmula Q1)

4. Tnteraction -Earmu‘qs aré

Benili ¢ 29D
P, CmM

_— £1.0

Per (l-%)Mm K

and Frmula (2.4 -3)

S - © M &
P7 +l'l8MF 2+ M-MP

Where Per = ((7AR

< a3 /
Pe T?-_AFe

Fa qiven by (I.5=1) and
Fe 3\‘\/8?’\ ™ Section [ 6.1
Mm= Mp ( braced ™ the
weak direction )
- R
C o1 -0 ) IR Toen,
3lé0
( Unbraced Tn weak drr'ed-c‘m)

0) For Single Curvature

M Lo p . :
_Mr <3 Gy(;y)ea.o, |

1 & MF

O-b £Cm&l.0

| b) For double Curvature

04 = Cmeob
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Date

For comparison of these specifications ,

ﬂroxphs cf
P/F,7 Vs

M /"‘P are drawn Lr  Slenderness ratio
20,70 and (00. Ty pical  Columm (4 WF IS0
with Fy= 36 ksT has been <aken as an example

$or  our pur poses Squng amphs are drawn Jor
Single Curvature (0.6 € Cm & (.0) and double
Curvature ( 04 &€ Cm & 0.6) cases.

For frames with stdes way C Cm=0.35) allowed.
graphs of %8' Vs M/M’ are drawn for
“two Types of columns 14WISO  and  12WF4S,
W THh F-a= 36 ks, Columns assumed +to be braced
Tn the weak direction, for a®® 3"‘?\\5
It can be inferred from +he ar‘aphs +hat
™ all cases , +the major c‘\o.nae Ts the [rmtt
of allewable axtal (ood, which TS Fcreased from
o-sPy “4o 0.75 Py “or unbraced ColumnSCSrdeSum/
allowed .) and 0.6 P/ +o ©0.85 P/ 'ﬁf' broced
Columns.  BuT  +he acceptable destgn regTon
Tva bo™ cCodes s almost same. Fr STnﬂle
curvature we notiee ﬁ‘. LQ—-=30 *he F!’Jr')-nulk
(24-2) Ime or Cm=l.0 Ts  belaw he
+ormulel (23) lTne, bt Tor ‘;Q = 70, -r-lqey over"mP
ond Hor er!::(oo, The chula,(;.‘f.._l) +for Cm=1.0
Ts above the frmula (2 Ime. ~Thus
KL =30 1980 cede bet‘ng more  ComServative ,
Whle “or _‘S_g.:.sooJ
Conseryative. This
best as

r

change Can thus be classifred
o~ B Cﬁc\r\jc.

|1G62 cecde seems 4o be more
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Toedket  Een 1w s SINGLE CURTATURE )
Assume beaccd 5 s&&‘ drveclion,
"M s My
sl 1980 code
Forsula (22) 2& < 3-G(P/Py) « 1.0 » e <1.0
N = Hll s (2.4=2) ,—.——I.*_..-l
"o er (1~ ™
o . 0.6 ¢ Cg £ 1.0
N I Queed) et 10, 4«
Formula (23) z- < 1.0 = B(P/Py) = J(P/Py) . AR T
»
* L ET A ;E M,
- T_(‘ N P
{\7 i)
A &
-, A \5.‘ o< M
-Par w0
R S -
€z 2.6, Formula (2.4.2)
> f - +
R +
1963 ccoe ™
Je X
a8 4
PO
B —
CAS 4
R
»e
| i 3z M P 15 66 T a8 33 »e
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F e 36 ket "-'l 30 1aw 150 DOUBLE CURVATURE )
’ Assume Bvaced 1y M4.‘M
- & M‘. W
1963 code 1990 Code
formula (21) MM vhen P/Py £ 0.15 S TL‘ cM y,
2 < 1.18 - L18(P/Py) £ 1.0 « Q=%
?
f 22) 2 ? 3 (2.4-3) 2 & el ¢ 1.0
ormula (22) o= < B=G(P/Py) < L. }; Llag = 29
LN
}\ MM

2o

LR

olr

09 ¢

1980 Cook LT . (M=) 5 Farmula (1.8 -2]

1043 co0e Lt

2%

0.5+

0.4

23 |

L ad  ay o4




T el .
0l . . €5257 T
JUU Franklin Research Ce: *er ~
-4 By Date Ch'k'd Date | Rev. Date
A Division of The Frankiin Institu )
mmrw:a:hm:r?‘mmu 2A SEP‘[ 4] /Zla/ /J/{/
. K. e 15 SINGLE CURVATURE ) .
i ks v Astumme Broced m Wtak divelim
W M“ .M'
1963 Code 1980 Code
Forsula (22) F; 3-G(P/Py) ¢ 1.0 (2.4-2) ,L. - .__CI;_._ £ 1.0
e cr (l-t)ll' 0.0LC-:_L'J
¥ 2 24ed) TR 10, MK
Formula (23) W < 1.0 = 8(P/Py) = J(P/Py) y | LiEy
TR THE. Y SR :
(LA EV R4 L
. .z \"' | <M
0
o L
-L |m & L:N\I
P’

° a 0% 03 ot o5 06 87 o8 29 -]
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F o= 36 wst
y

1363 Code

5}- 70 lewe 150

(2.4=2)

Formula (21) M e M wvhen P/Py « 0.15

?
B2 118 - 1.180/Py) < 1.0

DOUBLE CUEVATIRE
Aftuwme braced - Weak deecliom

RN M“- W
1980 Coge

2. <o

ee (3 = =)}
'0 * 0.4 ¢ C. <0.6

M

(2.6-3) -,L‘ TIe L0 M

" x.u-,
Foraula (22) ;-;I-G(P/Py) < 1.0
?
LER N
’&_\ oM
eme 1]
MM \i:

% Lo

g~

L SO0 OB LN'T »
Py s

041283 Coo% .
wmT
A +— 3
“0— -
o3 J-— 3
Q.HL
°'l - b
a, i 61 63 0% & &b a1 ar o4 1O
™
[Mp
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7 e 36 ki L . 100 1w 30 SINCLE CURVATURE
| 4 r - " . .
Aguwe braced huknk J""""h"\
N M-\‘W
963 Code 1980 code

Forsula (22) g& < 83-G(P/Py) ¢ 1.0

LES N

(2.4=2) .'L P oy

(2.6=3) g+ T~ 1.0, ¢
Foraula (23) o+ < 1.0 = U(P/Py) = J(2/Py)° P, Lam, *

»

o, MacM, M, M,

TYPICAL EXAMPLES £ o N

' ¥ A b1 <K
2 b0

P14 -

J499 (o0& Limit )
EX 4
!

1063 2aCE w7

26

o - Y (5 Y 6e  ofg NS L
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Kl
7, e 36 kst 5L = 100 14w 150 DOVBLE CURVATURE ;
i ’ | Assume braced v weak direcdliom
WM, = hdr
1963 Coce 1980 coce
NP R,
maula (21) M = M whea P/Py < 0.15 Seangd 1§ p
? LR . .
- . Mec co
AL 1.18 - 1.18(2/Py) £ 1.0
»
® x
(2,6=3) 3= & = < 1.0.‘1<_.\|,
] 1.1 -
formula (22) i < 3-G(P/Py) ¢ 1.0 y 5
o .
M. M <M .
TYPICAL EXANPLES ﬁf fs!
Y

= 1.0 -
Tt
\SI® cooe yirT
o8 4
(SRS

166D Co0%

LT

PN > L]

o4

05 4 el
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o Jewinwd g w weak, diveliny

™ M‘..‘- W

1963 Code 1980 Code
Formula (21) M e !’ when P/Py < 0.15 cn
2.4=2) s e 2 1.0
A=< 1.8 = L.18(P/Py) < 1.0 e G-y
i - €=0.85
~
Foraula (32) 2~ ¢ 3-G(P/Py) < 1.0 » -
R - - ——
b (2.4=3) Pt T s1.0.M L.
LIS "’ y ?
Formula (23) ‘i’ < 1.0 = B(P/Py) - J(P/Py)d
i MM
TIPIcAL Dnamuss /'A ,1 [é
4 u.
\‘ - I
P -
"9
7y 1963 Code Also Imposes the Following Limit
0.5 1 44

;-’10‘:;1..0 Formula (20)
y !

!
= !
" |L
ord :»
,,,.f 1463 _coom LimiT <'L

|

e ot
° W ar 0y % AT 06
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L N ot At SIDZSUAT ALLOWED '
! r Assuwme broced 1y weah divedion
M= P'\,
1963 Code 980 Code

Formula (21) M = s’ vhen P/Py < 0.15

<128 - 80 1.0 " c .
. (2.4=2) F- g G 1

s
er (1 - ‘—)
%
. c
Foraula (22) g- < 3-G(P/Py) < 1.0 st O85

1% (2.403) = o 2L
» ? E £1.0, M &
y 118G %
) 2
Formula (23) o= < 1.0 = H(P/Py) = J(P/Py)
4 i M <M,

e S 111
T

1963 Code Also Imposes cthe Following Limit

Plv
5

a3 133 CO0G wumiT

3 -4 LN S
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CO'm?ar‘tsoY\ uf AlSC - 1480 Seettmy 1.10. ¢ with

AISC ~1963  Section (- 10.6, Reductton T Flange
Stress, HYbrid &irders only.

The only change between the +wo codes
5 4he Tnrroductiom of Frmula ( 1.10-6)
4or case of hybr‘Td 3Tra|er, ‘n the 1980 code.
Formoula (1.10-5) of 1980 Code with Fb in Ksi
s Tdentical T Frmula (12) of 963 with Fb
™ Psi.  Hybeid girder desTjneA 1963 would
be designed Tm accordance with Formula ( (1)
wWhich 75 dentical 4o ( (.10-5) in g0 Code .
But a  hybrid girder des?jned in accordance
With (A80 -has 0 confrm to  bot  Frrmulos
Cl1e=5) and C(l.l0=6), For Fb =35 Ks;
S0 ksi ., wWe draw graphs of reduction
Toacter (fé’.) Vs. Area of
rotte ©° (/‘\W/A{); usTng formulas (| 10-%)

ond C1=0-6) Re gquen K=0:3, 0k, and 0.9 gnd
o given A/t ratos (

and

oamd (17, (27 & (37 -)Qf =, =50 Ksi)- We €rnd
™ all sx ees dependfv\% on M/p,.\c mtio

for A=o045, Formida (1.1076) T\ the \q 80 cade
s Qow‘*e conser vahive. .

wWebp < frea ,.-f F(aw&e

( 82,02 & 182, fr Fp=asisi
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But -For 0-45 < 0( £ 075, Formulan C 14 10 ‘(:)
or ‘Foﬂmula.c [-10-5) Could be Congervatve Os
ComPored to €ach other deper\d(‘r\% on h /t ratto
for qven Fb- But $r K D o35, m ong-
case, Formula (110 S) Ts more conservative -

Thus we can make -the -ﬁtlowb\% J\J&QW\;\T
6w them.

QLD Ermulas A Scale

a) TFermula (12) , 1463 Code

R .0<0. W/ _a4000 Lo4S
Fp £ Fb [ 1-0-0.0005 J:T(t W-‘I)] bt .
with Fb ™ Psi. s—Qw)
b
b) Formula (. 10-5) 1a80 ceode %m 0

7 - - 76
Fo ¢<Fo [ 10 o-ooos-éﬁ-*;—(__‘:\t. ;_'?‘:)],
With Fb ™ ks)

OAS +o 8
New Formula 015
Formulae (1-V0=6) 1480 code

7 05 C

54 Fb{ \l+<h&$))(3v\‘3(3)}
W
2+ ;(%.f)
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CASE StuboYy —10-

Comparison Of Section (|-9-1.2) and Appendix C (plsc
1980 ) with  Section [~ 9.1 (AISC, 1963) ; width-thikness
ratio of unstffened elements Subject +o oxtal
Compression  and cmnfress?m due o bendrna.

In both sections +he |mit+ o'F width -
Thidness  ratio s Given for +he Following
Various  cases.
CAse L : STﬂsk -anaie Steuts ; double -omsle Struts
With Se porators
Struts Comprising double cmgbs ™M coifnet;
anqles or plates projecting from girders,
Columns, o~ other Compression  members
Compression flanges o0  peaws ; Stiffeners
on Ploa'e 3?rder$‘
CASE T1 : Stems of +ees
I~ ASC. 1980, CLccov‘df‘nﬂ To the 5'?“;5'"c°'t‘““}‘v
the above cases. when Compre ssTon

Members exceed +he allowable wid¥y -
ickness ratio,

CASE T .

The allowable sStresces

ane reduced by a -F,,c{»or based on
Lormulacs  given T appendix C

which afepenc‘\s on Iy?e(d Stress CFQ} amd
<+he width = Hhickness rofio,
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But akcc.orc\l'n% v AlISC, ¥b3 Specificattons,
When ComP?eSSTan members gxceed +the allowable
wWldth - “thickness rmatio . +he member is
acceptolle f 1t satTsfies the allswable Stress
re%u(‘r\eww‘ts With  a.  portion of wrdth e,
effectlVe width wmeefs stress reguirements .

o +he s 3&'\)&7 3 +wo \/&‘Ues Of {:7

3¢ Ksi omd SO KSi ace chosen . For +he

Two values -{;r +79?<:a.l anale sectlon dnd

T sectlons given ™ A[SC Manwal

grophs  -Aave been plotred forReduction Facter S
Width — thickness ratio.

Reductton Factor for AISC, 1980 Code T based
on fermulas given ™ appendix C' and ‘for
AlSc . 963, reduction facter Ts +the rahio
of effective width +o actual width of
the sectiom.

Based on the 3"“Ph$ , the C“G"\jt
for case I and CaseT ot higher
Width / thickness ratio  would be a < d‘\ahﬁc,
as SPGCT‘FFCO:\'TOT\S were Tore conservative ™
1963 Cede - Bot  hor CaseTL +he c(’mn&e ™
SPQCT‘FTCATTM (s _A_ C“\&Y\Je_ as t‘fi; m™orée.
ConSerafive ™ (q g0 Cede, ot k?sher
width = thidness  ratio.
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CASE Sryoy -l -

CO'Mpar?SOn of AISC 1480 Section . il.4 With
AISC [Q63 Sectton |14 Shear Conmecters for
Composite beams . here (ongitudinel retnforcing steel

Gcts with  beam -
Acurd?»g to AISC 480, Rrmula([-n-5)

Vh= Ase Fyr/z (I.H -5)

IS given +for (omtinuous Composite beam where
!cnaﬂ‘ud?ﬂa\ feTnfvrc.T?\a Steel TS (onsidered 1o -

act Camposife|7 With +he steel beam T +he neaqﬁve_
Moment res?ons, 4o calevlate +he 4otal }\orfgow}al
Shear Yo be resisted by shear conmectors befween
an  mterier supparf and €ach a JQCCW\’ ‘DoTnf

of con+raflexure .

Whereas ™  AISC (963  specifications,
The +otal horizontal shear +o be resisted befween
the point of maximum pesitive moment and
€ach end or a point of Contraflexure ™
Continvous beams T7s given as the smaller

value of Formdla (I18) and CIQ)

Vh= oes I8 (e

and Vh= PAsfy (14)

—
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There Ts mo separafe formula for megative moment
res?on M AlSe, 1963. The above Formulas

are The same ™ AlISC, 1880 ; Frmula (l.11-3)
and (1. 11-4) —or +the positive moment region.
Moreover ™ AISC, 1963, There Ts ™Mo c¢onsideration
of r QTVTfOVCT“g steel ™ Concrete achna Com pos?fely
wWith +he sSteel beom ™ negative moment regions.

This \‘mpl"es that ™ compuhng +he

Section modulus atr the points of neaaﬂve
bev\d?na, remmforcement paraliel 4o +he steel
beam, and \YTn% within +he effective ,widHh
of slab ™ay be Tncluded accordrng +o
A1SC, I1980. But Tt TS met allewed o
include re\‘n{orcTna Steel ™ computing +he
sectlon  modulus Hor +he above case as
per the specifications of AlSC. 1963, Thus
design criteria. s being [Theralized ™

AISC 1480. ince the quanﬁ{?mﬁm of his
ITberal criteria Ts unknown. Tthis change
Cony lcest be classified as _C;_ Av\y
Composite  beam des?g-necl as per ALSC (963
specificatims  will show wmore moment
Coqucﬁy when calevlated acCorclrn3 +o AIlSC.
(480  Speci{icatims.
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CASE STUDY -12-

The allowable peripheral Shear Strese
( Pundﬂna Shear Stress ) Aas  sStated ™ +he
B # PV AsME Code Sectton I Div. 2,
(480 C ACr 359-80 ) Para. CC-3421.C Ts
[fmited +o Ue Where Uz shall be calevlated
45 the weighted averaqe of Veh and Vem

Ueh = 4[4 [1+ (Fmalgm)
Uem= 4/ [1+(h/aiq ) -

The ACT 3i8-63 Code Section 1707 States —+that
the Ultimate <Shear Strength Uu shall mnet

exceed UZz:{.ﬁ: i

ComForTnS +the above Two cases +he
-Fol\ow‘mg s Concluded

[ Membrane strésses are Compressive
31g-63 Ts more CensServative )

2. Membrane sStresses are <ensile
318 —63 TS less (emservative  (A)
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Scale

2. Membrane <tresses are zZ€ro
2i1g - 63 s identical No rating

4. Membrane Stresses are opposite
™ sign A
31§ =63 Could be less conservative \N).
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CASE STUDY ot ¥ 2l

Te B 2 PV ASME Code Section II
Division 2, (480 ( ACL 359-80) Para. CcC-3942(.7
States that +the shear Stress aken by
the concrete resuH-rna from pure orsion shall
ot exceed Ve Where

e 4 / fdn oot
T =

While +he ACQL 318-63 Code Sectiom 707
[Tmits  +he ultimate Shesr Strength Uy 4o

Ue = 4/

From +he above Two cases -+the
-ﬁ,lloang Ts concluded ;

wWhen Scale
[. Membrane stresses are com pressive
318 =63 TS "ore Conservative )

2. Membrane stresses are ensile
2Ng-63 Ts less  onservative &)
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ACL COPE PHILOSCOPHIES

The American Concrete Institute (ACI) Building Code Requirements for
Reinforced Concrete delineae two philosophies of design which have long been
in use: the so-callead workiny stress method, which was in general acceptance
and predominant use from early in this century to the early 1960's, and the
ultimate strength method, which nas been rapidly replacing working stress
since about 1963,

Working Stress Method

The working stress method of design is referred to as the "alternate
design method®™ by the most recenr ACI code. By this method, the designer
proportions structural elements so that internal stresses, which result from
the action of service lcads* and are computed by the principles of elastic

mechanics, do not exceed allowable stress values prescribed by the code.

The allowable stresses as prescribed by the ACI code are set such that the
Stresses under service load conditions will be within the elastic range of
behavicor for the materials involved. As a result of this, the assumption of
Straight line stress-strain bshavior applies reasonably for properly designed
structural members. The wewdar forces used in design by this method are those
which result from an elastic analysis of the structure under the action of the
service loads.

Ultimate Strength Design

The ultimate strength method is referred to as the "strength method® in
the most recent ACI code. By this method, the proportioning of the members is
based on the total theoretical str:ngth of the member, satisfying equilibrium
and compatibility of stress and strain, at failure. This theoretical strength
is modified by capacity reduction factors which attempt to assess the
variations to be encountered in material, construction tolerances, and

calculation approximation.

*Service loads are defined as those loads which are assumed to occur during the
service life of the structure.
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Strength Reduction PFactor

In the present code, the capacity reduction factor (4) varies for the
type of member and jis considered to account for the relative seriousness of
t'.e member failure as regards the overall integrity of the structure.

] ad _Pactors

Also, by this method, the designer increases the service loads by applying
appropriate load factors to obtain the ultimate design loads in an attempt to
assess the possibility that the service loads may be exceeded in the life of
the structure. The member forces used to proportion members by this method
are based on an elastic analysis of the structure under the action of the

ultimate design loads.

Importance of Ductility

A critical factor involved in the logic of ultimate strength design is the
need to control the mode of failure. The present ACI code, where possible,
has incorporated a philosophy of achieving ductility in reinforced concrete
designs. Ductility in a structural member is the ability to maintain load
carrying capacity while significant, large deformations occur. Ductility in
members is 2 desired quality in structures. It permits significant
redistribution of internal loads allowing the structure to readjust its load
resistance pattern as critical sections or members approach their limiting
Capacity. This deformation results in cracking and deflections which provide
a means of warning in advance of catastrophic collapse. Under conditions of
loading where energy must be absorbed by the structure, member ductility
bec~ es very important.

This concern for preserving ductility appears in the present code in many
ways and has guided the changes in code requirements over the recent decades.
Where research results have confirmed analysis and intuition, the code has
provided for limiting steel percentages, reinforcing details, and controls—-
all directed at guaranteeing ductility. In those aspects of design where
ductility cannot be achieved or insured, the code has required added strength

£O insure potential failure at the more ductile sections of structures.
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Examples of this are evident in the more conservative capacity reduction

factors for columns and in the special provisions required for seismic design.

Strength and Serviceability in Design

There are many reasons for the recent trend in reinforced concrete codes
toward ultimate strength rather than working stress concepts. Research in
reinforced concrete has indicated that the strain distributions predicted by
working stress computations in general do not exist in the members under
load. There are many reasons for this lack of agreement. Concrete is a
brittle, non-linear material in its stress-strain behavior, exhibiting a down
trend beyond its ultimate stress and characterized by a tensile stress-strain
curve which in all its features is approximately on the order of one tenth

smaller than its compressive stress-strain curve.

Time-dependent shrinkage and creep strains are often of significant
magnitude at service load levels and are difficult to assess by working stress
methods. While ultimate strength methods do not eliminate these factors, they
become less significant at ultimate load levels. In addition, ultimate
strength methocs allow for more reasonable approximations to thie non-linear
concrete stress-strain behavior.

In the analyses of structures, the designer must, by necessity, make
certain assumptions which serve to idealize the structures. The primary
assumptions are that the structure behaves in a linearly elastic manner, and
that the idealized member stiffness is constant throughout each member and
constant in time.

Working stress logic does not lend itself well to accounting for
variations in stiffness caused by cracking and variations in material
properties with time. Although the ultimate strength method in the present
code requires an elastic structural analysis to determine member forces for
design, it recognizes these limitations and, in concept, anticipates the
redistribution resulting from ductile deformation at the most critically
stressed sections and in fact proportions members so that redistribution will

occur.
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In addition to strength, a design must satisfy serviceability

requirements. In some designs, serviceability factors (such as excessive
deflection, cracking, or vibration at service load) may prove to be more
important than strength. Computations of the various serviceability factors
are generally at service load levels; therefore, the present code uses elastic
concepts in its controls of serviceability.

Factors of Safety

FPactors of safety* are subjects of serious concern in this review. For
working stress, the definition of the factor of safety is often considered to
De the ratio of yield stress to service load stress. This definition becomes
suspect or even incorrect where nonlinear response is involved. For ultimate
strength, one definition of factors of safety is the ratio of the load that
would cause collapse to the service or working load. As presented in the
present code; a factor of safety is included for a variety of reasons, each of

which is important but has no direct interrelation with the other. =

The present ACI code has divided the provisions for safety into two
factors; the overload factors and the capacity reduction factors (considered
Separately by the code) are both provisions to insure adequate safety but for
distinctly different reasons. The code provisions imply that the total
theoretical stzcngtn'to be designed for is the ratio of the overload factor
(U) over the capacity reduction factor (¢). The present ACI code has
assigned values to the above factors such that the ratio U/¢ ranges from

about 1.5 to 2.4 for reinforced concrete structural elements.

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