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1. INTRODUCTION

For the Seismic Category I buildings and structures at the Big Rock Point

Nuclear Power Station, this report provides a comparison of the structural

design codes and loading criteria used in the actual plant design against the

corresponding codes and criteria currently used for licensing of new plants.

The objective of the code comparison review is to identify deviations in

design criteria from current criteria, and to assess the effect of these

deviations on margins of safety, as they were originally perceived and as they
would be perceived today.

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

(NRC) Systematic Evaluation Program (SEP) and provides technical assistance
for Topic III-7.3, " Design Codes, Design Criteria, and Load Combinations."

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

NRC-0 3-7 9-118.
,

.
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2. BACf. GROUND

With the development of nuclear power, provisions addressing f acilities
for nuclear applications were progressively introduced into the codes and
standards to which plant building and structures are designed. Because of
this evolutionary development, older nuclear power plants conform to a number
of different versions of these codes, some of which have since undergone

considerable revision.

There has likewise been a corresponding development of other licensing
criteria, resulting in similar non-uniformity in many of the requirements to

which plants have been licensed. With this in air.d, the NRC undertook an

extensive program to evaluate the safety of 11 older plants (and eventually

all plants) to a common set of criteria. The program, entitled the Systematic

Evaluation Program (SEP) , employs current licensing criteria (as defined by

NRC's St .mdard 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-7.8, " Design Codes, Design Criteria, and Load

Comoinations."

This topic is charged with the comparison of structural design criteria

in effect in the late 1950's to the late 1960's (wnen the SEP plants were

constructed) with those in effect today. Other SEP topics also address other
"

aspects of the 1ntegrity of plant structures. All these structurally oriented

tasks, taken together, will be used to assess the structural adequacy of the {

SEP plants with regard to current requirements. The determinations with

respect to structural safety will then be integrated into an overall SEP

evaluation encompassing the entire spectrum of safety-related topics.

*The report addresses only the Big Rock Point plant.

-2-g

bbnklin w arch CenterRese
~.

__ _ _ _ __ . _ _ _ _ , _ _ . _ _ . , _ _ _ ,_ _ _ - . - -_ .- . __ __ _ _ _ . ,



. .

TER-C5257-317 j

3. REVIEW OP'ECTIVES

The broad objective of the NBC's Systematic Evaluation Program (SEP) is
to reassess the safety of 11 older nuclear power plants in accordance with the
intent of the requirements governing the licensing of cur';ent 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

interf acing SEP tcpics) 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 undet all circumstances.

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

through ccde comparisons, a rational basis for making the required technical

assessments, and a tool which will assist in the structural review.

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

III-7.B as they relate to the Big Rock Point Nuclear Power Station.,

-3-''
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4. SCOPE

In general, the scope of work requires comparison of the provisions of

the structural codes and star.dards used for the design of SEP plant Seismic

Category I civil engineering structures * against the corresponding provisions
governing current licensing practice. The review includes the containment and

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

criteria to be reviewed are loads and loading combinations postulated for

these structures.

The review scope consists of the following specific tasks:

1. Identify current design requirements, based on a review of NRC
Regulations; 10CFRSO.55a, " Codes and Standards"; and the NRC Standard
Review Plan (SRP) .

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

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

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

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

a. comparisons of plant design codes and criteria o those currently
accepted for licensing

b. assessment of the significance of the deviations,

|
|
t

*In general, these are the structures normally examined in licensing reviews'

under Section 3.8 of the SRP (but note the list at the end of this section of
structures specifically excluded from the scope of this review) .

-4-g ,
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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 stractural 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 interf ace with the Task III-7.B

effort as shown below:

Topic Designation

iIII-l Classification of Structures, Components,
Equipment, and Systems (Seismic and i
Quality;

III-2 Wind and Tornado Loading

III-3.A Ef fects of High Water Level on Structures

,

III-4 Missile Generation and Protection

III-5 Evaluation of Pipe Breaks [
t

III-6 Seismic Design Considerations
i

1

III-7.D Structural Integrity Tests

!
VI-2 Mass and Energy Release for Postulated |

Pipe Break. |

i

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

other NRC programs, the following matters are explicitly excluded from the h
scope of this reviews i

'

|

Mark I torus shell, supports, vents, Reviewed in Generic Task A-7. '

local region of drywell at vent
penetrations

i

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

supports

Equipment supports in SRP 3.8.3 Reviewed genert; ally in Topic
III-6, Generic Task A-12. !

|

'
>
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Other component supports (steel Specific supports have been
and concrete) 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. )

Testing of containment Reviewed in Topic III-7.D.

Inservice inspections quality Should be considered in the review
control / assurance only to the extent that it

affects design criteria and
design allowables. Aspects of j

inservice inspection are being
reviewed in Topics III-7.A and
III-3.C

Determination of structures that Not within scope.
should be classified Seismic
Category I

Shield walls and subcompartments Reviewed in Generic Task A-2. I

inside containment

Masonry walls Reviewed generically in IE
Bulletin 80-11.

Seismic analysis Being reviewed as an independent
SEP Topic.

,

l

I

;

i

|

-6-

! t.t) Franklin Research Center
; a c> aa as N re.m, mau.

.

!
t. _ . _ _ _ _ . . _ . . __ _ _ _ - _ - -- - -- - -



. -.

TF.R-C5257-317

5. MARGINS OF SAFETY

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

discussed.

The most of ten 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 loai

carrying capacity existing before the structure is brought to the limit for

which an engineer could be certain the computations (based on elastic behavior

of the metal) applied.

This is the conventional use of the term and the meaning which engineers

take as intended, unless the term is further qualified to show something else

is meant. Thus, if a structure is stated to have a margin of safety of 1.0

under a given set of loads, then it will be generally understood that every

load on the structure may be simultaneously doubled without encountering
!

(anywhere) inelastic stresses or deflections. On the other hand, if (under

| load) a structure has no margin of safety, any increment to any load will

cause the structure to experience, in a least one (and possibly more than one)

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

Because the yield strengths of common structural steels are generally

well below their ultimate strengths, the engineer knows that in most (but not

all) cases, the structure possesses substantial reserve capacity--beyond his

; computed margin--to carry additional load.

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

these (not the conventional one) are particularly relevant to the aims of the
'

systematic evaluation program.

i
1

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

!
l

-7-! A,
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One may speak of margins of safety with respect to code allowable limits. '

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

loading while still conforming to all criteria governing its design.

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

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

concrete structures exhibit much higher " margins of safety" on this second

basis than is shown by computation of margins of safety based on code
'

allowables.

These latter concepts of " margin of safety" are very significant to the

SEP review. Indeed the basic review concept, at least as it relates to

structural integrity, cannot be easily defined in any quantitative manner

without considering both. The SEP review concept is' predicated on the

assumption that it is unrealistic to expect that plants which were built to,

and were in compliance with, older codes will still conform to current

criteria in all respects. The SEP review seeks to ass *9s whether or not

plants meet the " intent" of current licensing criteria as defined by the
j 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 provida 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
j 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

i demanded that margins of safety based upon ultimate strength are not only
positive, but ample. In fact, the critical judgments to be made (for SEP

Iplants) 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.

-8-4
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6. CHOICE OF REVIDi APPROACH

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

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

One could give primary consideration to the second. If this approach is

chosen, one first sets up a minimum margin of safety (based on failure) that
*

will be acceptable for SEP plants. This margin is to be computed in

accordance with current criteria. Then cne investigates structures designed

in accordance with earlier code provisions, and to different loading

comoinations, to see :? they meet the chosen SEP margin when challenged by

current loading concinations and evaluated to current criteria. This approach

gives the appearance of being efficient. The review proceeds from the general

(the chosen minimum margin of safety) to the particular (the ability of a

previously designed structure to meet the chosen margin) . Moreover, issues

are immediately resolved on a "go; no-go" basis. The initial step in this

approach is not easy, nor are the necessary evaluations. One is dealing with

highly loaded structures in regions where materials behave inelastically.

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

controversial.

The alternative approach is taken in this review. It proceeds from the
'

particular to the general, and places initial emphasis upon seeking to answer

(for SIP 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 individuals

elements (beams, columns, frames, and the like) . It should be noted that this

process, although involving judgments, is basically f act-finding -- not

decisionmaking.

This 6iad of review is painstaking, and there is no assurance in advance

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

;

4 -9- j
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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.

.

$
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7. METHOD [.

A brief description of the approach used to carry out SEP Topic III-7.8 f
follows. For discussion of the work, it is convenient to divide the approach

into six areas:

1. information retrieval and assembly
2. appraisal of information content
3. code comparison reviews !
4. code change impact assessment

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

7.1 INFORMATION RETRIEVAL
,

!

The initial step (and to a lesser extent an ongoing task of the review)

f
was to collect and organize necessary information. At the outset, NRC

forwarded files relevant to the work. These submittals included pertinent
sections of plant FSARs, Standard Review Plan (SRP) 3.8, responses to ,

questions on Topic III-7.B previously requested of licensees by the NRC, and !

other relevant data and reports.

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

iplant basis. The *iles also contain subsequently received information, as j

well as other documents developed for the plant reviv >. :

A number of enannels were used to ga ser 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.

IIn 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
|

interf acing with the III-7.B effort) .
$

|

7.2 APPRAISAL OF INFORMATION CONTENT
!
,

Most of the information sources were originally written for purposes j

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

As -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-7.8 purposes) .

The information found was assembled and the gaps were filled through the

information retrieval efforts mentioned earlier. !

7.3 CCDE COMPARISON REVIBiS

The codes and standards used to represent current licensing practice were

selected as described in Appendix I of this report. Briefly summarized, the

criteria selection corresponds to NUREG-800 (NIC's Standard Review Plan) , the
,

operative document providing guidance to NBC reviewers on licensing matters

(see Reference 1) .

! Next, the Seismic Category I structures at the Big Rock Point Nuclear

Power 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) . Eact csde was then paired with

its counterpart which would govern design were the structure to be licensed,

;

today.'

Workbooks were prepared for each code pair. The workbook format

consisted of paragraph-by-corresponding-paragraph #1otocopies of the older and
the current versions laid out side-by-side on ll-by-17-inch pages. A central

column between the codes was lef t open to provide space for reviewer comments.

The code versions were initially screened to discover areas where the

text either remained identical in both versions or had been reedited without
changing technical content. Code paragraphs which were found to be essentially

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

The review then focused on the remaining portions of the codes where

textual disparities existed. Pertinent comments were entered. Typical

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

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

considerations.

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

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

discussed below.

Provisions were found where code changes liberalized requirements, i.e.,

less stringent criteria are in force today than were formerly required. Such

changes are introduced from time to time as new information becomes available

regarding the provision in question. Not infrequently, code committees ara

called upon to protect against failure modes where the effects are well known;

but too little is yet clear concerning the actual failure mechanism and the

relative importance of the contributing factors. The committee often cannot

defer action until a full investigation has been completed, but must act on

behalf of safety. Issues such as these are usually resolved with prudence and

caution--sometimes by the adoption of a rule (based upon experience and
judgment) known to be conservative enough to assure safety. Subsequent inves-

tigation may produce evidence showing the adopted rule to be overly cautious,
and provide grounds for its relaxation.

On the other hand, some changes which on first view may appear to reflect

a relaxation of code requirements do not in fact actually do so. Structural

codes tend to be documents with interactive provisions. Sometimes apparent
liberalization of a code paragraph may really reflect a general tightening of

criteria, because the change is associated with stiffening of requirements

elsewhere.

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

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

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

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

liberalization of code criteria clearly cannot give rise to safety issues
concerning structures built to more stringent 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 revieser comment. When it was clear that the

code change had the potential to significantly af fect 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 liberalizWoa for others. When
doubtful or ambiguous situations were encountered in the review, the effect of
the code change was explored analytically using simple models.

A variety of acalytical techniques were used, depending on the situation
at hand. One general approach was to select a basic structural element (a

! beam, a column, a frame, a slab, or the like) and analytically test it, under
both the older and the current criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to

i 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, werts compared. Examples of investigations
performed to assess code change impacts are found in Appendix C.

I

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

-14-
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t

In making these studies, an attempt was made to use structural elements,.

model dimensions, and load magnitudes that were representative of actual [

'

For studies that were parametized, an attempt was made to spanstructures.; ,

i
the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results from simplified

models may be totally applicable to the more complex situations occurring in
real structures, it was felt that such examples provided reasonable guidance :

i

for making rational judgments concerning the impact of changed code provisions ;

i

on perceived margins of safety.
.

!
7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES r

.

As the scope of the Task III-7.B assignment indicates, a limited I

t

objective is sougnt in assessing the effects of code changes on Seismic
'

,

Category I structures. i

!

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 t

not attempt to make quantitative assessments as to the structural adequacy {
under current NRC ct;iteria of specific structures at particular SEP plants. [

r

To the contrary, the scope is confined to the comparison of former i
t

structural codes and criteria with counterpart current requirements. Corres- i

pondingly, the assessaent of the impact of changes in codes and criteria is f
! i

confined to what can be deduced solely from the provisions of the codes and
|
,

criteria. I

i
Although the review is therefore carried out with minimal reference to

.L

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. j

In this respect, two important points should be noted:
i

1. The review brings sharply into focus the changes in code provisions f
that may give rise to concern with respect to structural margins of (

i

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

The review simultaneously culls away a number of code changes that do
not give rise to such concerns, but which (because they are there)
would otherwise have to be addressed, on a structure-by-structure
basis.

2. The effects of code changes that can be determined from the level of
code review are confined to potential or possible impacts on actual
structures.

,

A review conducted at the code comparison level cannot determine
whether or not potentially adverse impacts are actually realized in a
given structure. The review may only warn that this may be the case.

For example, current criteria may require demonstration of structural
integrity under a loading comoination that includes an additional
load not specified in the corresponding loading combination to which
the structure was designed. If the non-considered load is large
(i.e., in the order of or larger than other major loads that were
included) , then it is quite possible that some members in the
structure would appear overloaded as viewed by current criteria.
Thus a potential concern exists.

| However, no determination as to actual overstress in any member can
be made by code review alone. Actual margins of safety in the
controlling member (and several others*) must certainly be examined
before even a tentative judgment of this kind may be attempted.

In order to carry out the code review objective of identifying criteria

| changes that could potentially impair perceived margins of safety, the

! following scheme classifying code change impsets was adopted.
'

7.4.1 Classification of Code Changes

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

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

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

-16-4
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Bach such code change is classified according to its potential to alter

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

categories are established:

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

Scale A Change - The impact of the code change on margins of safety is notx
i:imediately apparent. Scale A code changes requirex
analytical studies of model structures to assess the
potential magnitude of their effect upon margins of safety.

Scale B Change - The new criteria operate to impair margins of safety but not
enough to cause engineering concern about the adequacy of

'

any structural element.

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

7.4.1.1 General and Conditional Classifications of Code Change Istpacts

Scale ratings of code changes are found in two different forms in this

report. For example, some are designated as " Scale A," and others as " Scale

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

ment] or Scale C if -- [a second conditicn cLatement) ."

In assigning scale classifications, an efficient design to original

criteria is assumed. That is, it is postulated that (a) the provision in

question controls design, and (b) the structural member to which the code

provision applies was proportioned to be at (or close to) the allowable

limit. The impact scale rating is assigned accordingly.

If the code change is Scale A, and it applies (in a particular structure)

to a member which is not highly stressed, then this may afford excellent

grounds for asserting that this particular member is adequate; but it does not

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

|
;

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

'
.
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scale ranking is neither a function of member stress * nor a ranking of member
1adequacy. The scale system ranks code -hange impact, not individual members. '

However, a number of code provisions are framed so that the allowable

limit is made a function of member proportion. When this kind of a code
provision is changed, the change may affect members of certain proportions one
way and members of other proportions differently.

For example, assume a change in column design requirements is introduced

into the code and is framed in terms of the ratio of the effective column
length to its radius of gyration. The new rule acts to tighten design require-
ments for slender colunas, but liberalizes former requirements for columns that
are not slender. This change may be rated Scale A for slender columns, and
simultaneously, Scale C for non-slender ones. Although some columns now appear
to be Scale A columns while others appear to be Scale C columns, the distinc-
tion between them resides in the code, and is not a reflection of member
adequacy. Clearly, it is still the code changes that are ranked; but, in this
case, the code change does not happen to affect all columns in a unilateral
way.

7.4.1.2 Code Impact on Structural Margins

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

graphasis is subsequently placed on Scale A changes, not on Scale C
chanejhs. The purpose of the code comparison review is to narrow down and bring

! intovsharper focus the areas where structures shown adequate under former
v

critgria may not fully comply with current criteria. Once such criteria

chanies have been identified, actual structures may be checked to see if the
potential concern is applicable to the structure. Depending upon a number of
structure-specific circumstances, it may or may not pertain.

*There are exceptions, but these are code-related, not adequacy-related.
,
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The same thing is true of Scale C changes, i.e., those that may en' ance
perceived structural margins. Specific structures must be e-amined to see if
the potential benefit is actually applicable to the structury. If it is

applicable, credit may be taken for it. Bowever, this step can only be taken

at the structural level, not at the code level. t

A simple example may help clarify this point. Assume a steel beam exists
in a structure designed by AISC 1963 rules for the then-specified loading
combination. Current criteria require inclusion of an additional load in the

loading combination (Scale A change), but the current structural code permits
a higher allowable load if the beam design conforms to certain stipulated
proportions (Scale C change) . Several circumstances are possible for beams in
actual structures, as shown below.

New Load Higher Stress Limit Results

Maximum stress in beam Applicability Beam adequate under
under original loading immaterial current criteria !conditions was low with
ample margin for addi-

.i
tional load

i

Maximum stress in beam Beam qualifies for Beam may be i

under original loading higher stress limit adequate under current
condition was near former criteria i
allowable limit '

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

,

allowable limit

It is clear from this example that the function of the code review is to

point out code changes which might impair perceived margins of safety, and I
t

that assessment of their pertinence is best accomplished at the structure- !

specific level.
j

l

'

>

f
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7.5 PLAlff-SPECIFIC CODE CHANGES

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

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

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

Thus, the initial work of comparing older and current criteria is not

plant-specific. However, when the reviewed codes are packaged in sets

containing only those code comparisons relevant to design of Seismic Category
I structures in a particular SEP plant, the results begic to take on plant-

specific character.

The code enanges potentially applicable to particular structures at a

particular SEP plant have then been identified. However, this list is almost

surely overly long because the list has been prepared without reference to
actual plant structures. For example, the code change list might include an
item relating to recently introduced provisions for the design of slender
columns, while none actually exist in any structures in that particular plant.

In-depth examination of design drawings, audit of structural analyses,
and review of plant specifications were beyond the scope of the III-7.8 tasks
accordingly, such activities were not atteopted. 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 Big Rock Point plant structures. Wherever this was done,
the reason for removal was documented, but no attempt was made to remove every
such item.

Code changes that may be significant for structures in general but did
not appear applicaole to any of the Seismic Category I structures at the Big
Rock Point plant were relegated to Appendix A. The Scale A or Scale A

x
changes that remained are listed on a code-by-code basis in Section 11.

!

|

|
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8. SIG ROCK POINT SEISMIC CATEGORY I STRUCTURES

The objective of SEP Topic III-l is the classification of components,
structures, and systems with respect to both quality group and seismic
designation. Based upon the review of the Big Rock Point FSAR [5] and Bechtel
Corporation drawings [6] showing the location of Seismic Category I equipment,
the present report considers the following to be Seismic Category I structures:

Spherical Containment vessel

Internal Structures

o support for reactor enclosure plenum
o fuel pit

External Structures

o water intake structure
o Control room
o waste storage vaults
o structures housing liquid radwaste
o stack
o diesel generator enclosure / screen well and pump house
o battery rooms.

According to Reference 7, the stack is a Seismic Category II structure.

It may be appropriate, however, to include the stack in this repcet as a

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

I equipment and structures. The turbine building, except for the control

rocm, is considered a Seismic Category II structure. The waste storage vaults

and structures housing liquid radwaste are included above and in Section 9 for

information only and are not considered further in this report.

1

l

|

|
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9. STRUCTURAL DESIGN CRITERIA

The structural codes governing the design of the major Seismic Category I
structures for the Big Rock Point Nuclear Power Station are detailed in the

following table.

Structure Design Criteria Current Criteria

1. Spherical Containment ASME B&PV Code Sect. ASME B&PV Code, Sect.

Vessel VIII, 1956 III Div. I Subsect.
; NE, Class MC
'

Components, 1980

Internal Structures

2. Support for reactor ACI 318-56 ACI 349-76
|

enclosure plenum
|

3. Fuel pit ACI 318-56 ACI 349-76

External Structures

4. Water intake structure AISC 1953; ACI 318-56 AISC 1980; ACI 349-76

5. Control room AISC 1953; ACI 318-56 AISC 1980; ACI 349-76

6. Waste storage vaults AISC 1953; ACI 318-56 AISC 1980; ACI 349-76

7. Structures housing ACI 318-56 ACI 349-76i

'

liquid radwaste

! 8. Stack * Design criteria not stated ACI 307-79

9. Diesel generator Design criteria not stated AISC 1980 ; ACI 34 9-76
enclosure /
screen well
and pump house

10. Battery rooms AISC 1953; ACI 318-56 AISC 1980; ACI 349-76

|
| * Although the provisions of ACI-349 currently govern design of all Seismic

! Category I structures external to containment, nonconflicting provisions of
| ACI-307 also apply. Comparisons of these design codes with previous versions
i of ACI chimney codes are not carried out in this report since a complete

reanalysis of the stack to current criteria will be carried out elsewhere
within the SEP program.

**FSAR references UBC 1958. This, in turn, invokes provisions of the then
current editions of the ACI and AISC Codes.

-22-M
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The reference identifying major codes used for original design is

" Seismic Design Bases and Criteria for Big Rock Point Nuclear Generating
Station" by Engineering Decision Analysis Company, Jan.1979.

i

=

|
|

4 -23-

J0dd FrankJn Research Center
A Coweson d The Fransen m

- -- -- - --.



I
. .

i

TER-C5257-317
-

10. IGDS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TABLES OF LOADS AND LOAD COMBINATIONS

The requirements governing loads and load combinations to be considered

in the design of civil engineering structures for nuclear service have been

revised since the older nuclear power plants were constructed and licensed.

Such changes constitute a major aspect of the general pattern of evolving

design requirements; consequently, they are singled out for special considera-

tion in this section of this report.

The NRC Regulatory Guides and Standard Review Plans provide guidance as

to what loads and load comoinations must be considered. In some cases, the

required loads and load com' inations are also specified within the governingb

structural design coder other structural codes have no such provisions and

take loads and load combinations as given a priori. In this report, loads and

| load combinations are treated within the present section whetner or not the

structural design codes also include them.

Later sections of this report address, paragraph by paragraph, changes in

text between design codes current at the time the plant was constructed and

those governing design today; however, to avoid repetition, code changes

related to loads and load combinations will not be evaluated again although

they may appear as provisions of the structura'. 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 tablas 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.

l 4 -24-
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In general, the loads and load combinations to be considered are determined i

by the structure under discus sion. The design loads for the structure housing I

'

the emergency power diesel generator, for example, are quite different than .

4

those for the design of the containment vessel. Consequently, structures must I
i

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 ~

i
to, and summarize, these requirements for each structure. A note at the !

~

;

bottom of each table provides the reference to the applicable section of the
Standard Review Plan. Section 10.2 of this report lists, for reference, the
load symbols used in the charts together with their definitions. !

The loads actually used for design are considered, structure by structure,
and the load tables are filled in according to the following scheme: !

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

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

)
i

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

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

i3. Each load that was considered during design is next screened to see
(j if it appears to correspond to current requirements. Questions such !

| as the following are addressed: Were all the individual loads
{

! encocpassed by the load category definition represented in the j
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.

;

t5. 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. t

k
6. Relevant notes or comments are recorded.

I
t

>
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Of particular importance to the Topic III-7.B review are comments indicat-
ing that the effects of certain loadings (tornado and seismic loads, in
particular) are being examined under other SEP topics. In all such cases, the

findings of these special SEP topics (where review in depth of the indicated
loading conditions will be undertaken) will be definitive for the overall SEP

effort. Consequently, no licensee investigation of such issues is required
i 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.

|

|

| Af ter the load tables have been filled out, the load combination tables

| are compiled. Like the load tables, the load combination tables are drawn up
to current requirements and the load combinations actually used in the design
basis are matched against these requirements.

! Current criteria require consideration during plant design of 13 load
,

combinations for most structures, as shown in the load combination tables.

These specific requirements were not in effect at the time when SEP plants
were designed. Consequently, other sets of load combinations were used. In

comparing actual and current criteria, an attempt was made to match each of the

load combinations actually considered to its nearest counterpart under present
, requirements. For example, consider a plant where the safe shutdown earthquake
was addressed in combination with other loads, but not in combination with the

effects of a LOCA (load concination 13). The load combination tables would
reflect this by showing that load case 9 was addressed, but that load case 13

| was not. If six load cases were considered, only six (nearest counterpart)
load cases are indicated in the table--not partial fulfillment of all 13.

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

| 1. Currently specified load combinations include loads sufficient for
i the most general cases. In particular applications, some of these

are either inappropriate or insignificant. Therefore, the first step

-26-
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is to strike all loads that are not applicable to the structure under
consideration from all load combinations in which they appear.

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

Thus, the comparison between what was actually done and what is required

today is readily apparent. If the load combinations used are in complete

accord with current requirements, each load symbol on the sheet appears as
either struck or encircled. Load combinations not considered, and loads

omitted from the load combinations stand out as unencircled items.

A scale ranking is next assigned to the load combinations; however (unlike

the corresponding ranking of loads) , a scale ranking is not necessarily
assigned to each one. When the load combinations used for design correspond

closely to current requirements, scale ratings may be assigned to all
combinations. However, when the number of load combinations considered in

design was substantially fewer than current criteria prescribe, it did not

appear to serve any engineering purpose to rank the structure for each,

currently required load combination. 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 I

greatest consequences to public health and safety. i

4. If demonstration of structural adequacy under the most severe load |

combinations currently specified for emergency and accident
conditions. is provided, a reasonable inference can be drawn that the

structure is also adequate to sustain the 1er2 severe loadings
associated with less severe consequences.

4 -27-
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The scale rankings assigned to loads and load combinations in tables are

intended as an appraisal of plant status, with respect to demonstration of

compliance with current design criteria, based on information available to the

NBC prior to the inception of the SEP review. A number of structurally

related SEP topics review some loads and load combinations in detail based

upon current calculational methods. In order that a consistent basis for the

tables be maintained, they are based upon load combinations considered in the

original design of the facility or, in the case of facility modifications,

they are based upon the combinations used in the design of the modification.

Loads that were not included in the original design or that have increased in

magnitude and have not been specifically addressed in another SEP topic should

be addressed by the Licensee.

10.2 IDAD DEFINITIONS

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

E or E Icads generated .by the operating basis earthquake.o

E' or E Loads generated by the safe shutdown earthquake.ss

F Loads resulting from the application of pre-stress.

H Hydrostatic loads under operating conditions.

H Hydrostatic loads generated under accident conditions, such asa
post-accidet internal flooding. (Fn 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 thosea
generated by the postulated pipe break accident) .

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

*See, for example, SP2 3.8.2.

-28-
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_

All pressure leads which are caused by the actuation of safetyPs
relief valve discharge including pool swell and subsequent
hydrodynamic loads.

R or R Pipe reactions under accident conditions (such as those generated bya r
thermal transients associated with an accident) .

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

condition.

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

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

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

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

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

i
W' or W Loads generated by the design tornado specified for the plant. )

t
Tornado loads include loads due to tornado wind pressure, tornado-

;

created differential pressure, and tornado-generated missiles. j

i

3 Equivalent static load on the structure generated by the impinge-
'

| Y

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

,

!

Y Missile impact equivalent static load on the structure generated by |2
or during the design basis accident, such as pipe whipping.

|

Y Equivalent static load on the structure generated by the reactionr
on the broken pipe during the design basis accident. |

The load combination charts correspond to loading cases and load defini-
[

tions as specified in the appropriate SRP. Each chart is associated with a !
t

specific SRP as identified in the notes accompanying the chart. Guidance with !

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

concination 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. f

i
h
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10.3 DESIGN LOAD TABLES

" COMPARISON OF DESIGN BASIS LOADS"

|
|

|

f
,

1

t
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STRUCTURE:
COW ARISON OF DESIGN BASIS LOADS

SPHERICAL CONTAlfeENT VESSEL

PLANT: BIG ROCK POINT

Current Is Load Is Load SEP Topic Does Load Does Code
Design ApplicableInclude( 1eviewing Magnitude Deviation Impact

kBasis To This in Plant This Load Correspond Exist Scale Cosments
Loads Structure' Design To Present in Load Ranking

Basis? Criteria? Basis?

m
D Tes Yes No --

,

j L Tes Yes No A, 1.-

F No - - - -

H Tes No III-5.A * * *
,

5 P Tes Yes No- -
*:

j P, Yes Yes VI-2.D. III-7.3 * * * 2.

P, Tes No Yes A,-

T, Yes Negl - - -
,

i T, Tea Tes VI-2.D, III-7.3 * * * 3.,

f. '
Tg Yes No Tea- -

R Tes No Yes- -

e .=. o

[ .* j R, Tes No Tes A~~ -
g

R, Tes No Yes A,-

E' Yes Yes In -6 * *
"

A, 4. 5.
"* E Tes No In-4 * * * 4.I

W' Yes No III-I, III-4.A * * Ag x
; W Tes Yes III-2. III-4.A * 6.* *

3

Y, Tes No III-5.A * * *
j

- T Tes No III-5.A * * *
y

a
- T Tes No III-5.A * * *

a

Ref., SRPL1961) Section 3.d.1 or 3.4.2

CoisseT

* To be determined per results of 3EP topics. Scale ranking shown f or SEP topic items are independent
judgments , based on informatiou in the FSAR or other original design docueents.
1. Snov loads have increased ;er topic II-2.A.
2. FSAR states that containe*nt is designed for internal pressure resulting from worst accident. Design

internal pressure is 27 psig (Ref. FSAR 3.1.2).

3. Design max. temp. is 235*F (Raf: FSAR 3.2.2).
4 According to NRC's letter to C.P. 5-19-81. a .35g (static) seismic lateral load was used. Current

requirements call for dynamic analysis for containment structures.

.
5. Presently a 0.12g SSE is deemed appropriate for this structure.
6. Design wind load used is 100 mph., per reference 9.

#~ -31-
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STRUCTURE:
COMPARISON OF DESIGN BASIS LOADS SUPPORT FOR REACTOR

ENCLOSURE PLENLM

PLN!T: SIG ROCK POINT

Current Is Load Is Load SEP Topic Does Load Does Code
Design Applicab1< Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Cossents
Loads Structure Design To Present In Load Ranking

Basis! Criteria? Basist

x
"

D Yes Yes No- -

3 L Tea Tes No- --
C

7 No -, - - -

k H * No III-3.A * * *

:
j" P Tea No 111-5.8 * * *a

j T, Tee No Yes 3,-
~

T Tes No III-5.5 * * *
C a

, j R, No-
1.

R, No-
1.

E' Tes Yes III-6 * * A 2.e x
2 E
,

Tea No III-6 * * * 2.
j W' No III-2. III-4.A- * * -

j W No III-2. III-4.A- * * -

4

Y, No III-?.a e * *
*

-

Y)
* No III-5.3 * * *

a
T * No III-3.3 * * *

-

a

Ref.; 5RP(1981) Seetion 3.8.4

_Consen es

*

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

1. FSAR information insufficint to evaluate these items.
2. According to NRC's letter to C.P., 5-19-81, a .053 (static) seismic lateral load was used. Current

requirements call for dynamic analysis.
3. Presently a 0.123 SSE is deemed appropriate for this structure.

4, -32-
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STRUCTURE:
COMPARIS010F OESIGN BASIS LOADS

FUEL POOL

PLNiT: SI"a ROCK POINT PLANT 1

Current Is Load Is 14ad SEP Topic Does Load Does . Code
Design Applicabli Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exis t Scale Commsents
Loads Structure: ::esign To Present In toad Ranking

Basis? Criteria? Basist

w
0 3 Tas Yes No --

>
* L Tes Yes No --

s~
~

e
, s so - - - -

! H Tes - III- 3. A * e
*

|

f- P No - |II-5.5 * * -
a

I
-

T 5e 1 -* *
- - -

j 7, Tes No III.3.3 e e *
*

, ,
- R 5eti - - - -

i s t o

E*E a so - - - -
a

E' Tea Tes III-6 A, l.,2.. *

| E fas No 1**2-*
III-6 e e= >

( j W' 30 - III-2 III-4.A e e -

[ V M -
III-2 III-4,A * * -

T 3 No III-5.3 * *
*

r

- T * No III-5.3 * . *
y

a
- Y, No III-5.3 + e

* *

_ 1

Ref.; SRP(1981) Section 3.8.4-

_Commmen t s

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

1. According to NRC's letter to CP, 5-19-81, a static analysis was used with .0$g as seismic lateral
load. Current requirements call for dyn==f e enalysis.

2. Presently a 0.123 $5Z is deemed appropriate for this structure.

A -33-
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STRUCTURE:

COMPARISON OF OESIGN BASIS LCA05
INTAKE STRUCTURE

.

Pt. NIT: SIG ROCK POINT

Current Is 1. cad Is Ioad SEP Topic Does Load Does Code a

"asign Applicab1< Included Reviewing Magnitude Deviation Impact
Sasis To This In Plant This Load Correspond Exist Scale Comments
Loads S tructure Iesign To Present In Load Ranking

Sasis? Criteria? Basis?

$ No -g Tes Yes -

$ t, Tes Yes - No -

u

y so - - - -

! H Tes * *
g::.3,3 . ,

I
-

C P 30 -
III-5.3 * *

a

~ f Negl - - - -

3 3

T, so - III-5.3 * * -

R, j segt - - - -

o
Na. a $ 3, 5, _ _ _ _z

E' Yes No III-6 * * A, 1. 2.

| E Tes Tes III-6 * 1.* *

j Aw' Yes so III-2. III-e.A * * n

E W Tes Yes III-I. III-4.A
*

* *
a

*
T 30 -

III-5.3 * *
Ia

I T 30 -
III-5.8 * *

*

E. 3
' *

Y 30 -

III-5.3 * *
a

Ref.; SRP(1981) Section 3.3.t.

_C m nts

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

1. Seatic analysis was used with .025g as lateral seismic load. Current requirements call for dynamic
analysis (See Section 3.3 Reference 9).

I. Presently a 0.123 SSE is deemed appropriate for this structure.

! #e -34-
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STRUCTURE:
COMPARISO4 0F DESIGN BASIS LOADS CONTROL ROOM

(SERVICEBUILDING)

PWT. SIG ROCK POINT

Current Is Load Is Load SEP Topic Does Load Does Code
Design Applicabli Included Reviewing Magnitude Deviation Impact
Sasis To This In Plant This Load Correspond Exis t Scale Comments
Loads Structure' Design To Present In Load Ranking

Basist Criteria? Basist

x
3 D Tea Tes - No -

>
* L Tes Yes - So A 3.
u x

,

F No - - - -,
4-

E H No No III-3.A * e -

:
2 P, Yes No III-5.5 * * *

T, Negl - - - -

j T, Yes No III-5.8 * e * 1.

- - - -
'R Noj,

Nm. o 4 - - -R, NoE -

1 E- Tes so IzI.. e e i, 2.

j E Tes Yes III.6 e * * 2.

} W' Tes No III-2, III.4.A A,e e

,$ w Tes Yes *III-2, !!I-4.A * *

* -
III-5.5 * *

*
Y,

30 -
III-5.3 e e

*

T)
I'

Y No -
III-5.5 * e

*-

a

Raf., SRP(1981) Sectica 3.3.4

_Commen t s

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

1. Not a major structural concern, but might affect control room habitability.

2. Static analysis was used, with .025g as seismic laterial load. Current requirements call for dynamic
analysis.

3. Roof loads have increased per SEP Topic II-2A and may increase per SEP Topic II-35 for parapet roofs.

4 For the turbine building, D' Apalonia Consulting Engineering. Inc. reported this loading is insignificant.

As -35-
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STRUCTURE:
C0t9ARIS010F CESIGM BASIS LOADS

~

STACK (Concrete)

PLANT: BIG RCCK POINT

Current Is Ioad Is Load SEP Topic Does Load Does Code
Design Applicabld Included Reviewing Magnitude Deviation Ispect

Sasis To This In Plant This Load Correspond Exis t Scale Comments
Loads S encture ' Design To Present In Load Ranking

Basist Criteriat Basist

m

( D Tes Tes No --

0 L Tes Yes - No -

o

F so - - - -a

! H Tes No III-3.A * * *

!

| g P, so 111-5.3 * * --

|

T, Tes No - - -

; T, so III-3.5 * * --

e-

E. &.
g so - - - -

*

**2 g soa - - - -

a

E' Tes Yes III-6 * * A, 1.

I E Tes Yes * 1.
,

III.6 e .

j W' Yes No III-2, III-4,A A,. .

E W Tes Yes III-2, III-4.A ** * *
a

*T, so - III-3.3 e .

I
- *g T)
*o - III-5.3 * e

s
*T No III-5.3 * *- -

a

Ref.; SRP(1981) Section 3.9.4

c m ts

* To be determined mer results of SEP topics. St ale rank.ing shown for SEP topic items are independent
j udgments , based on information in the FSAR or other original design documents.

| 1. Static analysis was used, with .025g as seismic lateral load. t:urrent requirements call for
dynamic analysis.

I

l
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STRUCTURE:
C0r9ARISOM OF DESIGN BASIS LCADS 1*

DIESEL GENERATOR ENCLOSURE /
SCREEN WELL AND PUMP HOUSE

PLMT: SIG ROCK POINT

Current Is Losd Is load SEP Topic Does Load Does Code
Design Applicab1< Includec Reviewing Magnitude Deviation impact
5 asis To This In Plant This Load Cotrespond Exist Scale Commsents
Loads Structure' Design To Present In Load Ranking

Basis? Criteria? Basist

>
0 3 Tes Yes - No -

j t Yes Yes - 3. -

-

p so - - - -
,

] a Tea _ III-5.A * . -

f P, III-5.5 * *
-30 -

-

7 segl - - - -

* O

y. T, so - III-5.3 * * -

1 i. R 30 - - - -

0

g*j g so - - - -

a

g g. Tes -

III-6 * * * 1*

| E 7., _ g::.6 * * * 1*

j W' Tes - III-2. III-4.A * * * 1*

j W Yes - III-2, III-4.A * 1** *

Y, No - III-5.3 * * .

-

Y)
No - III-5.3 * * .

a
T, No - III-5.3 * * .

-

Ref. , SRP(I981) Section J.3.4

Comments I

|
* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent

j udgments , based on informatica in the FSt.R or other original design documents.
1. Information on original design basis is not stated in material provided for FRC review.
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STRUCTURE:
COPFARISOM OF DESIGI BASIS LOADS

BATTERY H00M (TUR8!NE
BUILDING)

PLA*IT: BIG ROCK POINT

Current Is taad Is Load SEP Topic Does Load Does Code
Design Applicab1< Included Reviewing Magnitude Daviation Iepact

Basis To This In Flant this Load Correspond Exis t Scale Coassents
Loads Structure Design To Present Is Ioad Ranking

Basis? Criteria? Sasist

m
O D Tes Tee No- -

L Tee Yes No- -

F, 5, _ _ _

'e H so No III-3.A * * e
:
2 F, e 3. 111-5.3 * *

.

T, Negl so - - -

j T, so so III-5.5 * * .t

l *

I. i.
1 No - - - -
0

E '' $ 3 No - - - -
a

l -
* E' Tea Tes III-6 * * A 1.

| c I .'

X E Tes Yes III-6 * * A, 1.
1 v' Yes - III-2,i!I-4.A * * * 2.

'

I

} w Tes III-2, III-4.A * * * I.
-

T No - III-5.5 * * *
Is

*. Y so - III-5.3 * * *
i 3

! Y 50 - III-5.3 * * *
'

*
i

!

Re f. : SRF(1981) Section 3.5.4

_ Comments

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

1. Static analysis ves used, with .023g as seismic lateral load. Current requirements call for dynaste
analysis.

2. Report reference 9 states that snow, wind, & seismic loads were considered. No values are given.

-38-n
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10.4 LCAD COMBINATION TABLES

"COMPARISCN OF LOADING COMBINATION CRITERI'?

l

4 -39-
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TER-C5257-317
COP 9ARIS0n OF LOADING C0fBINATION CRITERIA ' STRUCTURE SPHERICAL

CWIM VESSRPLANT: BIC ROCK POINT

Combined Gravity Natural Impulsive Scale
Loading Dead. Thermal Pressare Mechanical Phenomena Loading Ranking
f"me na tive

hL T, R, 2*
]

1

.

$ 2 D+L T F R
a a a e

3** 3 D+L 1,
; 4 3+L T +T P +P R +R

l m a e a e a e

l a

I

D+h T, P, R, E h ''j 1

hh T, P, R, 5. 6.2

u
; 3 D+L T P R g

e o e,

E 4 3+L T, + T, P, + P, R, + R,
" \W1 D+L T P R T A 7.xa a a;
j 2 3+L T, P, R, E'
*

3 D+L T +T P +P R +R R.a e a e a e7
.I

1 D+L T P R L' Y +Y +Y
a a a r j e

*
2 3+L T +T F +P R +1 E' T +Y +Y A 7.a a a s a a r j m x;

$
a

3
7
:
"

,

I

1 3+L F Et

c.
M
18
::
a.

Ref.4 SRP Sectiett 3.8/2 Steel Containment

| Notes

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

2. 0.5 pai external pressure plus dead load considered. Ref erence 9.

3. Marix a temperature gradient plus 27 psi internal pressure considered. Reference 9.

4. Snov load plus 60 mph wind considered. Reference 9.

5. Dead load plus snow plus 0.05g seismic considered. Reference 9.

6. Credited here as an CBE Combination, because the 0.05g static load used is approximately
half the value currently deemed appropriate for the SSE (i.e. 0.12g).

7. For purposes of the SEP Review. demonstration that structural integrity is maintained for
load cases indicated above (per current criteria) may be considered as providing reasonabl6
assurance that this structure meets the intent of current design criteria.
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3 TER-C5257-317

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: SUPPORT FOR
COMCRETE STRUCTURES REACTOR EMCLOSURE PLENUM

PLANT: BIG ROCK POINT

8 *Cravity Dead. Live Thermal Pressure Mechanical
Cases I ,

1 1.4D + 1'71.

2 ! 1.$ 1.Q 1.h 6.*

3 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 1,

4 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.9E

5 D+L; T, R, E'

6 D+L 7, R,

7 D+L 7, 1.5 P, R,

8 D+L 7, 1.25 P, R, 1.25E T, * Ty + Y,

9 D+L T, P, R, E' T, + Y + T, A

Ref.: SRP (1981) SEC 3.8.3 Concrete and Steel Internal Structures of Containment

Notes

1. tiltimate strength method required by Acl-349 (1977) .

Methodusedindesign{TI"I'****e Consequently no load factors were used.2.
_

3. Ioads deemed inapplicable or negligible struck from loading combinations.
4. Encircled loads are those actually considered in the design. When load

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

5. " Equipment" loada considered for internal concrete structures. (See Table 4-1. Ref. 9).
I 6. Credited here as an OBE Combination, because the 0.05g static load used is approximately!

half the value currently deemed appropriate for the SSE (i.e., 0.12g).
7. For purposes of the SEP Review, demonstration that structural integrity is maintained for

load case 9 (per current cirteria) may be considered as providing reasonable assurance that
this structure meets the intent of current design criteria.
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COMPARISON OF LOADING COMl! NATION CRITERIA STRUCTURE:

CONCRETE STRUCTURES FUEL POOL

PLANT: BIG ROCK POINT
1

Combined:
s e eLoading Gravity Dead. Live Thermal Pressure Mechanical

, g

1 1.4D + 1.7L

1. @ 1. h 1.h 6.2 i

,

3 .75 (1.43 + 1.7L) .75 x 1.7 T, ' : ' ' 5,_.

4 .75 (1.4D + 1.7L) .75 x 1.7 T, 7; ;.' 0, .75 x 1.9E

IDl +'-[ k 3..''
5 Ti

Ao1 x

6 D + I. To

7 D+L T, q %

8 D+L T, 1.;; 7, k 1.25E %+Y)+T,

9 D+L 7, E' +T + T,y

Ref. SRP (19dl) SIC 3.8.3 Concrete and Steel internal Structures of Containment

Notes

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

Method used in design ( w rking stress / Consequently no load factors were used.2.

3. Ioads deemed inapplicable or negligible struck from loading combinations.
4. Eneircled 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. Load combinations shown by dashed-line boxes were considered in the review of the integrity
of the plant structures under 0.12g earthquake by D'Appolonia Consulting Engineering. Inc.

,

+

6. Credited here as an OBE Combination, because the 0.05g static load used is ;pproximately
half the value currently deemed appropriate for the SSE (i.e. 0.12g). -

7. For purposes of the SEP Review, deonstration that structural integriW is tint.in=d for i
!

load case 5 (per current criteria) may be considered as providing reasonable assurance that
this structure meets the intent of current design criteria. .

[

,

t

!

!
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C019ARISON OF LOADING C074! NATION CRITERIA STRUCTURE:

CONCRETE STRUCTURES INTAKE STRUCTURE

ptANT. BIG ROCK POINT

* *
Thermal Pressure Mechanical ScaleGravity Dead, Live i

Cases Ranking

1 1.4D + 1.7L,

2 1.4D + 1.7L 1.9E'

- ... .

3 1.4D + 1.7L 1.7W

4 .75 (1.4D + 1.7L) . 7 . ' ?, .75 x 1.7 R,,

5 .75 (1.43 + 1.7L) M-.', .75 x 1.7 R, .75 x 1.9E'

6 .75 (1.4D + 1.7L)
^^ '

.75 s 1.7 R, .75 x 1.7W- . . ,

7 1.23 1.9E

! $ 1.23 1.JW

!

9 @+L % R, ] A,.

| 3+L $ R, W A,10 e

11 D+L \ M \
12 D+L N, h +h+h1.25E

g.g.sg g g E-a Du

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

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

{ w rking stress qe bd fes e h2. Methods usea in design

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

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

used is also encircled.

3. M ad combinations shown by dashed-line boxes were considered in the review of the
integrity of the plant structures under 0.12g earthquake by D'Appionia Consulting
Engineering Inc.

6. had combinations applicalbe to the steel portions of these structures (See NRC
Standard Review Plan 3.8.4, Structural Steel) are essentially the same as shown
above for the concrete portions.

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

#- -44-
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CCf9ARISON OF LCAOING C0feINATION CRITERIA STRUCTURE: CorRROL M)004

CONCRETE STRUCTURES (IN SERVICE BUILDING)

DULNT: BIG ROCK POINT

Coenined Natural 18Pulaive
Thermal Pressure MechanicalLoading Gravity Dead. Live Phenomena loading|

,,
Cases

'

; 1 1.4*) + 1.7L

2 1. $ 1. h 1.h.

__ . .

3 1.4D + 1.7L 16 6.

4 .75 (1.4D + 1.7L) .75 x 1.7 T, '5 : ? ",-

5 .75 (1.4D + 1.7W .75 x 1.7 T, .7; - . * 5, .75 x 1.9E
4

.75 (1.4D + 1.7L) .75 x 1.7 t, . ; . .. ; .75 x 1.7W6 1 ,

7 ; 1.2D 1.9E

8 ! 1.23 1.7W

k bb*k YI o

g A
10 D+L T, \ gg

11 D+L T, 1.5 P, K'

\+h+\12 D+L T, 1.25 P, K 1.25E

13 D+L 7, P, % E' +h+h A,

Ref. 52.P (1981) Sect. 3.S.4 other Category I structures (concrete)

Notes 1. i!1timate strength sechod required by ACI-349 (1977) .

fwayingstress Consecantly no load factors were used.2. Meenods used in design
_

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

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

5. Snow and " equipment" loads were considered for turbine building (See Sect. 3.3
Ref. 9).

6. Wind loads considered, according to Sect. 3.3 Ref. 9 but load combinations not
stated in TSAR.

7. Load combinations shown by dashed-line boxes were considered in the review of the )
integrity of the plant structures under 0.12g earthquake by D'Appolonia Consulting

!Engineering. Inc.

8. load combinations applicable to the steel portions of these structures, (See NRC j
'Standard Review Plan 3.8.4., Structural Steel) are essentially the same as shown

above for the concrete portions.

9. Credited here as an CBE Combination, because the 0.0$g static load used is approximately
half the value currently deemed appropriate for the SSE (i.e. 0.12g).

10. For purposes of the SEP Review. demonstration that structural integrity is saintained
for load cases 10 613 (per current criteria) may be considered as providing reasonable
assurance that this structure seats the intent of current design criteria.

D- -4 5-
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COMPARISON OF LCADING COPEINATION CRITERIA STRUCTURE:

CONCRETE STRUCTURES STACK
1 pejnT. SIG ROCK PCINT

I
**

Load Gravity Dead, Live Thermal Pressure Mechanical Scalep
Cases Ranking

1 1.4D + 1.7L

! 1.4D + 1.7L 1.9E2
- -

3 1.4D + 1.7L 1.7U

4 .75 (1.43 + 1.7L) .75 x 1.7 T, ': - . . r,'

5 .75 (1.43 + 1.7t) .75 x 1.7 7, 7; . ' 2, .75 x 1.9E:

6 .75 (1.43 + 1.7L) .75 x 1.7 T, ': . ' N, .75 a 1.7W

7 1.23 1.9E
I

8 1.23 1.7W

9 | @+L .O \ ."El
A, 5*& w

10 3+L T, % W
g A, 5.

11 3+L \ M K
+}+\12 D+L - " ' , 1.25E

\ % \ +% +\E'13 D+L

l
.|

Raf.: SRP (1981) Sect. 3.3.4 other Category I structures (concrete)

%tes 1. Ultimate straagth method req. ired by ACI-349 (1977).

{ 88C[888( Consequently no load factors were used.2. Methods used in design

3. Toads deemed inapplicable or negligible struck from loading combinatione.

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. The principal loads on the stack are D E E', W & W
ventilation stacks for these loadings is being carried. Reanalysis of allout within the SEP
Program. Therefore, no action need be taken by licensee in response to this
item.

!
i

.
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'

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: DIESEL GENERATOR

CC!! CRETE STRUCTURES ENCLOSURE / SCREEN WELL AND PUlf
HOUSE

DLANT: B:3 ROCK POINT

Combined Natural Impuisive
Loading Gravity Dead. Live Thermal Pressure Mechanical S**I*

Phenomena Ioading
Cases Ranking

1 1.4D + 1.7L4,

I 1.9E2 1.4D + 1.7L
-. -

3 1.4D + 1.7L 1.7W

4 .75 (1.4C + 1.7L) ': - . ?, ' I - ' 2,*

5 .75 (1.40 + 1.7L) M - ' T, '! - ' ", .75 x 1.9E'

6 .75 (1.43 + 1.7L) "_: * !, ": _ ' 'y .75 x 1.7W

7 1.2D 1.9E
,

S 1.23 1.N

9 2+L % % $ A

% % V A10 D+L g. g

\ M \11 3+L

+g+\12 D+L -t-rd6-P,. % 1.25E

% % k E' k+ +\13 3+L

- Ref.* SRP (1981) Sect. 3.8.4 other Category I structures (concrete)

Not es 1. Ultimate strength method required by ACI-349 (1977).

( Consequently no load factors were ustd.stress2. Methods used in design

3. M ada deemed inapp11 cable or negligible struck from loading combinations.
.

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

used is also encircled.

5. und combinations shown by dashed-line boxes were considered in the review of the
integrity of the plant structures under 0.12g earthquake by D' Appelonia Consulting
Engineering, Inc.

6. For purposes of the SEP Review, demonstration that structural integrity is mai'itained
for load cases 9 & 10 (per current criteria) may be considered as providing reasonable
assurance that this structure meets the intent of current design criteria.
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COMPARISCR OF LOADING COMBIMATION CRITERIA STRUCTURE: BATTERY M)0M

CONCRETE STRUCTURES (IN TUR8!NE BUILDING)
PULNT: BIG ROCK PotMT

* *
adin Gravity Dead. Live Thermal Pressure Mechanical Scale, ,

Cases Ranking

1 1.4D + 1.7L,

h
2 ; 1. @ 1. @ ' 1.$ 9.

_. _

3 1.4D + 1.7L 1.7W

4 .75 (1.4D + 1.7L) '"

* T, '5 : '. ' 2,-.

-. ' 1, .75 x 1.9E'5 .75 (1.4D + 1.7L) ': . ' T, '" '

.75(1.4D+1.7L)|.:,.'T, '" ' .75 x 1.7W6 -. ,

|
1.9E7 1.2D'

5 1.2D 1.lW

9 j .[+ L M

\ \ W10 D+L A,t

11 3+L \ 1.5 P, g
12 D+L 't 1.25 P N 1.25E Y +Y +Y

a a g r j a

13 D+L 'T P, E' Y, + Y) + Y, A
g

|

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

Notes 1. Ultimate strength metbod required by ACI.349 (1977).

{" Consequently no load factors were used.8 8C78882. Methods used in design

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

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

5. Snow and "equipmaat" loads were considered for turbine building. (See Sect. 3.3, Raf. 91
6. Wind loads considered according to Sect. 3.3. Ref. 9 but load combinations not stated

in TSA1.

7. Load ceabinations shown by dashed-line boxes were considered in the review of the integrity
of the plant structurae under 0.12g earthquake by D' Appolonia Consulting Engineering, Inc.

8. Load combinations applicable to the steel portions of these structures, (See NRC Standard
Review Plan 3.8.4. Structural Steel) are essentially the same as shown above for the
concrete partions.

9. Cradited here as an CBE Combination, because the 0.05g static load used is approximately
half the value currently deemed appropriate for the SEE (i.e. 0.12g).

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

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

in tabular form.

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

and structures for the Big Rock Point Nuclear Power Station were:

1. Uniform Building Code 1958 (invokes AISC, " Specification for Design,
Fabrication, and Erection of Structural Steel for Buildings," 1953)

,

2. ACI 318-56, " Building Code Requirements for Reinforced Concrete," 1956

3.
,

ASME Boiler and Pressure Vessel Code, Section VIII, 1956.
+

Each of these design codes has been compared with the corresponding
'

structural code governing current licensing criteria. Tables follow, in the

order listed above, summarizing important results of these comparisons for

each code.

These tables provide:

.

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

; 2. identification of structural eleme.nts to which each such provision
may apply.

Some listed provisions may apply only to elements that do not exist in

the Big Rock Point structures. When it could be determined that this was the

case, such provisions were struck from the list. Any provisions that appeared

to be inapplicable for other reasons also were eliminated. Items so removed

| are listed in Appendix A to this report.

Access to further information concerning code provision changes is

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

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

all code changes by scale ranking. ;

|
1

;

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

appendix provides:

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

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

3. the scale ranking of the change.

;

|

i

!

:

5

1

|
<

l

1

|

|
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11.1 MAJOR FINDINGS OF AISC-1953 VS. AISC-1980 CODE COMPARISON
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MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISONm
|-M

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

g
a. s

N
?$ Scale A ,

IW Re ferenced Subsection
S

.& AISC AISC AISC Structural Elements

1980 1963 1953 Potentially Affected Comments

Beam end connection See case study 11.5.1.2.2 -- --

where the top flange for details.

is coped and subject
to shear, or failure by

1 shear along a plane

Y through fasteners or by
a combination of shear
along a plane through
f asteners plus tension

| along a perpendicular
j

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.

1.6 1.6 12(a) Members subject to axial and New requirement for Q
bending stresses combined stresses added

in the 1963 Code .,

U
l.8.3 1.8.3. 16 Axially loaded compression New requirements for y

members where sideway is slenderness ratio added $
4not prevented in the 1963 Code .

<.
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[(3 MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISON
* Ib'

g (Summary of Code Changes with the Potential to Significantly
{ Degrade Perceived hurgin of Safety)

,

PP
7%
R Scale A (Cont.)
S

; Re ferenced Subsection
44

AISC AISC AISC Structural Elements
1980 1963 1953 Potentially Affected Comments

1.9.1.2 1.9.1 18(b) Slender compression unstiff- New provisions added in
and ened elements subject to the 1963 and the 1980
Appendix axial compression or Code, Appendix C.

J, C compression due to bending
y when actual width-to-

thickness ratio exceeds the
values specified in subsec-
tion 1.9.1.2

1.10.4 1.10.4 26(d) Partial length cover plates New requirements added in
in plate girders and rolled the 1963 Code

i beams

; 1.10.7 1.10.7 -- Plate girder web New requirements for combined

shear and tension stress
added to the 1963 Code

1.10.10.2 1.10.10.2 26 Stiffeners for web plate Change in the requirements
girders of the 1953 Code vi

Yn
i 1.11.1 1.11.1 13(a) Composite construction Limitation on effective Yi

width of concrete flange $
is introduced in the ''

1953 Code

:

_ _ . _ - . . _ _ _ _ _ . _ . . . _ . _ . - . _ . _ . ., _ . _ . _ _ . _ ,_ _ - -
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Uh HAJOR FINDINGS OF AISC 1953 VS. AISC 1980 00DE COMPARISON

"{ b' (Summary of Code Changes with the Potential to Significantlyg
a 5' Degrade Perceived Margin of Safety)

?!'
?$

Scale A (Cont.)d

;

|n
ES Referenced Subsection
d

,

t AISC AISC AISC Structural Elements
1980 1963 1953 Potentially Affected Comments

1.11.4 1.11.4 13 Shear connectors in New requirements added in
composite beams the 1963 Code and the 1980

Code, ,

$
I 1.11.5 -- -- Composite beams or girders New requirements added '

; with formed steel deck in the 1980 Code

1.14.2.2 -- -- Axially loaded tension New requirement added
members where the load is in the 1980 Code

| transmitted by bolts or
rivets through some but not
all of the cross-sectional

| elements of the members

1.14.6.1 1.14.7 15 (f) Effective throat thickness
for partial penetration weld

g

l 1.15.5.2 -- -- Reatrained members when New requirement added
| 1.15.5.3 flange or moment connection in the 1980 Code g1.15.5.4 plates for end connections yj of beams and girders are

&' ,

welded to the flange of I y ,,

or H shaped columns

|

t
5

.
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y MAJOR FINDINGS OF AISC 1953 VS AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly
ff Degrade Perceived Margin of Safety)
{$
(W

Scale A (Cont.)>

R
R Referenced Subsection

AISC AISC AI"C Structural Elements
1980 1963 1953 Potentially Affected Comments

1.18.3 1.18.3 28(b) Built up members under New requirement added
tension in the 1963 Code,

$
i

Scale

2.9 2.8i

Lateral bracing of members 0. 0 < M/Mp < 1. 0 A
--

to resist lateral and 0.0 > M/Mp > -1.0 C
torsional displacement

See case study 7
for details.

=
0
L
5

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

l

r

|
|

|
1
.
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON
k
,ff (Summary of Code Changes with the Potential to Significantly
gj Degrade Perceived Margin of Safety)
sEas
NE Scale A
'k

%

,@ Referenced Subsection
p ACI ACI ACI Structural Elementa

349-76 318-63 318-56 Potentially Affected Comments

7.10.3 805 -- Columns designed for Splices of the main rein-
stress reversals with forcement in such columns
variation of stress from must be reasonably limited
f in compression to to provide for adequatelf2fy in tension ductility under all loading

a conditions.
U' 11.13 Short brackets and corbels As this provision-- --

which are primary load- is new, any existing
carrying members 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. g

w
11.15 -- -- Applies to any elements Structural integrity [

loaded in shear where it is may be seriously [
inappropriate to consider endangered if the design $
shear as a measure of fails to fulfill these d,
diagonal tension and the requirements. tj
loading could induce
direct shear-type cracks

.._ __ ,_ ._ _ _. .. _ _. _ _ ., .
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fj MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON *

LE;
13 (Summary of Code Changes with the Potential to Significantly
2[ Degrade Perceived Margin of Safety) '

So

inw
p Scale A (Cont.) '

a
' Referenced Subsection

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

,

11.16 -- -- All structural walls - Guidelines for these
those which are primary kinds of wall loads were

i load carrying, e.g. , shear not provided by older
E walla and those which codes; therefore, struc-' i

serve to provide protec- tural integrity may ba
'
'

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 i
; not have ultimate strength

criteria for bond. This
chapter presents some

i changes in bond stresses

allowed and a change in @
! philosophy. Allowable bond

values are higher on small
y,

bars, but lower on large $i

bars because of this shift 1
8

in philosophy introduced by 7'.ultimate strength logic '' -

here.

.
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MAJOR FINDINGS OF ACI 318-56 VS, ACI 34 9-76 00DE COMPARISON,

g; (Summary of Code Changes with the Potential to SignificantlyE3

24' Degrade Perceived Margin of Safety)
*
e

i
hr Scale A (Cont.)
Q

ag Referenced Subsection
~' ACI ACI AC1 Structura.1 Elements

349-76 318-63 318-56 Potentially Affected Comments

Chapter 12 Splice lengths in column
(cont.) steel are the same as the

56 code and permissible
, bond stress for compressionm

I bars was set to match when
reduced to working stress.

-- 1301(c) Table All Allowable bond stresses are
305(a) presenteed 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) . g
Chap. 17 Chapter 25 -- Composite construction New chapter; ACI 318-56 did

not contain specific y
sections on composite gs
concrete flexural members g,s
and composite construction. -8

_ _ _ - - _ _ _ -
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 OODE COMPARISON
,

bk; (Summary of Code Changes with the Potential to Significantly

'?@[[ Degrade Perceived Margin of Safety)25

E
py Scale A (Cont.)

$

f'N Re ferenced Subsection

([ ACI ACI ACI Structural Elements

[E
g 349-76 318-63 318-56 Potentially Affected Comments

Appendix A -- -- All elements subject to For structures subject to
time-dependent and position- effects of pipe break,
dependent temperature varia- especially jet impinge-
tions and which are ment, thermal stresses
restrained such that thermal may be significant,
strains will result in Scale A for areas of jet

1 thermal stresses 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).

Appendix B -- -- All steel embedments used New appendix; therefore,
to transmit loads from considerable review of d

attachments into the rein- older designs is
forced concrete structures warranted.**

| ui
u

U,
**Since stress analysis associated with these conditions is highly dependent on definition Uof 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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b-; MAJOR FINDING,9 OF ACI 318-56 VS ACI 349-76 CODE COMPARISON)
"m
$- (Summary of Code Changes with the Potential to Significantly
j Degrade Perceived Margin of Safety)

N
'" N

% Scale A (Cont.)
:r

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.**

3

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

varied with designers' opinions. Stresses may vary significantly from those thought to y
exist under previous design procedures. g

-4
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11.3 MAJOR FINDINGS OF ASME BWV CODE COMPARISON,

|
: SECTION VIII,1956 VS. SECTION III, SUBSECTION NE, 1980
|

|

.

.

I
,

l

I

l
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ASME B&PV CODE COMPARISON,
^

[fg SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
*

(Summary of Code Changes with the Potential to Significantly3

{ Degrade Perceived Margin of Safety)
yn
7j Scale A

157 Referenced Subsection
f@ Section III Section VIII Section VIII Structural Elements
*f 1980 1962 1956 Potentially Affected Comments,

NE-3112.4 UG-5 (b) Plates, if under- The 1956 Code permits conditional
--

i

s treng th use of understrength plate, its
1. The local allowable stress is

correspondingly reduced! and
2. The UTS range is maintained.

i

C This practice has been
e terminated and current codes

are blind to such situations
in older structures.

Scale A - if additional loads,
not originally designed for, are
required by current criteria.

No scale ranking applicable
otherwise.

NE-3112.4 UG-23 UG-23 Vessels of materials Section III, 1980 Code references
no longer listed as some materials which are
Code acceptable identical to those referenced in d

Section VIII, 1956 Code.

However, several materials which
v,

were referenced in Section VIII, D'
are no longer listed in Section y
III, 1980. g
Justification of such use would ''

be necessary to show equivalence
to current requirements.

|

- _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ -
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

En
> [[/
[3

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

( 5'
gy Scale A (Cont.)
35
{% Referenced Subsection

Section III Section VIII Section VIII Structural Elements
g 1980 1962 1956 Potentially Affected Comments
O

N E-3131 Various Containment shells Section VIII, 1956 Code calls for
---

Paragraphs designed by formula the design of vessels by formula,
while Section III, 1980 Code
requires that the rules of

.,

Subsection NE-3200 (Design by
Analysis) be satisfied.

I[ In the absence of substantial
thermal or mechnical loads other
than pressure, the rules of
" Design by Formula" may still be
used.
The scale rating for containment

shells where substantial thermal
or mechnical loads other than
pressure are absent is Scale B;
otherwise it is Scale A.i s

', NE-3133. 5 (a) UG-29 UG-29 Stiffening rings for The requirements of the 1960 Code
cylindrical shells defining the minimum moment of
subject to buckling inertia for stiffening rings as Qloads, compared to the requirements of 8

; the 1956 Code may result in a
vilower margin of safety, b|

Scale y
$Is' > 1.28 I C 'ds -

Is' > 1.22 I, B

Is' < 1.22 I As
.

wws, nv,-- - - - -
_ w
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ASMH inPV CODE COMPARISON,;

NM SECTION VII!. 'qA' VS. SECTION III, SUBSECTION NE, 1980a
vm
FB

|5'g (Summary of Code Changes with the Potential to Significantly,'

s Degrade Perceived Margin of Safety)
FF

h|
F Scale A (Cont.)

3'

2
5gn Referenced Subsection
R$ Section III Section VIII Section VIII Structural Elements

0 1980 1962 1956 Potentially Affected Comments

N E-313 3. 5 (b) --- --- Shell and stiffening This new insert in Section III
rings of dif ferent of the 1980 Code requires using
materials, the material chart which gives

the lar',er value of the factor
; , A. TSaa may result in a larger
( $ sti'2ening ring section needed to
i 8

I meet the requirements of the Code.

Scale A for ring-stif fened 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 6t;

otherwise Scale B.
NE-3221.5 --- --- Containment Requirements for fatigue analysis acomponents subject of vessels or parts which M

to cyclic loadings. experience cyclic loadings are
provided in Section III, $
Subsection NE, of the 1980 Code. %|
No specific guidance was provided d,
by Section VIII, 1956. tj

1
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b> ASME B6PV CODE. COMPARISON
,([ SECTION VIII, 1956 VS. SECTION III, SimSECTION NE, 1980
fS J
R$; (Summary of Code Changes with the Potential to Significantly
$ Degrade Perceived Margin of Safety)

,3
@ Scale A (Cont.)
S

fQ Referenced Subsection

*$ Section III Section VIII Section VIII Structural Elements
'

1980 1962 1956 Potentially Affected Comments

NE-3325 UG34(d) UG-34(d) Unstayed tl t heads Present Code requires thicker
Figs. (c) Figs. (d) Figs. ( b) and covers of the plates,
and (m) and (p) a nd (a) designs in the

referenced figures
s

$ N E-3 327 UG-35 Footnote to Quick-acting Subsection NE, 1980 has expanded'
UG-35 closures requirements for safety devices

including:

o positive interlocks on
remotely operated doors

warning devices on manuallyo
operated doors *

,

o visibility of pressure
indicators from operating,

floor. g
NE-3334.1 UG-4 0 (b) UG-40 Reinforcement for New requirements in the 1980 Code
NE-3334.2 UG-40(c) vessel openings impose additional restrictions y

on metal that may be counted as y
reinforcement. W

=J
NE-3365 8 --- --

,

Bellows and bellows The 1980 Code imposes new design
expansion joints requirements.

.
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- 12. SIBLE RY \
.,-

,i+

The table that follows provides a summary of the status of the findings

from the Task III-7.B criter!4 compailson review ok'itruccural codes and
loading requirements for Seismic CategorysI structures at the Big Rock Point

'

Nuclear Power Station. ,

The first and second columns of the table show the number of changes in
'

requirements found for the design ~ codes used for Seismic! Category I structures

x external to containment, classified by scale ranking. Ttae first column

applies to the concrete portion of these structulos. and the internal struc-
'

turess the second column applies to the portions of the external structures

which are of steel frame ctinstruction. The third column applies only to the
primary containment.

-
,

s

The salient feature of this tabl6 is the limitad number of code change

impacts requiring a Scale A ranking. . Consequently, resolution, at the

structural level, of potential concerns with respect t'o' changes in structural
code requirements appears, at least for the Big Rock Point plant, to be an

effort of tractable size.
x

_

I

%

-

. ,
'

'

.

,_
,

'

-.

,

e

~
'

/-

,

%

!
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SIMMARY

NIRBER OF (%)DE CHANGE LMPACTS FOR
BIG ROCK POINT CATEGORY I STRUCTURES

ASME B & PV
ACI 318-56 AISC 1953 SEC VIII, 1956

SCALE RANKING VS. VS. VS.
SEC. III SUBSECT.

ACI 349-76 AISC 1980 MF_ r*T A M 9 Mf' 14RO

IDTAL CHANGES FOUND 113 50 30

A or A not
*e 3 + 4* 13 4 + 3*

3 g Applicable to
v , neek utnrg g

g B 84 13 10

ae:
jk$ C 12 8 3

i

,k A 10 16 10

A 0 0 0Eaj x

SCALS RATINGS:

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

Scale Ax Change - The impact of the code change on margins of safety is
not immediately apparent. Scale A code changesx

~

require analytical studies of model structures to
assess the potential magnitude of their effect upon
margins of safety.

Scale B Change - The new criteria operate to impair margins of safety
but not enough to cause engineering concern about the
adequacy of any structural element.

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

*These changes are related to loads and load combinations. Ioading criteria
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 11.

-68-
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13. RECOMMENDATIONS |

Potential concerns with respect to the ability of Seismic Category I

buildings and structures in SEP plants to conform to current structural

criteria are raised by the review at the code c.omparison level. These must

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

It is rem ==nded that Consumers Power Company he requested to take three

,
actions:

,

l.
1. Review individually all Seismic Category I structures at the Big Rock

Point plant to see if any of the structural ele:aents listed in the
following table occur in their designs. These are the~ structural
elements for which a potential exists for margins of safety to be
less than originally computed, due to criteria changes since plant
design and construction. For structures which do incorporate these
features, assess the actual impact of the associated code changes on
margins of safety.

2. Reexamine the margins of safety of Seismic Category I a tructures
under loads and load combinations which correspond to current
criteria. Only those load combinations assigned a Scale A or Scale
Ax rating in Section 10 of this report need be considered in this
review. If the load combination includes individual loada which have

themselves been ranked A or Ax, indicating that they do not conform
to current criteria, update such loads.

Full reanalysis of these structures is not necessarily required.

Simple hand computations or appropriate modifications of ex. sting,

results can qualify as acceptable means of demonstrating structural
adequacy.

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

-69-
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED<

1

Structural Elements to be Code Change Affecting These Elements
|

Examined New Code Old Code Scale |

Compostte Construction AISC 1980 AISC 1953

1. Shear connectors in 1.11.4 13 A
composite beams

!
| A2. Composite beams or 1.11.5 --

girders with formed
steel deck !

|
'

\

3. Width of concrete 1.11.1 13 (a) A )
flange - limitations

7
,

l

Compression Elements AISC 1980 AISC 1953

1. With width-to-thickness 1.9.1.2 and 18 (b) A
ratio higher than speci- Appendix C
fled in 1.9.1.2 *

2. Members where sideway is 1.8.3 16 A
not prevented

Tension Members AISC 1980 AISC 1953t

!
'

l. When load is transaitted 1.14.2.2 A--

by bolts or rivets

2. Built up members 1.18.3 28(b) A

Connections AISC 1980 AISC 1953

| 1. Beam ends with top flange 1.5.1.2.2 A--

coped, if subject to

.

shear
,

i

i 2. Connections carrying moment 1.15.5.2 A--

'
or restrained member 1.15.5.3
connection 1.15.5.4

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

|

|
1

|
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LIST OF STRUCTURAL ELDEENTS TO BE EXAMINED (Cont.)
f

Structural Elements to be Code Change Af fecting These Elements

Examined New Code Old Code Scale
|

Members Designed to Operate AISC 1980 AISC 1953 i

in an Inelastic Regime

!

Spacing of lateral bracing 2.9 A-

Rolled Sections and AISC 1980 AISC 1953
:Built up Members 1.5.1.4.1 15 (a) (3) A |

Partial longth cover plates 1.10.4 26 (d) A f
i

Members subject to Axial AISC 1980 AISC 1953 |
and Bending Stresses 1.6 12 (a) A L

Web Plate Girders AISC 1980 AISC 1953 [
!1. Subject to shear and 1.10.7 A L--

tension stresses
.

I

2. Stiffeners 1.10.10.2 26 A !
!

l
Partial Penetration Weld

|
Effective throat thicknesa 1.14.6.1 15 (f) A

.l
Short Brackets and Corbels ACI 349-76 ACI 318-56 ;
having a shear span-to- lL13 A--

1 depth ratio of unity or less i

!
Shear Walls used as a ACI 349-76 ACI 318-56 f
primary load-carrying 11.16 A i--

member !

;
s

Precast Concrete Structural ACI 349-76 ACI 318-56 [
Elements, where shear is not 11.15 A [

--

a measure of diagonal tension
t

Concrete Regions Subject to ACI 349-76 ACI 318-56 i
High Temperatures '

Time-dependent and Appendix A A--
,

position-dependent
|

temperature variations

I

,

k kh hf~ ~ - - .

,
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|'
- LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont. )

Structural Elements to be Code Change Af facting These Elements

Examined New Code Old Code Scale

All Structural Elements ACI 349-76 ACI 318-56

1. Ultimate bond strength Chapter 12 A-

Table 305(a) A2. Allowable bor.d stress --

columns with Spliced ACI 349-76 ACI 318-56
Reinforcement
subject to stress reversals; 7.10.3 A--

f in compression to
.;

lf2f in tension |I y
|

Steel Embedmonts used to ACI 349-76 ACI 318-56 A
transmit load to concrete Appendix B -

Element Subiect to ACI 349-76 ACI 318-56 Ai

! Impulsive and Impactive Loads Appendix C -

whose failure must be precluded

Composite Construction ACI 343-76 ACI 318-56
Chapter 17 A--

Containment vessels

1. Plates, if understrength ASME Sec. III, ASME Sec. VIII, A
1980 1956
NE-3112.4 UG-5(b)

2. Containment vessels of ASME Sec. III, ASME Sec. VIII, A
materials no longer 1980 1956
listed as code NE-3112.4 UG-23
acceptable

3. Containment vessels ASME Sec. III, ASME Sec. VIII, A
designed by formula and 1980 1956
subject to substantial NE-3131 various paragraphs
thermal or mechanical loada

4. Stiffening rings for ASME Sec. III, ASME Sec. VIII, A
cylindrical shells 1980 1956
subject to buckling loads NE-313 3. 5 (a) UG-29

-72-
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont. )

Structural Elements to be Code Change Affecting These Elements

Examined New Code Old Code Scale

5. Stiffening rings ASME Sec. III, ASME Sec. VIII, A
of material different 1980 1956
than shell material NE-3133.5 (b) (

--

6. Vessels with Quick AS E Sec. III, ASME Sec. VIII, A
Actuating Closures 1980 1956

NE-3327.1 Footnote to UG-35
:

Shell Openings and Attachments

1. Unstayed flat heads ASME Sec. III, ASME Sec. VIII, A
and covers 1980 1956 i

NE-3325 UG-34(d) ;
Figs. (c) and Figs. (b) and (a)
(m)

|
| 2. Openings and reinforcements; ASME Sec. III, ASME Sec. VIII, A

subject to cyclic loads 1980 1956 L

NE-3331(b) --

,I
3. Reinforcement for ASME Sec. III, ASME Sec. VIII, A

openings 1980 1956
NE-3334.1, UG-40
NE-3334.2

l

4. Bellows and bellows ASME Sec. III, ASME Sec. VIII, A
expansion joints 1980 1956

NE-3365 --

-- - AI1)Roofs

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 rooCs not designed '

for such circumstances could generate impulsive loadings and water damage,
possibly extending to Seismic Category I components of all floor levels. '

f

>

1. Not shown in tabular summary of code change impacts.
!
:
,

|

;
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SCALE A AND SCALES Ax CHANGES ,

'

DEEMED INAPPROPRIATE TO BIG ROCK POINT
|
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APPENDIX A-1

AISC 1953 VS. AISC 1980 CODE COMPARISON

(SCALE A AND SCALE A CHANGES DEDtED INAPPROPRIATE TO BIG ROCK POINTx

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS

AND THEREFORE TREATED ELSDGIERE)
I

!

!

4 A-1.1
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$, AISC 1953 VS. AISC 1980 CODE COMPARISON

A /

E Scale A

e
,ih Referenced Subsection

3 AISC AISC AISC Structural Elements

h 1980 1963 1953 Potentially Affected Comments
5

1.5.1.1 1.5.1.1 -- Structural members under Structural steel used in
tension, except for pin Big Rock Cat. I struc-
connected members tures is A-7. Thus,

Fy < 0.83 F, u
Therefore, Scale C
for Big Rock.

7 Limitations Scale
to

Fy <_ 0. 8 3 3 Fu C

0.833 Fu <Fy <0.875 Fu 5

Fy >_ 0. 8 7 5 Fu A

1.5.1.4.1 1.5.1.4.1 -- Box-shaped members (subject Box-shaped mem-
Subpara, to bending) of rectangular bers not found
6 cross section whose depth is to be used in

not more than 6 times its Big Rock Cat. I
width and whose flange structures;
thickness is not more than therefore, not
2 times the web thickness applicable

H

New requirement in the
1980 Code ,

U
l.5.1.4.1 1.5.1.4.1 -- Hollow circular sections New requirement in the Y
Subpara. subject to bending 1980 Code p .

7 4

.

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _
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AISC 1953 VS. AISC 1980 CODE COMPARISON
E2'

' am
| f3 Scale A (Cont.)
i HE
, to
j pp Referenced Subsection

| 'N
fN

' AISC AISC AISC Structural Elements

{ 1980 1963 1953 Potentially Affected Comments
3
& l.5.1.4.4 -- lateral support requirements Box section

for box sections whose depth members not
is larger than 6 timus their found to be used
width in Big Rock

Cat. I structures;
New requirement in the therefore; not
1980 Code applicable

l' l.5.2.2 1.7 ll(b) Rivets, bolts, and threaded Cat. I structures are"
. parts subject to 20,000 not subject to such
cycles or more cyclic loading;

therefore, not
applicable

1.7 1.7 11 Members and connections Cat. I structures are
and subject to 20,000 cycles not subject to such
Appendix or more cyclic loading;

therefore, not
,

applicable

1.9.2.1 1.9.2 18 (c) Stiffened Compression All structural
and members steel is A-7,
Appendix Fy < 40 kais there- gC fore, Scale C

1.9.2.3 -- -- Circular tubular elements New requirements added U
and subject to axial compression in the 1980 Code U
Appendix d,
C C ,

.

-- _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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;_4, AISC 1953 VS. AISC 1980 CODE COMPARISON
3c

kmkp'
[g Scale A (Cont.)
to

2}' Referenced Subsection
?N

,

AISC AISC AISC Structural Elements
p 1980 1963 1953 Potentially Af fected Comments

8R
: 4 1.10.6 1.10.6 26 Hybrid girder - reduction All structural

in flange stress steel is A-7. No
hybrid girders found
in Big Rock, there-
fore, not applicable.

p 1.13.3 -- -- Hoof surface not provided
d. with sufficient slope
'

towards points of free drain-,,

age or adequate individual
drains to prevent the
accumulation of rain water
(ponding)

2.4 2.3 Slenderness ratio--

ist 1st for columns. Must satisfy:
Para. Para.

~

i < 232E

i
~

Fy

Scale Scale C for Big Rock.

4b << 40 kai
F C See case study 4 $

F < 44 ksi B for details. U
,

Fy >, 4 ksi A 1
.

..
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Fg,
is AISC 1953 VS. AISC 1980 00DE COMPARISON
so ,

2"
,Q Scale A (Cont.)

4
S Referenced Subsection
O '

$ AISC AISC AISC Structural Elements'

1980 1963 1953 Potentially Affected Comments

2.7 2.6 -- Flanges of rolled W, M, Scale C for Big Rock,
or S shapes and similar See case study 6
built-up single-web shapes for details,
subject to compression

T
-
u' Scale

F < 36 kui C3bIIF < 38 kai a
y >,3d kaiF A

Appendix -- -- Web tapered members
D New requirements added

in the 1980 Code

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

H

=
o.

w

.. _ . - . . . _ -. . - . . .. . .. ._ - - - .



.

-- .. .

. .

TER-C5257-317

.

APPENDIX A-2

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

(SCALE A AND SCALE A CHANGES DEDIED INAPPROPRIATE TO BIG ROCK PLANTg

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS

AND THEREFORE TREATED ELESDfHERE)

i

1

i

A-2.1
-

i, m
J JU Franklin Research Center
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ACI 318-56 VS. ACI 349-76 SUMMARY OF CODE COMPARISON

D~
Es' Scale A

d
[ Referenced Subsection

a 5' ACI ACI ACI Structural Elements
2}' 349-76 318-63 318-56 Potentially Affected Comments

hg 10.1 -- -- All primary load-carrying Design loads here refer

{$
n and members. to Chapter 9 load

t 10.10 combinations.*
4

11.1 -- -- All primary load-carrying Design loads here refer
members, to Chapter 9 load

combinations.*

Chap. 18 Chap. 26 -- Prestressed concrete. New chapter; ACI 318-56
did not contain specific
sections or criteria for
prestressed concrete.

>
L No prestressed elements
*

outside primary containment;g

therefore, not applicable.

18.1.4 -- -- Prestressed concrete New load combinations
and elements. here refer to Chapter 9
18.4.2 load combinations.*

,

No prestressed elements
outside containment;
therefore, not applicable. g

Chap. 19 Chap. 19 Shell structures with No concrete shell struc-
--

thickness equal to or ture; therefore, not y
greater than 12 inches, applicable.

.

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

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

."=>T)
b

gh Scale A (Cont.)
Fa'
?g Referenced Subsection
|N

'ACI ACI ACI Structural Elements

la{
s 349-76 318-63 318-56 Potentially Affected Comments

G 3.5 405 (e),(f) Prestressed elements. 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.
Y
F No prestressed elements"

'outside containment
therefore, not applicable.

Chap. 9 Chap. 15 A604 All primary load-carrying Definition of new loads '

9.1, 9.2, members or elements of the not normally used in
& 9.3 most structural system are design of traditional
specifi- potentially af fected. buildings and redefini-
cally tion of load factors and

g
capacity reduction factors a
has altered the traditional [analysis requirements.* g

U!

8

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

- _ _ _ _ _ _ _ _ _ _ _ _



_. - _.____ ___ _____________

,

bi
cri

?{.{
{i"N

ACI 318-56 VS ACI 349-76 SUMMARY OF CODE COMPARISONis
13
p23
,Q Scal,e l (Cont.)g

|WSy Referenced Subsection

g[Q ACI ACI ACI Structural Elements
g 349-76 318-63 318-56 Potentially Affected Comments

Chap. 19 -- -- Shell Structurca This chapter is completely
(Cont.) 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-y sions."

. .
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APPENDIX A-3
'

ASME B&PV CODE COMPARISON

SECTION VIII,1956, VS. SECTION III, SUBSECTION NE, 1980

:

(SCALE A OR SCALE A CHANGES DEEMED NOT APPLICABLE TO SIG ROCK PLANT t'

OR CODE CHANGES RELATED TO LOAD COMBINATIONS
f

'

AND THEREFORE TREATED ELSNHERE) '
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980m

Vil
(Scale A Changes Deemed Not Applicable or Changes Related to Loadings)

( E
e3
g Scale A

?$
h Referenced Subsection

R,[g[ Section III Section VIII Section VIII Structural Elements
1980 1962 1956 Potentially Affected Commenta

5
UG-25(d) UG-25(d) Vessels containing The 1956 Code required telltale---

UW- 15 (b) telltale holes holes at reinforcing plates and
saddles at nozzles to be left

''

open. The 1962 Code permitted
plugging.

T The removal of these provisions
U f rom Sect.f on III, 1962 Code, bans
" the use of telltale holes,

i

l Moreover, the more rewat version
of Section VIII cpectiically ,

excit31... urim t c11 tale holes for I

lathr.1 aul,o 4.nns.

NE-3324.3 UG-27(c) UG-27(c) Vessel components The 1956 Code did not require
where, welding computation of axial stress in

'

efficiency of circum- cylindrical shells. The wide
ferential joints is disparity in<eelding efficiencies
less than half the is deemed impobable.
longitudinal joint j

efficiency I

e |

N E-3325 UG-34(c)3 UG-34(c)3 Heads, covers, or The 1956 Code did not distinguish |
blind flanges on non- between circular and non-circular 6
circular shape plates when specifying plate U

'

| thickness. These thicknesses are $ .

now regarded as inadequate for 1 i

most non-circular plates. C |
1

|
'

.

f i-
'

____

_ _ _ _ . .
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ASME B&PV CODE COMPARISON -

SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
!=1
<=

,= (Scale A Changes Deemed Not Applicable or Changes Related to Loadings)
'

E
$ Scale A

m3
$ Referenced Subsection
S Section III Section VIII Section VIII Structural Elements

Q 1980 1962 1956 Potentially Affected Comments
a
'

NE-2124 ( b) UG-16(c) UG-16(c) Pressure retaining The 1956 Code granted a blanket
plates less than 0.010 in mill undertolerance
0.167 in thick on all plate. The present Code

allows 64 or 0.010 in under-

tolerance (whichever is least) .

y NE-3111 UG-22 UG-22 Loading as applied to Section III, 1980 Code,
load-carrying compo- specifies additional loads tow

w nents* be considered in designing the
vessel. These includes
o dynamic head of liquids
o snow loads and vibration

loads

o reaction to steam and
water jet impingement

NE-3112.2 --- UG-20 Design temperature as The effects of internal heat
applied to the vessel generation due to radiation
and its components * (in addition to all external

sou rces) must be included in
establishing design temperature.

I NE-3112.3 --- --- Design mechanical Currently, the design load
loads as applied to combination includes mechanical
the vessel and its loads. In 1956, the Code vi
ccaponents* considerud pressure at u!

temperature only. Y
w
U

* Treatment of loads and load combinations is addressed in Section 10.

__ ______ ____ _ ____- . _ _ _ _ _ _ - _ _ _ - - _ _
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AISC 1953 VS. AISC 1980

SIMMARY OP 0)DE 0)MPARISON
e=,

<ga{/ Scale A=

Referenced Subsection

pm

{h
3 AISC AISC AISC Structural Elemeetts

1980 1963 1953 Potentially Aftected Comments
,

s

|g{
1.5.1.1 1.5.1.1 -- Structural members under I,i mi ta tions scale

tension, except for pin
connected member s

F < 0.833 Fu C
Of833 Fu < Fy < 0.875 Fu a

AFy 2,0.875 Fu
Y 1.5.1.2.2 -- -- Beam end connection See case study 1
7" 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 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.

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

.

- _ - _ _ _ _
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>yf{ AISC 1953 VS. AISC 1980
| SUMMARY OF CODE COMPARISON
E
$ Scale A (Cont.)
3

Referenced Subsection"

@ AISC AISC AISC Structural Elements

( 1980 1963 1953 Potentially Affected Comments

1.5.1.4.1 1.5.1.4.1 -- Hollow circular sections New requirement in the
Subpara, subject to bending 1980 Code
7

1.5.1.4.4 -- -- Lateral support requirements New requirement in the
y for box sections whose depth 1980 Code
t' is larger than 6 times their
w width

1.5.2.2 1.7 ll(b) Rivets, bolts, and Change in the require-
threaded parts subject to ments
20,000 cycles or more

1.6 1.6 12(a) Members subject to axial and New requirement for
bending stresses combined stresses added

in the 1963 Code

1.7 1.7 11 Members and connections change in the require-
and subject to 20,000 cycles ments
Appendix or more
B

1.8.3 1.8.3 16 Axially loaded compression New requirements for
members where sideway la slenderness ratio added in
not prevented the 1963 Code

,

_ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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y), AISC 1953 VS. AISC 1980
'

SUMMARY OF ODDE ODMPARISON3

fb
EE Scale A (Cont.)
to

7,,3
"

Referenced Subsection
4
d AISC AISC AISC Structural Elementsy

gQ 1980 1963 1953 Potentially Affected Comments
e
*

1.9.1.2 1.9.1 16(b) Slender compression unstiff- New provisions added in
and ened elements subject to the 1963 and the 1980
Appendix axial compression or Code, Appendix C.
C compression due to bending

when actual width-to-
thickness ratio exceeds the

y values specified in subsec-

p tion 1.9.1.2
+

1.9.2.1 1.9.2 18(c) Stif fened compression New requirements added in
! and members the 1963 code and the 1980

Appendix Code
C

-- -- Circular tubular elements New requirements added1.9.2.3
and subject to axial compression in the 1980 Code
Appendix
C

1.10.4 1.10.4 26(d) Partial length cover plates New requirements added in
in plate girders and rolled the 1963 Code
beams

1.10.6 1.10.6 26 Hybrid girder - reduction New requirement added
in flange stress in the 1980 Code.,

| Hybrid girders were not
covered in the 1963 Code. -

See case study 9 for details.

. .

'
-

_ - _ - _ _ _ _ _ _ _ - _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ .

a .

e
.

.

Y5
AISC 1953 VS. AISC 1980*{ ' SUMMARY OF 00DE COMPARISONg

to

ff Scale A (Cont.)
?2
h Re ferenced Subsection

|R AISC AISC AISC Structural Elements.g
3 1980 1963 1953 Potentially Affected Comments

Plate girder web New requirements for combined1.10.7 1.10.7 --

shear and tension stress
added to the 1963 Code

1.10.10.2 1.10.10.2 26 Stiffeners for web plate Change in the requirements of

Y girders the 1953 Code
."

1.11.1 1.11.1 13 (a) Composite construction Limitation on effective width*

of concrete flange is intro-

duced in the 1953 Code

1.11.4 1.11.4 13 Shear connectors in New requirements added in

composite beams the 1963 Code and the 1980
Code

1.11.5 -- -- Composite beams or girders New requirements added
with formed steel deck in the 1980 Code

1.13.3 -- -- Roof surface not provided
with sufficient slope
towards points of tree drain-
age or adequate individual
drains to prevent the
accumulation of rain water
(ponding)

.. - .. . . - - . , - - .- , ,. _ , . . , - . . _ . - - , _ -



..

_ - _ _ _ _ _ _ - _ _ - _ - _ - _ _

. . .
.

:
r

EE,
,

c=2
'

>I} AISC 1953 VS. AISC 1980 jPs ,

|
E ,E SUMMARY OF OODE COMPARISON IE
as

?g? Scale A (Cont.)m

7 Referenced Subsection
b '

'ch AISC AISC AISC Structural Elements

1980 1963 1953 Potentially Affected Comments

Axially loaded tonsion New requirement added1.14.2.2 -- --

members where the load is in the 1980 Code
transmitted by bolts or
rivets through some but not

7 all of the cross-sectional

7' elements of the members
os

1.14.6.1 1.14.7 15(f) Effective throat thickness
for partial penetration weld

.

. .,

Restrained members when, New requirement added1.15.5.2 -- --

,1,15.5.3 flange or soment' connection in the,1980 Code f
/'

1.15.5.4 plates for end connections
#of beams and girders ' rea .

' 'welded to the flange of I
'' '

or H shaped columns ,

1.15.7 1.15.7 21(g) Connections of tension and
'

compression members in ,

trusses -

' >

1.18.3 1.18.3 28(b) Built-up members under New requirement added
tension in the 1963 Code

~
s

h /

!
s

*
,

-
. ;

a
*
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3E; AISC 1953 VS. AISC 1980
* $, SUMMARY OF CODE COMPARISON2e
75
gy Scale A (Cont.)

w

h Referenced Subsection
*!
'

AISC AISC AISC Structursal Elements
1980 1963 1953 Potentially Affected Comments

2.4 2. 3 ' Columns, Slenderness ratio See case study 4 Scale
--

'
lat 1st for columns. Must satisfy: for details.
Para.- Para,

a 1 < 2 :2Ei
t'

- _ Fy < 40 kai C 'sr F

40 < F[ ksi
< 44 kaiy''

B'
Fy 2; 4 .

A

2.7 2.6 -- Flanges of rolled W, M, See case study 6 Scale
or S shapes and similar for details,
built og single-web shapes
subject to compression CF 36 'nsi

30 <Fy < 38 kai B
Fy 2;38 kai 3

2.9 2.8 -- Lateral bracing of members See case study 7
to resist lateral and for details.
torsional displacement

Appendix -- -- Web tapered members New requirements added
D in the 1980 Code

_ _ _ _ _ _ _ - - _ . _ _ _ _ _ - - _ - _ _ - - _ - . - - - _ - .



- - . ... .

. . . . . . .

. .
.. . .

. .

&

'
r'
. -

i

!,
,

t

AISC 1953 VS. AISC 1980
SUMMARY OF CODE COMPARISON

,

gg, '
Gi

* ? k' Scale B

ES

h Referenced Subsection
2
?$ AISC AISC AISC Structural Elements

1980 1963 1953 Potentially Affected Comments |

f,N
,

,n Flanges of square and The 1980 Code limit ona ,

[g 1.9.2.2 1.9.2 --
1

rectangular box sections width-to-thickness ratio
4 of uniform thickness, of of flanges is slightly j

,

stiffened elements, when more stringent than that .j

subject to axial compres- of the 1963 Code. |,

sion or to uniform compres-
sion due to bending

Y 1.10.1 -- -- Hybrid girders Hybrid girders were not
covered in the 1963"
Code. Application of
the new requirement
could not be much
different from other
rational method.

1.10.5 1.10.5 26 (e) Intermediate stiffeners for Change of in the requirements
plate girders and rolled of the 1953 Code
beams

1.11.4 1.11.4 -- Flat sof fit concrete slabs, Lightweight concrete is
using rotary kiln produced not permitted in nuclear

aggregates conforming to plants as structural

ASTM C330 members (Ref. ACI-349) .
I

-- -- Beams and girders supporting Lightweight construction1.13.2
large floor areas free of not applicable to nuclear

.f

partitions or other source structures which are
*

of damping, where transient designed for greater loads

vibration due to pedestrian
{traf fic might not be

. .

acceptable

i

-
. .

. . . . . . . . . . . _
. . . . . . . . . . , . .
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AISC 1953 VS. AISC 1980
SUMMARY OF CODE COMPARISOrig

g.
Scale B (Cont.)

BE
a 5' Referenced Subsection
24'
?$ AISC AISC AISC Structural Elements

y 1980 1963 1953 Potentially Affected Comments ,

fnd 1.14.2 1.14.3 19(g) Member with through hole The 1963 Code specifies
4 slightly more stringent

requirements

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

m
Connections having high New insert in the 1980f. 1.15.5.5 -- --

shear in the column web Code*

.

1.15.11 1.15.11 -- Friction type joints

1.16.4.2 1.16.4 -- Fasteners, minimum spacing,
requirements between fasteners

1.16.5 1.16.5 -- Structural joints, edge
distances of holes for
bolts and rivets

2.3.1 -- -- Braced and unbraced multi- Instability effect on
2.3.2 story frame - instability short buildings will

effect have negligible effect.

Members subject to combined Procedure used in the2.4 2.3 --

axial and bending moments 1963 Code for the
interaction aaalysis is
replaced by a different
procedure. See case
study 8 for details.

_ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ . . _ _ _ - _ _ ._ -__-___ __ - _ _

!bt
A I F .' 4953 VS. AISC 1980

. "~]/ SUMMARY OF 00DE 00MPARISON[
8E
"h Scale C
$rs

{$
?

Referenced Subsectiong
r#
9 AISC AISC AISC Structural Elements

|h 1980 1963 1953 Potentially Affected Comments

1.3.3 1.3.3 -- Support girders and their
connections - pendant
operated traveling cranes

The 1963 Code requires 25% The 1963 Code require-.

Y increase in live loads to ment is more stringent,

T' allow for impact as applied and, therefore,

ci to traveling cranes, while conservative.
the 1980 Code requires
10% increase.

1.5.1.3.1 1. 5.1. 3.1 15 (a) (2) Axially loaded members under New requirements added
compression the 1963 Code - See

Case Study 15 for
details

1.5.1.5.3 1.5.2.2 -- Bolts and rivets - bearing New provisions added
stress on projected area - in the 1963 Code.
in bearing type connections

,

Fp = 1.5 F (1980 Code)u
Fp = 1.35 Fy (1963 Code)

1.10.2 1.10.2 26(b) Web girders and rolled beams The requirements of the
1963 Code are more
liberal.

.

t

.



e

.

hi
EE'

>

{ *s >

3 2E
s5' AISC 1953 VS. AISC 1980

SUMMARY OF 00DE ODMPARISONe

h Scale C (Cont.)

8R Referenced Subsection
4

AISC AISC AISC Structural Elements
1980 1963 1953 Potentially Affected Comments

Stiffeners in girders - New design concept1.10.5.3 1.10.5.3 -- .

added spacing between in 1980 Code giving

y stiffeners at end panels, less stringent require-

7' at panels containing large ments. See case e'3dy

[ holes, and at panels 5 for details,

adjacent to panels
containing large holes>

1.11.4 1.11.4 -- Continuous composite beams, New requirement added
where longitudinal reinforc- in the 1980 Code
ing steel is considered
to act compositely with the
steel beam in the negative
moment' regions

1.14.5 1.14.6 19 (g) Pin Connected Members

1.15.1 1.15.1 21(a) Connections More stringent
requirements were
specified in the
1953 Code.

. - - - - . . . . . _ _ -- - -- . . - . _ - . . . . - - -.
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APPENDIX B-2
i
'

ACI 318-56 VS. ACI 34 9-7 6

SIMMARY OF CODE COMPARISON

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

,

I

I
'

1

:|
1

|

|

i

!

j

i

,

!

.

!

!

B-2.1

$J' Franklin Researcn CenterJ:
A Onamon of The Frannhn Inseue
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ACI 318-56 VS. ACI 34 9-76
SUMMARY OF ODDE ODMPARISONc_,

|53

gf Scale A

Referenced Suasection
fy ACI ACI ACI Structural Elements

{g 349-76 318-63 318-56 Potentially Af fected Comments
,

IE
fg$
5 3.5 405 (e) , (f) Prestressed elements New insert lists ASTM--

specifications for
Q 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.

7.10.3 805 -- Columns designed for Splices of the main rein-
stress reversals with forcement in such columns
variation of stress from must be reasonably limited
f in compression to to provide for adequate
1/y2 fy in tension ductility under all loading

conditions.

Chap. 9 Chap. 15 A604 All primary load-carrying Definition of new loads
9.1, 9.2, members or elements of the not normally used in
& 9.3 most structural system are design of traditional
specifi- potentially affected buildings and redefini-
cally 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.

..
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ACI 318-56 VS. ACI 349-76 .

SUMMARY OF OODE COMPARISON
,_

a=.

EE' =Scale A (Coat.)>m

[sy Referenced Subsection
ACI ACI ACI Structural Elements

p23
73 349-76 318-63 318-56 Potentially Affected . Comments

kN All primary load-carrying Design loads here refer|2 10.1 -- --

and members to Chapter 9 load

|G[ combinations.*10.10

-- -- All primary load-carrying Design loads here refer11.1
members to Chapter 9 load

combinations.*

11.13 -- -- Short brackets and corbels As this provision

I which are primary load- is new, any existing

{ carrying members corbels or brackets may
not meet those 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.

11.15 -- -- Applies to any elements Structural integrity

loaded in shear where it is may be seriously

1.. appropriate to consider endangered if the design

shear as a measure of fails to fulfill these
diagonal tension and the requirements.
loading could induce
direct shear-type cracks

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

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _
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ACI 318-56 VS. ACI 349-76
g c. SUMMARY OF Ot)DE 00MPAltlSON

:Ed'

f3 Scale A (Cont.)
EE
g 5' Referenced Subsection
24' ACI ACI ACI Structural Elements !

Th 349-76 318-63 318-56 Potentially Affected Comments
h3 '

g':n
r

11.16 -- -- All structural walls - Guidelines for these
B$ those which are primary kinds of wall loads were

4 - load carrying, e.g., shear not provided by older
walls and those which codear 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-

y ments.
,

". i

Chapter 12 Chapter 18 -- All New chapter; old code dida

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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I ACI 318-56 VS. ACI 349-76 .

SUMMARY OF CDDE COMPARISON
th,

W[
Scale A (Cont.),

[S '
'

Referenced Subsectiong
2 5~ ACI ACI ACI Structural Elements

ff 349-76 318-63 318-56 Potentially Affected . Comments

jd!

N5 -- 1301(c) Table All Allowable bond stresses are

|p 305(a) presented in the new code
ca as a function of concrete

4 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

y study (14) .
w
*

j Chap. 17 Chapter 25 -- Composite construction New chapters ACI 318-56 did*

not contain specific
sections on composite
concrete flexural members
and composite consruction.

Chap. 18 Chapter 26 -- Prestressed concrete New chapter; ACI 318-56 did
not contain specific,

,y sections or criteria for
prestressed concrete.

18.1.4 -- -- Prestressed concrete New load combinations
and elements here refer to Chapter 9
18.4.2 load combinations.*

.

Chap. 19 Chap. 19 -- Shell structures with This chapter is com-
thickness equal to or pletely news therefore,
greater than 12 inches shell structures

designed by the general

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

!

- _ _ _ _ . _ _ _ _ _ . - - _ _ - _ _ - - - _ - _ .
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ACL 318-56 VS. ACI 349-76
SUMMARY OF CODE 00MPARISON'g6

t?'

ff Scale A (Cont.)
is
13 Referenced Subsection
27 ACI ACI ACI Structural Elements

?$ 349-76 318-63 318-56 Potentially Affected Comments

Ew criteria of older codesI Chap. 19
bp may not satisfy all ;

3 (Cont.)
aspects of this chapter.'

Additionally, this chapter
refers to Chapter 9 provi-
sions.

All elements subject to New appendix; olderAppendix A -- --

time-dependent and position- did not give specificm
b dependent temperature varia- guidelines on short-term

tions and which are temperature limits for*

m
restrained such that thermal concrete. The possible

strains will result in effects of strength loss in

thermal stresses 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.

-- -- All steel embedments used New appendix; therefore,Appendix d
to transmit loads from considerable review of
attachments into the rein- older designs is

forced concrete structures warranted.**

* *Since stress analysis associated with these conditions is highly dependent on definition
*of failure planes ai,4 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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.
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*y }/ ACI 318-56 VS. ACI 349-76
'

SUMMARY OF OODE COMPARISONs
E

ts
yp Scale A (Cont.)
?$
|N Referenced Subsection
*

S ACI ACI ACI Structural Elementsg
@ 349-76 318-63 318-56 Potentially Affected Comments
U

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

Y
F
w

**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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, EE ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON{

BE
E3 Scale B
?!)
,-

g[. Referenced Subsection

;Er ACI ACI ACI Structural Elements

gQ 349-76 318-63 318-56 Potentially Af fected Comments

*k
'

l.3.2 103 (b) -- Ambient temperature control Tighter control to
for concrete inspection - ensure adequate control
upper limit reduced 5* of curing environment

(trom 100*F to 95*F) for cast-in-place
applies to all structural concrete.
concrete

Y
F 1.5 -- -- Requirement of a " Quality Previous codes required
" Assurance Program" is new. inspection but not the

Applies to all structural establishment of a
concrete quality assurance

program.

Chap. 3 Chap. 4 Chap. 2 Any elements containing Use of lightweight con-
steel with fy > 60,000 crete in a nuclear plant
psi or lightweight not likely. Elements
concrete containing steel with

fy > 60,000 psi may
have inadequate ductility
or excessive deflections
at service loads.

1208 -- Elements where light- Probably does not apply to
--

weight concrete was used, nuclear structures.
.

.

D

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ . _ _ _ _
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ACI 318-56 VS. ACI 349-76
SUMMARY OP 00DE 00MPARISON

,,

|L

*YI} Scale B (Cont.)_

fJ
g'h Referenced Subsection
pg2 ACI ACI ACI Structural Elements
?3 349-76 318-63 318-56 Potentially Affected Comments

fg{
s 3.2 402 205 Cement This serves to clarify

intent of previous code.
4

3.3 403 206 Aggrega te Eliminated reference to
lightweight aggregate.

3.3.1 403 206 Any structural concrete Controls of ASTM C567,
covered by ACI 349-76 and " Standard Specifications

, expected to provide for for Aggregates for|, radiation shielding in Radiation Shielding,- addition to structural Concrete," closely
capacity parallel those for ASTM

C33, " Standard Specifi-
cation for Concrete
Aggrega tes. "

3.3.3 403 206 Aggregate To ensure adequate control.
3.4.2 404 207 Water for concrete Improve quality control

measures.

3.5 405 208 Metal reinforcement Removed all reference
to steel with
fy > 60,000 psi.

3.5.1 405(a) -- Reinforcing bar welds Older code did not
reference A.W.S. literature,
but specific jobs tha t
allowed welding of
reinforcing bars normally
listed requirements in the
job specifications.

. _ _ _ _ _ _ - _ _ _ _ _
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th ACI 318-56 VS. ACI 349-76
EE" SUMMARY OF ODDE COMPARISON
f

|g Scale B (Cont.)
' as

2,+J
"

Referenced Subsection

[ ACI ACI ACI Structural Elements

f@9
349-76 318-63 318-56 Potentially Affected Comments

,@ 3.6 406, 407, -- Concrete admixtures Added requirements to'

' & 408 improve quality control.

3.6.3 & 407 & 408 Concrete where admixtures Extensive use of these--

3.6.4 were used admixtures before 1963 was
not Common.

4.1 & 501 & 302 & Concrete proportioning Proportioning logic
4.2 502 303 improved to account for.

$$ statistical variation
and statistical quality

j
control.

4.2.5 & 501(c) & -- Concrete exposed to Past practice used other
4.2.7 501(d) freezing or' chemically sources to guide designs

aggressive environments in chemically aggressive
environments.

4.3 504 304 Evaluation and acceptance Added provision to
of concrete 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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ACI 318-56 VS. ACI 349-76

.;_ SUMMARY OF CODE COMPARISON
,

'

/ Scale B (Cont.)
9 2E
a 5' Referenced Subsection

f}' ACE ACI ACI Structural Elements

h{3
? 349-76 318-63 318-56 Potentially Affected Comments

4

1
4.3.3 504(c) 304(c) Concrete quality control Changed to separate qualityn

3 control on strength for
4 working stress and ultimate

j s tr eng th. Control for
working stress in new code
made somewhat more

,

conservative.

505 -- Lightweight concrete New section added fory --

y lightweight aggregate
F- concrete diagonal tension"

control. Old code did not
specify this parameter.

5.7 607 -- Curing of very large Attention to this is

: concrete elements and required because of the
'

control of hydration thicker elements
temperature encountered in nuclear-

related structures.
t

6.3.3 -- -- All structural elements Previous codes did not
with embedded piping address the problem of
containing high tempera- long periods of exposure
ture materials in excess to high temperature and
of 150*F, or 200*P in did not provide for

'

localized areas not reduction in design
insulated from the allowables to account for
concrete strength reduction at high

(>l50*F) temperatures.
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ACI 318-56 VS. ACI 349-76
ML SUHMARY OF CODE COMPARISON
cm

/y

yhf Scale B (Cont.)
$
E3 Referenced Subsection

f@f
ACI ACI ACI Structural Elements

349-76 318-63 318-56 Potentially Affected Comments

p 7.5.5.1 805(d) 1103 Welded splices Welded splice requirements

g3 (c) (3) 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.
"
.

U 7.5, 7.6, 805 506, Members with spliced Sections on splicing and tie

& 7.8 1002(d), reinforcing steel requirements amplified to

1103 (c) better control strength at
splice locations and provide
ductility.

7.8.1 & 805(f) -- Elements which used welded This type of reinforcement
7.8.2 wire fabric as main rein- not generally used in large

forcement structures and main
structural elements;
therefore, not considered a
problem.

7.9 805 -- Members containing New sections to define
deformed wire fabric requirements for this new

material.

7.10 & -- -- Connection of primary To ensure adequate
7.11 load-carrying members and ductility. *

at splices in column steel -

.

_ _ _ _ _ _ _ _ - _
9
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ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON;

EE
> y h' Scale B (Cont.)

' f8
,

gh Referenced Subsection

pp ACI ACI ACI Structural Elements
?g 349-76 318-63 310-56 Potentially Affected Comments
N

fg{
s 7.12.3 & -- -- Lateral ties in columns To provide for adequate duc-

7.12.4 tility.

a
7.13.1 -- -- Reinforcement in exposed New requirements to conform
through concrete with the expected large
7.13.3 thicknesses in nuclear-

related structures.

m 8.6 -- -- Continuous nonprestressed Allowance for redistribution
di flexural members. of negative moments has
*

r been redefined as a function
''

of the steel percentage.

9.2 1504 (b) All Concept of a capacity--

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

9.3.1 & 1506 A604 All Load factors have changed -
9.3.2 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 ef fect
not critical.
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ACI 318-56 VS. ACI 349-76
Sk;

SUMMARY OF OJDE COMPARISON
f.

V 1 Scale B (Cont.)
l I?
| $3 Referenced Subsection

{y
'

y ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Af fected, Comments

9.4 1505 A603(c) Reinforcing steel - design See comments in Chapter 3
g strength limitation summary.

; 9.5.1.1 -- -- Reinforced concrete members Allows for more stringent
subject to bending - controls on deflection in
deflection limits special cases,

m 9.5.1.2 -- -- Slab and beams - minimum Minimum thickness generally
d, through thickness requirements would not control this type*

9.5.1.4 of structure.r
s.

9.5.2.4 909 -- Beams and one-way New section on control of
slabs 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.
9.5.3 Nonprestressed twp-way Immediate and long time-- --

construction deflections generally not
^

critical in structures
designed for very large live
loadingar however, design by
ultimate strength requires
more attention to deflection
controls. *

.

_ . _ . _ _ . _ - . _ _ _ _ _
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ACI 316-56 VS. ACI 349-76
.

SUMMARY OP CODE COMPARISON
.-

Li? Scale B (Cont.)
>m h
75 Referenced Subsection
h ACI ACI ACI Structural Elementa

yp 349-76 318-63 318-56 Potentially Af fected Comments
?%

|N 9.5.4 & -- -- Prestressed concrete members Control of camber, both
g$ 9.5.5 initial and long time in
gg addition to service load
Q deflection, requires more

attention for designs by
ultimate strength.

10.2.7 -- -- Flexural members - new limit Lower limit on B of 0.65
on B factor would correspond to an

y f'c of 8,000 pai. No
w concrete of this strength*

g likely to be found in a
nuclear structure.

10.3.6 Compression members, with Limits on axial design load-- --

spiral reinforcement or for these members given in
tied reinforcement, non- terms of design equations.
prestressed and prestressed See case study 2

10.3.6 Chapter 19 A600 Columns The introduction of the
l

capacity reduction factor
4 viewed alone would
significantly effect the
ultimate design code
results; however, the

1 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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ACI 318-56 VS. ACI 349-76
SUMMARY OF ODDE COMPARISON,

> Scale B (Cont.)
gg{ Referenced Subsection
g 23 ACI ACI ACI Structural Elements

$k 349-76 31,8-63 318-56 Potentially Affected Comments
34
IS 10.6.1 1508 A604(a) Beams and one-way slabs Changes in distribution of

fh through reinforcement for crack
Q 10.6.4 control.

10.6.5 -- -- Deams New insert

10.7 910 -- Deep beams Older code did not address
" deep beams" as a specific

y case.
w
*

r. 10.11 916 1107 fong columns 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.

10.11.1 915 & 1107 Compression members, For slender columns, moment
through 916 slenderness effects magnification concept
10.11.7 replaces the so-called
& 10.12 strength reduction concept,,

but for the limits stated in .

ACI 318-63 both methods
yield equal accuracy and
both are acceptable methods.

,

__ - - --
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[[j SUMMARY OF CODE COMPARISON
>m}

# Scale B (Cont.)
as
fy Referenced Subsection

,

?$ ACI ACI ACI Structural Elements
'

! 349-76 318-63 318-56 Potentially Affected Comments
;
an
is

-- 1102(c) -- Flexural elements which New requirements defined for

6 contain compression steel 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
4 dead load is not a large
*

part of the design load.

10.15.1 1404 -- Composite compression New items - no way to com-
through through members pare; ACI 318-63 contained
10.15.6 1406 only working stress method

of design for these members.

10.17 -- -- Massive concrete members, New item - no comparison.
more than 48 in thick

-- 1407 1109 Columns Both codes use interaction
logic; however, new code
working stress interaction
diagram is derived from the
ultimate strength diagram.
The definition of the
tension controlled region
changes since balanced
eccentricity is the new
limit as opposed to the old
" Kern" definition.

. _ .._ _- _ . _ . -__ . _ _ _ . . _ _ . . __ , _ . . - _ _ _ _
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>m

h
j gg Scale B (Cont.)

13

{$y
Referenced Subsectionr

ACI ACI ACI Structural Elements

i5 349-76 318-63 318-56 Potentially Af fected Comments

gn
2E -- Comparison is complex but

4 (Cont.) in general it is probable
- that the old code is more

conservative.

11.2.1 & -- -- Concrete flexural members For nonprestressed members,
11.2.2 concept of minimum area of

? shear reinforcement is new.
7 For prestressed members,
g; 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.

11.3 Chapter 17 All This chapter is coupletely--

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

11.7 -- -- Nonprestressed members Detailed provisions for this
through load combination were not
11.8.6 part of ACI 318-63. These

new sections provide a con-
servative logic which

,

.

e

4
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4 ACI 318-56 VS. ACI 34 9-76
7 SUMMARY OF CODE ODMPARISON

5:
g 5- Scale B (Cont. )
24'
?U Referenced Subsection
h ACI ACI ACI Structural Elements ;
Y 349-76 318-63 318-56 Potentially Af fected Commentsn
a
R
3 11.7 requires that the steal

through needed for torsion be added
11.8.6 to that required for
(Cont.) transverse shear, which is

consistent with the
logic of ACI 318-63.

m
E This is not considered to be

critical, as ACI 318-63
g' required the designer en

consider torsional stresses;
assuming tFit some rational

method wan used to account for
torsioa, no problem is
expected to arise.

11.9 -- -- Deep beams Special provisions for shear
through stresses in deep beams are new,

l11.9.6 The minimum steel requirements
are similar to the ACI 318-63 '

requirements of using the wall
steal limits.
Deep beams designed under
previous ACI 318-63 criterion

were reinforced as walls at
the minimum and therefore no {unreinforced section would I

have resulted.
I

|

l
;
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ACI 318-56 VS ACI 349-76
bs, SUMMARY OP 00DE COMPARISON
LEj

y Scale B (Cont.) .

$E
g 5' Referenced Subsection
28 ACI ACI ACI Structural Elements

349-76 318-63 318-56 Potentially Af fected Comments,

S
In 11.10 -- -- Slabs and footings New provision for shear

If through reinforcement in slabs or
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

y and change is not considered

F major.
M

-- 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. In
slabs and footings, the
critical section for shear

was defined at a distance 4/2
(not d) from the face of the
support or column. Allowable
stresses in the new code are ,

larger; however, overall
differences are not great in
the final design.

-- 2101(e) (2) -- Slabs New section added to give a
specific method of defining

,

the effect of a slab opening
on the critical section
around a column.

.

.--,-,_,c, .~w-w_...w._, . , , , , , , , , , , . ,-
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ACI 318-56 VS. ACI 349-76
*

SUMMARY OF ODDE ODMPARISON

hh; Scale B (Cont.)

f$ }/
>m

Referenced Subsection
={ ACI ACI ACI Structural Elements

349-76 318-63 318-56 Potentially Affected Commentsym
?k
kN -- 1604 -- Members with nonsymmetrical Old code did not address

"{ cross sections this problem. Old designas

gg generally done by very

G conservative assumptions.

11.11.1 1707 -- Slabs and footings The change which deletes
the old requirement that
steel be considered as only
50% effective and allows

, concrete to carry 1/2 the
4 allowable for two-way
-

g action is new. Also deleted
P was the requirement that

shear reinforcement not be
considered effective in
slabs less than 10 in thick.
Change is based on recent

i

research which indicates
that such reinforcement
works even in thin slabs.

11.11.2 -- -- Slabs Details for the design
through of shearhead is new. ACI
11.11.2.5 318-63 had no provisions for

shearhead design. The
requirements in this sec-

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

.-. _ - _ _ _ - - , - - . - _ _ . - . _ - - , - _ . . - - - ,. - -, - , - - _- _
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} SUMHARY OF OL1DE COMPARISON

EE Scale B (Cont.)su
~

p 23
7y Referenced Subsection '

gy ACI ACI ACI Structural Elements
2 349-76 318-63 318-56 Potentially Affected Commentsf9

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

conclusion.

11.13.1 & -- -- Columns No problem anticipated since
11.13.2 previous code required

design consideration by some,

4 analysis.
*
ss
b3 Chap. 12 Reinforcement Development length concept-- --

replaces bond stress concept
in ACI 318-63.
The various ld lengths in
this chapter are based

.

entirely on ACI 318-63
permissible bond stresses.
There is essentially no
difference in the final
design results in a design
under the new code compared
to ACI 318-63.

12.1.6 918 (C) Reinforcement Modified with minimum added--

through to ACI 318-63, 918(C).
12.1.6.3

.

12.2.2 & -- -- Reinforcement New insert in ACI 349-76. . '

12.2.3

.

<r---m:, - m e
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ACI 318-56 VS. ACI 349-76
b6

SUMMARY OF ODDE COMPARISONoro

"

Scale B (Cont.)
h

to Referenced Subsection
24' ACI ACI ACI Structural Elements

h, 349-76 318-63 318-56 Ibtentially Af fected Commentsl'1a ;

{3
p 12.4 -- -- Reinforcement of special New insert..

members4 Gives emphasis to special
member consideration.

12.8.1 & Standard hooks ' Based on ACI 318-63 bond
-- --

12.8.2 stress allowables in
general; therefore, no
major change.m

I .

F 12.10.1 & -- -- Wire fabric New insert.
[ 12.10.2 (b) Use of such reinforcement t

not likely in Category I e

structures for nuclear
plants.

{ ,

12.11.2 -- -- Wire fabric New insert.
'Hainly applies to precast

i
p:cstressed members. '

12.11 918 Beams Tensile steel cut of f--

' '
conditirans are new. Older
design practice did not
terminate ba'rs in~high,

1

',

tension zonesiand generally-
,

'
bent up bars where not

f

needed. ''
, er

i

12.13.1.4 -- -- Wire fabric New insert.
,

Use of this material
,

, ,

- _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ - -
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ACI 318-56 VS. ACI 349-76
SUMMARY OF 00DE COMPARISONgg

p,
"N Scale B (Cont.)
$$
g ir

s5' Referenced Subsection

!? ACI ACI ACI Structural Elements

{% 349-76 318-63 318-56 Potentially Affected comments

[5
5

n 12.13.1.4 for stirrups not likely ,

E.$ (Cont.) in heavy members of a
3 nuclear plant.

13.2.4 2102 (g) -- Slabs New section added to ensure
moment transfer between
supports and the slab.

,

m 13.5 -- -- Slab reinforcement New details on slab *

da reinforcement intended
*

ha to produce better crack
*

control and maintain
ductility.
Past practice was not
inconsistent with this
in general.

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

makes the solution com-
patible with Chapter 10
for walls with loads in
the Kern area of the
thickness.

Footings - shear and devel- Changes here are intended to15.5 -- --

opment of reinforcement be compatible with change in
concept of checking bar
development instead of .

nominal bond stress con-
sistent with Chapter 12.

.
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|SS
> ,[} Scale B (Cont.)n

a
gh Referenced SubsuJtion

pg) ACI ACI ACI Structurri Elements
?g 349-76 318-63 318-56 Potentially Af fected Comments

% 15.5 2305(d) 1205(e) Footings Removal of the 854 shear
g used to compute tensile
& reinforcement bond in

two-way reinforced footings
now 100% shear is required.

15.9 -- -- Minimum thickness of plain Reference to minimum
footing on piles thickness of plain foot-

m ing on piles which was
d, in ACI 318-63 was removed
La entirel ,f
un

16.2 -- -- Design considerations for New but consistent with
a structure behaving the intent of previous
monolithically or not, code.
as well as for joints
and bearings.

17.5.3 2505 -- Horizontal shear stress Use of Nominal Average
in any segment Shear Stress equation

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

18.4.1 -- -- Concrete immediately af ter Change allows more
prestress' transfer tension, thus is less con-

servative but not
considered a problem.

.

_____- - _- -_ ._
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f SUMMARY OF 00DE COMPARISON
' Eit

Scale B (Cont.),}{}i

$5'

ig; Referenced Subsection
"" ACI ACI ACI Structural Elements

(bk
34$;[$ 318-63 318-56 Potentially Affected Comments

f,Q
4

e 18.5 2606 -- Tendons (steel) Augmented to include yield'

and ultimate in the
g jacking force requirement.

18.7.1 -- -- Bonded and unbonded members Eqn. 18-4 is based .

on more recent test data.

18.9.1 -- -- Two-way flat plates Intended primarily for

18.9.2 (solid slabs) control of cracking.

Y 18.9.3 having minimum bonded
F reinforcement

$
18.11.3 -- -- Bonded reinforcement at New to allow for

18.11.4 supports consideration of the
redistribution of
negative moments in the
design.

Prestressed compression New to emphasize18.13 -- --

18.14 members under combined details carticular to

18.15 axial load and bending. prestressed members not
18.16.1 Unbonded tendons, previously addressed in

Post tensioning ducts. the codes in detail.

Grout for bonded tendons.

Proportions of grouting Expanded definition of18.16.2 -- --

materials how grout properties may
be determined.

.

18.16.4 -- -- Grouting temperature Expanded definition of
temperature controls
when grouting. ,

_

i
:

_..
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u= ACI 318-56 VS. ACI 34 9-76E SUMMARY OF CODE COMPARISON
$ ''

g Scale C
as
fj' Referenged Subsection
?I ACI ACI ACI Structural Elements
hh 349-76 318-63 318-56 Potentially Affected Comments f
hR3 7.13.A -- -- Reinforcement in flexural

4 slabs

Chapter 7 2408, 2409 -- Precast elements New sections identify
and 2410 special conditions allowed

by new code as exceptions
to the general code

y provisions. Old code
w

required precase elementsw
to meet all Code provisions.

10.3.6 1403(a) 1104(a) Tied columns New code allows more load
to be carried on tied
columns, i.e. , 854 as
compared to 804 factor in

old code. Also new code
allows a higher t of steel
to be used in tied
columns. Tt,is is less

conservative. than the old
! code.

10.8.1 912 1101 Compression members, Minimum size limitations10.8.2 limiting dimensions are deleted in newer code10.8.3 giving the designer more
freedom in cross-sectional
dimensioning.

__
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ACI 318-56 VS. ACI 349-76 i
SLNMARY OF (1)DE Q)MPARISON {h\ |Ei} Scale C

i

}Y
[g Re ferenced Subsection
to ACI ACI ACI Structural Elements ;
2e7 349-76 318-63 318-56 Potentially Affected Comments

'

'N
-- 1502(d) -- Continuous beams New Code allows for moment

'

|Q redistribution where
8R sufficient ductility4

exists. Old designs
|; produce stee'l 4 on the '

order of 0.4 pbi
therefore, ductility was
there.

? 10.14 2306 1206 Bearing - sections ACI 318-63 is more
; F controlled by design conservative, allowing a

$ bearing stresses stress of

1.9(0.25 f'c) "
<

| 0.475 f'c < 0.6 f'c
' 11.2.5 1706 805 & Reinforcement concrete mem- Allowance of spirals as

806 bers without prestressing shear reinforcement is new.
Requirement of 2 lines of
web reinforement, where
shear stress exceeds
'6 [ c, was removed.

13.0 -- -- Two-way slabs with Slabs designed by the
to end multiple square or rec- prevlous criteria of ACI

tangular panels 318-63 are generally the
same or more conservative.

13.4.1.5 -- -- Equivalent column flexi- Previous code did not
bility stiffness and consider the effect of
attached torsional membera stiffness of members '

'

normal to the plane of the ;

equivalent frame. I

i
. _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - . . _ _ - _ _
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}'> ACI 318-56 VS. ACI 349-76

SUMMARY OF 03DE ODNPARISONBE
2 5'

'

pp Scale C (Cont.)
?g

|% Referenced Subsection
r# ACI ACI ACI Structural Elementsg
fg 349-76 318-63 318-56 Potentially Affected Comme.,ja

4
15.6 2306(b) 1206(b) Columna New code requi'es only

transfer of actual stress
carried by the column
longitudinal bars. Old
code required transfer of

a full working value. Older
4 code more conservative.*

w
* 17.5.4 -- -- Permissible horizontal Nominal increase in

17.5.5 shear stress for any allowable shear stress
*

surface, ties provided under new code.
or not-provided

'

-a mm a-- _%- _. - _,__ -- ew--- - - - , - - - r -n g y +-3 y --o- - y --.,,- - - - - - - - . - . . y - --_
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APPENDIX B-3

SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

St204ARY OF CODE COMPARISONS
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[N; ASME B&PV CODE COMPARISON

'"l/ SECFION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
>I

'

is
/F

Scale A,

'I *

y Referenced Subsection
E Section III Section VIII Section VIII Structural Elements
Q 1980 1962 1956 Potentially Affected Comments

a
NE-2124(b) UG-16 (c) UG-16 (c) Pressure retaining The 1956 Code granted a blanket

plates less than 0.010 in mill undertolerance
0.167 in thick on all plate. The present code

allows 64 or 0.010 inch under-
tolerance (whichever is least) .

? NE-3111 UG-22 UG-22 Load-car rying compo- Section III,1980 Code,

P' nents specifies additional loads to
be considered in designing thek'

vessel. These includes
o dynamic head of liquids
o snow loads and vibration

loads
o reaction to steam and

! water jet impingement

UG-20 Vessel and components The effects of internal heatNE-3112.2 ---

gener6 tion due to radiation

(in addition to all external
sources) must be included in
establishing design temperature.

Vessel and components Currently, the design loadNE-3112.3 --- - - -

combination includes mechanical
loads. In 1956, the code
considered pressure at .

temperature only.

.

-

_ . _ . . . . .

' ' ' ' ' - '' '' '

. , _ _ _
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ASME B&PV CODE COMPARISONm_

{p SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

>7
f5 *\

gh* Scale A (Cont.)
22
?M Referenced Subsection

hN Section III Section VIII Section VIII Structural Elements

Is%
1980 1962 1956 Potentially Affected Comments

.& N E-3112. 4 UG-5(b) Plates, if under- The 1956 Code permits conditional---

s treng th use of understrength plate, if t

1. The local allowable stress is
correspondingly reducedl and

2. The UTS range is maintained.
Y This practice has been
U terminated and current codes"

are blind to such situations
in older structures.

Scale A - if additional loads,
not originally designed for, are
required by current criteria.
No scale ranking applicable
otherwise.

NE-3112.4 UG-23 UG-23 Vessels of materials Section III, 1980 Code, references
no longer listed as some materials which are
Code acceptable identical to those referenced in

Section VIII, 1956 Code.
However, several materials which

were referenced in Section VIII,
are no longer listed in Section

'

III, 1980.

Justification of such use would
'- be necessary to show equivalence

to current requirements.

_ _ , . - _ _ _ . _ _ _ _ _ . . . _ . _ . , _ _ , _ _ , . _ . , _ . _ , . _ _ _ _ _ . _ _ _ , . _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . , . _ _ _ . _ _ _ _ . . _ . _ _ _ _ , . - . _ _ . _ , __
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ASME B&PV CODE COMPARISON -

SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
,

-

* '

[5 Scale A (Cont.)
3 2r
a 5' Referenced Subsection

, pg
>

a Section III Section VIII Section VIII Structural Elements
|

[f, 1980 1962 1956 Potentially Af fected Comments
|

h Various Containment shells Section VIII, 1962 Code, calls forNE-3131 ---

G Paragraphs designed by formula the design of vessels by formula,
white Section III, 1980 Code
requires that the rules of
Subsection NE-3200 (Design by i

Analysis) be satisfied. !

In the absence of substantial
thermal or mechnical loads other

y than pressure, the rules of

7 " Design by Formula" may still be
* used.

The scale rating for containment
shells where substantial thermal
or mechnical loads other than
pressure are absent is Scale B;
otherwise it is Scale A.

--- UG-2 5 (d) UG-25 (d) Vessels containing The 1956 Code required telltale

UW-15(b) telltale holes holes at reinforcing plates and
saddles at nozzles to be lef t
open. The 1962 Code permitted
plugging.

The removal of these provisions
from Section III, 1962 Code, bans
the use of telltale holes.
Moreover, the more recent version
of Section VIII specifically .

excludes using telltale holes for
lethal substances.

.

. .. .

.

. . . . . . .
,

- - -
' - ' ' - - '- ' ' '

. _ _ _ _ _ _ _



_ - _

- - _ - - _ _ _ - _

.u. . r. .. iG . .

.

.

.

ASME B&PV CODE COMPARISON
[5f, SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

>Q
nn
E; Scale A (Cont.)

to

2"
,Q Referenced Subsection

fu Section III Section VIII Section VIII Structural Elements
S 1980 1962 1956 Potentially Affected Comments
h

*$ NE-313 3.5 (a ) UG-29 UG-29 Stiffening rings for The requirements of the 1980 Code'

cylindrical shells defining the minimum moment of,

subject to buckling inertia for stiffening rings as
loads. compared to the requirements of

,

the 1956 Code may result in a
lower margin of safety.

Scale
Y
7 Is' > 1.28 I C"' s

Is' > 1.22 Is B

Is' < l.22 I As ,

NE-3133.5(b) --- --- Shell and stiffening This new insert in Section III
rings of different of the 1980 Code requires using
materials. 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.

_ _ _ _ _ .- . _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _

%

ASME BIPV CODE COMPAR7 SON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980,g

15 |
RE

Scale A (Cont.)
O

Referenced Subsection,

3- Section III Section VIII Section VIII Structural Elements

p 1980 1962 1956 Potentially Affected Comments

a
-- --- Containment Requirements for fatigue analysisN E-3221. 5'

components subject of vessels or parts which
to cyclic loadings. experience cyclic loadings are

provided in Section III,
Subsection NE, of the 1980 Code.
No specific guidance was provided
by Section VIII, 1956.y

NE-3324.3 UG-27 (c) UG-27 (c) Vessel components The 1956 Code did not require
where welding computation of axial stress in
ef ficiency of circum- cylindrical shells. The wide
ferential joints is disparity in welding efficiencies
less than half the is deemed improbable.

longitudinal joint
efficiency

N E-3325 UG-34(c)3 UG-34(c)3 IIeads, covers, or The 1956 Code did not distir.guish

blind flanges on non- between circular and non-circular
'

circular shape plates when specifying plate
thicknes s. These thicknesses are
now regarded as inadequate for
most non-circular plates.

NE-3325 UG3 4 (d) UG-3 4 (d) Unstayed flat heads Present code requires thicker

Figs. (c) Figs. (d) Figs. (b) and covers of the plates.

and (m) and (p) and (a) designs in the
referenced figures ,

*
.

I
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>m

fh
g'h ASME B&PV 00DE COMPARISON
gg) SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
mm
50ja

t$
r Scale A (Cont.)
-R

3 Re ferenced Subsection
Section III Section VIII Section VIII Structural Elements

1980 1962 1956 Potentially Affected Comments

NE-3 327 UG-35 Footnote to Quick-acting Subsection NE, 1980 has expanded
UG-35 closures requirements for safety devices

,, including:

1
'

y o positive interlocks on
remotely operated doors

o warning devices on manually -

operated doors

-

o visibility of pressure
indicators from operating
floor.

NE-3334.1 UG-4 0 (b) UG-40 Reinforcement for New requirements in the 1980 code
NE-3334.2 UG-40(c) vessel openings impose additional restrictions

on metal that may be counted as
reinforcement.

NE-3365 --- -- Bellows and bellows The 1980 Code imposes new design
expansion joints requirements.

- - _ _ _ _ _ _ _ __ ____ __ -_
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

h6 (Summary of Code Changes with the Potential to SignificantlyFE'

9] Degrade Percsived Margin of Safety)"

le
g 5' Scale B -

2E'
?5 Referenced Subsection
hN Section III Section VIII Section VIII Structural Elements ;

$ 1980 1962 1956 Potentially Affected Comments
a
R
4 NE-3133.1 & UG-28 UG-28 & Components under The curves associated

NE-3133.6 UG-29 external pressure with the buckling of
and axial compression short cylinders appear

'

to have been replotted
to slightly different

values.

m ,

i NE-332 4.8 (c) --- --- Torisphereical heads The allowable stress R

made of materials is restricted to values
,

*
,

| having minimum tensile less than 22 kai at
'

! strength exceeding room temperature by the

1 80 kai the 1980 Code.
Allowable stresses for
some plate materials
specified in the 1956
Code are slightly
higher.

NE-3325 UG-3 4 (d) UG-3 4 (d) Unstayed flat heads Not a code-recommended
No figure Fig. (s) Fig. (m) and covers secured practice for Section

III vessels,

by spinning

Combinations units This new insert givesNE-3328 --- ---

the design require-
I ments for pressure

vessels consisting of -

more utan one
independent pressure

.

. .

. _ . . . . . , _ . . . _

' ' ' ' " " ' ' ' ' ' ' '
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980 ~

pg , (Summary of Code Changes with the Potential to Significantly
|Fi Degrade Perceived Margin of Safety)

?8 (
>m

gg Scale B (Cont.)
s5'
23? Referenced Subsection
?$, Section III Section VIII Section VIII Structural Elements
h 1980 1962 1956 Potentially Af fected Comments

6

n
.$ NE-3328 chamber. These4 (cont. ) requirements are

standard practice for
designing such vessels.

NE-3335 UG-40 UG-45 Reinforcement in These new provisions of
nozzles and vessel Section III, 1980 Code,

bm
walls detail specific

requirements which are*

. usually considered in
good design practice.

NE-3336 UG-41 (a) Reinforcement for The 1962 Code has---

openings where welding provision that weld
is counted as rein- strength be taken as
forcement that of the weaker of

the metal joined.

NE-3700 ~ Electrical and Provisions usually--- ---

mechanical penetration adopted in standard
assemblies engineering design of

1,

such assemblies. I

NE-4120 UG-ll (c) Welded pressure parts Documentation of code---

other than the vessel acceptability of
shell welding practices as

presently required by
)1980 Code was not code

enforced in 1956 and
may not be available.

!

!
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3' +
s ASME B&PV CODE COMPARISON

gh SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
'

ff
Ty (Summary of Code Changes with the Potential to Significantly

fg Degrade Perceived Margin of Safety)

'

Scale B (Cont.)
6 I.

Referenced Subsection !

Section III Section VIII Section VIII Structural Elements
1980 1962 1956 Potentially Affected Comments

N E-4 232.1 UG-36(d)5 --- Reducers Restriction on
y alignment of joints [
y' in troduced. Loca l

'

g bending moments could

be induced if offset
joints were controlled.

NA-3767. 4 (a) 2 UG-85 Heat-treated Requirements for---

components written documentation
of heat-treatment
process were not
provided by the 1956
Code.

NE-6000 UG-101 Vessel shell and other The code has expanded---

pressure retaining the methods for, and
parts exerts greater control

over, the acceptable
methods of proof
testing.

.

e

O
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y SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

~ 9-

f0 Scale C

Referenced Subsection
Section III Section VIII Section VIII Structural Elements

1980 1962 1956 Potentially Affected Comments i

| NE-3332.2 UG-37(b) UG-37(b) Area of reinforcement The 1980 Code includes a correc-'

Y
- vessels under inter- tion factor, F, in the equationE
nal pressure for required area for reinforce-U

ment. This area is the same or ~

less than the uncorrected
equation required.

NE-3325 UG-3 4 (d) UG-3 4 (d) Well-proportioned flat Thinner heads for these designs
Figs. (a), Figs. (a) , Figs. (d) , heads or covers of are now code acceptable. |

(b), & (f) (c), & (g) (c), 6 (f) circular shape of the
j

configurations shown in i

the referenced figures.

NE-1362 (b) UG-43 UG-43 Studded connections These paragraphs (although
addressing different issues)
provide rules for minimum depth of
studs in general. The minimum
engagement length can be less
under the 1980 Code.

.

_ . - - _ _ _ _ _ _ . _ _ _ _ . _ _ __ .- _ - _ . _ _ _ _ _ -



_ _ _ _ _ _ _ _ _ _ _

, -

APPENDIX C

1

i um i _

COMPARATIVE EVALUATIONS AND MODEL STUDIES

i

!
|

{
|

"6
. 0. Franklin Research Center

A Division of The Franklin Institute
,

The B n3.mn er.nkhn Parkway. PMa.. Pa.191G3 (215) 448-1000

_.



. _ .

.

. .

db **
[ . ] Franklin Research Center

c5257 c.1-1

Dew W. com %. Dem
A D.isson el The Franklin insa.tutem r %ei in ~o x7. 'd: /W. e/r/

CASE STU DT i.-.
.

TW c.fLwc9.r6. st<ng p st<m4L.v.Jt. sLt. hbhed ske c

is g ec4 % b., Se M L.T.l.2. oj tk A15C code

M ( tLe. t%b awd LR80 M a.s

F~ = 04o
F'h (i) 6.uJ <w 1.t. s<cW ad4.*

cf(<< A k s% ,usst Q* sha .c
Mo us kA.s , 'w % M10 Ced o. wa! M (,5.t.2.2 iss

htvo d - . . A t ht;

" AT, be% e,4 cow.,c% ;L,,y., % t: .[%4. h c.peJ.,,p

a k i k si % M W niger.cee-r
3 sk a r edL a. g% %L * ph, - b a.

b

6% ]o{ skeo.< ag c. gh g -tL,. p%
g

p t-6 mg m pp % g,tu m,
%u 9 p s - c.s. q
ump _mu. , .* p . . ._.

up. , % y u.e w. "
sfenq c,s. mac~,,-

a r ) . c.i.s.t. 2..

w c,,,-e m w ~n:n:,.e.u w;] x nT d I

Ja eu k W a>
O.So f7v- F + o.50 & C. C2.)w

whe<. A, a t Q an tL<. wax skea.< a~4 ~eC %-

aMae w -

1 x ., w c. a -a. 4 y 4 u u ~, ,
a seu 4 na ; m , w z.ge.1 c-jpa y
u e 4- tLo n ~ C ( T A- 1-4 ge. 4 It of it<. pisc staaf
m a ) ae<c. a.

~rhe sesJt* obtO bJ una w. ,G O)4 d abM
, s i,

ndieaTe. %t the. 1930 code gkk %o

s% mt.upa,ra m .1sas 2.

hh, s cage _ _ A _.

__ __ _ _ _ . _. _ _ - -. -



_ - _ _ _ _ _

- .
.

. . _ . _ . _ _ . . , . .

-
. .

%
*

. .

db * * C.1-2
C52571

L .1 Franklin Research Center *

b Dew Ch Dew h Dem
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BEAM EhD Cn':M ECTIGP' kHERE TCP FLAP.GE IS COPED, CASE STUDY -1-

FY, PSI FU, PSI H , IP! C1 C2 ALLOWARLE LOAD,LR PCT.
1963 Conf 1080 cncr

36000 40006 12.00 1.no 0.74 172600 104400 40

36006 60000 17.00 1.50 0.74 172P00 134400 12.
3e000 60000 24.00 1.00 0.74 345600 1944vo. 7C
36000 6u000 24.00 1.00 2.4R 345600 206P00. 4( .
36n00 60000 24.00 1.50 0.74 345600 134400. 6f.
36000. 60000 24.00 1.50 2.4F 345600 23CP00 ?t.
36000, 60000 24.00 2.25 0.74 3456n0 17940n. 48,

360nc. 60000 24.00 2.25 2.18 34560n. 293900 IR.

36000. 60000 30.00 1.00 2.4a 51o400 29600. 60

36000 60000 36.00 1.00 4.81- 515400 348600 33.
36000, 60000 36.00 1.50 2.40 510400 236900. 54
36000 60000 36.00 1.50 4.R1 518400 378600 27
36000 60000 36.00 2.25 2.40 5164.00 283800 45
3600n. 6040n. 36.00 2.25 4.91 5184nn. 423600 tR.

5Covo. ivovo. 12.00 1.00 0.74 240000 121800 49.
50000 70000 12.00 1.50 0.74 240000 15h600 35
50000. 70000 11.00 2.25 0.74 240000 209300. 13.

50000. 70000 24.00 3.00 0.74 48no00 121800 75.
50000. 70n00 24.00 1.00 2.46 480000 243600 49
50000. 70000 24.00 1.50 0.74 480000 156800, 67
50000. 70000, 24.00 1.50 2.48 480000 27D600. 42
50000 70000 24.00 2.25 0.74 480000 20930n. 56.
50000. 70000 24.00 2.25- 2.48- 48000n. 33110n. 31.

50000. 70000, 36.00 1.00 2.48 720000 213 eon. gn.

50n00 70000 36.00 1.00 4.R1 720000 406700 44
50000 70000, 36.00 1.50 2.48 720000 278600 61.
50000 70000 36.00 1.50 4.81' 720000 441700 39
50000. 70000 36.00 2.25 2.4E 720000 33110n. 54
50000 70600, 36.00 2.25 4.41' 720000 494200 31.
65000. 8u000 11.00 1.00 0.74 312000 13920n. 55.
65000 2000n. 12.00 1.50 n.74 312000 179200 43,

65n00. 80000 12.00 2.25 n.74' 312000 23n200, 23.
e5000. 30000 24.00 1.00 0. b 024000 139200 7e.
65000. 90000 24.00 1.00 2.4E 624000 278400 55.
65000. 80000 24.00 1.50 0.74 624000 170200 71.
65000 80000 24.00 1.50 2.4R 624000 31A400 49.
65000. 80000 24.00 2.25 0.74 624000 23920n. 62.
65000 90000, 24.no 2.25 2.4R 624060 378400 39
65000. 90000 30.00 1.00 2.46 93n000 278400 70.

' 65000. R0000 36.00 1.00 4.81 936000, 464R00 50
65000 80000 36.00 1.50 2.48 936000 310100 66
65000 80000 36.00 1.50 4.81 936000 504Rno. 46,

65000 o0000 36.00 2.25 2.48 936000 376400 60
6500n, s0000 36.00 2.25 4.81 936000 564800 40

~

NOTES:

1- ALLO.J Abt.E LC ADS r.at GIVE:: PFP INC54 UF 'JEB THICyrEss
2- PCT: PESCE"T OF THE REI.UCTICT. CF PERCEIVED PAPGIN OF SAFEIY

.
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CASE STUDY 2

AXIALLY LOADED COLUMNS

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

is defined by

P = 0.85 [Ag (0.25 f' + f, p )]g

A
= st and allowable f = 0.4f 5 30,000 psiwhere p

g s y
A

g

that is, max f $ 75,000 psi

therefore, the =aximum load could be expressed as:

P = (0.21 A f' + 0.34 f Ast)allow g c y

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

by

P
allow P = $0.8 [0.85 f (A -A )+A f]

*

g

for a tied colu=n in axial compression c = 0.7 and P = 1.4 D + 1.7 L

Reducing these equations to be comparable to working stress limits and
considering all extre=es of steel % and D. to L. load ratios, we get

if A = 0.01 A P = $P = $ (0.673 f' A + 0.8 A f)st g u o e g st y

9

if A = 0.08 A P = $P = c (0.626 f A + 0.8 A f)st g u o e g st y

and to bracket extremes, consider the following three cases.

(a) D=0

(b) L=D and p
"(c) L = 0 with P =g

L.F.

FORM CS.FIRL-81

_ _ _ _ _ _ _ - - - _ _ -
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(a) for L.F. = 1.7
9

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

t

P = 0.26 f A + 0.33 f A
allow c g y st

(b) for L.F. = 1.55

P,77 y = 0.30 f A + 0.36 f A #
g y st

1
'

P = 0.28 f A + 0.36 f A
allow c g y st

(c) for L.F. = 1.4

9

P = 0.34 f A + 0.40 f A orallow c g y st
i

P = 0.31 f A + 0.40 f A
allow c g y st

Comparison of these resulting equations to the P,yy 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 colu=n and frca 0.97 to 1.18 times more load on the
longitudinal steel in a tied column.

Therefore, Scale C

|

|

FORM CS-FIRL 81

1
_ _ _ - _ - - - - - - - - -
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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.

M '

3 u
" allow " L.F.

To bracket extremes of load ratios, the following three cases were considered in
each working 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 designs 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 presented here used the defined 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.

. -- - - --

??ef. 1
A Study of the Design and Construction Practices of Prestressed Concrete and Rein-
forced Concrete Contair=ent Vessels by C. P. Tan prepared by FIEL for the U. S.
Ato ~ic ?nercu Comission, Aug.1969 under contract 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 limit simultaneously.

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

0.45ff !

c "
c Ee

d/ < >

k)d/ n

/ /
/ /

/ / d

/ /
U4. ._ /

0.45f| f
.y

I E, 2 E,
- . ,

f'kd c Ii 0.45 k' =
c

d ) ,
0.9

S0.45 f' f
-

c 4,
2t

E s
C

f

n=[E .

[c
andlet r =

c

then for elastic balanced design:
Ik'=

1 + 1.11

and from equilibrium:

= !AF A f s 1 ,j3 s y

G * (0.45 ff) b k d kbd c 0.45k

FCRM CS-FAC41

- - _ - -.
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.

,

A k

pj= d = 0.45 h
2

Mt " #s sA jd or Mc " I/2 f bd j kc

For Yield-Limit Design

The Yield-Limit concept assumes that the system behaves in a linear fashion up
to the yield of the steel or to the ultimate strength of the concrete. For the

balanced condition again fs"f and f simuhaneously.*
y c c

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

f'

1
E,

' jk df 2
/ /

/ / d
/ /

,//
| / n

4 -. '

f' f

- * s
= = =

f'

O
kd 'c

2 )
k* *

d f' f 2

l+F l _Ec_
f

V 1+
E f' Ec s c s

then for balanced conditions and from equilibrium

I Af
k2= 1 +( r ) 1/2(f') bkd p2 k

s sy r=2=

2

k
2

2 2r
2M * f A jd or M 1/2ffbdfk=

t ys c
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For Strength Design

Ultimate strength capacity is defined as:
f-

M =Afd 1-0.59 p
u sy

Examole 1.
'

for Yield-Limit design at balanced design

2
y^sjd M = 1/2 f bd jk = 1/ (A f d)M *

t c c sy

k $2* ),f E P 1/2 k "" "=
y c 2 2

E C
f' E c
C s

for f' = 4,000 psi f = 40,000 psi q=8
y

1/2 (0.444) 4/40 = 0.022= 0.444 p =k *
2 1+ 0 (1/8) 2

j = 0.852

M = 0.852 f A d
t ys

M =A d [1-0.59(0.022)l0] = 0.869 A f du sy sy

"u * 0.869 = 1.02
M 0.852

t,

Also:

i f p < p2 (say 60% p2)

p = 0.6 (0.022) = 0.0132

FORM CS-FRC-41
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a = 2pn = 2 (0.0132)(8) = 0.211
:

E
k= 0.211 + (O. 1 , 0.211 = 0.366 (

j = 0.878 i

M = 0.878 f A d
t ys

Mu"A d [1-0.59 (0.0132)10] = 0.922 A f dsy sy
M r

[ = 1.05 f.

and; similarly, I

ifo > 0 o = 1.5 c2 = 1.5 (0.022) 0.033=
2

One finds M controls, and:
|c

M

l = 1.26
"c

For workina stress desian at balarced desian
I 0

k) 1 + I.il (10/8) = 0.419 c) = 0.45 = 0.0188=

j = 0.C3 i

f

M = 0.86 f A d = 0.86 y A d = 0.43 A f dt s3 s sy
r

M =A d [1-0.59(0.0188)10] = 0.889 A f du sy sy

1

M :
2.07=

0.9 !
'

" allow l'I* "u 1.33 if L = 0
'

1.20 if L = D= = ' '
. .

3 g
t t 1.09 if D = 0

!6

L

i

FCRM 207 5M4-84CP
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' -Also:

p) (say 60% p2)if p <

p = 0.6 (0.0188) = 0.0.0113 a = 2 pn = 0.180

k = (0.18 +(0. 89)1/2 , 0.1 = 0.344 -

2

j = 0.885

M = 0.885A d = 0.885 A
t ss s d = 0.443 A f d

,_sy

= A #yd [1-0.59(0.0113)l0] = 0.933 A f dM
s syu

M

[t = 2.11

\P

.'. Mallow 1.36 if L = 0
l.22 if L = 0M = <

t 1.12 if D = 0
,

..

and:

if a > p) (say 1.5 p)),

One finds concrete controls, and:

[M = 2.43
C

M
~

allow 1.56 if L = 0..

1.41 if L = DM =
i

c 1.29 if D = 0
t

PORM 207-5M480-CP
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In sumary,

for yield limit design comparisons:

,

[M= 1.02 to 1.26
t

for working stro::s design ccmparisons:

allow = 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

Exampl e '2.

For Yield-Limit desian at balanced desian

for fy = 3000 ps1 f = 36,000 psi ;
I

-k
1 + O 2) (1/9) = 0.429

=

2 = 1/2 (0.429) 1/12 = 0.01790 *

t

j = 0.857

M = 0.857 A d
t sy

'

s y [1-0.59(0.0179)12] = 0.873 A f dM =A d syu

M" - 1.02
"t

Also:i

if a < 0 (say'60%)
2

M" - 1.05
"t

PORM 207-SM4-80-CP
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And:

if p > p2 (say p = 1.5 p2 = 0.0268)

[M = 1.26
c

For Working Stre s Desian at balanced design
.
.

! f

36 ksi n=9 4 = 12f' = 3 ksi f =
c y f

c

I
k) 0.403 p) = 0.0151=

[M = 2.06
t

P

1.32 if L = 0.

Mallow 1.20 if L = 0=
. . ,

M 1.09 if D = 0
t

1 u

Also:

if p < p) (say 60".)

M

[t = 2.'

1

M
-

allow 1.35 if L = 0
* l .22 if L = D* *

M <

t 1.11 if D = 0
6

FORM 207 5M480 CP
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Ant:

if p > p) (say 1.5 p3)

|

M

l = 2.58
C

-.

M* I * 1.66 if L = 0
* * 1.50 if L = D=

,

c 1.36 if D = 0
,

In summary,

for yield limit design comparisons:

M

1.02 to 1.26=

for working stress design comparisons:

" allow = 1.09 to 1.66
M.

.

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

these beams the older code is more conservative.

Scale C

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

I
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In CCn+IMUCos -framcs Wherd CokumMS In ConhMuoVS
cideaay is nci prevented > Ts -frames whe<e Ddesway is
irmited '7 ?~ermulo,(2.0) yet pro venled , mot lim? fedc

YC OMIy lO- OVI II*NC
2P . A c t.o by Fcemulas (2 4 - 1.a ) and
Py 70 r*

(2. 9 - t b) Siven be|ow add
1 wet +e oceed Cc,
fThis timns slenderness as given below

h 4. 7 0 and omtalRaiso

lead mot t exceed 0.r Py
6r S. = 0 Also limitedf

by Ermula (:-6) gNen below.
|

2. F'er columns in braced 2 rhe axtal Icad tw
frames the m a xi m u m cc|vmns Ty1 braced frames

| axial lead P shail n ci wo+ +o ex ceed o. sf Py
exceed o.G Py.

-.

|

(See Case Stud7 4 also, fee sienderness caito )

__. . _ _ _ _ _ _
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[ph/c$ ' "?A d'* O C T ,tlif f RA sep7 g;

3 a) Slenderness ratio 34. a Slenderness radio

noi k t%Ceed [QQ tof % 6FC4ed CC

w here Cc = a'E
Yb) 'The a\\ owa%\g Y

ledecaity vnsuPPorted
drs+ance and for Fy = 36 ksi,

ic,= (so-4o [g)r , Ce = 126 17

Remula ( 2.6) But .dec (35r7
3 b. The (Ateratly unsvPPerted

c) kl distance du wet + ecedwoi 4= exceed
f*ta % -fett cwing

Aco in any case . ice _ ip7 ,79 {g,g
r7 Fy

when +t0> 7 - 0 5-

And

Ac' = B7f (2,q-ib)
ry Fy

Mwhen - o.s 3 y - ). o
MP.

3c. d w a+ to exceed 200 in
r, n

-

Gny case

|

|
_
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.

4N Lterattron -graulas -Ec 4. In+eradron -fccmulas are.
:

i sinc 3 e curva4ure are1

Formula (2.23 Formvla C 2 + -1)
M 3 3-q( )61.o P._ + Cm bl_ g

P Pu (t g ) stm
M 4 Me

and Ermula (. '5) d"d Ermula C14 -3.)

mg & t 0 -- H (Ip ) -3 (7py) + i. s s 5 l'0 3 M ' MPy y g

valves of 3; g, H and J wW Per = [.7 A Fa
irsled in tab)<s as a. p , n A Ed

-fundren cf denderness entro i 2.

and Fy ia gNen by (l.s -I) and
'

Fe gNen Tn Sechten I. b.\
(.b.) InteractTen -formulas for Hm= MP(bracea, rn the.

dcuble curvqiure are.
weak drrectron )_

%emulet C 2.1. )

M h Mp -for P|p,60.6 = C ( 03 -(#|ry )l Fy [ M 6Mg7g 3 iso
"P-6\.\1-\.\S(P/p7)kI.o

( Unbraced in weak drredrTen)hr P|p,2cg'

o nd i cemu lct (2.2.) G) Fec single curycchsre i

M
6 B-Q(Py /p % l. 0

0 6 6 Cm 61. O
3M b) Foe clovble corvcttoreg

~

q 4, c.4 e: Cm E o.5

__ _- - - - _ _ - - _ _ - - _
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LOvD.?!.*WEYa? Rh SEPT 'tI $/td N/M

For ccmpa riscri cf ibese specificatrons , geo phs of
P/g vs M/s, are drawn -for- slenderness ratto

of 2c/70 and 100. Typreal Column l4 W 160
with Fy = 36 ksi has been 4aken as an example
6e cur purposes Seprate graphs are drawn -fee
S?ngle curvaivre (O. 6, * C,n & (.o) and dou ble.
Cervadure ( o.4 4 Cm 6 c. 6 ) cases.

For frames with sides way C Cm =. o. ss- ) allowed ,
graphs of P|p gg H|m, are dravIn -{o r

'two +ypes of column s 14 vFIEro and 12.t# 4 5 ;

w r+h Fy == 3 6 ks7, Colums assumed +o be braced
'Tw % weak ducetton , f.c a tt geg sh

It can be infe.ned. frern %e graphs that-
pn ait cases , +he waJoe cha"Se 7s the Irmrt
cf atie w able o.xta.1 (cad, whrch rs rncrea. sed frem

c.g- Py -% c.,s- Py -!cc wn braced columns ( srdesaay
at towed .) and o. 6 Py -+o o.es- Py fer 6m.ced
C.c(umns . Sur 4he acceptable dest n reglen3

'm both cules Is cdmo st same . For s7n6 el
carvahure we ncrice 6r k 3o .,g g pgr.,,;

(14 -2) (rne for Cm =. t . o rs betw -rhe
-fecuvice (. M) I Tne. , buT Sr ".A = To, -they over \q

*

.

f =%.
and -for The fecmula.(2 9 2) -fBc Cm = l . O1 co,

'

Gema la. (2-D ITn e - 'Th u s -lceTs chave

K 4. = 3 e I%o cccle berna more conservafNe.;
-- dhile -for %=ico 196 c.ccle seems +c, be. wicce_s

c.m ser vcme . Th7s change Cari -thus be. classifred
best as c' 1 Change.

.

-__ _ _ _ - _ _ - . - _ _ _ - - _ _ _ _ _ -_
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F = 36 k.si U = 30 14 # 150 SI.E*J CTATOtX
e4 5%w=e , heed h M b'b
t. M m a Mg

1963 Code
1910 %

"Formula (22) i 3-G(F/Pv) i 1.0
h + (1 P ).5

", i 1* O(2. h 2)
,er

" 1 "P 0.6 i C, i 1.0e

I* } *Formula (23) i 1.0 - R(F/Fy) - J(P/Py) 1.18g 1 I*0' M i b

u. u. u.
MICAL TI.M7tES ~

|,

i / '
[ | 1}6E

.

.4 y v
m. m. u. u < x.

A to

Pf
.

9.%.= -

'99 "N U '** T C - 0./. ,#' % k (2.4 .2)%

ms-
C

:. , . . D,tz,
s

M'T\{4 N C4CG .d

e.4 . <-

4
s.t -- '9 'jj

r

'9
p.- * st

4
--

J
e

bjM

\
f.1d*

s
'

,,..- -

,

*

| g,g gg )) >* J. $ 9.o 0.7 36 Jf k0

*4 p
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r - 36 ut il . 30 1 s 150 DontEcma:KE
7 " A %5vwis , U C iS LJCd iTT-'

- 4.%*%
1963 Code 1980 G de

Formula (21) N = M, when F/Py 1 0.13 (2.b2)
[ + (1 - # ).''Y

1 1.0"
,

er
f i 1.18 - 1.18(P/Pv) i 1.0 i C,10.'6e 0.4

7

g+1,1 i t.0. x i gr rsul. cm [1 s-ccrtry) 1.0 (2.as)
7

MiMy

M. w < x.
Omcat tz,w.rs f 7

A.

h4 S
a. n

2. i.e "-

7
"

.-
d6 C2C2 CM *2. h, FMMWLA (14 *2 j

. . . .. '
-

4

3.7 'Jj **

is s3 con uwt

0.$~~

%$. 9'

D,J,

e 3.1
.

.

o.1

4! .i .s og a+ or 04 S'1 88 o.3 88
_
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y 36 h1 U . 70 14 # 13 0 515CLE C3VA73E
F Y Anww beasd -i Whk E''"4

:. M, . Mg

1963 code 1980 Code

Tormula(22)[15-G(P/Py)i1.0 1 1*O
[ + (1 "P )M,

(2.6-2)
P *cr

MiMP 0. 6 i C, i 1.0. e

I* I * IMPFormula (23) i 1.3 - H(P/Py) - J(P/Py) 1 13M, i * *

. -. .: .

TT?ICAL EXA E IS .-p .# f,

d'' '

1 g--4 y -q
s 5- 5- -<A,

l.0

84,
ions e.os uw

7 -'
,

,

'J ' 9 -) ,t a b 3 tas.

sm[ N 'x

o. s. *a .g

f ,'a
. . + . > c

b **> (gts ,
a ss- %, ' 9, 33

4

e.t -

m 1

_ o| .. t s t ..s e. g. o.7 .: a.9 o
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|

|
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A55=me beng.sJ .h Qcak J.*veM
. M%= %

1963 code 1980 code

CM
' **

Tormula (21) M=M wnen P/Py 10.15 g
e 0.4 e e < o.6

[11.18-1.18(P/Py)i1.0 -8~

P

f + g,gg i 1.0, M i M,(2.43)
IFormula (12) 7134(P/Py) 11.0

3
MiM y

K x < x.
? Of Pn m t ex m ts

d2 v<
"*4 E

,
.

1 La

aq. -

e eoe uuc .

68

s.1 -- % * **
s .q ~<>

g, le 63 Cact f .,

wMt T

sC-~
q 4.N

"4,,
t

f&~- p y
4; *r

%

u-- b
.

a

O

bl. -

b8*e
,,, o.2 a,n e.t e.c s.6 at er 0,1

M/sp
~



-

|

|| .

|
|

)
Pro M Page is

ll J Franklin Research Center
C5257 c.s-gi .

,, o,,, o., o,,, ,, o ,,-
A Division of The Franklin Institute
m e- mar - em . A ra isics I R4 SEPT,fl / >./ /0///

,

l

i
1

l

F * 36 '.a t S . 100 1& ar t$0 $1NCLE CUVA23Ey
A% sun brae.ed in Y OsE&
2. M%=W

1963 code 1980 Code

Tomla (22) f 13-G(P/Pv) i1.0 i I*O
[ + (1 7)M,

(2.4 2) ,
P er

MiM e 0.6 1 c, i 1.3 .y

(2.4-3) 1+ "

1.l u ,
1.0 M * M< - y, ,

FTomla (23) 711.0 - g(y/py) - J(yfyy). y
P

M. M<g g y,
*WTCAL TXMMIS .? #

iA V "U e
4 4 4 Mc4,

f.03

U,,..
te m c30s tiwit

,

s.t .

0T'

** o ect _ a* T,,

ST'-

% ,' 4 .

(d.4
~

0.2 -, , ,4
1o

0.1- hj 'g

31
*

e.6 e.1 65 8.t N 4.4 67 ** f 81 #O0|-
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T = 36 ut U = 100 14 # 130 DOUBLE C"T.*A m t
Asm% bwl wea&.Jin h.F '

y
3. W 8 %,.

1980 code1963 Code

P C,M

Torsala (21) M=M vsen P/Py 1 0.13 { * gg ,1)
~e 1.0

(2*'*II
,p

Y
e 0.4 i C,10.6

11.18 - 1.18(P/Pv) i 1.0
P

f*g,ggg i 1.0, M i g(2. 4- 3)
Y p

Formula (12) p i 5-G(P/Py) 1 1.0
P

M 1 M,

M. u<s
*TP! CAL ETA.P.f3 f

e> A>
* Jt < & m,

|
t .

l.8,
-

..t. *

iese esse v--

GS '

| e4.

|
I 0., . a. 4 s e ect L l'* ' T

'L42
N" <- 3,

* s. ,
,

'a
n. .,=.

r,'J, ,

*4-N"
'

,.g . ,

e.v.

01--

-

eI ,,,
, .: . . + ..c .4 .n o.e e i+
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y 36 ui * 30 12. # 45 SIDER.'AT C dED
Aum WaW Q WM doychy F

:. M w = %
.s

1963 Code !990 Code

Formula (21) M*M when P/Pv < 0.13
P * -

CM
y (2.a-2) 1+ ,

1 1.0"

11.18 - 1.18(P/Pv) 1 1.0 P, (l , )Hc p
C,z0.35e

Formula (22) 1 < 3 G(F/P,) ~< 1.0 p y
"7 ~ (1.'-3) y- * 3, g g i 1.0, M i MpMig F 7

*
Temia (23) ;;- 11.0 - g(pfy y - g(yfp )2y y

"7
,

M < M.
. g**

m w t o x y.ts i '
Au --

4 4

.

l.4

Ig7 f.4 - +

1963 Cada Also !aposes the Following Limit
0.t < P !

negg c:M' .mi I* 5 11.0 Formula (20)
7

p.1 --

4
%,304 -

C
e.g ., ' .j

CA-',

2

,,3 - 'e n eeoe W M rT .

-
,

-

0

83 kr 4,-

~|
0

~~

, i , _a
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,# #

:. M # Mr
1963 code 1980 C.fe

Formula (21) M=M when P/Py 1 130
7

1e p C,w.M, * 1.18 - 1.15(P/Pv) i 1.0
*

'2.4-2) c+ p -* 1.0
(1 7)M,er

C,= A8 5*y

rersula (2:) 7 3-c(P/Pv) i 1.4
7

MiMy (2.4-3) r - '* *...L) * 1.0, M * y, -1,

rarmula (23) 1 < 1.3 - 3(P/Py) - JfPl**fa
P Mc4

A
I*WTOL ELL *.!s ; i

b*

o- .3
M. M.

se Le

D
.

..q ..
1963 Code Also Imposes the rollowing Limit

** * * 1.0, py , Tomula (20)

. . , ..

4
4

S.fo <= #g
#
4

sC-- 7 'aj

e.t..

*
to. caos ume .g,

%,
0.2-- G ,

s. -

61--
. |

!
'
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cAss scuoT -9 -

Coyrmn of AISC -l*8 S" f'* I'' ' '' "'*'

Atsc -Iqn Sec4Tm b |o. 6, ReductTom In Flange
sfeess, HYbetd @irders only.

The only change between Yhe -hvo codes
is -the InYeoduc4To n of Ennula. ( l.10 -6)
-fer case of -hybrid gTeder, im +he 1980 cod e_ .

'

for>nulo. C i. to -s) of 19 3o Cocle with Fb in ksi
ts idenarcal -fo &mula. Cl 2.) cf 16 3 with F6
ru psi. S brid STeder designed in !q63 e vidy

be desiped 7n ace.ordance wr+b Fennulo. C (1)
Wh7ch is identical to ( I. lo-5) in Iqso code..

hybrid girder clestped in Accordance.
Gut a

With kl50 -Aasto con {dem fo bcnh Fonnulco
C t . to -s') and C1.to-0 ror Fb =15 l<si Awd
so ksi , we deu gea.phs ef reductim

%' V's. A rect of web -6 Acex Flagehier (% )(Aw/A;) >ratto vsing For mulas C I to-s-)
, awd C 1 -to -6) -for- gwen 4 = o.3, c. 6 , W o q ad

-for pen -E/t mtros ( 161, n1 2 If 2. , -Se Fb- 25Bi
o.wd i17, 127 & t37 pr 3 , 50 Kst). We frnd
ih all six cars depend T3 on ^*[q mito
.p, < g = o . 4 s , A r mula. C t t o -6) in the te go code.

-

rs gvr+e censer vatwe. .
i
1
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But -for o.+r 4 4 4 o '75 , kuulo. C t.10 -6)
oc bmulo C l 10-@ could be ccnservattve. as
compred to each c1kr dependrnca on h/t eatro
pc cjven Fb. But -Sc & y o . '.'5' 1% cmq
case, Fcemula. C l la s) rs enore cowservatwe . '

Thus we can make. the -fo llow?Mg godtgment
6w 4 hem.

OLD Fcemu\as 4 scah.

a) i ermula. (12.) , m 63 Cede _
,_

* * "
Ff k F6 C t.o - o.ocos h (E #0 )~Af I 4 r3 anc( A

-

wi% Fb Tn Psi. dew

b) hmula ( t.10-5) 19 80 code f
'

Ff 4 Fb [ I.0 - 0 00o5 h( h 17 j
^f t. ye ,-

wi+h Fb rn ksi
O A5 +o 9

Wew Formula. 0. 75-

"roemula. ( l- to ~6) icigo code

)035' (
pj t p3 - u. + ( AJ) 04 -#) -

n.+2c^^*f)
_ - .

.

-- --- -
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AISC 1.10.6 1963/1980 CODE COMPARISON

I.0 -
7- - - - - - - _ . _ - - - _ _ _ _ _ _ _ _ '

a = 0.9

- - - - - - - - - - - _ _ _ , ,

0.75-. a = 0.6

.

5
-

O
_,,g os T -- g

----- -- _. __g
; a * 0.3

$
0.,,

-

#
0.15-- r

*/,
C.o

*e,

** *'

00
S I$0 ido -M

.

.

WEB /FLNiGE AREA RATIO

SENDING STRESS = 25KSI ALPHA =0.3. 0.6. 0.9. H/TRATIO=162

o

3

1
~

|

.

i

.
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AISC 1.10.61963/1980 CODE CDWARISON .

1.0 -- -__________ __ __-__._ ---:

3 = 0.9
'

- - - - - - - - - - - - - - - - - . .
o.s

o.,_.
.

ce

g
- -

N -S ,e -

-~~ ~ - ___ _ __,

g a = 0.3-

;
.

$
~

NF-
f' ,ta

.

,0+

!/ .
G,*

' '
0. C

.go 90 so 80 foo

.

WE3/FLAriGE AREA RATIO

SENDING STRESS = 25KS! ALPHA =0.3. 0.6. 0.9 H/T RATIO = 172

.

B

,

.

1

>

,

i
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AISC 1.10.61963/1980 CODE COMPARISON

1.0 - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'- a 6 0.9s
.

'

g

',"?-
~

---__.,___'

_ ' ~ ~ ~ ~ ~ --0.8 - -
' a = 0.6

,

.

--

0. > -

E
t3
5 ' ' ~ ~ ~ _ _ _ ~ ~ ..g a = o,3
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g o.'f- -

t'*/tit
f
'o,

*/,
0.2 -- #*9

.

.

'
0.C

4 i ! t
-

O to 10 30 Ao 50 80
|*

WES/FLA*1GE AREA RATIO ,

BEN 0!NG STRESS = 25K31 ALPHA =0.3. 0.6. 0.9. H/T RATIO = 182
o

b
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'

|
|

|
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.

.

---____ :. _ .,

'

0'tF- a = 0.6

.

*

E
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.

00
0 o i 150 m .
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CASE Srv DY - 11 -

Comparison of 41SC 1980 Section l il 9- Wi+h
Alst [943 Seeftm I.114.; Sisee con ce,_-fors -$r

Composite beoms - Where. (ogtfodinal retn$rcing steel
G\c4s with beam -

.

A ce.o<b g tc A|SC g 9 20, Firmvla ( I \\ -5)

\/g = Asr Fr/2. ( I. is -s-)y

is given -for Con +1nuous com posite beam where
longi +vdrwal reinfeccing s+ed Ts considered to
act compositely with +he s4 eel beam in the. megafiV6
% otnent region s, do calculate. +be do+al ho riynfo.1
shear do be resisted by shear conmectors between
an Inkerior suppari* and eack adgacenk potnr
of cavitrafleycure .

Whereas in AISC M(23 spec 7fications ,
the iv+al hortyntal shear +o be resisted between
the point cf ex72num posi+Ne. moment and
each end or a potv3+ of con +raflexvre in
con +inuous beams is given as the smo.Iler

,

value of i crmula. Ci s ) and CI9)

^"'\/h= 0 85' 00)
_

V= A s Fy (fq)aul h
2.

I
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There is no separate -fbrwula. -for nega+Ne woment I
ij

region ry AIsc, 1463 The ctbove -formuIns.

are 4he same TM AISC , 1470 ; F6cmula. C l. it-3) |

: and C 1 11 -4) -for 'the Posittve moment region.
Herec /er- ih Al5C , 1963, there Ts to consideration
of reiwforcing steel Tn concrete ocfing compositely
with +he steel beam in nega+Ne vowent regions.

iThis imp res that in computing +he
SeCiIoM Wodukv5 GI Yhe points of Mc}QYiVe
bending , re'mforcement parattel fo +he s+ eel

beam , a.nd lying wi+hin +he effective ,wid+h

of slab vnay be included according +o
A IS C, 19 30 . But it is not att ewed +o

include reinforcing steel rn ccmputing 4he

section modulus -f'r +he above case aso

Per +be spectftcations of Alsc . 19 63. rhus

being liberalized Tndesign criteria. rs

AIS C (980 . Since 4he jvantificaiton of ibis
libe ral cetterra is un known , -this ch ange,

'

Can best be. classifred as 1 Any

composite beam destgred as Per Alsc (q63

specifico.tions will show more woment

Capetty when calev|ated according 40 AIse,
_.

I9 80 Spect-n cations .
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CASE STUDY - 12 -

The alloveable peripheral sheer s+ress

( punching Shear S+ress ) as s+ated in +he
8 5 Pv AsMe code sec+ren .III. Div. 2. ,

(9so C Act asq -so ) Para- cc - 342.i . c rs
limited fo tr, where ITc shall be calculatede

as +he wet 3 ed c.Vero$e of Feh and Vcmht

Tc k = 4)-f,' } \+ C */4]{' )S

trem = +] f' ]n+(t/4]T7~)C O

The AC,I 31E-63 Code sec+7en 1707 sfa+es -th#
the Ul4rmate Shear S+rength UL shall mot
O ceed U ~c.= 4 f- fc -

Cornpartng +be above +wo cases +he
Ts conc \uded *-followTneg

'

g/hd'n: 0 '"G'-

I. Membrane stresses are compressrve

S te- 63 Ts more conservarrve CC-)

2 Membrane stresses are -tenstle
~

312 - 6 3 Ts less con ser vct+ive (A )

- __.



,; . .

"
C5257 c.12-2

.

[ . .I Franklin Research Center
.

o,, . .,., o,,, , , , , o,,,

LD"rCC"1"dE" ,7?// /o/// ex/e ../s
.

sc e

3 Membrane siresses are h ero i.

!

sig - 43 Ts & n+ica.1 No reding

opposT4e4 Monbrane s+resses are
Th sip
3w -63 could be tess con servatNe (A) l

*

,

-

e

h __ _ _ _--



.

. .

.

1

i d'b *
. [ Franklin Research Center

CS257 c.13-1
..
i L*2'" r2?.[!""2"Wii"E h?/tW. ph r$|bo ,$[s's

" ~ ' "'

Case sTuor - 13 -

'Th e 3a PV ASME Code Sectron JE
Division 2. , M SO (ACI 3 5cl - 8 o) Para . cc-3+21.7
s+a+es 4 hat the shear stress fal<en by
the concrete resulting from pure -brsTon shall
wot exceed LT whereee

Uce = 5 /-f'' l + #" " "+
4JC (4jf;)'

While 4he ACI 2tt-63 Code Sec+ron (7o7
limits +he vihate Shear Strength LG -4o

We = 4|[e
'

.

Frovn h csbove +wo cases 4he.

-folle w ?n g Ts concluded ;

Lehen : se a
1. Mernbrane s+resses are compressive

3\8 -63 Ts more conserVcdTve CC).

2 Mernbrane s+resses are +en stte
313 - 6 3 Ts les s conservat. Ne (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 root of concrete
compressive strength and reinforcing bar diameter.
The 318-56 code defined allowable bond stress as a
linear function of concrete compressive strength only.

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

14 and 18 the new code is considerably more conservative.

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

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

2. For reinforcing bars with diameter greater

than 0.875 in. (No. 7 bar) - Scale A

3. For deformed bars conforaing 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 uses 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 dbat 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 reasonably for properly designed
structural members. The member forces used in design by this method are those
which result from an elastic analysis of the structure under the action of the
service loads.

Ultimate Strength Design

The ultimate strength method is referred to as the " strength method" in
the most recent ACI code. By this method, the proportioning of the members is
based on the total theoretical strength of the member, satisfying equilibrium
and compatibility of stress and strain, at failure. This theoretical strength
is modified by capacity reduction factors wnich 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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j Strength Reduction Factor

i
,' In the present code, the capacity reduction factor ($) varies for the

type of member and is considered to account for the relative seriousness of
the member failure as regards the overall integrity of the structure.

Load Factors

Also, by this method, the designer increases the service loads by applying
appropriate load factors to obtain the ultimate design loads in an attempt to
assess the possibility that the service loads may ca exceeded in the life of

'

the structure. The member forces used to proportion members by this method
are based on an elastic analysis of the structure under the action of the
ultimate design loads.

Importance of Ductility

A critical factor involved in the logic of ultimate strength design is the

need to control the mode of failure. The present ACI code, where possible,

has incorporated a philosophy of achieving ductility in reinforced concrete

designs. Ductility in a structural member is the ability to maintain load

carrying capacity while significant, large deformations occur. Ductility in

members is a desired quality in structures. It permits significant

redistribution of internal loads allowing the structure to readjust its load

resistance pattern as critical sections or members approach their lLaiting

capacity. This deformation results in cracking and deflections which provide

a means of warning in advance of catastrophic collapse. Under conditions of

loading where energy must be absorbed by the structure, member ductility
becomes very important.

This concern for preserving ductility appears in the present code in many

ways and has guided the changes in code requirements over the recent decades.
Where research results have confirmed analysis and intuition, the code has

provided for limiting steel percentages, reinforcing details, and controls--

all directed at guaranteeing ductility. In those aspects of design where

ductility cannot be achieved or insured, the code has required added strength
to insure potential failure at the more ductile sections of structures.
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gns> ries of this are evident in the more conservative capacity reduction
i :k.ctors for columns and in the special provisions required for seismic design.

'
t

Strength and Serviceability in Design
_.

There are many reasons for the recent trend in reinforced concrete codes

toward ultimate ctrength 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 of ten of significant
magnitude at service load levels and are difficult to assese by working stress
me thods . 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 ultimats strength method in the present
code requires an elastic structural analysis to determine member forces for
design, it recognizes these limitations and, in concept, anticipates the
redistribution resulting from ductile deformation at the most critically
stressed sections and in fact proportions members so that redistribution will
occur.

_nklin Rese_ arch _ Center.

_ - - - - - - - - - - - - J



. . ._

t -

!

q

In addition to strength, a design must satisfy serviceability

requirements. In some designs, serviceability factors (such as excessive
deflection, cracxing, or vibration at service load) may prove to be more

important than strength. Computatic,ns of the various serviceability factors
are generally at service load levels; therefore, the present code uses elastic
concepts in its controls of serviceability.

,

Factors of Safety

Factors of safety * are subjects of serious concern in this review. For
working stress, the definition of the factor of safety is of ten considered to
be the ratio of yield stress to service load stress. This definition becomes

suspect or even incorrect where nonlinear response is involved. For ultimate

strength,'one definition of factors of safety is the ratio of the load that
would cause collapse to the service or working load. As cresented in the

present code, a factor of safety is included for a ariety 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 factcr ($) . The present ACI code has

assigned values to the above factors such that the ratio U/$ ranges from

about 1.5 to 2.4 for reinforced concrete structural elements.

.

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