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FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Cancer
under a contract with the U.S. Nuclear Regqulatory Commission (Office of
Nuclear Reactor Regulation, Division of Operating 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 and M. Darwish of the Franklin Research Center.

Dr. E. W. Wallo, Chairman of the Civil Bngineering 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.

The report also incorporates the suggestions, guidance, and supportive

efforts provided by Mr. D. Persinko, the NRC Lead Engineer for this task.
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1. INTRODUCTION

For the Seismic Category I buildings and structures at the San Onofre
Nuclear Generating Station, Unit 1, 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 deviaticns 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 Regqulatory 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 Franklin Research Center under NRC Contract to.

NRC-03-79~118.
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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 power plants conform to a number
of different versions of these codes, some of which have since undergone

considerable revision.

There has likewise been a corresponding development of other licensing
criteria, resulting in similar non-uniformity in many of the requirements to
which plants have been licensed. With this in mind, the NRC undertocok an
extensive program to evaluate the safety of 11 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 basis for these evaluations.

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

Combinations.”

. This topic is charged with the compariscon 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 into an overall SEP

evaluation encompassing the entire spectrum of safety-related topics.

*The report addresses only the San Onofre plant.

DUUE Franklin Research Center
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3. REVIEW OBJECTIVES.

The broad objective of the NRC's Systematic Evaluation Program (SZP) is
to reassess the safety of 11 older nuclear power plants in accordance with the

intent of the requirements governing the licensing of current plants, and =o

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 currentc
structural design criteria for the major civil engineering structures at =ach
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 leasc
to a degree sufficient to assure that the nuclear power plant can be safelv

shut down under all circumstances.

The objective 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 to the San Onofre Nuclear Generating Station, Unit 1.
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4. SCOPE .

In general, the scope of work requires compérison 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. 1Identify current design requirements, based on a review of NRC

Regulations; 10CFR50.55a, "Codes and Standards"; and the NRC Standard
Review Plan (SRP).

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

each SEP plant.

1 structures as defined in the Final Safety Analysis Report (FSAR) for .

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 (beans,

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).

r)
!Uﬂ Frankiin Research Center
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‘ c. results of any comparative stress analyses performed in order to
assess the significance of the code 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 Designétion

III-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 4 ‘ Missile Generation and Protection

III-5 | Evaluation of Pipe Breaks

- . III-6 Seismic DesignA Considerations
II1-7.D : Structural Integrity Tests
VI-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, Reviewed in Generic Task A-7.
local region of drywell at vent

penetrations

Reactor pressure vessel supports, Reviewed in Generic Task A-2,
steam generator supports, pump A-12.

supports

Equipment supports in SRP 3.8.3 Reviewed generically in Topic

III-6, Generic Task A-12.

i .
Ldﬂ Franklin Research Center
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Other component supports (steel Specific supports have been '
and concrete) analyzed in detail in Topic
ITII-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.)

Testing of containment . Reviewed in Topic III-7.D.
Inservice inspection; quality Should be considered in the review
control/assurance . only to the extent that it

affects design criteria and

design allowables. Aspects of
inservice inspection are being
reviewed in Topics III-7.A and

III-3.C
Determination of structures that Not within scope.
should be classified Seismic
Category I
i Shield walls and subcompartments Reviewed in Generic Task A-2.
i inside containment
Masonry walls Reviewed generically in IE .
: Bulletin 80-11.
i
§ Seismic analysis ‘ Being reviewed as an independent
SEP Topic.

JUE l la“kjl” Resealc“ Cellt&l
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5. MARGINS OF SAFETY

There 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. Simultaneocusly, 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 possibly more than one)

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

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

computed margin--to 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, M5 = ¥s - 1,

Uﬁﬂﬁ Franklin ?esearch Center
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One may speak of margins of safety with respect to code allowable limits. .
This margin reflects the reserve capacity of a structure to withstand extra

loading while still conforming to all criteria governing its design.

One may also speak (if it is made clear in advance that this 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 it relates to
structural integrity, cannot be easily defined in any quantitative manner
without considering both. The SEP review concept is predicated on 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 not their design is sufficient to provide the

general level of safety that current licensing requirements assure.

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

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

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

positive, but ample. 1In fact, the critical judgments to be made (for SEP

plants) are:

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

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

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

of these two key considerations.

|
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. 6. CHOICE OF REVIEW APPROACH

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

(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 loading
combinations, to see if they meet the chosen SEP margin when challenged by
current loading combinations and evaluated to current criteria. This approach
gives the appearance of being efficient. The review proceeds from the general
(the chosen minimum margin of safety) to the particular (the ability of a
previously designed structure to meet the chosen margin). Moreover, issues
are immediately resolved on a "go; no-go" basis. The initial step in this
approach is not easy, nor are the necessary evaluations. One is dealing with

g 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 alternatiye approach is taken in this review. It proceeds from the
particular to the general, and'plaées 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
i elements (beams, columns, frames, and the like). It should be noted that this

process, although involving judgments, is basically fact-finding -- not

decisionmaking.

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

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

i f_
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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 questions will remain.

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

sharply focused upon a few remaining key issues.

-10-
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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

e 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

Uﬂ”f?%jnkhn Research Center

A Division of The Frankiin Institute
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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 to NUREG-800 (NRC's Standard Review Plan), the
operative document providing guidance to NRC reviewers on licensing matters

(see Reference 1).

Next, the Seismic Category I structures at the San Onofre Nuclear
Generating Station 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 licensed

today.

Workbooks were prepared for each code pair. The workbook format
consisted of paragraph-by-corresponding-paragraph photocopies of the older and
the current versions laid out side-by-side on ll-by-17-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 had been introduced, the intent

-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 complex. 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 gquesticn. Not infrequently, code committees are
called upon to protect against failure modes where the effects are well known:
but too little is yet clear concerning the actual failure mechanism and the
relative importance of the contributing factors. The committee often cannot
defer action until a full investigation has been completed, but must act on
behalf of safety. Issues such as these are usually resolved with prudence and
caution--sometimes by the adoption of a rule (based upon experience and
judgment) known to be conservative enough to assure safety. 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 enough to preclude

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

-13-
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Whenever it was found that code requirements had truly been relaxed, this .
3 was noted in the reviewer's comments in the code comparison review. Because

: liberalization of code criteria clearly cannot give rise to safety issues

concerning structures built to more stringent requirements, such matters were

not considered further.

On the other hand, whenever it was clear that a code 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 the
code change had the potential to significantly affect the perceived margin of
safety, this was ﬁoted in the comments and the paragraph flagged for further

: consideration.

Sometimes the effects of a code change are not apparent. Indeed,
depending upon a number of factors,* the change may reflect a tightening of
requirements for some structures and a liberalization for others. When
3 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
4 both the older and the current criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to
the older code requirements. Next, the load carrying capacity of this
structure was reexamined using current code criteria. Finally, the load
carrying capacities of the element, as shown by the older criteria and as
determined by the current criteria, were compared. Examples of investigations

performed to assess code change impacts are found in Appendix C.

*Geometry, material properties, magnitude or type of loading, type of supports--

to name a few. .

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

the parametric range encountered in nuclear structures.

Although one must be cautious about cléiming that results from simplified
models may be totally applicable to the more complex situations occurring in
real structures, it was felt that 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 II1I-7.B assignment indicates, a limited
objective is sought in-assessing the effects of code changes on Seismic

Category I 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 the 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 alcne. 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 Classification of Code Changes

Where code changes involve technical content (as opposed to those which
are editorial, organizational, administrative, and the like), the changes are

classified according to the following scheme.

*The addition of a new load can change the location of the point of highest
stress.
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BEach 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 former criteria.

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

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

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

Scale C Change -- The new criteria will give rise to larger margins of safety
than were 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 are designated as "Scale A," and others as "Scale
C." Others 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

guestion 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 adequate; but it does not

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

*That is, if (all other considerations remaining the same) safety margins as
computed by the older code rules were to be recomputed for an as-built
structure in accordance with current code provisions, would there be a
difference due only to the code change under consideration?
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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 rated 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
case, the code change does not happen to affect all columns in a unilateral .

way .

7.4.1.2 Code Impact on Structural Margins

This classification of code changes identifies both (a) changes that have
the potential to significantly‘impair perceived margins of safety (Scale A) and
(b) changes that have the potential to enhance perceived margins of safety
(Scale Q).

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

structure-specific circumstances, it may or may not pertain.

*There are axceptions, but these are code-related, not adequacy-ralated. .
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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 then-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.

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

conditions was low with
ample margin for addi-
tional load

Maximum stress in beam Beam qualifies for Beam may be
"under original loading higher stress limit adequate under current
condition was near former ' Criteria

allowable limit

Maximum stress in beam Beam does not gualify 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
péint out code changes which might impair perceived margins of safety, and
that assessment of their pertinence is best accomplished at the structure-

specific level.
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7.5 PLANT-SPECIFIC CODE CHANGES

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

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

In-depth examination of design drawings, audit of structural analyses,
and review of plant specifications were beyond the scope of the III-7.B task;
accordingly, such activities were not attempted. However, occasional
reference to such documents was necessary to the review work. Consegquently,
it was possible to cull from the list some items that were obviously
inappropriate to the San Onofre 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 San
Onofre 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. SAN ONOFRE SEISMIC CATEGORY I STRUCTURES

SEP Topic III-1 has for its objectives the classification of components,
structures, and systems with respect to both quality group and seismic
designation. The task force charged with this responsibility has presented
its findings in Reference 6, and the following structures have been determined

to be Seismic Category I:

Containment sphere structure including penetrations

Sphere enclosure building

Reactor auxiliary building

Control room, switchgear room, and battery room in control building
Intake structure

Spent ftuel building and spent fuel pit in fuel storage building

New diesel generator building

o 0 o O 0O o O o

Turbine building areas 6 and 7 below HP and LP heater platform

The primary vent stack is not mentioned in Reference 6. It may be
appropriate, however, to include the primary vent stack in the above list as a

Seismic Category I structure based on its proximity to other Seismic Category

I equipment and structures; therefore, load and load combination tables for

the vent stack are included in this report.
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The structural codes governing design of the'major Seismic Category I

structures for the San Onofre Unit 1 Nuclear Generating Station are detailed

in the following table.

Structure

1. Containment Sphere

2. Sphere Enclosure
Building

3. Reactor Auxiliary.
Building

4. Control and Switchgear
Rooms in Control
Building

5. 1Intake Structure

6. Fuel Storage Building

7. New Diesel Generator
Building

8. Turbine Building*

The major codes used for the original design are identified in References

4 and 8.

*

Design
Criteria

ASME Section III,
Subsection B, 1963

ACI 318-71
UBC, 1973
AISC, 1969 (with

supplements 1 & 2)

ACI 318-63
AISC, 1963

ACI 318-63
AISC, 1963
ACI 318-63

ACI 318-63
AISC, 1963

ACI 318-71
AISC, 1969 (with
supplements 1, 2, & 3)

UBC-1961
AISC, 1963

Current
Criteria

ASME Section III,

Division 1,

Subsection NE,

ACI 349-76
ACI 349-76
AISC, 1980

ACI 349-76
AISC, 1980
ACI 349-76
AISC, 1980
ACI 349-76

ACI 349-76
AISC, 1980

ACI 349-76
AISC, 1980

ACI 349-76
AISC, 1980

The implied conformance to ACI 318-63 is assumed in this review.

UHHE Franklin Research Center
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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. 1In some cases, the
required loaas 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. 1In this report, loads and
load combinations are treated within the present section whether or not the

structural design codes also include themn.

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

they may appear as provisions of the structural design .codes.

To provide a compact and systematic comparison of previous and present

requirements, two sets of tables are used:

l. 1load 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 procedurés reguire

demonstration of structural integrity.

_23_
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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 structure,

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

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

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

’

2. The loads included in the actﬁal 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.

5. If a deviation is found, a judgment (in the form of a scale ranking)
is made as to the potential impact of the deviation on perceived

margins of safety.

6. Relevant notes or comments are recorded.
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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. 1In 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 topics devoted to such

issues.

After the load 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 vlants
were designed. Consequently, other sets of load combinations were used. In
comparing actual and current criteria,. an attempt was made to match each of the
load combinations actually considered to its nearest counterpart under present
requirements. For example, consider a plant where the safe shutdown earthguake
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.

Por 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. 1In particular applications, some of these
are either inappropriate or insignificant. Therefore, the first step
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is to strike all loads that are not applicable to the structure under
consideration from all load combinations in which they appear.

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

summation considered for design.

Thus, the comparison between 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

omitted 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 to 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. 1Instead, a limited number of locading

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

1. 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
greatest consequences to public health and safety.

4. 1If 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 lcadings

associated with less severe consequences.
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. 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 calculatiénal 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 Eg Loads ge_ﬁ;;Vaté_c—i—by—mt{k—re'o_perating ‘basis éarth;;uake.
E' or Egg Loads generated by the safe shutdown earthquake.
F Loads resulting from the appiication of pre-stress.
H Hydrosta;ic loads under operating conditions.
Hy Hydrostatic loads generated under accident conditions, such as
post-accident internal flooding. (FL is sometimes used by others*

to designate post-LOCA internal flooding.)

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

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

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

' *See, for example, SRP 3.8.2.

-27-

iTFra

ranklin Research Center
A Division of The Frankiin Institute

u




TER-C5257~318

All pressure loads which are caused by the actuation of safety
relief valve discharge including pool swell and subsegquent
hydrodynamic loads.

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

Pipe reactions during startup, normal 6perating, or shutdown
conditions, based on the critical transient or steady-state
condition.

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

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

i T, Thermal effects and loads during startup, normal operating, or
| shutdown conditions, based on the most critical transient or
steady-state condition.

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

!
W Loaas 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-

Ccreated differential pressure, and tornado-generated missiles.

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

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

¥, 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
combination is provided by the referenced SRP. All SRPs are prepared to a
standard format; consequently, subsection 3 of each plan always contains the

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

"COMPARISON OF DESIGN BASIS LOADS"
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g

STRUCTURE:
COMPARISON OF DESIGN BASIS LOADS
’ CONTAINMENT SPHERE -- Stesl
SAN ONOFRE 1
Current |Is Load Is Load SEP Topilc Does Load | Does Code
Design | ApplicablgIncluded Reviewing Magnitude | Deviation| Impact
Basis To This In Plant This Load Correspond| Exist Scale Comments
Loads StructuredDesign ° To Present| In Load Ranking
Basis? Criteria? | Basis?
>.
- Yes Yes ——— Yes No ——
~ )
o L Yes Yes ————— Yes No ——
<
Yo —— — No —
. H Yes No II11-5.4 * * * L.
5 3 Yes Yes -— — No -—
2 ° :
S P Yes Yes vI-2.D, III-7.B * * * 2.3
P_‘ No No -— —— No —_—
- ‘1'o Yes Yes — — — —
g Ia Yes Yes vi-2.D, 11I-7.8 * * bl 2.
=
Tg No No -— No -_—
R Yes - Yes —— — -—_4, —
. -]
¥ = .
fad R Yes Yes ————— —_— —. 4. A
a = a . x
No No ———— -— No —
= E' Yes Yes - I1I-6 * * A‘ 6.
- . L.
§ E Yes Yes 111-6 * * *
S W No No 1II-2, III-4.A * » *
3 W No Yes III-2, III-4.A * * * 5.
3
v, Yes No III-5.A * * *
9 ' .
-;i Yy Yes No III-5.A * : * *
= 15 Tes No I1I-5.4 * * *

Ref.; SRP(1981) Section 3.8.1 or 3.3.2
Comments

* To be determined per results of SEP topics. Scale ranking shown for SEP :opicAitems are independent
judgments, based on information in the FSAR or other original design documents.

Item ITI-3.A of referemce 4 states that "The design of the Unit 1 structures did not imclude water
loads resulting from the effects of high water levels. However, in 1977 the capacity of the San Onofre
Unit 1 storm drain system was increased such that precipitation of probable maximum intensity will not
result in flooding of safety-related structures, systems, and components.

Paragraph 4.3.2.2 of reference 5 states that the sphere is designed for an internal pressure of 46.4 psig
and a temperature of 271.29F, and a maximum temperature rise of 200°F. This {s design pressure.

Paragraph 3.8.2.3 of reference 8 states than an internal pressure of 49.4 psig was used in the analysis.
This pressure represents the post accident containment peak pressure,

Paragraph 3.8.2.3 of reference 8 states that the feed water piping loads due to differential thermal and
seismic movement were treated as primary loads and combined with dead weight, design pressure and seismic
inertia loads. Yo mention of how other pipes were treated.

Section 4.3.2.3 of the FSA Reference 1l states that the design wind velocity of 100 mph was originally used
for the sphere. The sphere enclosure building constructed later relieved the sphere from the necessity of
carrying the wind loads.

Paragraph 9,2.5.2 of Volume V of Part II of the ISAR staces that an aquivalent horizontal scatic force =qual

to 23 percenc of :zhe structures dead weight and an 2quivalent vartical stactic Zorce equal o two-chirds of

the horizontal force were applied zo che sphere. TFor subsequent evaluacion containment post accident reanalysis
1977 enclosure 2 to reference 9 states "earthquake loading associated with DBE (2/3g Housner) amd OBE (1/3

DBE)" were used. ;
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STRUCTURE : ]
COMPARISON OF DESIGN BASIS LOADS :
SPHERE ENCLOSURE BUILDING
PLANT: SAN ONOFRE 1
Current | Is Load Is Load SEP Topic Does Load | Does Code
Design ApplicabldIncluded Reviewing Magnitude | Deviaction|Impact
Basis To This In Plant This Load " ICorrespond] Exist Scale Comments
Loads StructureiDesign To Present] In Load Ranking
Basis? Criteria? | Basis?
- "
= . Yes Yes ——— Yes No —
- >
5 L . Yes Yes ——— Yes No —
<
@ F No No — — No ——
e
3 1 Yo 4. o 1II-3.a * * *
0
Q
i P Yes Tes 1I1-5.8 * * * 6.
a
-
q T Yes Yes ————— —_— No —-
E o
2 Yes Yes I1I-5.8 » * * 6.
= a
=
o =2 R, Yes Yas ——e -— — —
=% (3
- Q)
& x R, Yes Yes — -— —_ —_
3 E' Yes Tes I1I-6 * * * 5.
§ E Yes YTes 111-6 * * *
2 W Yes Yes II1-2, III-4.A * * * 3.
>
g W Yes Yes 111-2, III-4.A cox * * 2.
' |
Y. Tes Tes I11-5.8 * * * 6. !
@ |
4 |
= Y Yes Yes III-5.B * * * 6. |
= i |
g |
- Y Yes Yes III-5.B * * * 6. |

. Ref.; SRP(1981) Section 3.8.4
Comments ’ )

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are inéenendent
judgmencs, based on information in the FSAR or other original design documents.

1. Reference 10 indicates that a finite element model with dynamic capabilities is to be used for the
design of the building. Results of this analysis is not available for FRC evaluatioca.

2. Paragraph 3.1.1.3.2, Reference 10, states the design wind load will be based on a design wind velocity
(defined as the fastest mph of wind at 30 feet above ground level) of 100 wmph.

3. Section 3.b. of Reference 12 states the following:- "The building is also designed for the effect of a
tornado wind having a maximum total horizontal velocity of 260 mph and an atmospheric pressure drop of
1.5 psi in 4.5 seconds followed by a constant pressure for 3 seconds and a repressurization. Because
these values deviate from the design basis tornmado characteristics for Region II deseribed in Regulatory
Guide 1.76, 'Design Basis Tornado for Nuclear Power Plants', the licensee provided an analysis of tornado
data from seven southwestern California counties for the period 1952 teo 1975. Our independent evaluation
of cthe data, based on the method described in WASH-1300, "Technical Basis for Interim Regional Tormado
Criteria", showed that these values are acceptable for the Statiom site."

4, Section 3.b of reference 12 states that the highest flood or ground water elevation is below the base
of the sphere enclosure building, therefore, such effects will not affect the design of the building.

5. Section 3.b. of reference 12 states that "The seismic input for the sphere enclosure building is the
- same as that used for SONGS, Units 2 and 3. Units 2 and 3 are located at the same site as Unit 1 and
were evaluated and accepted by us using current seismic design criteria. The damping values for struc-
tures and components are in agreement with Regulatory Guide 1.61 and the damping values for soil are
conservatively estimated from experimental data."

6. Section 3.b. of reference 12 states thac” The building will be designed to resist various combinations
of dead loads, live loads, and environmental loads as discussed above. Loads generated by a2 posculaced
high-energy pipe break, including pressure, temperature, reaction and jet impingement Zorces :ind impac:t
affects of whipping pive, are also considered in the design. The load combinations and acceptance
criteria are the same as those used on recent license applications and are in agreement with our position
on this matter.” '

_.3]__
UE Franklin Research Center
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TER-C5257-318

STRUCTURE :
REACTOR AUXILIARY BUILDING

COMPARISON OF DESIGN BASIS LOADS

PLANT: SAN ONOFRE 1

Current { Is Load 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 StructureiDesign To Present In Load |Ranking
Basis? Criteria? | Basis?
F
-~
fort Yes Yes — Tes No —_——
»
8 L Yes Yes — Yes No —
3
° No No -_— No -
bl
: H Yes Yes III-3.4A * * * 3
]
v
& P Yes — III-5.8 * * *
a
g Negl. —— - No
o
9 Yes — I1I-5.8 * * *
; a
PR R Yes No — -— -_ -—
= o
Se 3 . —— — —
& = R Yes — A
a X
s =
] S E' ‘Tes No I1I-6 * * A
{ g X
g E Yes Yes I11I-6 * * * 1.
E W Tes Yo I11-2, III-4.A * * A
> - .
Yes Yes - - * .
s W III-2, II1-4.A * ot . 3
Yr Tes — I1II-5.8 * * *
v
E Yj Yas — III-5.B * * *
[~
5 *
- Ym Yes - I1I-5.8 * *

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 information in the FSAR or other original design documents.

1. Responge E.(2) of item III-7.B of reference (4) states that stresses were limited to working stress
levels for the 0.25g Housner spectrum. Since the building was assumed rigid, a 0.25g static force
was applied.

2. Response E.(2) of item III-7.B of reference (4) states that load corresponding to 80 aph (1l5psf) were
used for this structure since it 1s less than 30 ft above ground.

3. Response E(2) of item III-7.B of reference (4) states that "Hydrostatic loads due to ground water
and vehicle surcharge loadings were also considered.”
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TER-C5257-318

STRUCTURE : CONTROL AND SWITCH-
COMPARISON OF DESIGN BASIS LOADS GEAR ROOMS IN CONTROL
ADMINISTRATIVE BUILDING
(Main Building)
PLANT: SAN ONOFRE I
Current | Is Load Is Load SEP Topic Does Load | Does Code
Design ApplicablqIncluded Reviewing Magnitude | Deviation|Impact
Basis To This In Plantc This Load Correspond] Exist Scale Comments
Loads StructureiDesign To Present In Load Ranking
Basis? Criteria? | Basis?
>
..;.f Yes Yes — Yes No —
s Yes Yes — Yes No —
Q
@ Ne —_— —— No ——
)
S H No No I1I-3.4 * * *
a
¥
& P, — -— I1I-5.8 * * *
I‘-é ° Negl. —_— ——— -— No _—
9 -— —_ I1I-5.8 * * *
£ a
> — — — N P
2] % o °
Zedl g Yo — | — — | e | — ,
a
-t
S E' Tes Yes 111-6 : * * A .
é E Yes Yes I1I-6 * * * 1.
2 W' Yes No III-2, III-4.4 * * A
z W Yes Yes 1II-2, III-4.A o * * -
Y No — ITI-5.8 * * * -
o r
o
= Yj No — III-5.8 * * *
&
= Ym No — III-5.3 * * *

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 information in the FSAR or other original design documents.

1. Response D (2) of item III-7.B of reference 4 states that seismic inputs of 0.25g and 0.5g were
cousidered.
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COMPARISQ: . DESIGN BASIS LOADS

TER-C5257-318

STRUCTURE:

INTAKE STRUCTURE

PLANT: SAN ONOFRE I
Current | Is Load Is Load SEP Topic Does Load ] Does Code
Design ApplicablqIncluded Reviewing Magnitude | Deviation|Impact
E Basis To This |In Plant This Load Correspond| Exist Scale Commencs
| Loads StructureiDesign To Presentd In Load Ranking
§ Basis? Criteria? | Basis?
5
i
E >
? § Yes Yes —— Yes No —
i E L Yes Yes —— Yes Yo _—
i
i
i o No No _— No -—
i 1
! a Yes Yes I1II-3.A * * * 1.
) @
Q
& P No No 11I-5.B * * *
g To Negl. — — — No —
o No - III-5.B * * *
= EY
- U
2 = R No — — — No —
2 .
3 E' Yes No III-6 * . A,
g E Yes Yes 117-6 * * * 2.
2 W' Yes Yo I1I-2, III-4.& * x L *
E W Yes — T11-2, I1I-6.A * * *
Y No No III-5.8. * * *
@ r )
-; Y No Yo III-5.B * * *
g
2 Y Yo- Yo 111-5.8 x o *
Ref,; SRP(198l) Section 3.8.4%

Comments

* To be determined per results of SEP topics.
judgments,

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

1. Response H of Item III-3.B of reference 4 states that "The intake scructure was designed for dead
load plus live load plus earth pressure plus an H20 vehicle surcharge load."”

2. Response H of Item III-3.B of reference 4 states that "A seismic lateral load based upon a 0.25¢g
Housner spectrum was also considered in combination with dead load.

44“7ESS>\
UUUU Franklin Research Center

A Division of The Franklin Institute
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TER-C5257-318
STRUCTURE :
COMPARISON OF DESIGN BASIS LOADS FUEL STORAGE BUILDIN
PLANT : SAN OMOFRE I
Current | Is Load Is Load |- SEP Topic Does Load | Does Code
Design ApplicablqIncluded Reviewing Magnitude | Deviacion|Impact
Basis To This In Plant This Load Correspond} Exist Scale Comments
Loads StructureiDesign To Presend In Load Ranking
Basis? Criteria? | Basis?
>
= Yes Yes —— Yes No —
>
2 Yes Yes ——— Yes Yo ———
< .
o No No ' ————— -— No -—
St
Z Yes No III-3.4A * * * 3.
o — *
oy ?, No 1II-5.B * *
3 Negl. -— -—— -— No —
g ° N N
3 No ° II1-5.B * * *
g a
v £ Ro No -— ——— —— No -_—
S 9 N
&~ = R No — — -— No -—
a
—
3 E’ : Yes No 111-6 * * A L.
e x
: E Yes Yes 111-6 * * * L.
_-Ej. W' Yes No I11I-2, III-4.A * * AL 2.
E W Yes Yes ITI-2, ITI-4.A ) o * 2.
Y Yo — 111-5.8 * * * )
° .
l; Y No — I11-5.B * * *
5 4 Yo —_ 111-5.8 * * *

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 information.in the FSAR or other original design documents.

1. Response E.(2) of {tem III-7.B of reference (4) indicates that static force based on 0.25g was
used as the seismic load.

2. Response E.(2) of item III-7.B of reference (4) states that wind loads of 20 psf, corresponding
to 90 mph were utilized.

3. Paragraph III-3.A of reference (4) states that "The design of the Unit 1 structures did not include
water loads resulting from the effects of high water levels. However, in 1977 the capacitv of the
San Onofre Unit 1 storm drain system was increased such that precipitation of probable maximum inteasity
will not result in flooding of safety~related structures, systems, and compomnents.

~35-
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TER-C5257-313

STRUCTURE : NEW DIESEL
COMPARISON OF DESIGN BASIS LOADS 1
GENERATOR BUILDING :
PLANT: SAN ONOFRE 1
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 StructureiDesign To Present In Load [Ranking
Basis? Criteria? | Basis?
oy
z Yes Yes —_— Yes No —
g Yes Yes —_—— Yes Ne ——
@ No No — — No
i
a H No Yes III-3.A * * * 4.
f
Y
I P No - II1-5.8 * *
g o Negl. — — Yo ——
2 T, No _— 111-5.B * * —
=
o 2 RS Yes Yes — - — E—
Sad
ZUE| R Yo / — —_— — Yo S
E E' 'Yes Yes III-6 * * *
g E Yes Tes 1II-6 ] * *
E W' Yes Yes II1-2, II1-4.A o * * 3.
E W Yes Yes 111-2, III-4.A * * * 2.
Yr No -_— I1I-5.8 * * *
i .
= Y, No - I11-5.3 * * *
g »
- . Yo - 111-5.B x N

Ref.; SRP(1981) Secricm 3.8.4
Comments

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

1. Referenmce 9 indicates that the referenced analysis 1is intended to be used in the design of the new
diesel generator building. This building was being designed at the time reference 9 was issued.

2. Paragraph B~2, item 2, reference 9 states that the design wind load will be based on a design wind
velocity of 100 mph at 30 fr. above ground level.

3. Paragraph C-2, item 2, reference 9 states that the diesel generator building will be designed to withstand
a tornado wind having a maximum total horizontal velicity of 260 mph, corresponding to 220 mph rotational
wind with translational velocity of 40 mph. and per reference 13, those wind loading criteria we found
to be acceptable.

4. Reference 13 states the highest flood or ground water elevation is below the diesel generator building
foundation, which will not be adversely affected by flooding.

_3 6_
UU Franklin Research Center *
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TER-C5257-31¢8

STRUCTURE: TURBINE BUILDING
[ -
COMPARISON OF CESIGN BASIS LOADS AREAS 6 & 7 BELOW HP & LP HEATER
PLATFORM
PLANT:  SAN ONOFRE [
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} Existc Scale Comments
Loads Structure{Design To Present In Load [Ranking
: Basis? Criteria? | Basis?
>
E Yes Yes — — No —
2 L Yes Yes ——— — No —
Q
@ No _— [ No —
St
2 Tes —_ I1I-3.A * * *
@
L
b P Yes No III-5.8 * * *
a
3 N
E ° Negl. No —— — No
g Yes No 111-5.B * * *
= a
=
o = R Yes No — — Yes
a o o
—- a Y
& = Ra Yes No ———— — Yes
3
L
: E Yes Yo 1I1-6 * * A 1
g E Yes Yes IIT-6 * * *
2 W' Yes Yo S I1I-2, I1I-4.A * * A 1
E W Yes Yes I1I-2, III-4.4A * » *
Y Yes — III-5.38 * * *
o 4
@Q
3 Yj Yes —_ 1II-5.8 * * *
g
- Ym YTes -—_ II1-5.8 * * *

Comments

{

|
| A Division of The Franklin Institute

Ref.; SRP(1981) Section 3.8.4

* To be determined per results of SEP topies.
judgments, based on information i{n the FSAR or other original design documents.

'JHU Franklin Research Center
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Scale ranking shown for SEP topic items are independent

1. Response G.2 of item ITI-7.B of reference 4 states that "The design seismic load was 0.2 times
the dead load (including the gantry crane) applied in any direction. A wind load of 15 psf was
considered, however, the seismic load case governed the design.”




COMPARISON OF OESIGN BASIS LOADS

TER-C5257-3138

STRUCTURE :

VENT STACK (steel)

PLANT : SAN ONOFRE 1
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} Exisc Scale Comments
Loads StructureiDesign To Preseny In Load Ranking
Basis? Criteria? | Basig?
2
- Yes
>
2 Yes
<]
@ No - - - No -
e
a H No - III-3.4 * * *
@
Q
o P No - II1-5.B * * *
El T
F o es
2 T No I1I-5.8 » * *
e a
o 2 Ro Yes (Duct)
a [
- U
.~ = R No - - - - -
a
; E' Yes I1I-6 * * *
E E Yes 111-6 * * *
_E:. w' Yes I11-2, III-4.A * * *
Z W Yes II1-2, III-4.A * » *
k¢ No II1-5.3 * * *
o 4
= ¥ No :
3 1 b I1I-5.8 * * *
g
= Y No ITI-5.B * * *

Ref.; SRP(1981) Section 3.8.4

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

I

Comments

judgments,

n

Uﬂ Franklin Research Center

A Division of The Franklin institute
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TER-C5257-318

1 10.4 LOAD COMBINATION TABLES

"COMPARISON OF LOADING COMBINATION CRITERIA"

-39~
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TER-C5257-318

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE
PLANT: SAN ONOFRE 1 CONTAINMENT SPHERE
; Combined § Gravity Natural Impulsive |Scale
Loading Dead, Thermal Pressure|Mechanical] Phenomena | Loading Ranking
Cases Live
< 1 D+ L
- o
2 2 D+ 1L
5 & NN
@ 3 D+ L T P R
S a a a
, >
5 4 D+ L 'ra+‘<g‘i L Ra+v\
e
3|t J@&D G | ® ®
Q
il ® & |
9
E 3 D+L \J x \QQ E
@ 4 D+1L T, + x& Pt }k R, * h!
;| 2D6 |6 |© |9
3
i &S |6 |® ©
3 3 D+1L T, + P+ R+ E'
1)
E as\ ax\ a\gﬂ
b}
U]
1 D+L T, P R, &' T
a ' Y +Y +Y .
e 2 D+ L ra+‘s\ P+ 1234»»\g £ | a 2
m . )
>
@
@
<
b
2
Y
- ;]
1 D+1L FL E
Soo
3z
13
- 9
3=
&

Ref.: SRP Section 3.8.2 Steel Containment

Notes

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

2. For purposes of the SEP Review, demonstration that structural incegrity
1s maintained for load case indicated above (per current criteria) may
be considered as providing reasonable assurance that this structure meets

3 the intent of current design criteria.

Uﬂ“ Franklin Research Center

A Division of The Franklin Institute




COMPARISON OF STRESS LIMITS
FOR -
= STEEL CONTAINMENT STRUCTURES
| e |
= PLANT SAN ONOFRE 1
>
> ,
g% SERVICE CURRENT CRITERIA Sefsnic Reevaluat ion and odi Fication, San Onofre 1
elsmic Reevaluation an 01 cation, >an Onofre
35 LEVEL (REF.: TABLE NE - 3221-1, ASME SECTION III, 1980) (REF.: Aoril 29, 1977 - NRC Docket 50-206)
R CRITERIA VALUE, psi CRITERIA VALUE, psi
w
3 P 1.0s 19,250 . . .
22 m me SHELL MATERIAL
=5 A i 19 e - SPEC. NO. SA 212 GRapg: B SA 300
= : . . . 2 :
é’ﬂ? PL + Pb 1.5 Smc 28,875 Requirements
53 PPt 3.05,, 67,500 , VIELD STRESS (S,) = 38,000 psi
o {See note 6) ' _ ULT. STRENGTH (5) = 70,000 psi
P 1.0 8 19,250 P 1.0 § 21600 (see note 8)
m mc m m S = 19,250 si
P 1.5 28,875 P 1.5 § 32400 CURRENT me , p
8 L me L m PRIMARY sm] = 22,500 psi
Pt P, 158 28,875 PP, 1.5 s 32400 stoess. rewsiry | o g 3({0& " oF
P+ P+ Q 3.0, 67,500 LIMIT See notes
{See note 6) e DESIGN .
PRIMARY s 17,500 psi
P, 1.2 0r 1.0 38,000 P . 1.2 s | 25920 MEMBRANE e 300 OF
STRESS LIMIT
I c P, 185, or 155, 57,000 P 1.8 s | 38880
*
ﬁd P +P 1.8S orl.5S 57,000 Pt Py 1.8 s, 38880 SA 212 Grade B is equivalent to SA-516
Ltob me y P+ P, +0Q 3.0 S 64800 Grade 70 of the ASME Section 111, 1980 Code
{See notes 3, 4 & 6) L b . m_|
Py 1.0 8¢ 41,650
. . P 1.5 S, 62,475
Pt Pb 1.5 S¢ 62,475
{See notes 2, 5 & 6)
PUST - Pm 1.2 Smc or 1.0 Sy 38,000
FLOODING P 185, 0r 155 57,000
CONDITION P+ p
(S 185 or15s 57.000
Pt Pyt Q 3.0 50 67,500 |
{See notes 4 & 6) . |
NOTES: 1. NOTE THAT CURRENT PRIMARY STRESS INTENSITY LIMITS PRESUME {AMONG OTIER CODE QUALITY CONTROLS) MODERN COMPUTERIZED : |
METHODS OF ANALYSIS.  CONSEQUENTLY, CAUTION SHOULD BE OBSERVED IN MAKING DIRECT COMPARISONS WITH DESIGN STRESS LIMITS |
APPROPRIATE FOR LESS MODERN ANALYTICAL PROCEDURES. i
2. THE COMPARABLE CURRENT CRITERIA ASSUMING ELASTIC METIHODS WERE USED FOR THE ORIGINAL DESIGN ANALYSIS. 2
3. VALUES SHOWN PERTAIN TO INTEGRAL AND CONTINUOUS STRUCTURES ONLY. o
4. THE LARGER OF THE THO LIMITS IS APPLICABLE. . &
5. Sf IS 85% OF THE GENERAL PRIMARY MEMBRANE ALLOWABLE PERMITTED [N APPENDIX F OF SECTION 111, ASME CODE. wn
. 6. IR ALL INSTANCES FATIGUE AND BUCKLING CRITERIA MUST ALSD BE SATISFIED. N
7. IN ACCORDANCE WITH ASME 111, DIV. 1, SUBSECT. KE, SUBPARA. NE 212+, WIS HATERIAL ur
| IS NOT LISTED AMONG THOSE CURRENTLY PERMITTED. REF: APPENDICES TASLE 1-10.1 et
“CURRCNT" STRESS VALUES LISTED ARE DERIVED USING S = 1.1 x 1/4 x Su, and S | 5
C3000F FROM TAGBLE H-421 ASME B8PV CODE SEC. I11. cl'Riss A, (1965). hat
; 8. AS PER PARA. 3.8.2.5 OF REFERENCE 10, THE MINIMUM TENSILE STRENGTH OF THE CONTATNMCNT SPHERE MATERIAL ~ o

AS USED IH THE AHALYSIS WAS ESTABLISHED BY STATISTICAL APPROACH.  THE RESULTING ALLOWABLE STRESS INTENSITY
S OHAS 21,600 PST, WHICH AMDUNTS TO AN INCREASE O 127 OVER THE VALUE OF S WIHICH WOULD BE OBTAINED BASED
oot THE MATCRIAL SPECTEICATIONS . n




TER-C5257-318

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: 4.,5.
CONCRETE STRUCTURES : SPHERE ENCLOSURE BUILDING
PLANT: __ SAN ONOFRE 1 (concrete)
Combined
Loading ]|Gravity Dead, Live} Thermal Pressuref Mechanical P::;g;:ia I:Z:ii;;e Scal§
Cases Ranking
1 1.4D + 1.7L
2 1.4D + 1.7L 1.9€
3 1.4D + 1.70L ‘ 1.7W
4 .75 (1.4D + 1.71L)]|.75 x 1.7 T° 75 x 1.7 Ro
5 .75 (1.4D + 1.7L)} .75 x 1.7 T° .75 x 1.7 Ro .75 x 1.9E
6 .75 (1.4D + 1.71)} .75 x 1.7 To .75 x 1.7 Ro .75 x 1.7W
7 1.2p 1.9
8 1.2D 1.7W
)
9 D+ L To Ro E
| 10 D+ L To Ro wt
11 D+ L ) Ta 1.5 ga Ra |
12 D+ L ' Ta 1.25 Pa Ra 1.25E Yr + Yj + Yh
" N [
13 D+ 1L - 'Ta ) Pa R Ra E YF + Yj + Ym

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

Notes

1. Ultimate strength method required by ACI-349 (1977).
working stress
2. Methods used in desigq -{ ule te strengch
3. Loads deemed inapplicable or negligible struck from loading combinations.

4. Full compliance with the above load combinations was planned for this design,
as indicated in reference 10. The licensee should indicate which load combinations
were selected as governing design and analyzed for resulting stresses.

5. In a number of cases, the compliance with current criteria of assumed loads
is to be determined by other SEP tasks. (See the appropriate chart comparing
design basis loads to current criteria in Sectionm 10.3 of this report). For
any loads found to deviate from current criteria, the licensee should assess
the effect of this deviation on the stress results found for the load combinations
in which such loads appear.

~-42- ‘
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TER-C5257-313

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
STEEL STRUCTURES (Elastic Analysis) SPHERE ENCLOSURE BUILDING
(steel) 3.
PLANT : SAN ONOFRE 1
Combined Gravicy Natural Impulsive
Loading Dead, Thermal Pressure Mechanical Phencomena Loading Scale
Cases Live
1 D+1L
2 D+L E
3 D+ 1L . W
4 D+1L T, Rﬂ
5 D+1L T, R E
W
6 D+1L T, \
E,
7 D+1L T, \9\
W
8 D+L To Y\ .
9 D+1L 'I‘a Pa K
- Y, +Y_+Y
10 D+L T, 1 \ E 3 e Y
E' Y, +Y +Y
11 D+1L . T, ?, \&\ s e S
Ref; SRP (1981) SECT. 3.8.4 Other Cafegory 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 factor
used is also encircled.

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

3. Full compliance with the above load combinations was planned for this design,
as indicated in reference 10. The licensee should indicate which load combi-
nations were selected as governing design and analyzed for resulting stresses.

4. In a number of cases, the compliance with current criteria of assumed loads is

to be determined by other SEP tasks. (See the appropriate chart comparing

design basis loads to current criteria in Section 10.3 of this report). For

any loads found to deviate from current criteria, the licensee should assess

the effect of this deviation on the stress results found for the load combinations
in which such loads appear.
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TER-C5257-318

5.
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
CONCRETE STRUCTURES REACTOR AUXILIARY BUILDING
PLANT: SAN ONOFRE 1
Combined :
Loading {Gravity Dead, Live Pressure| "Mechanical P::;::zia I:g:ﬁiive
Cases - g
1.4D + 1.7L
1.4D + 1.7L
1.4D + 1.7L
§ . . . AT . .
: 4 75 (1.4D + 1.7L) = 75 x 1.7 R,
| 5 .75 (1.4D + 1.7L) vlé—*—i-i—#a .75 x 1.7 R° .75 x 1.9E )
| 6 .75 (1.4D + 1.7L) ﬂ%H%ﬁrifﬁ—?; .75 x 1.7 Ro .75 x 1.7W
7 1.2D : 1.9E
g 8 1.2D 1.7W
[~ g Teel
° AR h LN oy <l
| 10 D+L \(& R, . L A
11 D+1L T 1.5 P R
9 3 a a
4 4
i 12 D+L ST 1.25 P R 1.25E | Y_+ 7Y, +¥Y
3 . a a a T 3 af
- L]
13 D+ L Ta Pa Ra g Yr + Yj + ¥ Ax
1 Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
; Notes 1. Ultimate strength method required by ACI-349 (1977).

2, Methods used in design { working SETESSv’
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 tequired were used, the factor
i used is also encircled.

5. Information on original design basis is not stated in the material
provided for review.

6. For purposes of the SEP Review demonstration that structural integrity is
maintained 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.

7. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topic II1I-6 are indicated by dash-lined boxes.

8. The loads contributing to the loading combinattons appropriate to the steel
portions of this structure are essentially the same as those shown above for
the concrete construction.

-44-
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TER-C5257-318.

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: CONTROL & SWITCH-
GEAR ROOMS IN CONTROL
CONCRETE STRUCTURES ADMINISTRATIVE BUILDING
PLANT : SAN ONOFRE [
Combined
Loading jGravity Dead, Live Therwmal Pressure{ Mechanical P::zg::ia ‘Iig:;ii;e Scale
Cases Ranking
; 1 1.4D + 1.7L
3 1.4D + 1.7L a 1.7w
4 .75 (1.4D + 1.7L) .—;‘—5—;—1—.—?—‘1‘; J—S—u—l—-—:—-&b
. . . TSt Ry . . -
5 75 (1.4D + 1.7L) = 2 75 x 1.9E]
6 .75 (1.4D + 1.7L) e Fw—t—te | 75 x 1,79 .
7 1.2D 1.9E
8 1.2p 1.7W
: 1 TRt
i
! 9 D+1L .
) h 2 & s A
10 D+L \ R, W, A
: 11 D+1L Ta 1.5 Pa \R& ) T _ )
12 D+ 1L T, 1.25 P, \i».3 1.25E y\+ X + %)
j 13 D+L T, P, \xh\ E' &\\+ LN

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

Notes 1. Ultimate strength method required by ACI-349 (1977).
2. Methods used in design { vorking sEress -
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 1s also encircled.

i

!

g 5. Paragraph D.2 of Section III-7.B, Reference 4, states that seismic imputs
i of 0.25g and 0.5g were counsidered.
i
H
]
]
I
i

6. For purposes of the SEP Review, demonstration that structural integricy is
maintained for load cases 9, 10 (per curremt criteria) may be considered
as providing reasonable assurance thar this structure meets the intent of
current design criteria.

7. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topie III-6 are indicated by dash-lined boxes. ’

8. The loads contributing to the loading combinations appropriate to the steel
portions of this structure are essentlally the same as those shown above for
the concrete construction.
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5.
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
| CONCRETE STRUCTURES INTAKE STRUCTURE
E PLANT: SAN ONOFRE 1
i
Combined :
| Loading |Gravity Dead, Live} Thermal Pressure| Mechanical P§:;:;Zia I:z:ﬁi:ve Scale
f Cases % |Ranking
]
E 1 1.4D + 1.7L
2 1.4D + 1.7L 1.9
3 1.4D + l.?L - 1.7
; 4 .75 (1.4D + 1.7L) .?S—x-+v$—¥3 .75 x 1.7 R-g
]
| 5 .75 (1.4D + 1.7L) ??5-x—§74—¥3' 75 x 1.7 Rb .75 x 1.9E
| 6 .75 (1.4D + 1.7L) ??5-x—tr+—¥5 75 x 1.7 R, W75 x 1.7W
7 1.2D 1.9
8 1.2 1.7W
[ 1 = Tet7
R % Ry &l A
10 D+1L LN R W A -
11 D+1 \& —rs—2 \A
12 D+L \ 4252 \ 1.25E Y\+‘?}\+Y}‘
13 D+ 1L ‘g\ \ . ‘y\ B \%4_*&)4,\%

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

Notes 1. Ultimate strength method required by ACI-349 (1977).
2. Methods used in design -{ working ssress v
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 1is also encircled.

5. Information on original design basis is not stated in the material provided
for review. The licensee should indicate which load combinations were selected
as governing design and analyzed for resulting stresses.

6. For purposes of the SEP Review, demonstratinn that structural integrity is .
maintained for load cases 9, 10 (per current criteria) may be considered as
providing reasonable assurance that this structure meets the intent of current
design criteria. -

7. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topic III-6 are indicated by dash-lined boxes.

' ~-46-
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5.
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
CONCRETE STRUCTURES FUEL STORAGE BUILDING
PLANT: SAN ONOFRE I
Combined
Loading [Gravity Dead, Live Thermal Pressure{ Mechanical P::;:;:ia I:g:ﬁi:ve Scale
Cases g Ranking
S | 1.4D + 1.7L
2 1.4D + 1.7L 1.9E
3 1.4D + 1.7L . 1.7w
. . R s = F R -
4 .75 (1.4D + 1.7L) P 2
. . . P e ey d b e rr o 5d BN .
5 75 (1.4D + 1.7L) 3 S 75 x 1.9E
- s . - 5 = 3 0 N . .
6 .75 (1.4D + 1.7L) —45—1—§r+—23 3 75 x 1.7wW
7 1.2D 1.9E
A 8 1.2D 1.7W
M 71 gt [
? Sy RS A El *<
10 D+ 1L \ LY LA A
11 D+1L Ta —irérﬁg \R\ .
12 D+1L T, —trese LN 1.25E \+§\+ \.am
13 D+ 1L T, % R g’ X+ ‘i\) + ¥} )

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

Notes - 1. Ultimate strength method required by ACI-~349 (1977).

v
2. Methods used in design { w?rking stress . -
3. 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.

.

5. Information on original design basis is not started in the material
provided for review. The licensee should indicate which load combinations
wers selected as governing design and analyzed for resulting stresses.

6. For purposes of the SEP Review, demonstration that structural integrity is
maintained for load cases 9, 10 (per current critaria) mav be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

7. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topic III-~6 are indicated by dash-lined boxes.

_4 7_
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3.
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
STEEL STRUCTURES (Elastic Analysis) FUEL STORAGE BUILDING
PLANT: SAN ONOFRE I

Combined Gravity
Loading Dead, Pressure | Mechanical
Cases Live

Natural Impulsive
Phenomena Loading

D+1L
D+1L
D+1L
4 D+ 1L \ ‘&Q
5 D+1 % \gQ E
6 D+ L \ xq W
A EEEEEN % ] A
8 D+1L Sy “QQ e A
} 9 D+ L T, ﬁg\ iq
10 D+1L T, R v\ E X}.*\"’\’h

1 D+L T, ‘9\ \t : 'E' Y}a—\-»\ﬁ

Ref; SRP (1981) SECT. 3.8.4 Other Cafegory I s:rucﬁures (steel)

Notes i

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

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

3. Information on original design basis is not stated in the material provided
for review. '

4. For purposes of the SEP Review, demonstration that structural integrity is
maintained for load cases 7, 8 (per current criteria) may be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

S. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topic III-6 are indicated by dash-lined boxes.

..4{3_
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. COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
) NEW DIESEL GEMERATOR
R
CONCRETE STRUCTURES BUILDING 5
PLANT: SAN ONOFRE [
Combined .
Loading [|Gravity Dead, Live Thermal Pressure| Mechanical P;:;:;:ia ‘Iig:iiige SCalg J
Cases Rankin
1 1.4D + 1.7L
2 1.4D + 1.7L 1.9E
3 1.4D + 1.7L 1.7W
4 .75 (1.4D + 1.7L) r?é—x—kv;—zs .75 x 1.7 Ro
5 .75 (1.4D + 1.7L) ] = 7 4 .75 x 1.7 Ro .75 x 1.9E|
6 .75 (1.4D + 1.71) ey 275 x 1.7 R | .75 x 1.7W
7 1.2D 1.9E
8 1.2D 1.7W
9 D+L \ R, E
i 10 D+1 \ R v,
11 D+1L AN —ir5—he R, |
12 D+1 Ry -3 R, 1.25E \+\3 * X
'
13 “D+L L \ R, E Xt x}\+\4
Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes 1. Ultcimate strengch method required by ACI-349 (1977). )
2. Methods used in design { w?rking stress ~
3. Loads deemed inapplicable or negligible struck from loading combinations.

4. Licensee states that all 13 load combinatioms will be considered in the design.

5. Reference 9 indicates that the referenced load combinations are intended to be
used in the design of the new diesel generator building. This building was being
designed at the time reference 9 was issued. Information on the final load combi-
nations actually used was not made available. The licensee should indicate which
load combinations were selected as governing design and amalyzed for resulting stresses.

In a number of cases, the compliance with curreant criteria of assumed loads is to be
determined by other SEP-tasks. - (See the appropriate- chart-comparing design basis loads
to current criteria in Sectiom 10.3 of this report). For any loads found to deviate from
current criteria, the licensee should assess the effect of this deviation on the stress
results found for the load combinations in which such loads appear.

-49-
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STRUCTURE :

TURBINE BUILDING
AREAS 6 & 7 BELOW HP & LP

CONCRETE STRUCTURES HEATER PLATFORM
PLANT: SAN ONOFRE !
Combined Natural Impulsive
Loading Y§Gravity Dead, Live Thermal Pressure| Mechanical Phenomena Loading Scale
Cases Ranking
; 1 1.4D + 1.7L
2 1.4D + 1.7L 1.9
3 1.4D + 1.7L 1.7W
4 .75 (1.4D + 1.7L) |~+HS—wti—F— .75 x 1.7 RQ
5 .75 (1.4D + 1.7L)| »S—s—dt—3- .75 x 1.7 Ro .75 x 1.9E
- 6 .75 (1.4D + 1.7L)| ~FSmpaiei—F .75 x 1.7 R, W75 % 1.7W
7 1.2D 1.9E
8 1.2D 1.7W
[l o T T
; 3 Ll \ Ko, 1
10 D+1L x R, v, A
11 D+ 1L T, 1.5 Pa R, 1
12 D+ 1L : Ta 1.25 Pa Ra 1.25E ‘1’r + YJ + Ym
! +
‘.; 13 D+ L Ta Pa Ra E Yr_ + Yj Ym Ax
Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes 1. Ultimate strength method required by ACI-349 (1977).

2. Methods used in design {

working stress
ultimate strength

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

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

When load

3. Information on original design basis 13 not stated in the material provided

for review.

as governing design and analyzed for resulting stresses.

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

design criteria.

The licensee should indicate which load combinations were selected

7. Loads which enter the load combination proposed by SCECo for seismic review
under SEP Topic III-6 are indicated by dash-lined boxes.

8. The loads contributing to the loading combinations appropriate to the steel
portions of this structure are essentially the same as those shown above for

the concrete coamstructioun.

UUUB Franklin Research Center

A Division of The Franklin Institute
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:
STEEL STRUCTURES (Elastic Analysis) PRIMARY VENT STACK
PLANT: SAN ONOFRE I
Combined Gravity Natural Impulsive
Loading Dead, Thermal Pressure Mechanical Ph:nz;:na :g:ding Scale
Cases Live
1 D+ 1L
2 D+1L E
3 D+ L W
[ D+1L 'ro Ro
- 5 P+L T, By E
6 D+ L To Ro W
7 D+1L To Ro E Ax 4.
8 D+1L ‘I‘o Ro V: Ax 4,
- 9 D+1L X, \ Ry
10 D+ L >, 2, ), £ LR Y
1 D+ 1L & \ \ ) E' Y},*\*’\,

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

factors are different from those currently required were used, the factor
used is also emcircled.

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

3. Information om original design basis is not stated in material provided

|

1. Encircled loads are those actually considered in the design. When load
|
%
for review. 1
|

4. The principal loads on the stack are D, E, E', W and W_,. Reanalysis uf the
stack for these loadings is being carried out within tge SEP Program. Therefore,
no action need be taken by licensee in respouse to this itea.

-51-
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11l. 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 San Onofre Nuclear Generating Station, Unit 1, 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. ASME Boiler and Pressure Vessel Code, Section III, 1963
4. ACI 318-71, "Building Code Requirements for Reinforced Concrete,™ 1971

5. AISC, "Specification for Design, Fabrication, and Erection of
Structural Steel for Buildings,™ 1971.

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:

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

2. 1identification of structural elements to which each such provision
may apply.
Some listed provisions may apply only to elements that do not exist in
the San Onofre structures. When it could be determined that this was the .
case, such provisions were struck from the list. Any provisions that appeared
to be inapplicable for other reasons also were eliminated. Items so removed

are listed in Appendix A to this report.

Access to further information concerning code provision changes is

provided by additional appendixes. Each pair of codes (the design and the

52—
DUUE Franklin Research Center

A Division of The Franklin Institute




TER-C5257-318

. current ones) has a tabular summary within the report (Appendix B) which lists

all code changes by scale ranking.

In addition, a separately bound appendix exists for each code pair. The

| appendix provides:

1. full texts of each revised 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.
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11.1 MAJOR FINDINGS OF AISC-1963 VS. AISC-1980 CODE COMPARISON
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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
Subsection

AISC AISC
1980 1963
l1.5.1.2.2 —-

1.5.1.4.1 1.5.1.4.1
Subpara 7

1.9.1.2 1.9.1
and
Appendix

C

1.9.2.3 -
and
Appendix

C

1l.11.4 --

m%rankﬁn Research Center

A Division of The Franilin Institute

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

Hollow circular sections subject
to bending

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

Shear connectors in composite
beams

~55-

Comments

See case study 1
for details.

New requirements in the
1980 Code

New provisions added
in the 1980 Code,
Appendix C

See case study 10
for details.

New requirements added
in the 1980 Code

New requirements added
in the 1980 Code
regarding the distribu-
tion of shear connectors
(egn. 1.11-7). The
diameter and spacing of
the shear connectors

are also subject to new
controls. )




Scale A (Cont.)

Referenced
Subsection

AISC
1980

1.11.5

1.14.2.2

v »
e o
LS LIS RS
L]

> W

e
1 ]
o e

AISC

1963

Structural Elements
Potentially Affected

Composite beams or girders
with formed steel deck

Axially loaded tension
members where the load 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

-56—
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Comments

New requirements added
in the 1980 Code

New requirement
added in the 1980
Code

New requirement added
in the 1980 Code

Scale
A 0.0 < MMp < 1.0
C 0.0 > M/Mp > =1.0

See case study 7
for details.
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11.2 MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON
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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
Referenced
Subsection
ACI ACI Structural Elements
349-76 318-63 Potentially Affected
7.10.3 805 Columns designed for stress reversals
with variation of stress from fy in
) compression to 1/2 fy in tension
11.13 Short brackets and corbels which are
primary load-carrying members
11.15 - 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.

~58-
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Comments

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

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

Structural integrity
may be seriously
endangered if the
design fails to ful-
£ill these require-
ments.
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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
11.16 - All structural walls - those which Guidelines for these
are primary load carrying, e.g., shear kinds of wall loads
walls and those which serve to provide were not provided by
protection from impacts of missile- older codes; there-
type objects. - fore, structural
integrity may be
seriously endangered
if the design fails
to fulfill these
requirements.
Appendix - All elements subject to time-dependent For structures sub-
. A and position-dependent temperature ject to effects of
variations and restrained so that pipe break, espe-
. thermal strains will result in thermal cially jet impinge-
stresses. ment, thermal

stresses may be sig-
nificant. "Scale A"
for areas of jet
impingment or where
conditions could
develop causing
concrete temperature
to exceed the
limitations 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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UHU Franklin Research Center

A Division of The Franklin Institute




TER-C5257-318

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
Appendix - All steel embedments used to transmit
B loads from attachments into the rein-
forced concrete structure.
Appendix - All elements whose failure under
C impulsive and impactive loads must

be precluded.

-60~
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comments

New appendix; there-
fore, considerable
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.

Same as above
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11.3 MAJOR FINDINGS QOF ASME B&PV CODE COMPARISON,

SECTION III, Subsection B, 1963 VS. SECTION III, SUBSECTION NE, 1980

Note: Rules of ASME B&PV Code Section VIII apply (see page B-3.2 of this
TER for details)
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MAJOR FINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VS.

SECTION III, SUBSECTION NE,

1980

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

Scale A
Referenced
Subsection
Sec. III Sec. VIII Structural Elements
1980 1962 Potentially Affected
NE-3112.4 UG-23 Vessels of materials no
longer listed as Code
acceptable
—— UG-25(d) Vessels containing telltale
holes
NE-3131 -—= Containment shells designed

by formula

' -62-
DUUE Franklin Research Center

A Division of The Franklin Institute

Comments

Section III, 1980 Code
references materials
identical to those
referenced in Section
VIII, 1962 Code. However,
several materials which
were referenced in Section
VIII, 1962 are no longer
given in Section III,
1980. Verification of

the allowable stress
values and validation of
the materials used are
required.

The removal of this pro-
vision from Section III,
1962 Code, bans the use
of telltale holes, par-
ticularly since the only
non-destructive test
methods are recommended
in Section XI of the Code,
Rules for Inservice
Inspection. Moreover, a
more recent version of
Section VIII specifically
excludes using telltale
holes when using lethal
substances.

Section VIII, 1962 Code
calls for the design of
the vessel by formula,
while Section III, 1980
Code requires that the
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MAJOR FINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VsS.
SECTION III, SUBSECTION NE, 1980

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

Scale A (Cont.)

Referenced
Subsection
Sec. III Sec. VIII Structural Elements
1980 1962 Potentially Affected Comments
NE-3131 rules of Subsection NE-3200
Cont. (Design by Analysis) be satisfied.

In the absence of substantial
thermal or mechanical loads other
than pressure, the rules of
"Design by Formula" may be used
{substantial loads are those loads
which cumulatively result in
stresses which exceed 10% of the
primary stresses induced by the
design pressure, such stresses

"7 being defined as maximum principal
stresses). The Scale rating for a
Containment Shell where substan-
tial thermal or mechanical locads
other than pressure are absent, is
Scale B. Otherwise it is Scale A.

NE-3133.5(a) UG-29 Stiffening rings for The requirements of the 1980 Code

cylindrical shells
subject to external
pressure

-63-
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for defining the minimum moment
of inertia of the stiffening ring
as compared to the requirements of
the 1962 Code may result in a
lower margin of safety.

Scale
Ig' > 1.28 Ig C
IS' > 1.22 Is B
Ig' <1.22 Ig A

s
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MAJOR FINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VS. ‘

SECTION III, SUBSECTION NE,

1980

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

Scale A (Cont.)

Referenced
Subsection
Sec. III Sec. VIII Structural Elements
1980 1962 Potentially Affected
NE- UG-29
3133.5(a)
Cont.

NE-3133.5(b) =--- Different materials used
' for the shell and the

stiffening rings

Fig. Fig. Vessels with a reducer
3324.11 UG-36(d) section with "reversed"
(a) (6)-1 curvature

_64..
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comments

where Ig is the minimum
required moment of inertia

of the stiffening ring about
its neutral axis parallel to
the axis of the shell. 1Ij'

is the moment of inertia of
the combined ring-shell
section about its neutral axis
parallel to the axis of the

shell. The width of shell

which is taken as contributin 3
to I;' shall not be greater .
than 1.1y/Dy/T.

This new insert in Section

III of the 1980 Code

requires using the material
chart which gives the larger
value of the factor A. This
may result in a larger
stiffening ring section needed
to meet the requirements of
the Code.

Scale A for ring-stiffened
shells where (1) the ring and
the shell are of different
materials and, in addition,

(2) the "factor A" (as
computed by the procedures of
NE-3133.5) for the two
materials differs by more than
6%; otherwise Scale B.

The effect of the change in
the requirements of the code )
code on the margin of safety

depends on the Rp/t ratio
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MAJOR FINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VS.

SECTION III, SUBSECTION NE,

1980

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

Scale A (Cont.)

Referenced
Subsection
Sec. III Sec. VIII Structural Elements
1380 1962 Potentially Affected
Fig. Fig.
3324.11 UG-36 (d)
(a) (6)-1
(Cont.)
NE-3327.1 --- Vessels with poéitive
locking devices =
Quick actuating closures
NE-3327.4 -—- Pressure indicating devices

NE-3331(b) UG-36

NE-3334.1 UG-40 (b)
NE-3334.2 UG-40(c)

for vessels having quick
actuating closures

Openings and reinforce-
ments

Provisions for

fatigue analysis

Reinforcement for openings
along and normal to vessel
wall

-65-
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Comments
Limitations Scale

RL/t > 24 c
Rp/t < 23 A

where

Ry,

radius of the large
end of the reducer
shell thickness

[

t

' New requirements in the

1980 Code

Safety-related provision
requires that the pressure
indicating device be
visible from the
operating area

Requirements for fatigue
analysis of vessels or
parts which are in cyclic
service are provided in
Section III, 1980 Code.
No specific guidance was
given in Section VIII,
1962 Code.

New requirements in the
1980 Code limit the rein-
forcement measured along
the midsurface of the
nominal wall thickness
and normal to the vessel
wall
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MAJOR FINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VS.

SECTION III, SUBSECTION NE,

1980

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

Scale A (Cont.)

Referenced

Subsection
Sec. III Sec. VIII Structural Elements
1980 1962 Potentially Affected

NE-3365(f) --- Bellows expansion joints

over 6 inches in diameter

NE-3365.2 =——-— Bellows

-66-
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comments

Provisions regarding the
internal sleeve design
(for sizes over 6-inch
diameter) and flow
velocity limitations (for
all sizes) are introduced
in the 1980 Code.

New design requirements
specified in the 1980 Code
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11.4 MAJOR FINDINGS OF ACI 318-71 VS, ACI 349-76 CODE COMPARISON
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Scale A

Referenced
Subsection

ACI
349-76

ACI
318-71

19.1

Appendix
A

Appendix
B

Appendix
C

19.1

TER-C5257-318

MAJOR FINDINGS OF ACI 318-71 VS. ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Degrade Perceived Margin of Safety)

Structural Elements
Potentially Affected

Shell structure with
thickness equal to or
greater than 12 inches

All elements subject to
time~-dependent and position-
dependent temperature
variations and which

are restrained so that
thermal strains will result
in thermal stresses.

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

All elements whose failure
under impulsive and impactive
loads must be precluded.

Comments

The new provisions apply
to the sphere enclosure
building whose cylindrical
wall thickness is 3 feet.

New appendix; older

code did not give
specific guidelines on
temperature limits for
concrete. The possible
effects of strength loss
of concrete at high
temperatures should be
assessed.

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

New appendix; therefore,
consideration 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.

..68_
aﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute




TER-C5257-318

IS ALY ST LY 25

11.5 MAJOR FINDINGS OF AISC-1971* VS. AISC-1980 CODE COMPARISON

o m N VB b e e A,

_*Including supplements 1 and 2
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Scale A
Referenced
Subsection
AISC AISC
1980 1971
| 1.5.1.2.2 -

: Subpara 7

1.9.2.3
and

Appendix
Cc

i.11.5

l1.14.2.2

1.5.1.4.1 1.5.1.4.1

TER-C5257-318

MAJOR FINDINGS OF AISC 1971 VS. AISC 1980 CODE COMPARISON .

(Summary of Code Changes with the Potential to Significantly

Degrade Perceived Margin of Safety)

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

Hollow circular sections
subject to bending

Circular tubular elements
subject to axial compression

Composite beams or girders
with formed steel deck

Axially loaded tension
members where the load 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

_70_
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Comments

See case study 1
for details.

New requirement in the
1980 Ccde

New requirements added
in the 1980 Code

New requirements added
in the 1980 Code

New requirement
added in the 1980
Code

New requirement
added in the 1980
Code
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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 San Onofre

Nuclear Generating Station, Unit 1.

The first and second columns of the table show the number of changes in
requirements found for the design codes used for Seismic Category I structures
external to containment, classified by scale ranking. The first column
applies to the concrete portion of these structures and to the concrete cradle
supporting the containment sphere; the second column applies to the portions

of the external structures which are of steel frame construction. The third

column applies to the spherical containment shell. The fourth applies in full
to the sphere enclosure building and also to the new diesel generator building.

J The fifth column applies to the arched composite roof of the sphere enclosure

% building and the steel construction portions of the new diesel generator

;’ . building. However, the number of code changes applicable to the new diesel
generator building is slightly less than the number shown in column four,
‘because the diesel generator design specification included Supplement 3 to
-AISC 1971, whereas the specifications for the sphere enclosure building did

not.

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

tractable size.

-71=-
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SUMMARY

NUMBER OF CODE CHANGE IMPACTS FOR
SAN ONOFRE CATEGORY I STRUCTURES

ACT 318-63 AISC 14963 ASME T & PV ACT 216-71 ATS 1971
SEC 1IY . (with =zuppl.
SCALE RAWKTING V3. vs. SUR. SECT. B, 1963 vs. 1s2)
ACI 346-76 AISC 1980 ve. ACI 349-76 vs.
SUB. SECT. NE 1930 ATISC 1980
TOTAL CHANGES TFOUND &2 33 27 70 18
° A or ;\.Y not
a [ applicabie to A% 10 1% 4% 6
T 2§ San Onofre i 1 i
o [%}
o’ a
[-¥ (29
i .
025 B 63 10 9 59 5
AR ]
(2] g
BaE C 7 4 3 3 1
3 e * ;
3
5. A E 7 9 12 & 6
Moyt
[V 'S
[} G, i
ThE A g 0 0 i c 0 0 ‘
2 = : “ .
. A ' mmmxmm

SCALE RATINGS:

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

Scale Ay Change - The impact of the code change on margins of safety is

not immediately apparent. Scale Ay code changes
require analytical studies of model structures to
assess the potential magnitude of their effect upon
margins of safety.

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

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

-72-
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13. RECOMMENDAT IONS

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 level. These must

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

It is recommended that Southern California Edison Company be requested to

take three actions:

1. Review individually all Seismic Category I structures at the San
Onofre 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.

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 San Onofre plant.

_7 3_
ﬂ””ﬁ Franklin Research Center

A Division of The Frankiin Institute




TER-C5257-318

LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED

Structural Elements to be Code Change Affecting These Elements
Examined New Code Qld Codes

Beams/Columns ' AISC 1980 AISC 1963 AISC 1971

Hollow circular sections  1.5.1.4.1 1.5.1.4.1 1.5.1.4.1
subject to bending Subpara 7

Composite Beams

1. Shear connectors in
composite beams

Composite beams or
girders with formed

steel deck
Compression Elements AISC 1980 AISC 1963 AISC 1971
With width-to-thickness 1.9.1.2 and 1.9.1 NA A

ratio higher than speci- Appendix C
fied in 1.9.1.2

Hollow circular sections 1.9.2.3 and -—% - A
subject to axial compression Appendix C

Tension Members AISC 1980 AISC 1963 AISC 1971

When load is transmitted 1.14.2.2 ] - - A
by bolts or rivets

Connections AISC 1980 AISC 1963 AISC 1971

a. Beam ends with top flange 1.5.1.2.2 - - A
coped, if subject to
shear

b. Connections carrying 1.15.5.2 - - A
moment or restrained 1.15.5.3
member connection 1.15.5.4

*Double dash (--) indicates that older code had no provisions.
NA indicates not applicable.

_7 4...
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be
Examined

Members Designed to Operate
in an Inelastic Regime

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, where shear is not
a member of diagonal tension

Concrete Regions Subject to
High ‘Temperatures-

Time—dependent and
position-dependent

temperature variations

Columns with Spliced
Reinforcement

subject to stress reversals;
fy in compression to
1/2 fy in tension

Steel Embedments used to
transmit load to concrete

Element Subject to
Impulsive and Impactive Loads

whose failure must be precluded

Shell Structures with
thickness equal to or
greater than 12 inches

D UUE Franklin Research Center

A Division of The Frankiin Institute

Code Change Affecting These Elements

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

ACI 345-76
19.1

~75=-

0ld Codes
AISC 1963 AISC 1971
2.8 NA
ACI 318-63 ACI 318-71
- NA
ACI 318-63 ACI 318-71
- NA
ACI 318-63 ACI 318-71
- NA
ACI 318-63 ACI 318-71
ACI 318-63 ACI 318-71
805 NA
ACI 318-63 ACI 318-71
ACI 318-63 ACI 318-71
ACI 318-63 ACI 318-71
- 19.1
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.) .

Code Change Affecting These Elements
New Code 0ld Codes Scale

Structural Elements to be
Examined

Containment Vessels

l. Containment vessels of
materials no longer
listed as code
acceptable

2. Containment vessels
containing telltale
holes

3. Containment vessels
designed by formula and
subject to substantial
loads

4. stiffening rings for
cylindrical shells
subject to external
pressure

.5. Different materials
used for the shell and
stiffening rings

6. Vessels with reducer
section with "reversed”
curvature when Rp/t < 23

7. Vessels with positive
locking devices - Quick
actuating closures

8. Pressure indicating
devices for vessels
having quick actuating
closures

Shell Openings and Attachments

l. Openings and
reinforcements;
Provisions for
fatigue analysis

“UU Franklin Research Center

A Division of The Frankiin Institute

ASME Sec. III,
NE-3112.4

ASME, Sec. III,

ASME Sec. III,
NE-3131

ASME Sec. III,
NE-3133.5(a)

ASME Sec. III,

NE-3133.5(b)

ASME Sec. III,

Fig. 3324.11
(a) (6)-1

ASME Sec. III,
NE-3327.1

ASME Sec. III,
NE-3327.4

ASME Sec. III,
NE-3331 (b}

~76-

ASME Sec. VIII,
UG-23

ASME Sec. VIII,
1962 UG-25(d4)

ASME Sec. VIII,

ASME Sec. VIII,
UG-29

ASME Sec. VIII,

ASME Sec. VIII,
Fig. UG-36(d)

ASME Sec. VIII,

ASME Sec. VIII,

ASME Sec. VIII,
UG-36
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‘ LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)
Structural Elements to be Code Change Affecting These Elements
Examined New Code 0ld Codes Scale
2. Reinforcement for ASME Sec. III, ASME Sec. VIII, A
openings . NE=-3334.1 UG-40(b)
NE~-3334.2 UG-40(c)
3. Bellows expansion ASME Sec. III, ASME Sec. VIII, A
joints, over 6 inches NE-3365(£f) —~——

in diameter

4. Bellows - New design ASME Sec. III, ASME Sec. VIII, A
requirements NE~3365.2 —-—

@

E

i

| - -77-
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APPENDIX A-1
AISC 1963 VS. AISC 1980 CODE COMPARISON
(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO SAN ONOFRE PLANT

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

T% a-l.1
ﬂﬂ Franklin Research Center

A Division of The Frankiin Institute




Referenced

Subsection
AISC AISC
1980 1963
1.5.1.1 l.5.1.1

l1.5.1.4.1 1.5.1.4.1
Subpara.
6

1.5.1.4.4 --

TER-C5257-318

AISC 1963 VS. AISC 1980 CODE COMPARISON

Structural Elements
Potentially Affected

Structural members under
tension, except for pin
connected members

Comments

Structural steel used
in San Onofre

Cat.
is A-36.
Fy

I structures
Thus,
< 0.83 Fy

Therefore, Scale C
for San Onofre.

Limitations Scale
Fy <0.833 Fy C
0.833 Fy < Fy <0.875 Fy B
Fy >0.875 Fy A

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

width

New requirement in the 1980 Code

A-1.2

HHUE Franklin Research Center

A Division of The Franklin institute

Box-shaped mem-
bers not found

to be used in

San Onofre

Cat. I structures;
therefore, not
applicable

Box section
members not

found to be used
in San Onofre

Cat. I structures;
therefore; not
applicable




AISC 1963 VS. AISC 1980 CODE COMPARISON

TER-C5257-318

Referenced
Subsection
AISC AISC Structural Elements
1980 1963 Potentially Affected Comments
l.5.2.2 1.7 Rivets, bolts, and threaded Cat. I struc-
parts subject to 20,000 tures are not
cycles or more subject to such
cyclic loading;
therefore, not
applicable
1.7 1.7 Members and connections Cat. I struc-
and subject to 20,000 cycles tures are not
Appendix or more subject to such
B cyclic loading;
therefore, not
applicable
1.10.6 1.10.6 Hybrid girder - reduction All structural
in flange girder steel is A-36.
. No hybrid girder
found in San
Onofre; therefore,
not applicable
1.13.3 - Roof surface not.provided
with sufficient slope towards
points of free drainage or
adequate individual drains to
prevent the accumulation
of rain water (ponding)
2.4 2.3 Slenderness ratio
ist 1st for columns. Must satisfy:
Para. Para. T T T T
1 < 2n2E
r Fy
o o Scale Scale C
F, < 40 ksi T é for San Onofre.
48 < F, < 44 ksi B See case study 4
Fy > 44 ksi A for details.
A-1.3

Uﬂﬂi Franklin Research Center

A Division of The Franidin Institute




AISC 1963 VS. AISC 1980 CODE COMPARISON

Referenced
Subsection
AISC . AISC
1980 1963
2.7 2.6

Appendix -
D

Structural Elements
Potentially Affected

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

Fy < 36 ksi
36 < F, < 38 ksi
Fy > 38 ksi

Web tapered members

A-1.4

Uﬂﬂﬁ Franklin Research Center

A Division of The Franklin Institute

Scale

> wo

TER-C5257-318

Comments

Scale C

for San Onofre.
See case study

6 for details.

New requirement
added in the
1980 Code

Web tapered
members are not
found to be used
in San Onofre

Cat. I structures;
therefore, not
applicable
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APPENDIX A-2

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

(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO SAN ONOFRE PLANT
OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS

‘ AND THEREFORE-TREATED ELSEWHERE)-- -

‘ A-2.1

HUBE Franklin Research Center

A Division of The Franklin Institute




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

Referenced ’ ‘

£ Section
: ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
: Chapter 9 Chapter 15 All primary load-carrying members
g 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

R altered the traditional analysis
requirements.*

10.1 - All primary load-carrying members
and 10.10
Design loads here refer to
Chapter 9 load combinations.*

f 11.1 - All primary load-carrying members
Design loads here refer to T T
Chapter 9 load combinations.*
H 18.1.4 Prestressed concrete elements No prestressed
: and . elements outside
18.4.2 New loadings here refer to primary contain-
Chapter 9 load combinations.* ment; therefore,
) not applicable.
Chapter - Shell structures with thickness Not applicable
19 equal to or greater than 12 in because there are
no concrete shell
This chapter is completely new; structures except
therefore, shell structures designed the sphere
by the general criteria of older enclosure building
codes may not satisfy all aspects (see corresponding
of this chapter. This chapter provisions of
also refers to Chapter 9 load ACI 318-71 vs
provisions. . ACI 349-76 in

Section 11.4).

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

sections of the report.
a-2.2 ‘

ﬂﬂﬂi Franklin Research Center

A Division of The Franklin Institute




TER-C5257-318

APPENDIX A-3
ASME B&PV CODE COMPARISON
SECTION III, SUBSECTION B, 1963* vS. SECTION III, SUBSECTION NE, 1980

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

*Note: Rules of ASME B&PV Code Section VIII app’ly (see page
B-3.2 of this TER for details).

A-3.1

UU”B Franklin Research Center

A Division of The Franklin Institute
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ASME B&PV CODE COMPARISON
SECTION VIII, 1962, VS. SECTION III, SUBSECTION NE, 1980

Referenced Section
Section III Section VIII Structural Elements

1980 1962 " Potentially Affected Comments
NE-3111 UG~-22 Loading as applied to Section III, 1980 Code,
. load~carrying compo- specifies new loads to be
nents¥* considered in designing the

vessel. These are:

0 dynamic head of liquids

O snow loads and vibration
loads

O reaction to steam and
water jet impingement

NE-3112.2 — Design temperature as The effect of heating the
applied to the vesse; vessel by external or
i : and its components* internal heat generation

is to be considered in

establishing the vessel
" design temperature

IR T M A R Ly A

NE-3112.3 —-— Design mechanical loads In computations involving

: as applied to the design pressure and design
i vessel and its compo- temperature, the values of
nents¥* dead loads and any hydro-

static loads coincident
with design pressure
(designated as design
mechanical loads) should be
used

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

A"‘302
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APPENDIX A-4
ACI 318-71 VS. ACI 349-76 CODE COMPARISON
(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO SAN ONOFRE PLANT

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

aA-4.1
UUHE Franklin Research Center

A Division of The Franklin institute
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Referenced
Section

ACI ACI

349-76 318-71

Chapter 9 Chapter 9

9.1, 9.2,
& 9.3
most
specifi-
cally

10.1 -
and 10.10

11.1 -

18.1.4
and
18.4.2

TER-C5257-318

ACI 318-71 VS. ACI 349-76 CODE COMPARISON

Structural Elements

Potentially Affected Comments

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

Definition of new loads not normally
used in design of traditional build-
ings and redefinition of load factors
and capacity reduction factors have
altered the traditional analysis
requirements.*

All primary load-carrying members

Design loads here refer to'
Chapter 9 load combinations.*

All primary load-carrying members

Design loads here refer to
Chapter 9 load combinations.*

No prestressed
elements outside
New loadings here refer to primary contain-
Chapter 9 load combinations.* ment; therefore,
not applicable.

Prestressed concrete elements

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

A-4,2
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APPENDIX A-5
AISC 1971* vS. AISC 1980 CODE COMPARISON
(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO SAN ONOFRE PLANT

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

‘ * ‘Includes supplements 1 and 2

ﬁ A-S - l
HU Franklin Research Center

A Division of The Franklin Institute
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AISC 1971 vS. AISC 1980 CODE COMPARISON

Referenced
Subsection
AISC AISC Structural Elements
1980 1971 Potentially Affected Comments
l.5.1.1 l.5.1.1 Structural members under Structural steel used
tension, except for pin in San Onofre
-connected members . ' Cat. I structures

is A-36. Thus,

Fy < 0.83 F,
Therefore, Scale C
for San Onofre.

Limitations Scale
Fy <£0.833 Fy C
0.833 Fy <.Fy < 0.875 Fy, B
Fy > 0.875 Fy A

l1.5.1.4.1 1.5.1.4.1 Box-shaped members (subject to bending) Box-shaped mem-

Subpara. of rectangular cross section whose bers not found
6 depth is not more than 6 times its to be used in
width and whose flange thickness : San Onofre
is not more than 2 times the Cat. I structures;
web thickness therefore, not
applicable
New requirement in the 1980 Code
1.5.1.4.4 =-- Lateral support requirements Box section
for box sections whose depth members not
is larger than 6 times their found to be used
width in San Onofre
Cat. I structures;
New requirement in the 1980 Code therefore; not
applicable
A-5.2

UUUE Franklin Research Center

A Division of The Franklin Institute
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Referenced
Subsection
AISC AISC
1980 1971
l1.5.2.2 1.7

and

Appendix

B

1.7 1.7
and

Appendix

B

Appendix -

D

AISC 1971 VS. AISC 1980 CODE COMPARISON

Structural Elements
Potentially Affected

Rivets, bolts, and threaded
parts subject to 20,000

cycles or more

Members and connections
subject to 20,000 cycles

or more

Web tapered members

“Hﬂ Franklin Research Center

A Division of The Frankiin Institute

A-5.3
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Comments

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

New requirement
added in the
1980 Code .

|

Web tapered
members are not
found to be used
in San Onofre

Cat. I structures;
therefore, not
applicable
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APPENDIX B-1

AISC 1963 Vs. AISC 1980

SUMMARY OF CODE COMPARISON
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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
] F_ < 0.833 F
y - u
< < 0.
0.833 F, Fy 0.875 F,
>
Fy > 0.875 F, 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 1.5.1l.4.1 Box—-shaped members (subject New requirement in the )
Subpara. to bending) of rectangular 1980 Code
: 6 : cross section whose depth
: is not more than 6 times
j 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
g Subpara. . - subject to bending 1980 Code
§ 7
1.5.1.4.4 - Lateral support requirements New requirement in the
5 for box sections whose depth 1980 Code
5 is larger than 6 times their
; 1.5.2.2 1.7 Rivets, bolts, and . Change in the require-
threaded parts subject to ments

20,000 cycles or more

HU”E Franklin Research Center

A Division of The Franklin Institute




‘ Scale A

Referenced
Subsection

AISC
1980

1.7

and
Appendix
B

1.9.1.2
and
Appendix
c -

1.9.2.3
and
Appendix
C

1.10.6

1.11.4

1.11.5

UD”E Franklin Research Center

A Division of The Frankiin Institute

AISC
1963

1.7

1.9.1

1.10.6

1.11.4

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

Comments

Change in the require-
ments

New provisions added in
the 1980 Code, Appendix 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 VvS. AISC 1980
SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced

Subsection
AISC AISC Structural Elements
1980 1963 Potentially 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
members 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
ist 1lst . for columns. Must satisfy:
- ——— Paras— ——- Para. e
1 i 272E
= </
r Fy .
2.7 2.6 Flanges of rolled W, M,

or S 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

ﬂﬂ”ﬁ Franklin Research Center

A Division of The Franklin institute

Comments

New requirement added
in the 1980 Code

See case study 4
for details.

Fy < 40 ksi

40 < Fy < 44 ksi
F_ > 44 ksi

y—

See case study 6
for details.

Fy < 36 ksi

36 < Fy < 38 ksi
F._ > 38 ksi

y—

See case study 7
for details.

New requirements added
in the 1980 Code

Scale

:Pm.

Scale




AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

‘ Scale B

1.14.6.1.3

1.16.4.2 1.16.4 Fasteners, minimum spacing,
requirements between fasteners
1l.16.5 1.16.5 Structural joints, edge

large floor areas free of
partitions or other source
of damping, where transient
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

distances of holes for
bolts and rivets

D””a Franklin Research Center

A Division of The Franklin Institute

Referenced
Subsection
AISC AIsC Structural Elements
1980 1963 Potentially Affected Comments
1.9.2.2 1.9.2 Flanges of square and The 1980 Code limit on
rectangular box sections width-to-thickness ratio
of uniform thickness, of of flanges is slightly
stiffened elements, when more stringent than that
subject to axial compres- of the 1963 Code.
sion or to uniform compres-
sion due to bending
1.10.1 - Hybrid girders Hybrid girders were not
covered in the 1963
Code. Application of
the new requirement
could not be much
different from other
rational method.
1.11.4 1.11. 4 Flat soffit concrete slabs, Lightweight concrete is
. using rotary kiln produced not permitted in nuclear
' aggregates conforming to plants as structural
’ ASTM C330 members (Ref. ACI-349).
1.13.2 - Beams and girders supporting Lightweight construction

not applicable to
nuclear structures which
are designed for greater
loads




Scale B (Cont.)

Referenced
Subsection
AISC AIsC
1980 1963
1.15.5.5 -
2.3.1 -

2.3.2
2.4 2.3

AISC 1963 VS. AIsSC 1980
SUMMARY OF CODE COMPARISON

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

UUUE Franklin Research Center

A Division of The Franklin Institute

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.

/.



.Scale C

Referenced
Subsection
AISC AISC
1980 1963
1.3.3 1.3.3
1.5.1.5.3 1.5.2.2

'l.10.5.3 1.10.5.3

1.11.4

1.11.4

AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Support girders and their
connections - pendant
operated traveling cranes

The 1963 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
Fy, = 1.5 F; (1980 Code)

Fp 1.35 Fy (1963 Code)

P

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 beam in the negative
moment regions

UUBE Franklin Research Center

A Division of The Frankiin Institute

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 5
for details.

New requirement added
in the 1980 Code
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APPENDIX B-2
ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

B-2.1




Scale A

Referenced
Section
ACI
318-63

ACI
349-76

7.10.3 805

Chapter 9
9.1, 9.2, &
9.3 most
specifically

Chapter 15

10.1 -
and
10.10

11.1 —

11.13 -

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

sections of the report.

UUUE Franklin Research Center

A Division of The Frankin institute

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

Strﬁctural Elements
Potentially Affected

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

1/2 fy 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

Comments

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

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 load
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



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

Scale A (Cont.)

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
11.13 may be seriously
(Cont.) endangered if the design
fails to fulfill these
requirements.
11.15 L— Applies to any elements Structural integrity
’ loaded in shear where it is may be seriously
inappropriate: to consider endangered if the design
shear as a measure of fails to fulfill these
diagonal tension and the requirements.
loading could induce
direct shear-type cracks
11.16 - All structural walls - Guidelines for these
those which are primary kinds of wall loads were
‘ load carrying, e.g., shear not provided by older
. walls and those which codes; therefore, struc-
serve to provide protec- tural integrity may be
tion from impacts of seriously endangered if
missile-type objects the design fails to
fulfill these require-
ments.
18.1.4 - Prestressed concrete New load combinations
and elements here refer to Chapter 9
18.4.2 load combinations.*
Chapter 19 -- Shell structures with This chapter is com-

thickness equal to or
greater than 12 inches

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.

E ‘
L

\
r

HUUE Franklin Research Center

A Division of The Franklin Institute




ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON
Scale A (Cont.)
Referenced
Section
» ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
Chapter 19 Additionally, this
(Cont.) ' chapter refers to
Chapter 9 provisions.
Appendix A - All elements subject to New appendix; older Code
time-dependent and did not give specific
position~dependent guidelines on short-term
temperature variations and temperature limits for
which are restrained such concrete. The possible
that thermal strains will effects of strength loss in
result in thermal stresses concrete at high tempera-
tures should be assessed.
Scale A for any accident
temperature or other

§ thermal condition exceeding

Z limits of paragraph A.4.2.

: '

| ) Appendix B - All steel embedments used New appendix; therefore,

5 to transmit loads from considerable review of
attachments into the older designs is
reinforced concrete warranted. **
structures

Appendix C - All elements whose New appendix; therefore,
failure under considerations and
impulsive and impactive review of older designs
loads must be precluded 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.

ﬂ””ﬁ Franklin Research Center

A Division of The Franklin Institute




Scale B
Referenced
Section

ACI ACI
349-76 318-63
1.3.2 103(b)
105 —
Chapter 3 Chapter 4
3.2 402
3.3 403
3.3.1 403

mnmin Research Center

A Division of The Frankiin Institute

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

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 cbntaining
steel with fy > 60,000
Psi or lightweight
concrete

Cement
Aggregate

Any structural concrete
covered by ACI 349-76 and

- expected to provide for

radiation shielding in
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

Y . ‘a
have inadequate ductility
or excessive deflections
at service loads.

This serves to clarify
intent of previous code.

Eliminated reference to
lightweight aggregate.

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




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

Scale B (Cont.)

3
it
b

R 2

ML

- ——statistical--variation --- -

Comments

To ensure adequate
control.

Improve gquality control
measures.

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

Added requirements to
improve quality control.

Proportioning logic
improved to account for

and statistical quality
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

Referenced
Section
ACI ’ ACI Structural Elements
349-76 318-63 Potentially Affected
3.3.3 403 Aggregate
3.4.2 404 Water for concrete
3.5 405 Metal reinforcement
3.6 406, 407 Concrete admixtures
& 408
4.1 and 501 & 502 Concrete proportioning
4.2
4.3 504 Evaluation and acceptance
of concrete
5.7 607 Curing of very large
concrete elements and
control of hydration
temperature
6.3.3 - All structural elements

with embedded piping
containing high tempera-
ture materials in excess

B-2.6

UHUE Franklin Research Center

A Division of The Franklin Institute

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‘9

7.13.1
through
7.13.3

9.5.1.1

ACI
318-63

Structural Elements
Potentially Affected

805

805

UUHE Franklin Research Center

A Division of The Franklin Institute

of 150°F, or 200°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

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

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.




ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON
Scale B (Cont.)
Referenced
Section
ACT ACI Structural Elements
349-76 318-63 Potentially Affected Comments
9.4 1505 Reinforcing steel - design See comments in
strength limitation Chapter 3 summary.
9.5.1.2 - Slab and beams - minimum Minimum thickness
through thickness requirements generally would not
9.5.1.4 control this type of
structure.
9.5.2.4 909 Beams and one-way Affects serviceability,
slabs not strength.
9.5.3 - Nonprestressed two- Immediate and long time
way construction deflections generally not
critical in structures
designed for very large
live loadings; however,
design by ultimate
requires more attention to
deflection controls.
9.5.4 & - Prestressed concrete Control of camber, both
9.5.5 members initial and long time in
addition to service load
deflection, requires more
attention for designs by
ultimate strength.
10.2.7 - Flexural members - new Lower limit on B of
limit on B factor 0.65 would correspond to
' an £', of 8,000 psi. No
concrete of this strength
likely to be found in a
nuclear structure.
10.3.6 - Compression members, with Limits on axial design
spiral reinforcement or load for these members
tied reinforcement, non- given in terms of design
prestressed and pre- equations.
stressed
See case study 2
B-2.8
Dﬂ”ﬁ Franklin Research Center
A Division of The Franklin Institute
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Scale B (Cont.)

Referenced
Section

ACI
349-76

ACI .
318-63

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

Structural Elements
Potentially Affected

10.6.1 1508
10.6.2
10.6.3

10.6.4

10.6.5

915
916

10.11.1
10.11.2
10.11.3
10.11.4
10.11.5
10.11.5.1
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

Beams and one-way slabs

Beams

Compression members,
slenderness effects

Composite compression
members

Massive concrete members,
more than 48 in thick

Uﬂﬂﬁ Franklin Research Center

A Division of The Franklin Institute

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.




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

Scale B (Cbnt.)

Referenced
Section
ACI ACI Structural Elements .
349-76 318-63 Potentially Affected Comments
11.2.1 - Concrete flexural members For nonprestressed
11.2.2 members, concept of
minimum area of shear
reinforcement is new.
For prestressed members,
Egn. 11-2 is the same as
; in ACI 318-63.
3 Requirement of minimum
g shear reinforcement
f provides for ductility and
; restrains inclined crack
growth in the event of
unexpected loading.
11.7 - Nonprestressed members Detailed provisions for
through this load combination .
11.8.6 were not part of ACI

318-63. These new
sections provide a
conservative logic which
requires that the steel

3 needed for torsion be

! ) i added to that required for
! ‘ transverse shear, which is
consistent with the logic
of ACI 318-63.

3 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.

B-2.10

UUHE Franklin Research Center

A Division of The Franklin Institute
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i 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 section would
have resulted.
‘ 11.10 - Slabs and footings New provision for shear
‘ through reinforcement in slabs
| 11.10.7 . or footings for the two-
.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

Dﬂﬂﬁ Franklin Research Center

A Division of The Franklin Institute




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

11.11.1 1707 Slabs and footings The change which deletes
the 0l1d 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.

11.11.2 - Slabs . Details for the design

through of shearhead is new. ACI

11.11.2.5 ' - . 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.

11.12 - Openings in slabs and Modification for inclusion
footings of shearhead design.
See above conclusion.

B-2.12

U”Uﬁ Franklin Research Center

A Division of The Frankiin Institute




’ 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
11.13.1 - Columns No problem anticipated ‘
11.13.2 since previous code
required design
consideration by some
analysis.
Chapter 12 -- Reinforcement Development lendth con-

cept replaces bond

stress concept in ACI

318-63.

The various 1l lengths

in this chapter are based

entirely on ACI 318-63

permissible bond stresses.

There is essentially no
‘ difference in the final

design results in a design

under the new code

compared to ACI 318-63.

12.1.6 918(C) Reinforcement Modified with minimum

through ) added to ACI 318-63,
12.1.6.3 ' 918(C).
12.2.2 - Reinforcement . New insert in ACI 349-75. -
12.2.3
12.4 - - Reinforcement of New insert.
special members " Gives emphasis to
: special member
consideration.

12.8.1 - Standard hooks Based on ACI 318-63 bond
12.8.2 stress allowables in

general; therefore, no
major change.

B-2.13

‘
| Uﬂﬂa Franklin Research Center

A Division of The Frankiin Institute




L?

T R LIPS SR S AL AT

Scale B (Cont.)

Referenced
Section

349-76

ACI ‘ ACI

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

Structural Elements
Potentially Affected

318-63

12.10.1 -
12.10.2(b)

12.11.2 -

12.13.1.4 -

ﬂﬂﬂi Franklin Reseérch Center

A Division of The Franklin Institute

Wire fabric

Wire fabric

Wire fabric

Slab reinforcement

Walls with loads in
the Kern area of the
thickness

B-2.14

Comments

New insert.

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

New insert.

Mainly applies to pre-
cast prestressed
members.

New insert.

Use of this material
for stirrups not likely
in heavy members of a
nuclear plant.

New details on slab
reinforcement intended
to produce better crack
control and maintain
ductility.

Past practice was not
inconsistent with this
in general.

Change of the order of
the empirical equation
(14-1) makes the
solution compatible with
Chapter 10 for walls
with loads in the Kern
area of the thickness.




ACI 318-63 VS.

ACI 349-76
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

Structural Elements
Potentially Affected

Referenced
Section
ACI ACI
349-76 318-63
15.5 -
1509 —
. 16.2 -
17.5.3 2505
18.4.1 -

ﬂ””ﬁ Franklin Research Center

A Division of The Franidin Institute

Footings - shear and
development of rein-
forcement

Minimum thickness of plain
footing on piles

Design considerations 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 12.

Reference to minimum
thickness of plain foot-
ing on piles which was

in ACI 318-63 was removed
entirely.

New but consistent-with—- -
the intent of previous
code.

Use of Nominal Average
Shear Stress equation
(L7-1) 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 problem.




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

Scale B

Referenced

(Cont.)

B-2.16

Uﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute

Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
18.5 2606 Tendons (steel) Augmented to include
yield and ultimate in
the jacking force
requirement.
18.7.1 - Bonded and unbonded members Egn. 18-4 is based
on more recent test
data.
18.9.1 - Two-way flat plates Intended primarily for
18.9.2 (solid slabs) control of cracking.
18.9.3 having minimum bonded
reinforcement
18.11.3 - Bonded reinforcement at New to allow for
18.11.4 supports consideration of the
redistribution of
negative moments in the
design.
18.13 - Prestressed compression New to emphasize
18.14 members under combined details particular to
18.15 axial load and bending. prestressed members not
18.16.1 Unbonded tendons. previously addressed in
Post tensioning ducts. the codes in detail.
Grout for bonded tendons.
18.16.2 -- Proportions of grouting Expanded definition of
materials how grout properties may
: be determined.
18.16.4 - Grouting temperature Expandéd definition of

temperature controls
when grouting.




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

Structural Elements

F,_gvf,gg,ﬁf
| \
|
|
Scale C
Referenced
Section
ACI ACI
349-76 318-63
7.13.4 —
f 10.8.1 912
g 10.8.2
| 10.8.3
10.14 2306
5
‘ 11.2.5 1706
|
§ 13.0 —
i to end
i
i
; 13.4.1.5 -
|
j
,
H
%
17.5.4 —
17.5.5

Potentially Affected

Reinforcement in flexural
slabs

Compression members,
limiting dimensions

Bearing - sections
controlled by design
bearing stresses

Reinforcement concrete mem-~
bers without prestressing

Two-way slabs with
multiple square or rec-
tangular panels

Equivalent column flexi-
bility stiffness and
attached torsional members

Permissible horizontal
shear stress for any

surface, ties provided
or not provided

B~2.17

D”Uﬁ Franklin Research Center

A Division of The Franklin Institute

Comments

Minimum size limitations
are deleted in newer Code,
giving the designer more
freedom in cross-sectional
dimensioning.

ACI 318-63 is more
conservative, allowing a
stress of

1.9(0.25 f'c) =

0.475 f'c < 0.6 f£',

Allowance .of spirals as
shear reinforcement is new.
Requirement of two lines
of web reinforcement,

where shear stress exceeds
6¢/f'c, was removed.

Slabs designed by the

previous criteria of ACI

318-63 are generally the : -
same Or more conservative.

Previous code did not
consider the effect of
stiffness of members
normal to the plane of the
equivalent frame.

Nominal increase in
allowable shear stress
under new code.




APPENDIX B-3
ASME B&PV CODE, SECTION III, SUBSECTION B, 1963 VS.
ASME B&PV CODE, SECTION III, SUBSECTION NE, 1980 A

. SUMMARY OF CODE COMPARISON

Note:

Rules of ASME B&PV Code Section VIII apply (see next page)

B-3.1
UUUE Franklin Research Center

A Division of The Frankiin institute




ASME B&PV CODE, SECTION III, CLASS B, 1963

- VS.

ASME B&PV CODE, SECTION III, SUBSECTION NE, 1980

Por the purpose of the SEP review, the design requirements of Section
III, Class B, 1963 are to be compared with the requirements of Section III,
Subsection NE, 1980.

Paragraph N-132 in Section III of the 1963 code states that Class B
vessels such as containment vessels shall be designed anq constructed in
accordance with the rules of Subsection B of the code. However, paragraph
N-11ll, Article 11, Subsection B, states that the rules of Section VIII of the
code shall apply except as otherwise provided in rules newly introduced in

Subsection B itself.

Article 13 of Subsection B, Section III, of the 1963 code contains these
new design requirements. It is very brief and supplies few changes, none of
which have a substantial effect on the SEP review, except that some materials
that are accepted under Section VIII of the code had been removed from the list

of acceptable materials in Section III.

Therefore, for the purpose of the SEP program, Section VIII requirements
apply and the ASME B&PV code comparison for Section VIII, 1962 vs. Section
III, Subsection NE, 1980 will be used.

B-3.2
DUUB Frankiin Research Center

A Division of The Franklin Institute




A a

1.

- ASME B&PV CODE COMPARISON

i SECTION VIII, 1962 VS. SECTION III, SUBSECTION NE, 1980

k Scale A

|

| Referenced Section

| Section III Section VIII Structural Elements

1980 1962 Potentially Affected Comments
NE-3111 UG-22 Loading as applied to Section III, 1980 Code
load carrying compo- specifies new loads to be
nents¥* . considered in designing the
‘ vessel. These are:
o Dynamic head of liquids

( o Snow loads and vibration

i . loads

i o Reaction to steam and

: water jet impingement

|

1 NE-3112.2 . —-—— Design temperature as The effect of heating the

| applied to the vessel vessel by external or
and its components¥* internal heat generation

is to be considered in
establishing the vessel
design temperature.

i . NE-3112.3 -— Design mechanical loads In computations involving
as applied to the design pressure and design
vessel and its compo- temperature, the values of
nents* dead loads and any hydro-

static loads coincident
with design pressure
(designated as design
mechanical loads) should. be
used.
NE-3112.4 UG-23 Vessels of materials no Section III, 1980 Code
longer listed as Code references materials which

acceptable are identical to those
: ‘referenced in Section VIII,
1962 Code. However,
several materials which
were referenced in Section
VIII, 1962 are no longer
given in Section III, 1980.

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

Uﬂﬂﬁ Franklin Research Center

A Division of The Franklin Institute




ASME B&PV CODE COMPARISON
SECTION VIII, 1962 VS. SECTION III, SUBSECTION NE, 1980

Scale A (Cont.)

Referenced Section

Section III Section VIII Structural Elements
1980 1962 Potentially Affected

NE-3112.4

(Cont.)

- UG-25(d) Vessels containing

telltale holes

NE-3131 -— Containment shells
designed by formula

B-3.4

UDUE Franklin Research Center

A Division of The Franklin Institute

Comments

Verification of the allow-~
able stress values and

validation of the materials
used are required.

The removal of this provi-
sion from Section III, 1962
Code, bans the use of
telltale holes, particularly
since the only non-
destructive test methods

are recommended in Section
XI of the Code, Rules for
Inservice Inspection.
Moreover, the more recent
version of Section VIII
specifically excludes using.
telltale holes when using
lethal substances.

Section VIII, 1962 Code
calls for the design of
vessels by formula, while
Section III, 1980 Code
requires that the rules of
Subsection NE~-3200 (Design
by Analysis) be satisfied.
In the absence of substan-
tial thermal or mechanical
loads other than pressure,
the rules of "Design by
Formula" may be used
(substantial loads are
those loads which
cumulatively result in
stresses which exceed 10%
of the primary stresses
induced by the design
pressure, such stresses
being defined as maximum

principal stresses). .




ASME B&PV CODE COMPARISON
SECTION VIII, 1962 VS. SECTION III, SUBSECTION NE, 1980

Scale A (Cont.)

Referenced Section
Section III Section VIII Structural Elements

1980 1962 Potentially Affected Comments
NE-3131 ’ The scale rating for
(Cont.) containment shells where

substantial thermal or
mechanical loads other than
pressure are absent is
Scale B; otherwise it is

Scale A.

'NE—3l33.S(a) UG~29 Stiffening rings for The requirements of the
cylindrical shells 1980 Code for defining the
subject to external minimum moment of inertia
pressure of the stiffening ring as

compared to the require-
ments of the 1962 Code may
result in a lower margin of

safety.

Scale
I'g >1.28 14 C
I'g >1.22 14 B
I'g <1.22 Ig A
where

I, is the minimum required
moment of inertia of the
stiffening ring about its
neutral axis parallel to
the axis of the shell.

I,' is the moment of
inertia of the combined
ring-shell section about
its neutral axis parallel
to the axis of the shell.
The width of shell which is
taken as contributing to
Ig' shall not be greater
than 1.1,/Dy/T.

UUUE Franklin Research Center

A Division of The Franklin Institute




ASME B&PV CODE COMPARISON ‘
SECTION VIII, 1962 VS. SECTION III, SUBSECTION NE, 1980 '

Scale A (Cont.)

Referenced Section

7 Section III Section VIII Structural Elements

; 1980 1962 Potentially Affected Comments

g

E NE-3133.5(b) -—- "Different materials This new insert in Section
) used for the shell III of the 1980 Code

% and the stiffening requires using the material
| rings chart which gives the

larger value of the factor
A. This may result in a

larger stiffening ring
section needed to meet the
requirements of the code.

Scale A for ring-stiffened
shells where (1) the ring
and the shell are of
different materials and,

in addition, (2) the
"factor A" (as computed by
the procedure of NE-3133.5)
for the two materials

differs by more than 6%;
otherwise Scale B.

Fig. 3324.11 PFig. UG~36(d) Vessels with a reducer The effect of the change in
{a) (6) -1 section with "reversed" the regquirements of the code
curvature on the margin of safety
' depends on the Rp/t ratio

? Limitations Scale

| Ry/t > 24 c
Rp/t < 23 A
where

Ry, = radius of the large
end of the reducer

t

shell thickness

n””ﬁ Franklin Research Center

A Division of The Franklin institute




K ASME B&PV CODI

szzzwo~ . SECTION VIII, 1962 VS. SECTIO

[P eT

Scale A (Cont.)

Referenced Section
-, Section III Section VIII Structural 1
1980 1962 Potentially :

. .NE~3327.1 [ =-—- o Vessels with

I A locking devic

oo actuating clc

~-_. NE-3327.4 - =-- . Pressure ind:

Iee SR devices for

St.acing oozl o » having quick
TL.ILIlT ol : . .. .closures

. .~ .NE-3331(b) . UG-36 Openings and

LT Tl ; - ments

.aon .. = .. m. . = _ Provisions fc
Lu S S D .. fatigue anal;

R T , .

SoTIiL Ll L 3

v NE-3334.1 :.:UG-40(b) Reinforcement
UG-40(c}) : openings alor

2l wall ~+_ .. .. normal to ves

... NE=3365(f) .. === i Bellows expar
T Dt _ joints over ¢
gvar J-iv: - .o-in diameter

cisas 2o L -0 o
NE-3365.2 === . _ . . . Bellows

- -~*Special treatment of load and load combir
sections of the report.

Uﬂ Franklin Research Center

A Division of The Frankiin institute




A s a5 s Ll Sty S i

SECTION VIII,
Scale B

Referenced Section

Section III Section VIII

ASME B&PV CODE COMPARISON
1962 VS. SECTION III, SUBSECTION NE, 1980

Structural Elements

1980 1962 Potentially Affected
NE-3133.1 UG-28 Components under
external pressure
NE-3133.6 —— Cylinders under axial

NE-3324.8(c) -—

NE-3324.12  ~—-

UUUE Franklin Research Center

A Division of The Franklin Institute

compression

Torispherical heads
made of materials
having minimum tensile
strength exceeding

80 ksi

Nozzles

B-3.8

Comments

The design rules as given in

Section VIII, 1962 are
nearby identical to those
specified in Section I1I,
1980. The differences will
have little effect on the
margin of safety.

This new requirement is
based on standard methods
of analysis which do not
differ much from those
previously used in the
analysis of cylinders under
compressive loads.

The allowable stress for
such a material should not
exceed 22 ksi at room
temperature as specified in
the 1980 Code. Allowable
stresses for those
materials specified in the
1962 Code could be slightly
higher, giving somewhat
less conservative results.

The specified requirements
imposed on the wall
thickness of the nozzles or
other connections are
considered to be within the
limitations of standard
practice.



SECTION VIII,
Scale B (Cont.)

Referenced Section

Section III Sectiqn VIII
1980 1962

ASME B&PV CODE COMPARISON
1962 VS, SECTICN III, SUBSECTION NE, 1980

Structural Elements
Potentially Affected Comments

NE-3328 -

NE-3335 - UG-40

NE3365 —-——

NE-3367 —-——

NE-3700 -

Uﬂﬂi Franklin Research Center

A Division of The Franklin Institute

Combination units This new insert gives the
design requirements for
pressure vessels consisting
of more than one independent
pressure chamber. These
requirements are standard
practice for designing such
vessels.

Reinforcement in These new provisions in

nozzles and vessel Section III, 1980 Code

walls detail specific requirements
which are usually
considered in good design
practice.

Bellows expansion This new section provides

joint - general specific requirements

requirements usually considered in the
design and selection of
bellows.

Closures on small This new insért gives

penetrations . details used in common
practice. However,
compliance with the
standards listed in Table
NE-3132-1 is covered in SEP
Topic III.1.

Electrical and Provisions usually adopted

mechanical penetration in standard engineering
assemblies design of such assemblies.

B-3.9




SECTION VIII,
Scale C

Referenced Section

Section III Section VIII
1980 1962

ASME B&PV CODE COMPARISON
1962 VS. SECTION III, SUBSECTION NE, 1980

Structural Elements
Potentially Affected

NE-3332.2 UG-37(b)

NE-3325.2(b) UG-34(c)

NE-3362 (b) UG-42

’ ﬂ”ﬂa Franklin Research Center

A Division of The Franklin Institute

Area of reinforcement
- vessels under
internal pressure

Flat unstayed heads,
covers, and blind
flanges

Bolted flanges and
studded connections

B-3.10

Comments

The introduction of the
correction factor F in

Section III, 1980 Code will

render the applicable
equation to be the same or
less conservative.

The applicable revised
equation (2) will have a
minor effect in the
calculation of the
thickness.

L

The requirements for length

of stud engagement are
relaxed in Section III,
1980 Code.
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APPENDIX B-4

ACI 318-71 VS. ACI 349-76

SUMMARY OF CODE COMPARISON

HUBE Franklin Research Center

A Division of The Franklin Institute




ACI 318-71 VsS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale A
Referenced
Section
ACI ACI Structural Elements

349-76 318-71 Potentially Affected

9.1.1.1 - " Normal loads

9.1.1.2 - Severe environmental loads

9.1.1.3 -— Extreme environmental loads

9.1.1.4 - Abnormal loads

9.1.2 - Normal loads

9.1.3 - Earthquake loads

9.1.4 - Design loads and forces

9.3 9.3 All loads

9.3.1 9.3.1

9.3.2 9.3.2

9.3.3 9.3.3

9.3.4 9.3.4

9.3.5 9.3.5

9.3.6 9.3.6

9.3.7 9.3.7

10.1 - All primary load-carrying
members

11.1 -- All primary load-carrying
members

18.1.4 - Prestressed concrete
elements

Chapter Chapter Shell structures with

19 19 thickness equal to or

greater than 12 inches

Comments

Impact of these conditions
must be assessed.*

Impact of these conditions
must be assessed.*

Impact of these conditions
must be assessed.*

Design loads here refer
to Chapter 9 load
combinations.*

Design loads here refer
to Chapter 9 load

combinations. *

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

New provisions for thick walls
added.

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

B~4.2

! UU Franklin Research Center

A Division of The Franklin Institute



. Scale A (Cont.)

Referenced
Section

ACI
349-76

Appendix
A

Appendix

Appendix

o

ACIL

318-71

ACI 318-71 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
so 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

New appendix; older code
did not give specific
guidelines on temperature
limits for concrete.

The possible effects of
strength loss of concrete
at high temperatures
should be assessed.

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

New appendix; therefore,
consideration and review
of older designs is
considered important.**

*Special treatment of loads and loading combinations is addressed in other
sections of the report. '

**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.

B-4.3
HUUE Franklin Research Center

A Division of The Franklin institute
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Scale B
Referenced
Section
ACI ACI
349-76 318-71
- 1.5
3.2.3 -
- 3.3.1
30301 —
3.3.3 -

.305-1 -

3.5.1(a) 3.5.1(a)
3.5.1(b) -
Table

3.5.1

3.5.3 .3.5.3

ACI 318-71 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

All structural concrete
elements

Structural concrete

Lightweight concrete

aggregates

Shielding concrete element

All structural concrete

Reinforcing bar

Deformed and plain
billet-steel bar

Reinforcing steel

ﬁ B"4 - 4
HU Franklin Research Center

A Division of The Franklin Institute

Comments

Cites requirements of

"10CFR50 for quality

assurance requirements and
guidelines.

New requirement on cement
mill certification for better
quality control.

Lightweight aggregate most
likely will not be found in
nuclear related structure.

Previous codes made no
reference to this special
purpose concrete.

For better control of concrete
quality through control of
possible aggregate variations.

New requirement which pro-
hibits use of £, > 60,000 psi
to provide for better
ductility and crack control.
Also improves serviceability.

Bend test pin diameter for

#14 and #18 bars was decreased
from 10D to 9D. However,
steel with fy greater than
60,000 psi was eliminated from
this code. Therefore, this
change is not seen to be a
problem. In general, the
higher strength steels have
lower ductility.

For quality control
improvement



ACI 318-71 VS. ACI 349-76

) SUMMARY OF CODE COMPARISON
‘ Scale B (Cont.)
Referenced
Section . .
ACI ACI Structural Elements
349-76 318~71 Potentially Affected Comments
3.5.5 - Cold drawn steel wire High fy steels eliminated for

for concrete reinforcement control of cracking and
improved ductility

3.5.6 - Welded steel wire fabric For improved ductility
for concrete reinforcement and crack control.

3.5.7 - Deformed steel wire for For improved ductility
concrete reinforcement and crack control.

3.5.8 - Welded deformed steel For improved ductility
wire fabric for concrete and crack control.
reinforcement

3.6.5 - Concrete mixtures Improve quality‘

assurance by preventing

‘ variation in admixtures.
4.3

- Concrete Decreases the number of tests
reguired when quality of
concrete production is high.

5.3.3 - Aluminum pipe Prevents problems which result
from aluminum-cement reaction.

5.4.1 5.4.1 Concrete Explicit statement of what has
in the past been considered
good construction practice.
Editorial change.

5.5.1 - Concrete Method of curing now required
to be part of specifications.
Curing compound compatibility
does not affect structural
integrity.

B-4.5

nﬂﬂi Franklin Research Center

A Division of The Franklin Institute
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Scale B (Cont.)

ACI 318-71 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

ﬂﬂ”a Franklin Research Center

A Division of The Franklin Institute

Referenced
Section
ACI ACI Structural Elements

349-76 318-71 Potentially Affected

6.3.3 - Ail structural elements
with embedded piping
containing high tempera-
ture materials in excess
of 150°F, or 200°F in
localized areas not
insulated from the
concrete

7.5.5 - Welded splices or other
positive connections

- 7.6.2 7.6.2 Splices
7.6.4 - Splices in area of
. membrane tension

7.8.1 7.8.1 Splices of welded smooth
wire fabric

7.8.2 7.8.2 Lapped splices

7.9 7.9 Lapped splices

7.13 — Concrete surface

7.13.1

7.13.2

B-4.6

Comments

Previous code did not address
the problem of long periods
of exposure to high tempera-
ture and did not provide

for reduction in design
allowables to account for

strength reduction at high
(> 150°F) temperatures.

Limits intended to provide for
ductility and crack control.

New requirement eliminates
dependence of tension stress
transfer on concrete, thereby
insuring tension tie
integrity.

Past design practice has been
consistent with the intent of
this new provision.

Past practice preference was
to avoid such splices.
Therefore, this is not
considered to be critical.

Smooth wire probably not used

in large structures, as found
in nuclear facilities, for

primary reinforcement.

Splice length definition
augmented but not considered
to be critically changed.

Minimum steel for each face
is intended to provide crack
control and to develop the
cracking moment of the
section in anticipation of
two-way bending and possible




L

Refe
Sec

’ Scale B (Cont.)

renced
tion

ACI
349-76

9.5.4.1

9.5.4.3

9.5.1.1

9.5.1.3
9.5.1.4
Table
9.5(a)

Table
9.5. (b)

ACI

318-71

Table
9.5(a)

Table
9.5(b)

9.5.3

ACI 318-71 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentiallz_Affected

Concrete surface (Cont.)

Prestressed concrete

Prestressed concrete

Walls

All members

All members

Beam or one-way

slabs

Two-way slabs

Non-prestressed two-way

construction

UUU Franklin Research Center

A Division of The Frankiin institute

B-4.7

Comments

load reversals. Also, the
thicker sections required in
nuclear structures require
controls similar to those
ordinarily used in massive
concrete structures.

No major effect on older
designs.

Will not affect the overall
structural strength.

Requirement added to control
service of walls. Not
considered critical.

Allows for greater control of
deflection in special cases.

New control on serviceability
under factored loads to
provide for service under
abnormal conditions.

Minimum thickness generally
would not control the design -
in this type of structure.

Minimum thickness generally
would not control the design
in this type of structure.

Immediate and long-time
deflections generally not a
problem where live loads are
very large. However, design
by strength logic requires
more attention to control of
deflections.




Scale B (Co

Referenc
Section

nt.)

ed

ACI
349-76

ACI
318-71

10.2.7

10.3.6

10.6.3

10.11.6

10.17

11.7.8

11.7.9

11.10.4

11.10.5
1101006
11.10.7

11.16.7

12.10.1

10.2.7

10.6.3

10.11.6

11.10.3

12.10.1

Hﬂi Franklin Research Center

A Division of The Franklin Institute

ACI 318-71 VvS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Concrete

Compression members

Reinforcement

Compression members

Thick massive concrete
structures

All members

Statically indeterminate
structurg

Concrete

Nuclear-related structure
slab

Nuclear structures

Welded wire fabric

B-4.8

Comments

New limit corresponds to a
concrete strength of 8000 psi.
Older design not likely to
have considered such a
concrete design strength.

Consistent with previous
logic.

May not be effective.
Applies only to fy in
excess of 40,000 psi.

No major change.

Past practice should have used
similar reference material.

Not considered critical since
design would have required
consideration if Code did not.

Past practice covered this in
an empirical manner.

Upper limit of shear stress
maintained.

New provision for shear for
the two-way action condition
and where shear head
reinforcement is used.
Intent is consistent with
previous Code logic.

New provision for peripheral
shear in walls.

Use of such reinforcement not
likely in older nuclear plant
designs.



' Scale B (Cont.)

Referenced
Section

ACI

349-76

12.10.2
{a)

(b)
12.13.1.2
13.3.1.7

13.5.6

15.10(b)

16.2.2

18.15.2

18.15.3

U”Uﬁ Franklin Research Center

A Division of The Frankiin institute

ACI
318-71

12.10.2

ACI 318-71 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Welded deformed wire
fabric

Deformed wire

Slab

Bent bar for slabs

Combined footing and mats

18.9.2

18.9.3

18.16.2

Precast concrete members

Concrete dowels or inserts

Slab joints and column

Bonded reinforcement

Tendon

Grout

B-4.9

Comments

Logic consistent with previous
Code.

Deformed wire not likely to
be found in older structures.

Logic consistent with previous
Codes.

Past practice is consistent
with this logic.

Not considered to be a
problem as general practice
probably used continuous

frame logic.

Consistent with the logic of
previous Codes and past
practice,

Consistent with past practice.

Increases in some of the

allowable tensile stresses
require greater control of
cracking.

Minimum length definition
needed to complete definition
of bonded reinforcement
requirements.

Consistent with good practice.

Consistent with past good
construction practice.




SRR

ACI 318-71 VS. ACI 349-76

~. SUMMARY OF CODE COMPARISON - .
Scale B (Cont.)
Referenced -
Section
ACI ACI Structural Elements
349-76 318-71 Potentially Affected Comments

1i8.16.2 18.17.3 Grout

18.19.2 18.20.3 Unbonded structure

19.2.1 C -- Concrete structure
19.2.6 - Opening or penetration
19.2.7 - of the overall structure
19.3.2 -

19.3.3 -

19.3.7 -

B—4 . 10
| FSD
HU Franklin Research Center

A Division of The Franklin institute

Provides for higher quality
grout and grout quality
control.

These new inserts are
consistent with past good
design practice.

These new inserts are

consistent with good design
practice.



Referenced
Section

349-76

ACI ACI
318-71

7.13.4 -

18.4.1
(a) s (b)

18.4.1
(a) , (b},
(c)

18.4.2 -

ﬂ”ﬂﬁ Franklin Research Center

ACI 318-71 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Concrete surface

Concrete structure

A Division of The Franklin insttute

B-4.11

Comments

Less conservative than older
Codes.

Older designs will, as a
result, appear more
conservative.

Older designs more
conservative for the same
gross loads.




APPENDIX B-5
AISC 1971* Vs. AISC 1980

SUMMARY OF CODE OOMPARISON

*Includes supplements 1 and 2

ﬁ B"S - l
U“ Franklin Research Center

A Division of The Franklin Institute




AISC 1971 Vs. AISC 1980

SUMMARY OF CODE COMPARISON

Scale A ‘

Referenced

Subsection
AISC AISC Structural Elements _
1980 1971 _ Potentially Affected Comments
1.5.1.1 1.5.1.1 Structural members under Limitations Scale
’ tension, except for pin
connected members
F_ <0.
v < 0.833 Fu
0.833 F <F <090.8 B
u v 75 Fu
F_>0.875 F A
y = u
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 ‘
; l1.5.1.4.1 1.5.1.4.1 Box-shaped members (subject New requirement 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 1.5.1l.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
l1.5.2.2 1.7 A Rivets, bolts, and Change in the require-~
and threaded parts subject to ments
Appendix B 20,000 cycles or more
B-5.2
HUUE Franklin Research Center
A Division of The Franklin Institute




’ Scale A (Cont.)

Referenced
Subsection
AISC AISC
1980 1971
1.7 1.7

and

Appendix

B

1090203 -——
and

Appendix

C

1.11l.5 -
1l.15.5.2 1.15.5
1l.15.5.3
1.15.5.4
1.14.2.2 -
Appendix --
D

AISC 1971 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Members and cénnections
subject to 20,000 cycles
or more

Circular tubular elements
subject to axial compression

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

Axiallf locaded tension
members where the load is
transmitted by bolts or
rivets through some but not
all of the cross=-sectional
elements of the members

Web tapered members

B-5.3

Iﬂ” Franklin Research Ceﬁter

A Division of The Franklin Institute

Ccomments

Change in the require-
ments

New requirements added
in the 1980 Code

New requirements added
in the 1980 Code

New requirement added
in the 1980 Code

New requirement added
in the 1980 Code

New requirements added
in the 1980 Code
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Scale B
Referenced
Subsection

AISC AISC
1980 1971
l1.14.6.1.3 =--

l.16.4.2 l.16.4

1l.16.5.2 1l.16.6

l.16.5.3

1.16.5.4

1.15.5.5 -

2.3.2 -

AISC 1971 Vs. AISC 19840
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

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

Connections having high
shear in the column web

Unbraced multi-story frame -
instability effect

Comments

New insert in the 1980
Code

Instability effect on
short buildings will

have negligible effect. '




e R R R

Scale C
Referenced
Subsection

AISC AISC
1980 1971
1.3.3 1.3.3

AISC 1971 Vs, AIsSC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Support girders and their
connections - pendant
operated traveling cranes

The 1971 Code requires 25%
increase in live loads to
allow for impact as applied
to traveling cranes, while
the 1980 Code requires

10% increase.

B~5.5
ﬂ”ﬂﬁ Franklin Research Center

A Division of The Franklin Insttute

Comments

The 1971 Code require=-
ment is more stringent,
and, therefore,
conservative.
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CASE  STuoYy 1o

The aflowalle sbress for sEiatival Sl s-bject & shear
s specc fed tn Seclial LF.02Z of the AlSC code
bethe (y the 803 amd (480 edtions as |
F,. = 0.40 ¥ _ (1) Lased o the Sectionad avea
3 effective i vegisling shear
Ucu.;bgc\_,) n the 20 Gde o med Scbiom 5.1.2.2 1o
‘wlrodiceed, ';E.L,;z that
“AT beam emd conmedions where tha Gp flamge i coped,,
amd v Siwelar sty whene {cuﬂ—uu\ M;ZQJT. oeCwr
by sw Q.Qm% o plame Thiougl The fostines o >y a
Comlaimakion_ o{_ shea O.Q-W\é o t-Qa.«L t\«vw«% 'U\cf:vﬁmvm
?Q"“ Grcen a—‘em\s o )ru‘tw&iwﬂax TQQML)M_CL\O. Qreac
L{{U.L.-LJ» ww&h? Q«WBM £, =0.30 F_
‘*’“\L¢L'uu.e.<€f(td:.:-g_ avea lo Ehe amins »..’k,/}z.;e@
Swcface , Sonmdod & the ekt Rela,.”
ec]&«'wj T the (920 C«mﬁe;laz;, and F‘?, C. 1512
e conmedion allorallo Ca,{,u.ﬁ o Che aa.,?%
mnide can he talen as o
O.3c A Ff_ + o050 A ~ —
whee Ay st Ap are the wet shear amd el Tmaon
J’r\ erders B evaluale the e,'f]euf 01[ the code CAQ/»}Q,)
3 s of each; Malnal | boam $i3c cu/,/law Sor
wel- an o ( TRl -6 pege 41 of the pisC Sleb
MW} weve waed .
The vesull; oblacasd by m;;j eguskions (1)4 @) above
ndicale Chat the (930 C‘o;/; ﬁWU/Z’/MW
vesutls as  ghown o the {—oeﬁo..uw\g tabulalwon .
M{mx_) Scale A ’
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BEAM EKD COUNECTICM WHERE TCPR FLANGE IS COPED, CASE STUDY =i-

1= ALLDW4ABLE LNADS ARE GIVE! PER INCH-OF WEB THICKMNESS
2= PCT= PERCEIT UF THe REDUCTION OF PRRCEIVED MARGIN OF SAFETY

FY,PsI FU,PSI H,IM C1 c2 . ALLOWABRLE LOAD,LB PCT.
1963 CONFE 19FQ CROF
36070, ARONNN, 12,00 1,00 0,74 172800, 1nadae, a0,
36000, 60090, 12,00 1.50 0.74 172600, 134400, 22.
36060, 6U0CO., 24.00 1,00 0,74 3456G0, 106400, 0,
36000, 60000, 24,00 1.00 2.417 3456C0, 208200, 40,
36000, 6CNQ0, 24,00 1.50 0,74 345600, 134400, 61,
3600G, 600Co, 24,00 1,50 2,48 345600, 238000, 31,
36000, 60000, 24,00 2.25 0,74 345600, 179400, 4R,
3600¢C, ACNU0, 24.00 2,25 218 345600, 283800, 18,
36000, 60000, 36,00 1,00 2,48 51a400, 205300, 50,
36000, 6G6N00, | 36,00 1,00 4,81-| 515400, 344600, 33,
36000, 60000, 36,00 1,50 2.48 5164060, 238300, S4.
36000, 60060, 36,00 1.50 4,81 518400, 375609, 27.
36000, 60000, 36,00 2.25 2.4° 515400, 283860, 45,
36000, 60730, 36,00 Z2.25 4,81 Si1Rr400, 423600, 14,
SCOVOQ, Ju000, 12,00 1,00 0,74 240000, 121300, 49,
50000, 72000, 12.60 1.50 0,74 | 240000, 156800, 35,
50000, 7¢6000, 12.00 2,25 0,74 240000, 209360, 13,
50000, 706000, 23,00 1.00 0,74 4800900, 121800, 75.
50000, 70060, 24,00 1.00 2,48 4800060, 243600, 49,
50000, 70000, 24,00 1,50 0.74 480000, 156800, 67,
56000, 70000, 24,00 1.50 T2.48 480060, — 278600 - 42,
50000, 70000, 24,00 2.25 0,74 480000, 209300, S6,
500090, 70000, 24.00 2.25 2.48. 480000, 331100, 31.
50060, 76000, 36,00 1,00 2.48 726000, 243500, bh,
50000, 70000, 36,00 1.00 4,81 720000, 408700, 44,
50000, 70000, 36,00 1.50 2,418 720000, 278660, e1l.
s000o0, 70000, 36,00 1,50 4,81 720000, 441700, 39,
50000, 7000¢C, 36,00 2.25 2.48 720000, 331100, 54.
50000, 70000, 36,00 2.25 4,81 720000, 484260, 31,
65000, 8U0GCO, 12,00 1,00 0,74 312000, 139200, SS.
- 65000, 80000, 12,00 1,50 0,74 312060, 179260, 43,
650009, 80000, 12,00 2425 0.74 312000, 239200, 23.
55000, 86000, 24.G0 1,00 [ 6240006, 132200, 78,
650€C0, 80000, 24,00 1,00 2448 624060, 278460, 55.
65000, 20000, 24.00 1.50 0.74 £24000, 179200, TL.
65000, 20000, 24,00 1,50 2.4% 524000, 316400, 49,
65000, 8G000, 24,00 2,25 0,74 6240030, 2349200, 62,
65000, 80000, 24,00 2,25 2.43 624000, 376400, 39.
2 65000, 80000, 36,00 1.0G 2.45 2930000, 278400, 70,
4 65000, 80000, 36.00 1.00 4,81 235000, 464800, 50,
65000, 80CONn, 36,00 1.5¢0 2.48 936000, Jig4san, 66,
65000, 80000, 36,00 1.50 4,81 936000, 504800, 46,
650006, 20000, 36,00 2.25 2.48 936000, 378400, 50,
65000, RQ000, 36.00 2.25 4,81 936000, 564809, a0,
NOTES:
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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 [Ag (0.25 £ + £ pg)]

where p_ = Ast and allowable f_ = 0.4f < 30,000 psi
g A s y
g
that is, max f_< 75,000 psi

therefore, the maximum load could be expressed as:

L
= . + 0. f
Pallow (0.21 Ag fc 0.34 . Ast)

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

P = ¢p = ' -
allow ¢PO $0.8 [0.85 £, _(.Ag Ast) + A, fy]
for a tied column in axial ‘éompression ¢ = 0.7 and Pu =1.4D+ 1.7 L

Reducing these equations to be comparable to working stress limits and

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

if ASt

0.0LA P = ¢pP
g u

l
o ¢ (0.673 fC Ag + 0.8 ASt fy)

if ASt

0.08 A P = ¢P
g u

1
o ¢ (0.626 fC Ag + 0.8 ASt fy)

and to bracket extremes, consider the following three cases.

(a) D=0
(b) L

: P
(¢) L =0 with P = =
' : allow L.F.

I
o
©
=]
[}

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

(b) for L.F. = 1.55
Palldw
Pallow

(¢) for L.F. = 1.4

Pallow

Pallow

Therefore, Scale C-

|
P =0.28 f A 4+ 0.33f A or
c g y st

=0.26 f A +0.33f A
c g y “st

\
=0.30 £ A +0.36 f_A
c g y st

)
=0.28f A +0.36 £_A
c g y st

\J
= 0.34 fC Ag + 0.40 fy Ast

]
=0.31 f A +0.40f A
c g y st

Comparison of these resulting equations to the P

longitudinal steel in a tied column.

by working stress .’
design criteria shows that the new code alioWs 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 on the

FORM CS-FIRL-81

Page ¢ 2.2
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CASE STUDY 3
FLEXURAL MEMBERS

Sections with Tension Reinforcing Only:

For purposes of code comparison,with emphasis on comparing safety margins of
designs conforming to older codes and practices with corresponding margins provided
by current criteria, the following case studies were prepared.

For designs prepared by working stress criteria,a comparison with strength
design was made by reducing the strength equationh to an allowable moment by the
following definition.

" M

M = u
allow L.F.

To bracket extremes of load ratios, the following three cases were considered in
ach working stress comparison.

(a) whenL =0 L.F. = 1.4
(b) when L =D L.F. = 1.55
(c) when D =0 “L.F. =1.7

For designs prepared by yield-strength criteria,a comparison with strength
design was made directly with a Toad factor equal to 1.0. The yield-strength
definition used here was not a code endorsed practice; but was the method widely
adopted by architect éngineers, at the time, to design for the extreme loadings
postulated for accident and faulted conditions. It possesses the practical advantage
of permitting an extended use of linearly elastic computer codes to provide design
guidance for extreme loading cases and is documented in Ref. 1*

Since older codes did not contain any strict limitation on the percent of
reinforcement, the comparisons presented here used the defined balanced steel percent-
age and additionally steel percentages 60 percent lower and 50 percent higher than

'ba1anced in order to show the effect of this parameter on the comparisons.
*Ref. 1 .
A Study of the Design and Comstruction Practices.of Prestressed Concrete and Rein-

forced Concrete Containment Vessels by C. P. Tan prepared by FIRL for the U. S.
Atomic Energy Commission, Aug. 1969 under contract to the ORNL (TID 25176).

FORM CS-FRC-81 .
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For Working Stress Design .
The definition of balanced design is that both concrete and steel reach their
theoretical working stress allowable 1imit simultaneously.
The strain diagram and neutral axis location for this condition are:
0.45 fé
€ = —
o EC
e 4
J jy k.ld
e s -
Ve 7
/ 7 d
e s .
< L {
0.45fC fy
EC’> 2 ES

0.45 f' f
c o+ Y
E 2 Es
c
f E.
let r = 1—;.[ and n= g
c c

then for elastic balanced design:
1

k = ——
Lo s (ﬁ)

s A s O A A SR L L B Ll

and from equilibrium:

F A f

A fx 1 = 1 ‘
._S = ____\Ll_ = Tj fl -0—45—k =
F. (045 f) bkd c) 0.

FORM CS-FRC-81
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4

A k
_ s _ 1
o1 = g =045 —
= . _ 2.
Mt = fSASJd or MC =1/2 fcbd jk

For Yield-Limit Design

The Yield-Limit concept assumes that the system behaves in a linear fashion up
to the yield of the steel or to the ultimate strength of the concrete. For the
balanced condition again fs = fy and fc = fé simultaneously.

The strain diagram and neutral axis location for this condition are:

fl
£
e
/"’ //////, 1§k2d 1
4 A
® d
, |
kod i - :
d fe 2 f, E
e R
¢ _ c s
then for balanced conditions and from equi]ibfﬁum'
k2= 1+_]i" ES_ :Aif.{_l_)__=2 0 r =1
(5) F. ~ T72(f]) bkd 2 7k,
P, = 2
® - 3
= 1 - ' 2
Mt fyAst ?r Mc =1/2 fc bd<jk

FORM 207-5M-4-80-CP
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g For Strength Design
é Ultimate strength capacity is defined as:
: = - A
Mu Asfyd [1 0.59 p fé}
Example 1.
for Yield-Limit design at balanced design
M, = fA_jd M_=1/2 £ bd%jk = 1/ Ej—“(Afd)
? t y's c o J fy p sy
: 1 £ E
3 ky = ————s——F c s 508
: 2 f E 0 = 1/2 k, == n = =
: 1+'y "¢ 2 2 f E .
froOE ' y AL
S o S
for fé = 4,000 psi fy = 40,000 psi n=2=8
;' ] - = =
o ___,-_l~<_2 "ﬁ_]+ 10 (1/8) 0.444 Py 1/2 (0.444) 4/40 = 0.022 .
j = 0.852
Mt = 0.852 fyAsd
: Mu = Asfyd [1-0.59(0.022)10] = 0.869 Asfyd
)
‘ "y _ 0.869 _ o,
Mt 0.852 ’
Also:
if o <o, (say 60% Py )
p = 0.6 (0.022) = 0.0132

FORM CS-FRC-81
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& = 2on = 2 (0.0132)(8) = 0.211
2\ 172
K = (?.211 + (94%11) ) - 94§11-= 0.366

j = 0.878
Mt = 0.878 fyAsd

M, = Asfyd [1-0.59 (0.0132)10] = 0.922 Asfyd

Mu
& = 1.05
Mt
and; similarly,
if p > Py p=1.5 oy = 1.5 (0.022) = 0.033

One finds MC controls, and:

M
u
. M = 1.26

c

For working stress design at balanced design
1

0.419

kT TETAToe) 0419 py = 0.45 Srygy = 0.0188
j = 0.86
fy
M, = 0.86 fAd = 0.86 —5 Ad =0.43 Af d
M, = Asfyd [1-0.59(0.0188)10] = 0.889 Af,d
M
mo= 2.07
t
0.9
: M L.F. M 1.33 if L = 0
o §‘1°W i - {1.205fL =D
{‘II’ t t 1.09if D=0

FORM 207-5M-4-80-CP
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Also:

1'fp<p]

o= 0.6 (0.0188) = 0.0.0113
k

2

0.885

= (VN
1]
1]

- f
t O.885Asf S‘d 0.885 AS ___z_y_ d =

(say 60% p2)

a=2pn=0.180

2
(0.18 +(¥l 172 _ 0.18 _ g 344

0.443 Asfyd

Mu = Asfxd [1-0.59(0.0113)10] = 0.933 Asfyd
'Mu
=— = 2.1
My
Ma]]ow
Mt =

and:

if o> py (say 1.5 p])

One finds concrete controls, and:

M= 243

=
H

-—
-h —h
o
nun
(@ N w Ne)

1.56 if L
1.41 if L
1.29 if D

- O

OO

FORM 207-5M-4-80-CP
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In summary,
for yield 1imit design comparisons:

M

u _
ﬁ; =1.02 to 1.26

for working stress design comparisons:

M
Mgllgy_= 1.09 to 1.56
£

Strength design allows beams to operate at a higher stress level. For
these beams the older code is more conservative

|
) Scale C |
‘xamg]e 2.
ror Yield-Limit design at balanced design
|
for f. = 3000 psi fy = 36,000 psi
1 |
K. = = 0.429 ]
2~ T+ (12) (1/9) 0, = 1/2 (0.429) 1/12 = 0.0179
j = 0.857 ‘
_ |
M, = 0.857 Asfyd }
M, = Asfyd[1-0.59(0.0179)12] = 0.873 Asfyd
M
ﬁi = 1.02
t
Also:
if p < Py (say 60%)
®
ﬁ! =1.05
t

FORM 207-5M-4-80-CP
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And: : illl’

if o> Py (say o = 1.5 Py = 0.0268)

MU
Uy 26
MC

For Working Stress Design at balanced design

: f
- ! = 3 = T = _-X =
fc 3 ksi fy 36 ksi n=9 f(,: 12
ky = 0.403 py = 0.0151
ﬂ M
f M! = 2.06
t
" 1.32 if L =0
allow = 1.20 if L = D
M, 1.09 if D =0
} Also:
if p < Py (say 60%)
MU
=2
My
M e
allow _ 1.35 if L =0
M = 1.22 if L = D
1.11 if D = 0
—: FORM 207-5M-4-80-CP
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And:

if p > Py (say 1.5 p1)

MU
= 2.58
MC
M 1.66 if L =0
oW . 150 if L =D
c 1.36 if D =0

In summary,

for yield 1imit design comparisons:

M
m = 1.02 to 1.26
t
. for working stress design comparisons:
M

allow = 1.09 to 1.66
My

Strength design allows beams to operate at a higher stress level. For

these beams the older code is more conservative.

Scale C

In general, for designs controlled by flexure, beams designed by strength design
methods will have higher stresses at service load levels than beams designed for
the same service loads by working stress design methods.

FORM 207-5M-4-80-CP
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CASE STUDY -4 -

Ref AlSC /480  CopbE
Subsection 2.4 Columms

" In +he plane of bendtg of columns which

would devebp o plastre lq‘mge ot Ultimate

\Oad%& , the slenderness ratio _g__ shall wet

’

exceed Co¢,---"'

where Ce = [21%€

¥

E= 29 xi10* Kksli

Fy= yield stress
Therefore L . s56.6
T

Ref  AISC 963 Code
Subsection 2.3 Colomnsg
W LT‘ the Plome of bémi?ng_ of’ columm s Which
would .o(euelop a  Pplastic '/\Tnge ot UMiwmate
loadmg , fhe slenderness ratio shall mot-
exeed (20,

”

A £ 20
:
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whieh of the Twoe codes 15 the vwaore vestyicte
| o e/( ~aXio cie.Pemc{s v the 3;&:\ sTn«.-a'U\ or
- e eTeel  sed -{w the colicwn mi.

1) Both codes cjrve :%=13-0. when

~

F:é—_'. 40 Ksi . | ‘

) Tre 1980 Code 18 SZ ove, Comsecvalive whe~n,

~then,

L _ _ 756. 4
= l}l"l' = ——————IFT&
then, Fy = 44 Ksi
Céanusiqﬂ: ' Scale
Fy € 4o Ksl.: @
40 < F} < 44 @
F& 7 44 @




v,

c.5-1

Project Page
‘ ‘i l . . C5257
Uﬂ Franklin Research Center 5 —
N . X g Yy Dar Ch'k’'d Date Rev,
A Division of The Franklin Institute v PSSR -
The Benjamin Franklin Parkway, Phila.. Pa. 19103 tAD sePT S| 70 1

Date

CASE STUDY -5-

Ref  Alsc 1980  Code
| Subsectton (. 10. 5.3
* In 8‘|rders de<igned on  the basls of
Fension  freld  action , +he spac\m% between
stitfeners gt ond Fome\s/ at P&YWG\G
Con+6\‘m‘m% large holes , and ot Paﬂc\s
adjacent o panels ContainTng large

holes  shall be Such +hat 'j:v does mdt
exceed the Vvalve given ” Lelow

Fv o= 1% oy <04 Fu

2.89
Where 2

= 450007 when C 0.2
s Ay M S

k= ar gy ke o <

=534 Foim when %, 1.0
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Ref  AlSC (463  Code
Sobsectton '|.'1o-5.3
Y ~The SFO\CT"C& between st Tﬁ.@ner‘ s aT
end qu\e\ S and Pome,lg Conf‘d‘m‘mg_
large  holes  shall be such that
the smaller panel dimension o or h
shall mot  exceed
looet “
JFv-
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| ADisenol e fandinimsie | 4o ot 3 |20
ReF Alsc Sub section 1-10.5.3 V=240 Kb
EXAMPLE /]
hz 6811 / 0
7 “ f
= 5 ;
RAu =§3 xg— =255 ™ j °
) ,L
= %0 Kips /
e ’ ,
fo=53= 4% Ksi e % |
: a
From 1hi0.5 3 1a63 Code
| ({ooot lloco x /g -
1_ a orh p ———— = =43 n
Nfu / 9. 06x 1000
* ‘ Which Ts the distamce frem the emd ofthe girder
f t; b\'\(— ‘G‘ﬂt t'(O.MSUe-«Tsﬁ QCL{AEC."/\&*‘
| 87 C:‘Y\Sl'de-«\:-»\g 't«kt_ Gw\ltm /}‘(.C/Qd G—Ct‘_m’\_
as SFeC“f(ed m {480 Code sabsectim 1.10.5.3 -
= h — Qa = 4+ =48
U =49.06 kst _%___3_5_ Rl ¢ R =42
k= ra = T oo
5 + : x17.98
C = 45000 = 4Sc0 = . 626
VT TRy (R 36 18107
= F7 {4
FU" qu Cu- Fa— |
= 36 (26 = g.54 K| £ from —teble 10.3C the
2-89 .
Allssaiole. Sheaw stvess = 8.6 Kst ((ehecks G’MTWQA \chQ..L¢>
’ however | Lowee Thaa -}C\J' o:(, Qolb Kt

o« Scale B Lo Bhis Q?ﬁo«w\?QL
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Remarks

The -f-o(low‘ma +wo .ﬁ—%ureg Show P ve. AT
- vartous  valves of  A/p  and Fy .

87’ K*r\oang_ +he shear stress Fv or TV’
the A/7 value Can be abtamed awnd
Compared With the  design A/t . —Thus
Co—mfx\ﬁSOﬂ should be examined on a case

by case basis.
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CASE STUDY —6-

Date

Ref AISC {380  Code
Section 2T

A The width — thickmess ratio '\Q)f ‘F\O\“‘JE O‘(:
roled W, M, or S shapes and similar
buitt-up S\mg\e- Web Ska\:es hat would be
SubJected to compresstm  Fwvolvine hinge

rotation Under yl+imate loa&Tﬂg shall madf
exceed  the followimg values @ 7

F%)KS\ bf/zt_[;

36 | &%

42 | g0

as | 7-4

so0 | 10

55 6.4

go {3

4 .0

Y The width - thickness ratio of sTmT\c\r\y C(ymPrfSSEd

‘F\omﬂe PlG\T€S ™ EOX‘ Sections Qnd cover JJIG\'TC'S

shall mot  exceed (9o /T&¥y “
EXO\mP\E Ks
L 9o |l
TV 36 | 307
3, so | 269
-5 | 22
(0o | 19
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Rev.

Date

\

The cie{ﬂin = thickness  yatt0 of webs of
Members  sulfected o plastic  bend ma
shall mot exceed --- 7

d/t = &1z ((__,,Hf—) when - £0.27

IFy Py Py
Fo | de |
3¢ | 627
For €-=°-o 50 | 583
75 | 476
oo | 41.2

d/, = 251 -
/t NCA AWhm —%_ 0.7

PR

Fy d/t
36 | 42.8
50 3.3
Ay 30
(00 | 25.7
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Ref

AlSC (963 Code
Section 2.6

) Projechv\g element, +hat would be subJected
Yo Compression Tnvolang plastic thge rotation
under  ULltTmate loadl‘ﬂs. shall have wridth -
+hickness ratto Mo %r&o\“‘eY‘ than the
Holowimg 7

ln-‘/zt)c £ 85 Rolled Shapes

Le/te £ 32  Box Sections

The deiaﬁw-ﬁ\k_:kmess ratic of beam
ond  girder webs subjected o plastic
beﬂAThg_ 4 s %T\/CY\ b\/ the -Foﬂow;\mz:r
-Formvla

43 ¢ dw £ 70 "‘OO%&

Re mar kS

The (463 Code —take Fnto account maferial
Lor A6 of Fy =36 Ksl or less ( note +hat
—the —two codes are +the same -For F%: 3é>.
If the structure was desTgned Ustng material
ho\v\ma, h?aher y?eld, +he c'.!(i;’;.':j 7 w-.g'j.':x".‘ an
bc ﬁ’.i_f.-i:?tal_:?g_ \.g-w.»:!v_c s FYCSC-!\-t ‘f‘f?l—u.'vc Me-v\Ts.
F‘(’r < 34 Ks!
3¢ <Fy {3¢ Ks]

Fy 2 328 Ksl @
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CASE  stuby  -T-

Ref  Alsc 1980  Code
Sectton A9 Late ral SF‘QC\"”‘%
Y TMembers  shall be a&equa’fely braced +o
resist  lateral and torsiomal  dis place merits - .
The laterally ynsupported distance , Loy, ---
shall mot exceed +he value determimed

+rom |
Ler — 1375 +25 When [0 >,\LA4}> -0.5
y Ty
or Ler _ 1375 When —os5 2 2 5 <o
ry Fy Me
exomple
- Lefry RE3 ks 50 75 /o0
| >‘,»%>‘-5 63.2 52.5 43.3 3875
;,52%’7—1.0 38.2 S5 5 &3 13,75
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Ref  AlSC (463  Code

' Segerovx 2.2 lateral BracTng,
When the moment definifion =
Co’YY\POrHHe with ‘the 980 Code,

The Lormula -For v@cr/nar becomes ©

35 <“-%_’”= o +4t'o£%:

exoample ™ P
M | Ty
( (00
0 6o
ks * ®

‘CoNcLUSIions

The frgure Which follows (.“chr& vs. e )
‘ndicales that fd A=-36 SGed (/5:365?51.)1
Cale

'O<‘E§\]‘§<‘ — ®

0% Tp 7 ! ©

Note : ._ﬂ'\e sum'mara Ts based om m™Material
wTth Fg=36 ,  other material should
be exomined en a case by case basis.
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CASE  sSTUDY

SEPT RN LS. 12/2)

- -

with  Sectton 2.4,
AISC 14963
1. S‘enc‘frhess ratio for columns

™ comtinuous -Fr«mes where
sideway TS ndl prevented, Ts
[Tmited 57 Formula (20)

[tmits |
Rectio :%_ £ T70  and oxial
load mot +o exceed 0.5 Py
for :_Qr_ =0. Also [imited
by Rormula (26) given below.

This slender ness

2. For columns ™  broced

frames the maximum
oxial load P shall mot

exceed 0.6 Py.

‘ ( See

Case STudy 4 alse,

CbmpaﬂSQﬂ of Section 2.3 , Columms <A]SC, I9 63)
Columns CAlSC. 1980

AlSC 1980

[ Slenderness ratio for
Columns Tn cContinugvs
+rames where Stdesway Ts
TNot Preve»ﬁec{, not limited
4o only 70 . Buf limited
: by Formulas CQq - 1o ) oand
(2-9 -1b) given below and
-‘—}@— ot 4o exceed Cc,
as  given bejow

2. The oaxial load Thm
columns ™ braced {rames
Yot Yo exceed o.g%5 Py

for  Slenderness (“C\‘HO)
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Date

SEPT '3} |l

3. a) Slenderness ratio

% not 4o exceed [70

b) The ollowakle:

lotterally - umnsupported
drstance

/Z—Cr' = (40‘40 ‘%‘F)ry )

formula (26) But Ler & 357

C‘) ﬁ.‘q— not 4o exceed
rm?n
K00 ™ 6\ﬂ7’ case

2a.a Slendermess radio

<%.— not *o exceed Ce
Where Cc = /am*E
Fy
ond  for Fy = 3¢ Ksi,
CC = ‘2é1

3b. The [a+er0\ll7 unsupported

drstance Loy  mot 4 exceed
Hhe %l\ow?na
Ler o 1335 Los (59-1q)
ry FY
When + (~O>M1P > =05
And
Ler _ 1375 (2.9 - tb)
YY Fy.

When — o5 ZT::L> -1.0

3c. X2

ot fo exceed Qo0 in
min

CXY\\/ case .
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4@) InteracTion -ﬁrm)\qs Hor  H Interaction formulas  are

sﬁgle curvature  are
Formula (22)
M e p-g(&) 410
i e BG(E)

M & Mp
and  Formula (23)

T’:\/‘—P 10— H(%y)ﬂ(%y)z

Valves of B, §, H and T
ltsted ™ tobles as a
@nc{'(‘m Of ﬁendemess ratio

ond Fla_

(b) Tnteraction formulas for
double curvature are
'T':ormu\a (21}

M EMp fr Py Sous

M .
Ty £ 11g-lg (Tpy)el0

‘FDY P/Py Z 015
and Formula (22)

Sy B-q(-g;>5- 0 ;

———

Mp

Frmula ¢ 2.4 -2)
P L CnM

+ < .0
cr -B -
P (=5 IMm
ond  Formula ) (24 -3)
P M Lia me
P)’ "'8MF £ L0 M= MF
WL)QX‘Q Pc,r = (7 /\F&

_ 23 ‘
P€ —‘{-AFe

Fa  given by (1.5=1) and

Fe
Mwm= Mp (bro.ceCi T the

weak direction )

= [ o1 =4, NPy Traen,

31 éo
( Unbraced Tn weak d?nec’r?m)

3?»’6)’\ ™ Section [ 6.1

o) For s?ﬂcjle Curvature
0-b £ Cm &1+ 0

For double curvatyre
04 = Cm & 0

b)
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For comparison of these Specifications | graphs  of
' P/Py Ve M/MP are drawn Ly Slenderness ratio
of 20,70 and (00. Ty preal  Column |4 WF 150

with Fy= 36 ksT  has been -uken as an example
for  our pur poses Se?am‘l‘e 8mphs are drawn for

Stngle Curvature (0.6 € Cm & (.0) and double
Courvadure ( 04 &£ Com & ©.6) cases.

For frames with sideswoy C Cm=0.35) allowed.

Sraphs of %& Vs M/‘MP are drawn for
Two fypes  of columns  14WFISO  and  120WF 45

Wt Fy= 36 Ksi,. Columns assumed to be braced
In the weak direction, for a®® graphs

It can be inferred $from the 8pa{$h$ +hat
™ all cases ,  the mMmajor change Ts the (imtt
of allowable axtal (ood, which

osPy “+o o075 P)l ~“for
atlowed D ond

Columns.

TS Pcreased from
un broced @lumv«S(Srdesw*&/
0.6 P7 +o 0.85 P/ fr braced

BuT  the acceptable dectg» reg?arw

v both  codes s admost same.

curvature we  notree w%f _‘S_g_ = 30 “+he Formu la_
(24-2) Ime for Cm=1.0 Ts belsw +he
formulec (23) [Tne, butr for K¢

ond  Jor —’Tp—‘or-: (co, The. Ermul&(;.é{- ~2) +or Cm=1.0
‘\s C\L-)o\[e ‘f"‘—)‘& Erm&JlQ ()_3) ll\he. ﬁ-hus

L<_'Q =30 1990 code beTn% moreé  ConServVative

For STﬂﬂle

= 70, -Hne)/ over“o\]D

r

-
while ~for _KFQ:sooJ 1962 code seems 4o be wore

Conervative . . This chcmﬁe can  Tthus be dC\SGT{TeJ
best as o B C(nc\r\je.

®
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By

RA

Date Ch'k’d Date Rev.
! Lo, : Cal =
SEPT ‘Z ! s //':,"-'_‘,’-»:’ . »,r";’/l

Date

F = 36 kst
y

1963 Code

S
M
?

Formula (22) 2 B=G(P/Pv) < 1.0

‘e

Formula (23) - < 1.0 - H(P/Py) - J(P/Py)’
]

- »
TYPICAL EXAMPLES I’\E é T %
. 1 '_L
D A1

SINGLE CURVATLRE
ASSume.. beaced in u(.n_z\ divection

Se Mw\ - M?

01—
198D co0e LIMAT

asf

LR R S

€= 0.6, Formula {2.4_2)

A

054

ay4—
a.xt

ot =
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AT S

i
!

F = 36 ksi k:l = 30" 14w 150 DOUBLE CURVATLRE s
Y Assume Bvrced 1y weak divectim
. b ]
, sl M“s MP
) .1963 Code 1980 Code
Formula (21) M = ){p when P/Py < 0.15 (2.4-2) PP . C M <1.0
M er (1 -
N < 1.18 - 1.18(P/Py) < 1.0 N 0dsc <06
¥ (2.4-3) £ 4 M
Formula (22) e B-G(P/Py) < 1.0 . py l.lB.‘!P < l0, ™ h.
M in
M, M< M,
n ~
TYPICAL EXAMPLES F S;
: )
M<iu, M,
.E/ 1.0 i - . : : : :
9.9 - -

0.8~

9.7 -

1980 Cobk LiMIT - (=9, 4, FoRmuLA (2.4 -2J

1963 cobe LMt

o4
0.5
oy
0.3
0.2

91-

o o o3 o4 o5 05 O 08 5q Lo
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kl . =n 12 e TRU AT
F = 36 ksi kLl 270 12w 150 SINCLE CURVATURE _ )
y r Avsuwe Bvaced W \J!.L;L &“"Vt‘"‘.
e l\"'\,.,1 = M?
1963 Code 1980 Code
Formula (22) ot < B-G(P/Py) < 1.0 P " < 1.0
ormula (22) g~ < B: Py) < 1. (2.4-2) 57—+ = : .
: cr (1 - )M ‘
MM, B 0.6 < C_ < 1.0
o M o2 (2.4-3) = 4 1.0, <
Formula (23) =~ < 1.0 - H(P/Py) - J(P/Py) SIS UERE L
¥,
, M<M, - M- o,
TYPICAL EXAMPLES = ' N N
A /éﬁé(é ;
. Xz M- W% oM<
1o
2] o
£ 1488 co0& LiMIT

.6

0.7

a8 0.9 10

M{MF-
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PN k1l
Fy-]o ksi v
1963 Cade

Formula (21) M = MP when P/Py < 0.15
M

F L 1.18 - 1.18(P/Py)

o

Formula (22) gt < B-G(P/Py) < 1.0
M o<

TYPICAL EXAMPLES

to =

= 70 l4ws 150

DOUBLE CURVATLRE

ASS&*-\( ‘:}f‘c\ggd c..-) '.A)Ld—k J'.v!ondh

S M,.‘z N\?

1980 Code
cu
(2.4=2) 5"—4. 2 <10
er (1 - P—).‘Lp
e 0.4<¢Cc <o 6

< 1.0

Db

0q-t—
1990 CoPE \LIMIT

o8

1963 CodE
WM T

o f—
&3 +—
[ 18 .

.°-." .

0.4 [ X3

9.6 a7 a? 0.9 1.0
M/HP
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SEPT I s /e/c

kl

Fy = 36 ksi ? = 100 14 150 SINCLE CURVATURE . .
. Agssume braced n u)cak divectim
L M= "“?
1963 Code . 1980 Code
c M
Formula (22) =- < B-G(P/Py) < 1.0 (2.422) oo p —2_ 1.0
M -~ - P P
. er (1 - P—)bL‘, -
MM, o e o.s;cmil.o .
P M
,  (2.6=3) F+ <€1.0, M <
Formula (23) o= < 1.0 = H(P/Py) = J(P/Py)’ Py L.asyy i
P
i M<u, A, M
TYPICAL EXAMPLES ’ a» n
!
U/
'i’ M, oM, M< M,
B 1.0 T i
PY
O.QT <+
142D (205 LIMIT .
oL
X : ]
3 col LM T +
0 184 90E L]
‘ 0.5+
Ch, -
’J.g
04 t €2 i
. A 22
b 03 : . X
S ) {y,
A <
0.2t /(JJ <“¢) 3
o I
-— Q [ (X3 0.3 0.4 08 - X4 0.7 0.8 0.9 1-Q
NIMP
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F = 36 ksi k—'} = 100 14we 150 DOUBLE CURVATURE _ .
4 . Assusne braced v weak diveclion
T M= M? :
1963 Coce 1980 Code
(2.4=2) ..1_.4, C:y < 1.0
Formula (21) M = .‘(P when P/Py < 0.15 =evTe Pr (1 - —?_)Hp ,
. 0.4 cc_ <06
oh € 1.18 - 1.18(?/Py) < 1.0
P
2.0 F T <10 M
Formula (22) g < B-G(P/Py) £ 1.0 y
h X _
MMy
. M, M
' < 1
TYPICAL EXAMPLES F 5;
. o ’
M<M, M,
P —
" 1 ) J
\Q8®D CodE LT
o8 | 1
ot 4
0l 1963 coox LiMiT

031

0:2.1

044 -

) 0z &3 04

0.5

0.6

Iy og &1 1o

hgl [.v'
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Date

. kl W L3 SIDESWAY ALLOWED .
- 36 i = =30 {2 w55 . .
F, o= 36 ksi = Assume braced iy weak diveclin
T Mg M‘.
1963 Code 1980 Code
Formula (21) M = M when P/Py < 0.15
p - P cM ‘
ey B = < 1.0
M (2.4-2) 3—+ 7
§ S 1.18 - 1.18(P/Py) < 1.0 er . (1 -n
P e C =0.85
)
M
Formula (22) — < B-G(P/Py) < 1.0 P M
M =" AR -3) o
3 . (2.4-3) g=+ Tgr < 1.0, Mo
M <M, . y P
M ; 2
Formula (23) g < 1.0 - H(P/Py) = J(P/Py)
' : M <M.
TYPICAL EXAMPLES /-é 1 /— é
J L,
1] 4 j
By 011 e
Py 1963 Code Also Imposes the Following Limic

1 2P 1
o% Q8D (505 LT 7% 7py £ 1.0 Formula (20)

o6

ot

003~ 19563 Cope LIMIT

Ol ¢
ol
i 1 i i L /
.0
o od 0z 63y o4 AT 0.6
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Date

/)2y

1963 Code

Formula (21) M = M when P/Py < 0.15

bod

El
?

Formula (22) g < B-G(P/Py) < 1.0

MM

F = 36 katl kl 3
v -

14 w150

P
< 1.18 - 1.18(P/Pv) < 1.0

Formula (23) o < 1.0 - H(P/Py) - J(R/Py)?
M ' )t

TYPICAL EXAMPLES

SIISWAY ALLOWED .
Assuvme braced 1y weak divedion

:-M..,:M? :

1980 Code

C=:O.8$

e ko - A‘ ‘
: |
094+ ' i
1963 Code Also Imposes :he‘ Following Limic
o3t g—: * 55-< 1.0 Formula (20)
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CASE sStupy -9 -

COT“FQrTSOﬂ of AlSC — 1480 Seettony . 10, 4 With

AISC =162  Section (- 10.6, Reductton T Flange
Stress, HRHYbrid Girders or_dy.

© The only change  between the +wo codes

15 the Tntroduetion  of Rrmula ( 1.i0-6)

“Jor cose of 'hybﬁd 3Traler} I~ the 1430 code.,
Formolaa (1. 10-5) of 1480 Code with Fb i Ksi

s Tdentical *fO Formola. ()2) of g6 with Fp

n Psi. Hyber ﬁTrder d%?ﬂned M (963 would

be desTSned T accordance  with . Formulo ((2) -
Which 75 dentical 4o ( (10-5) in gso Code. .
But & hybrid girder c{esTgneci in  accordance
with. Qg0  -Aas 4o Confarm  fo  bot)  Formulows
Clie-5)  and (l.10-6), For Fb =25 Ks7 and

SO ksi .,  we draw gmf)hs of  reduction

Tactor (ﬁ) Vs,  Acen of web o 'Prreogof Fiam&e
rotto T0 (/“W/A{)‘; usTn3 Formulas (] 10-5)

end C1-10-6) Hr quen £ =03, 0b , ond 0.9 and
o gien Ay ratos (162, 72 2 182, fir Fb= a5k
omd 117, 127 & 137 fir =50 Ksi). We find
M all stk oses depend(‘n% on 'A‘W/A_f: o

for L= 0.45, Formula. ( (410-6) Tw the \q g0 code.
s %UH'Q conser Vative, .
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Bt for 045 <& £ 0.75 ,
oc ’Fonmul(/\C l'. ‘0'5) Cot_)ld be
CcmPored to €ach other

-F:r %?Ve‘r\ Fb- But -
6n  them.

OLD -For'mulas

a)  Foermula (12) , 1463 Code
¥ £Fb [ 1.0-0.0005 "“"’(

with Fb ™ Psi.

b) Fonmu\a (. \o-5) las8o @de
$Fo [ 10 —Oooos_f*—‘"—<h — 760

VFb
Wi Fb ™ ksy

New FO"‘mulO\

|4 %0 code

E/é';b[ \l+<%\))(3"<’0@)}

W
2 + l(%)

Formulae (110 =6)

Formulen C 1o 10 "Q)

Conservatve. aOs
d‘eper\d(‘r\% on
A ) 0.15
case, Formula (110 5) Ts more conservative -

Thus we can make ‘(L\e_ "FD“th%g,- d\)&a\mgrﬂ'

)],

3 Rev. Date
'Gf ‘Illi"

h/t oo
™ ong-

0< SCQQL
4 o..‘e'S
and A
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ke oo
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0.75 =
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REDUCTION FACTOR

AISC 1.10.6 1963/1980 CODE COMPARISON

WEB/FLANGE AREA RATIO

BENDING STRESS = 25KSI  ALPHA=0.3, 0.6, 0.9, H/T RATIO = 162
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funs
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&
035~
0.0 ! :
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BENDING STRESS = 25KSI

60 3b ' 100

"WEB/FLANGE AREA RATIO
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AISC 1.10.6 1963/1980 CODE COMPARISON
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(Vs e . — -
E a = 0.3
5
& ”’/‘.
%
d))c
0.2—1- ”’@‘,
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0.0 i ] \ i !
o - 1o 20 30 40 So 60

WEB/FLANGE AREA RATIO

BENDING STRESS = 25kST  ALPHA=0.3, 0.6, 0.9, H/T RATIO = 182




UUUE Franklin Research Center

A Division of The Franklin Institute
The Benjamin Frankiin Parkway, Phila., Pa. 19103

AISC'1.10.6 1963/1980 CODE COMPARISON

1.0 = eyereegi e el e e e e — g &
a= 0.9
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a
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0025:"—
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WEB/FLANGE AREA RATIO o
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BENDING STRESS = SOKSE
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REDUCTION FACTOR
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CASE STtuDY =10 -

Comparison Of  Secton (|- 9-1:2) and  Appendix C (Alsc
1980 ) with  Section [-9.1 (AISC, 1963) ; width-Tthickness

ratio of unstiffened elements Subfect +o axtal
Com pression and C,cmsfreSS?tm due fo bendrﬂg,

In both sections +he |lemTh o-F width —
thikmess  ratio given Hor the -,followrwé
Varfous  cases. ' '

| CASE I °  sSingle —c\nale Struts | deuble —angle struts
’ ‘ With  se porators
a CASE T : Struts Comprisng double anjles ™ Comﬁd-j
angles  or  plates FroJE&Tng from STrc\erS ,
Columns, o~  other Compression  members
Compresston flanges 0 beams ;  Stiffeners
on  plate ﬁTrders | :
CASE T[ : Stems of Fees
I~ ASC . 1980, % ccordimg To the sFec({-fcaﬁéﬂs ;(W
the above ~cases . when Compre sston

Members exceed the ollowable widih -~

“‘hrckness rafto, e allowable <Stresgec

| one. reduced by @ fnctor  hased on
i ' —Qr‘mulcgs gTVQn T C\PPNCWX @

L which depends  on yteld  stress CFy) omd
; ‘ ~the w‘cc(‘H'\ -'Hq?<:khﬁss 'Y‘od‘(‘o‘




| . - \ 5257
UUUE Franklin Research Center (o2
7,

A Division of The Franklin Institute . Data’
The Benjamin Frankiin Parkway, Phila., Pa. 19103 z SEPT Q’

Bot C\QCOrc‘Tn% +o ASC, 1qL= §?e ci{7 cationg,
When »ComP}essTon members  @xceed the aliowable
Wldth — —thidkness  mato . the member  is
adce?‘\'ab\e £ R SatTsfies +the allewable Stress
reiu?r\emen‘ks with  a. portion of wrdth e,
eﬁed—we, width meefs stress reczu?rem enfs .

For the wse study , two  values of Fy
3¢ ksi omd S0 KSi  are chosen . For Hre
tvo values for +7PTCoJ c\nﬁle sectton and
T sectiomns f)Tven ™M AlSC Manwal

g rephs  Pave been plotTed for Reduction Factor Vs
idth — thickmess ratio. -

Reducttor Factor for  AISC, 1980 Code 75 based

on formulas qluen ™ appendix & and Tfor
Alsc. @6d, reduttton factr Ts +the rahio
of effective width +o actval width of
the sectiom. ;

Based on the graphs. the change
for case I and Case T o higher
Width [ thickness ratio  would be a C d'\omaf_,
As  SpecificadTons wWere more  conservalive T
1962 code - Bt Hor CaseTl +he charge ™
Spech?C&T?GV\ (s A df\lk?\e_ as 1t is more
Con Ser Votive, ™ 1940 Code, ot k?\cj%er"
width = thidmes oo
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CASE Stuoy -l -

Comparison of AISC 1480  Sectiom I il-4 With
Alsc (463 Sechm o4 s Shear conmecters +or
Compostte Beo‘\ms . Where (orsﬂ-uén‘nal reThforcrna steel
Gets  with  beam - _
Ac;uc!?ng +tv AlISC (4so0, HFMUIGLC{'”‘S)

| Vi & Ase Fyr/—z_ (1.1 -5)

IS given for Comtinuous Composite beam where
longi-h;dtﬂq\ rerm{orc,rr\g Steel TS (onsidered o
act ComFosHe'7 with +he steel beam ™  the *neéq-i'n/&_
Mmoment regions, 4o calevlatre  the  Hotal horizontal
sShear 4o be resisted 57 shedar conmectors between
AN - Interior support Cmd, each a JqCén'\' point
of contraflexure .

Whereas Tn  AISC (463  specifications
The total horizontal shear +o be resisted between
the poInt of maximum positive moment and
€ach end or a  point of contraflexuvre
Continuous beams 75 given as the smaller
valve of  Formdla (18) and CIQ>

and \/h: _-—M;_F ' (fC\)
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There Ts mo separate formola  for Negative moment
region ™ AISC, 1963.  The above Fformulas

are The same ™ AlSC, 1480 ; Fermula (1.i1-3)
and (L. U=4) —or +the Posﬂ'T\/C moment region.
Moreover T™n AISC, 1863, There Ts ™o consideration
of retrforcing steel Tn concrete acting  Compositely
With  the sSteel beam ™ negative moment regions.

Thts TMPlTeS That ™ ComPU‘h‘ng +he
- Section modulus at  The pomts of negative
bev\dTma, remforcement  parallel 4o +he steel .
beam, and \7‘m% within +he effective .width
of slab ™ay be Tncluded aCCOFC{TﬂS +o
AlSC. 19%0. Buf Tt TS mot allewed o
include re,‘v\{orcTnS Steel ™ 'compuﬁng +he
sectTon  modulus  for +the above case as
per the specifications of AlSC. 1863, Thus
des?gn criteria.  Ts beTmS [Theralized ™
AlSC (4go. ince  the quantification of FhTs
[Theral criteria Ts unkmown. This change
Com lest be class{ied as C. Av\\// |
Composite beam designed as per ALSC (463
spectficatims  wrll show more  "moment
Coupcxcﬁy when  caleulated c&ccorc{?nﬁ +o Alse.
(480  Specificatims.
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CASE STUDY -12-

The allowable .Peripher‘o.\ Shear Stress
(Pundﬂnj Shear Stress ) as stoted ™ +he
B & PV AsME . Code Section L Div. 2,
([Ago ( ACL 359-80 ) Para. CC-3421.C Ts
[fmited +o Ve where Ue shall be calevlated
- A4S the wetah*reel averaqe of  Ueh omd Vem

Uch = +/£’/I+C‘FM/4fjccT)
Uem= 4[4 [+ (R/aig)

The ACT 318-63 Code Section 1707 States —+that
The Ulimate Shear Strength  Uu shall 7ot

exceed U, = 4 [£7 .

Covnpor?ﬂg +the above Two cases +he
Ffollowmng s concluded 3

When : ‘ Scale
. Membrane sStreésses are Compressive
3I€—633 Ts wmore  Conservative @)
2. Membrane Stresses | are tenstle
318 ~63 TS [ess c¢omservative (&)

TSR ASE R T Av s wip s ¢
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SCCLQO.
3. Membrane <hrecses are zero
€ -~ 63 Ts  Tdentical No rafing

4. Membrane Stresses are OPPOSTJre
T sTgn '
3\ =62 Could be less conservative _<A)
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CASE STUDY  -13-

The P a PV ASME  Code Section T
Division 2, (480 ( ACI 259-80) Pora. cc-342{.7
Stoates that the shear stress “daken by
+he concrete res_ulﬁng from pure “orsion shall

vot exceed Vet Where

Uze = é/—\/,+—f‘h+fm + +mth
(el5 7
While +he ACL 318-63 Code Section 1707
[Tmits +he UlHimate Sheor S“'rena‘ﬁ'\ U{; ._.}—o

U’cf-“i-:f“

c

From +the above Two cases <the
-fb\lowfng Ts concluded ;

U)hﬁn S ' . Scale
[ Mem brane  stresses are com pressive
318 —63 TS mmore conservative = (&)

2. Membrane stresses are Fensile
N8 -63 Ts less  conservadive A)
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3. Membrane Stresses oare Tero
g —-63 7S wmore conservative (&)

4. Membrane
s?gn
3lg —63

Stresses are oppesite n

could be less conservafive (A)
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CASE STUDY -14-

Section 13071(c) - Allowable bond stresses -
working stress design.

Allowable bond stresses for working stress
design in the 318-63 code were newly described as
functions of both the square root of concrete
compressive strength and reinforcing bar diameter.

The 318-56 code defined allowable bond stress as a
linear function of concrete compressive strength only.

Plots for three commonly used concrete compressive
strengths showing bond stress allowed by each code for
deformed bars conforming to ASTM-A-305 plotted against
bar diameter show that for small diameter bars the old
code is more conservative and for large diameter bars
the new code is more conservative. For bars No. 10, 11,
14 and 18 the new code is considerably more conservative.

Based on the plots shown, a reasonable interpretation
of the code changes as regards scale rating is that for
deformed bars conforming to ASTM-A-305:

1. For reinforcing bars with diameter less
than or equal to 0.875 in. (No. 7 bar) - Scale C

2. For reinforcing bars with diameter greater
than 0.875 in. (No. 7 bar) - Scale A

3. TFor deformed bars conforming to ASTM-A-408
for all diameters - Scale A

FORM CS-FRC-81
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ACI CODE PHILOSOPHIES

The American Concrete Institute (ACI) Building Code Requirements for
Reinforced Concrete delineate two philosophies of design which have long been
in use: the so-called working 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 has 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 recent ACI code. By this method, the designer
proportions structural elements so that internal stresses, which result from
the action of service loads* 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
behavior-for—the materiais"involvéd. As a result of this, the assumption of
straight line stress-strain behavior applies reasonably for properly designed
structural members. The member 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 Desian

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 strength 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 Factor

In the present code, the capacity reduction factor (¢) varies for the
type of member and is considered to account for the relative seriousness of

the member failure as regards the overall integrity of the structure.

Load Factors

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 a 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'iimiting
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

becomes 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

to 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 methods allow for more reasonable approximations to the non-linear

concrete stress-strain behavior.

In the analyses of structures, the designer must, by necessity, make
certain assumptions which serve to ideélize 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
redistribuﬁion 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 td 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

Factors of safety* are subjects of serious concern in this review. For
working stress, the definition of the facﬁor of safety is often considered to
be 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 codé, 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 redgction 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 strength 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 féctors 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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