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FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory 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 Engineering Department, Villanova
University, and Dr. R. Koliner, Professor of Civil Engineering, Villanova
University, provided assistance both as contributing authors and in an
advisory capacity as consultants under subcontract with the Franklin Research

Center.

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 LaCrosse

(Genoca) Nuclear Generating Station, this report provides a means for
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 ccaparison review is to identify deviations in
design criteria from current criteria, and to assess the effect of these
deviations on margins of safety, as they were originally perceived and as they
would be perceived today.

The work was conducted as part of the Nuclear Regulatory Commission's

(NRC) Systematic Evaluation Program (SEP) and provides technical assistance
for Topic III-7.B, "Design Codes, Design Criteria, and Load Combinations."
The report was prepared at the Pranklin Research Center under NRC Contract No.

NRC-03-79-118.

P ele
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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 numb:r
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 undertoock an
extensive program to evaluate the safety of 1l older plants (and eventually
all plants) to a common set of criteria. The program, entitled the Systematic
Evaluation Program (SEP), eawploys current licensing criteria (as defined oy

NRC's Standard Review Plan) as the common basis for these evaluations.

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

This topic is charged with the comparison of structural design criteria
in effect in the late 1950's to the late 1960's (when the SEP plants were
constructed) with those in effect today. Other SEP topics also address other
aspects of the integrity of plant structures. All these structurally oriented
tasks, taken together, will be used to assess the structurai 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 topicr.

*The report addresses only the LaCrosse plant.

P -2=
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3. REVIEW OBJECTIVES

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

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

shut down under all circumstances.

The objective of the present effort under Task III-7.B is to provide,
through code compacisons, a rational basis for making the required technical
assessments, and a tool which will 2ssist in the structural review.

Pinally,, the objective of this report is to present the results of Task
III-7.B as they relate to the LaCrosse Nuclear Generating Station.

. -3-
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4. SCOPE

In general, the scope of work requires comparison of the provisions of
the structural codes and standards used for the design of SEP plant Seismic
Category I civil eng.neering 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:

l.

Identify current design requirements, based on a review of NRC
Regulations; l0CPRS50.55a, "Codes and Standards"; and the NRC Standard
Review Plan (SRP).

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

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

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

Prepare a 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 significanc: 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 thie review).

Franklin Research Center
A Dmison of The Franmiin insutute
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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 Designation

I11-1 Classification of Structures, Components,
Equipment, and Systems (Seismic and
Quality)

III-2 wind and Tornado Loading

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

III-4 Missile Generation and Protection

I1I-5 .Bvaluation of Pipe Breaks

III-6 Seismic Design Considerations

I1I-7.D Structural Integrity Tests

VIi-2 Mass and Energy Release for Postulated
Pipe Break.

Because they #:e covered either elsewhere within the SEP review or within

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

scope ~f this review:

Mark I torus shell, supports, vents,
local region of drywell at vent
penetrations

Reactor pressure vessel supports,
steam generator supports, pump
supports

Equipment supports in SRP 3.8.3

e

.uJu Franklin Research Center
A Divimon of ™he Franmin insttute

Reviewed in Generic Task A-7.

Reviewed in Generic Task A-2,
A-12.

Reviewed generically in Topic
III-6, Generic Task A-12.



Other component supports (steel
and concrete)

Testing of containment

Inservice inspection; quality
control/assurance

Determination of structures that
should be classified Seismic
Category I

Shield walls and subcompartments
inside containment

Masonry walls

Seismic analysis

P g
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Sc-.ific supports have been
analyzed in detail in Topic
III-6. (Component supports may
be included later if items of
concern applicable to component
supports are found as a result of
reviewing the structural codes.)

Reviewed in Topic III-7.D.

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

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

Not within scope.

Reviewed in Generic Task A-2.

Reviewed generically in IE
Bulletin 80~11.

Being reviewed as an independent
SEP Topic.
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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. Simultaneously, it reflects the reserve load
carrying capacity existing before the structure is brought to the limit for
which an engineer could be certain the computations (based on elastic behavior

of the metal) applied.

This is the conventional use of the term and the meaning which engineers
take as intended, unless the term is further qualified to show something else
is me2nt, 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 substanti=»l 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.

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

P
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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 r.<iicated on the
assumption that it is unrealistic to expect that plants wh.~h 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. In fact, the critical judgments tc be made (for SEP

plants) are:
1. to what extent may current code margins be infringed upon.

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

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

of these two key considerations.

d g
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6. CHOICE OF REVIEW APPROACH

The approach taken in the review process depends on wnich key questions
(of Section 5) one chooses to emphasize and address first.

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
highly lcaded structures in regions where materials behave inelastically.
Rulemaking in such areas is sure to be difficult, and likely to be highly
controversial.

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

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

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

decisionmaking.

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

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

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

many unresolved questions will remain.

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

sharply focused upon a few remaining key issues.

/‘ - -10-
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7. METHOD

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

1. information retrieval and assembly

2. appraisal of information content

3. code comparison reviews

4. code change impact assessment

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

7.1 INPORMATION RETRIEVAL

The initial step (and to a lesser extent an ongoing tas: of the review)
w#3as to collect and organize necessary information. At the outset, NRC
forwarded files relevait to the work. These submittals included pertinent
sections of plant PSARs, Standard Review Plan (SRP) 3.8, responses to
questions on Topic III-7.B previously requested of licensees by the NRC, and

other relevant data and reports.

These submittals were organized into Topic III-7.B files on a plant-by-
plant basis. The files also contain subsequently received information, as

well as other documents developed for the plant review.

A number of channels were used to gather additional information. These
included information requests to NRC; letter requests for additional infor-
mation sent to licensees; plant site visits; and retrieval of representative
structural drawings, design calculations, and design specifications.

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

7.2 APPRAISAL OF INFORMATION CONTENT

Most of the information sources were originally written for purposes

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

B =11-
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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 informaticn 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 Apvendix I of this report. Briefly summarizei, the
criteria selection cori'esponds “o NUREG-800 (NRC's Standard Review Plan), the
operative document providing guidance to NRC reviewers on licensing matters

(see Reference 1l).

Next, the Seismic Category I structures at the LaCrosse 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 counter-
part 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-l17-inch pages. A central
column between the codes was left open to provide space for reviewer comments.

The code versions were initially screened to discover areas where the
text either remained identical in both versions or had been reedited without
changing technical content. Code paragraphs which were found to be essentially

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

The review then focused on the remaining portions of the codes where
textual disparities existed. Pertinent comments were entered. Typical
comments address either the reason the change had been introduced, the intent

of the change, its impact upcon safety margins, or a combination of such

—

considerations.

5 -12-
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As can be readily appreciated, many different circumstances arise in such

evaluations--scme 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 question. Not infrequently, code committees are
called upon to protect against failure modes where the effects are well knowr
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
penalf 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 tc 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.

whenever it was found that code requirements had truly been rela ed, this
was noted in the reviewer's comments in the code comparison review. Because

liberalization of code criteria clearly cannot give rise to safety issues

‘/.:-: ‘13-
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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 tnat the
code change had the potential to significantly affect the perceived margin of
safety, this was noted in the comments and the paragraph flagged for further

consideration.

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

the code chiange 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 t:an;, a slab, or the like) and analyt.cally test it, under
both the older and the curre % 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.

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.

*Geometry, material properties, magnitude or type of lcading, type of supports--
to name a few.
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Although one must be cautious about claiming that results from simplified
models may be totally applicable to the more complex situations occurring in
real structures, it was felt that such examples provided reasonable guidance
for making rational judgments concerning the impact of changed code provisions
on perceived margins of safety.

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES

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

Category 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 :ont:ity, 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.

Al though 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
safety as perceived from the standpoint of the requirements that NRC
now imposes upon plants currently being licensed.

The review - .uitaneously culls away a number of code changes that do
not give .ise to such concerns, but which (because they are there)

would otherwise have to be addressed, on a structure-by-structure
basis.
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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 requi:ce demonstration of structural
integrity under a loading combination uiat 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 nther major loads that were
included), then it is quite possible that some mambers in the
structure would appear overloaded as viewed by current criteria.

Thus a potential concern exists.

However, no determination as to actual overstress in any member can
be made by code review alone. Actual margins of safety in the
controlling member (and severa! 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

foliowing 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.

Each such code change is classified according to its potential to alter

perceived margins of safety** in structural elements to which it applies.

Four categories are established:

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

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

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

Scale B Chan!s =~ The new criteria operate to impair margins of safety but not

2nough to caus» 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 chang;l are found in two different forms in this
report. For example, some are designated as "Scale A," and others as "Scale
M~ N

C. Others have dual designation, such as "Scale A i1f --- [a condition state-

ment] or Scale C if --- [a second condition statement]."

In assigning scale classifications, an efficient design to original
criteriz 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 affcrd 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
scale ranking is neither a function of member stress* ncor 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.

*There are exceptions, but these are code-related, not adequacy-related.
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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 coclumns 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 eniance perceived margins of safety

(Scale C).

Emphasis is subsequently placed on Scale A changes, not on Scale C
changes. The purpose of the code comparison review is to narrow dcwn and bring
into sharper focus the areas where structures shown adequate under former
criteria may not fully comply with current criteria. Orce 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.

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
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locading 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 nigher stress limit adequate under current
condition was near fcrmer criteria

allowable limit

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

allowable limit

It is clear from this example that the function of the code review is %o
peint out code changes which might impair perceived margins of safety, and
that assessment of their pertinence is best actmowplished at the structure-

specific level.

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 struc ures.

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
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surely overly long because the list has been prepared without reference to
actual plant structures. Por 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 wvere beyond the scope of the III-7.B task;
accordingly, such activities were not attempted. However, occasional
reference to such documents was necessary to the review work. Consequently,
it was possible to cull from the list some items that were obviously
inappropriate to the LaCrosse plant structures. Wherever this was done, the
reason for removal was documented, but no attempt was made tO remove every

such 1item.

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
LaCrosse were relegated to Appendix A. The Scale A or Scale Ax changes that

remained are listed on a code-by-code ba:is8 in Section 1l.
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8. LACROSSE SEISMIC CATEGORY I STRUCTURES

SEP Topic III-l has for its objectives the classification of components,
structures, and systems with respect to both quality group and seismic
designation. Seismic Cateogry I structures in the LaCrosse plant have been
identified by Reference 7 as follows:

Containment shell and penetrations

Reactor containment building and pipe penetration
Control room and electrical equipment room

Crib house (water intake structure)

Water discharge structure

Turbine building (portions housing Class I equipment)
Fuel storage building.

At the LaCrosse plant, the stacks are located in close proximity to other
Category I systems and structures. Consequently, if stack failure is
postulated, it has the potential to impair soms vital function of these
systems or structures. Therefore, the stacks are treated as Seismic Category

I structures in this report.

A major structures not referenced above as Seismic Category I are the new
diesel generator building and the spent fuel pool, although classified as
Seismic Category I under current criteria.

Design load tables and loading combination tables are also supplied in

Section 10 for these structures.
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9. STRUCTURAL DESIGN CRITERIA

The structural codes governing design of the major Seismic Category I
structures for the LaCrosse plant are detailed in the following table.

Design Current
Structure Criceria** Criteria

1. Containment shell ASME B&PV Code ASME B&PV Code,

and penetration Section VIII, 1962 Section III
Subsection NE, 1980
2. Reactor containment ACI 318-56 ACI 349-76
puilding and its AISC 1961 AISC 1980
internal structures
3. Spent fuel pool ACI 318-56 ACI 349-76
i. Control room Not stated in the material ACI 349-76
furnished for review AISC 1980
5. New diesel generator Not stated in the material ACI 349-76
ouilding furnished for review AISC 1980
6. Crib house (water Not stated in the material ACI 349-76
intake structure) furnished for review AISC 1980
7. Water discharge Not stated in the material ACI 349-75
structure furnished for review AISC 1980
8. Turbine building Not stated in the material ACI 349-76
(portions housing furnished for review AISC 1980
Class 1 equipment)
9. Fuel storage area Not stated in the material ACI 349-76
furnished for review AISC 1980
10. Stacks Nt stated in the material .

furnished for

review

*Comparisons of the previous design code with current versions for the primary
vent stack are not carried out in this report since a complete reanalysis of
the stack to current Ggriteria will be carried out within the SEP program.

**Page 4 of Reference 8 indicates that the AISC 1961 code was used.

The fifth

edition (in effect from 1946 to 1963) was then current, and the 1953 printing
has been used as the reference in this report.
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10. LOADS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TAR™ES 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 ocut for special considera-

tion in this section of this report.

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

structural design codes also include them.

Later sections of this report address, paragraph by paragraph, changes iq
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:

1. load tables
2. load combination tables.

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

demonstration of structural integrity.
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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 guite 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

locad symbols used in the charts together with their definitions.

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

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

1. The list of 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 actual design basis are then checked
against the reduced list to see if all applicable loads (according to
current requirements) were actually considered during design.

3. Each load that was considered during design is next screened to see
if it appears to correspond to current requirements. Questions such
as the following are addressed: Were all tr2 individual loads
encompassed by the load category definition repra2sented 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.

w
-

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 ueffects of certain loadings (tornado and seismic loads, in
particular) are being examined under other SEP topics. In all such cases, the
findings of these special SEP topics (where review in depth of the indicated
loading conditions will be undertaken) will be definitive for the overall SEP
effort. Consequently, no licensee investigation of such issues is required
under Topic III-7.B nor is such effort within the scope of Topic III-7.B (see
Section 4). Licensee participation in the resolution of such issues may,
however, be requested under the scope of other SEP 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
O current requirements and the load combinztions actually used in the design

basis are matched against these requirements.

Current criteria require consideration during plant design of 13 load
combinations for most structures, as shown in the load combination tables.
These specific requirements were not in effect at the time when SEP plants
were designed. Consequently, other sets of load combinations were used. 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 earthgquake
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 pactial fulfillment of all 13.

For ease of comparison, the load combizjations actually used are super-
imposed on the load combinations currently required. This is accomplished in

two steps:

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

[ — =25~

—_—

... Frankiin Research Center
A Dvimon of ™he Frameiin insttute



T2R-C5257-325

is tc strike all loads that are not applic:ole to the structure under
consideration from all load combinations in which they appear.

2. Next, loads actually combined are iadicated 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 loaa 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 combinaticns considered in
design was substantially fewer than current criteria prescribe, it did not

appear to serve any engineering purpose to rank the structure for each
currently required load combination. Instead, a limited number of loading

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

1. 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. If demonstracion of structural adequacy under the most severe load
combinations currently specified for emergency and accident
conditions is provided, a reasonable inference can be drawr that the
structure is also adequate to sustain the less severe loadings
associated with less severe conseguences.
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The scale rankings assigned to loads and lcad combinations in tables are
intendad as an appraisal of plant status, with respect to demonstration of
compliance with current design criteria, based on information available to the
NRC prior to the inception of the SEP review. A number of structurally
related SEP topics review some loads and load combinations in detail based
upon current calculational methods. 1In 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 DEPINITIONS

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

E or E4 Loads generated by the operating basis earthquake.
E' or Egg Loads generated by the safe shutdown earthquake.

F Loads resulting from the application of pre-stress.

H Hydrostatic loads under operating conditions.

Hy Hydrcstatic loads generated urnder accident conditions, such as
post-accident internal flooding. (P, 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).

P, 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.

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

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

Pipe reactions during startup, normal operating, or shutdown

conditions, based on the critical transient or steady-state
conditicn.

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

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

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

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

Loads generated by the design wind specified for the plant.

Loads generated by the design tornado specified for the plant.
Tornado loads include loads due to tornado wind pressure, tornado-

created differential pressure, and tornado-generated missiles.

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.

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

load combination charts correspond to loading cases and load defini-
specified in the appropriate SRP. Each chart is associated with a
SRP as identified in the notes accompanying the chart. Guidance with

respect to the specific loads which must be considered in forming each load

comuination 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"

NOTE: To assist in Dairyland Power Cooperative's review of the LaCrosse
piant, the load and load combination tables for the following
structures have been completed:

Containment Shell

Containment Building (concrete structure interior to shell)
Turbine Building

Diesel Generator Building
Stacks.

These are the only structures for which load combinations were found in
the information made available for review.

Blank tables for the loads and the load combinations approp:riate to

other Seismic Category I structures are provided and should be
completed by the Licensee.
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3 STRUCTURE:
~ 1 A -
COMPARISON OF DESIGN 3ASIS LCADS CONTAINMENT SHELL (STEEL)
PLANT: LA CROSSE
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |Applicabldincluded Reviewing Magnitude | Deviation| Impact
Jasis To This |In Plant This Load Corresp Exist Scale Comments
Loads Structure ign To Present] In Load Ranking
asis? Criteria’ | Basis?’
>
L Tes Yes — Tes No —
>
; Tes Yes e Tes No A 1.
F — ——— e —— - - — ;
4 Tes Tes II1-5.A . . | *
- |
H Tes Tes — - Yo | @ e |
: 4 | | |
i = ?‘ Yes Tes VI-2.D, 111-7.3 . . * - B |
1
i | 2. | Yes -— | 3 3
! N T | Yas Tes e
= 3 |
| 1
! ¥ | %5 | TYee Tes Vi=2.D, 1II-7.8 . . .
* | 4 .
l f’ | Tas | — e | Bx .
| 1 ' T
| | R, Tes Tes | '
R 8 | | ‘
| :'4!‘ L | Yes i | '!
; RS Tes - ’X J 6.
r : T
< € Tes Tes 111-6 . . R
| -
| ; g Tes Tes 1116 . . s %
2 L Yes -— 111-2, I11-4.A - . . | .
3 ] Tes Tes I11-2, IIl-4.A . . | - !
3 4
Yr Tes — II1-5.A . . o ‘
H |
A - -
2 Y, Tes I11-5.A . . .
L Y Tes — III-5.A * . .
a
Ref.; SRP(198]1) Section 3.3.1 or 3.8.2

Somments

* To be determined per results of SEP copics. Scale ranking shown for SEP topic items are indevendent
iudgments, Ddsed on information in the FSAR or other original design documents.

1. Roof locads have increased per SEP Topic I1I-2.A.

. Page 12 of reference 3, indicates that (static) earthquake load of 0.l3 was assumed. FSAR reports
that a subsequent dynamic analysis for a 0.123 horizomtal SSE. A simultaneous vertical response
of 2/1 of the horizontal vas considered.

(™)

Design wind load considered was 78 mph. An analysis performed in 1974 which concluded that the
contaicment shell could not be overturned bv 300 mph winds. However, the upper hemisphericzal
head could be penetrated by a postulated missile.

«. 51 pei; maximum internal pressure was considered, per ref. 8.
5. JI809F design temperature wvas considered, per ref. 8.

5. Direct discharge to vapor containment not ';nticipnnd to cause major structural problems because of
the lurge containment volume vs. relatively small reactor power.
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STRUCTURE:
COMPARISON OF DESIGN BASIS LOADS REACTOR CONTAINMERT
STRUCTURE (Concrete)

PLANT: LA CROSSE

Current | Is Load Is Load SE? Topic Does Lcad | Does Code
Design |ApplicabldIncluded Reviewing Magnitude | Deviation| Impact
Basis To This |{Ia Plant This Load Correspond| Exisc Scale Commencs
Loads Structure ign To Present| In Load Ranking
asis’? Criteria? | Basis’
»
- ) Yes Tes —_— Tes No —_—
>
; L Yes Tes e Yes No -—
7 — — e — —— -——
H Tes Tes I1Z-5.A . . "
'.:' I-‘J Yes fes R - No } -
£ », Yes Yes YT-2.D, II1-7.8| # . .
] fes No —— Yo _— 3 2
re x
;4 Tes Yes ———— — No —
i 2
. Tes Tes vi-2.0, I1I-7.3 . . *
i T Tes No No —— 3 - 58
3 x
R Yes Yes ——— — %o ‘ —
’ Q
2 % I Yes
ol r
X Tes No — No — sx 2 z
!
3 e Tas Yes 111-6 . B * 3
i P Tes Tes 1116 . - s 3
1.
: o Yo °| = 111-2, [II-6.A | * . -
% W Tes ' | Yes 111-2, III-4.A . . b !
Tes — 111-5.A . * l .
2 Y Tes — 111-5.4 . . ‘ *
3 ¥ Tes — IlI=5.A » . l e
_ 2 |
l |
|
Ref.; SRP(1981) Section J.8.1 or 3.8.2

_omments

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

‘oncrete shell is counted on to resist tornado aissiles and to prevent overturning under wind « d
tornado loads.

2. Direct discharge o vapor containment not anticipated to cause major structural problems bSecause of
the large containment volume vs. relatively small reactor power.

j. Page L2 of reference 3, indicates that (static) earthquake load of 0.1z was assumed. FSAR reports
that & subsequent dvymamic analvsis for a 0.12g horizontal SSE. A simultaneous vertical rasponse of
2/3 of the horizontal was considered.
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COMPARISON OF DESIGN BASIS LOADS

TER-C5257-325

STRUCTURE :

SPENT FUEL POOL

(IN CONTAINMENT BUILOING)

PLANT : LA CROSSE
Current | Is Load Is load SEP Topic Loes Load | Does Lode
Design |ApplicablgdIncluded Reviewing Magnitude | Deviation|lapact
Basis To This In Plant This Loac Carruponﬂ Exisc Scale Comments
Loads Structure {Design To Present In Load |Ranking
Basis’ Criteria? | Basis’
> i
-~ b] |
> 1
Yo L |
& ’
. F
2 4 1II-3.4 . .
3
,;: P. (11-5.8 . .
il
H T I11-5.8 . . |
= s |
|
s R
L, 5|
Pl 2
a |
E E 111-6 . . :
! £ 1116 . . i
3. W' I11-2, {Il-4.A * * i
3 W I1T-2, IIl-4.A . . j
§ Y. 111-5.8 . .
- ry
-g' Y‘( I[I1I-5.8 ~ -
i
- '{' 111-5.8 . .
Ref.; SRP(1981) Section 3.8.
Comments
* To be determinud per results of SEP topics. Scale ranking shown for SEP tosic items are independent

fudgments,

p————

based on information in

... Franklin Research Center
" A Dvimion of The Franidin insutute
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the FSAR or other original design documents.




TER-C5257-325

i STRUCTURE :
ARISON OF A
COMPARISON OF DESIGN BASIS LOADS CONTROL ROOM AND ELECTRICAL
EQUIPMENT ROOM
PLANT: A CROSSE
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicabldIncluded| Reviewing Magnitude | Deviation|Impac:
Basis To This In Plant "his Load Cortctponq Exist Scale Comments
Loads Structure{Design To Present In Load |Ranking
Basis’ Cricteria? | Basis?
|
. -
oy {
- 0 | |
3 ; | !
3 { |
) ~ { |
¥ & |
2 4 112-3.4 . . - i
A
3 |
- P 111-5.8 . . | f
a |
| |
i | |
- ° ] }
3 T 111-5.8 . * | ,
: EY ! ;
. R
g & % |
z*°2 | » |
a
3 3 111-6 . . !
E E 111-6 . .
|- W 111-2, 111-4.A . . 2
2 q 111-2, IT1-4.A . . '
§ Y( II1-5.8 . .
" y
E f; I11-5.3 * *
! v rTY
‘a I11-5.8 ~ ~
Ref.; SRP(1981) Section 3.8.4
Comments
* To be deterined per results of SEP =opics. Scale ranking shown for SEP topic items are independent

fudgments,

o

based on information

... Frankiin Research Center
A Dhasion of The Frankiin insutute

in

the FSAR or other original design documents.



TER-C5257-325

STRUCTURE :
~ -
COMPAR. SON OF DESIGN BASIS LOADS NEW DIESEL GENERATOR SUILDING
PLANT: LA CROSSE
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |Applicabldincluded Reviewing Magnitude | Deviation|Impact
3asis To This In Plant This Load Correspond Exist Scale Comments
Loads 3tructure {Design To Present] In Load |[Ranking
Basis’ Criteria? | Basis’
5 ] Yes Yes —— — No —— !
3 L Tes Tes e — No A‘ i. }
v F No —— . ——— cm- — R— '
: H Tes — 111-3.A . . g ;
8 ]
& P No w— 121-5.8 . . * !
1
' A
I
_;' ?’ .‘.‘1- —— ———— —— e— - — |
é T, vo — 111-5.3 . . ’ x
v é Ro No — canms p— No -
P 3 |
b Yo — onane — No - ’
g E' Yes Yes 1I1-6 " . * '
g e Tes Tes 112-6 . . . |
= “ Yes Yo 111-2, 111-4.A . . .
5 W Yes Yes II1-2, III-6.A . . | 2.
Y No — 111-5.3 » " .
v r
'3 Y, No - I11-3.8 . * .
x L S Yo I11-5.8 . . .

Ref.; SRP(1981) Section J}.8.4

Comments

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
fudgments, Dased on information i{n the FSAR or other original design documents.

L. Roof loads have Seen increased per SEP Topic II-2.A and may increase per SEP Topic II-3.23 for parapet
roofs.

L

Licensee reports that this structure was designed for a maximum wind speed of 11l =ph and a pressure
drop of 0.25 psi.

S =34~
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COMPARISON OF DESIGN 3ASIS LOADS

pLanT. A CROSSE

TER-C5257-325

STRUCTURE : CRIB HOUSE

(WATER INTAKE STRUCTURE) AND WATER
DISCHARGE STRUCTURE

Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |Applicabldincluded Reviewing Magnitude | Deviation|lmpact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure {Design To Presentg In Load |Ranking
Basis’ Criteria? | Basis?
-
- ]
2 .
- » |
@ ‘ '
. |
v ¥ |
3 d t12-3.4 . . ;
a
-
= P 111-3.8 . . |
a4 |
|
il 5
2 e 111-5.3 . .
| 1
2 & * ‘
=2 e
k)
< e I111-6 . . i '
.! E 1116 - . |
E 4 111-2, 111-4.A . . !
3 4 111-2, [11-6.A . . 1
4 . }
) ‘v 111-5.3 - - |
v
”
F ‘ 111-5.8 . .
| Y 111-5.8 . .
ot -5,

Ref.; SRP(1981) Section J.5.4
Comments
¢ To e determined per results of SEP topics.

P
—=

J..U Franklin Research Center
A Drvamon of The Fransiin insotute

Scale ranking shown for SEP topic items are independent
judgments, Dvased on information in the FSAR or other original design documents.
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TER-C5257-325
STRUCTURE:  TURBINE BUILDING
.
COMPARISQON OF DESIGN BASIS LOADS (PORTIONS MOUSING CLASS )
EQUIPMENT)
PLANT: LA CROSSE
Current | Is Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicabldIncluded| Reviewing Magnitude | Deviation|Impact
Basis {o This |Ia Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Present] In Load |Ranking
Basis? Criteria? | Basis?
>
.‘.: 0 Yes Yes at— — No Jr—
$]¢ Tes | Tes —_ — Yo A, L.
. ; |
. No = R ¢ - 9 = |
3 4 Yas -— 111-3.A . . I * |
: x
= 9‘ Tes No 111-5.8 * * . A 2., 3 |
|
- y
3 T, Negl. —_ ——— —_—- -— —
i T, Yes Yo 111-5.3 . . .
3 4 ?3 Tes Yes ——— -_— — —
; " i R‘ Yes No - —— — Tes —
]
S E' Yes Tes I11-6 * . AL
! E Yes Yes I11-6 b » - |
= W Tes - I11-2, IT1-4.A . . A .
z g Yes Tes 1I1-2, II1-4.A . . . |
- |
Y Yes — [11-5.8 * * - 1
3 1 '
3 Y, Yes —_ I11-5.8 . > . !
S i
- L Tes — I11-5.8 . . .
Ref.; SRP(1981) Section 1.8.4
Comments

* To be derermined per results of SEP topics. Scale ranking shown for 3EP topic items are independent
judgments, Dased on information i{n the FSAR or other original design documents.

'
P

v

Rocf loads have increased per SFP Topic II-2.A and may increase per SEP Topic II-3.3 for paraper
roofs.

Section 1.1 of Reference 5 states that "An evaluation of the turbine building arrangements concludes
that_the maxizum peak pressure will be produced by the main steam line Sreak and will greatly exceed

the turbine building desiagn pressure (3.39 psig as compared with 0.17 psi). Due to the type of building
construccion, it aas been concluded that no significant structural damage will occur since wall (or
rouf) panels will be blown out before structural elements can be affected"”.

Note that pressure effects are not included in any load combinations computed for this structure.
Portions of the structure above EL. 668 fe. appear vulnerable to damage from tornado loads.
{.-\2-3 B

JLLU Franklin Research Center
A Dvimon of The Frankdin insttute



COMPARISON OF DESIGN BASIS LOADS

TER-C5257-325

STRUCTURE :
FUEL STORAGE BUILDING

pLant: LA CROSSE
Current |Is Load |[Is Load SEP Topic Does Load | Doces Code
Jesign |ApplicabldIincluded Reviewing Magnitude | Deviation|Impace
Basis To This |In Plant This Load Correspond Exist Scale lomments |
Loads Structure{Design To Presend In Load Ranking
5 Basis’ Criteria? | Basis?
»
- b} !
: '
- L |
- i
3 111-3.4 . .
5 | | i
-k -.F I11-5.8 . . { !
= " | |
i 1 1
- ‘ : |
| = -
| H "5 A
:: ta I1-5.3 . . |
s 1 R
& % "
- o5
-~ b 2
4
2 ' 111-6 . .
E £ 111-6 . . ‘ |
E &' ITI-2, IIl-4.A ® » |
2 4 I11=2, IIl-4.A . .
== | ] ,
| | : ‘
F- 1 111-5.3 . . } .
e | 1
< 111-5.8 . . | !
] I
= i 1I1-5.8 . . ' !
’ L |
Ref.; SRP(1981) Section 1.8.4
Comments
* To be detarmined per results of SEP tonics. Scale ranking shown for SEP topic items are independent

judgmentcs, Dased on information in

- -37-
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the FSAR or other original design documents.
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TER-C5257-325

STRUCTURE :
COMPARISON OF DESIGN BASIS LOADS
STACKS
PLANT: LA CROSSE
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 Commentcs
Loads Structure{Design To Present In Load |[Ranking
Basis’ Criteria? | Basis?’
>
: o} Yas Yes —— — No -—
>
: L Yes Tes —— —— No _——
<
. 4 No — —— —— - —
: H Yes —- 111-3.4 . . ' ,
A
- E %o --- 111-5.3 . . . [
a !
!
5 t) Yes Tes |
P T ase . -
2 3 Yo 111-5.5 . .
|
s 4 a’ Nio —— — —— —
Pl 2 Yo - e —— a— pa—
a
.:. £ . Yes Yes I11-6 . . *
! E Yes Tes 111-6 . . =
2 W Yes -— 1112, 1I1-4.A . . A,
H W Yes Yes I11-2, IIl-4.A . * -
YY No o I1I-5.3 . » -
¥
= Y, ¥o - 111-5.8 . . .
L ] Y No -— 111-5.8 * * =

Ref.; SRP(1981) Section 3.3..
Comments
* To be determined per results of SEP tooics. Scale ranking shown for SEP topic items are independent
judgments, Ddased on information in the FSAR or other original design documents.
L. Paragraph 1.3.4.1 of the La Crosse FSAR concludes that the stacks will neither overturn, nor break at
higher levels, for windspreads of:
LACBWR Chimney: 203.7 MPH
(Rebar strained to 50% of its ultimate strain)
GENOA #3 srack: 217.9 MPH

(Rebar at yield stress) or 235.6 MPH (Rebar strained to 50% of
ultimate strain'.

o "ele

Juul Franklin Research Center
A Divison of The Franiiin insttute




TER-C5257-325

10.4 LOAD COMBINATION TABLES

"COMPARISON OF LOADING COMBINATION CRITERIA"

NOTE: To assist in Dairyland Power Coor rative's review of the LalCrosse
plant, the load and load combina .on tables for the following
structures have been completed:

Containment Shell

Containment Building (concrete structure interior to shell)
Turbine "i1..i<ing

Diese . .rator Building

S,

These .e «.- . .ly structures for which load combinations were found in
the iniormation made available for review.

Blank tables for the loads and the load combinations appropriate to
other Seismic Category I structures are provided and should be
completed by the Licensee.

P s

.... Franklin Research Center
A Divison of The Frankdin insttute



TER-C5257-325

COMPARISON OF LOADING COMBINATION CRITERIA IRU
PLANT: LA CROSSE CONTAINMENT VESSEL
Combined J Gravicy Natural Iopulsive |Scale
Loading Dead, Thermal Pressure {Mechanicall Phenomena | Loading Ranking
disd Live
‘ ’ ’\Hc- \ P - N ’0 -‘
- IR Ty %s e/
» -
3 2 D+L r. P. I.
» 3 D+L @ B R
- . a
>
- 4 2+L L R P op R +R
4 a ] a . a .
P 1l D+1L 'r‘ P‘ l. 4
3 2 (’;"0':“ B P L =y 5
. -’ Vg Y o o' &,
s 3 D+L T. P. l' E
v -
- d D+ L '.1.71 's”n .1‘Rs
~ 1 D+t T P R & |
- a a 1
: K 5eit w0 1.
L8 IR £ 38 LU B LR
g 3 D+t T +T |P +p R+ R gt
: i a 3 Al s a £ ] - I
: (3) @ | s
# —
i 0+t T ? R e M R
| a a a £ 3
a . ¢ v 3 s 3. T *Y ¥ A Vo3
- 2 D+l A LeR £ i il x
>
»
-
.
>
M
A
L D+ L 'L E
-
=2
°3
- S
' L
Ref.: GSRP Secticn 1.8.2 Steel Contai 4
Notes
l. Encircled loads are those actually considerad in the design ner TSAR.
“hen load factors different from those currently required were .sed,
the factor used is also encircled.
3. For enclosed containments, these loads should also be investigacted with a
tornadoe loading replacing the seismic loading.
3. Design wind load considered was 78 aph per reference 3. Subsequently,
a vind and tormadc analysis wvas performed in 1974 which concluded that
the containment shell could not be overturned dv 300 aph winds. However,
the upper hemispherical head could be penetrated bv postulated missiles.
. Load combinations indicated by dashed lines are taken from: Seismic Review

Table, Department of Nuclear Energy, Brookhaven National Lab., NUREG/CR-1429 dated
May 1980. Note particularly the absence of pressure effects in any of the load
combinstions considered.

S. 52 peig maximum internal pressure was considered, per raference 3.

5. For purposes of the SEP Review, demonstration that structural integrity is maiantained
for the above load cases (per current criteria) may be considered as providing reasonable
assurance that this structure mseets the intent of current design criteria.

<"t\\ . °‘°‘

.... Franklin Research Center
A Dvimon of The Franain institute
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COMPARISON OF STRESS LIMITS

POR
STEEL CONTAINMENT STRUCTURES
PLANT LA CROSSE
seRvict CURKENT CRITERIA DESTGN CKTTERIA
LEVEL (ki k TABLE NE 32200, ASME SECTION 111, 1980) (REF.
CRITERIA VALUE , pst CRITERIA VALUE, psit
v 1S, 16,500 See note 8
4 e 26,150 SHELL MATERIAL
A b SPEC. MO. SA20)  GRADE: B, FBX to A300
r‘ . rl 1.5 S 24,75
PP+ Q 3o s, $7.870 YIELD STRESS (S ) « 32,000 psi
(See note 6) WT. STRENGTH (S ) = 60,000 pst
v 108 16,500
Ll - s s '
A 155, 24,750 CURRENT mc | 16,500 "‘
& PRIMARY - 19,206 P2
AP V5% o STRESS INTENSITY “Foso %F
PP 00 105, s7,870 L (3cs note 1)
{5ce pote 6) e, S = 15,000 psi
p 1.25 _orl0S 32,000 Criterfa used to be supplied by the ME MERANE ¢ 250 L
- - ’ Vicensee STRESS LIMIT
¢ " 185, or 15 48,000
RN 18s, or 1SS 48,000
foce notes 3, 4 8 6)
e, 1.0 5, 33,660
P‘ b5 S5¢ 50,490
)
P‘ ‘ Pb 1.5 S' 50,490
(See notes 2, 5 8 6)
POST 9. 1.2 S._ or 1.0 5’ 32,000
FLOOD ING P 1 8s, or 185 48,000
CONDITTON X &b g
(™ 18 S 0r 155 48,000
(B 3.0 5., | s1.87
[Scg notes 4 8 6) )
NOTES. 1. NOTE THAT CURRENT PRIMARY STRESS INTENSITY LIMIIS PRE ( O]HER iy Rie 3) MODERY COMPUTER]
METHODS OF ANALYSIS cmsm}n%u. EXGT 10w U000 BE OBSERvED TN Jﬂu‘%&‘t&v&?‘s&lfu 10 DESTaN STRESS {ikins
APPROPRIATE FOR LESS MODERN ANALYTICAL PROCEDURES
o THE COMPARABLE CURRENT CRITERIA ASSUMING ELASTIC METHOUS WERE USED FOR The ORIGINAL DESIGN ANALYSIS. w
§. VALUES SHOWN PERTAIN TO INTEGRAL ANO CONTINUOUS STRUCTURES ONLY. [
4 [ME LARGER OF THE TWO LIMITS IS APPLICABLE ‘3
5 5S¢ 1S B5% OF THE GENERAL PRIMARY MEMBRANE ALLOWABLE PERMITTED IN APPENDIX F OF SECTION 111, ASME COOE . \
6 N ALL INSTANCES FATIGUE AND BUCKL ING CRITERIA MUST AL SO BE SATISFIED. w
7. I ACCORDANCE WITH ASME DIV. 1, SUBSECT NE, SUBPARA. NE 2121, THIS MATERIAL 1S NOT | 09770 AMONG THOSE CURKENILY PERMITTCD. g
REE: APPENDICES TABLE 1-10.1. “CURRENI™ STRESS VALUES LTSTED ARE DCRIVED USING S = 1.0 x 1/4 xS, and 5 @ 23596 FRON
TABLE N-42) ASME BRPY COOE SECT. L11, CLASS A, 1965 - - -
8. Per (B&1 MANUFACTURER'S DATA REPORT FOR UNIFIED PRESSURE (SEE REFCKENCE 9).




TER-C5257-325

COMPARISON "F LOADING COMBINATION CRITERIA STRUCTURE : |
CONCRETE STRUCTURES CONTAINMENT BUILDING
PLANT: « LA CROSSE i
| T
Combined
Nactural lapulsive | Scale
a
g::n; Gravity Dead, Live Thermal Pressure| Mechanical o Losding ' Ranking
]
|
I 1 1.6 + 1.7L I
—
2 1.4D + L.7L ; 1.9¢ i
| |
o3 | aosaeeran [aseirT IS x LR
i ‘I'
. l.e 1.7 78 3.7 ¢ o7 1.7 78 1.9
| D+ L) 5 ' 5 % Ro' x Ei
s | D+L z, { R, z
i
5 D+L T° ‘ R, 'J:
| =t
| D+ L t‘ 1.5 P‘ | R‘ :
i . . [ .
3 D+L T. 1.25 P. l‘ 1.25¢ | “'r - Y: + f‘.
|
|
d v Y |
9 D+L T. P. l. E Y .y;..:‘ A
Ref.: SRP (1981) SEC 3 8.) Concrete and Steel Internal Structures of Containment
Notes
Ultimate strength method required by ACI~349 (1377).
wvorking stress
2. Method used in dntp{ ultimate strength
3. Loads deemed (napplicable or negligible struck from loading combinations.
&. Encircled loads are those actually considered in the design. When load
factors different from those currently required wvere used, the factor
used is also encircled.
$. For purposes of the SEP Review, demonstration that structural integrity is
maintained for load case 9 (per current criteria) mav bde considered as pro-
viding reasonable assurance that this structure ameets the inteat of current
design criceria.
B -42-
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TER-C5257-325

-
COMPARISON OF LOADING CCOMBINATION CRITERIA STRUCTURE : i
CONCRETE STRUCTURES 5
SPENT FUEL POOL |
PLANT: LA CROSSE }
—— ! Natursl | Ispulst -
| Natura sive | Scale |
:::n. Gravity Dead, Live Thermal Pressure| Mechanical - Losding |l-ukm
1 1.4D + 1.7L | ,
| 2 | 14p+l.n | [ 1.92 ‘
| |
| x ;
3 T8 (14D + LY 1S x LT T } 78 % 1.7 R | |
" | 18 Qep+10) | ISk LT T, RIEREE N .78 x 1.9
+ -
' 5 | D+t i T, ! q, g
o o +L -: a) Jt
e . e . :
| o+L ! a 1.3 ?a | ‘a :
¢ I - { - - ! | -
( 3 . D+L % 1252, | LN 1.258 ; LI 13 L
] i |
: |
° : . ! v | 1
9 D+l T, L R, ‘ £ | Lot o0l A

Notes

- Ultimate strength method required by ACI-34% (19377).

s working stress

2. Method used in d““‘{ulti.t. strengch

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

“. Encircled loads are those actually considered in the desizgn. When lcad
factors differant from those currently required were used, the factor
used is also encircled.

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

P gy

Juul Franklin Research Center
A Dvimon of The Fransin insttute



TER-C5257-325

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
» CONTROL ROOM
CONCRETE STRUCTURES AND ELECTRICAL EQUIPMENT
PLANT: LA CROSSE ROOM
Comb ined Lapul
’ Loading {Gravity Dead, Liwve} Thermal Pressure| Mechanical ’::“”1 ' I::" Scale
| Cases | % Raokin
| !
1 1.4D ¢+ 1.7L
! L‘ i
] % 1.4D + 1.7L 1.9 |
D ———— - 1
Tl 1.4D + 1.7L | 1w | !
: L
T 7S =17
| 4 78 (1.4 y v d 1.7 ¢ 7 ? ; 7
‘ I (1.4D + 1.7L)] .79 & ). L | - & l). J5 x 1.98 | (
5 19 (1460 ¢ 1778 x L7 T I3 xt.rr] 1S x 1T |
2 o | |
1.20 i 1.3€ i
| |
| 1.29 L7e {
3 D+L X LR [ | A,
! 10 D+L To lo U‘ A.
1]
11 D+L : /8 1.3 = R o 9
12 D+ L 1’. 1.2% P. l. 1.25¢ :Vr - Y: - Y '
13 D+1L T. P. R‘ 2 YrOY‘ oY4
Ref.: SRP (1981) Sect. 1.3.4 Other Category [ structures (concrete)
Notes 1. Ultimate strength method required Sy ACI-349 (1977).

vorking stress
NUEIRGE Ais: A Shengh { sltimate strength
). loads deemed inapplicable or negiigidble struck from loading .ombinations.

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

s

5. For purposes of the SEP Review, demonstration that structural Lategrity
{s aaintained for load cases 9 & 10 (per current criteria) aay be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

P -44~
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TER-C5257-325

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
STEEL STRUCTURES (Elastic Analysis) ELECTRIUL:gO"F;OL ROOM AND
PLANT: LA CROSSE
Combined Gravity - .
Loading Dead, Thermal Pressure | Mechanical atuend lnguisive Scale
Phenomena Loading
Cases Live
1 D+L
2 D+L | 4
3 D+L “ | |
I |
“ D+L D R’ |
4 d
g ' - | = 1
5 DelL " la ! 4 ! ‘ |
- 4
- ! s
5 D L To R’ | '
| ? D+L t: ! Ra g’ : AL i
3 D+L T 2 | “
2 ] | \‘
? D+L ?‘ ?. 1‘ 1
1 |
" | 4 v - Vv - v
! 10 D+1L T. P. l‘ L ‘x
|
11 - ' > Pl |
il D+L T l'. l. 3 4 "r :"
Ref; SRP (1981) SECT. 3.8.4 Other Category [ structures (steel)
Notes

: Zncircled loads are those actually considered in the design. ~hen loaag
factors are different from those currently required were used, =he faczor
used s also encircled.

3. Loads deemed i{napplicable or negligible struck from locading compinatiuns.

3. For purposes of the SEP Review, demonstration that structural {ntegritv is
maintained for load cases 7 & 3 (per current criteria) may de considered as
providing reasonable assurance that this structure neets the i(ntent o>f current
design criteria.

: -4 5=
e
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
CONCRETE STRUCTURES NEW OIESEL GENERATOR
PLANT: LA CROSSE BUILDING
c«uu«! tagal
[Loutu Gravity Dead, Live| Thermal Pressure| Mechanical ,::::::. Lo“::‘: Scale J
Cases Rankin
' 1 1.4D + 1.7L
! ' {
! mﬂ_xiwo 1.7% | 1.9e 1
', 3 1.4D + 1.7L 1.9 |
‘ v |
| e o
I 73 (3.60 + 170 | A9t T , : 5
s 78 @40 ¢ L70)| etrien it | 75 % LIE ; 5,6
- ; > ol --—d' - {
8 +75 .40 + 1.70)| Aetri-es Aot | (73 x 1,79 ; ] 5.6
7 1.20 1.9¢ | | !
| , ;
| 3 1.20 T I !
N X % *n & A
i 10 D+L T, L 4, AL
- L 13 . R ... % . " ronpamearndiosenis
12 D+l \ ™, \ 1.25¢ \«\ow
4
I LA LU EN ¥ Ay

Ref.: GSRP (1981) Sect. 3.3.4 Other Category [ structures (concrete)

Notes 1. Ultimate strength method required by ACI-349 (1977).
> e i S S
2. Mathods used in design {u:m“ strength
3. loads deemed inapplicable or negligible struck from lLoading combinations.

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

5. These load cases wvere also investigated with a live load absent and a
dead load reduced by 10X.

6. Note that the 0.75 coefficient wvas not applied to the dead and live load
but wvas appliea to all other terms.

Load combinations indicated by dashed lines are taken from:
Seismic Review Table, Department of Nuclear Energy
Srookhaven National Lab., NUREG/CR-1429 dated Mav 1980,

3. For purposes of the SEP Review, demonstration that structural integrity
is maintained for load cases 9 & 10 (per current criteria) may be con=
sidered as providing reasonable assurance that this structure meets the
intent of current design criteria.

- .
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE : NEW DIESEL
STEEL STRUCTURES (Elastic Analysis) GENERATOR SUILDING
PLANT: LA CROSSE
T
Combined Gravicy I
Loading Dead, Therzal Pressure | Mechanical ':““"1 ,:::::::. Scale
Cases Live NS
1 D+ 1 |
2 D+L B
3 D+L d
“ i \D‘ICI?: “ \ ‘ I
|
2 RO S |y | & |
s ; Res ‘I Co 1 " | , !
v I 2 Y ~—° lq : El f ' \!
. - - .
3 I o+t T, §, t e | | AL
48 i % LW |
10 D+L % LY '\ £ \:..\ﬁ..‘
11 D+ L \ \ l‘ g’ !}.1‘.31

Ref; SRP (1981) SZCT. 1.3.4 Other Category [ structures steel

Not=s

facircled loads are those actually considered in the design.
factors are different from those surrently required wvere usec, the facsor
ised is also encircled.

-

Loads ieemed (napplicable or negligidle struck from loading combinations.

a

3. Load combinations indicated by dashed lines are taken from:
Seismic Review Table, Department of Nuclear Energy
Srookhaven National Lab., NUREG/CR-1429 dated “ay 1980.

a. For purposes of the SEP Review, demcnstration that structural incegricy is
saintained for load cases 7 & 3 (per current criteria) aav be considered as
providing reasonable assurance that this structure zeets the intent of current
design criteria.

S o
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A Dvimon of "™he Frankiin institute



TER-CS5257-325

COMPARISON OF ' JADLLS COMRINATION CRITERIA STRUCTURE : i
. R CRIB HOUSE AND DJISCHARGE
CONCRETE STRUCTURES STRUCTURE i
PLANT: LA CROSSE
cmm«l tapul
Losding |Gravicy Dead, Live) Thermal Pressure| Mechanical ':' ‘“"t. l Lo “::""
| Cases pe—— {Rankin
‘ |
1 1.4D + 1.7L
R 1.4D + 1.7L 1.9¢ |
—— - ‘r H
i} 3 ] 1.40 + 1.7L 1.79 1 -
: A .75 (1.4D + 1.70)} .79 x 1.7 ‘.'o 9% =2 1.7 R‘1
§or- 8 7% (LD 17| 7S x LT T, 78 x L7 R 75 x LIE
[ — + - ]
{ & 78 (1.4D ¢ LU TS % L7 T, .78 8 1.7 R°§ 7S x1.79 ,
? 1.20 ; 1.3¢8 ? !
| @ 1.2 . ;
{ .
| 3 D+ L . 4 ] E' i
! 2 o |
I 10 Dot T R 4 ' !
e 9 B ) 3 | !
il D+ L TJ 1.3 P. l. } -
1 ) 1
12 D+ L 1‘. 1.25 P. l' 1.25€ ;Yr."'j OY*
' | .
13 D+L I'. P. l‘ 5 l‘!'.l3‘y4
Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes 1. Ultimate sctrength method required by ACI-343 (1977).

Methods used in design {::::::.'::::;‘n

}. Loads deemed inapplicable or negligible struck from loadiag
4. Encircled loads are those actually considered in the desigm.

s

combinations.

When load

factors different from those currently required were used, the factor

used is also encircled.

w

For purposes of the SEP Review, demonstration that structural iategricvy is

saintained for load cases 9 & 10 (per current criteria) =mav bde considered
as providing reasonable assurance that this structure meets the intent of

curreat design criteria.

“—f:;:: -‘8-
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE .
STEEL STRUCTURES (Elastic Anmalysis) CRIB HOUSE Azb DISCHARGE
PLANT: LA CROSSE
Conbined § Oeavity Natural lapulsive
Loading Dead , Thermal Prassure | Mechanical P . L iag Scale
Cases Live
1 DeL,
2 D+L 4
3 DelL "
. i DL ?) ia
!
5 i o+t %, R, £
! 5 i DL ’) !’ d
b
3+L | T, L% £ s
i | D+1L ?o ",, v, \‘
| s
i 3 ' D+ L T‘ ?‘ l‘
1 | T 4 Y. »1_+%
10 i D+L s P. l. y e il
! ]
U
11 D+L r. L R‘ | 3 Y;‘.Yr.ya
Ref: SRP (1981) SECT. 3.8.4 Other Category [ structures (steel)
Notes
l. Encircled loads are those actually considered in the design. when load

factars are different from those curcently required were used, the factor
used is also encircled.

b 3 Loads deemed inapplicable or negligible scruck from loading combinations.

Ffor purposes of the SEP Review, demonstration that structural integrity (s
naintained for load cases 7 & 8 (per curremt criteria) may Se considered as
providing reasonable assurance that this structurs meets the iateat >f current
jesign criteria.

- =49~
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
¢ STRUCTURES TURBINE BUILDING
CRNERETE. SHnc (PORTION HOUSING CLASS 1 EQUIP.

I_’M&f CROSSE
| Combined [
Loading {Gravity Dead, Live| Thermal Pressure| Mechanical ':“““1 'l [.w'u::'" Scale
enomena 11 2
Cases ! Ranking
l
1 1.4D + 1.7L { [
R 1.4D + L.7L ' 198 | ;
,—-—- o el }-- .
. { 1.60+1.70 ! 1.7W ;
ot . - — - J
- 75 1340 4 17D | A (.75 x 1.7 R, : 6
-~ :‘ N _ 2 W s e A e
| 8 275 (1.6D + 1.70) | bt .75 % 1.7 3 1,75 x 138 5,6
SN, BRGS0 5. 4.5 i Rt o Mmoo '
5 18 (1.4D ! .Tﬂ)lﬁe—r-h-‘-!m (278 x 1.7 R11.75 = 1.7 |3.8
~ " S S b e e ama | W wa=s - i
| 7 1,20 | 1.9t
. 3 1.20 I
P = - |
‘1
3 DL . # ‘ZQ' E
| )
L W
l» 10 0+ LN L L 1 A,
- -
11 D+L e 1.5 2 A ‘i._
’ b H -
12 DelL T, 1.25 P, 3, 1.25€ 1 AR Y"'
:
13 D+t T, LA R, e Yr0!:0'1+ AL
Ref 3P 955 Sece. 3.8 ther lategery I sITugturis (Juaerete)
Notes 1. Ultimate strength method required by ACI-349 (1977).

3 e S
1. Methods used in design { i g A
1. Loads deemed i{napplicable or negligible struck from lcadiang combinactions.

4. Encirsled loads are those actually considered in the design. When lcad
fact~rs different from those currently required were used, the factor
used (s also encircled.

5. These load cases were also investigated with a live load absent and a
iead load reduced by 10%.

5. Note that the 0.75 zoefficient was 0ot applied to the dead and live load,
but wvas appliled to all octher terms.

Load combinacions indicated by dashed lines are taken from:
Seismic Review Table, Department of Nuclear Faergzy
Srookhaven National Lab., NUREG/CR-1419 dates May 1980.

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

- -50~
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE : TURBINE BUILDING
STEEL STRUCTURES (Elastic Analysis) (PORTION HOUSING CLASS
PLANT: LA CROSSE EQUIPMENT )
—
Combined Gravity . L 18t
woeding || Dead. thermal |Pressure | Mechanical y:““‘“ oadiag. | Seats
Cases Live
1 D+L |
2 D+L L | ‘
3 D+L 7] { 2
|
- ? Lt X % '\r:: ? | |
PR3 &5 4'\ g |
- L K 34 | - | |
, 5 : D+ L TO lo | - ! é
e | % (o e |
B D+L T, ], . i y
4+ D+L T, v, _F | |
10 D+L T, e R, £ Y, er, >y |
|
11 D+L , A E R, e’ Rl 'f11 A,
!

Ref; SRP (1981) SECT. 1.3.4 Other Category [ structures steel’

Notes

1. Zncircled loads are those actually considered in the Jesign. “hen load
factors are different from those curremtly required were used, the factor
used is also encircled.

p 18 Loads deemed inapp'{! .sble or negligible struck from loading combinations.

3. Load combinations indicated “y dashed lines are taken from:

Seismic Review Table, Department of Nuclear Energy
Srookhaven National Lab., NUREG/CR-1429 dated May 1980.

“. For purposes of the SEP Review, descastration that structural integrity is
saintained for load cases 3, 11 (per current criteria) may be considered as
providing reasonable assurance that this structure meets the intent of current
iesign criteria.

- -51-
(——._‘3
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COMPARISON OF LOADING COMBINATION CRITZRIA
CONCRETE STRUCTURES
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STRUCTURE :

FUEL STORAGE BUILDING

PLANT: LA CROSSE t
Cc-bundr ’ oo f
Natural lapulsive
Loading |Gravity Dead, Live| Thermal Pressure| Mschanical ™ | Loading
Cases |
N 1.4D + 1.7L 1 !
P2 1.4D + 1.7L .98 |
—_— + - - &
. 1.4D ¢ 1.7L 1.7 | ‘ |
|
1
& I8 (L6D # 1L S x 17 T 75 x 1.7 R |
5 78 (16D + L.7L)| .75 x 1.7 T IS = LR 7S x L.9W |
-} o
3 275 (1,40 & LTL)| .75 x 1.7 T I3 x LTRG LTS x LW !
i
- L.20 1.3 |
| 8 1.2 95 !
| |
1 ’ - ] !
{ 9 DelL . IO E l |
| 1 ' !
L 0 D+L To l° H: '
11 D+L ?‘ 1.5 P‘ l! -
' T 9 1 v
12 D+L T. 1.25 P. I. 1.25E ' Y_ - Y: - Y
|
! '
1 e | Y Y !
13 D+t T, ’, 5, z ?ozvr]‘
Ref.: SRP (1981) Sect. 1.3.4 Other Category [ structures (concrete)
Notes 1. Ultimate strength method required by ACI-J49 (1977).

3 working stress

4. Methods used (n design {u:mu streagth

). loads deemed inapplicable or negligible struck from loading combdbinations

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

5. For purposes of the SEP Review, demonstration that structural integrity {s
saintained for load cases 9, 10 (per current criteria) mav be considered as
providing reasonable assurance that this structure meets the intent of :urrent
design criteria.

e =52~
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COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE : ‘
CONCRETE STRUCTURES STACKS |
__DLANT: LA CROSSE |
Combined
Loading |Gravicy Dead, Live| Thermal | Pressure| Mechanical [, atural adtn. [scale
Cases | Ranking
|
1 1.4 + 1.7L
t 2 1.40 + 1.7L L 198 | |
e (S
l: 1 | LapelL 1. ;
| ot - . -
- 75 (1.40 + 1.7L)|L7S = 1.7 T, ——— | !
> Sisssaad '
S 75 (@60 + LTL)|(7S x 1.7 T Hoeidd 75 x 138 . ;
- S=so ——e '
5 78 (.40 + L.7L|L79 x 1.7 T Aebeid 75 LW |
7 1.2 = 1.9 | | {
| 8 1.20 1.76 Gam
| e & Py A ey 1
| ’ ‘3,‘ - \E.‘ \ \il | | A!
- - '
; 10 2+L To \“ ¢ i A‘
| 11 D+L LY s Y | ' |
12 D+t T, et S W 1ase (R e W
|
13 D+l T, LN L % g \».'\\.%

Ref.: SRP (1981) Sect. 3.3.4 Other Category I structures (concrete)

Notes 1. Ultimate strength mechod required by ACI-349 (1977).
R
2. Methods used in design {ultl te streagth
J. loads deemed inapplicable or negligible struck from loadiag combinaticns.

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

5. These load cases vere also investigated with a live load absent and a dead
load reduced by 10%.

6. Note that the 0.75 coefficient was not applied to the dead and live load, dut
was applied to all other terms.

7. load combinations indicated by dashed lines are taken from:

Seismic Review Table, Dept. of Nuclear Energy
Srookhaven National Lab., NUREG/CR-1429 dated May 1980

8. The principal loads on the stack are D, E, ', W and W.. Reanalysis of the
stack for these loadings i{s bdeing carried out within tgo SEP Program. Therefore,
no action need be taken dy lic in resp to this item.

P =53~
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1ll. REVIEW FPINDINGS

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

The major structural codes known to have been used in the design of the

containment shell and its internal structures for *the LaCrosse Nuclear
Generating Station were:

1. AISC, "Specification for Design, Pabrication, and Erection of
Structural Steel for Buildings," 1961

2. ACI 318-56, "Building Code Requirements for Reinforced Concrete,® 1956
3. ASME Boiler and Pressure Vessel Code, Section VIII, 1962.

Each of these design codes has been compared with the corresponding
structural code governing current licensing criteria. The first two may also
apply to the external Seismic Category I structures except for the diesel
generator building, constructed later. Two additional tables comparing code
editions that may be appropriate for diesel generator construction have been
included. However, since the design codes for the diesel generator building .
were not identified, the Licensee must establish the appropriation of these
additional codes:

L. ACI 315-71, "Building Code Requirements for Reinforced Cuncrete,” 1971

2. AISC, "Specification for Design, PFabrication, and Erection of
Structural Steel for Buildings," 1971,
Tables follow, in the order listed above, summarizing important results
of these comparisons for each code. These tables provide:

l. identification by paragraph number (both of the original code and of

lts current counterpart) of code provisions where Scale A or Scale
Ay deviations exist.

2. 1dentification of structural elements to which each such provision
may apply.
Some listed provisions may apply only to elements that do not exist im—
the LaCrosse structures. Wwhen it could be determined that this was the case,

such provisions were struck from the list. Any provisions that appeared to be

- 54~

JuuL Franidin Research Center
A T vamon of The Fransin instiute
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inapplicable for other reasons also were eliminated. Items so removed are

listed in Appendix 2 to this report.

Access to further information concerning code provision cianges is

provided by additional appendixes. Each pair of codes (the design and the
current ones) has a tabular summary within the report (Appendix B) which lists

all code changes by scale ranking.

In addition, a separately bound appendix exists for each coue 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 ot the change.

55«
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11.L MAJOR FINDINGS OF AISC-1953 VS. ATSC~1980 CODE COMPARISON REVIEW

~56=
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MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CObE COMPARISON

(Summary of Code Changes with the Potential t- Significantly
Degrade Perceived Macgin of Safety)

Scale

Referenced Subsection

VOB IR 4 By SO VORWG y
JAWAD) YIRISIY UIPJURIY 7117

AISC AISC AISC Structural Elements
1980 1963 1953 Potentially Affected Comment s
2:5:0:2:2 - -- Beam end connection See case study 1
where the top flange for details.

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

-Ls-

plane
1.5.1.4.1 1.5.1.4.1 15(a) (3) Rolled sections, plate New requirements added in
girders and built up the 1963 Code limiting the
members. allowable stresses for
tension due to bending.
12(a) Members subject to axial and New requirement for %
bending stresses combined stresses added E
in the 1963 Code E
-~
|
16 Axially loaded compression New requirements for o
members where sideway is slenderness ratio added .

not prevented in the !%t3 Code




IR VIR 4 S O Lo

IUIY) UDJRasay uInjuRI4 N7

S

m—
=

-pC—-

MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISON

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

Scale A (Cont.)

Re ferenced Subsection

AISC AISC AISC
1980 1963 1953
109.1.2  1.9.1 18 (b)
and
Appendix
c

1.10.4 1.10.4  26(d)

1.10.7 1.10.7 o
1.10.10.2 1.10.10.2 26
1.11.1 1.11.1 13(a)

Structural Elements
Potentially Affected

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 subsec-
tion 1.9.1.2

Partial length cover plates
in plate girders and rolled
beams

Plate girder web

Stiffeners for web plate
girders

Composite construction

Comment s

New provisions added in
the 1963 and the 1980
Code, Appendix C,

New rzquirements added in
the 1963 Code

New reguirements for combined
shear and tension stress
added to the 1963 Code

Change in the requirements
of the 1953 Code

Limitation on effective
width of concrete flange
is introduced in the
1953 Code

STE-LSTSO-¥aL



Scale A (Cont.)

BTN IR 4 By 10 YOm0

Re ferenced Subsection

JRUID) Y2URISIY UINURIL § 1077

AISC AISC AISC
1980 1963 1953
1.11.4 1.11.4 13

15(£)

MAJOR PINDINGS OF AISC 1953 vS. AISC 1980 QUDE COMPARISON

(Summary of Code Changes with the Potential to Significauntly

Degrade Perceived Margin of Sarety)

Structural Elements
Potentially Affected

Shear connectors in
composite beams

Composite beams or girders
with formed steel Jeck

Axially loaded tension
members where the load 1is
transmitted by bolts or
rivets through some but not
all of the cross-sectional
elements of the members

Effective throat thickness
for partial penetration weld

Restrained members when
flange or moment connection
plates for end connections
of beams and girders are
welded to the flange of 1
or H shaped columns

Comment s

New requirements added in
the 1963 Code and the 1980

Code

New requirements added
in the 1980 Code

New requirement added
in the 1980 Code

New requirement added
in the 1980 Code

STE-LSTSO-¥AL



FIOE DR By 1O YOG

JRIUID) YOURISIY UINURI S N1 7
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Scale A (Cont.)

Re ferenced Subsection

AISC AISC AISC
. 1980 1963 1953
o
©
' 1.18.3 1.18.3 28(b)
2.9 2.8 —

MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Degrade Perceived Margin of Safety)

Structural Elements
Potentially Affected

Built up members under
tension

Lateral bracing of members
to resist lateral and
torsional displacement

Comments

New requirement added
in the 1963 Code

4

0.0 < M/Mp < 1.0
0.0 > M/Mp > ~-1.0

o>

See case study 7
for details.

SZE~-LSTSO-¥EL
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11.2 MAJOR PINDING! OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON REVIEW
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON

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

it |

Scale A

Re ferenced Subsection

JUNDSY, PR 4 L0 VOO v
JNUID) Y2UIRISAN UIPIURI S N1 1

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comment s
7.28.3 805 - Columns designed for Splices of the main rein-
stress reversals with forcement in such columns
variation of stress from must be reasonab.y limited
f, in compression to to provide for adequate
I 1/2 fy in tension ductility under all loadiin
» conditions.
3313 - Short brackets and corbels As this provision

11.15

which are primary load-
carrying membexs

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

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 fulfill these
requirements.

STE~-LSTSO-¥EL



MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON

=

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

Scale A (Cont.)

BNOR VIR Y 1O O
JAWID) YOURISIY UIPURIS 17

Referenced Subsection

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comment s
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.
Chap. 12 Chap. 18 - All New chapter; old code did

not have ultimate strength
criteria for bond. This
chapter presents some
changes in bond stresses
allowed and a change in
philosophy. Allowable bond
values are higher on small
bars, but lower on large
bars because of this shift
in philosophy introduced by
ultimate strength logic
here.

STE-LSTSO-¥AL
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Degrade Perceived Margin of Safety)

Scale A (Cont.)

Re ferenced Subsection

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
Chapter 12
(cont.)

- 1301 (¢) Table

305(a)
Chap. 17 Chapter 25 -

All

Composite construction

Comment s

Splice lengths in column
steel are the same as the
56 code and permissible
bond stress for compression
bars was set to match when
reduced to working stress.

Allowable bond stresses are
presented in the new code
as a function of concrete
strength and bar diameter.
Values in the new code are
higher for small diameter
bars and lower for large
diameter bars as compared
to the old code. See case
study (14).

New chapter; ACI 318-56 did
not contain specific
sections on composite
concrete flexural members
and composite construction.

STE-LSTSO-¥AL
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 OQODE COMPARISON

(Summary of Code Changes with the Poteutlial to Significantly

Degrade Perceived Margin of Safety)

Scale A (Cont.)

Re ferenced Subsection

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
Appendix A -~ -
Appendix B e -

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

All steel embedments used
to transmit loads from
attachments into the rein-
forced concrete structures

Comment s

For structures subject to
effects of pipe break,
especially jet impinge-
ment, thermal stresses
may be significant.

Scale A for areas of jet
impingement or where the
conditions could develop
causing concrete temper-
ature to exceed limitations
of A.4.2.

For structures not subject
to effects of pipe break
accident, thermal stresses
are unlikely to be
significant (Scale B).

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

**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.

exist under previous design procedures.

Stresses may vary significantly from those thought to

STE-LSTSO-¥AL



MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON

1?—;7

(Summary of Code Changes with the Potential to Significantly
Degrade Perceived Ma:gin of Safety)

Scale A (Cont.)

Referenced Subsection

B SN I WO v
JUID) Y2URISIN UINURIY 177

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comment s
Appendix C -~ - All elements whose failure New appendix; therefore,
under impulsive and considerations and
impactive loads must be review of older designs
precluded is considered important.**

-y 9-

**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.
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11.3 MAJOR PINDINGS OF ASME B&PV CODE COMPARISON,

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

-6 7=
- .

..Ul Franklin Research Center
A Dvimon of The Fransiis institute
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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 ma.e: ials no
longer listed as Code
acceptable
NE-3131 — Containment shells designed
by formula
ln.:i "6 8-

cuu. Franklin Research Center
A Dwmon of The Fransin insutute

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.

Section VIII, 1962 Code
calls for the design of the
vessel 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). The Scale
rating for a Containment
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MAJOR PINDINGS 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.)

Re ferenced
Subsection
Sec. III Sec. VIII Structural Elements
_ 1980 1962 Potentially Affected Comments

NE-3131 shell where substantial

Cont. thermal or mechanical loads
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
cylindrical shells 1980 Code for defining the
subject to buckling loads 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

wher. I5 is the minimum
required moment of inertia
of the stiffening ring
about its neutral axis
parallel to the axis of the
shell. I4' 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.

A:

soLL Franklin Research Center
A Dnason of The Srankiin insttute
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MAJOR PINDINGS OF ASME B&PV CODE COMPARISON, SECTION VIII, 1962 VS.

SECTION II1I, 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

1980 1962

NE-3133.5(b) ===

NE-3327 —

NE-3331(b) UG-36

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

o

Structural Elements
Potentially Affected

Stiffening rings of
materials different than
shell material

Quick actuating closures

Openings and reinforcements;
subject to cyclic loads

Reinforcement for vessel
openings

-

...\ Frankia Research Center

A Dvimon of The Franksn insttute

Comments

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.

New requirements in the
1980 Code

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, 1380

(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 nts
NE-3365 -— Bellows and bellows expansion Provisions regarding the
joints over 6 inches in internal sleeve design
diameter (for sizes over 6=-inch
diameter) and flow
velocity limitations (for
all sizes) are introduced
in the 1980 Code.
— 71

...l Franklin Research Center
A Dvimon of The Frankdin insatute
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11.4 MAJOR FINDINGS OF ACI 318-71 VvS. ACI 349-76 CODE COMPARISON REVIZW

P A

Juul Frankiin Research Cente;
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MAJOR FINDINGS OF ACI 318-71 VS. ACI 349-76 CODE COMPARISON

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

Scale A
Referenced
Subsection
ACI ACI

349-76 318=-71

Appendix -
A

Appendix -
3
Appendix -
e

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
transit loads from attachments
into the reinforced conzrete
structures.

All elements whose failure

under impulsive and impactive
loads must be precluded.

nts

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.

«?3-

.... Franklin Research Center
A Dvimon of The Franuin institute
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11.5 MAJOR FINDINGS OF AISC-1971* VS. AISC-1980 CODE COMPARISON REVIEW

*Including supplements 1 and 2

T

s..u Franklin Research Center
A Dvimon of The Frankiin insttute
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MAJOR FINDINGS OF AISC 1971 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 1971

1’5010202 -

l-ll-s =

101‘0202 ——

e
L
ol ol o
woenm
-
W own
L
& won

/..;_\._S_:

J.Uu Franklin Research Center
A Davmon of ™he Franasin insttute

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 cf shear
along a plane through
fasteners plus tension
along a perpendicular
plane

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

«7S=

Comment s

See case study 1
for details.

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 comparision review of structural codes and
loading requirements for Seismic Category I structures at the LaCrosse Nuclear
Generating Station.

The first column of this table shows the number of changes in requirements
found for the concrete construction within the containment shell, classified
by scale ranking. The second column applies to steel internal structures.

The third column applies only to the containment shell.

Moreover, although the design codes for structures external to containment
were not identified in the PSAR or in other information made available for
review; 1t appears likely (because design of these structures occurred at
about the same time as did containment design) that the first two columns may
apply also to most of the structures external to containment.

An exception is the diesel generator building, constructed later. Design
drawings for the diesel generator building are dated 1975. Comparisons for
tructural code editions current then and now are shown in the last two columns.

Since the codes, to which the diesel generator building was constructed, are
not identified in information made available for review, the Licensee should
determine whether or not the code editions selected as representative are

appropriate.

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

tractable size.

/\ a ‘76-

... Franklin Research Center
A Divimon of The Frankiin insttute
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SUMMARY

NUMBER OF CODE CHANGE IMPACTS FOR
LACROSSE CATEGORY I STRUCTURES

APPLICABLE CODE ACT 318-56 AISC 1953 ASME B & BV ACI 318-71 | AIsc 1971
COMPARISON vs. vs. SECT. VIII 1962 vs. vs.
SCALE ACT 349-76 AISC 1980 vs. ACI 349-76 | AIsC 1980
RANKING ECT. IIT SUBSECT
, CLASS MC,1980
Total Changes Found 113 50 22 70 18
4 A or A_ Not
3 8| apprichble to I+ 4w 13 L+ 1+ 4n B
7 9 | lacCrosss
i3 5
53 3 84 13 7 59
2% 3
- >
285 c 12 3 3 3 1
b |
v
1 A 10 16 3 3 4
- w0
¥ -
e~
TE3 A 0 0 ) 0 )
2k x
e b i A S

SCALE RATINGS:

Scale A Change - The new critezia 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 A, 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 nct 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.

*These changes are related to loads and load combinations. Loading criteri.
are addressed in Section 10. Consequently, to avoid duplication, such
items are not counted in the above tabulation of code changes to be
addressed under Section 1l.

%%
<¢E:;i;

...l Franklin Research Center
A Dvsion of ™he Franiiin insgtute
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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 Dairyland Power Cocperative be requested to take

five actions:

L.

o
.

Verify that the code editions selected as appropriate for *he
axternal structures are sufficiently representative of the codes
actualliy used.

Review and complete the load and the load combination tacles of
Section 10,

Review individually all Seismic Category I structures at the LaCrosse
plant to see if any of the structural elements listed in the
following table occur in their designs. These are the structural
alements 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.

Reexamine the margins of safety of Seismic Category I structures
under lcads 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 repcrt 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 approp.iate modifications of existing
results can qualify as acceptable neans of demonstrating structural
adequacy.

Review Appendix A of this report to confirm that all items listed
there have no impact on safety margins at the LaCross2 plant.

i = e
... Franklin Research Center

A Divison of The Franidin institute



TER-CS5257-325

LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED

Structural Elements to be
Examined

Composite Construction

1. Shear connectors in
composite beams

2. Composite beams or
girders with formed
steel deck

3. Width of concrete
flange - limitations

Compression Elements

1. With width-to-thickness
ratio higher than speci-
fied in 1.9.1.2

2. Members where sideway is
not prevented

Tension Members

1. when load is transmitted
by bolts or rivets

2. Built up members
Connections
1. Beam eonds with top flange

coped, if subiect to
shear

2. Connections carrying moment

or restrained member
connection

Code Change Affecting These Elements
New Code 0ld Codes
AISC 1980 AISC 1953 AISC 1971
1.11.4 13 NA
1.11.5 - NA
1.11.1 13 (a) NA
AISC 1980 AISC 1953 AIsSC 1971
1.9.1.2 and 18(b) NA
Appendix C
1.8.3 16 NA
AISC 1980 AISC 1953 AIsSC 1971
101‘.2.2 _— -
1.18.3 28(b) NA
AISC 1980 AISC 1953 AISC 1971
1.5.1.2.2 S —_———
101505.2 e -
1.15.5.3
1.15.5.4

*Double dash (--) indicates that older code had no provisions.

NA =-- Not applicable.

[Lv}:

JuL. Frankiin Research Center
A Divimon of T™he Fransin insotute
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Scale
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LIST OP STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be
Examined

Members Designed to Operate
in an Inelastic Regime

Spacing of lateral bracing

Rolled Sections and
Built up Members

Partial length cover plates

Members Subject to Axial
and Bending Stresses

Wepb Plate Girders

L. Subject to shear and
tension stresses

2. Stiffeners

Partial Penetration Weld
Effective throat thickness

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 measure of diagonal tension

Concrete Regions Subject to
High Temperatures

Time-dependent and
position-dependent
temperature variations

-

... Franklin Research Center
A Dvimon of ™he Frandin insutute

New Code

AISC 1980

2.9

AISC 1980
1.5.1.4.1

lclOo‘

AISC 1980
1.6

AISC 1980

1.10.7
1.10.10.2
1.1‘.6.1
ACI 349-76

11.13

ACI 349-76
11.16

AC1 349-76
11.15

ACI 349-76

Appendix A

-80~-

Code Change Affecting These Elements

0ld Codes
AISC 1953 AISC 1971
- NA
AISC 1953 AISC 1971
15(a) (3) NA
26(4d) NA
AISC 1953 AISC 1971
12 (a) NA
AISC 1953 AISC 1971
- NA
26 HA
15(£) NA
ACI 318-56 ACI 318-7.
- NA
ACI 318-56 ACI 318-71
- NA
ACI 318-56 ACI 318-71
- NA
ACI 318-56 ACI 318-71

Scale



LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be
Examined

All Structural Elements
l. Ultimate bond strength

2. Allowable bond stress

Columns with Spliced

Reinforcement

subject to stress reversals;
£, in compression to

1/2 ty in tension

Steel Embedments used to
transmit load to concrete

Element Subject to
Impulsive and Impactive Loads

whose failure must be precluded

CO&. ite Construction

Containment Vessels

l. Containment vessels of
materials no longer

listed as code
acceptable

2. Containment vessels
designed by formula and
subject to substantial
thermal or mechanical loads

3, Stiffening rings for
cylindrical shells
subject to buckling loads

4. Stiffening rings
of material different
than shell material

A‘ ~
——

...l Frankiin Research Center
A Omamon of ™he Franin nsutute
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Code Change Affecting These Elements

New Code
ACI 349-76

Chapter 12

ACI 349-76

7.10.3

ACI 349-76
Appendix B

ACI 349-76
Appendix C

ACI 349-76
Chapter 17

ASME
Sec. III,
1980
NE-3112.4

ASME
Sec. III,
1980
NE-3131

ASME

Sec. III,
1980
NE-3133.5(a)

ASME

Sec. II1I,
1980
NE-3133.5(b)

L

O0ld Codes

ACI 318-56 ACI 318-71
- NA

Table 305(a) NA

ACI 318-56 ACI 318-71
-- NA

ACI 318-56 ACI 318-71
ACI 318-56 ACI 318-71
ACI 318-56 ACI 318-71
- NA

ASME

Sec. VIII,

1962

UG~-23

ASME

Sec. VIII,

1962

Various

paragraphs

ASME

Sec. ViIl,

1962

UG-29

ASME

Sec. VIII,

1962

.

>

>



Structural Elements to be
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

..Ul Franklin Research Center
A Doamon of The Fransan insttute

-82-

Code Change Affecting These Elements

Examined New Code 0Old Codes Scale
Structural Elements to be Code Change Affecting These Elements
Examined New Code 0ld Code Scale
4. Stiffening rings ASME Sec. III, ASME Sec. VIII, A
of material different 1980 1962
than shell material NE-3133.5(b) -
5. Quick-Actuating ASME Sec. III, ASME Sec. VIII, o
- Closures 1980 1362
NE-3327.1 Footnote to UG-35
Shell Openings and Attachments
1. Openings and reinforcements; ASME Sec. III, ASME Sec. VIII, A
subject to cyclic loads 1980 1962
NE-3331(b) UG~36
2. Reinforcement for vessel ASME Sec. III, ASME Sec. VIII, A
openinas 1980 1962
NE-3334.1, UG-40
3. Bellows and bellows ASME Sec. III, ASME Sec. VIII, A
expansion joints 1980 1962
NE-3365 -
ROOE 3 — - ald)
Extreme environmental snow loads are provided by SEP Topic II-2.A. NRC
Regulatory Guide 1.102 (Position 3) provides guidance to preclude adverse
consequences from ponding or parapet roofs. Failure of roofs not designed
for such circumstances could generate impulsive loadings and water damage,
possibly extending to Seismic Category I components of all floor levels.
1. Not shown in tabular summary of code change impacts.
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APPENDIX A-l
AISC 1953 vs. AISC 1980 CODE COMPARISON

(SCALE A AMD SCALE A’ CHANGES DEEMED INAPPROPRIATE TO LACROSSE
OR CODE ChHANGES RELATED TO LOADS OR LOAD COMBINATIONS

AND THEREFORE TREATED ELSEWHERE)

o A-1l.1

... Franklin Research Center
A Drvimon of The Fransiin insotute
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___Referenced Subsection

AISC AISC AISC
1980 1963 1953

1.5.1.1 1.5.1.1 -

1.5.1.4.1 1.5.1.4.1 -~
Subpara.
6

1.5.1.4.1 1.5.1.4.1 -~

Subpara.
7

AISC 1953 VS. AISC 1980 CODE COMPARISON

Structural Elements

Potentially Affected Comment s
Structural members under Structural steel used in
tension, except for pin LaCrosse Cat. I struc-
connected rembers tures is A-36. Thus,

Fy <0.83 F,

erefore, Scale C
for LaCrosse.

Limitations Scale

Fy < 0.833 F,. C

0.833 F, < Fy <0.875 F, B

Fy 20.875 F, A

Box-shaped memhers (subject Box-shaped mem-
to bending) ot rectangular bers not found
cross section whose depth is to be used in
not more than 6 times its LaCrosse Cat. I
width and whose flange structures;
thickness is not more than therefore, not
2 times the web thickness applicable

New requirement in the

1980 Code

Hollow circular sections New requirement in the
subject to bending 1980 Code

STE-LSTSO=N¥AL
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Scaie A (Cont.)

Referenced Subsection

AISC
1980

1.5.1.4.4

1.5.2.2

i:?
and

Appendix

2:.9.3.1
and

Appendix

1.:9,2:3
and

Appendix
e

AISC
1963

1.7

1.7

1.9.2

AISC
1953

11(b)

11

i8(c)

AISC 1953 VS. AISC 1980 CODE COMPARISON

Structural Elements
Potentially Affected

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

New requirement in the
1980 Code

Rivets, bolts, and threaded
parts subject to 20,000
cycles or more

Members and connections
subject to 20,000 cycles
or more

Stitfened Compression
member s

Circular tubular elements
subject to axial compression

Comment s

Box section
members not

found to be used
in LaCrosse

Cat. I structures;
therefore; not
applicable

Cat. I structures are
not subject to such
cyclic loading;
therefore, not
applicable

Cat. I structures are
not subject to such
cyclic loading;
therefore, not
applicable

All structural
steel is A-36,
Fy < 40 ksi; there-
fore, Scale C

New requirements added
in the 1980 Code

STE-LSTSO-¥AL
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Scale A (Cont.)

Referenced Subsection

AISC AISC A1SC
1980 1963 1953
1.10.6 1.10.6 26
3133 - -
2.4 2.3 -
1st 1st

Para. Para.

AISC 1953 VS. AISC 1980 CODE COMPARISON

Structural Elements

Potentially Affected Comment s
Hybrid girder - reduction All structural
in flange stress steel is A-36. No

hybrid girders found
in LaCrosse, there-
fore, not applicable.

Roof surface not provided
with sufficient clope
towards points of free drain-
age or adequate individual
drains to prevent the
accumulation of rain water

(ponding)

Slenderness ratio
for columns. Must satisf-

1 < 2#2g
2 "
Fy
Fo < 4( 3 Scale Scale C for LaCrosese.
40 < o . c See case study 4
§ i B for details.
Fy > 44 ksi A

STE-LSTSO-¥EL
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AISC 1953 vS. AISC 1980 CODE COMPARISON

Scale A (Cont.)

Referenced Subsection

AISC
1980

2.7

Appendix
D

AISC AISC Structural Elements
1963 1953 Potentially Affected
2.6 - Flanges of rolled W, M,

or S shapes and similar
built-up single-web shapes
subject to compression

:

< 36 ksi
< Fy, < 38 %si
3_3‘ ksi

3

Fy

>E0

- - Web tapered members

Comments

Scale C for LaCrosse.
See case study 6
for details.

New requirements added
in the 1980 Code

Web tapered member are
not found to be used in
LaCrosse Cat. I
structures, therefore,
not applicable

STE-LSTSO-¥AL
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APPENDIX A-2
ACI 318-56 VS. ACI 349-76 CODE COMPARISON

(SCALE A AND SCALE Ax CHANGES DEEMED INAPPROPRIATE TO LACROSSE
OR CODE CHANGES RELATED TO LOUADS OR LCAD COMBINATIONS

AND THEREFORE TREATED ELESEWHERE)

. A-2.1

.. Franklin Research Center
A Dwamon of The Frankiin insttute
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ACI 318-56 Vs.

Scale A

Referenced Subsection

ACI 349-76 SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
3.5 405 (e),(f) 5

Chap. 9 Chap. 15 A604
9.1, 9.2,

& 9.3 most

specifi-

cally

Prestressed elements.

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

Comment s

New insert lists ASTM speci-
fications for prestressing
wire and strands. 318-56
did not have sections

dealing with prestressed
concrete. Controls other
than ACI Codes or recommended
practice would apply to this

type of construction prior to
1963.

No prestressed elements
outside containment;
therefore, not applicable.

Definition of new loads
rot normally used in
design of traditional
buildings and redefini-
tion of load factors and
capacity reduction factors
has altered the traditional
analysis requirements.*

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

report.

STE-LSTSO-¥AL
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ACI 318-56 VS. ACI 349-76 SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Re ferenced Subsection

ACI ACI
349-76 318-63

10.1 -
and
10.10

11.1 -

Chap. 18 Chap. 26

18.1.4 -
and
18.4.2

;Speclal treatment of
report.

ACI Structural Elements
318-56 Potentially Affected

- All primary load-carrying
members.

- All primary load-carrying
members.

- Prestressed concrete.

-- Prestressed concrete
elements.

Comment s

Design loads here refer
to Chapter 9 load
combinations.*

Design loads here re
to Chapter 9 load
combinations.*

New chapter; ACI 318-56

did not contain specific
sections or criteria for
prestressed concrete.

NO prestressed elements

outside primary containment;
therefore, not applicable.

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

NO prestressed elements
outside containment;
therefore, not applicable.

loads and loading combinations is addressed in other sections of the

STE~LSTSO-EEL
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ACI 318-56 VS. ACI 349-76 SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced Subsection

ACI ACI ACI
349-76 3168-63 318-56

Structural El nuents
Potentially Affected

Chap. 19 Chap. 19 -

Shell structures with
thickness equal to or
greater than 12 inches.

Comment s

No concrete shell struc-
ture with thickness of

12 inch or greater;
therefore, not applicable.
This chapter is completely
new; therefore, shell
structures designed by the
general criteria of older
codes may not satisfy all
aspects of this chapter.
In addition, this chapter
refers to Chapter 9 provi-
sions.

STE~-LSTSO=¥EL
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AFPENDIX A-3
ASME B&PV CODE COMPARITON
SECTION VIII, 1962 VS, SECTION III, SUBSECTION NE, 1980

(SCALE A AND SCALE A‘ CHANGES DEEMED NOT APPLICABLE TO LACROSSE
OR CODE CHANGES RELATED TO LOAD COMBINATIONS
AND THEREFORE TREATED ELSEWHERE)

P

—

i Franklin Research Center
A Drvmon of ™e ©ranedin insutute



ASME B&PV CODE COMPARISON

TER-C5257-325

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

Referenced Section
Secticn III Section VIII Structural Elements

1980 1962 Potentially Affected
NE-3111 UG-22 Loading as applied to
load-carrying compo-
nents*
NE-3112.2 — Vessel and components*
NE-3112.3 — Vessel and components*
-—— UG=-25(d) Vessels containing

telltale holes

Commernts

Section III, 1980 Code,

specifies new loads to be

considered in designing the

vessel. These are:

o dynamic head of liquids

o snow loads and vibration
loads

0 reaction to steam and
water jet impingement

The effects of iaternal
heat generation due to
radiation (in addition to
all external sources) must
be included in establishing
design temperature.

In computations involving
design pressure and design
temperature, the values of
dead loads and any hydro-
static loads coincident
with design pressure
(designated as design
mechanical loads) should be
used

Section 1II, 1580 Code, bans
the use of telltale holes.
Moreover, the more recent
version of Section VIII
specifically excludes using
telltale holes for lethal
substances.

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

sections of the report.

P A=3.1

.... Frankiin Research Center
A Division of The Franki'n insttute
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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 LACROSSE PLANT
OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS
AND THEREPORE TREATED ELSEWHERE)

- A-4.1

... Franklin Research Center
A Dmamcn of The Frankin insutute



ACI

Referenced
3ection
ACI ACI
34976 318-71
Chapter 9 Chapter 9
9.1, 9.2,
& 9.3
most
specifi-
cally
10.1 -
and 10.10
ll-l et d
18.1.4
and
18.4.2
Chapter Chapter
19 19

318-71 VS. ACI 349-76 CODE COMPARISON

Structural Elements
Potentially Affected

All ~rimary 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.*

Prestressed concrete elements

New loadings here refer to
Chapter 9 load combinations.*

Shell structures with thickness
equal to or greater than 12
inches

TER-C5257-325

Comment s

No prestressed
elements outside
primary contain-
ment; therefore,
nct applicable.

No concrete shell
structure; with
thickness of 12
inch or greater,
therefore; not
applicable.

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

S

A-4.2

su.l Franklin Research Center
A Dhvamon of The Frankin insttute
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APPENDIX A-5
AISC 1971* vs. AISC 1980 CODE COMPARISON
(SCALE A AND SCALE A‘ CHANGES DEEMED INAPPROPRIATE TO LACROSSE PLANT

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

*Includes supplements 1 and 2

A A.5~1

... Franklin Research Center
A Dvimon of The Franin insctute



AISC 1971 “S. AISC 1980 CODE COMPARISON

Referenced

Subsection
A1ISC AISC “tructural Elements
1980 1971 Mucentially Affected

) . W | 1.53:3.1 Structural members under
tension, except for pin
connected members

Limitations Scale

Fy <0.833 7,
0.833 ¢, <F, <0.875 fy
Py 20.875 Fy

> w0

TER-C5257-325

Comment s

Structural steel used |
in LaCrosse
Cat. I structures
is A-36. Thus,
P, <0.83 Fy
erefore, Scale C |
for LaCrosse |
|

1.5.1.4.1 1.5.1.4.1 Box-shaped memhers (subject to bending) Box-shaped mem-

Subpara. of rectangula: ::oss section whose
6 depth is not wore than 6 times its
width and whose flange thickness
is not more than 2 times the
web thickness

New requirement in the 1980 Code
1.5.1.4.1 1.5.1.4.1 Hollow circular sections

Subpara. subject to bending
7

P A.5-2

il Franklin Research Center
A Drvimion of The Franmin insatute

bers not found

to be used in
LaCrosse

Cat. I structures;
therefore, not
applicable

Hollow circular
sections not found
in LaCrosse

plant; therefore,
not applicacle



Referenced
Subsection

AISC AIsC
1980 1971

1.5.1.‘.‘ -

1.9.2.2 -
and
Appendix

1.5.2.2 1.7
and
Appendix

l.’ 107
and
Appendix

Appendix -

AISC 1971 VS. AISC 1980 CODE COMPARISON

Structural Elements
Potentially Affected

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

New requirement in the 1980 Code

Circular tubular elements
subject to axial compression

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

A.5-3

... Franklin Research Center
A Dromeon of The Franmin insutute

TER-C5257-325

Comments

Box section
members not

found to be used
in LaCrosse

Cat. I structures;
therefore; not
applicable

Circular tubular
elements not found
in LaCrosse plant;
therefore, not
applicable

Cat. I structures
are not subject
to such cyeclic
loading;
therefore, not
applicable

Cat. I structures
are not subject
to such cyclic
loading;
therefore, not
applicable

New requirement
added in the
1980 Code

wWeb tapered
members are not
found to be used
in LaCrosse

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

AISC 1953 vs. AISC 1980

SUMMARY OF CODE COMPARISON

(SYNTHESIS OF AISC 1953 VS. AISC 1963 VS. AISC 1980 CODE COMPARISONS)

P B-1.1

... Franklin Research Center
A Dmamon of The Franuiin institute
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Scale A

Re ferenced Subsection

AISC AISC AISC
1980 1963 1953
1.5.1.1 1.5.1.1 -
1.9.1.2,.2 - -
1.5.1.4.1 1.5.1.4.1 15(a) (3)
1.5:1:,4:1 1.5.1.4.) ~-
Subpara.
6

AISC 1953 vs.

AISC 1980

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Structural members under
tension, except for pin
connected member s

Beam end connection
where the top flange

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

Rolled sections, plate
girders and built up
members.

Box-shaped members (subject
to bending) of rectangular
cross section whose depth

is not more than 6 times
their width and whose flange
thickness is not more than

2 times th2 web thickness

Comment s
Limitations Scale
Fy <0.833 Fy c
0.833 F, <Fy; <0.875 F, B
Fy 2 C.875 Fy A

See case study 1
for details.

New requirements added in
the 1963 Code limiting the
allowable stresses for
tension due to bending.

New requirement in the
1980 Code
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Scale A (Cont.)

Referenced Subsection

AISC AISC AISC
1980 1963 1953

oS8,k R D180 =
Subpara.
7

1.5.1.4.4 s -

1.5.2.23 1.7 11(b)

1.6 1.6 12 (a)

1.7 1.7 11
and
Appendix

1.8.3 1.8.3 io

AISC 1953 VvS. AISC 1980
SUMMARY OF QOUDE QUOMPARISON

Structural Elements

Potentially Affected Comment s
Hollow circular sections New requirement in the
subject to bending 1980 Code

Lateral support requirements New requirement in the
for box sections whose depth 1980 Code
is larger than 6 times their

width
Rivetd, bolts, and Change in the require-
threaded parts subject to ments

20,000 cycles or more

Members subject to axial and New requirement for
bending stresses combined stresses added
in the 1963 Code

Members and connections Change in the require-
subject to 20,000 cycles ments

or more

Axially loaded compression New requirements for
members where sideway is slenderness ratio added in

not prevented the 1963 Code
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Scale A (Cont.)

Referenced Subsection

AISC
1980

AISC
1963

1.9:1.2
and
Appendix
C

1.9.1

3.9.:2:1
and

Appendix

1.9.2

1.9.2,3 --
and
Appendix

1.10.4 1.10.4

1.10.6 1.10.6

AISC
1953

18(b)

18(c)

26(d)

26

AISC 1953 VS. AISC 1980
SUMMARY OF QODE CQOMPARISON

Structural Elements
Potentially Affected

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 subsec-
tion 1.9.1.2

Stiffened compression
members

Circular tubular elements
subject to axial compression

Partial length cover plates
in plate girders and rolled
beams

Hybrid girder - reduction
in flange stress

Comment s

New provisions added in
the 1963 and the 1980
Code, Appendix C.

New requirements added in
the 1963 Code and the 1980
Code

New requirements added
in the 1980 Code

New reguirements added in
the 1963 Code

New requirement added

in the 1980 Code.

Hybrid girders were not
covered in the 1963 Code.

See case study 9 for details.
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Scale A (Cont.)

Re ferenced Subsection

AISC AISC AISC
1980 1963 1953
1.10.7 1.10.7 -

1.10.10.2 1.10.10.2 26

3.11.1 1.11.1 13(a)
1.11.4 1.11.4 13
101105 = e rny
3ed3:3 - -

AISC 1953 vs. AISC 1980

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Plate girder web

Stiffeners for web plate
girders

Composite construction

Shear connectors in
composite beams

Composite beams or girdenr
with formed steel deck

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)

Comment s

New requirements for combined
shear and tension stress
added to the 1963 Code

Change in the requirements of
the 1953 Code

Limitation on effective width
of concrete flange is intro-
duced in the 1953 Code

New requirements added in
the 1963 Code and the 1980
Code

New requirements added
in the 1980 Code



_
=

FTVORUS VIR 4 By 10 VO
JAUeD) Youeasay uipjuRIg NN

9°1-8

Scale A (Cont.)

Referenced Subsection

AISC AISC AISC
1980 1963 1953
1.1‘-202 i Se—

1.14.6.1 1.14.7 15(f)

1.15,5.2 - =
1.15.5.3

1.15.5.4

1.15.7 1.15.7 21(g)
1.18.3 1.18.3 28(b)

AISC 1953 VS. AISC 1980
SUMMARY OF CODE OOMPARISON

Structural Elements
Potentially Affected

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

Effective throat thickness
for partial penetration weld

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

Connections of tension and

compression members in
trusses

Built-up members under
tension

Comment s

New requirement added
in the 1980 Code

New requirement added
in the 1980 Code

Nuw requirement added
in the 1963 Code
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AISC 1953 Vs, AISC 1980
SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced Subsection

AISC AISC AISC
1980 1963 1953
2.4 2.3 -
1st lst
Para. Para.
r By | 2.6 -
2.9 2.8 -
Appendix - -
D

Structural Elements
Potentially Affected

Columns, Slenderness ratio
for columns. Must satisfy:
1 < 2wlg

r Fy

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

Latecal bracing of members
to resist lateral and
torsional displacement

Web tapered members

Comment s

See case study 4
for details.

Fy <40 ksi
48 < Fy < 44 ksi
Fy > 44 ksi

See case study 6
for details.

36 <F, < 38 ksi

See case study 7
for details.

New requirements added

in the 1980 Code

Scale

Scale
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Scale B

Re ferenced Subsection

AISC AISC AISC
1980 1963 1953

1.9.2.2 1.9.2 o

1.10.1 e N
1.10.5 1.10.5 26(e)
1.11.4 1.11.4 o
1.13.2 -

AISC 1953 vs. AISC 1980

SUMMARY OF CODE QOMPARISON

Structural Elements
Potentially Affected

Flanges of square and
rectangular box sections
of uniform thickness, of
stiffened elements, when
subject to axial compres-
sion or to uniform compres-
sion due to bending

Hybrid girders

Intermediate stiffeners for

plate girders and rolled
beams

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

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

Comment s

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

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

Change of in the requirements
of the 1953 Code

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

Lightweight construction
not applicable to nuclear
structures which are
designed for greater loads
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Scale B (Cont.)

Re ferenced Subsection

AISC AISC AISC
1980 19635 1953
1.14.2 1.14.3 19(9)
1.14.6,1.3 ~- e
1.15.5.5 o -

1.15.11 1.15.11

1.16.4.2 1.16.4

1.16.5 1.16.5
2,3.1 e
2.3%.2

2.4 2.3

AISC 1953 vs. AISC 1980

SUMMARY OF QODE COMPARISON

Structural Elements
Potentially Affected

Member with through hole

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

Connections having high
shear in the column web

Friction type joints

Fasteners, minimum spacing,

Comments

The 1963 Code specifies
slightly more stringent
requirements

New insert in the 1980
Code

requirements between fasteners

Structural joints, edge
distances of holes for

bolts and rivets

Braced and unbraced multi-
story frame - instability
effect

Members subject to combined
axial and bending moments

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.
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AISC 1953 Vvs. AISC 1980

SUMMARY OF CQODE COMPARISON

Scale C

Referenced Subsection

AISC AISC AISC
1980 1963 1953
1.3.3 1.3.3 -~

1.5.1.3.3  1.5.1.3.1 15{a) {2)

1:5:3.%:3 1.5.2.2 -

1.10.2 1.10.2 264{b)

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.

Axially loaded wembers under
compression

Bolts and rivets - bearing
stiess on projected area -
in bearing type conne_tions
Fp = 1.5 F,; (1980 Code)
Fp = 1.35 Fy (1963 Code)

Web girders and rolled beams

Comment s

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

New requirements added
the 1963 Code - See
Case Study 15 for
details

New provisions added
in the 1963 Code.

The requirements of the
1963 Code are more
liberal
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Scale C (Cont.)

Referenced Subsection

AISC AISC AISC
1980 1963 1953
1.10.5.3  1.10.5.3 --
1.11.4 1.11.4 --
1.14.5 1.14.6 19(q)
1.15.1 1.15.1 21(a)

AISC 1953 VS. AISC 1980
SUMMARY OF OCODE COMPARISON

Structural Elements
Potentially Affected

Stiffeners in girders -
added 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 reinfozrc-
ing steel is considered

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

Pin Connected Members

Connections

Comment s

New design concept

in 1980 Code giving
~--8 stringent require-
ments. See case study
5 for details.

New requirement added
in the 1980 Code

More stringent
requirements were
specified in the
1953 Code.



APPENDIX B-2
ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

(SYNTHESIS OF ACI 318-56 VS. ACI 318-63 VS. ACI 349-76 CODE COMPARISONS)

B-2.1

..uL Franklin Research Center
A Dvimon of The Fransiin insutute
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Scale A

Referenced Subsection

ACI 318-50 VS. ACI 349-76

SUMMARY OF GUDE COMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
3.5 405 (e, (£) S
7:-30.3 805 g
Chap. 9 Chap. 15 A60O4
9.1, 9.2,

& 9.3 most
specifi-
cally

Prestressed elements

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

1/2 fy in tension

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

Comment s

New insert lists ASTM
specifications for
prestressing wire and
strands. 318-56 did not
have sections dealing with
prestressed concrete.
Cocntrols other than ACI
Codes or recommended
practice would apply to
this type of construction
prior to 1963.

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

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

report.



=

SIS VR By O OB ¥
RS YoJeasay umpuRIy 00

A A |

Scale A (Cont.)

Referenced Subsection

ACI ACI ACI

ACI 318-56 VS. ACI 349-76

SUMMARY OF QODE QOMPARISON

Structural Elements
Potentially Affected

349-76 318-63 118-56
10.1 -- -
and

10.10

11.1 e —

11.13 - i~

11.15 s -

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

report.

All primary load-carrying
members

All primary load-carrying
members

Short brackets and corbels
which are primary load-
carrying members

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

Comments

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

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

AC1 318-56 VS, ACI 349-76
SUMMARY OF QUDE QUMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
11.16 e o

Chapter 12 Chapter 18 -

All structural walls -
those which are primary
load carrying, e.g., shear
walls and those which

serve to provide protec-
tion from impacts of

missile-type objects

All

Comment s

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

New chapter; old code did
not have ultimate strength
criteria for bond. This
chapter presents some
changes in bond stresses
allowed and a change in
philosophy. Allowable bond
values are higher on small
bars, but lower on large
bars because of this shift
in philosophy introduced by
ultimate strength logic
here.

Splice lengths in column
steel are the same as the
56 code and permissible
bond stress for compression
bars was set to match when
reduced to working stress.
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Scale A (Cont.)

Referenced Subsection

ACI 318-56 Vs. ACI 349-76
SUMMARY OF CODE COMPARISON

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected

- 1301 (c) Table All

305(a)

Chap. 17 Chapter 25 - Composite construction
Chap. 18 Chapter 26 - Prestressed concrete
18.1.4 - e Prestressed concrete
and elements
18.4.2

Chap. 19 Chap. 19 -

*Special treatment of loads
report.

Shell structures with
thickness equal to or

greater than 12 inches

Comments

Allowable bond stresses are
presented in the new code
as a function of concrete
strength and bar diameter.
Values in the new code are
higher for small diameter
bars and lower for large
diameter bars as compared
to the old code. See case
study (14).

New chapter; ACI 318-56 did
not contain specific
sections on composite
concrete flexural members
and compcsite consruction.

New chapter; ACI 318-56 did
not contain specific
sections or criteria for
prestressed concrete.

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

This chapter is com-
pletely new; therefore,
shell structures
designed by the general

and loading combinations is addressed in other sections of the
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Scale A (Cont.)

Referenced Subsection

ACI ACI ACI
349-76 318-63 318-56

ACI 318-56 VS. ACI 349-7e¢

SUMMARY OF QODE COMPARISON

Structural Elements
Potentially Affected

Chap. 19
(Cont.)

Appendix A — -

Appendix B i e

All elements subject to
time-dependent and position-
dependent temperature varia-
tions and which are
restrained such thav chermal
strains will result in
thermal stresses ,

All steel embedments used
to transmit loads from
attachments into the rein-
forced concrete structures

Comment s

criteria of older codes
may not satisfy all
aspects of this chapter.
Additionally, this chapter
refers to Chapter 9 provi-
sions.

New appendix; older

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

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

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

**Since stress aﬂZIysis assoclated with these conditions is highly dependent on definition
of failure planes and allowable stress for these special conditions, past practice

varied with designers' opinions.

exist under previous design procedures.

Stresses may vary significantly from those thought to
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ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced Subsection

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comments
Appendix C - - All elements whose failure New appendix; therefore,
under impulsive and considerations and
impactive loads must be review of older designs
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 thoug!t to
exist under previous design procedures.
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ACl 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Scale B
Referenced Subsection

ACI ACI ACI
349-76 318-63 318-56
1s3:2 103(b) -
195 - -
Chap. 3 Chap. 4 Chap. 2

- 1208 -

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

Reguirement of a “Quality
Assurance Program®™ 1s new.
Applies to all structural
concrete

Any elements containing
steel vicn Ey 2 60,000
psi or lightweight
concrete

Elements where light-
weight concrete was used.

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

fy > 60,000 psi may

have inadeguate ductility
or excessive deflections
at service loads.

Probably does not apply to
nuclear structures.
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Scale B (Cont.,)

Re ferenced Subsection

ACI 318-56 VS. ACI 349-76
SUMMARY OF QUDE COMPARISON

ACI ACI
349-76 318-63
3.2 402
3.3 403
3.3.1 403
3.3.3 403
3.4.2 04
3.9 405
3.5.1 405(a)

ACI Structural Elements
318-56 Potentially Affected
205 Cement
206 Ajgregate
206 Any structural concrete
covered by ACI 349-76 and
expected to provide for
radiation shielding in
addition to structural
capacity

206 Aggregate

207 Water for concrete

208 Metal reinforcement

Reinforcing bar welds

Comment

This serves to clarify
intent of previous code.

Eliminated reference to
lightweight aggregate.

Controls of AS™ C567,
“Standatd Specifications
for Aggregates for
Radiation Shielding
Concrete," closely
parallel those for ASTM
C33, "Standard Specifi-
cation for Concrete
Aggregates. "

To ensure adequate control.

Improve quality control
measures.

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

Older code did not

reference A.W.S. literature,
but specific jobs that
allowed welding of
reinforcing bars normally
listed requirements in the
job specifications.
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Scale B (Cont.)

Referenced Subsection

“ACI ACI
349-76 3j18-63
3.6 406, 407,

& 408
3.6.3 & 407 & 408
3.6.4

4.1 & 501 &
4.2 502
4.2.5 & 501(c) &
4.2.7 501(4d)
4.3 504

ACI 318-56 VsS. ACI1 349-76
SUMMARY OF CQODE COMPARISON

ACI Structural Elements
318-56 Potentially Affected

- Concrete admixtures

- Concrete where admixtures
were used

302 & Concrete proportioning
303 ;

-- Concrete exposed to
freezing or chemically
aggressive environments

304

Evaluation and acceptance
of concrete

Comment s

Added requirements to
improve guality contrcl.

Extensive use of these
admixtures before 1963 was
not common.

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

Past practice used other
sources to guide designs
in chemically aggressive
environments.

Added provision to

allow for design
specified strength at

age > 28 days to be

used. Not considered

to be a problem, since
large cross sections will
allow concrete in place
to continue to hydrate.
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Scale B (Cont.)

Re ferenced Subsection

ACI 318-56 V5. AC: 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 3118-56
4.3.3 504(c) 304(c)

-- 505 --
5.7 507 --
6.3.3 s -

Concrete guality control

Lightweight concrete

Curing of very large
concrete elements and
control of hydration
temperature

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

Comment s

Changed to separate quality
control on strength for
working stress and ultimate
strength. Control for
working stress in new code
made somewhat more
conservative.

New section added for
lightweight aggregate
concrete diagonal tension
control. O0ld code did not
specify this parameter.

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

Previous codes did not
address the problem of
lon; periods of exposure
to high temperature and
did not provide for
reduction in design
allowables to account for

strength reduction at high
(>150°F, temperatures.
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Scale B (Cont.)

Referenced Subsection

T ACI ACI
3149-76 318-63
7.5.5.1 805(d)
7.5, 7.6, B80S

& 7.8

7.8.1 & 805(f)
7.8.2

7.9 805
7.10 & -
7.11

AC1 318-56 VS.

ACl 349-7e

SUMMARY OF CODE COMPARISON

ACI Structural Elements
3l8-56 Potentially Affected
1103 Welded splices
(c) (3)

506, Members with spliced
1002(d), reinforcing steel
1103 (c)

Elew:i:s which used welded
wire fabric as main rein-
foccement

Members containing
deformed wire fabric

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

Comment s

welded splice reguirement
is more conservative as the
56 Code only required
splices in compression to
develop 100% of yield.
Design allowables were
reasonably below yield.
This is not considered
critical.

Sections on splicing and tie
requirements amplified to
better control strength at
splice locations and provide
ductility.

This type of reinforcement
not generally used in large
structures and main
structural elements;
therefore, not considered a
problem.

New sections to define
requirements for this new
material.

To ensure adeguate
ductility.
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Scale B (Cont.)

____Referenced Subsection

ACI ACI ACI
349-76 3lg-63 318-56

ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

7.12.3 & - -
7.12.4

7:13.1 - -
through
Ts13.3

8.6 —— e

9.2 1504 (b) e

5 1506 Ab04

v @
.
“w oW
.

Lateral ties in columns
Reinforcement in exposed

concCrete

Continuous nonprestressed
flexural members.

All

Alil

Comments

To provide for adequate duc-
tility.

New reguirements to conform
with the expected large
thicknesses in nuclear-
related structures.

Allowance for redistribution
of negative moments has
been redefined as a function
of the steel percentage.

Concept of a capacity
reduction factor ¢
applied to the uitimate
strength equations is new.
This in a way replaces the
old code use of different
load factors for different
structural elements.

Load factors have changed -
also the use of different
load factors for different
structural elements was
dropped. These changes
have been offset by the
introduction of the
capacity reduction factor;
therefore, overall effect
not critical.
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Scale B (Cont,)

Re ferenced Subsection

349-76

ACI ACI ACI
318-43 318-56

ACI 318-56 vs.

ACI 349-76

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

9.4 1505 A603(c)

9.5.1.1 e -

$.5.3.2 - -
through
2.5.0.4

9.5.2.4 909 -

9.5.3 - .

Reinforcing steel - design
strength limitation

Reinforced concrete mecmbers
subject to bending -
deflection limits

Slab and beams - minimum

thickness requirements

Beams and one-way
slabs

Nonprestressed two-way
construction

Corments

See comments in Chapter 3
sSummary.

Allows for more stringent

controls on deflection in
special cases,

Minimum thickness generally
would not control this type
of structure.

New section on control of
deflections needed because
of use of new high strength
steels and concrete. Will,
generally, not be a problem
in structures carrying
heavy loads as minimum.
thickness would not control.

Immediate and long time
deflections generally not
critical in structures
designed for very large live
loadings; however, design by
ultimate strength requires
more attention to deflection
controls.
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Scale B (Cont.)

Re ferenced Subsection

ACI
349-76

ACI
318-63

9.5.4
9.5.5

10.2.7

10.3.6

10.3.6

5

Chapter

ACI
318-56

ACI 318-56 V5. ACI 349-7¢
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

19 Ae600

Prestressed cohcrete members

Flexural members - new limit
on B factor

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

Columns

Comments

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

Lower limit on B of 0.65
would correspond to an
£'. of 8,000 psi. No
concrete of this strength
likely to be found in a
ruclear structure.

Limits on axial design load
for these members given in

terms of design eguations.

See case study 2

The introduction of the
capacity reduction factor
¢ viewed alone would
significantly effect the
ultimate design code
results; however, the
introduction of lower load
factors at the same time
minimizes the effect.
Sample calculations show
reasonable parity between
safety margins with the
older code being generally
more conservative,
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Scale B (Cont.)

Re ferenced Subsection

ACI 318-56 VS. ACl 349-7e¢
SUMMARY OF QUDE QOMPARISON

ACI ACI ACI Structural Elements
349-76 3l8-63 318-56 Potentially Affected
10.6.1 1508 A604(a) Beams and one-way slabs
through
10.6.4
10.6.5 — - Beams
10.7 910 - Deep * :ams
10.11 916 1107 Long columns
10.12.1 915 & 1107 Compression members,

through 9216
10.11.7
& 10.12

slenderness effects

Comment s

Changes in distribution of
reinforcement for crack
control.

New insert

Older code did not address
“deep beams" as a specific
case.

For long columns, h/t limit
removed and a new strength
reduction logic, which
includes factors such as
resistance to lateral
displacement of the ends
and mode of curvature in
the formulation, replaces
load reduction based on
h/t. The old code designs
were generally conservative
and long slender columns
were not allowed.

For slender columns, moment
magnification concept
replaces the so-called
strength reduction concept,
but for the limits stated in
ACI 318-63 both methods
yield egual accuracy and
both are acceptable methods.
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Scale B (Cont.)

Referenced Subsection

ACI 318-56 VS. ACL 349-7¢
SUMMARY OF QODE QOMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56

- 1102(c) s
10.15.1 1404 -—-
through through

16.15.6 14086

10.17 e ——

- 1407 1109

Flexural elements which
contain compression steel

Composite compression
members

Massive concrete members,
more than 48 in thick

Columns

Comment s

New requirements defined for
computing the compression
steel contribution to the
transformed area. This was
to account for stress
increase which results from
creep. Will not be
significant where design
dead load is not a large
part of the design load.

New items - no way to coam-
pare; ACI 318-63 contained
only working stress method
of design for these members.

New item - no comparison.

Both codes use interaction
logic; however, new code
working stress interaction
diagram is derived from the
ultimate str ngth diagram.
The definition of the
tension controlled region
changes since balanced
eccentricity is the new
limit as opposed to the old
“Kern" definition.



TGREY IDIE 4 By 0 VTG

PP YDIRISIY L quURI4 N7

—

81 Z~-€

Scale B

(Cont.)

Referenced Subsection

ACI
349-76

(Cont.)

il.3

11.7
through
11.8.6

ACI

318-63

Chapter 17

ACI
318-56

ACI 318-56 Vs. ACI 349-76
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Concrete flexural members

All

Nonprestressed members

Comment s

Comparison is complex but
in general it is probable
that the old code is wmore
conservative.

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

This chapter is completely
new; previous codes did not
contain ultimate strength
design criteria for shear
and diagonal tension.

Detailed provisions for this
load combination were not
part of ACI 318-63. These

new sections provide a con-
servative logic which
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ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

Referenced Subsection

ACI ACI ACI Structural Elements

349-76 318-63 318-56 Potentially Affected Comment s

1.7 requires that the steel

'through needed for torsion be added

11.8.6 to that reguired for

(Cont.) transverse shear, which is
consistent with the
logic of ACI 318-63.
This is not considered to be
critical, as ACI 318-63
required the designer to
consider torsional stresses;
assuming that some rational
method was used to account for
torsion, no problem is
expected to arise.

11.9 - - Deep beams Special provisions for shear

through stresses in deep beams are new,

11.9:6 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.



ACI 318-56 vS. ACI 349-76
SUMMARY OF CODE COMPARISON

ﬂ;t Scale B (Cont.)
gg Referenced Subscction
ig’ ACI ACI ACI Structural Elements
i‘, 349-76 318-63 318-56 Potentially Affected Comment s
2 EE——
b= 4
igu 11.10 - - Slabs and footings New provision for shear
2 through reinforcement in slabs or
2 11.10.7 footings for the two-way

action condition and new
controls where shearhead
reinforcement is used.

Logic consistent with ACI
318-63 for these conditions
and change is not considered
ma jor.,

1207 808-809 Slabs and footings Shear stress logic for
working stress design in ACI
318-63 was developed by
applying a factor of 2 to the
ultimate strength logic. 1In
slabs and footings, the
critical section for shear
was defined at a distance d/2
(not d) from the face of the
support or column. Allowable
stresse . in the new code arc
larger; however, overall
di1fferences are not great in
the final design,

2101 (e) t2) -- Slabs New section added to give a
specific method of defining
the effect of a slab opening
on the critical section
atound a column.
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Referenced Subsection

ACI 318-56 V5. ACI 349-76
SUMMARY OF QUDE QOMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
- 1604 -

11.11.1 1707 -

11.11.2 - -
through
$1.11.2.5

Members with nonsymmetrical
cross sections

Slabs and footings

Slabs

Comment s

01d code did not address
this problem. O0ld designs
generally done by very
conservative assumptions.

The change which deletes
the old requirement that
steel be considered as only
50% effective and zllows
concrete to carry 1/2 the
allowable for two-way
action is new. Also deleted
was the requirement that
shear reinforcement not be
considered effective in
slabs less than 10 in thick.
Change is based on recent
research which indicates
that such reinforcement
works even in thin slabs.

Details for the design

of shearhead is new. ACI
318-63 had no provisions for
shearhead design. The
requirements in this sec-
tion for slabs and footings
are not likely to have been
used in older plant designs.
1f such devices were used,
it is assumed a rational
design method was used.
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Referenced Subsection

ACI ACI ACI
349-76 318-63 318-56

ACI 318-56 VvS. ACI 349-7e
SUMMARY OF QUDE QOMPARISON

Structural Elements
Potentially Affected

11.12 -t dorm

11.13.1 & - _o
11.13.2

Chap. 12 o -

12.1.6
through
12.1.6.3

918 (C) -

12.2.2 & s o
12.2.3

Openings in slabs and
footings

Columns

Reinforcement

Reinforcement

Re inforcement

Comments

Modification for inclusion of
shearhead design. See above
conclusion.

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

Development length concept
replaces bond stress concept
in ACI 318-63.

The various l4q 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 318-613.

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

New insert in ACI 345-76.
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Referenced Subsection

ACI ACI
349-76 318-63

12.4 S

12.8.1 & -
12.8.2

12.10.1 & e
12.10.2(b)

12.11.2 .

12.11 918

12.13.1.4 o

ACI

318-56

ACI 318-56 VS. ACI 349-76
SUMMARY OF QODE QOMPARISON

Structural Elements

Potentially Affected

Reinforcement of special
members

Standard hooks

Wire fabric

Wire fabric

Beams

Wire fabric

Comment s

New insert.
Gives emphasis to special
member consideration.

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

New insert.

Use of such reinforcement
not likely in Category I
structures for nuclear
plants.

New insert.
Mainly applies to precast
prestressed members.

Tensile steel cut off
conditions are new. Older
design practice did not
terminate bars in high
tension zones and generally
bent up bars where not
needed.

New insert.
Use of this material
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Re ferenced Subsection

ACI 318-56 vs. ACI 349-78
SUMMARY OF QOe QUOMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
12.13.1.4
(Cont.)

13.2.4 2102 (g) -,
13.5 - -
14.2 - --
15.5 - --

Slabs

Slab reinforcement

Walls with loads in the
Kern area of the thickness

Footings - shear and devel-
opment of reinforcement

Comments

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

New section added to ensure
moment transfer between
supports and the slab.

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 eqguation (14-1)
makes the solution com-
patible with Chapter 10
for walls with loads in
the Fern area of the
thickness.

Changes here are intended to
be compatible with change in
concept of checkirn~ bar
development instead of
nominal bond stress con-
sistent with Chapter 12.
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Referenced Subsection

ACI 318-56 Vs, ACI 3:49-T7e¢

SUMMARY OF CODE CQUMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 318-56
15.5 2305(d) 1205(e)
15.9 -- -
16.2 -- --
17.5.3 2505 -
18.4.1 -- --

Footings

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 atter
prestress transfer

Comment s

Removal of the 85% shear
used to compute tensile
reinforcement bond in
two-way reinforced footings;
now 1005 shear is required.

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
(17-1) replaces the
theoretical elastic
equation (25-1) of ACI
318-63. It makes design
computations easier.

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

ACI ACI
349-76 318-63

ACI
318-56

ACI 318-56 VS. ACI 349-76
SUMMARY OF QUDE COMPARISON

Structural Elements
Potentially Affected

18.5 2606

16.11.3 -
18.11.4

18.13 -
18.14

18.15

18.16.1

18,.16.2 -

18.16.4 o

Tendons (steel)

Bonded and unbonded members

Two-way flat plates
(solid slabs)

having minimum bonded
reinforcement

Bonded reinforcement at
supports

Prestressed compression
members under combined
axial load and bending.
Unbonded tendons.

Post tensioning ducts.
Grout for bonded tendons.

Proportions of grouting
materials

Grouting temperature

Comment s

Augmented to include yield
and uitimate in the
jacking force reguirement.

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

Intended primarily for
control of cracking.

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

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

Expanded definition of
how grout properties may
be determined.

Expanded definition of
temperature controls
when grouting.
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Referenced Subsection

ACI 318-56 VS. ACI 349-7¢
SUMMARY OF QODE COMPARISON

Structural Elements
Potentially Affected

ACI ACI ACI
349-76 318-63 3l8-%6
7.13.4 — -

Chapter 7 2408, 2409 -

and 2410
10.3.6 1403 (a) 1104 (a)
10.8.1 912 1101
10.8.2
10.8.3

Reinforcement in flexural
slabs

Precast elements

Tied columns

Compression members,
limiting dimensions

Comment s

New sections identify
special conditions allowed
by new code as exceptions
to the general code
provisions. 0ld code
required precase elements

to meet all Code provisions,

New code allows more load
to be carried on tied
columns, i.e., 85% as
compared to 80% factor in
old code. Also new code
allows a higher & of steel
to be used in tied
columns. This is less
conservative than the old
code.

Minimum size limitations
are deleted in newer code
giving the designer more
freedom in cross-sectional
dimensioning.
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Re ferenced Subsection

ACI 318-56 VS. ACI 349-76

SUMMARY OF QUDE QOMPARISON

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected
ise 1502(4d) - Continuous beams
10.14 2306 1206 Bearing - sections
controlled by design
bearing stresses
11.2.5 1706 805 & Reinforcement concrete mem-
806 bers without prestressing
13.0 - - Two-way slabs with
to end multiple square or rec-
tangular panels
13.4.1.5 - ~ Equivalent column flexi-

bility stiffness and
attached torsional members

Comment s

New Code allows for moment
redistribution where
sufficient ductility
exists. Old designs
produce steel % on the
order of 0.4 py;
therefore, ductility was
there.

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

1.9(0.25 £') =

0.475 £', < 0.6 £'

Allowance of spirals as
shear reinforcement is new.
Requirement of 2 lines of
web reinforcment, where
shear stress exceeds
60V?7c, was removed.

Slabs designed by the
previous criteria of ACI
318-63 are generally the
same Or more conservative.

Previous code did not
corsider the effect of
stififness of wembers
normal to the plane of the
equivalent frame.
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SUMMARY OF QODE QD:'PARISON
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Re ferenced Subsection

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comment s
15.6 2306(b) 1206(b) Columns New code requires only
transfer of actual stress
carried by the column
longitudinal bars. 0ld
code required transfer of
w full working value. Oider
! code more conservative.
L]
- 17.5.4 - - Permissible horizontal Nominal increase in
17.5.9 shear stress for any allowable shear stress

surface, ties provided
or not provided

under new code.



APPENDIX B-3

ASME B&PV CODE, SECTION VIII, 1962 VS,

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

SUMMARY OF CODE COMPARISON

S B-3.1

... Frankiin Research Center
A Devmon of The Fransin instituis



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

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:

© Dynamic head of liquids

© Snow loads and vibration
loads

© Reaction to steam and
water jet impingement

NE-3112.2 _— Vessel and components* The effects of internal
heat generation due to
radiation (in addition to
all external sources) must
be included in establishing
design temperature.

NE-3112.3 -—_ Vessel and components* In computations involving
design pressure and design
temperature, the values of
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 ccmbinations is addressed in other
sections of the report.

e 3.2

...u Franklin Research Center
A Divisson of The Fransdin insotute



ASME B&PV CODE COMPARISON

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

Scale A (Cont.)

ferenced Se n

Section III Section VIII Structural Elements
1980 1962 Potentially Affected

NE-3112.4

(Cont.)

— UG~25(4) Vessels containing
telltale holes

N2=-3131 _— Containment shells
designed by formula

/ o 5-3.3

... Frankiin Research Center
A Drvson of The Frankin insttute

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 whk-1 using
lethal substances.

Section VIII, 1962 Code
calls for the design of
vessels by formula, while
Secticn 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
(Con't.) containment shells where

substantial thermal or
mechanical loads 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
cylindrical shells 1980 Code for defining the
subject to buckling minimum moment of inertia
loads of the stiffening ring as

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

safety.

Scale
Ig' >1.22 14 3
Ig' <1.22 14 A

where

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

Ig' is th» 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
I4' shall not be greater
than 1.1 JDO/T.

P B-3.4

sull Franklin Research Center
A Dwimon of The Franssn insttute



ASME B&PV CODE COMPARISON

SECTION VIII, 1962 V8. SECTION III, SUBSECTION NE, 1980

Scale A (Cont.)

Referenced Section
Section III Section VIII
1980 1962

NE-3133.5(b) ===

NE-3327 1G=35

NE-3331(b) UG-36

NE-3334.1 UG~-40 (b)

NE=3334.2 UG-40(¢c)
-

.... Franklin Research Center
A Drnvamson of ™he Fransan institute

Structural Elements

Potentially Affected

Stiffening rings of
materials different
than shell materials

Quick-actuating closures

Openings and reinforce-
ments; subject to
cyclic loads

Rainforcement for
vessel openings

3-305

Comment s

This new insert in Section
III cf 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 “he ccde.

Scale A four ring-stiffened
shells where (l) 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.

New requirements in the 1380
Code

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.



Scale A (Cont.)

Referenced Section
Section III Section VIII

1980 1962
NE-3365(f) o=

o

_.iu Franklin Research Center
A Dvamion of The Franiin insutute

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

Structural Elements

Potentially Affected

Bellows and bellows
expansion joints

B-3.6

Comments

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



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

Scale B

Re ferenced Section
Section III Section VIII Structural Elements

1980 1962 Potentially Affected Comments
NE-3133.1 UG-28 Components undei The design rules as given in
external pressure Section VIII, 1962 are

and axial compression nearby identical to those
specified in Section III,
1980. The differences will
have little effect on the
margin of safety.

NE-3324.8(Cc) === Torispherical neads The allowable stress for
made of materials such a material shculd not
having minimum tensile exceed 22 ksi at room
strength exceeding temperature as specified in
80 ksi the 1980 Code. Allowable

stresses for those
materials specified in the
1962 Code could be slightly
higher, giving somewhat
less conservative results.

NE-3324.12 — Nozzles The specified requirements
imposed on the wall
thickness of the nozzles or
other connections are
considered to e witnin the
limitations of standard
practice.

NE-31328 — 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.

P | B-3.7

JuuL Franklin Research Center
A Dvimon of The Frankiin institute



ASME B&PV CODE COMPARISON

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

Scale B (Cont.)

Re ferenced Section

Section III  Section VI'I
1980 1962
NE-3335 UG~-40
NE-3336 UG-41(a)
NE-3700 —_-
T

)

...u Franklin Research Center
A Dvaseon of T™he Fransdin insutute

Structural Elements
Potentially Affected

Reinforcement in
nozzles and vessel
walls

Reinforcement for
openings where welding
is counted as rein-
forcement

Electrical and

mechanical penetration
assemblies

B-3.8

Comment s

These new provisions in
Secticn III, 1980 Code

detail specific requirements
which are usually

considered in good design
practice.

The 1962 Code has provision
that weld strength be taken
as that of the weaker of the
metal joined.

Provisions usually adopted
in standara engineering
design of such assemblies.



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

Scale C

Re ferenced Section
Section III Section VIII Structural Elements

1980 1962 Potentially Affected Comment s
NE-3332.2 UG~-37(b) Azea of reinforcement The introduction of the
- vessels under correction factor P in
internal pressure Section III, 1980 Code will

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

NE-3325.2(b) UG~34(c) Plat unstayed heads, The applicable revised
covers, and blind equation (2) will have a
tlanges minor effect in the

calculation of the
thickness.

NE-3362(b) UG-42 Bolted flanges and The requirements for length
studded connections of stud engagement are

relaxed in Section III,
1980 Code.
. B~3.9

... Franklin Research Center
A Divimon of The Frankin insttute



APPENDIX B-4
ACI 318-71 VS. ACI 349-76

SUMMARY OF CODE TOMPARISON

P B-4.1

.. .. Franklin Research Center
A Dnvesion of The Fransen institute



Scale A
Re ferenced
Section

ACI ACI
349-76 318-71
9.1.1.1 -
9.1:.1.2 -
9.1.1.3 -
9.1.1.4 -
9.1.2 «"e
90l-3 -
9.1..4 -
9.3 9.3
9.3:1 9.3.1
9.3:3 s dsik
9:3.3 9.3.3
9.3.4 9.3.4
9.3.5 9.3.3
9.3.6 9.3.6
9.3.7 9:3:7
10.1 -—
llal -
18.1.4 -—
Chapter Chapter
19 19

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

Structural Elements
Potentially Affected

Normal loads
Severe environmental loads

Extreme environmental lcads

Abnormal loads

Normal loads
Earthquake loads
Nesign loads and forces

41l loads

All primary load-carrying
members

All primary load-carrying
members

Prestressed concrete
elements

Shell structures with
thickness equal tc or
greater than 12 inches

Comment s

Impact of these conditions
must be assessed.*

Impact of these conditions
must be assessed.*

Impact of these conditicns
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 combiriations.*

New provisions for thick walls
added.

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

[‘.—_‘:

B-4.2

... Franklin Research Center
A Dvimon of The Frankdin institute



Scale A (Cont.)

Re ferenced
Section

ACI
349-76

Appendix
A

Appendix

Appendix

ACI
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 vhich 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
impartive 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
clder 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.

Strasses may

vary significantly from those thought to exist under previous design
procedures.

B~4.3

... Franklin Research Center
A Dhamion of The Frankiin insttute



Scale B
Re ferenced
Section

ACI ACI
349-76 318-71

= 1.5
Jeded -

hen 3.301
. P 7 -
3:3.3 -
3:3:) -
3eS:.1l(a) 3.5.1(a)
3-5-1(b) —
Table
B304
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

B~-4.4

.JUL Franklin Research Center
A Dvamon of The Fransdin institute

Comnents

Cites requirements of
10CFRS0 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.

Por better control of concrete
quality throughr control of
possible aggregate variations.

New requirement which pro-
hibits use of :y > 60,000 psi
to provide fcr better
ductility and crack control.
Also imprcves 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 elir‘nated from
this code. Therefo:r:, this
change is not seen to be a
problem. In general, the
higher strength steels have
lower ductility.

For quality control
improvement



Scale B (Cont.)
Re ferenced
—Section

ACI ACL
349-76 318-71
3.5.5 .
305-6 -
3.507 —
3.5.8 -
3-6.5 e
‘a] i
$:3.3 -
5.4.1 S:4.1
5:5.1 -

.... Franklin Research Center
A Dnvimcn of The Frankiin insttute

ACI 318-71 V5. ACI 349-7¢
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Cold drawn steel wire
for concrete reinforcement

Welded steel wire fabric
for concrete reinforcement

Deformed steel wire for
concrete reinforcement

Welded deformed steel

wire fabric for concrete
reinforcement

Concrete mixtures

Concrete

Aluminum pipe

Concrete

Concrete

B-4.5

Comments
High £,, steels eliminated for
control of cracking and

improved ductility

For improved ductility
and crack control.

Por improved ductility
and crack control.

For improved ductility
and crack control.

Improve quality
assurance by preventing
variation in admixtures.

Decreases the number of tests
required when quality of
concrete production is high.

Prevents problems which result
from aluminum-cement reaction.

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

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




Scale 8 (Cont.)

Re ferenced
Section
ACI ACI
349-76 318-71
6.30.’ S
1593 -
7.6.2 7:.6.2
7.6-‘ s
T:8.1 Tl
7.8.2 7.8.2
T 7.9
5 -
fsdded
1:13.2
[-_—.:_.;

ACI 318-71 VS. ACI 349-76
SUMMAR: OF CODE COMPARISON

~

Structural Elements
Potentially Affected

All structura. elements
with embedded »iping
containing high tempera—-
ture materials in excess
of 154%¥, or 200°F in
localized areas not
insulated from the
concrete

Welded splices or other
positive connections

Splices

Splices in area of
membrane tension

Splices of welded smooth

wire fabric

Lapped splices

Lapped splices

Concrete surface

B-4.6

.uu Franklin Research Center
A Dvisson of The Frankiin institute

Commerits

Previous code did not address

the problem of long periods

of exposure to hiih tempera-

ture and did not provide

for reduction in design

allowables to account for
trength reduction at high

(> 150°P) 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 criticai.

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 pocsible



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

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

2.5.4,1 - Prestressed concrete No major effect on older
designs.

9.5.4.3 - Prestressed concrete Will not affect the overall
structural strength.

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

9.5.1.1 - All members Allows for greater control of
deflection in special cases.

9.5.1.3 - All members New control on serviceability

92.5:.1.4 under factored loads to

Table provide for service under

3.5(a) abnormal conditions.

Table Table Beam or one-way Minimum thickness generally

9.5.(b) 9.5(a) slabs would not control the design
in this type of structure.

Table Table Two-way slabs Minimum thickness generally

9.5(¢c) 9.5(b) would not control the design
in this type of structure.

9.5.3 9.5.3 Non-prestressed two-way Immediate and long-time

9:5.3.6 -— construction deflections generally not a
problem where live loads are
very large. However, design
by strength logic requires
more attention to control of
deflections.

/;A‘ B-‘o7

.uuL Franklin Research Center
A Drvimon of The Frankiin insttute



Scale B

(Cont.)

Re ferenced
Section

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

11.10.6

11.10.7

11.16.7

12.10.1

10.2.7

10.6.3

10.11.6

11.10.3

12.10.1

P

ACI 318-71 VS. 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
structure

Concrete

Nuclear-related structure
slab

Nuclear structures

Welded wire fabric

B-‘ 08

... Franklin Research Center
A Dvimon of The Frarin insstute

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,)
Re ferenced
Section

ACI ACI
349-76 18-71
12.10.2 -
(a) 13.10.2
(b) Nt

12.13.1.2 -—

13.3.1.7

13.5.6

15.10(b)

16.2.2

16.4.2

[l el =l =
@ ® oo
. .
e e ew
.

.
L S

18.9.3

18.15.2

18.15.3

18.9.3

18.16.2

... Franklin Research Center
A Dvimon of The Frankiin institute

ACI 3._.-71 VS. ACI 349-78
SUMMARY OF CODE COMPARLSON

Structural Elements
Potentially Affected

Welded deformed wire
fabric

Deformed wire

Slab

Bent bar for slabs

Combine . footing and mats

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
Zodes.

Past practice is consistent
with this logic.

Not considered to be a
problem as general practice
probably used continuocus
frame logic.

Consistent with the logic of
previous Codes and past
practice.

Consistent with past practice.

Increases in some cf the
allowable tensile stresses
require greater control of
cracking.

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

Consistent with good practice.

Consistent with past good
construction practice.



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

Scale B (Cont.)

Re ferenced

Section
ACI ACI Structural Elements

349-76 318-71 Potentially Affected
18.16.2 18.17.3 Grout
18.19.2 18.20.3 Unbonded structure
19.2.1 - Concrete structure
19.2.6 - Opening or penetration
19:28:7 - of the overall structure
19-3-2 -
19.3.3 --
19.3.7 - -

- B~4.10

—
delue

Franklin Resezrch Center
A Dramon of T™he Fransiin insease

Comment s

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.



Scale C
Re ferenced
Section

ACI ACI
349-76 318-71
7.13.‘ -
18.4.1 18.4.1
(a) ,(b), (a) ,(b)
(ec)
18.4.2 -

ACI 318-71 V8. ACI 349-76

CI™MARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Concrete surface

Concrete structure

B~-4.11

... Franklin Research Center
A Dmamon of The Fransin 'ettute

Comments

Less conservative than older
Codes.

Older designs will, as a

result, appear more
conservative.

Qlder designs more
conservative for the same
jross loads.



APPENDIX B-3
AISC 1971+ Vs. AISC 1980

SUMMARY OF CODE COMPARISON

*Includes supplements 1 and 2

P B-5.1

... Frankiin Research Center
A Divmon of The Frankiin institute



AISC 1971 Vs. AISC 1980
SUMMARY OF CODE COMPARISON

Scale A
Re ferenced
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
Fy £0.833 Fy
0.833 F, < Fy, < 0.875 Fy
Fy >0.875 Fy
145.1:2.2 - Beam end connection See case study 1l
where the top flange for details.
is coped and subject
to shear, failure by
shear along a plane
through fasteners, or
shear and tension along
and perpendicular to a
plane through fasteners
1.5:,1.,4.1 1.5.1.4.1 Box-shaped members (subject New 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
1.9.1.4.1 1.5:1.4.1 Hollow circular sections New requirement in the
Subpara. subject to bending 1980 Code
B
1:s5.1.4.4 - Lateral support requirements New requirement in the
for box sections whose depth 1980 Code
is larger than 6 times their
width
1.5.2.2 1.7 Rivets, bolts, and Change in the require-
and threaded parts subject to ments
Appendix B 20,000 cycles or more

suu. Franklin Research Center
A Devimon of The Fransin insttute



Scale A (Cont.)

Re ferenced
Subsection

AISC
1980

3.7
and

Appendix
B
1.9.3.3

and
Appendix

1.14.2.2

Appendix

AlsC
1971

l.?

1.15.5

AISC 1971 vs. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Members and connections
suicject 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

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

Web tapered members

8'5.3

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

Comments

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



Scale B
Re ferenced
Subsection
AISC AISC
1980 1971

1.14.6.1.3 ==

1.16.4.2 1.16.4

1.16.6

2.3.2 -

=

AISC 1971 Vs. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

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

Pasteners, 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

B-5.4

.... Franklin Research Center
A Dvimon of The Fracuin insutute

Comments

New insert in the 1980
Code

Instability effect on
short buildings will
have negligible effect.



AISC 1971 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Scale C
Referenced
Subsection
AISC AISC Structural Elements
1980 1971 Potentially Affected Comments
1.3.3 1.3.3 Support girders and their
connections - pendant
operated traveling cranes
The 1971 Code requires 25% The 1971 Code raguire-
increase in live loads to ment is more stringent,
allow for impact as applied and, therefore,
to traveling cranes, while conservative.
the 1980 Code requires
10% increase.
P e B-5.5

.. .. Frankiin Research Center
A Dvmon of The Frankiin insutute
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36070, A0N00, 12,00 1.00 n,74 172800, 10a3n0, 40,
36000, 60000, 2,00 1.50 n,74 172800, 134400, 22.
38000, U000, 4.00 1.00 [ 345600, 1044u0, AL
36000, 60000, 24,00 1,00 2.4% 3456C0, 208900, 40,
3enoo, 60n00, 24,00 1.50 0,74 345600, 134300, 61,
36000, 60nQo, 24,00 1,50 2,4¢ 345600, 23¢000, 51s
36000, 60000, 24,60 2.25% n.743 345600, 1709400, 43,
3so0ne, 6CNY0, 24,00 2.25 2,48 345600, 283840, 1%,
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36000, 60000, 36,00 2.25% 2.40 s15400, 283800, 45, |

| 36000, 80700, 36,00 2.25 4,81 | S1R4nn, 423A00, 18, |

[ 3C0U0, To000, 12,00 1.00 7% | 240000, 121300, 39, |
$0000, 70000, 12.60 1.59 0.74 240000, 15h800, s, |
50000, 7¢09a, 12,00 2,25 0,74 230000, 2091340, 13, §
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50000, 70000, 24,00 2.25 ND.74 480000, 2093060, S6. |
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800N, annoo, 16,920 1.50 4,81 936000, S04RN0, 46,
65000, 20000, 16,10 2.2 2.48 938000, 378400, 60,

| 65000, &QN0N, 16,00 2.25 4,81 9236000, 564800, an,
NOTES:

= ALLOJABLE LNADS ARE GIVE:!

%e

PFR INTH OF .EB THWICKIFSS

PCTe PZACE™T UF THe RELUCTION OF PERCEIVED ®ARGIN OF SAFETY




- E— .

Jut fr_an_klin Research Center ~ c5257om e T Dote
A 7 4/ 4/7- |T.CS 482

CASE STUDY 2
AXIALLY LOADED COLUMNS

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

'
P = 0.85 [As (0.25 £ + £ pg)]

where pg = Ast and allowable fs = O.Afy < 30,000 psi

A
<

that is, max f < 75,000 psi

therefore, the maximum load could be expressed as:

= 2 !
Pallov (0.21 Ag fc + 0.34 fy Ast)

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

P = - ' -
allow - ®P, = 90.8 [0.85 £_ Ay = A + A, fy]
for a tied column in axial compression & = 0.7 and P,"1l.4D+1.7L

Reducing these equations to be comparzble to working stress limits and

considering all ¢ “remes of steel % and D. to L. load ratios, we get

if A - 0.01 A P L = !

st 2 bP: ) (0.673 f A +0.8A f‘)
Lf A 0.08 A P - = '

st - 2 \OPO ? (0.626 f A +0.8A f,)

and to bracket extremes, consider the following three cases.

(a) D=0
(b) L=D and .
| (¢) L=0withP,, = L
f L.F.

—
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(a) for L.F. = 1.7

Pitow ™ 028 £, A +0.33 € AL or
P10y = 0-26 f; A +0.33 2 AL

(b) for L.F. = 1.55
Py11ow = 0+30 f; A +0.36 £ A or
P 1oy = 0+28 f; AL+ 0.36 £ A

(¢) for L.F. = 1.4

'
p =
P iiow 0.34 fc Ag + 0.40 fy Ast or

Pallou = 0.31 :c Ag + 0.40 (y Ast

longitudinal steel in a tied column.

Therefore, Scale C

Comparison of these resulting equations to the P

et Lo by working stress

design criteria shows that the new code allows from 1.24 to 1.62 times more load

on the concrete in a tied column and from 0.97 to 1.18 times more load on the
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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 equation to an allowable moment by the
following definition.

® Mu

Mattow ® CT.

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

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

For desigr; prepared by yield-strength criteria,a comparison with strength
design was made directly with a load 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 engineers, 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 presentec here used the defired balanced steel percent-
age and additionally steel percentages 60 percent lower and 50 percent higher than
balanced in order to show the effect of this parameter on the comparisons.

I8 .o 9

Ref. 1

A Study of the Design and Comstruction Practices of Prestressed Concrete and Rein-
- rr o~

forced Comcrete Contairment Vessels by C. P. Tan prepared by FIRL for the U.
Atomic Enerqy Commission, Aug. 1969 under comtract to the ORNL (TID 25176).
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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

f E.
let r = ?f and ns= F;

then for elastic balanced design:
]

R r
1+ 1.1 (;)

kK, =
and from equilibrium:

F A f =<As <
| F,- Tosfobkd  \P°

FORM CS-FRC-#1




A\ P'o.m C5257 Pm C- 3-3
..ul Franklin Research Center - =
Divi , ¥ o} Ch'k'd Date | Rev. Date
anln-mn:izr;:::ﬁ£:£PEﬂg. “ﬁ:Z?C¢” 6’%2;, 723 ¢;‘75H32
- K
= 3 s 1
Q] m’ 0 . 45 -

Mt = fSASJd

For Yield-Limit Design

= 2‘
or Hc 1/2 fcbd J k

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.

balanced condition again f_ = f

y

For the
and fC B fé simultaneously.

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

fl
£
EC
s A A
- B -
7 - s d
/", /‘/
7 L ‘
2 P
f! f
c
B
— ]
fl
£
kzd EC 1
g ky * f T
d K L
c , ¥ ' s y <
o %L

then for balanced conditions

and from equilibrium

o A

S = = r -
F 172?#&)' bkd - % 92 = =1
e K2
o 2r
= j = 1/2 f' bd%j
M: fyASJd or Mc 1/2 fc bd~jk
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For Strength Desian

Ultimate strength capacity is defined as:

f
M, = AfLd [1-0.59 0 ;ﬂ
Example 1.
for Yield-Limit design at balanced design

Py
= i = ' 2' = C Ji‘.
Mt fyASJd MC 1/2 fc bd“jk 1/2(}:5) 5 (Asfyd)
’ = ] f! E
 Daliing o 0y = 2ky F e s e
o ' A
¢ s
for f& = 4,000 psi fy = 40,000 psi n=38
= 1 = ~ = = ”
k2 T-I—Tﬁ-TTVB) 0.444 % 1/2 (0.444) 4/40 = 0.022

j = 0.852

=
"

0.852 fyAsd

=
"

Asfyd [1-0.59(0.022)10] = 0.869 Asfyd

0.869

L A

e
"

Also:

if o < o (say 60% o )

0.6 (0.022) = 0.0132

o
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r = 2on = 2 (0.0132)(8) = 0.21
2\ 1/2

kK (o.zn + (0.2 ) - 2211 . 9. 366

j =0.878

"t = 0.878 fyAsd
Mu = Asfyd [1-0.59 (0.0132)10] = 0.922 Asfyd

Mu

= 1,05

LN
and; similarly,
if o> % p=1.5 0, = 1.5 (0.022) = 0.033
One finds Mc controls, and:

MU

= 1.26

LA

For working stress design at balanced design
] . 0.419 _

k] = W-mwa) 0.419 % 0.45 TT-OT 0.0188

j = 0.86
f
= - - £
M, = 0.86 fAd = 0.86 «5 Agd = 0.43 Af d

= - 1~ =
Mu Asf)d [1-0.59(0.0188)10] = 0.889 Asfyd

u
a o= 2.07
Mt
5
" CF. M 1.33 if L = 0
atlow 2 = {1.20ifL=0D
t "t 1.09 if D = 0

FORAM 207 5M.4-80-CP
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Also:
if o < p (say 60% o,)
p = 0.6 (0.0188) = 0.0.0113 a=2pn=0,180

2 41
k = (0.18 +(2J8L°1/2 QI8 . g 344

J =0.885

f
M, = 0.885A f d = 0.885 A )
t s s s -?1 d = 0.443 A f d

Mu = Asfyd [1-0.59(0.0113)10] = 0.933 Asf d

y
Mu
= = 2.11
wt
“
allow 1.36 L=0
M s 1.22 ifL =0
1.12if D=0
and:
if p> % (say 1.5 o])
One finds concrete controls, and:
M
u
= 2.43
W
M
allnw 1.56 ifL =0
M = 1.41 if L =D
“ ) 29 ifD =0

FOFRM 207-5M-4-80-CP
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In summary,
for yield 1imit design comparisons:
M
g-=1.02 to 1.26
t
for working stress design comparisons:
M
2 = 1,09 to 1.56
t
Strength design allows beams to operate at a higher stress level. For

these beams the older code is more conservative

Scale C
cxample 2.
For Yield-Limit design_at balanced design
for fé = 3000 psi fy = 36,000 psi
o *]('25 (1/9) * 0-4%8 = 1/2 (0.429) 1/12 = 0.0179

2
j = 0.857
Mt = 0.857 Asfyd
i = -U. - = . f
“u Asfyd[1 0.59(0.0179)12] = 0.873 AS yd

Mu
= 1,02
LY
Also:
if o < o9 (say 60%)
M
ﬁ! = 1.05
t

FORAM 207 8M-4-30-CP
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And:

if p > 0, (say 2 = 1.5 oy * 0.0268)

M

4 s

W 1.26
c

For Working Stress Design at balanced design

f
fi =3 ks f, = 36 ksi n=9 ?i-wz
k,' = (0,403 :,‘ = 0.0151
v.’u
ﬂ— = 2.05
t
" 1.3 ifL =90
allow = 1.20ifL =D
. 1.09ifD =0
Also:

if p < % (say 60%)

",
s ¢.1
%
) ;
_21low 1.3 ifL =0
M, 1.22 if L = D
1.MMifD=0

FORM 207-5M-4-80-CP
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And:
if o > 0, (say 1.5 o])
M
r . 2.58
M 1.66 ifL =0
allow 1.50 if L =D
c 1.36 ifD=20
In summary,

for yield 1imit design comparisons:

M

| ﬁ% = 1.02 to 1.26

for working stress design comparisons:

Mallow = 1.09 to 1.66

”t

Strength design allows heams to cperate 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 desiagn
methods will have higher stresses at service load levels than beams designed for
the same service loads by working stress design methods.

FORAM 207.5M-4-80-CP
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CASE STUDY -4 -

Ret AlISC 430 Coo€
Subsection 2.4  Columns

S I she plane of berdig sf columns w hich
would devebp a glasire ‘n‘mze at  Ultiwate
loadimg , ‘he slenderness ratio _g, Shall met

o
exceed (Lo, -=-

where  faw 21*e
¥

E= 29 x10* kS|
Therefore L . 9566

e

r q‘ﬁ;

Ref  AISC 963 Code
Supsection 2.5 Celomns

" I the slane of ben&7n} oF calumns  LnTen
{oadhg , *he slenderness ratie <hall mot

exeed (20, *+-°

L4

_%enzo
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r, = 22826 20
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r I
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Kaf AlsSC 1980  Code
Subsection [-10. 5.3
* In g‘.rders desTaned ovn  +he Dbasis ot
tension  freld action , +nme spacing between
Stiffeners 4t end panels , at p;neis
Cowfa‘m‘v\% ‘arde noles , and at Fd“!‘s
adJacent *o canels comtaining  large
neles shall be Such “hat <+, Joec mdT

4

exceed +he Value 3given ” pelow

i <
FV = f‘l CV -0"' F&v

0 45’000& when C 0.2
G Rhy b

; 3% uhew afp <o
R4 (%n) fh
(9

= 5.34 +W_h_)l when a/h 2 1.

O
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NS Y 36 CI181) -
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shall wmot  exceed (90 /1By "
Sxomple Ry
P TSR]
b _ 132 —L-t——:t———‘
B e
_so 3%
| =8 | 22 |

' (00 | 14

\
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The &e‘pfiw-“\kkﬂess ratlo of webs of

members  Sukfected o plastic be'ndh\a,

shall ot exceed «---

Te= Fp=(
N F‘a

Tow 2 9.0

>
5

L4

‘ P\ ) 2 . =
[ == ) Wnen —— <(0.27
?3/ T
Fo | 9
| 36 | 687
| 50 | 583 |
| =8 ;476i
| 100 | 412 |
Ahen L > 0.27
=)
o
Fg. a/+
36 | 428
50 ! 2%.3
~s | 30
(00 | 26.7
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Kef AlISC (963 Code
Section 2.6

; P ro]ed»?ns elemert, +hat would be subJected
+ C_mpres:?m T—wol'v?na Pla_s+?c h?nze rotation
under  UltTmate loadg  Shall have wldth =
thickness ratip mo Jreater  thom +he
+ilowing ! ’

b, ¢ 25 Rolled Shapes

Lf/q__ < 32 Box Sectioms

The éepf"\-*hrckress ratie ¢f beam
and %Tr‘d!r webs Subjede.d +2 ;.Jiash‘c.
'oe*\d'”ng,' TS given by fhe followime
Forvula

P
43 € d/w £ 70~ (00F,

Remorks
The 1962 Code —rake Patd occount vaterial
Lo A36 of Fy=36Ksl or less ( ndte +hat
the 4wo codes are +he some Ly Fy= 36 ).
I{ e shruchure was AesTdned using materlal
nav‘ma higner yield, +he design wight wat
be Ay Able wnde s presenl reguive memts.

F %36 Ks! @
3¢ < Fy <3 Ks)

Fa. 2 3% Ksl &)
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CASE stvoy ~-T-

Ref  MisC 1920  Cade
Section A9 Late ral Bmc‘m%

Timeere srall be aa'eaua*c!\/ oraced +m
recict loteral and +arsiomal disdlacemerts - -,

The ‘aterally ynsupported drstance | Ler .

shall Y‘Cf exceed e  voiye determiven

4:'-0'“ "

M

HLer = 1375 L3c  when ODFRZ "0
f‘, F!& -
or Rer = 1375 when =205 2 2 > =10
f!omp\e
i 'ef-f/ri JF}'% ksl | g0 25 | /o0
| I>%7‘-5 ‘ £3.2 2.5 | 43.3 L 38725
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Kek AlSC (463 Code

example
]

Section 2.2 late ra\ Era cTng_
when the ~moment defrnition is
Compatible  with +he 1980 Codé€.

the $formula For ‘0"/"‘3 pecomes

35 <%' . 6o +40 5

N

M Lcr
e | Ty |
| oo |
. 0 | 60 |
| ~.5'! 40

ConcuusSious

‘r‘ne {T Ufe N F\TCH ",:OI\OWS ( jcr r S J,’ h

N

indicales Chet fov A-3C STl (a6 k5i)

Scale
M | —
ol <l —
M 7
o> W, 7?1l ——C
Note ! 'TN sumwra s based an ™Material

wTHh 4:,3236, other material should

he €xomined oM a Case oy case kasis.
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| #3= 34 K5
—— - ————— el - (3 - +
| - Fe=ED £SI
. | ] / | Pye 75 ks |
= - —]
35— | 1
'ru‘—-——r - —3—— — } —
| |
| |
o | — Nt
| |
= - ot — |
| 1T
-l —.s' a 5' | R

p
/Mo
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CASE sTUDY -g-

Comparison of Section 2.3 .,
W ith S@dr°“ '2 * y

AISC 1963

. Slenderness rotio Rr cOluvmsl s

Ratio izr— £ 70 and arial |
locad Mot +o exceed (0.5 Py
for _-V?, =0. Also (imited
oy formula (26) given below. |

Columms ( AISC . 1963)

Columns (Alsc, (980 )

AlSC 1930

1 i = ~
Slenderness ratio Tor

n ComtinuQus ‘F!’Q*hes where Colymns ™n Continuovs
sideway TS ndl prevented , Ts | frames wnere Stdesway Ts
ITmTted by Formula (20) not prevented, mot lir;?fgd
| 4o only 0. BuT limited
2P & 3 < 1.0 | by Formulas (2.4 = la ) and
P)' mr i (29 ~1b) §iven below and
! L ot 4o exceed Cec,
This I[tmits slenderness , :

as 3Tv‘en nelew

2. For columns in broced 2. T™E oaxial lecad T™n
frames the maximum, columns ™ braced 4rames
axtal lead P shail mof ot to exceed .85 Py
exceed 0. P‘/-

( See Case STudy 4 also. fr Slenderness ratio )




— Project
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2. a) Slenderness ratio ! 3a. o Slenderness ratio
_v.g. not 4o exceed (79 i ‘%. not to exceed (¢
l
| Where Cc > / an*€
b) The allowakle | F\/
\oderod\y Unsupported
drstance and  +ar Fv = 3¢ Ksi
C- = 261

, M
)Z»cr = (50“?0 -wf; Y.y ’

formula(26) But L.« 38y

c) K& not 4o exceed
min i
L0 ™ any Case

3 b. The ‘-.c\?emily unsupperted

drstance JZ..-_r net <o exceed
the $llewma
J
Ler e
=L = 25 +29 [(29-ta)
r Fv
7 h
When = '-37-:‘- > «0.5
And
__{rc_f = 1375 (2.4 - 1b)
Y Ty

Wheyy = 0% 2 . > =10
e

3c. X2

¥ min

net to exceed Joc n

C\v\7 case
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4@) Interaction formulas for K Interaction formulas  are
S™qle curvature are
Fermula (22) Frmula (24 -2)
Moo p-g(E) & P . CmM .
Mp Py Per (\-L)Mm &0
M & Mp Pe
‘and  Frmula (23) | and Brmula (24 -3)
|
M, e ul(Z oyt Y £ M L0 MeM

Valves of B, §, H and T
ltsted ™ tables as a
$unctton of slenderness  ratio

and Fta.

(b) Interaction $ormulas for
double curvature are
I:Drmu\a CZI.)

M £ MP +or ‘VP7 € 0.5

g £18-118 (Tpy )& 10

for Py 2 ous
und  Formula Q1)
bT‘F < 3- CT(-)“ .0
i o & MF

Where  Por = [(TAR
s 23 A Fé
Pe n_AFe

Fa qiven by (I.5-1) and
Fe STV’M " Sectiom |- 6.
Mm= Mp ( Lraced ™ +he

weak direction

| =( 101 -84/

3\60

T
JMogM,

( Unbraced Tn weak direction )

? o) Fer s:ﬂcjie Cur vature
| 0.6 £Cm&l.0
F'Cf‘ dO\’b'C Cuf\,’mre

‘b)
24 = Cm & 06
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For comparison of these specifications |,

graphs  cf
P/Py Vs

M/m' are drawn +or  Slenderness ratio
30,70 and (00. Tyjpieal Column [4wF IS0
With F\I‘ 36 ksT has been —aken 4S 0an example
for  our pur poses Sg?qm‘tg Graphs are drawn for
Single Curvature (0.6 € Cm & (.0) and double

Curvature ( 04 &€ Cm & 0.6) cases.

For frames with s‘d-eswu C Cm=o. 35 ) allowed.

draphs of /P‘d' Vs M/M' are  drawn
“two *7pes of columns 14WI50 and [2W45,

W T F3= 36 ks, Columns assumed to be
Tn the weak dwecﬂon,f«dﬂ 3n..v\\s

It wan be inferred from the amphs +hat
™ all cases, the mMmajor cko.ngc Ts the (imt+
of allewable axial (cad, which TS TPhcreased From
csPy o ¢75 Py -for unbraced C,oiu"nﬂS/S‘deSu:my
allowed ) and 0:6Py +o 0.85 Py fr bmced

Columns.  RuT +the acceptable
Tva both cCodes g

+or

craced

aes.gn reg\m
almost same.
curvature we notice for Lﬁ’-f’--;o
r
(24-2) (me or Cm=l.0
formulel (23) (The, out Yor —qu—; 70, they overios':
and ‘.60" Lrg.‘—- (CO, T'he_ Emgl&(;* «a) .‘Q,. Cm=l(.0
T:; above the frmula (2 I™me. “Thus fr
=30 |Q3C Code betn%
rh tle o
W r r~ -lcO
ConsSeryutive. This
pest as oo

~or STn;})e

the Prmula
Ts Doelew —he

mer€  (omServative |

d’\ange

can  thus be classifred
B Change.

G632 Ccd€ seems 4= be moe




~

'nn,,.;; -

JLUU Franklin Research Center
A Divisior = The Franklin institute
The Bersarmen © sneian Parwway Py Pa 9100

Page
5257 C.8-5

Oa;n cm'c. Date | Rev. Date
SEPT G\ Sy /7)

F = 36 ot
y L]

A28) cody

Forwula (22) g& < 8=G(P/Py) ¢ 1.0

<

l;l'

Formula (23) o < 1.0 - H(P/Py) = J(P/Py)°

"

SINGLE CURVATIRE

Asjume . beactd ‘5 wead diveclion

LM a ™My

*e

35 4

e

oLy
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The Bergerren Fransin Parcwey, P Pe (310) %) ,’2,& V& I44
F,e 3 ket '.i. .30 1w 130 DOUBLE CURVATLRE ,
Assume Bvaced iy weak divedlom
- M‘. W
1383 Coue 1990 code
Pormule (21) M e M when P/Py « 0.15 » c.M
> - (2.4e2) - —_— 1.0
s 2 8cr/ F: (1 - ’—N’ -
n’_x.xl-x.x(rm;x.o & sAsc 20.6
»
rormuls (22) &b ¢ 3G(P/Py) < 1.0 R I S w R L
) A
1w,
X g A
IPIcAL Exuones f! 1
.;u. 1
% 19 - - -
A - 4
| WO cw CM=3, 5, FaRmuia (3.4-2]
ot - ‘ -
21 | <+
|
24 A4S co0g LT
2.5
24
|
23
n~
il
]
1
<! > a2 o3 24 oaF b oM o8 e Lo
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o= 16 ket & .o
Yy r

A2e) Cods

Tormula (22) - ¢ 8=G(P/Py) £ 1.0

LR

Forwula (23) 3% £ 1.0 - H(P/Py) = J2/Py)°

SISGLE CURVATIRE :
Atsuwne Braced = wtak divedom

& M-‘.M'

e 150

- 0.0LC‘;..J
2.4 om0 My
y | Leis,

o ey J:,:* £ A
RUAP/URUN

a9 ce08 o7

2h
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F,oe 06 et o0 e 150 DOUBLE CURVATIRE
' Astumie Braced v Jeak doeiom
M =My
1963 Code 1980 Code
"
< 1.0
Tormule (21) Mo M wnen /Py 3 0.15 I
Te > 0.4ccC_<0.6
Eae- ey 10 s ‘
?
(3.4e3) g & i ¢ 1.0, ¥ €3
L %

Tormula (22) o& € 3-G(P/Py) ¢ 1.0
?

L
-

o3

o8

< o6

a7 ar
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Foe 36 ket K . 100 16w 150 SINGLE CURVATURE
y r . ¢
Agume braced "qu)tlk i reckiom
LM =M
1363 Code 1980 Cody
cn ¢ 5ob
Formula (22) % < B-G(P/Py) € 1.0 @D g=o 71—_-‘1-’: -
“ew, e ! 2.6 £ €, £ 1.0
(2.403) o= o =i € 1.0, ¥ £ %
. * 2 : @ ¥, s
Forwuia (23) = < 1.0 = H(P/Py) = J(P/P¥) v
?

2 Lo

44
I!. ’29! LimiT

EX 4

(8}

o ~i Y 5

e P 24 «? et
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Lisy T

46D Lo0%

k
r e 36 st K . 100 1w 130 DOUBLE CURVATURE .
’ " Assume braced ;.‘ weak diveclion
M= "‘r
1961 Code 13980 Code
c -
. (2.4=2) ;'—o $3.0
Formula (J1) M e q’ when P/Py ¢ 0.15 S ;._."g
> s.4cc co8
aLcras- s 10
?
(2.4=3) ;"-—1—'-11‘,.-';:, MLy
formula (12) 2- ¢ 3-G(P/Py) £ 1.0 y
?
.oy,
o, MM
-
TIPICAL rouenss ! ’f‘
oM 'I
- .0 -~ ‘
it {
18P cooe uwr |
| ]
of ¢ T
a1 4 T

ol a3 oA 05 s

Lo
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B (2 wess SIDESEAY ALLOVED _
', © 3% ki i Asimme braced - U‘A‘. d"““ﬂ

& M-‘. W

4283 code 1980 Code

Formula (21) M = '1’ when P/Py « 0.15

cn
(2.4e2) g §.0
& 0. s <10 er (1 -5N
» . Cr0.89
;A
Pormula (22) . < MG(P/Py) < 1.0 @it ool o 10, 0 o
LI v
Formula (23) 3 < 1.0 - H(P/Py) - 2Pipw)?
v
LR S
TPIoAL Comss /" J [ !
)4 “
] |
|
1
2. - B
72y 196 Code Also Imposes the Following Liamit
s Zod 10 roowaa (200
T s
MM+ 1
% -
T3
oA

- %63  ceps LMIT
»l £e08

1
sl

™oy
|
|
= e A M d
-]
' e BT 06 M7
° 0 L% S § P
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D Date
vam“ﬂ‘l?’?ﬁ.‘;“ RA SEPT ﬂf]’/ 12/#/
P, . 6 i !'i-ao 16 we 180 :z.m- ’x':.ul-'lb .'-,wuLJ;ﬂl.
:.M—.sh’\'
198) Code 1980 code

Formu.a (21) M = H’ when P/Py <« 0.15

;‘ﬂ-;x.u— 1.18(P/Pv) ¢ 1.0 . c™
P

Formula (22) == ¢ 3G(P/Py) < 1.0

! -
?
LR (2.403) o= » gumben

Formula (23) o= ¢ 1.0 = H(P/Py) = J(P/Py)°
i oM
dtais s /‘ H‘ !
-4 4
B l
(X238 1963 Code Also lmposes the Pollowiz; Limic
o.i4

;n_v - 7{,‘,: 1.0 Formula (20)
y

+

o aa 2 LS N Y
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CAse& srupY -9-

Comparisom  of ~ AISC -1480 Seettn  1.10. & with

AISC ~1463 Section (- 10-6, Reductton T Flange
Stress, HYbrid &irders only.

The onl7 chomge between The +wo codes
iS5 4he Tnrroductiom

of Remula ( 1.10 -6)
$or case cf hybf?d

ﬁTrdef ;) Im the 1480 code.,
Formula. (1. 10-5) of 1980 Code with Fb n Ksi
s Tdemtical Yo Formula (12) of 1963 with Fb
T Psi. Hybr?d vaTrdel' desT‘j'ned M (963 would
be designed Tn accordance with Formula ¢ 12)
which 75 {dentical 40 ( (.10-5)
But a hybr?d 3Tr~der des?gned
With g0 as o cnfarm 4o
Clie=-5) and C(l-l0=6), Br Fb=35 Ks7 and

SO ksi. we draw gmphs of reductien

Focter (ﬂ) Vs. Aren of

ratTo Fe (/‘*W/Af)) USTY\f: For mulas C.“xO—-S‘}

and C1=0-6) for guen =03, 06, ard 0.9 and
o given At rotos (62, N2 & 182, for Fp=a54
omd 17, 127 & (39 -f‘.,r =, =50 Ks\')- wWe £mnd

™ all s'x oees dependtn% on AW/ .

/AT rt\'ﬁo
for A =045, Formida ( (-1076) T the g0 code
S cbuH'e conser vative .

in g0 Ceode .
in accordanice

web <4m  frrea oi: F\d“‘&e
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But -for 0.45 £ ’( £ 07§ ., Formulan C 14 10 "Q)
or Formula ( 110-8) Could be cConservative. as
Compored Yo €ach cther deper\d(‘no& on h /t catio
-F:r 3?\/8\‘\ Fo- But ¢ ) 0.75, ™ ong.
case, Formula (110 5) Ts more conservative -
Thus we can make -he -ro(lowwé, :u&smen'r
6w them.
QLD Ermulas A Scale
a) Fermula (12) , 1463 Code 7
0.43
Fp £Fo [ 10- ooaosi—‘:1 -
with Fb ™ Psi. L ow
Ay’/ ralo
b) Formula ([.16-5) |480 code Af
% - .0 = 0. L h -
Fg ¢ Fo [ 1:0 = 00005 £ (2 m:]
WHh Fb ™ Ks)
0AS +o B
New Formula 0.75
ﬁr%u\a (1.0 =) 1480 code
7 05 C

Fb

Rrs

\l‘\'(hf/(}"( 3(3)}

~ \1+lcﬂf>




A & 1™ ¢.9-3
JUUU Franklin Research Center £5257 | 9=
A Division of The Frarkiin institute w Oam Ch'k'd Date | Rev. Dete |
The Berarren Franwsn Parcwey Poia. Pa 19103 k& OCT g’ Lfﬁl' ' /// 4

AISC 1.10.6 1963/1980 CODE COMPARLSON

REDUCTION FACTUR

BENDING STRESS = 25KSI

WED/FLANGE AREA RATIO

ALPMA=Q,3, 0.6, 0.3, H/T RATIO = 162
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AISC 1.10.6 1963/1980 CODE COMPARISON
1.0 =—jpeww-wr———re—————r T T
a*0.9
e | a+*0.5§
Nn -
E 0.5 )
E]
:
035+
00 ! -
o 20 60 20 00

BENDING STRESS = 25KSI

.~

WED/FLANGE AREA RATIO
ALPHA®0.3, 0.6, 0.3, H/T RATIO = 172
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AISC 1.10.6 1963/1980 CODE COMPARISON

REDUCTION FACTOR

0 0 0 30 40 So 60
WED/FLANGE AREA RATIQ
BENDING STRESS = 25KSI ALPHA=0.3, 0.6, 0.3, /T RATIO = 182
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REDUCTION FACTOR

AISC 1.10.6 1963/1980 CODE COMPARISON

WED/FLANGE AREA RATIO
BENDING STRESS = SOKSI  ALPHA=0.3, 0.6, 0.9, K/T RATIO = 117




A

i

Project Poe - 5.7
5257 -
ranklin Research Center -
By Date Ch'k'd Date | Rev. Date
mw.w:::":r oy RA oct' @) vy 17

REDUCTION FACTOR

AISC 1.10.6 1963/1930 CODE COMPARISON

WEB/FLANGE AREA RATIO

SCADING STRESS = SOKSI  ALPHA=0.3, 0.6, 7.9, H/T RATIO = 127
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AISC 1.10.6 1963/1980 CODE COMPARISON

REQUCTION FACTUR

|

\

|

|

\

|

|

2 30 30 50 @ ;
WEB/FLANGE AREA RATIO |

SENDING STRESS = 50KSI ALPHA=Q.3, 0.6, 0.3, H/T RATIO = 137 ‘
|

|

o -
o -
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CASE Sruoy -—-10-

Comparison Of  Section (|-9-1.2) and Appendix C (pisc
1980 ) with Sectton [- 9. (AISC, 1963) ; width-thickness

ratio of unstffened elements Subfect +o axial
Compression  and Compression due +o bendrng.

In both sections  +he  |mit of widt -
Th\'ckﬂtss ratic & 3Tden ‘ﬁr +he {;i'cw«‘n%
Various cases.

CAse L sTnsic -c\nﬁle Strurs , deuble -angle srrufs
With se parators

CASsE T : Struts comPr(‘sTng double cmgies M Ccm‘hd’,'

anqles or plates projecting Lrom STrders,
Columns, o~ other Compression  members
Compression flanges o4  peams ; Stiffeners
on  plate 3«‘rders

CASE TL : Stems of +ees
I. AISC , 1980, a.cgc-'d(»-nﬁ To the s‘occ{ff-ma.ﬁms ;-‘V
the above cases. when Compre ssTon

MmembersS exceed +he allowable width -

ickness ratio, The allowable Stresses

ore reduced by o fotor  hased on
Lormulas  given T appendix C

which depenﬁ‘tj en y.‘e(d Stress CFJ‘) amd
~+he \.\)T&H’\ --H\Tckmess Pt\ﬂo,
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Bur  axording fo AISC, 1963 Specifications,
When CamPressTon members @xceed +he allowoble
wldth — “hickness rmatio . +he member s
acce?*ab\e ?f It g sgd'(‘sf;g the allewable Stress
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CASE Sruor -l -

Comparison of AISC 1480 Section |1l 4 with
AISC 463 Section |- 14 Shear Conmecters or
Composite bpeams . Where (onsﬂ-uéu‘nal reTnforc.‘na stee!
Acts with  beam -
ACurchhg tt AISC (480, Rrmula(l-n=5)

\/hz Asr -:7:'/2_ ((.ll -5)
s given Sfor  (omtinuous Compesite beam where
lengitvainal feinforcing steel TS (onsidered To
act Comfos?fély with +he steel bam ™ the Y\e(jcﬁ’we_
Moment feSTms, 4o caleviate +he “otal koribon-fo.l
Shear to be resisted b7 Shedr Conmectors befween
an. Tnterior support and €ach adjacent point
of comtraflexure .

Whereas ™  AISC (963 specifications,
The +otal horTZOnTa\ Shear ¢ be resisted befween
the point of "maximum positive momenT and
€ach end or a point of Contraflexure ™
Continvous beams 7s given as the smaller
valve of  Formula (18) and (i)

Vh= 0.85 ‘fcz—AQ’- Ge)

ard © Vp = _P’Ezil (1)
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There Ts mo separafe formula  for Negative moment
region ™ AISC, 1963. The above formulas
are the same ™ AlISC, 1480 ; Fermula (|.11=3)
and (1. 11=4) <or +he positive wmoment regiom.
Moreover ™ AISC, 1463, There Ts ™o c¢onsideration
of retrforcing steel Th (oncrete acting  Compositely
wWith +he Steel beam ™M negatve moment regions.
Thts TmPWeS That ™ ComPL‘TTanI +he
Section modulus ot The poinTs cf ﬂcja‘h"»/e
ber\d?ng, reimforcement parallel 4o +he steel
peam, and lying within +he effective width
o slab ma)l be Tncluded aCCOPdTﬂg 4o
AlSC, (480. Bur Tt T8 Mot allewed o
include rern{orcTng Steel ™ cemputing the
Sectlon  wwodulus For +he above case as
per the speci{ficatlons of AISC 1363, Thus
design criteria. Ts being |Theralized ™
AlISC 148c. Since the cfuamrﬁmh‘on of This
ITberal criteria Ts unkmown. Tthis change
can est be classified as _C_ Aﬂy
Composite  beam dCSTaﬂed as per ALSC (4963
specificatims  will show wmore moment
CNJQCT*] when calevlated acCo-'clTnﬁ +0 AlISC.
1480  Speci{t catims.
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CASE STUDY -12-

The oallowable Periphera\ Shear Stress
(Pumdﬂna Shear Stress ) As stoted ™ +he
> &€ PV ASME Code Sectton IL Div. 2,
(4g0 ( ACL 359-80 ) Para. CC-3421.C Ts
[fmited +o Ue Wwhere Uz shall be calevlated
4S the weighted averaqe of Uch and LUem

Ueh = ‘!'/‘f;’ ﬁ-&- ({”/4]}:")

Uem= 4/{  [1+(h/aqT)

The ACT 318-63 Code Section |707 States —hal™
the Ulimate Shear Strength Uu sShall mot
exceed U, = 4 [£7

Comparing the above Two cases +ne
-Fo(\ow‘mg s Concluded

When . é.‘&g&
[ Membrane Strésses are (Ompressive
g—63 TS mmore ConsServative @)

2. Membrane sStresses are <enstle
318 =63 Ts less c¢omservative (A)
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CASE STUDY -13-

The B a PV ASME C(Code Section 11
Dwision 2, 1480 ( ACL 359-80) Para. CC=-342(.7
stotes that +the <shear Stress —aken b7
the concrete resulting from pure orsion  shall
vot exceed Ve Where

Uiy = é/_/ -Fh +i il

[ £ Tre \*=
\éwc )

while +he ACL 318-63 Cede Sec-hcm\707
[Tmits +he Ultimate Sheor S'ffe"\aﬁ’\ Uu 4’0

R

From —+he above Two cases -+he
-ﬁ;\lovu?ng Ts concluded ;

When - Scale
[. Membrane stresses are com pressive
318=63 Ts more Conservative (¢)

2. Membrane stresses are “ensile
Ng-63 Ts €SS conservative (A)
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CASE_STUDY -14-

Section 1301(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 roct 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 boud stress allowed by each code for
deformed bars conforming to ASTM-A-305 plotted against
bar diameter shew 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 interpretatior
of the codr changes 1s 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. (Ne. 7 bar) - Scale C

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

3. For deformed bars conforming to ASTM-A-408
for all diameters - Scale A
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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 materials involved. As a result of this, the assumption of
straight line stress-strain behavior applies reascnably for properly designed
structural members. The member forces used in design by this method are those
which cesult from an elastic analysis of the structure under the action of the

service loads.

Ultimate Strength Design

The ultimate strength me..od is referred to as thec "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 menber, 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 seriocusness of

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

m FPactors

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 pos-.ibility that the service loads may be exceeded in the life of
the structur:. The member forces used to proportion members by this method
are based un 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 “he
need to control the mode of failure. The present ACI code, where possible,
has incorporated a philosophy of achieving ductility in tc;ntorced concrete
designs. Ductility in a structural member is the ability to maintain load
carrying capacity while significant, large deformations occur. Ductility in
members is a2 desired quality in structures. It permits significant
redistribution of internal loads allowing the structure to readjust its load
resistance pattern as critical sections or members approach their limiting
capacity. This deformation results in cracking and deflections which provide
a means of warning in advance of catastrophic collapse. Under conditions of
loading where energy must be absorbed by the structure, memher 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 cf :his are evident in the more conservative capacity reduction

factors for columns and in the special provisions required for seismic design.

Strength and Servic ilit 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 idealize the structures. The primary
assumptions are that the structure behaves in a linearly elastic manner, and
that the idealized member stiffness is constant throughout each member and
constant in time.

working stress logic does not lend itself well to accounting for
variations in stiffness caused by cracking and variations in material
properties with time. Although the ultimate strength method in the present
code requires an elastic structural analysis to determine member forces for
design, it recognizes these limitations and, in concept, anticipates the
redistribution resulting from ductile deformatiocn at the most critically
s:'cgsed sections and in fact proportions members so that redistribution will

occur.
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In addition to strength, a design must satisfy serviceability
requirements. In some designs, serviceability factors (such as excessive
deflection, cracking, or vibration at service load) may prove to be more
important than strength. Computations of the various serviceability factors
are generally at service load levels; therefore, the present code uses elastic
concepts in its controls of serviceability.

Pactors of Safety

Factors of safety” are subjects of serious concern in this review. For
working stress, the definition of the factor of safety is often considered to
be the ratio of yield stress to service load stress. This definition becomes
suspect or even incorrect whe.e nonlinear response is involved. For ultimate
s:xongth.‘one definition of factors of safety is the ratio of the load that
would cause collapse to the service or working load. As presented in the
present code, a factor of safety is included for a variety of reasons, each of

which is important but has no direct interrelation with the other.

The present ACI code has divided the provisions for safety into two
factors; the overload factors and the capacity reduction factors (considered
separately by the code) are both provisions to insure adequate safety but for
distinctly different reasons. The code provisions imply that the total
theoretical 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 factors such that the ratio U/¢ ranges from

about 1.5 to 2.4 for reinforced concrete structural elements.

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