February 12, 1982

i Docket No. 50-255
5 1.505~82~ 02-061

Mr. David J. Vandeldalle
Nuclear Licensing Administrator
Consumers Power Company

1945 W. Parnall Road sz Raphs,

Jackson, Michigan 49201 .ﬁngﬂ,qag&é

Dear Mr. VandeMalle:

SUBJECT: SYSTEMATIC EVALUATIOM PROGRAM TOPIC III-7.B, "DESIGN CODES,
DESIGN CRITERIA AND LOAD COMBINATIONS" - PALISADES

Enclosed is our final evaluation of SEP Topic I11-7.B for Palisades. This
evaluation supersedes the draft evaluation sent to you on November 16,
1981. You did not provide any comments regarding the content of the draft
evaluation.

This evaluation identifies areas of the codes used in the design of your
facility where changes have occurred to decrease safety margins. It also
identifies loads applicable to some or all of the structures at Palisades
which have increased in magnitude. This evaluation will be a basic input
to the integrated safety assessment for your facility unless you identify
changes needed to reflect the as-built conditions at your facility. This
assessment may be revised in the future if your facility design is changed,
or if NRC criteria relating to this subject are modified before the inte-
grated safety assessment is completed.

SEO4 14M : 7,12(0,;% Smk Sincerely,

Sifr
- Thomas V. Wambach, Project Manager
ﬂGa USE 51(04) , Operating Reactors Branch No. 5

Division of Licensing

- Enclosure:
As stated

cc w/enclosure:
See next page
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SYSTEMATIC EVALUATION PROGRAM
TOPIC III-7.B

PALISADES

III-7.B, Design Codes, Design Criteria and Loading Combinations

INTRODUCTION

. SEP plants were generally designed and constructed during the time span

from the late 1950's to late 1960's. They were designed according to
criteria and codes which differ from those accepted by the NRC for new
plants.

The purpose of this topic is to assess the safety mérgins existing in

Category I structures as a result of changes in design codes and
criteria.

REVIEW GUIDELINES

The current licensing criteria which governs the safety issue in this
topic is 10 CFR 50, Appendix A, GDC 1, 2, and 4 as interpreted by
Standard Review Plan 3.8. :

~ RELATED SAFETY TOPICS

The following SEP topics are related to 111-7.8:

1. 11-3.B, Flooding Potential and Protection Requirements

2. III-2, Wind and Tornado Loadings .

3. 111-3.A, Effects of High Water Level on Structures

4. 1I1I-4.A, Tornado Missiles

5. III-5.A, Effects of Pipe Breaks Inside Containment

6. III-5.B, Effects of Pipe Breaks Qutside Containment

7. 1I11-6, Seismic Design Considerations

8. 'VI-2.D, Mass and Energy Release for Postulated Pipe Break
Inside Containment

EVALUATION

The evaluation is based on a Technical Evaluation Report (TER) prepared
by the Franklin Research Center (FRC) in conjunction with the NRC staff
through contract. The report is entitled "Design Codes, Design Criteria -
and Loading Combinations" and is attached to this Safety Evaluation
Report as Enclosure (1).




We have compared structural design codes employed in the design of
Category I structures at Palisades to present codes. This was done
through generic code versus code comparison without investigating
specifically how the original code was applied to the Palisades
design; however, after reviewing drawings of structures at Palisades,
we concluded that certain portions of the codes were not applicable
because the types of structures to which the codes are referring were
‘non-existent. We have compared the loads and 1oad1ng combinations
employed in the design of Palisades as described in the FSAR to those
required today.

A result of these comparisons is that a number of code changes could
potentially impact significantly margins of safety (denoted by scale
A and Ax in Enclosure 1). This can be attributed to several factors
such as:

1. New codes have imposed stricter limitations than old,

2. New codes have included sections governing design of certain types
of structures which were not included in the older codes,

- 3. Design loads rsquired today were not included in the plant design,
and

4. Certain load combinations judged . to be significant were not in- .
"cluded in plant design.

In Enclosure (1), some items have been judged to potentially impact
margins of safety regarding the containment as a result of comparing
ACI 318-63 to ASME BPV Section 3, Division 2. These items are discus-
sed in Section 11 of the report. One item, cc-3421.5 of the BPV Code,
Section III, Division 2, 1980, is not significant based upon the ad-
ditional information contained in Enclosure (2).

The code changes of concern from Enclosure (1) are: (See next page)




Structural Elements to be
Examined

Beams
a. Composite Beams

l. Shear connectors in
composite beams

2. Composite beams or
girders with formed
steel deck

b. Bybrid Gizders

Stress in flange

Compressicn Elements

With width=-to-thickness

ratio higher than speci-

fied in 1l.9.1.2

Tension Members

when lcad is transmitted
by bolts or rivets

Connections

a. Beam ends with top flange

coped, if subject to
, shear '

b. .- fonnecticns carrying moment

or restrained memdber
cennecsion

Code Change Affecting These Elements

New Coce

AISC 1980

l. ll. 4

1.11.5

1.10.6
AISC 1980

1.9.1.2 and

Appendix C-

AISC 1980

1.14.2.2

AISC 1980

1. 5'- -lc 2- 2

1.15.5.2
1.15.5.3
1.13.5.4

0ld Code

AISC 1963

l. ll. 4

1. 10. 5
AISC 1963

1.9.1

AISC 1963

AISC 13963

*Double dash (-=-) indicates that no-pto#isions were provided in the older code.
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Structural Elements to be
Examined

Members Designed to Opzrate

in an Inelastic Regime

Spacing of lateral bracing

Short Brackets and Corbels
having a shear span—=to-
depth ratio of unity or less

Shear Walls used as a

primary load-carrying
member

" Precast Concrete Structural

Elements, where shear is not
a member of diagonal tension

Cencrete Regicns Subdject to

Bigh Temperatures

Time~dependent and
position-dependent
temperature variations

Columns with Scliced
Reinforcement

subject to stress reversals;
£, in compression to

172 £y in tension

Steel Embedments used to
tzansmit locad to.concrete

Containment and Other

Elements, transmitting

: In=9lane shear

°3

Region of shell carrying

concentrated forces nogzmal
to the shell surface (see
case study 13 for details)

AISC 1980

209
ACI 343-76
11.13

ACI 349-76
11.16

 ACI 349-76

11.15

ACI 349-76

Appendix A

'ACI 349-76

7.10.3

ACI 349-76
Appendix 3

B&PV Code

Section III,
Div. 2, 1980

cC-3421.5

B&PV Code,-

Seczion 11II,
Div. 2, 1980

CCc-3421.6

ode Change Affecting These Elements
New Code

0ld Code

AISC 1963

2.8

ACI 318-63

ACI 318=63

ACI 318-63

ACI 318-63

ACT 318-63

805

ACI 318-63

ACI 318-63

ACI 318-63

-, 1707
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§ - ' Structural Elements to be Code Change Affecting These Elements
: ! . : Examined New Code 0l2d Code
é ' Region of shell under ' B&PV Code ACI 313-63

i torsion Section 111, 921
} piv. 2, 1980
: cC-3421.7
Elements Subject to B&PV Code, ACI 318-63
Biaxial Tension Section 11II,
' Div. 2, 1980
CC-3532.1.2 -
Brackets and Corbels B&PV Code, ACI 318-63

Section III,
Div, 2, 1980
Cc-3421.8 -

3
B
=
K

Section 10 of Enclosure (1) address load and load combination changes
which occured as a result of criteria changes and identifies specific
plant structures for which various Toads and load combinations may be
significant. Based upon a lack of detailed information on the stress
results for loads and Toad combinations used during design of struc-
tures at Palisades, these 1oads and load comb1nat1ons may be potent-.
ially significant. .

Enclosure (2) provides details of a reanalysis of the containment for
combined seismic and LOCA loadings which was performed by our contrac-
tor, Lawrence Livermore Laboratory. It is concluded that the contain-
ment will perform its intended function if subjected to combined
seismic and LOCA Toads.

V.  CONCLUSIONS

We conclude that after comparing design codes, criteria, loads and

load combinations, a number of changes have occurred which could poten-
tially impact margins of safety. These changes are identified above.
These differences between plant design and current licensing criteria
should be resolved as fo11ows 4

1. Review Seismic Category 1 Structures at Palisades to determine if
any of the structural elements for which a concern exists are a
part of the facility design of Palisades. For those that are, as-
sess the impact of the code changes on margins of safety on a plant
spec1f1c basis, and




2. Examine on a sampling basis the margins of safety of Seismic
Category 1 structures for loads and load combinations not

covered by another SEP topic and. denoted by Ax in Enclosure (1).

(The load tables should be reviewed to assure their technical
accuracy concerning applicability of the loads for each of the
structures and their significance.)

Regarding the ability of the Palisades containment to resist the
seismic and LOCA loads described in Enclosure (2), we conclude that
the containment will perform its intended function if subjected to
combined seismic and LOCA loads.




TOPIC:

I.

IT.

SYSTEMATIC EVALUATION -PROGRAM
TOPIC I11-7.8

PALISADES

I11-7.B, Design Codes, Design Criteria and Loading Combinations

INTRODUCTION

SEP plants were generally designed and constructed during the time span
from the late 1950's to late 1960's. They were designed according to
criteria and codes which differ from those accepted by the NRC for new
plants.

The purpbse of this topic is to assess the safety margins existing in

Category I structures as a result of changes in design codes and
criteria.

REVIEW GUIDELINES .

The current licensing criteria which governs the safety issue in this

topic is 10-CFR 50, Appendix A, GDC 1, 2, and 4 as interpreted by

- Standard Review Plan 3.8.

'_ III.

1V,

RELATED SAFETY TOPICS

The fo]]owingFSEP topics are related to III-7.B:

1. 1I-3.B, Flooding Potential and Protection-Requirements

2. III-2, Wind and Tornado Loadings

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

4, 1III-4.A, Tornado Missiles

5. III-5.A, Effects of Pipe Breaks Inside Containment

6. III-5.B, Effects of Pipe Breaks Outside Containment

7. 11I-6, Se1sm1c Design Considerations

8. VI-2.D, Mass and Energy Release for Postu]ated Pipe Break
Inside Conta1nment

EVALUATION

The evaluation is based on a Technical Evaluation Report (TER) prepared
by the Franklin Research Center (FRC) in conjunction with the NRC staff
through contract. The report is entitled "Design Codes, Design Critéria
and Loading Combinations" and is attached to this Safety Evaluation
Report as Enclosure (1).

TORY DOGKET FRECOPY




We have compared structural design codes employed in the design of
Category I structures at Palisades to present codes. This was done
through generic code versus code comparison without investigating
specifically how the original code was applied to the Palisades
design; however, after reviewing drawings of structures at Palisades,
we concluded that certain portions of the codes were not applicable
because the types of structures to which the codes are referring were
non-existent. We have compared the loads and 1oad1ng combinations
employed in the design of Palisades as descr1bed in the FSAR to those
required today.

A result of these comparisons is that a number of code changes could
potentially impact significantly margins of safety (denoted by scale
A and Ax in Enclosure 1). This can be attributed to several factors
such as:

1. New codes have imposed stricter Timitations than old,

2. New codes have included sections governing design of certain fypes
of structures which were not included in the older codes,

3. Design loads required today were not included in the plant design,
and

R Certa1n load combinations Judged ‘to. be s1gn1f1cant were not in-

cluded in plant design.

In Enclosure (1), some items have been judged to potentially impact
margins of safety regarding the containment as a result of comparing
ACI 318-63 to ASME BPV Section 3, Division 2. These items are discus-
sed in Section 11 of the report. One item, cc-3421.5 of the BPY Code,
Section III, Division 2, 1980, is not significant based upon the ad-
ditional information contained in Enclosure (2).

The code changes of concern from Enclosure (1) are: (See next page)




Structural Elements to be
Examined

Beams
a. Composite Beans

l. Shear connectors in
composite beams

2. Composite beams or
girders with formed
steel deck

b. Hybrid Girders

Stress in flange

Compression Elements

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

Tension Members

When load is transmitted
by bolts or rivets

Connections

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

b. - fonnecticns carrying moment
or restrained member
connecsion

*Double dash (--)»indiéatesytha: no'p:o§isicns'vére provided in ihe'olde; code.

New Code

AISC 1980

l. 11. 4

1.11.5

1.10.6

AISC 1980

1.9.1.2 and

Appendix C

AISC 1980

1.14.2.2

AISC 1980

i.5.1. 2.2

1.15.5.2

1.15.5.3 -

l.15.5.4

Code Change Affecting These Elements

Old Code

AISC 1963

1.11.4

1.10.6
AISC 1963

1.9.1

AISC 1963

AlISC 1363
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Structural Elements to be
Examined

Members Designed to Overate
in_an Inelastic Regime

Spacing of lateral bracing

Shore Brackets and Corbels
having a shear span-to-
depth ratio of unity or less

Shear Walls used as a

Primary load-carrying
member

Precast Concrete Structural
Elements, where shear is not
a member of diagonal tension

Concrete Regiens Subject to
Eigh Temperatures

Time-dependent and
positicn-dependent
temperature variations

Columns with Spliced
Reinforcement

subject to stress reversals;
£, in compression to

‘172 fy in tension

Steel Embedments used to
tzansmit load to.concrete

Containment and Other

Elements, transmitting

: In=nlane shear

L ed

Region of shell carrying
concentrated forces normal
to the shell surface (see

_cage study 13 for details)

Code Change Affeczing These Elements

New Code

AlISC 1380

2.9
ACI 349-76
11.13

ACI 349-76
11.16

ACI 349-76
11.15

ACI 349-76

Appendix A

ACT 349-76

7.10.3

ACI 349-76
Appendix B

B3&PV Code
Section III,
Div. 2, 1980
CC-3421.5

B&PV Code,-
Section III,

Div. 2, 1980 |

CC-3421.6

0ld Ccde

AISC 1963

2.8

ACI 318-63

ACI 318=-63

ACI 318-63

ACI 318=-63

" ACI 318-63

805

ACI 318-63

ACI 318-63

ACI 318-63

- 1707
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Structural Elements toc be Code Chanae Affecting These Elements
Examined New Code 0ld Code

Region of shell urnder BePV Code = ACI 313-63
torsion ' Section 111, 921

Div. 2, 1980

CC-3421.7
Elements Subject to B&PV Code, ACI 318-63
Biaxial Tension Section 111,

Div. 2, 1980

CC-3532,1.2 -
Brackets and Corbels B&PV Code, ACI 318-63

Section I1II,
Div. 2, 1980
Cc-3421.8 ' -

Section 10 of Enclosure (1) address load and load combination changes
which occured as a result of criteria changes and identifies specific
plant structures for which various Toads and load combinations may be
significant. Based upon a lack of detailed information on the stress
results for loads and Toad combinations used during design of struc-
tures at Palisades, these 1oads .and load comb1nat1ons may be potent-
ially significant.

Enclosure (2) provides details of a reanalysis of the containment for
combined seismic and LOCA loadings which was performed by our contrac-

. tor, Lawrence Livermore Laboratory. It is concluded that the contain-

ment will perform its intended function if subjected to combined
seismic and LOCA loads.

CONCLUSIONS

We conclude that after comparing design codes, criteria, loads and

load combinations, a number of changes have occurred which could poten-
tially impact margins of safety. These changes are identified above.
These differences between plant design and current 11cens1ng criteria

l-should be reso]ved as follows:

' T}, Review Seismic Category 1 Structures at Pa]isades to determine if

any of the structural elements for which a concern exists are a
part of the facility design of Palisades. For those that are, as-
sess the impact of the code changes on marg1ns of safety on a plant
specific bas1s, and
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2. Examine on a sampling basis the margins of safety of Seismic
Category 1 structures for loads and load combinations not
covered by another SEP topic and denoted by Ax in Enclosure (1).
(The load tables should be reviewed to assure their technical
accuracy concerning applicability of the loads for each of the
structures and their significance.)

Regarding the ability of the Palisades containment to resist the
seismic and LOCA loads described in Enclosure (2), we conclude that
the containment will perform its intended function if subjected to
combined seismic and LOCA loads.
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FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of

Nuclear Reactor Regulation, Division of Operating Reactors) for technical

assistance in support of NRC operating reactor licensing actions. The
technical evaluation was conducted in accordance with criteria established by

the NRC.
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PALISADES SER ADDEMDA - SEP TOPIC III-7.B

To be inserted tefore Section 10.2 in FRC report:

Current criteria require consideration during plant design of thirteen 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 Toad combinations actually considered to its nearest counterpart under
present requirements. For example, consider a plant where the SSE was
addressed in combination with other loads, but not in combination with the
effects of a LCCA (load combination 13). The load combination tables would
reflect this by showing that load case 9 was addressed, but that load case
13 was not. If six load cases were considered, only six (nearest counterpart)
load cases are indicated in the table---not partial fulfilliment of all 13.

The scale rankings assiagned to loads and load combinations in tables are
intended as an aporaisal of plant status, with respect to demonstration of
compliance with current design criteria, based on information available to
the NRC prior to the inception of the SEP review. A number of structurally
related SEP topics review some loads and load combinations in detail based
upon current calculational methods. In order that a consistant basis fer

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

the original design of the facility, or in the case of facility moditications,
they are based upon the combinations used in the design of the modification.
Loads which were not inciuded in the original design or have increased in
magnitude and have not been specifically addressed in another SEP topic should
be addressed by the licensee.
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l. INTRODUCTION

For the Seismic Category I buildings and structures at the Palisades
Nuclear Power Station, this report provides a comparison of (a) the structural

design codes and loading criteria used in the design with (b) the corresponding

codes and criteria used for current licensing of new plants.

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

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

deviations on margins of safety, as they were originally perceived and as they

.would be perceived today.

The work was conducted as part of the Nuclear Regulatory Commission's
(NRC) Systematic Evaluation Program (SEP) and provides technical assistance
for Topic III-7.B, "Design Codes, Design Criteria, and Load Combinations."
The report was prepared at the Franklin Research Center under NRG Contract No.

NRC-03~79-118.
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2. BACKGROUND

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

considerable revision.

There has likewise been a corresponding development of other licensing

.criteria, resulting in similar non-uniformity in many of the requirements to

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

extensive program to evaluate the safety of 1l older plants (and eventually

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

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

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

. To make. the necessary determinations, the NRC is investigating, under the

SEP, 137 topics spanning a broad spectrum of safety-related issues. The work

reported herein constitutes the results of part* of the investigation of one
of these topics, Topic III-7.B, "Design Codes, Design Criteria, and Load

Combinations."

This tbpic.is charged with the comparison of structural design criteria

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

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

aspects of the integrity of plant structures. All these structurally oriented
tasks, taken together, will bé used to assess the structural adequacy of thé
SEP plants with regard to current requirements. The determinations with
respect to structural safety will then be integrated into an ovérall SEP

evaluation encompassing the entire,specttum of safety-related topics.

. *The report addresses only the Palisades plant.
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3. REVIEW OBJECTIVES

The broad objective of the NRC's Systematic Evaluation Program (SEP) is
to reassess the safety 6f 11 older nuclear power plants in accordance with the
intent of the requirements governing the licensing of current plants, and to
provide assurance, possibly requiring backfitting, that operation of these

plants conforms to the gener;i level of safety required of modern plants.

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

‘to a degree sufficient to assure that the nuclear péwef plant can be safely

. shut down under all circumstances.

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

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

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

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

FRC's Task III-7.B work as they relate to the Palisades Nuclear Power Station.
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4. SCOPE

FRC was asked to review the. provisions of the structural codes and stan-

dards used for design of SEP plant Seismic Category I civil engineering struc-

tures* and compare them with 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.
To carry out the review, FRC was assigned the following tasks:
1. Identify current design requirements, based on a review of NRC

Regulations; lOCFR50.55a, "Codes and Standard”; 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 Category I
structures as defined in the Final Safety Analysis Report (FSAR) for
each SEP plant.

3. Based upon the plant-spec1f1c design codes and standards identified
in Task 2 and current licensing codes and standards from Task 1,
identify plant-specific deviations from current licensing criteria
for design codes and .criteria.

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

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

a. comparisons of plant design codes and cr1ter1a to those currently
accepted for licensing

b. assessment of the significance of the deviations
c.  results of any comparative stress analyses performed in order to

make an assessment of the 51gn1f1cance of the code changes upon
safety margins

*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 sectlon of
~ structures spec1f1cally excluded from FRC's scope). ’
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d. overall evaluation of the acceptébility of structural codes used
at each SEP plant.

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

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

effort as shown below:

Topic Designation

ITI-1 Classificatiqh of Structures, Components,
Equipment, and Systems (Seismic and
Quality)

III-2 Wind and Tornado Loading

III-3 ‘ Hydrodynamic Loads

I1I-4 Missile Generation and Protection

ITI-5 Evaluation of Pipé Breaks

I1I-6 Supports

III-7.2 _ : _Insefvice'Inspectién of_Structurés'

II1I-7.C Delamination of Prestressed Concrete
Structures

III-7.D Structural Integrity Tests

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

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

: scope:

f Mark I torus shell, supports, vents, Reviewed in Generic Task A-7.
¥ local region of drywell at vent
o penetrations

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

§ supports

i Equipment supports-in SRP 3.8.3 Reviewed generally in Topic
. 1I1I1-6, Generic Task A-12.

UUUE Franklin Research Center
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Other component supports (steel
and concrete)

Testing of containment

. Inservice inspection; 'quality
control/assurance

Determination of structures that-

should be classified Seismic
Category 1

Shield walls and subcompartments
inside containment

Masonry walls -

Seismic analysis

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

Reviewed in Topic III-7.D.

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

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

Not in FRC scope.

Reviewed in Generic Task A=2.
kgviewéd generically in IE
Bulletin.. :

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

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

discussed.

The most often used is the margin of safety based on yield strength.
This is a particularly useful concept when discussing the behavior of steels,
and became ingrained into the engineering vocabhlary at the time when steel
was the principal metal of engineering structures. 1In 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 reser%e load
carrying capacity existing before the structure is brought to the limit for
which an engineer could be certain the computations (based on elastic

behavior of the metal) applied.

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

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

However, because the vield strengths of common structural steels are
generally well below their ultimate strengths, the engineer knows that in most
{but not in all) cases, the structure possesses substantial reserve capacity-—

beyond his computed margin--to carry additional load.

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

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

SEP program.

*Factors of safety (FS) are related to margins of safety (MS) through the
relation MS = FS -~ 1.
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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 saféty" are very significant to the
-SEP reQiew; 'Indeed the basic review concept, at least as it relatesvto
structural integrity, cannot be easily defined in any guantitative 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. Thé SEP review seeks to assess whether or not
plants meet ;he "intent" of currént licensing cziﬁeria as .defined by the
Standard Review Plan (SRP). The objective is ggg to require that older plants
be brought into conformance with all SRP requirements to the letter, but
_rather to assess whether or not their design is sufficient to provide the

general level of safety that current licensing requirements assure.

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

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

demanded that_margins of safety based upon ulﬁimate strength are not only

positive{ but ample. In fact, the critical judgments to be madev(fbr SEP

plants) are;

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

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

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

of these two key considerations.
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6. CHOICE OF REVIEW APPROACH
The approach taken in the review process depends, to a large degree, upon
which of the two previously stated key questions one chooses to emphasize and

address first.

One could give primary consideration to the sebond. If this approach is.
chosen, one first sets up a minimum margin of safety (based on failure) that
will be acceptable for SEP plants. This margin is to be computed in
accordance with current criteria. Then, one investigates structures designed
in accordance with earlier code provisions, and to different loading
combinations, to see if they meet the chosen SEP margin when challenged by
current loading combinations and evaluated to current criteria. This approach
gives the appearance of being efficient. The review proceeds from the general
(the chosen minimum margin of safety) to the particular (the ability of a
previously designed structure to meet the chosen margin). Moreover, issues
are immediately reSqlved on a "go; no-go" basis. However, the initial steé is
not easy; neither are the necessary évaluations. One is dealing with highly
loaded structures in regions where materials behave inelastically. Rule-
making in such areas is sure to be difficult,'and likely to be highly

controversial.

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

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

Current and older codes are compared paragraph-by-paragraph to see the
effects that code chénges may have on the load carrying ability 6f individual
elements (beams, columns, frames, and the like). It éhould be noted that this
process, although involving judgments, is basically fact-finding -- not

decisionmaking.

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

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

o -9-
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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 open 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 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-7.3

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

areas:

1. information retrieval and assembly

2. appraisal of information content

3. code comparison reviews

4. code change impact assessment

5. plant-specific review of the relevancy of code
change impacts

6. summarizing plant status vis-a-vis design
criteria changes. '

7.1 INFORMATION RETRIEVAL

The initial step (and to a lesser extent an ongoing task of the review)
was to collect and organize necessary information.. At the beginning of FRC's
. work assignment, NRC forwarded files relevant to the work. These submittais

included pertinent sections of plant FSARs, Standard Review Plan (SRP) 3.8,

response to questions on Topic III-7.B previously requested of licensees by

the NRC, and other relevant data and reports.

FRC organized these submittals into Topic III-7.B files on a plant-by-

" plant basis. The files also house additional information, subsequently

received, and other documents developed for the plant review.

A number of channels were used to gather additional information. These

included information requests to NRC; letter requests for additional infor-
mation sent to licensees; plant site visits; and retrieval of representative

structural drawings, design calculations, and design specifications.

o E In addition, a separate file was set up to maintain past and present
L structural codes, NRC Regqulatory Guides, Staff Position Papers, and other
relevant documents (including, where available, reports from SEP tasks

interfacing with the III-7.B effort).

-1]1-
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7.2 APPRAISAL OF INFORMATION CONTENT

Most of the information sources were originally written for purposes
other than those of the Task III-7.B review. Consequently, much of the
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 needed items
were not referenced'ét all -or, when they were found, often were not specific
enough for Task III-7.B purposes). The information found Qas assembled and
the gaps were filled through the information retrieval efforts mentioned

earlier.

7.3 CODE COMPARISON REVIEWS

The codes and standards used to represent current licensing practice were
selected as described in Appendix I of this report. Briefly summarized, the

criteria selection corresponds to NUREG-800, of NRC's SRP, thé operative

document providing guidance ‘to NRC reviewers onv.fl.'icens"ing matters (see . . .

Reference 1).

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

' counterpart that would govern design were the structure to be licensed today.

Workbooks were prepared for each code pair. The workbook format
consisted of paragraph-by-corresponding paragraph photocopies of the older and
the current versions laid out side-by-side on 11l by 17-inch pages. A central

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

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

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

PN - o -12-
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The review then focused on the remaining portions of the codes where
textual disparities existed. Pertinent comments regarding such changes were
entered. Typical comments address either the reason the change had been
introduced, or the intent of the change, or 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 are
called upon_to protect against failure modes where the effects are well known;
but too little is yet clear concerning the actual failure mechanism and the
relative importance of the contributing factors. The committee often canpot
défér action unti; a full iﬁiéétigagion has beénicompleted; but must act on
behalf of safety. Issues such as thesé are usually-resblved with.prudencé and
caution--sometimes by the adoption of a rule (based upon experience and ‘
judgment) known to be conservative enough to assure safety. Subseqﬁent inves-
tigation may produce evidence showing the adopted rule to be over-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-—

. : -13-
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ment that the designer must space end supports closely enough to preclude

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

In the code comparison review, wherever it was found that code require-
ments had truly been relaxed, this was noted in the reviewer's comments.
Becahse liberalization of code criteria clearly cannot give rise to safety
issues concerning structures puilt 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
: H(glthough ﬁore restrictive) would not significantly affect safety margins,
this judgment was entered in the commentary. When it was clear that the code
change had the potentiai‘to significantly affect'the perceived margin of
safety, this was noted in the comments and the paragraph was flagged for

further consideration.

Sométimés.ﬁhe effects bf-é code change'a;e.not easily'seen.l Indeed;

' dépehding hpon a number of féctors,* the change méy reflect a tightening of
requirements for some“structures and a liberalization for others. When
doubtful or ambiguous situations were.encountered, the effect offthe code

change was explored analytically using simple models.

a va:iety of analytical techniques were used, depending on the situation
at -hand. One general approach was to select a basic structural element (a
beam, a column, a frame, a slab, or the like) and analytically test it, under
both the older and the current criteria. For example, selecting a typical
structural element and a simple loading, the e;ement was designed.to the older
code requirements. The load carrying capacity of this structure was then .
reéxamined,'this time using current code-criferié. Finally, the load carrying

'capacity of the element, as shown by the older criteria and determined by the

*Geometry, materlal properties, magnltude or type of loadlng, type of supports--
to name a few.

. =14~
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current criteria, was compared. Examples of investigations performed to

assess code chande impacts are found in Appendix B.

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

the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results frpm-simplified
models may be totally app;icable to the more complex situations occurring in
real structures, it was felt that such examplés provided reasonable guidance
for making rational judgments concerning the impact of changed code provisions

on perceived margins of safety.

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES

As the scope of the Task III-7.B assignment makes clear, a limited
objective is. sought (for the present) with respect. to assessment of the

effects of code changes on Seismic Category'I structures.

The scope of review is not set at the level of appraisal of individual,
as-built structures on plant sites. Correspondingly, the review does not
attempt. to make quantitative assessments as to the structural adequacy under

current NRC criteria of specific structures at particular SEP plants.

To the contrary, the scope of the review is confined. to the compafison of
former structural codes and criteria with counterpart current requirements.
Correspondingly, the assessment of the impact of--changes in codes and criteria
is confined to what can be deduced solely from the provisions of the codes and
criteria. |

Although the review is therefore carried out with minimal reference to -
actual structures in the field, the assessments of. code change impacts_that-
can be made at the code comparison level hold considerable significance for

actual structures.
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In this respect, two important points should be noted:

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

The review 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 1mpacts on actual
structures. -

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 integrity
of a structure under a loading combination that includes an additional
load not specified. in the corresponding loading combination. to which
the structure was designed. . If the non-considered load is large
(i.e., in the order of or larger than other major loads that were
1ncluded), then it is quite possible‘ that some members in the
structure would appear overloaded as v1ewed 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 had the potential to give rise to concefn about possible

impairment of perceived margins of safety, the follow1ng scheme cla551fy1ng "

code change impacts was adopted.

 7.4.1. Classification of Code Changes

Where code changes involve technical content (as cpposed to those ﬁhich
" are edltorlal, organizational, admlnlstratlve, and the llke), the changes are

'cla551f1ed accordlng to the follow1ng scheme°

 *The addition of a new load can change the locatlon of the point of highest.
stress° . .
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Each such code change is classified according to its potential to alter
perceived margins of safety* in structural elements to which it applies. Four

. categories are established:

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

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

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

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

7.4.1.1 General and Conditional Classifications of Code Change Impacts

Scale ratingé(of code changes are found in two different forms in this
report. For example, some may be designated as "Scale A," and others as
"Scale C." Others may have dual designation, such as "Scale A if --- [a

condition statement] or Scale C if --—- [a second condition statement].”

In assigning scale classifications, an efficient design to original
triteria 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'adéquate; but it does not

G *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

: ‘ dlfference due only to the code change under consideration?

=17
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thereby downgrade the ranking to, say, a Scale B change for that member. The
scale ranking is not a function of member stress* nor a ranking of member

édequacy. The scale system ranks code change impact,.not individual

members.

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

way and members of other proportions differently.

For example, assume a change in column design-requirements is introduced
in the code and this is framed in terms of radius of gyration. 'The new rule
acts to tighten design requirements for slender columns, but liberalizes
former requirements for columns that are not slender. This change may be
rated Scale A for slender columns, and simultanecusly, 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 distinction between them resides in the

code, and is not a reflection of member adequacy. Clearly, it is still 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 Impacts 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

changes) and (b) changes that have the potential to enhance perceived margins

" of safety (Scale C changes).

Emphasis is subsequenﬁly placed on Scale A changes, not on Scale C
changes. The purpose -0of the code comparison review is to narrow down énd bring
into sharper focus the areas-whefe structures shown adequate under,forﬁer 7
criteria may not fully comply with current criteria. Once such criteria
changes have been identified, actual structures méy be checked to see if the
potential concern is applicable to the structure. Depending upon a number of

structure-specific circumstances, this may or may not be so.

*There are exceptions, but these are code—rélated,- not adequacy-related. S .

-18-
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The same thing is true of Scale C changes, i.e., those that may enhance
perceived structural margins. Specific structures must be examined to see if
the potential benefit is actually applicable to the structure. If it is
applicable, credit may be taken for it. However, this step can only be taken

at the structural level, not at the code level.

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

ample margin for addi-

tional load

Maximum stress in beam Beam qualifies for Beam may be
under original loading higher stress limit adequate under current

condition was near former criteria
allowable limit :

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

allowabile limit

It is clear from this example that the function of the code review is to
point out code changes that might impair perceived margins of safety, and that
assessment of the applicability of the results of the review is best '

accomplished at the structure-specific level.

-19-
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7.5 PLANT-SPECIFIC CODE CHANGES

There is substantial overlap among the SEP plants in the codes and
standards used for structural design. For example, several plants followed
the provisions of ACI-318, 1963 edition, in designing major concrete

structures.

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

specific character.

The code changes potentially applicable to particuiar structures at a
particular SEP plant have then been identified. HoweQer, 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, and none.actuaily exist in any structures in that particular plant.

- In-depth exaﬁination of design drawings, audit of structural analyses,
and review of plant specifications were beyond the scope.of the III-7.B task.
- Accordingly, FRC did not attempt such activities. However, occasional
reference to such documents was neceSsary to the review work. Consequently,
FRC was able to cull from the list some items that were obviously inappropriate
to the 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, for structures in general, may be significant but did
not appear applicable to any of the Category I structures at Palisades were
relegated to Appendix A. The Scale A or Scale Ax changes that remained are

listed on a code—by-code.basis in Section 11.

‘ . ) N . -20-
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8. PALISADES SEISMIC CATEGORY I STRUCTURES

SEP Topic III-1 has for its objectives the classification of components,

structures, and systems with respect to both quality group and seismic

designation. The task. force charged with this responsibility has presented

its f£indings in Reference 5, and the following structures have been determined

to be Seismic Category I:

A. Containment

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

B. Internal Structures

Reactor cavity
Steam generator compartments (reviewed in Generic Task A-2)
~ Biological shield (reviewed in Generic Task A-2)

C. External Séructﬁres

l. Auxiliary building (entire building except for admlnlstratlve
and access control areas)

Includes:
Control room
Diesel generator compartments
Switchgear room
(The above three items are in a common enclosure with three
floor levels)
Spent fuel pool
New fuel storage area
Radwaste area
Pump rooms {(for ECCS and feedwater)

2. Turbine building'
(only the basement area which houses auxiliary feedwater pumps is
Seismic Category I)

3. Intake/discharge structures including pump house for service
water pumps.

-21-
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The structural codes governing design of the major Seismic Category I

Q
structures for the Palisades Nuclear Power Generating Station are desailed in

the following table.

Structure
A. Containment
1. Concrete.

(including shell,
dome, and slab)

2. Liner

3. Personnel locks and
equipment hatches

B. .Internal Structures

Design
Criteria

ACI 318-63

ACI 301-63
(specifications for
concrete)

ASME B&PV Segtion III, 1965
(Provisions of A;ticIe 4%)

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

- and welders qualifications
‘only)

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

"ACI 318-63 .

AISC 1963

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

ﬂﬂ I]E Franklin Research Center

A Division of The Frankiin Institute -

-22-

Current
Criteria

ASME B&PV Code,

‘Section III, .
Division 2, 1980

(subtitled ACI
359-80)

ACI 301-72
(Rev. 1975)

ASME B&PV Code,

-Section III,-

Division 2, 1980
(Subtitled ACI
359-=80)

ASME B&PV Code,
Section III,

Division 2, 1980
(subtitled ACI

359-80) .

ACI 349-80




Design Current
Structure Criteria Criteria
C. External Structures

1. Auxiliary building AISC 1963 AISC 1980
Control room ACI 318-63 ACI 349-76
Fuel pool
Diesel generator

room :
Radwaste facility -

2. Service water, AISC 1963 AISC 1980
intake, pump house, ACI 318-63 ACI 349-76
and discharge
structures

3. Turbine building AISC 1963 AISC 1980
auxiliary feedwater ACI 318-63 ACI 349-76
pump enclosure

REFERENCES:

TER-C5257~324

Identification of the Original Design Codes:

1. Palisades FSAR Section 5 and Appendix B
(Identifies codes for Items A and B) ' oo

2. Seismic Review of Palisades Nuclear Power Plant ,
Unit I, Phase I Report - Subject: Review and documentation of existing
seismic analysis and design (identifies codes for Items A through

C above)

ﬂﬂﬂﬁ Franklin Research Center
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10. LOADS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TABLES OF LOADS AND LOAD COMBINATIONS

The requirements governing loads and load combinations to be considered
in the design of civil engineering structures for nuclear service have been
revised since the older nuclear power plants were constrﬁcted and licensed.
Such changes constitute a major aspect of the general pattern of evolving
design requirements; consequently, they are 51ngled out for specxal considera-

tion in the present sectlon of this report.

The NRC Regulatory Guides and Standard Review Plans provide'guidance
regarding what loads and load combinations must be considered. In some cases,
the required loads and load combinations are also specified within the govern-
ing structural design code; other structural codes have no such provisions and
take loads and load combinations as given a priori. 1In this report, loads and

load combinations are treated within the present section whether or not the

structural design codes also include 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 stiuctural design codes.’

To provide a compact and systematic comparison of previous and present

'requirements, the facts are marshalled in tabular form. Two sets of tables

-are used:

1. load tables

. 24 ‘load combination tables.

Both sets of tables are constructed in-accordan'ce. Qith current
requirements for Seismic Category I structures, i.e., fhe load tables list all
loads that must be considered in today's design of these struc;ures, and the.
load combination tab;és list all combinations of these loadings fgr which
.current iicensing,pfbcedures require demdhstration of struétural integrity.

o : _ ~24-
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In general, the loads and load combinations to be considered are determined
b§ the structure under discussion. The design loads for the structure housing
the emergency power diesel generator, for example, are quite different than
those for the design of the containment vessel. Consequently, structures must

'be considered individually. Each structure usually requires a load table and

load combination table appropriate to its specific design requirements.

The design requirements for the various civil engineéring 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 correspbnd

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 followihg scheme:

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

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

2. The loads included in the actual design basis are then:checked
. against the reduced list to see if all applicable loads (according to
s current requirements) were actually considered during design.

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

i 4. An annotation is made as to whether deviations from present

o requirements exist, either because of load omissions or because the

H loads do not correspond in magnitude or in other particulars.

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

‘- 6. Relevant notes or comments are recorded.

- o . =25~
ﬂﬂﬂ ﬁ Franklin Research Center ’ ‘

A Division of The Frankiin Institute




TER-C5257~324 ‘

Qf particular importance to the Topic III-7.B review are comments indicat-
ing that the effects of certain loadings (tornado and seishic loads, in '
particular) are being examined under other SEP topics. 1In all such cases, the
findings of these special SEP topics (where review in depth of the indicated
-loading conditions will be undertaken) will be definitive for the overall SEP
effort. Consequently, no licensee investigation of such issues is required
under Topic III-7.B nor is such effort within the scope of Topic III-7.B (see
Section 4). Licensee participation in the resolution of such issues may,
however, be requested under the scope of other SEP topics devoted to such

issues.

After the load tables have been filled cut, the load comb{nation tablés
are compiled. Like the load tables, the load combination tanes are drawn up

to current requirements and the load combinations actually used in the design

basis are matched against these requirements.

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

" imposed on the load combinations currently required. This.is accomplished in
two steps: ’ ‘
1. Currently specified load combinations include loads sufficient for
: the most general cases. In particular applications, some of these
are either inappropriate or insignificant. Therefore, the first step-

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 contrlbutlng to the
summation considered for deSLgn.

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 rankin§ of loads), a scale ranking is:not,necessarily
. assigned to each one. When the load combinations_used for design correspond

. -Closely to current ‘require'mén_t_:s_, scale ratings may be a.ssignedv to all combina-- - .

‘ UUUE Franklin Research Center - o '
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tions. However, when the number of load combinations considered in design was

ally 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.

following considerations guided the selection of these cases:

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

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.

The most severe load combinations occur under emergency and accident
conditions. These are also the conditions associated with the
greatest consequences to public health and safety.

If demonstration of structural adequacy under the most severe load

' combinations currently specified for emergency and accident

conditions is provided, a reasonable inference can be drawn that the
structure is also adequate to sustain the less severe loadings
associated with less severe consequences.’

10.2 LOAD DEFINITIONS

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

Loads generated by the operating basis earthquake.
Loads generated by ;he safe shutdown earthquake.

Loads resulting from the application of pre-stress.
Hydrostatic loads under operating conditions.
Hydrostatic loads generated under accident conditions, such as

post-accident internal flooding. (Fy is sometimes used by others*
to designate post-LOCA internal flooding.)

." *See, for

Uﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute
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Live loads or their related internal moments and forces (such as
movable equipment loads).

Loads resulting from pressure due to normal operating conditions.

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

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

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

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

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

Thermal loads under accident conditions (such as those generated by

a postulated pipe break accident).

Thermal effects and loads during sta:tup; normal operating, or
shutdown conditions, based on the most critical transient or
steady-state condition.

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

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

Tornado loads include loads due to tornado wind pressure, tornado-
created differential pressure, and tornado-generated missiles.

‘Equivalent static load on the structure generated by the reactlon

on the broken pipe during the design basis accident.

Equivalent static load on the'structure gerierated by the impinge-
ment of the fluid jet from the broken plpe durlng ‘the design basis
accident.

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

. ’ ’ ' -28f\
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The load combination charts correspond to loading cases and load defini-
tions as specified in the appropriate SRP. Each chart is associated with a
specific SRP as identified in the notes accompanying the chart. Guidance with
respect to the specific loads which must be considered in forming each load
combination is provided by the referenced SRP. All SRPs are prepared to a
standard format; consequently, subsection 3 of each plan always contains the

appropriate load definitions and load combination guidance.

. - 2 9 -
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10.3 DESIGN LOAD TABLES

"COMPARISON OF DESIGN BASIS LOADS"

-30-
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Basis To This In Plant |Correspond {Exist Scale Comments
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AUXILUARTY AuD&G
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2) ToRHADoS MISSILE INCLUDED i W uew rueL AREA RooF 15 NeT
ToRkiaDo RESISTANT) ’
3) No DescRiPTioN ,OF Hol oaD 1§ "racA'reD, IS Fouud IN FsSAR.
P2ovisiod FoR lT EXISTS
LOADS HANE INCREAMED — SEP ToPlc L _2.A" E'SB(-P”* )@:k\

a.) 'Rch
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PLANT: FALISADES ‘2“9‘-’
[current |Is Load | Is Load | Does Load|Does Code .
Design Applicablg Included | Magnitude| Deviation | Impact
Basis To This In Plant }Correspond| Exist Scale - Comments
ads Structura?] Design To Present] In Laad Ranking -
Basis? - |Criteria? | Basis?
o~ }
- D NES, NES &S NOo —_—
>
] .
3 L ves Yes Yes Ne Ay 4.)
E F No —_ _— _ _— '
2 4 1es NES —_ —_ -
|73
s le g = | A b
o T . — e
& a - . A“ ‘31 iy /A B
o or ) es NES | vEs N& —_ '
2 = -0 ) : '
S R .
=2 R — - — — | Ay
3 B Yes 1es Ne ‘es Ax |13\ 5P Teete
g E NES ves —_ — -_
g .
5 w NEs fes tes No s 1),2))5e® .
=] . ToPic
g 183 &5 —_ — - II-2
. NES 1es —_ — Ax 3.).)seP |
3 I 1es 1es —_ —_ Ay ‘-_’, 3)yrefe
H . 5.8
~ L Jes - —_— -_— Ax L),3)
Commants IR P,

W PALISADES DESIGN BASIS.
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INTAKE  STRJUCTU
- INCe. ENCLAGRE
COMPARISON OF DESIGN BASIS LOADS STRUCTURE(R;L JE&\I\Q‘; AT,
PLANT: PALI\SADES | DiscHAREY - STRucTigE
) Current . [Is Load |Is Load | Does Load|Does Code .
Design Applicable Included | Magnitude) Deviation | Impact .
|Basis To This In Plant |Correspond|Exist Scale Comments
ads ~ |Structure?] Design To Present| In Load Ranking )
o ’ Bagis? Criteria? ] Basis?
— . -
.‘..; D tes NES NES NO —
o
8 L qES Nes NES No - A | 2)
E b4 NG . —_ —_— U —_—
8 3 \ES eSS vES Ne —_
: 2 L no = = — | = INsPTwengSH
-fé Ty ueGuadie| — — - —_—
T .. R L . ’ e
é a . No — —_ _ _— NsFH heimSB
B NES  |wEauadle] — — -_—
[’} oS . .
2w 3 R .
&% = a i NO —_— — —_— _—
- e | wes \ES No NES | Ax 1.1 S&P ToPIc
3 . om-&
S E - NEs NES — _ —
g W “&s | vYes | des NGO | —  [uleer opic
o]
| W ws | Yes [ — R ™2
m ) - - -
9 S, U — _‘bB
= Yj NO -_— . - -
Y
8 L No —_ — U [
e - -
1.) This losd 13 being reviewed as a separate SEP Topic
i;)‘CGQF' ) _LOADS HAWE lceepseEn PER SEP Tofic .—Lt 2. AJTE 3 ,'
- (pospeX
oS
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i TURBINE BLDG
COMPARISON OF DESIGN BASIS LOADS AVK. Feep wa
STRUCTURE ajnip 2uciosy
PLANT: PALISADES ‘ : Conit)
Current |Is Load |1Is Load | Does Load[ Does Coda -
Design Applicablg Included | Magnitude{ Deviation | Impact
Basis To This ‘- | In Plant |Correspond{ Exist Scale Comments
ads Structure?] Design {To Present|In Load Ranking ' : e
’ . | Basis? Criteria? | Basis? . .
)
:.; D NES NES NES No —
[
] L 1E€s es MEes Ne -— 4.)
9 F NO | — —_— — —
=
§ :} NES NES | By  [2).3)
a P = - | = — | Ax . )EPRecmped
3- T, NES NES NEGuGAE] — _—
S
2 Ta - — - —_ A | DR AR .
Jd R [ N&s | MSs €S | nNe — B
Q - B .
a8 R ' ' : S :
- = a - _ —— — ~— . AX
E e NES NES Nao ' ‘€S A)‘ 13 sn‘?iigaﬁc
§ E 4es Yes - - - -
g w ves S T e T
s Yes Nes No — A }sep T4ld
-y
T, vES tes | — - Ax L)) 587
a v o5 ' ‘ A R ToP\Q
3 g e | = | = | A ms el -
2 | ® | ves | — — Ay M)
Comments : R
1) This load is being reviewed as a separate SEP Topic .
2) SovL Peessude TREAT MeuT NoT DESCRIBED v FSAR (ExcemT THAT - - T
PALISAMDES DESIGN SASIS PRoVIDES Fo@ TS cousSIDERATION UNDER,
Loap DOEsiGuATION 'D .
3.) H i PALISADES’ LOAD com@nATions DESIGNATES PtPe-ReacTiod

UMDER OPERATING CodDiTiaods. FRe WES & FoR THiS,
4 Roof LoADS WAVE INCREASED SEP ToPIc TL- ?-ASE'SBC\:&L@@%;\
: c J .
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10.4 LOAD COMBINATION TABLES

"COMPARISON OF LOADING COMBINATION CRITERIA"
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TER-C5257-324

STRUCTUIRE

COMPARISON OF LOADING COMBINATION CRITERIA
CONCRETE CCNTAINMENT

. RAT: PALISADES
Coebined Gravicy Prestress Severea Nacural Scale
" Category loading Dead, Load Pressure Tharmal Environment {Phenomena Mechanical | Ranking
Cases Live ’
Norzal b
TR, ‘ 1 . D+ L F R\‘ Tn la
D+ r ‘ : S
F5Ve 8 naental L R‘\ a E %
D+L r Ry T - v . R
o
Savere 1
Environmental 4 ﬂ" 1'@ m & 1.3 l.lil‘,’
" (Factored) s . - ) ¢ T 1.2 |
D 1. 'R' ° mm—— 1.5W R°
Extrese 3 D+ L} 7y - ’ - -
Environmental - !—! \ B m
7 DFL ] \ LA o, 4.
] 1) ] ‘ T, l R Ax
Abnormal
9 D+ L 4 P T 1.25 ®
a a a
Abnormalf : . . - P
Sovere SR N rx d &1 i
Environmentall 31 R+l P hase, T, . 1.25% L3
12 D+ L ¥ LR . To lo
13 ) D+ L 4 H a To v
Abnoraal/ (z)
Ext reme " 14 D+ L ‘ ¥ I @ [E z“ Ri + nt Ax

Ref.: 1. SAP Section 3.8.1 Concrece Containacat
2. ASME Section III, Div. 2 Articie CC-3000

Notes

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

2. The FSAR states that; forces or pressure on structure due to rupture of one
pipe, is considered. However no specific details are found.

3. For purpcses of the SEP Review, demonstration that structural incagrity is
saintained for load case l4) 8 (per current critaria] may be
considerad as providing razascnahble assurance that chls structure meets the
intent »f current design cziteria.

4. FSAR ETATES SEISMIC LoaDig CONTRoLS OVER ToRNADS

. /F : | ~39-
h UI] Franklin Research Center .
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- COMPARISON OF LOADING COMBINATION CRITERIA . STRUCTURE

- o CONTATNME, 5
PLANT : PA\_‘\S ADES . NT LINER

Combined Gravity Prescress Severe Natural Scale =
Loading Dead, load Pressure Thermal Environment {Phencnena Mechanical | Rankiang
Category
Cases Live :
Socaal 1 DHL F X, T, n
2 D+l F B, T T r
evere o o
Envf:onmnl b+t ? YV To ™ x
Sevare 3 ' :
_Eavironaental 4 B \ . ’ |T°I L‘o 125 LR,
(Factored) s p+L r \ T, —_— " r
Extreme 6 -ma )4 E R
Environmental [_‘ D \
- hed | 1N v fur] a4,
N = Gl N
Abnormal . -
9 D+ L F e, T, s
e R = ] |G || =
Abnorm exl | e %, 127] 25
Environmental 11 D+ L P ,. -g. v g‘
Tz o+l F i, T R %
- 13 D+ L 4 LN T, 9
Abnormal/ A 2
Excrene Ia la R +R -
_E:uinmn:a} L L E ' .. - a T R

Ref.: 1. SRP Seetion 3.8.) Concrete Contalnment
2. ASME Seetion III, Div. 2 Arcicie CC-3000

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

2. The FSAR states that; forces or pressure on structure due to rupture of one
pipe, is considered. However no specific details-are found.

3. For puzpcses of the SEP PReviaw, demonstration that scruetural integrity is
A4 maintained for load case 4. & . (per current ecriteria) eay be -
40 : considerad as providing reasotable assurance that this structurz meets the

incent of current desiga critaria,. ‘ :

4. FSpR STATES SEISMIC LoADS (onTRols oVER ToRMADO

o . ‘ 5, PARAGEAPH CC-3T120 oF ASME SECTon TIL. DW.2 = STATES ThAT FoR THE
i . . LINER SHE LOAD FALToRS FoR ALL CASES mMAY B& TAKEs AS Lo
' - BUT THE LoAD FAcToRS sHowd ABOVE WERE ConsSiDERED i8 THE Awalysis

IR . . -40-
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-COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE :
; ACXILIARY DUILDING
CONCRETE STRUCTURES B ST=RY EncicSU R4 el
s @ — ‘oNTRow RS0, DICSEL G&l
PLANT: TPALI SADES (._ol;g“cuﬁccé;g\cs
Combined | Gravity ’ , Natural Impulsive [Scale
Loading | Dead, Thermal Pressure| Mechanical Phenomena Loading anking
Cases Live
1 1.4D + 1.7L ' T o o
2 1.4D + 1.7L 1.9
3 1.4D + 1.7L 1.7W
4 .75 (L.4D +{.75 x 1.7 T .75 x1.7R
1.7L ° o
. .75 (1.4D +{.75 x 1.7 ’I‘o .75xl.7_R:‘.75xl. E
5 | o .
| AT AT ¢ Dq.'I'x_\'l LY bl
6 1.75 (1.4D +1.75 x 1.7 T .75 x 1.7|R .75 2 1.§W
29500 7L) ° 5 .5
7 1.2D . 1.9E
- 1.2D . 1.7W
L] T, | & =]
- : — - - — T3
11 D+L T WPl Ry -
EER : T2 Y, +i!.|+ Y '
- 12 ®+1) “ Ta 125 P; Re. - il - m e
*
. T Y +H+ Y
13 D+ L Ta R Ra ':l @ Ax

Ref; SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes . Ultimate strength method required by ACI-349 (1977_)

¢ Hathod wsed in desten (TprERESETS -

e Loads deemed inapplicable or negligible struck from loading combinations.

e 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. .
% The FSAR states that; forces or pressure on structure due to rupture of one

pipe, is considered. However no specific details are found.

i X% Wind velocity used is 360 mph as, referenced in the FSAR, 360 mph is zequired -
b _ by the Reg. Guide 1.765 FSAR S\OWs a0 =igiivicean Wae \oads aec ‘ém\ G\‘@\’)@\Qﬁc\s ;

Zor purpnses of the SEP Review, demonstracion :hai: structural integrizy is
: ) mzm;:ined for load cases 10 awnd 13 {per curzaatz eriteria) aay bhe
coaslcerad as providing reasonable assuranca that chis scruc
: e i a ¢t 1s struczura
. intent of current design critardia. ) masts the

.n/% ' —4l-
l]” Franklin Research Center .

A Division of The Franidin institute
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COMPARISON OF LOADING COMBINATION CRITERIA . STRUCTURE :

AUXILART SLiLDing

SPENT FUEL Puoow
C o RETE)

CONCRETE STRUCTURES
PLANT: PALISADES

Combined § Gravity ' : Natural Impulsive (Scale
Loading ] Dead, Thermal Pressure| Mechanical | phenomena Loading anking
Cases Live -
1  Fl.4D+ 1.7L
. 4 .
3 1.4D + 1.7L
4 .75 (1.4D + 1
1,71
.75 (1.4D +|
> [5C bu-\l)
6 u .75 (lo 4D +
Mh257pail. 7L)
7 1.2p
8 1.2D
ST R ' \v
10 D+ L -
11 D+1L
25 ' T25E] (Y. +Y. +
2 . e+ =3 JEIEY R Y Yo
‘ : ‘ : E' +Y, +
13 D+ L ' Ta \ \x& o D Y‘- 3 Ym A,(

Ref; SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes .,Ultimate strength method required by ACI-349 (1977)

working stress . - : .
o Method used in design{ul:imaie strength : , :

e Loads deemed inapplicable or negligible struck from loading combinatioms.

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

% Wind veloc:.ty used is 360 mph as referenced in the FSAR, 360 mph is required
by the Reg. Guide 1.76.

Por purpcses of tha SEP Review, dasonstration thae sir:
caintained Eor load-cases tQ and 3 (per curroar
coasidered =g providing rnasonable assurance thac this
intent of curreat design criteriz.

czural incegrity ia
riteris) way te
tructure mzecs the

A

1. ol ~ussice LoaD | aPPLICABLE

.n/% _ . -42~-
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CCMPARISON QF LOADING COMBINATION CRITERIA

. : TER-C5257-324

STRUCTURE: AUXILIARY BLDG.
STEEL STRUCTURES (Plastic Analysis) ' s‘r-e::_
Combined Gravity Natural Impulsive Scale
Loading Dead, Thermal Pressure | Mechanical Phencmena Loading
Cases Live :
1 1.7 (D + L) B . .
2 .7 (@+L 1.7E - ) IO
3 1.7 @+ 1) 1.0 - T |
A 1.3 @0+1) | 35 R 1
5 Lo L)l 35 138 L ]
6 1.3 131, * 13w, L
7 D+L ' 4 B [El
| ' @ B
8 D+ L LY . R W, . A
9 D+ L \T\A . TR R, : ) . -
: 1.25E( ¥ L o T
SO T T S Yl R ’\}f_ﬁ;_._‘___._____,_m
' : E' +X_ +X
1 D+1L \r\ o L\ 7\ \ o,

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

Loads deemed inapplicable or negligible struck from .loading combinations.

Notes

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

2, : ) 360 mph is required
by the Reg. Guide 1.76

Por jurposes of the SEP Review, demomscracion that structural integrity is
maintained for load caseS &8 and (| (per curreat criteria) may be
eousidered as providing reascmable assurance that this structure ceets tha
ingent of curreat <design criteria.

r% ' -43-
UU franldin Research Center
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COMPARISON OF LOADING CCMBINATION CRITERIA

TER-C5257-324

STRUCTURE :/ \JML_\A\\\/ BLYG,
NEW FUEL ;‘\-‘2

CONCRETE STRUCTURES . PUMP Roc35 \KG'\'IR
PLANT: PA\_\SI\DE-S o RAODWASTE rRE‘/\::’\\?!:-ENA-T-
Combined | Gravity Natural Impulsive Scale
Loading { Dead, Thermal Pressure|{ Mechanical Phenomena Loading anking
Cases Live -
1 1.4D + 1.7L )
2 1.4D + 1.7L 1.9
3 1.4D + 1.7L 1.7W
4 «75 (1.4D + |.FSmttmteytea .75 x 1.7 R
_1.In ° 2 —
.75 (1.4D + | #o—m—iert- .75 x 1.7TR JSxLﬂ
5 T L) : (25 [|.7.
6 .75 (1.4D +[.215% 1.1 T .75 x LL.ARI[ .75 xrl_ﬂ
2500z . 71) o #.259]] . 125
1.2D - 1.9E
. 1.2D 1.7W
5, & | =
- —— — _ TRA
- 1'} - D+L TO.. LDPa RCL
' - e 1.25E Y +Y |+ Y
+ ' o 5 . . r j her]
12 (D‘.zé‘) : TC*— & ‘.Da _Ra’
= P A
13 D+ L T I8 Ra, ——1 "] Ax
R

«%Wind velocity used is 360 mph

ﬂﬂl]ﬁ Franklin Researcﬁ Center

. pipe, is considered.

Ref; SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes . Ultimate strength method required by ACI-349 (1977)

working stress . . .
Method used in deSign{ultimate strengthe” .
'Loads deemed inapplicable or negllg:.ble struck from loading combinations.

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

X The FSAR states that; forces or pressure on structure due to rupture of one '
However do spec*flc details are found

@reference in the FSA 360 m

is required;
oS ne UG oY e \oa s c.\\{\c‘

by the Reg. Guide 1.763FSARS “cmne’ S -
‘For purposes of the SED Review, c.ux:-_,t:"nt‘on that °...1-c-~':_l integrizy is

caintaired for 1zad cases |0 and (3 (per curreze eriteria) =ay ba
considarad zg pravicmq reasonable a:.:u..:u.ce that this scruccur m2eus

c 4 ..he.
antext of current dgsi*n cric taria, -

© -44-
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CONCRETE STRUCTURES
PLANT: TALISADES

TER-C5257-324

COMPARISON OF LOADING COMBINATION CRITERIA

STRUCTURE: iNTAK.Z
YTl as
CGiNCL. ENCLOSCRE Foid
SERUCE-WATER Pumis)
DISCHAREET STRULCTIRE

Combined § Gravity Natural Impulsive [Scale
Loading § Dead, Thermal. Pressure| Mechanical Phenomena~| -Loading - - Rankingf-—
Cases Live
1 1.4D + 1.7L )
2 1.4D + 1.7L 1.9
3 1.4D + 1.7L 1.7W
4 .75 (1.4D +{.75 x 1.7 T .75 x 1.7 R
1.7 ° °
+ 75 (1.4D + | Fogieeip— e vy
5 0 o
Iresavsramy
6 .75 (1.4D + .-75—11—-1-97—’1?3 .-7-5—1&—1.—7—51;
_ 1251 .7L)
1.2D - ' ' }
1.2D
% Ry
10 D]+ L S \Rg
11 D+L ‘x’l | Ry
V.25 . 1.25E X‘E + X, +
12 @+ 1) Ry 252 Ry SN km )
4 + ki + ¥
13 TTL L X, R E] ) k‘ Twl
Ref; SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

Notes

ﬂﬂﬂﬁ Franklin Research Center

~ Ultimate strength method required by ACI-349 (197'()

Method used in design{:izﬁzges:::z: gth v~

Loads deemed inapplicable or negligible struck from loading combinations. _
When load factors
different from those currently required were used, the factor used is also

Encircled loads are those actually comsidered in the design.

encircled. - -

¥-Wind velocity used is 360 mph as referencea in the FSAR
by the Reg. Guide 1.76.3FSAR stedes no SLS“"(\C“‘-'\"' {we lor

»i 360 mph is required
A, e then ciene. \wﬁ\s -

Yor purposes of the SEP Review, demcmscracion that struceural iacegrity is

maintained for load case 1O ,\3
cousidered as providing reasonabie assurance that
intent of current design eriterdia.

-45=
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(per current criceria) may be .
this gstruczure meets the
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COMPARISON QOF LOADING COMBINATION CRITERIA . STRUCTURE :

TURBINE BLBig
CONCRETE STRUCTURES ’ . AUX. TEED WXTER
PLANT: PPAL 1S ADES _ L PomMP ERCLseRE Cenit)
Combined § Gravity , Natural Impulsive [Scale
Loading § Dead, - Thermal Pressure| Mechanical | Phenomena Loading Ranking
Cases Live
1 1.4D + 1.7L
2 1.4D + 1.7L : | 1.9E o
3 1.4D + 1.7L 1.7W
4 .75 (L.4D + | ASmstemdermfmiPon .75 x 1.7 R
171 2
<75 (L.4D + |r#S—seedd—F— | .75 x 1.7{R_}.75 x 1.
5 s ° 2 i
LASlD vy \. -
«75 (1.4D + {.F5mifitodmt~ <75 x L.7[R 1 .75 x 1.§
5 - Ll..za;;.n) ° _ .25
1.2D 1.9
8 1.2D 1.7W -

B

5 B @ 4 . _Ag_**
To. l.‘SPa Re o

T 3 257, Ra [1.2sE er+Y.+Y|‘

13

—1 ~% |
E « s | R B OEETH A

Ref; SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)
Notes .,Ultimate strength method required by ACI-349 (1977)

working stress : . -

o HMethod used in design { ultimate strength .-

_ eLoads deemed inapplicable or negligible struck from loading combinationms.

e Encircled loads are those. actually considefed in the design. When loac_l factors
different from those currently required were used, the factor used is also-
encircled. ;

- The FSAR states that; forces or pressure on structure due to rupture of one

»*

,r%’ | O —ge-
: [”] Franklin Research Center - -

pipe, is considered. However no specific details are found.

Wind velocity used is 360 mph as, referenced in the FSAR, 360 mph is required i
by the Reg. Guide 1.76.; F5AR% stokes wo s‘\_gm&.ca,‘\'\ \we,'\cpds o er Than crane \c.r:AS

Yor purpc;s'es of the SEP Review, demomstration thac struceural < .
» 3 5 14 Integrity is
mainzained for load cases 1Q and 13 (per currect erirerda) aay be-

considared as providing raasonable assuraacs that this seructure meecs the
intent of curreut dasign criteria. IR o

A Division of The Frankdin Institute
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11. REVIEW FINDINGS

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

in tabular form.

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

and structures for the Palisades Nuclear Power Station were:

1. AISC, "Specification for Design, Fabrication, and Erectlon of
Structural Steel for Buildings," 1963 .

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

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

each code.

These tables provide:

1. identification by paragraph number (both of the orginal code ah& of
its current counterpart) of code provisions whetre S¢ale A or Scale
A, deviations exist.

2. identification of structural elements to which each such provision - -
may apply.

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

the Palisades structures. When FRC could determine that this was the case,
e

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.

-47-
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In addition, a separately bound -appendix exists for each code pair. This

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.

) -48-
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-11.1 MAJOR FINDINGS OF AISC-1963 VS. AISC-1980 CODE COMPARISON
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MAJOR FINDINGS OF AISC 1963 VS. AISC 1980 CODE COMPARISON

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

Scale A

Referenced
Subsection
AISC AISC
1980 1963

105;102-2 il

Structural Elements
Potentially Affected

Beam end connection
where the top flange

is coped and subject

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

‘plane -

Slender compression unstiff-
ened elements subject to axial
compression or compression
due to bending when actual
width-to-thickness ratio

. exceeds the values specified

1.9.1.2 1.9.1
and

Appendix

1.10.6 1.10.6

Uﬂﬂﬁ Franklin Research Center

in subsection 1.9.1.2

Hybrid girder - reduction
in flange stress

=50~

A Division of The Frankiin Institute

Comments

See case study 1
for details.

New provisions added
in the 1980 Code,
Appendix C

See case study 10
for details.

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

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

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

Scale A (Cont.)

Referenced

Subsection
AISC AISC
1980 1963
1.11.4 1.11.4
l-ll.s -—

1.14.2.2 -

2.9 2.8

Structural Elements
Potentially Affected

Shear connectors in
composite beams

Composite beams or girders
with formed steel deck

Axially loaded tension
members where the load is
transmitted by bolts or
rivets through some but not
all of the c¢ross=-sectional

- elements of the members

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

Lateral bracing of members
to resist lateral and
torsional displacement

. _51_ .

UU[]EI Franklin Research Center

A Division of The Frankiin Institute

Comments

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

shear connectors are

_also subject to new controls.

New requirement
added in the 1980

‘Code

New requirement
added in the 1980
Code

New requirement
added in the 1980
Code

Scale

A 0.0 < M/Mp < 1l.0
o 0.0 > M/Mp > =1.0

See case study 7
for details.
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11.2 MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

FRNEEE S 1 RN

i K g2 s

Uﬂ Franklin Research Center

A Division of The Franklin Institute




e b o vt e s L .. eceeoens ot i v 8t B a e e A e et e

Degrade Perceived Margin of Safety)

Scale A
. Referenced
Subsection
ACI ACI Structural Elements
349-76 318-63 Potentially Affected
? 7.10.3 805 Columns designed for stress reversals
3 with variation of stress from fy in
3 compression to 1/2 £y in tension
11.13 . Short brackets and corbels which are
primary load-carrying members
11.15 G- Applies to any elements loaded in

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

' -53-
ﬂﬂﬂﬁ Franklin Research Center

A Dhvision of The Franidin Insdtute
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

- (Summary of Code Changes with the Potential to Significantly -

"Comments-

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

As this provision

is new, any existing
corbels or brackets. .
may not meet these
criteria and failure
of such elements

_could be non-ductile

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

Structural integrity
may be seriously
endangered if the
design fails to ful-
£ill these require-
ments. ‘
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly

Scale A (Cont.)

Referenced

Subsection

ACI ACI
349-76 318-63
ll . 16 -

Appendix
A - ’

Uﬂﬂﬁ Franklin Research Center

A Division of The Franidin inatitute

- Degrade Perceived Margin of Safety)

Structural Elements
Potentially Affected

All structural walls - those which

are primary load carrying, e.dg., shear
walls and those which serve to provide
protection from impacts of missile-
type objects.

All elements subject to time-dependent

- -and position-dependent temperature

variations and restrained so that
thermal strains will result in thermal
stresses. . :

- ~54-

ject to effécts of

. ment,

Comments

‘Guidelines for these

kinds of wall loads

were not provided by

older codes; there-

fore, structural

integrity may be -

seriously endangered

if. the design fails

to fulfill these ‘
requirements.

For structures sub---

pipe break, espe-=
cially jet impinge-
thermal
stresses may be sig- -
nificant (Scale 3).

For structures not
subject to effects
of pipe break acci-
dent, thermal |
stresses are unlikely
to be significant ‘
(Scale B). }
|
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON

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

Scale A (Cont.)

Referenced

Subsection

ACI "ACI Structural Elements
349-76 318-63 Potentially Affected ' Comments
Appendix - All steel embedments used to transmit New appendix; there-
B ‘ loads from attachments into the rein- fore, considerable

forced concrete structure. review of older
designs is warranted.
Since stress analysis
associated with these
¢onditions is highly
dependent on defini-
tion of failure
planes and allowable
stress for these
special conditions, -

' past practice varied

with designers'
opinions. Stresses
may vary signifi-
cantly from those
thought to exist
under previous design
procedures.

-55~
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11.3 MAJOR FINDINGS OF ACI 301-63 VS. ACI 301=-72 (REVISED 1875) COMPARISON

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

P 5 6..
U I] Ua Franklin Research Center

A Division of The Franiiin Institute
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11.4 MAJOR FINDINGS OF ACI 318-63 VS. ASME B&PV CODE, SECTION III,

DIVISION 2, 1980 CODE COMPARISON

/F - ~57-
ﬂﬂ Franklin Research Center

A Division of The Frankiin Institute
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MAJOR FINDINGS OF ACI 318-63 VS. ASME B&PV CODE,

SECTION III, DIVISION 2,

1980 CODE COMPARISON

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

Scale A
Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CC-3421.5 =~- Containment and other

elements transmitting in-
plane shear

Regions subject to
peripheral shear in the
region of concentrated
forces normal to the shell
surface

CC-3421.6 1707

. -58-

ﬂﬂﬂﬁ Franklin Research Center - '

A Division of The Franiiin Institute

'318-63.

Comments

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

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

Concepts of in-plane shear
and shear friction were not-
addressed in the old codes
and therefore a check of old

" designs could show some

significant decrease in
overall prediction of
structural integrity.

These equations reduce to

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

¢ factor taken care of in

the basic shear equation
(Section CC-3521.2.1, Eqgn.
10).




TER-C5257-324

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

Scale A (Cont.)

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

CC-3421.6 . Previous code logic did not
(Cont.) ' address the problem of
. punching shear as related to
diagonal tension, but control
was on the average uniform
shear stress on a critical
section.

See case study 13 for details.

CC-3421.7 921 Regions subject to New defined limit on shear
‘ torsion , _ stress due to pure torsion.

' : The equation relates shear
stress from a biaxial stress
condition (plane stress) to
the resulting principal
tensile stress and sets the
principal tensile stress
equal to 6/E'.

Previous code superimposed
only torsion and transverse
shear stresses.

CC-3421.8 =—-—— Bracket and corbels New provisions. No comparable
section in ACI 318-63; there-
fore, any existing corbels or
brackets may not meet these
criteria, and failure of such
elements could be non-ductile
type failure.

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

Uﬂﬂﬁ Frankiin Research Center -

A Division of The Franidin institute
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ASME B&PV CODE, SECTION III, DIVISION 2, 1980
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale A gCont,Q

Referenced

Subsection _
Sec. III ACI - Structural Elements
1980 318-63 Potentially Affected
cc- —_— Where biaxial tension
3532.1.2 ' exists

ﬂ” Franklin Research Center _

A Division of The Franidin Institute

Comments

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

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

Power Station.

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

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

The salient feature of this table is the limited number of code change
impacts requiring a Scale A ranking. Consequently, resolution, at the
=structura; level, 6f bétential concerns With<re5peét to changes ih stfucﬁural
code requirements appears, at least for the Palisades plant, to bé an effort

of tractable size.

. - -61- -
ﬂﬂﬂﬁ Franklin Research Center
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SUMMARY

NUMBER OF CODE CHANGE IMPACTS
FOR PALISADES CATEGORY I STRUCTURES

TER-C5257-324

. ACT 318-63 AISC 1963 | ACI 301-63 ACI 318-63
vs. vs. VS, Vs
SCALE RANKING :
ACI 349-76 AISC 1980 | ACI 301-72 |{ASME B&PV SEC.IIT]
(1975 Rev.) | Div. 2, 1980
Total Changes FoundJ 82. 33 37 39
. A or Ax Not %
o g Applicable to 2 + 4% 11 0 S 3
- e Palisades
= -
g &
SIS B 64 10 | .21 27
L ]
Q.= 0
Z %8 5
N
0 == Cc
a &
Q
- B
B W&l A
Q =
TR
=53
o= > A
R b4
et

SCALE RATINGS:

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

Scale A Change -

The impact of the code change on margins of safety is
not immediately apparent. Scale Ay code changes
require analytical studies of model structures to

. assess the potential magnltude of their effect upon
margins of safety.

~ Scale Ay Change -

The new crlterla will give rise to larger margins of

Scale C Change -
- safety than were exhibited under the former criteria.

*These changes are related to. specxfled loads and load comblnatlons.
Loading cr1ter1a changes are separately con51dered elsewhere. '

HUUﬁ Franklin Research Center

A Division of The Franiin Institute .
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13. RECOMMENDATIONS

Potential concerns with respect to the ability of Seismic Category I

buildings.and structures in SEP plants to conform to current structural

criteria are raised by the review at the code comparison level. '~ These must

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

It is recommended that Consumers Power Company be requested to take three

actions:

l.

ﬂﬂﬂﬁ Franklin Research Center

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

Reexamine the margins of safety of Seismic Category I structures .
under loads and load combinations which correspond to current
~criteria. Only those load combinations assigned a Scale A or Scale

Ay, rating in Section 10 of this report need be considered in this
review., If the load combination includes individual loads which have

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

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

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

-63—
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Structural -Elements to be
Exafiined

Beams

a. Composite Beams

1. Shear connectors in
composite beams

2. Composite beams or
girders with formed
steel deck

b. Hybrid Girders

Stress in flange

Compression Elements

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

Tension Members

- When load is transmitted
by bolts or rivets

Connections

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

or restrained member
connection

UUUE Franklin Research Center :

A Division of The Frankiin Institute

TER-C5257-324

LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED

Code Change Affecting These Elements

b. Connections carrying moment

New Code 01ld Code
AISC 1980 AISC 1963
1.11.4 1.11.4
1.11.5 N
1.10.6 1.10.6
AISC 1980 AISC 1963
1.9.1.2 and 1.9.1
Appendix C

AISC 1980 AISC 1963 .
1.14.2.2 -
AISC 1980 AISC 1963
1.5.1.2.2 -
1.15.5.2 -
1.15.5.3

1.15.5.4

-64-

Scale

*Double dash (--) indicates that no provisions were proﬁided'ih the older code.




LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be
Examined

Members Designed to Operate
in an Inelastic Regime

Spacing of lateral bracing

Short Brackets and Corbels
having a shear span-to-
.depth ratio of unity or less

Shear Walls used as a
primary load-carrying
member

Precast Concrete Structural
Elements, where shear is not
a member of diagonal tension

Concrete  Regions Subiject to

High Temperatures

Time—-dependent and
position-dependent
temperature variations

Columns with Spliced
Reinforcement

subject to stress reversals;
fy in compression to

1/2 fy in tension

Steel Embedments used to
transmit load to concrete

Containment and Other
Elements, transmitting
In-plane shear

Region of shell carrying
concentrated forces normal
to the shell surface (see
case study 13 for details)

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute

TER-C5257-324

Code Change Affecting These Elements

New Code

AISC 1980

2.9
ACI 349-76
11.13

ACI 349-76
1l.16

ACI 349-76
11.15

ACI 349-76

Appendix A

ACI 349-76

7.10.3

ACI 349-76
Appendix B

B&PV Code
Section III,
Div. 2, 1980
CC=-3421.5

B&PV Code,
Section III,
Div. 2, 1980
CC-3421.6

-65—

01d Code

AISC 1963

2.8

ACI 318-63

ACI 318-63
ACI 318-63

ACI 318-63

ACI 318-63

805
ACI 318-63

ACI 318-63

ACI 318-63
1707

Scale
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)

Structural Elements to be Code Chanée Affecting These Elements
Examined New Code 0ld Code Scale

Region of shell under B&PV Code ACI 318-63 A
torsion . Section III, 921

Div. 2, 1980

CC-3421.7
Elements Subject to B&PV Code, ACI 318-63 » a
Biaxial Tension . Section III,
: Div. 2, 1980

CC-3532.1.2 -
Brackets and Corbels B&PV Code, ACI 318-63 A

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

: : . ~-66—
ﬂﬂﬂﬁ Franklin Research Center :
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APPENDIX A

SCALE A AND Ax CHANGES

DEEMED INAPPROPRIATE TO PALISADES PLANT
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APPENDIX A-1
AISC 1963 VS. AISC 1980 CODE COMPARISON
(SCALE A OR Ax CHANGES DEEMED NOT APPLICABLE TO PALISADES

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

A-l.1

ﬂﬂ”ﬁ Franklin Research Center

A Division of The Franklin Institute



AISC 1963 VS. AISC 1980 CODE COMPARISON

Referenced
|
|
|

Subsection
AISC AISC Structural Elements
1980 1963 potentially Affected Comments
l.5.1.1 1.5.1.1 Structural members under Structural i
tension, except for pin steel used in |
connected members Palisades Ccat. I |
structures |
is A~36. Thus,
Fy < 0.83 Fy
Therefore, Scale C
for pPalisades.
Limitations Scale
Fy £0.833 Fy C
0.833 Fy < Fy < 0.875 Fy B
Fy 2 0.875 Fy A
2.4 - 2.3, Slenderness ratio .
1st = . 1st for columns. Must satisfy:
Para. Para.
1 2 T2E
r Fy
Scale Scale C
Fy < 40 ksi c for Palisades.
40 < Fy < 44 ksi B See case study 4
Fy > 44 ksi A for details.
2.7 2.6 Flanges of rolled W, M, ‘ ~ Scale C
or S shapes and similar for palisades.
built-up single-web shapes See case study
subject to compression 6 for details.
Scale
Fy <36 ksi c
36 < Fy < 38 ksi B
Fy > 38 ksi A

A=1.2

ﬂﬂﬂﬁ Frankiin Research Center

A Division of The Franidin institute




Referenced
Subsection
AISC AISC
1980 1963

1.5.1.4.1 1l.5.1l.4.1
Subpara.

6

i1.5.1.4.1 1l.5.1l.4.1
Subpara.

7

1.50114.4 -

1.5.2.2 1.7

1.7 1.7
- and

Appendix

B

U[”]ﬁ Franklin Research Center

AISC 1963 VS, AISC 1980 CODE COMPARISON

Structural Elements
Potentially Affected

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

thickness is not more than

2 times the web thickness

New requirement in the 1980 Code

Hollow circular sections
subject to bending

New requirement in the 1980 Code

~ Lateral support requirements

for box sections whose depth

. is larger than 6 times their

width

New requirement in the 1980 Code

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

Members and connections

'subject to 20,000 cycles

or more

A-1.3

A Division of The Franidin Institute

Comments

Box-shaped mem-
bers not found
to be used in
Palisades Cat.
I structures:;

therefore, not

applicable

Hollow circular
sections not
found to be used
in Palisades

Cat. I struc-
tures; therefore,
not applicable

Box section
members not

- found to beused

in Palisades Cat.
I structures;
therefore; not
applicable

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

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




AISC 1963 VS. AISC. 1980 CODE COMPARISON

Referenced
Subsection : '
AISC AISC Structural Elements
1980 1963 Potentially Affected comments
1.9.2.3 - Circular tubular elements Circular tubular
and subject to axial compression , ‘@elements are not
Appendix ‘ ~ found to be used
Cc New requirements added in Palisades
' to the 1980 Code ' Cat. I struc-
tures; there-
fore, not appli-
cable
1.13.3 - Roof surface not provided
with sufficient slope towards
points of free drainage or
adequate individual drains to
prevent the accumulation
of rain water (ponding)
Appendix - Web tapered members . Web tapered
D ‘ members are not
New requirement added ‘ found. to be used
in the 1980.Code o in Palisades ‘ ‘
" cat. I struc-
tures;
therefore, not

applicable .

‘U’% e
t I]I] Franklin Research Center a

A Division of The Frankiin institute




APPENDIX A-2

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

(SCALE A OR A.x CHANGES DEEMED NOT APPLICABLE TO PALISADES
OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS

AND THEREFORE TREATED ELSEWHERE)

A-2.1

ﬂﬂ[]ﬁ Franklin Research Center

A Division of The Franklin institute




349-76

5
it
“ 3
A

Referenced
Section

ACI ACI

318-63

ACI

Chapter 9 Chapter 15

9.1, 9.2,
& 9.3
most

specifi-
cally

10.1 -
and 10.10

18.1.4
and
18.4.2

Chapter -
19

318-63 VS, ACI 349-76 CODE COMPARISON

Structural Elements
Potentially Affected

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

Definition of new loads not normally
used in design of traditional build-

ings and redefinition of load factors

and capacity reduction factors have
altered the traditional analysis
requirements.*

All primary load-carrying members

Design loads here refer to
Chapter 9 load combinations.*

All primary load-carrying members

Design loads hére refer to

Chapter 9 load combinations.*
Prestressed concrete elements

New loadings here refer to
Chapter 9 load combinations.*

Shell structures with thickness
equal to or greater than 12 in

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

of this chapter. . This chapter

also refers to Chapter 9 load
provisions.

Comments

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

No shell struc-
ture except
primary
containment;
therefore,

not applicable.

*Special treatment of loads and load comblnatlons is addressed in other
sectlons of the-report.

- A-2.2
Uﬂﬂﬁ Franklin Research Center e

A Division of The Frankiin Institute




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

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
Appendix - All elements whose failure under
c impulsive and impactive loads must
be precluded

New appendix; therefore, consideration
and review of older designs is consid-
ered important. Since stress
analysis associated with these condi-
tions is highly dependent on defi-
nition of failure planes and allow-
able stress for these special condi-
tions, past practice varied with
designers' opinions. Stresses may
vary significantly from those
thought to exist under previous design
- procedures.

A-2.3

ﬂ[”]ﬁ Franklin Research Center

|
| A Division of The Franklln Institute
\



APPENDIX A-3

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

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

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

A-3.1

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin institute



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

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

loading such as
impulse or
missile impact.
Therefore, no
comparison is
possible for this.
section. '

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

A-3.2

Uﬂﬂﬁ Franklin Research Center
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APPENDIX B-1

AISC 1963 VS. AISC 1980

SUMMARY OF CODE COMPARISON

© dbalis

B-1.1
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Scale A

Referenced
Subsection
AISC AISC
1980 1963

1.5.1.1 1.5.1.1

1.5.1.2.2 . =--

l1.5.1.4.1 1.5.1l.4.1
Subpara.
6

l.5.1.4.1 1.5.1.4.1
Subpara.
7

1.5.1.4.4 -

1.5.2.2 1.7

AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Eiements
Potentially Affected ' Comments

Structural members under Limitations:
tension, except for pin
connected members

F_<0.833 F
y = u
0.833 F <F_<0.875 F
u y u
F. >0.875 F
y — u

Beam end connection See case study 1
where the top flange Eor 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

Box-shaped members (subject New requirement in. the
to bending) of rectangular 1980 Code

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

Hollow circular sections New requirement in the
subject to bending 1980- Code
Lateral support reqpirements  New requirement in the

for box sections whose depth 1980 Code

'is larger than 6 times their .

" width
Rivets, -bolts, and ~ Change in the require-

threaded parts subject to .. .ments
20,000 cycles or more '

B-1.2 .

: ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Insttute

Scale:




Scale A (Cont.)

Referenced
Subsection
AISC AISC
1980 1963

1.7 1.7
and

_Appendix

B

l.9.1.2 1.9.1
and

Appendix
c

1.9.2.3 -
and

Appendix
(o

1.10.6 ° 1.10.6-

1.11.4 1.11.4

1.11.5 -

Iﬂﬂ ﬁ Franklin Research Center

AISC 1963 VS. AISC 1980

SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Members and connections
subject to 20,000 cycles
or more :

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

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

Circular tubular elements
subject to axial compression

Hybrid girder - reduction

in flange stress

Shear connectors in
composite beams

Composite beams or girders
with formed steel deck

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

B-1.3

A Division of The Frankiin institute

Comments

Change in the require-
ments

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

New requirements added
in the 1980 Code

New requirement added

in the 1980 Code.

Hybrid girders were not
covered in the 1963 Cocde.

See case study 9 for details.

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

shear connectors are
also introduced.

New  requirements added
in the 1980 Code

New requirementladded
in the 1980 Code




Scale A (Cont.)

Referenced
Subsection
AISC AISC
1980 1963

1013.3 -

1.14.2.2 -

; 2.4 2.3
: lst ~1st
-Para.’ Para.
i 2.7 2.6
—
2.9 2.8

- Appendix  --—

n[]”ﬁ Franklin Research Center

- A Division of The Franidin Institute

Structural Elements
Potentially Affected

Roof surface not provided
with sufficient slope

towards points of free drain-

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

Axially loaded tension
members where the load is

‘transmitted by bolts or

rivets through some but not

all of the cross—-sectional .

elements of the members
Slenderness ratio

for columns must satisfy

1ol forE
r — Fy

-Flanges of rolled W, M,

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

Lateral bracing of members
to resist lateral and
torsional displacement

Web Eapered members -

B-1l.4

AISC 1963 VS. AISC ;980
_SUMMARY OF CODE COMPARISON

Comments

New requirement added

in the 1980 Code

See case study 4

. for details.

Fy < 40 ksi

40 < F < 44 ksi
F_ > 44 ksi

Y —

See case study 6
for details. -

F, <36 ksi
36 < F < 38 ksi

F_ > 38 ksi
y =

See case study 7

for details.

New requirements
in the 1980 Code

added

Scale

Scale




Scale B
Referenced
Subsection

AISC AISC -
1980 1963

1.9.2.2 1.9.2

1.11.4 ° 1.11.4
1.13.2 -

1.14.6.1.3 =--

1.16.4.2 1.16.4

1.16.5 . 1.16.5

Uﬂﬂﬁ Franklin Research Center

AISC 1963 Vs. AISC 1980
SUMMARY OF CODE COMPARISON

Structural Elements
Potentially Affected

Flanges of square and
rectangular ‘box sections
of uniform thickness, of

" stiffened elements, when

subject to axial compres-
sion or to uniform compres-
sion due to bending

Hybrid girders

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

Beams and girders supporting
large floor areas free of

- partitions or other source

of damping, where transient
vibration due to pedestrian
traffic might not be
acceptable

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

Fasteners, minimum spacing,
requirements between fasteners

Structural joints, edge
distances of holes for
bolts and rivets

B-1l.5

A Division of The Frankiin Institute

Comments

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

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

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

Lightweight construction

not applicable to
nuclear structures which
are designed for greater
loads



AISC 1963 VS. AISC 1980
SUMMARY OF CODE COMPARISON

Scale B (Cont.)

.Referenced
Subsection
AISC AISC Structural Elements
1980 1963 Potentially Affected Comments
1.15.5.5 - Connections having high New insert in the 1980
shear in the column web Code
2.3.1 - -~ " Braced and unbraced multi-- Instability effect on
2.3.2 story frame - instability short buildings will _
effect _ have negligible effect.
2.4 2.3 Members subjeét to combined Procedure used in the
axial and bending moments 1963 Code for the

interaction analysis is
replaced by a different
procedure. See case
study 8 for details.

Uﬂﬂﬁ Franklin Research Center . h

A Division of The Franklin Institute




AISC 1963 VsS. AISC 1980
SUMMARY OF CODE COMPARISON

Scale C
Referenced
Subsection
AISC AISC ' Structural Elements
1980 . 1963 Potentially Affected
1.3.3 1.3.3 Support girders and their
connections - pendant
operated traveling cranes
The 1963 Code requires 25%
increase in live loads to
allow for impact as applied
to traveling cranes, while
the 1980 Code requires
10% increase.
l.5.1.5.3 1.5.2.2 Bolts and rivets - projected

area - in shear connections

Fp 1.5 Fy (1980 Code)

Fp 1.35 Fy (1963 Code)

. 1.10.5.3 - 1.10.5.3 - Stiffeners in girders - .
L ' spacing between stiffeners
at end panels, at panels
containing large holes, and
at panels adjacent to panels
containing large holes

1.11.4 1l.11.4 Continuous composite beams,
where longitudinal reinforc-
ing steel is considered
to act compositely with the
steel beam in the negative
moment regions

B-1.7

]Ul]ﬁ Franklin Research Center

A Division of The Franidin Institute

Comments

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

Results using 1963 Code
are conservative.

New design concept added-
in 1980 Code giving :
less stringent reguire-
ments. See case study 5
for details.

New requirement added
in the 1980 Code




APPENDIX B-2
ACI 318-63 VS. ACI 349-76
SUMMARY OF CODE COMPARISON
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L Scale A
. Referenced
: Section
ACI ACI
! 349-76 318-63
: 7.10.3 805
E Chapter 9 Chapter 15
€A 9.1, 9.2, &
' 9.3 most
: specifically
{ 10.1 -
b and
: 10.10
]
11.13 -—

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

Structural Elements
Potentially Affected

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

1/2 fy in tension

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

All primary load-carrying
members

All primary load-carrying
members

Short brackets and corbels
which are primary load-
carrying members

Comments

Splices of the main rein-

- forcement in such columns

must be reasonably limited
to provide for adequate
ductility under all loading
conditions.

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

Design loads here refer
to Chapter 9 load

~ combinations.*

Design loads here refer
to Chapter 9 locad
combinations.*

As this provision

is new, any existing
corbels or brackets may
not meet these criteria
and failure of. such

elements could be
non=ductile type failure.
Structural integrity

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

sections of the report.

B-2.2

HUUE Franklin Research Center

A Dhvision of The Franklin institute




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

Scale A (Cont.)
Referenced s
Section
. ACI ACI Structural Elements :

349-76 318-63 Potentially Affected : Comments

11.13 ‘ . may be seriously

(Cont.) . endangered if the design

fails to fulfill these
requirements.

11.15 - Applies to any elements Structural integrity
loaded in shear where it is may be seriously
inappropriate to consider endangered if the design
shear as a measure of . fails to fulfill these
diagonal tension and the requirements.
loading could induce

- direct shear-type cracks
11.16 - All structural walls - Guidelines for these
C those which are primary ~ kinds of wall loads were
load carrying, e.g., shear not provided by_older
walls and those which codes; therefore, struc-
serve to provide protec- tural integrity may be
tion from impacts of seriously endangered if
missile-type objects the design fails to
fulfill these require-
ments.

18.1.4 - Prestressed concrete New load combinations |

and elements here refer to Chapter 9 |

18.4.2 load combinations.*

Chapter 19 -— Shell structures with This chapter is com- !

' thickness equal to or pletely new; therefore,
greater than 12 inches shell structures
designed by the general
criteria of older codes
may not satisfy all
aspects of this chapter.

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

: : B-2.3
: Il]ﬂﬁ Franklin Research Center : :

A Division of The Frankiln institute
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" Scale A (Cont.)

Referenced
Section

ACI. ACI -

349-76 ' 318-63

Chapter 19
{Cont.)

Appendix A -

Appendix B -

' Bppendix C -

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

Structural Elements

Potentially Affected

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

All steel embedments used
to transmit loads from
attachments into the

‘reinforced concrete
structures

All elements. whose
failure under

impulsive and impactive
loads must be precluded

Comments

Additionally, this
chapter refers to
Chapter 9 provisions.

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

New appendix; therefore,
considerable review of

older designs is _ .
warranted.**. S

New appendix; therefore,
considerations and

‘review of older designs

is considered important.**

**Since stress analysis associated with these conditions is highly dependent on

: ﬂﬂﬂi Franklin Research Center

A Division of The Franklin institute

definition of failure planes and allowable stress for these special condltlons,
past practice varied with designers' opinions.
significantly from those thought to exist under previous design procedures.

Stresses may vary




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

Scale B
Referenced
Section ,
ACI ACI Structural Elements
349-76 318-63 - Potentially Affected Comments
1.3.2 103 (b) Ambient temperature control Tighter control to
for concrete inspection - ensure adequate control
upper limit reduced 5° of curing environment
(Erom 100°F to 95°F) _ for cast-in-place
applies. to all structural concrete.
concrete
- 1.5 - Requirement of a "Quality Previous codes required
o Assurance Program” is new. inspection but not the
Applies to dll structural establishment of a
concrete quality assurance
program.
S . Chapter 3 Chapter 4 Any elements containing Use of lightweight con-
‘ _ _ . steel with £y > 60,000 crete in a nuclear plant
. : X : - .. psi or lightweight . - not likely. Elements
concrete ‘ containing. steel with
o fy > 60,000 psi may
have inadequate ductility
or excessive deflections
at service loads.
3.2 402 Cement " This serves to clarify
: intent of previous code.
3.3 403 Aggregate ' Eliminated reference to
lightweight aggregate.
i 3.3.1 403 Any strucEE;él concrete Controls of ASTM C637,
g covered by ACI 349-76 and "Standard Specifications
R expected to provide for for Aggregates for
RS ' _ A . radiation shielding in Radiation Shielding
& ‘ addition to structural Concrete," closely
i capacity parallel those for ASTM

[ , €33, "Standard Specifi-
cation- for-Concrete
Aggregates."”

B-2.5

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Franklin Insttute




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

Scale B (Cont.)

BT S VU U R S T N U UPCNRY

Referenced
Section
ACI ACI Structural Elements
349-76 318=-63 Potentially Affected
3.3.3 403 Aggregate
i 3.4.2 404 ' Water for concrete
12 3.5 405 Metal reinforcement
3 3.6 406, 407 Concrete mixtures
o & 408
4.1 and 501 & 502 Concrete proportioning
4.2
4.3 504 Evaluation and acceptance
of concrete
5.7 607 ' Curihg of very large
concrete elements and
control of hydration
temperature
6.3.3 - All structural elements

with embedded piping
containing high tempera-
ture materials in excess

B-2.6

UH”E Franklin Research Center

A Division of The Frankiin institute

Comments

To ensure adequate
control.

Improve quality control
measures.

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

Added requirements to
improve quality control.

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

Added provision to

allow for design
specified strength at

age > 28 days. to. be

used. Not considered

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

Attention to this is
required because of the

‘thicker elements en-

countered in nuclear-
related structures,

Previous codes did not
address the problem of
long periods of exposure
to high temperature and
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Scale B (Conﬁ.)

Referenced
Section

ACI

349-76

6.3.3
(Cont.)

7.9

7.13.1
through
7.13.3

8.6

9.5.1.1

ACI

318-63

805

805

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

Structural Elements
Potentially Affected

of 150°F, or 200°F in
localized areas not
insulated from the-
concrete:

Members with spliced -
reinforcing steel

Members containing
deformed wire fabric

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

Reinforcement in exposed
concrete

Continuous nonprestressed
flexural members.

Reinforced concrete members

. subject to bending -

deflection limits

B-2.7

Uﬂ”ﬁ Franklin Research Center

A Division of The Franidin institute

Comments

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

Sections on splicing
and tie requirements
amplified to better

control strength at

splice locations and
provide ductility.

New sections to define

requirements for this
new material. :

To ensure adequate
ductility.

To provide for adequate
ductility.

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

Allowance for redistri-
bution of negative
moments has been
redefined as a function
of the steel percentage.

Allows for more
stringent controls on
deflection in special
cases.




Scale B (Cont.)

Referenced
Section

ACI ACI
349-76 318-63
9.4 1505
9,5.1.2 -
through
9.5.1.4
9.5.2.4 909
9.5.3 -
9.5.4 & -
9.5.5
10.2.7 -
10.3.6 -

‘ UU”E Franklih Research Center

A Dlvision of The Franklin Institute

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

Structural Elements
Potentially Affected

Reinforcing steel - design
strength limitation

' Slab and beams - minimum

thickness requirements

Beams and one-way
slabs

Nonprestressed two-
way construction

Prestressed concrete
members

Flexural members - new
limit on B factor

Compression members, with

" spiral reinforcement or

tied reinforcement, non-
prestressed and pre-
stressed -

B-2.8

Comments

See comments in
Chapter 3 summary.

Minimum thickness
generally would not

control this type of
structure.

Affects serviceability,
not strength.

Immediate and long time
deflections generally not
critical in structures
designed for very large
live loadings; however,

" design by ultimate
requires more attention to

deflection controls.

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

Lower limit on B of

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

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

‘equations.

_Seé case study 2




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

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements

349-76 318~63 . Potentially Affected Comments

10.6.1 1508 Beams and one-way slabs Changes in distribution

10.6.2 : ‘ - of reinforcement for

10.6.3 : crack control.

10.6.4 ' '

10.6.5 -— Beams ) New insert

10.8.1 912 Compression members, Moment magnification

10.8.2 limiting dimensions concept introduced for

10.8.3 compression members.
Results using column
reduction factors in ACI
318-63 are reasonably the
same as using
magnification.

10.11.1 915 Compression members, .. For slender columns,

10.11.2 916 slenderness effects moment magnification

10.11.3 concept replaces the so-

10.11.4 called strength reduc-

10.11.5 - tion concept but for the

10.11.5.1 limits stated in ACI 318-63

10.11.5.2 : both methods yield equal

10.11.6 ' accuracy and both are

10.11.7 _ acceptable methods.

10.12

10.15.1 1404-1406 Composite compression New items - no way to

10.15.2 members compare; ACI 318-63 con-

10.15.3 tained only working stress

10.15.4 - : method of design for these

10.15.5 members.

10.15.6 | ' :

10.17 - Massive concrete members, New item - no comparison.

more than 48 in thick

B-2.9

ﬂ[]”ﬁ Franklin Research Center

A Division of The Franidin Institute




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

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements
349-76 318-63 Potentially Affected Comments
" 11l.2.1 - Concrete flexural members For nonprestressed

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

11.7 - - Nonprestressed members .Detailed provisions for

through- ’ L : , ©© . . this load combination

11.8.6 , : o o were not part. of ACI

318-63. These new
sections provide a
conservative logic which
requires that the steel
needed for torsion be
added to that required for’
transverse shear, which is
consistent with the logic
of ACI 318-63.

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

_ S B-2.10
ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute.




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

Scale B (Cont.)

Referenced
Section
ACI ACI Structural Elements

349-76 318-63 Potentially Affected Comments

11.9 —— Deep beams Special provisions for

through shear stresses in deep

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

il.10.- - - : Slabs and fodtings ‘ New provision for shear

through . o , " reinforcement in slabs

11.10.7 or footings for the two-

way action condition and
new controls where shear
head reinforcement is
used.

Logic consistent with ACI
318=-63 for these
conditions and change is
not considered major.

B-2.11

nﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute



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

Scale B (Cont.) a

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

1i.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 allowable for
two-way action is new.
Also deleted was the
requirement that shear
reinforcement not be
considered effective in
slabs less than 10 in
thick.
Change is based on. recent
research which indicates
that such reinforcement
works even in thin-slabs.

11.11.2 - Slabs . " ' Details for the design
through of shearhead is new. ACI
11.11.2.5 318-63 had no provisions
for shearhead design.

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

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

B-2.12
ﬂﬂﬂfl Franklin Research Center

A Division of The Franidin Institute




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

B-2.13

Uﬂﬂﬁ Franklin Research Center

A Dhvision of The Frankdin Institute

Scale B (Cont.)
‘Referenced
Section

ACI ACI Structural Elements

349-76 318-63 Potentially Affected Comments

11.13.1 - Columns No problem anticipated

11.13.2 since previous code
required design

" consideration by some
analysis.

Chapter 12 -- Reinforcement Development length con-
cept replaces bond
stress concept in ACI
318-63.

The various ly lengths

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

12.1.6 918(C) Reinforcement Modified with minimum

through added to ACI 318-63,

12.1.63 918(C) .

12.2.2 - Reinforcement New insert in ACI 349-76.

12.2.3

12.4 - Reinforcement of New insert.’

special members Gives emphasis to
special member
consideration.

12.8.1 - Standard hooks Based on ACI 318-63 bond

12.8.2 stress allowables in

general; therefore, no
major change.




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

Scale B (Cont.)

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

12.10.1 —-— Wire fabric New insert.
12.10.2(b) . Use of such reinforce-
‘ ment not likely in
Category I structures
for nuclear plants.

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

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

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

Past practice was not
inconsistent with this
in general.

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

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

. B=2.14 .

ﬂﬂﬂﬁ Franklin Research Center .

A Division of The Frankdln Institute




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

Scale B (Cont.)

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

15.5 - Footings - shear’ and
development of rein-
forcement

15.9 - Minimum thickness of plain
footing on piles

1l6.2 . S - - Design considerations for
a structure behaving
monolithically or not,
as well as for joints
and bearings.

17.5.3 2505 Horizontal shear stress
in any segment

18.4.1 — Concrete immediately after
prestress transfer

B-2.15

nﬂ”ﬁ Franklin Research Center

A Division of The Frankiin institute

Comments

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

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

in ACI 318-63 was removed
entirely.

New but qonsisténE with
the intent of previous
code.

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

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




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

ﬂl][]ﬁ Franklin Research Center

Scale B (Cont.)
Referenced
Section
ACT ACI Structural Elements
349-76 318-63. Potentially Affected
18.5 2606 Tendons (steel)
18.7.1 -— Bonded and unbonded members
18.9.1 -— | Two-way flat plates
18.9.2 (solid slabs)
13.9.3 having minimum bonded
reinforcement
18.11.3 - - Bonded reinforcement at
18.11.4 ' " supports
18.13 - Prestressed compression
18.14 members under combined-
18.15 axial load and bending.
18.16.1 Unbonded tendons.
Post tensioning ducts.
Grout for bonded tendons.
18.16.2 - Proportions of grouting
materials
18.16.4 - - Groutingvtémperature

mam

B-2.16 .

- A Division of The Frankiin Institute

Comments

Augmented to include
yield and ultimate in

- the jacking force

reguirement.

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

Intended primarily for
control of cracking.

New to allow for

" :consideration of the

redistribution of
negative moments in the
design.

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

Expanded definition of
how grout properties may
be determined.

» Expanded definition of
temperature. controls

when grouting.




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

ﬂﬂﬂﬁ Franklin Research Center

Scale C
Referenced
Section
ACI ACI Structural Elements

349-76 318-63 Potentially Affected

7.13.4 - Reinforcement in flexural
slabs

10.14 2306 Bearing - sections
controlled by design
bearing stresses

11.2.5 1706 Reinforcement concrete mem-
bers without prestressing

13.0 - Two-way slabs with .

to end nultiple square or rec-
tangular panels

13.4.1.5 - Equivalent column flexi-
bility stiffness and
attached torsional members

17.5.4 - Permissible horizontal

17.5.5 shear stress for any

surface, ties provided
or not provided

B-2.17

A Division of The Franidin Institute

'Comments

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

1.9(0.25 £') =

0.475 £'c < 0.6 £'g

Allowance of spirals as
shear reinforcement is new.

.Requirement, where_shear

stress exceeds 6¢yf'y,
of 2 lines of web
reinforcment was removed.

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

Previous code did not

‘consider the effect of

stiffness of members
normal. to the plane of the
equivalent frame.

Nominal--iricrease in
allowable shear stress
under new code.



APPENDIX B-3
ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON
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Scale B

Referenced
Section

ACI ACI

301-72 301-63

3.8.2.1 309
3.8.2.3

2 309d
3

17.3.2.3 17044

Structural Elements
Potentially Affected

Lower strength concrete
can be proportioned when
"working stress concrete"
is used

Mix propbrtionéicould
give lower strength
concrete

Lower strength concrete
could have been used

' . : - B-3.2
ﬂ[]ﬂﬁ Frankiin Research Center © ' .

A Division of The Franidin Institute

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

Comments

ACI 301-72 (Rev. 1975) bases
proportioning of concrete
mixes on the specified
strength plus a value

.determined from the standard

deviation of test cylinder
strength results. ACI 301-63
bases proportioning for -
"working stress concrete".on
the specified strength plus
15 percent with no mention of
standard deviation.. High
standard deviations in
cylinder test results could
require more than 15 percent

- under ACI. 301-72 (Rev. 1975)

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

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

. purpose" is less than 85

percent of the specified
strength, lower strength -
concrete could be used.



Scale B (Cont.)

Referenced -
Section
ACI ~acI
301-72 301-63
17.2 1702a
1703a
E 15.2.6.1 1502bl
©15.2.2.1 1502el
15.2.2.2
15.2.2.3

8.2.2.4

804b

802b4

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

Structural Elements
Potentially Affected

Lower strength concrete
could have been used

Weaker tendon bond
possible

Prestressing may not be
as good

Cure of concrete may not
be as good

Concrete may be more
nonuniform when placed

B-3.3

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin institute

Comments

ACI 301-72 (Rev. 1975)
specifies that that no
individual strength test
result shall fall below the
specified strength by more
than 500 psi. ACI 301-63
specifies that either 20
percent (1702a)  or 10 percent
(1703a) of the strength tests
can be below the specified
strength. Just how far below
is not noted. ’

ACI 301-72 (Rev. 1975)

requires fine aggregate
in grout when sheath is more

"than four times the tendon

area. ACI 301-63 requires
fine sand addition at five
times the tendon area.

ACI 301-72 (Rev. 1975) gives
considerably more detail for
bonded and unbonded tendon
anchorages and couplings.
ACI 301-63 does not seem to
address unbonded tendons.

ACI-301-72 (Rev. 1.975)
provides for better control
of placing temperature. This
will give better initial cure.

ACI 301-72 (Rev. 1975)
provides for a maximum slump
loss. This gives bettér
control of the character-
istics of the placed
concrete.




Scale B (Cont.)

Referenced
Section

-ACI ACI
301-72 301-63
8.3.2 803b
5.5.2 -
52.5.3 -
5.2.5.1 503a
5.2.5.2
5.2.1 -
4.6.3 406¢C

Uﬂﬂi Franklin Research Center

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

Structural Elements
Potentially Affected

Weaker columns and walls
possible

Poor bonding of reinforce-
ment to concrete possible

Reinforcement may not be
as good

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

Reinforcement may not have

reserve strength and
ductility

Floors may crack

B-3.4

A Division of The Frankiln Institute

ACI 301-72 (Rev.

Comments

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

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

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

ACI 301-72 (Rev. 1975)
provides for use of

welded deformed steel wire
fabric for reinforcement.
ACI 301-63 has no

" corresponding section.

1975)
provides a maximum spacing of
12 in for welded intersec-
tion in the direction of
principal reinforcement.

ACI 301-72 (Rev. 1975) has
more stringent yield
requirements.

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




n[]l]ﬁ Franklin Research Center

or underage concrete
resulting in lower
strength

B-3.5

A Division of The Franklin institute

ACI 301-63 VS. ACI 301-72 (REVISED 1975)
SUMMARY OF CODE COMPARISON
Scale B (Cont).
Referenced
Section
ACI ACI Structural Elements

301-72 301-63 Potentially Affected Comments

4.6.2 - Concrete may sag or be ACI 301-72 (Rev. 1975)
lower in strength provides for reshoring no

later than the end of the
. working day when stripping
OocCcurs.

4,56.4 - ~ Concrete may sag or be ACI 301-72 (Rev. 1975)

lower in strength provides for load distribu-
tion by reshoring in
multistory buildings.

4.2.13 - Low strength possible if ACI 301-72 (Rev. 1975)
reinforcing steel is requires that equipment
distorted runways not rest on reinforc-

ing steel.

3}8;5 - Possible to have lower . ACT 301-72 {Rev. I975).placés
strength floors tighter control on the

concrete for floors.

3.7.2 - Embedments may corrode and ACI 301-72 (Rev. 1975)

3.4.4 lower concrete strength requires that it be

demonstrated that mix water
does not contain a
deleterious amount of
chloride ion.

3.4.2 - Possible lower strength ACI 301-72 (Rev. 1975) places

3.4.3 tighter contrpl on water-

cement ratios for watertight
structures and structures
exposed to chemically
aggressive solutions.

1.2 - Possible damége to green ACI 301-72 (Rev. 1975)

provides for limits on
loading of emplaced concrete.




Scale C

Referenced
Section

ACI ACI
301-72 301-63

3.5 305

3.6 - 306b

3.8.2.1 309b

: ﬂ[][lﬁ Franklin Research Center ~

A Division of The Frankiin Institute

Structural Elements
Potentially Affected

Better strength resulting
from better placement and
consolidation

Better strength resulting

from better placement and.

" consolidation

Higher strength from
better proportioning

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

Comments

ACI 301-63 gives a minimum
slump requirement. '

ACI 301-72 (Rev. 1975)

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

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

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




Scale C (Cont.)

Referenced
Section

ACI ACI

301-72 301-63

4.4.2.2 404c

4.5.5 405b
4.6.2 406b
4.7.1 . 407a

: ﬂﬂﬂﬁ Franklin Research Center -

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

Structural Elements
Potentially Affected Comments

Better bond to reinforce- ACI 301-63 provides that form
ment gives better strength coating be applied prior to
: placing reinforcing steel.

ACI 301-72 (Rev. 1975) omits
this requirement. If form
coating contacts the rein-
forcement, no bond will
develop.

Better strength and-less - ACI 301-63 provides for

chance of céracking or keeping forms in place until

sagging the 28-day strength is
attained. ACI 301-72 (Rev.
1975) provides for removal of
forms when specified removal
strength is reached.

Better strength and less ‘Same as above but applied to
chance of cracking or reshoring. '
sagging :

Better strength by curing ACI 301-63 provides for
longer in forms ’ cylinder field cure under
) most unfavorable conditions

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

' B-3.7

A Division of The Frankiin Institute




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

Scale C (Cont.)

Referenced
Section
ACI ACI Structural Elements
301-72 301-63 Potentially Affected X Comments
5.2.2.1 - Better strength, less ACI 301-72 (Rev. 1975) has
5¢2.2.2 * chance of cracked rein- less stringent bending
forcing bars requirement for reinforcing
bars than does ACI 318-63.
5.5.4 505b Better strength from ACI 301-63 provides for more
- 5.5.5 reinforcement overlap in welded wire fabric.
12.2.3 1201d Better strength from ACI 301-63 provides for final
better cure of concrete curing for 7 days with air
temperature above 50°F.
ACI 301-72 (Rev. 1975)
provides for curing for 7
days and compressive strength
of test cylinders to be 70
percent of specified
strength. This could allow
termination of cure too soon.
l4.4.1 1404 Better strength resulting - ACI 301-63 provides for a
from better uniformity maximum slump of 2 in.
ACI 301=72 (Rev. 1975) gives
a tolerance on the maximum
slump which could lead to
nonuniformity in the concrete
in place.
15.2.1.1 1502~clb Higher strength from ACI 301-63 requires higher
- higher yield prestressing yield stress than does
bars ACI 301-72 (Rev. 1975)
15.2.1.2 1502-c2 Higher strength from ACI 301-63 requires that

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

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute




Scale C (Cont.)

Referenced
Section
ACI ACI
301-72 301-63
16.3.4.3 1602-4c
16.3.4.4 . 1602-44d
17.3.2.3

17044

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

Structural Elements
Potentially Affected

Better strength resulting
from better cylinder tests

Better strength, less
chance of substandard
concrete

Better strength could be
developed

B-3.9

ﬂ[][lﬁ Franklin Research Center

A Division of The Frankiin institute

Comments

ACI 301-63 requires 3
cylinders to be tested at

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

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

of concrete placed in any one
day be represented by 5 tests.
ACI 301-72 (Rev..1975) allows

‘strength tests to be waived

on less than 50 Yd3.

ACI 301-63 requires core
strengths "adequate for the
intended purposes."

‘ACI 301~72 (Rev. 1975)

requires an average strength
at least 85 percent of the
specified strength with no
single result less than 75
percent of the specified
strength. ‘If "adequate for
the intended purpose" is
higher than 85 percent of the
specified strength, the
concrete is stronger.




APPENDIX B-4
ACI 318-63 VS. ASME B&PV CODE, SECTION III, DIVISION 2, 1980

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

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

elements transmitting in-
plane shear

- shear.

SECTION III,
CODE COMPARISON

Comments

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

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

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

_in ACI 318-63.

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

nﬂ”ﬁ Franklin Research Center

A Division of The Frankiin Institute

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

(/‘:

is addressed in other




Scale A (Cont.)

Referenced

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

CC-3421.6 1707 Peripheral shear in the
region of concentrated
forces normal to the shell

surface

CC-3421.7 921 Torsion

B-4.3

ﬂl]ﬂﬁ Franklin Research Center

A Division of The Franklin Institute

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

SECTION III,

comments

These equations reduce to

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

¢ factor taken care of in

the basic shear equation
(Section CC-3521.2.1, Eqgn.
10).

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

See case study 12 for details.

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

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

See case study 13 for details.



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

Scale A (Cont.)

Referenced
Subsection :
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected
CC-3421.8 ==- Bracket and corbels
cc- | ——— . Where biaxial tension
3532.1.2 . exists ' '
CCc~3900 — Concrete containment®*
All sec-
tions in
this '
chapter

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

Comments

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

could be non-ductile type
failure.

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

ACI 318-63 did not consider
the problem of development .

. length in biaxial tension

fields.

New design criteria. ACI
318-63 did not contain design
¢riteria for loading such as
impulse or missile impact.
Therefore, no comparison is
possible for this section.

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

of the report.

: U[“]E Franklin Researcﬁ Center

A Division of The Franklin Institute




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

verse shear

B-4.5

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Frankdin Insttute

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

comments

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

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

Added to ensure the consid-
eration of special conditions
particular to concrete reactor
vessels and containments,

- These conditions would have

been considered in design
practice even though not

"specifically referred to in

the old code.

ACI 318-63 allowable
concrete compressive stress
was 0.85 £', if an equiva-
lent rectangular stress block
was assumed; also ACI 318-63
made no distinction between
primary and secondary stress.
ACI 318-63 used 0.003 in/in
as the maximum concrete com-
pressive strain at ultimate
strength.

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

‘1. ¢ factors removed from
all equations and included in

. €Cc-3521.2.1, Egn. l7.



Scale B (Cont.)

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

Structural Elements

Potentially Affected

Referenced
Subsection
Sec. III ACI
1980 318~-63
cC-
3421.4.1
(Cont.)
CcCc- 26101(b)
3421.4.2 :

ﬂﬂﬂﬁ Frankiin Research Center

A Division of The Frankiin institute

Prestressed concrete
sections

cc-3422.1 1508(5) Reinforcing steel

B=4.6"

Comments

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

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

4. Modification for low
values of p will not be a
large reduction; therefore,

‘change is not deemed to be

major.

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

" component "Vp" added.

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

"Section 2610.

Both codes intend to control
the principal tensile stress.

ACI 318-63 allowed'higher
fy if full scale tests show
adequate crack control.




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

Scale B (Cont.)

Referenced
Subsection
Sec., III ACI Structural Elements
1980 318-63 Potentially Affected Comments
CC-3422.1 The requirement for tests
(Cont.) where fy > 60 ksi was used

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

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

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

Limiting- the allowable tensile
stress to 0.9 fy is in
effect the same as applying a
capacity reduction factor ¢

. of 0.9 to the theoretical

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

"g strains; therefore, this
i section is completely new.

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

B-4.7

ﬂl]“ﬁ Franklin Research Center

A Division of The Franklin Institute



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

Scale B (Cont.)

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

CC=-3422.1 The logic of providing a

(Cont.) control of design parameters
at the centroid of all the
bars in layered bar arrange-
ment is consistent with older
codes and design practice.,

CC-3422.2 1503(d) - Stress on reinforcing ’ ACI 318-63 allowed the
: bars compressive steel stress
’ limit to be fy; however,

the capacity reduction factor
for tied compression members
was ¢ = 0.70 and for spiral
ties ¢ = 0.75, applied to
the theoretical equation. As’
this overall reduction for
such members is so large,
part of the reduction could
be considered as reducing the
allowable compressive stress
to some level less than fy;
therefore, the 0.9 £, limit
here is consistent with and
reasonably similar to the
older code.

CC-3423 2608 Tendon system stresses ACTI 318-63, Section 2608 is
' generally less conservative.

CC-3431.3 --- Shear, torsion, and ACT 318-63 does not have a

bearing strictly comparable section;
however, the 50% reduction of
the utimate strength require-
ments on shear and bearing
stresses to get the working
stress limits is identical to
the ACI 318-63 logic and
requirements.

B-4.8

Uﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute



Scale B (Cont.)

Referenced
Subsection
Sec. III ACT Structural Elements
1980 318-63 Potentially Affected
Table — Allowable stresses for
CC-3431-1 service compression loads
CC-3432.2 1003 (b) Reinforcing bar
(compression)
CC-3432.2 1004 Reinforcing bar
(b}, (c) (compression)
CC~-3433 2606 Tendon system stress
cC-3521 —— Reinforced concrete

B-4.9

H ﬂ HE Franklin Research Center

A Division of The Frankiln Institute

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

Comments

Allowable concrete compressive

. stresses are less conservative

than or the same as the ACI
318-63 equivalent allowables.

ACI 318-63 is slightly more
conservative in using 0.4 fy
up to a limit of 30 ksi. The
upper limit is the same,
since ACI 359-80 stipulates
max fy = 60 ksi.

Logic similar to older codes.
Allowance of 1/3 overstress
for short duration loading.

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

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

Vor by the concrete, and

the rest by the reinforcing
steel. 1In all cases, the ACI
concept of ¢ is incorporated




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

Scale B (Cont).

CC-3532 —— Where bundled

bars are used

ﬂﬂﬂﬁ Franklin Research Center

A Division of The Franklin institute

B-4.10

Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected -.Comments
cc-3521 in the equation as 0.9.
(Cont.) While not specifically
: indicating how to design for
membrane stresses, ACI 318-63
indicated the basic premises
that tension forces are taken
by reinforcing steel (and not
concrete) and that concrete
can take some shear, but any
excess beyond a certain limit
must be taken by reinforcing
steel.
ce- . . . 1701 Nominal shear Similar to ACI 318-63, with
3521.2.1 stress the exception of ¢; which

_equals 0.85, being included

in the Egn. 17.

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

Bundled bars were not
commonly used prior to 1963;
therefore, no criteria were -
specified in ACI 318-63.

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




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

Scale B (Cont.) .

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

cc- , 918 (c) Where tensile steel is Similar to older code, but
3532.1.2 terminated in tension maximum shear allowed at
zones cutoff point increased to 2/3,

as compared to 1/2 in ACI
318-63, over that normally
permitted. Slightly less con-
servative than ACI 318-63.
This is not considered
critical since good design
practice has always avoided
bar cutoff in tension zones.

CC- 1801 Where bars carrying stress Development lengths derived
3532.1.2 are to be terminated from the basic concept of
ACI 318-63 where:

bond strength = tensile strength
Lok = Abfy :
L = Apfy/(u 7 D)

If u=9.5/£'e/D
‘then L = 0.0335 Apfy//E'c

With ¢ = 0.85
L = 0.0394 Apfy//ff'c

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

cc-3532.3 918(h) = Hooked bars Change in format. New values

801 ' - are similar for small bars and
more conservative for large
bars and higher yield strength
bars. Not considered critical
since prior to 1963 the use of
fy > 40 ksi steel was not
common .

B-4.11

UUUE Franklin Research Center

A Division of The Frankin Institute




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

‘Scale B (Cont.)

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

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

CC-3534.1

- Bundled bars - _ Provisions for bundled bars

any location were not considered in
ACI 318-63.

Bundled bars were not commonly
used before the early 1960s.

Later codes provide identical .
‘provisions.

CC-3536 ——e— Curved reinforcement "Barly codes did not provide
: " detailed information, but good
design practice would consider
such conditions.

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

Basic requirements are not
changed.

CC-3550 - ~ Structures integral . Statement here is specific to
with containment concrete reactor vessels.
' The logic of this guidelineis
‘consistent with the design

- logic used for all indetermi-
nate(structures.

' ' B-4.12
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ASME B&PV CODE SECTION III DIV. 2
1980 (ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale B (Cont.)

Referenced

Subsection
Sec. III ACI Structural Elements
__ 1980 318-63 Potentially Affected Comments
CC-3550 ACI 318-63 did not specifi-
(Cont.) cally state any guideline

- in this regard.

CC-3560 Foundation requirements There is no comparable section

in ACI 318-63.

These items were assumed to be
. controlled by the appropriate

general building code of which
ACI 318-63 was to be a
referenced inclusion. All
items are considered to
be part of common building
design practice.

B-4.13
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ASME B&PV CODE SECTION III DIV. 2
1980 (ACI 359-80) VS. ACI 318-63 CODE COMPARISON

Scale C
Referenced
Subsection
Sec. III ACI Structural Elements
1980 318-63 Potentially Affected Comments
CC-3421.9 2306(f) Bearing ACI 318-63 is more conserva-
and (g) tive, allowing a stress of
: 1.9 (0.25 £') =
0.475 £'c < 0.6 £
CC-3431.2 2605 Concrete Identical to ACI 318-63
(allowable stress in logic.
concrete)

Appen-

dix II - Concrete reactor vessels ACI 318-63 did not contain any
criteria for compressive
strength modification for
multiaxial stress conditions.
Therefore, no comparisen is

- possible for. Section II-1100.
Because of this, ACI 318-63
was more conservative by
ignoring the strength increase
which accompanies triaxial
stress conditions.

This section probably does not
apply to concrete containment
structures.

CC~3531 — All Rather conservative for

service loads. Using ¢ of
0.9 for flexure,

U 1.5 1.8
—_ = =2 == = v 2.0
b 0.9 to 0.9 1.67 to

for ACI 318-63. By using the
value of 2.0, the upper limit
of the ratio of factored to
service loads is employed.

B-4.14
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Date

"CASE STUDY _L_'

The cflowalle shress for strictieal shel swbyeck & sheac
s sv.a.{‘u_ o Seckie. LF.LZ of the @AlSC code
both in the Q03 amd W8 edtions as
F_ = 0.40 F, _ (1) Lased em the Seelicnad avea

: v a _ : CF ‘m -rosisﬁa:\z shear
_\-lou:eue.\., o the V20 Gde o mews teckion. [.5.1.2.2 s -
Twlrodiced. s na tlak 3

“AT bea, end CD'V\.“Q,M whexe the C'r ,fen—n.ae. i3 Carei)
amd v Svlar stliationg where {Qq—ad-ﬂ-g méaa.i‘. oecwr
53 5W Q—eﬂ‘\é tkww_a_ The /fd-éw,« bam
CorlarmaRion_ o{_ shear a,?_.,,\é G tﬂw w -UM_{;U;;“%
s Ennion af’c.? o ferpendiclor pame o The area

: e’&"x““‘“‘ "'""*J-"*g t_“wws -ﬁ'«QAM-L Fr =0.30 F_
wkcvg.me_%&u_ﬁ;‘_amhm’ N ,,gbz“e"

Sueface. , Govemdod &g The ekl Rk, ”

Qc]&«'v..j T the 1920 G‘M-w\e-n-la/? and F?. 5.2

The conmedion allouelle capaclly i Che tear :

C.3c Ar £ 4+ 050 A A ——(2)

whee A, ad Ap are the wet shear amd mel Cmnim

I m:(w"\; euc&u.all —the LF]EU'I-O'/ Lhe code cAa,-..}b)

3 sk 0}' cach ; Maquﬂ 5 b% Ich,é Ccc/f«w fv/
welb- ar ot ( Tatle 1-6 pege 4_1 ofm Aisc Sl
MANM,Z) weve waed . '

The vesalls oblawmed by uu;{j eW (1)£ @) abrre
mdicate That the 1938q Code ﬁwd,@'/w Comaerabtive
vesu s ?.s ghown T b\\_g_ {-uetawbsﬁ tabulalion
-M{«uj Scale A
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UH Franklin Research Center ™ cszs; P Rt C-.
%Pﬁ:ﬁ: wamﬁpﬁﬂlﬁg%e ™MD oeT. ‘& 7 . 12131
© BEAM EKD CONNECTIGM WHERE TCBR FLANGE IS COPED, CASE STUDY el
FY,PSI FU,PSI H,IM Ci * €2 . | ALLOWABLE LOAD,LBR PCT.
. i 1963 CUDE 19R0 CNOF
36070, 60000, 12.00 1,00 0,74 172800, - 104400, 40,
36000, 60000, 12,00 1,50 0,74 172800, 134400, 22.
36000, 60000, 24,00 1,00 0,74 345660, 106460, T .
36000, 60000, 24,00 1,00 2.48 3456C0, 208200, - 40,
36000, 60N00, 24,00 1,50 0,74 345600, 134400, 61,
36000, 60000, 24.00 1,50 2,48 345600, 238000, 3,
36000, 66000, 24,00 2.25 0,74 345600, 179400, AR,
3600¢, 6CNY0, 24.00 2,25 2. 48 345600, 283860, 18,
36000, 60000, 36,00 1,00 2,068 515400, 208800, H0 e
36000, 660002, | 36.00 1,00 4.,81-| 518400, 348600, 33,
36000, 60000, 36,00 1,50 2,48 516460, 238800,. 54.
36000, 66000, 36,00 1.50 4,81 518400, 378600, 27,
36000, 60000, 36,00 2.25 2,48 515400, 283800, 45, e
36000, 60100, 36,00 2.25 4,81 518400, 423600, 18,
S00UO0, TJudv0, 12,00 1,00 0.749 240000, 121800, 49,
50000, 70000, 12.00 1.50 0,74 { 240000, 156600, 35,
50000, 706000, 12,00 2,25 0,74 240000, 209360, 13,
50000, 70009, 24,00 1.00 o7 480000, 121800, 75.
50000, 70060, 24.00 1.00 2,456 480000, 243600, 49,
50000, . . 70000, -| 24,00 1,50 0.74 480000, 156800, 67,
50000, © 70000, | 24.00 1,50 - 2,48 | 480060, 278600, ~ 42,
50000, 70000, 24,00 2,25 0.74 480000, 209300, 56,
50000, 70000, 24.00 2.25 ,48.] 480000, 331100, 31,
50000. 76000, 36,00 1,00 2.48 726000, 243600, 664
50000, 70000, | 36.00 1.00 4,914 720000, 406700, 44,
50000, 70000, 36,00 1.50 2,48 | 720000, 2786G0. 6le
50000, 70000, 36,00 1,50 4,81 | 7200060, 441700, . 39,
50000, 7000C, 36,00 2.25 2.48 720000, 33ii00, 54,
50000, - 70000, 36,00 2.25 . 4,81 | 720000, 494200, 31,
Feso000. 800C0, | 12,00 1.00 0,74 | 312000, 139200, 55,
- 65000, 80000, 12,00 1.50 0,74 312000, 179200, 43,
65009, 80000, 12,00 2,25 0.74 | 312000, 239200, 23,
65000, 80000, 24,00 1,00 0.74 624000, 139200, 78,
65000, 80000, 24,00 1.00 2.48 624000, 278400, 55,
65000, 80000, .| 24,00 1.50 0.74 624000, 179200,  Tilop~
.65000, 80000, 24,00 1.50 2.48 | 624000, 318400, 49,
65000, . 80000, 24,00 2.25 0,74 624000, 239200, 62,
65000, " 80000, 24,00 2,25 ' 2,48 624600, 378400, 39,
" 65000, - 80000, 36,00 1.00 2.48 236000, 276400, 70,
S 65000, . 8G000, 36.00 1,00 4,81 936000, 464800, © 50,
. 65000, 80000, 36.00 1,50 2,48 936000, 318400, 66
65000, . 80000, | 36,00 1,50 4,81 936000, 504800, 46,
65000, - 80000, 36,90 2,25 2,48 936000, 378400, - 60,
. 65000, - RQ0DQO, 36,00 2,25 4,81 936000, 564800, 40,
; - NOTES?
' i= A[LnJA&L: LHAD§ RRE vas“.prp INCH OF WEB THICKNESS . : -
2« PCT" DERCF‘:T UF THE REDUCTION .OF DFRCF‘IVFD MARGI.I or SAFFTY ‘
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Date

Case. Stuoy 2

Z
- NS -~ Y Pg = 625 IN%
'@ o D . X.0l =P
. b 7 6.25 IN?
1w R 28

@, @ " u-# =634 N3
8- 1 cLoseE TO0 1% Pg

HO cCOoLUM -
SEC. 1402 @ (AND 1402 AC T 318-63)
o o \ fo=3,000%( PSI
P= .85 [(ch-ZSFé'PPs-Pg)] ' , f5 = A% 40,000 = 16,00 PSI)

= .85 [ 625N*(.25(3,000)t 16,000 (.0]

85 [625(750+ 160)] = 483,000 ™ (SERVICELORD)

Y 349-76  SEC. 10A.6

2(.8)[ (.85)(3,000)(625- 6.2+) 1 L%o,ooo(s.aq)]

.56 [ 1578,000 + 249,600]= 1,023,000 (uLT. LOAD)

USING LORD FRCTORS OF  D.L.=L.L.
L4+L7 - 55

THEN SERVICE LOAD = L_Ci_eg\gfﬁg - 660,0007
INCRERSE OF - G60-HR3 x 100% = 36.6 %

483

W ’
ConGLUSIaM?  FoR . SHeRT columns  THE PREViIaus coDES wERe

TMUCH MOoRE  CQoNSERVATIVE
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The Benjamin Franklin Parkway, Phvla.. Pa. 19103 RK/MD YR AN AN

‘CASE STLUDY . =3 -

S’ovmp\e Comparlson Between 5Tr‘em3-\—\q
( Ultimate ) omo\ Aiternate. (VJOY‘\CM% Stress) DeSIjns

Sample ' Seckton

Alowable Stresses

-~ 18" —| _
T vyt g T— Concrete ' 3aco |b /m® Sr‘c\c{e
Lo s ( ¢ =3.000, fo=1350, n=19 )
o | o = l
e Rembreing -
Jr_ .——%‘—-1 . steel I Grade 4o - ‘

T (-F*g 4-o,ooo b/~ Fs = 20*0‘79 {b/m

As = [0F10 barg = 13.b6 TR

I . B\/ S'{'renj‘H’\ D'e STST\
: r (3. 66, ( There Ts a lomiT of 0278,

= lerey = 0123t git a4 “reasmable " clestgn
s half of this.)
4= Jolza ()= .ibas

4 Cug(s7) <s'</m=>c ne«—s)(:— 59 1e#s)]=

S 23, 4507

Assuana L. Dk J U= l—-l'—{——g:l—_,- = I-SS’(D%’L-)

The momeént  then 15 equivalent - 40 a ‘Service”
. -«mome_n‘\f i‘of__‘ﬂ ,13,'459 'K _‘],5.'5’ = 15) l%OuK . .
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N ; . . By Dam Ch'k’d Date | Rew. Date
A Division of The Franklin Institute )
The Benjamin Frankiin Parkway. Phula., Ps. 19103 =4 K/ D ‘O/Sl ﬂ/'//’/lj /J}g’,

T BY Alernate  Oesign

‘F‘mc\‘m% the location of the meutral axis x (= d)

e x (%) =9 (1266(57-%)

, X= kd = al.a7’ : )
‘he moment O\rm=Jo\=5'7‘--Zisﬂ= 49.91°
“then Ma= Yo (135%/m*)8")(21.217)(49.417) =12,900""

ond Ms = 5 46 7 (20 %) (49.41) = (2, 440"

Sb\v‘m%

4 éaoc/erﬂs)
m Com \nﬁscm :
\51\30“K - \1,@"’(0 'K x lOO a/ — lq —"0/ A-DVPNTKQ&
\2, G40 T ==L

Conclugion ¥ For 'Rec+aﬂ3u\ar Beams ,
The. \:Jor\t\mté Stress  Desiyns
C Common\\/ vsed when {’0“0“1"7'3' +he earlier

ACT 218 codes) wWere Cons?AeraE\7 Ynore
Conservative.
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CASE STUDY -4 -

Ref AISC

/980 CopE
Subsecttonn 2.4 Columms
A +he P\ame of bencl?n% of Columns which

_would devebp o plastre ‘mge ot  ylfimate.

\oml?na. , the slendermess rafio '?F shall wet

o

exceed Cec,---

Whefe ' Cd- - ZTTLE
v Ty
- ' " E= 29 xio* ksl
Fy= yte\d Stress

Therefore _:lL L 756 JA
r JFy
Ref  AISC 963  Code
Subsection 2.3 Colomms

v Ia the plane of bending - of columms  Which
would o{evelop o Pplastic L\‘mge afr  Ulttmate
loading , The slenderness  ratio  shall not-
exeed (20, +-”

L o 120

r
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I Date Date | Rev.
A Division of The Franklin Institute ;
The Benjamin Frankiin Parkway, Phila, Pa. 19103 MDD SEPT, fS’ | t/‘//’»’/ 7

Date

Which of the Twe codes 19 the vrore  vestyictve -
an e/.‘. ~atio AaFemds o the 3(&64\ -Stfh-.a'tk a{-
't\n:, STC!.Q- wsed -{w Che Coe.u.m'ms.

) Both codes give :% =120 when

756.6

C = = \20
c \/_F_a;
~then, . |
B Fy= 40 KsI.
2) Tre 1386 Code is sz vnete, Consecualive whe
L _ <5%. 6
= =1l =
r JFy
¢
~then, Fy = 44 Ksl
Conclusion: _ Scale
Fy € 40 Ksl . @




f% Project Page .
. . .- - (5257 . C- 9
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CASE  STUDY =-5-

Ref  Alsc 1980  Code
| SuEsedToﬂ [.10.5.3 _
" Ijn g?rders al'esTgned o +he basis of
Yension freld  action , +he spac‘m% between
Stiffeners at end panels ,  at Pmﬂe\s
C0ﬂ+‘K\IY\TYl% lar‘ge holes , and of Pwne\s
odjacent +o panels containing  large
holes  shall ,be_ Such that v does mdt
“ oxceed ~“the | Valve .gTvgfn " below :

FV -=ﬂ'_ C\/ éo-‘f Fa_

289
Where 4 2 '
- 450007 wheg C 0.2
T Heky T <

k= 4+ —(50'%—3;‘—‘;; uwhey d/h <10

= 534 +Q“_7—h72 when “/h v l.o
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Date

Ref  AlSC (463  Code

SUESed-ToY\ [, 10.5.3
Y ~The Spactng between stiffoners ot
end qu\e‘ns and Pamels Con+d?n?n3_
large  holes  shall be such that
the sSmaller Pome\ dimension o or h
shall mot exceed

lloogt. “

I
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The Benjamin Frankiin Parkway, Phila., Pa. 19103 ™MD SEPT. 8\ | A peid

ol

ReF AlsC Sub section 1-10.5.3

_ V=240 Ky
EXAMPLE / “
h= 48”‘ j A ']\
+= .375" 4 /
/1 ggll
Au =63 x% =255 ™" /
,1
V = 240 Kips / ’
240 e W
= — = 61.06 Ksli / v - ‘
S A > |
$from 1110.5-3 1963 Code .
(looot {loco x /g <
a orh P —/——— = —/—/——— =43
, 4{1’- J 9.06x1000 '
Which ' Ts. the distamee feom Ehe emd ok ke ?5“&“ ' ‘

5 bhe f£ivst Eramsuerte S'CC-Q-gé.-r\t.{‘.:.

87 C:ms"df-*?'ﬁ\g the G‘nu‘.m {«eﬂd aclteore

as s]:ecT{ied ™ 1980 Code subsectim 1.10.9.3 -
- =q.06 kst~ _b:_z £e = Rl qé..% ‘2_°.-= .6i8

%= a gﬁ; = 4+ 65:‘;) =17.98

Fv = li'd(i Cr & -‘FF&"

= 35 é?é — st ksl F from —hmble 10.3C the
281 LT

AE@N@Q.Qg Shea~ sbe.ss. - 8-6 KSL (c‘ncu’i.s Gv_“?wrd \Id&lu_)

KX Sca.ez B —Qev s QXAM?QL |
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Remarks

The -Follow‘ma +wo -(-‘rcéures show FPv ve. ’A’/"'

—for valves  of A‘/H and Fy .

8 Y Krowin g +he shear stress »
the AfT Con be abtaimed and.
Compared Wih the  design A [t. -Thus
Comparison should be examimed on 4 case

vartovs

Fv or FV’
value

‘507 case basis.
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N " By Date Ch'k’'d Date | Rev. Dat
A Division of The Franklin Institute 7. )
The Benjamin Franklin Parkway, Phia., Pa. 19103 MDD SefPT. ‘81 P A AP

CASE STUDY —6-

Ref AlISC {480 Code
Sectton T

Y The width - thickness ratio for -F\omcde of
rolled W, M, or S shapes and sSimilar
buitt-Up  STmqle~ Web Shapes +hat~ would be

Subjected to compresstm  nvolUing hinge
rofation Under yl+imate loaci?ng

ox.ceed “the o llowime Va\ues 27

shall mal

: 4)
Fq.,KSl. bF/Zt.; . .
36 | 85
42 8.0
43 | 7-4
g0 | 70
=5 | 66
6o | €3
de | €0

Y The width - thickness ratio of S_Tynﬂo\r\y Ccmpressed

‘C‘““ﬂe Plod‘es T box - secttons and cover Jalé:\'es
shall mot - exceed (o JF;

=xomple Kl .
&:1," 'lEfio B 2|

T Ve 36 | 3.7
J so [2649]

=25 | 22

(0o | 19 .
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The Benjamin Frankin Poricwsy. Phila. Pa. 19103 MD sePT. 3 |, joid :
\

The deFﬂ‘j - thidkness  ratro of webs of
Members  Suljected o plastie bendw\a_
Shall mot exceed -« ,

d/. = 41z T hen £ 2
= - .4 when £0.27
7t = (! Pg> Py

- 36 | 687

For 9o 50 | 683
2 78 | 47.6

oo | 412

Iy = %%L ,Whm Y
Fy | d/
36 | 428
| , 5O | 3.3
i N 95 | 3o
I Y (00 | 267
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Ref AlSC (963 Code
Sectim 2.6

) Projec#?ﬂ% element, +hat would be subjected

Yo Compressim  Twvolving  plastic h?nge rotation
under  Ulttmate -loadg  shall have wrdth =
.thickness ratio Mo areod'er than the
-Poﬂow\m% 7

Lf/zt; £ &5  Rolled Shapes

!)("/tG £ 32 Box Sectiovs
TN A '
The .de‘:ﬂ'\—ﬁrckness. ratlo of beam
omp\ %‘lr‘o\er‘_ webs svbJec{'éd +o Plas-FTd,
‘ beY\c‘Tng_ ’ TS %T\/CY\ b\, “'hc-follow?na,
-Forvnula
43 £ dfv £ 70 "OOEP_Q

Remar ks

The 1963 Code —take Tt account matertal
Lor A6 o<(-‘ F’\a,=3£ KsS! or less (hoTe +hat
| | -the 4wo codes are the some for F&:Bé).- A
1% | If he stracture was desTgned” Ustng matertal

v hoxvfm& highee yield, +he clesign might wol
be aa:.:.L?Tab&_ wmdev Fvcse-n't TeGuive mewts, .
| < 34 Kst
- | . 3¢ < Fy <3¢ Ksl .
B . Fy 23z ksb - @
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CASE  stupy -7-
Ref  Alsc 1980  Code
S‘Cd' Ton D\-q Lad‘e {‘a\ Brac‘mg_

8

Members shall be qc?eqUaTely braced +o

resist  loteral omd torsiomal  die Pface'men'\'s -

. The \aTerm\ly uv\slePor‘i‘ed' drstance , -—QCVJ v

shall ot exceed ‘H\(-‘_ val Ue determin ecl
~From ” :
CMer — 137 +25 whery :"°'>TBAA}> —0.5—"
ry ‘Fla_ .
or ler _ 137§ when —0.5 2 == 5 =1.0
Y‘} F% . Mf
Lxomple
- Lefry RT3 ks 50 75 /00
'>%>"5 63:2 $2.5 43.3 3875
-5y §. 210 382 205 18 3 13.75




ﬁ : o ' Page
00T Frankiin Research Center : C5257

C- 19
A Division of The Frankiin Institute By Dsm Chﬁk d s Dat_g Rev. Date
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Ref  AlSC (463 Code
Section 2.2 Lateral Bmc?ﬂg,
When the Amement definition & -
Ccm'\POrl'THe, with “he 14980 Code,

the formula for -0cr/r.3 becomes *

35 <“—€,°§" = .éo +4t'o-£%:
example ™ P
Mp | Ty
( (00
.0 | 6o
-.,5 | 40
"C'aNcLuSlous

The frqure Whlc\r\ Hllows (’Q°/r M/MP)

lnd:ca‘&ft&\d f" A 36 Steed (F’ 3¢ kst)
Scale

o < MF < l — ®
O> MF 7 - @
Note : ‘The sumvmra based om 'le\M'er(‘al

‘with F—'g =36 , . oH\er «mod'trlal should-
be. exam:ned o a case by case basus
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Date

CASE  sTUDY

- -

COMPC\PTSOY\ Of Section 2.3, Colum-ns' < A]SC , 19 63)

wWith  Sectton 2.4, (Columns CAlSC, (980D

AlISC 1463

I, Slenderness ratio -Rr columns
n continuos- frameg where
sideway TS ndt prevented , Ts
{tmited 57' Formula. (20)

2P A 2 o

This [tmits  slenderness ,_
~ Ratio :'Qr‘ £ 70 amd oaxial
load mot 4o exceed 0.5 Py
+or _fi_'= 0. Also (imited
by ».ﬁrmU‘C\(?-é) given below.

2. For CQ\UW\Y,\S ™ broced

frames the maximum
- oxtal  load P oshall mof

exceed 0.6 Py--

- (See Case STudy ‘4 also, for Slenderness catio )

AlSC 930

[ Slenderness ratio for

Columns Tn continuos

| frames where Sidesway

7ot Preveh’tec\, not limit

+o. o.nl\/ _]O . Qut i\?m?t’ec{ .
by : Fo.fmu.lasl(i.q - ta) and - '
(2-9 - 1b) given bkelow and
-4% not 4o exceed Cc, B

as given below

2. The axial load ™

'cOlUmhs ™ braced frames
vot to exceed o.85 Py

s

ed

°
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3.

")

a) Slenderness ratio

‘/‘Qf‘ not +o exceed l’LO_‘

b) The allowakle

laterally unsupported
dtstance

Ler = (6o "40)_{;:'; r7 ’

frmula(26) But .Q_cr{,SSr)«

K

minNn

not 4o exceed

KOO0 ™ 0\717 case

2a. o Slendermess ratio

=%— mot to exceed Ce
Where Cc = AT * £
/o Fy
ond for Fy = 36 Ksi,
_ Cc = [26.1

drstance  Ler  mot o exceed
The -Foll OWI\Y\S
Ler - 1335 L5 (5.9-1a)
l"y F\/
When + 1.0 >% > =05
And s
Ler _ 1375 (2.9 -1b)
ooFy
When — 05 2 Mi > =10
3ec. -Kl not to exceed Q00 Tn
min ’

'Okv,\\/ case .

- '3b. The. lo\+eml|7. unsvpported
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4@) Interaction frmulas for @ Interaction formulas - are
Stngle curvaiure are :

Formula (22) Formula €24 -2) |
M e g (R . |
e < BTG (5) £1-0 Pi+($*_ﬂf*i <o
M & Mp Pe )Mm o
and  Formula (23) ond Formula (l-f}'—3>

Mo VA 7720 W R .
g £ 10 n(%0-1(%) | = *lam, £ V05 MEMp

Valves of B, §, H and T wWhere  Per = ((7AT

ltsted ™ tables: as a >3 ;.
S N . . = 23 AFS ‘ _
fnction of sSlenderness  ratio | e iz ‘
ond  Fy. | | Fa  given by (15=1) and
Fé wen ™ Seckon |- 6-1
(b) Tmteraction frmulos for | = ¥ N
. Mm= Mp ( braced ™ the
double curvature are drrection )
Formula CZL:) weak direction
Z ‘ - = (R ’

M .
—QE 2 \-\2—-\.\8(%7)_&_ l.o

o ( Unbraced T weak d?r’e&?m)
-Fok _P/;O‘\j_ 2 - . | - |

_‘Ow\d . FOf""““,‘OK“ Q) | N For Single curveture
™Mo, Py | | 0-6 £Cm<l.0

- r-g( VL0 = -
Mo 'B 6(ch> | ’ b) For dovble curvatyre

I M EMp o4 s Cnsob
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For comparison of these Specifi catioms ﬂrths of
P/Py K M /MP are drawn for Slenderness ratio
~of 2070 and 100.  Typreal Columm 14 WF IS0
with  Fy= 36 ksT has been —aken as an example
for  our Fui-Poses SePumTe QMPHS are drawn Jor
Stngle curvature (0.6 € Cm <& (0) and double
Curvature ( 04 & Cm & 0.6) cases. .
For frames with s}deswc\y C Cm=0-835) allowed.
Jrophs  of %% Ve M/MP are drawn For
“two +7Pes ~of columns 4WI50 and 12WF 45,
W T Fg: 36 Ksi,-  Columns assumed +to be braced
In the weak direction, |
Tt wn be inferred from +1'\e"8f‘&15)‘\s '{—hcd-
™ all cases , “the major change Ts the (tmrtt
of allowable axtal (ood, which Ts #creased From
o-sPy “o 075 Py ©r Wwnbroced C.«Olum”$<$?desm)/
o\,(louu_cd ) ond 0.6 P}/ 4o 0,85 (37 fr broaced
Columns. ButT the acceptable dectgn reg?on
v both codes T almost same. [For Smgle
curvature we notice  for ~£§é=30 ~the F—or.-multk
(24 -2) [me for Cm=l.0 Ts belsw +he
Formulec (23) e, but for K< = 70, -the over-f
. r ' Y P
ond . {3"' %: (0o, the Ermul&_(;.‘[— ~2) .-JQ;:-‘ Cm=|.0O
Ts above the frmula (22 lme. “Thus or
KL =30 (930 code bel\r\% mor€  ComServative ,
‘\,Shﬂe -ﬁ:r fg.zloo_, \G62 code seems +o be more

Comsecyotie. This change can thus be clascifred -
best as o B Change. |




ﬁ Project '
C5257
Uﬂ Franklin Research Center ™ O R

Date
A Division of The Franklin Institute ) A e
The Bunjarmin Frankin Parkway, Phia, Pa. 19103 RA SEPT €l |frsl e

kl

F, = 36 ket K. 1wz SINGLE CURVAT
1963 Code 1980 Code
Formula (22) i < B=G(P/Py) £ 1.0 ? Cat < 1.0
WLE V) £1. (2.4-2) =+ £l
’ ' ' S e -y
Mot P 0.6 <C_<1.0
: P u
Formla (23) o < 1.0 - B(P/PY) - Je/ppy? (24D 7t Tie < 1.0, ¥ < i
> .
.M M< M, o, CM,
. N [ N
TYSICAL ERAMPLES T
¥ , l .
E \9 ) R '
£ — -
Py
R o . g
199D co0E  LIMIT
P -
- c.’ . -
ole
[- D9 4
o4
. 4
P o,"nL—
a. TP
ol 4=
- o;(' a1 03 4 25 0.6 07 0B 09 1,0
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F, = 36 kst % = 30° 14w 150 - DOUBLE CLRVATURE

1963 Code 1980 Code

Formula (21) M = Hp when P/Py < 0.15 2.4-2) PL-# cM < 1.0
M er (1 - 7)™ .
Eil.la -~ 1.18(P/Py) < 1.0 ?e b 0.4 < cm <0.6
M ’ 2.4-3) = X
Formula (22) g~ < B-G(P/Py) < 1.0 . " Toieq & -0, <M,
p . . y P
M <My
M,
~ UM
TTPICAL EXAMPLES i 5
u<u, i
_PEY 1.0 i + 4 i [ 1 '
N 09 ~= +
1980 Co0E LiMIT - (M9, 5, FoRMULA (2.4 - 2y

0.8 -+

NER -+
‘ T oy 1a63 cooe
0.5+
S :
k| 0.4 -
i
i * 03|
; >
! ' T .

o-

9 9 6% 63 0% oF 6o oOn 08 o4 l.o

K(MF
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= 36 ksi El . 50 14w 150 SINGLE CURVATURE
y v .
1963 Code 1980 Code
22y =0 /Py 0 P Cat < 1.0
Formula (22) §— < B-G( /Py) < 1. (2.42) 5+ - <1
: cr (1 - P._)“P ’
MM, e 0.6 <C_<1.90
¥ 2 2.4m3) b 1.0, M S M.
Formula (23) - < 1.0 - H(P/Py) - J(P/Py) Py 1.1, = v =
X,

TYPICAL EXAMPLES . &

K%
(I

1a8¢ coO& CIMIT

&l 0 03

4.7

o8 0.9

MfMP

Lo
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E, = 36 kst - % = 70 lewe 150 DOUBLE CURVATURE
1963 Code 1980 Code
cM
. £ -3 < 1.0
Formula (21) M = M vhen P/Py < 0.15 R xy _
o Po 0.4<C_<0.6 :
i < 1.18 - 1.18(P/Py) < 1.0 2
P

Formula (22) o < B-G(P/Py) ¢ 1.0

P .
MM
M oM
. = ~
TYPICAL EXAMPLES ’ LF 5;
L
M<M, M, .
- .
oq-+— . 1T
[HFO CoPE LIMIT -
o] - ) 4

0.1

o4

3

0.3

Ol -— .

) i 02 03 of o5 a6 a1 ep oaq WO
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F, = 36 kst “—:- = 100 14w 50 " SINGLE CURVATURE
1963 Code _ 1980 Code
¥ 3 Ct < 1.0
Formula (22) r < B=G(P/Py) < 1.0 (2.4-2) 7+ 5 -
. r (1=
<, . ¢ 7 0.6 < C_ < 1.0 .
" , s Q=Y TS0, Moy
Formula (23) 3~ < 1.0 - H(P/Py) - J(P/Py) -
)

M MM, M, M,
TYPICAL EXAMPLES ) : N N
- <
S . .Tlf . o, - M, M<M,
B .0 t + + : '
04+ L
1480 CoDE  LiMiT .
of
N - 0T 1
P} Mi <4
o6 1963 CODE LIMIT
oSt - 1
O .
‘J.G'
o4+ <2, )
4\2)
» 03 I
2 * Yo ) Q,
N,

0t e Loas r

ol I
- ’ : a =t ox 0y o4 oS ac oaf o2 o9 .  I0
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F = 36 ksi kL . 100 14w 150
y r

1963 Coce

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

?
o < 1.18 - 1.18(P/Py) < 1.0
)4

Formula (22) o- < B-G(P/Py) ¢ 1.0

Mooy

ITPICAL EXAMPLES

DOUBLE CURVATURE

1980 Code

&t < 1.0

7
er (1 -39 B
P, i 0.4<C <0.6
<
M
Tia, = 1.0, Mty

Zh

24+
\q80 CodE LiviT

ot

196> coos LT

. 0k

943

0421

° ol ox a3 o4 o5 ok

o7 o¢ &% 1O

MIMP
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Date

L]
-
FY - 36 ksi % = 30 |2 Wi3 sIDES‘\’AY ALLOWED
1963 Code . 1980 Code
Formula (21) M = Hp when P/Py < 0,15
- c H s
) u (2.3-2) L+ = < 1.0
§o < 1.18 - 1.18(P/Py) £ 1.0

P
) er (1 - E)MP

Cm= 0-8’-

Formula (22) ‘i < B=G(P/Py) < 1.0
p .
Msy, R

P M
(2.4=3) =— + < 1.0, M <
) . =% 8z
Tiew, %

-

Formila (23) g < 1.0 - H(P/Py) - J(P/Py)>
b

C MM,

10 ; J
7,:, ""H 1963 Code Also Imposes che Following Limit
08T \;a © oo Lot ' g—: * Tlv £1.0 Formula (20) .
MnT ]
06 -
085 .. T
ot

0341963 copw LiMiT

[-§ B¥

ol ¢+

o d;l - Y "y o4 8% O-Gv 17 d-:ﬂ >t 'I'O
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F, = 36 kat k—r1 =30 14 vwe 150 SIDESHAT ALLOVED

1963 Code

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

M
-
4

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

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

9 .
M < Hp
M 2
Formula (23) - S 1.0 - H(P/Py) - J(p/Py)
" Mg ..

TYPICAL EXAMPLES

1980 Code
“
(2.4=2) _PP . Gt < 1.0

er (1 - 'PL)HP
e

cu=o.8$
P M
(2,4=3) o+ =—im 2 1.0, M <
P - LeVs & _"p
y I-ISMP

.

P ko . V‘ .
a4 i 1
1963 Coda Also Imposes the Following Limit
0udt 2P I
E + Jor< 1.0 Formula (20)
[ 240 N
061
i &5 [
X2 T

a3 {962 CODG T

0v24-
Ol
L 3 L dome I ! : + ;
-] o o 2.3 [ ] 0.5 ok 0.7 08 0.9 IN-
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CASC- STUDY -‘{4

C_O?vx\)drTSoﬂ of AlST —1480 Seettory, 1. 10. & with

AISC =963 Section (. 10.6, Reduction ™ F/anje
Stress, HYbrid Girders only.

~ The only chomje between The +wo codes
s fhe Tniroduetion  of Rrmola ((1L10-6)
Hor case of 'hybﬁd 3Trdef; i~ +the 1980 code.
Formola (1. 16=5) of 1930 Code with Fb m Ksi
,_\‘_sl Tden+?§¢l_ﬂo Fc';rmulo\ CI;) of gLy with Fp _ ‘
T Psi. Hybr?d '3Trc§er desTﬂﬂéd ™ (9632 would '
be _desTgned Tn Gceordance  with . Formulal ¢ (2)
Which 75 Tdentical o ( (.10-5) In  E[so Code .
But a h\/lor*?cll 3Trd€r’ Cfes?gned in accordanice
with Qg0  Aas o comfirm o both  Formules
Clio-5) and Cl-lo=6). For Fb =25 Ksi and
S0 ksi ., We d\"ow_d gmf\'\s of reduction -
Toctor (L) Vs, Acea of web 4o Aren of Flonge
rofte 0 (AW/ag), ustng  Formulas (Jo10-5)
ond C1=06) RBe guen K =03, 06, ond 5.9 amd
CFroguen Ry calos (162,192 2 182, fr  Fpeaski
omd 117, 127 & 137 hr  Fe=50 Ksi). We find
TY\_ all _sTx QLS depev\d‘z‘v\% on ’*W/A_‘c ratto
for L=o0.45, Formila C 1:1076) T the \q g0 C.adﬁ,:
B %UH"Q_ conser UO\JrT\/‘&_. '

b4
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L3

Bt for 045 <4075,  Formia Cic10-6)
or 'Fommu[o\( 1-10-8) COL_Jld be Cmserva.ﬁvel as
Com Po\red Yo ‘ead\ other deper\d(‘r\% on h /t o
-fbr' .%?VQY\ Fo- Rut ‘Er‘ A 7 0.75, ™ Qna_
cose, Formula (110 -5) Ts more conservative -

Thus we can wmake -the -Fo(lowmg,- d\)&&“’\@rﬂ'

6w them.
OLD -Fcr'mulas ' d( Scale.
'a.) | Formulb\ (12) , 1463 Code- Zl. _
Fp £ Fb [ 1-0=-0.0005 A"“ £ 049
| b L’ 00 ( \(—E; )] and A
with Fb ™ Psi. . - Low
_ b) Fonmu\a ({.'0-5) lago code A%‘ﬁ/fm ©
0 - 0. . Ny [ 1
3 $Fo [ 1 0005 ( = )]
Wih Fb ™ KsY
New Formulo O 5 B
L Foomda (1110%6) 1480 code .
R4l \l+<£%’)<so<-o@)] o
o 2+ 2 (%‘%)
°




ol

Project Page .
' - 35
UUUE Franklin Research Center C5257 c- 3

A Division of The Franklin Institute BVR A’ Dawm Chvk'd Date | Rev. Date

The Benjamin Franklin Parkway, Phila., Pa. 19103 OCT, g} 7 V4

AISC 1.10.6 1963/1980 CODE COMPARISON

REDUCTION FACTOR

WEB/FLANGE AREA RATIO

BENbING STRESS = 25KSI  ALPHA=0.3, 0.6, 0.9, H/T RATIO = 162




ﬁ Project Page

. R , C5257 C- 36

U H Franklin Research Center o —Tora  om TR 5

. A Division of The Franklin Institute r e eyt ae o ate
The Benjamin Frankiin I"urk\ny. Phila.. Pa. 19103 ' RA’ DCT g’ ;’ /,'f;f',.}:. ///{ /

REDUCTION FACTOR

AISC 1.10.6 1963/1980 CODE COMPARISdN

WEB/FLANGE AREA RATIO

BENDING STRESS = 25KSI ALPHA=0.3, 0.6, 0.9, H/T RATIO = 172
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W

AISC 1.10.6 1963/1980 CODE COMPARISON

REDUCTION FACTOR

1

0.0

BENDING STRESS = 25KSI

|
30

WEB/FLANGE AREA RATIO

80

ALPHA=0.3, 0.6, 0.9, H/T RATIO = 182




REDUCTION FACTOR

AISC-1.10.5 1963/1980 CODE COMPARISON

1.0 T e T e e e e s S = === ==F
a=0.9
015~ ’ a = 0.6
05— _
0354
0.0 { $ t
0 50 100 IS0 20.0

BENDING STRESS = SOKSI

WEB/FLANGE AREA RATI0

ALPHA®0.3, 0.6, 0.9, H/T RATIO = 117
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REDUCTION FACTOR

AISC 1.10.6

1963/1980 CODE COMPARISON

] ]

0.0

0 20 40

60 30 160

WEB/FLANGE AREA RATIO

_BERDING STRESS = SOKSI.  ALPHA=0.3, 0.6, 0.9, H/T RATIO = 127
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Rev.

Date

REDUCTION FACTOR

AISC 1.10.6 1963/1980 CODE COMPARISON

—
0 . 10 20 30 30 50 6

WEB/FLANGE AREA RATIO
BENDING STRESS = 50KSI  ALPHA=0.3, 0.6, 0.9, H/T RATIC = 137
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o . " . By Date Ch'k'd Date | Rew.
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CASE Stupy — 10~

Comparison Of  Sectton (|-9-1-2) and  Appendix C (pisc
1980 ) with  Sectton [- 9.1 (AISC, 1963) 5 width-Thickness
rotio of unstffened elements Subfect o oxta]
Compreston  and Compresston “due +o bend(‘ng-

In both sections the lemih of width -

‘ﬁnckvwfss ratio T fjl‘fen -\Qr +he -f;llowmg
VOr{OUS cases.

CAse I : STngle —c\nﬁle Struts double —omgle S+r'u+’s
- o - With  se porators |
CASE IE ‘ S'i'ru*l's ComPr(smg dou b\e aﬂﬁ ]QS ™M cq—n‘iu&

angles o plates projecting {Fom qirders,
Columns, or other Compression  members

Compresston —flqv\ﬁes o-{ beams ; Stiffeners
S on Pla‘\‘e STrderS‘_
CASE T : Stems of Fees
| Tn AISC . 1980, accordimg othes ?e“'g"‘“t“""‘ for
the above cases. when Compresston

Members exceed the ollowable \«J\‘cHh~

Tickness ratto, “he ollowable Stresses

ane  reduced. by @ fuctor hased on
Lormula s SWQY\ T C\PPQY\CSM C .

which depends on  yield - siress CFJ) and
- the w<d‘Hf\ +‘m¢=km~ess rodio,
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A
2 et

Date

But C\Qc.ordl'n% -hg AlSC, b3 '§Fe o7 cationg,
When  com P}'ess(‘on members  gxceed the aliowable
WiATh — Ahideness  radto . the member s
o\ac,e_\)'\'o;\o\e_ l‘-{: I g SO\'HS'FIG the allewable Stress
r‘etit)(‘r\e“mev\‘\‘s wth  a Por*ﬁcm of‘ widty e,
eﬁed-we, width meets  stress re?ufremer\'f’s .

For the cse study ., fwo  values of {:7

30 ksi omd 50 Ksi ace chosen » For +he

fwo values “for +7PTCoJ av\ﬂle Sec-(-?mﬁ and

T sections given ™  AISC Manwal
| SPO\FhaS Prave been p]oTTed'-FQFQecgucf?c‘n Tacter VS
Width — Thickmess ratio.

Reductten Factor for AlISC, 1980 Code 75 based
on frmulas gwen ™ appendix &' and for
AlSe. 6>, reduction factor Ts the ratio
of efective. width to actual width of
the Sec-i"Tcm. |

Based on the 3”“}3\"5/ the Chﬂﬂjt

for case I ond Case T o higher
wid{—k/+k7ckness ratio  would  be a C c'hamge_,
As Specificatlons were more conservative ™
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: ACI CODE PHILOSOPHIES

The American Concrete Institute (ACI) Building Code Requirements for
tj Reinforced Concrete delineate two philosophies of design which have long been
‘ in use: the so-called working stress method, which was in general acceptance
and predominant use from early in this century to the early 1960's, and the
ultimate strength method, which has been rapidly replacing working stress

since about 1963.

Waﬁ Working Stress Method

The working stress method of design is referred to as the "alternate

design method" by the most recent ACI code. -By this method, the designer
proportions structural elements so that internal stresses, which result from
the action of service loads* and are computed by the principles of elastic

mechanics, do not exceed allowable stress values prescribed by the code.

The allowable stresses as prescribed by the ACI code are set such that the

stresses under service load conditions will be within the elastic range of

behavior for the materlals 1nvolved.. As a result'of this, the assumption of

straight line stress-straln behav1or applies reasonably for properly de51gned
.. 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 which attempt to assess the

variations to be encountered in material, construction tolerances, and

' calculation approximation.

*Service loads are deﬁlned as those loads whlch are assumed to occur during the
service llfe of the structure.
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Strength Reduction Factor

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

the member failure as regards the overall integrity of the ‘gtructure.

Load Factors

Also, by this method, the_designer increases the service loads by applying
appropriate load factors to obtain the ultimate design loads in'an attempt to
assess the possibility that the service loads may be exceeded in the life of
the structure. The member forces used to proportion members by this method
are based on an elastic analysis of the structure undef 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'ductili;y in reinforced. concrete

deSith. Ductility in a.structural membér 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 ;o.;eadjust its load
resistance pattern as critical sections or members approach their limiting
capacity. This deformation results in cracking and deflections which provide
a means of warning in advance of catastrophic collapse. Under conditions of
loading where ehergy 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 as guaranteeing ductility. In those aspects of design where

. ductility cannot be achieved or insured, the code has required added strength

. : D-3
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to insure potential failure at the more ductile sections of structures.
Examples of this are evident in the more conservative capacity reduction
factors for columns and in the special provisions required for seismic design.

Strength and Serviceability in Design

There are many reasons for the recent trend in reinforced concrete codes
toward ultimate strength rather than working stress concepts. Research in
reinforced concrete has indicated that the strain distributions predicted by
working stress computations iﬂ general do not exist in the members under
load.' There are many reasons for this lack of agreement. Concrete is a
brittle, non-linear material in its stress—-strain behavior, exhibiting a down
trend beyond its ultimate stress and characterized by a tensile stress-strain
curve which in all its features is approximately on the order of one tenth

smaller than its compressive stress-strain curve. .

Time-dependent shrinkage and creep strains are often of significant
maghitude at service load levels and are difficult to assess by working stress
methods. While ultimate strength methods do not eliminate these factors, they
become. less significant at ultimate load levels. In.additién, 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 cbnstant 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 variationé in material
properties with time. Although the_ultimate strength method -in the present
code requires an elastic structural analysis to determine member forces for
design, it recogniées these limifations and, in concept,>anticipates the

redistribution resulting from ductile deformation at the most critically

B , | D-4
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stressed sections and in fact proportions members so that redistribution will

occur. N

In addition to strength, a design must satisfy serviceability
requirements. In some designs, serviceability £factors (such as excessive
deflection, cracking, or vibration at service load) may prove to be more
important than strength. Computations of the various serviceability factors
are generally at service load levels; therefore, the presént 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 often considered to
be the ratio of yield stress to service load stress. This definition becomes
suspect or even-incorrect where nonlinear response is involved.. For ultimate
strength, one definition of factors of safety is the ratio of the load that

would cause collapse to the service or working load. As presented in the

present code, a factor of safety lS 1ncluded for a varlety of reasons, each of

which is 1mportant but has no dlrect 1nterrelatlon w1th the other.

The present ACI code has divided the provisions for safeEy into two
factors; the overload factors and the capacity reduction factors (conside;ed
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 Eeduction factor (4). 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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FOREWORD

The U.S. Nuclear Regulatory Commission (NRC) is conducting the Systematic
Evaluation ﬁrogram (SEP). The Program is a p1ant-by-p1ént reassessment of the
safety of eleven operating nuclear reactors that received construction permits
between 1956 and 1967. Many safety criteria have changed since these plants
were licensed. The purpose of the SEP is to develop a current, documented
basis for the safety of older facilities.

For the Palisades Unit 1, seismic analyses for a Safe Shutdown Earthquake
(SSE) had been performed in a previous study for selected plant structures and
components from generic groups of equipment. The results were reported in an
earlier SEP report, NUREG/CR-1833. The SSE was considered to be the Extreme
Environmental condition. In the study reported here, the containment
structure was selected for further evaluation of the Abnormal/Extreme

Environment.
This report is a collective effort by the following people:

Nelson, T. A., and Lo, T. [Lawrence Livermore National Laboratory (LLNL)],
who provided project management support and reviewed the report.

Liaw, C. Y., and Debeling, A. G. (EG&G/San Ramon Operations), who
conducted the structural reevaluation of the concrete containment
structure.

Tsai, N. C. (NCT Engineering, Inc.), who conducted the structural
reevaluation of the steel liner plate system.

The authors wish to thank P. Y. Chen and S. Brown, technical monitors of
this work at the Office of Nuclear Reactor Regulation (NRR), for their
continuing support. ‘

We also wish to thank M. Kamelgarn of LLNL for publication support.
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ABSTRACT

A structural reassessment of the containment structure of the Palisades
Nuclear Power E1ant Unit 1 was perforﬁed for the Nuclear Regulatory Commission
as part of the Systematic Evaluation Program. Conclusions about the ability
of the containment structure to withstand the Abnormal/Extreme Environment are
presented.

The reassessment focused'main1y on the overall structural integrity of the
containment building for the Abnormal/Extreme Environment. In this case, the
Abnormal Environmental condition is caused by the worst case of either a
Loss=-of-Coolant Accident or a main steam 1ine break. The Extreme
Environmental condition is the Safe Shutdown Earthquake.
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CHAPTER 1: INTRODUCTION
1.1 SCOPE OF WORK

Structural reassessment of nuclear power plants is one facet of the
Systematic Evaluation Program (SEP), conducted by the Nuclear Regulatory
Commission (NRC). This report is a structural review of the containment
building of the Palisades Nuclear Power Plant Unit 1. We evaluated the
overall structural integrity of the containment building for the
Abnormal/Extreme Environmental condition as defined in the ASME Boiler and
Pressure Vessel Code, Section III (ASME code). In this instance, the Abnormal
Toad case is that induced by a Loss of Coolant Accident (LOCA), and the
Extreme Environmental load case is induced by the Safe Shutdown Earthquake
(SSE). It is important to point out that, in this report, LOCA includes both
the primary and secondary loop break cases.

Two previous'SEP reports served as the basis for this work: SEP
Containment Analysis and Evaluation for the Palisades Power P]ant:jfhhich
defined the LOCA Loading, and Seismic Review of the Palisades Nuclear Power
s Plant Unit 1 as Part.of'the.SEP,2 in which the plant was analyzed for SSE
Load. o - | » ’

We based our analysis on the LOCA discussed in Ref. 1l: pipe breaks in the

primary and secondary systems. The seismic event we used is described in.
Site-Specific Ground Response Spectra for SEP Plants Located in the Eastern
United States.>>*' Our reassessment combined the accident and seismic event
with existing load conditions on the containment building. We then evaluated
the containment building's and its steel liner's ability to withstand the
Abnormal/Extreme environmental condition. We also evaluated the steel Tiner

system'for the Extreme environmental condition, which can be a more critical
loading combination. - Because the prﬁmary purpose of this analysis is to
~evaluate the overall structural integrity of the containment building, no
local load effects are considered. .

-1-



1.2 STRUCTURE DESCRIPTION

The reactor containment building of Palisades Plant Unit 1 houses the
nuclear steam supply system.  This building is a vertical, cylindrical,
prastressed concrete structure (Fig. 1;1). The inside diameter is 116 ft; the
inside height is 189 ft. The containment walls are 3.5 ft thick, the dome is
3 ft thick, and the base slab varies in thickness between 8 ft. and 13 ft.
The dome has a radius of 89 ft. 2-1/4 in. The containment building was the
first in the United States to be post-tensioned, in both directions, with
fully prestressed walls ‘and dome. Each of the 845 tendons is stressed to
about 800,000 1b., and each contains n1nety 1/4-in.-diameter, high-tensile
steel wires.

The post-tensioning system consists of:

1) Three groups of 55 dome tendons oriented at 120° to each other for a

total of 165 tendons anchored at the vertical face of the dome ring
girder.

2) 180 vertical tendons anchored at the top surface of the ring girder
and at the bottom of the base slab.
- 3)- S1x ‘groups of 87 hoop tendons enclosing 120° of arc for a tota] of
522 tendons anchored at the six vertical buttresses. _ '
 The design strengths of the concrete are 5,000 psi at 28 days for the shell
and 4,000 psi at 90 days for the base slab. The prestressed concrete dome has .
reinforcing steel bars on both outside and inside surfaces. The reinforcing
bars on the outside surface are #9 (12 in. square mesh). The inside ’
reinforcing bars are #6 (18 in. square mesh).

The prestressed concrete cylindrical wall is reinforced on the outside
.~ surface in both vertical and hoop directions. The bottom 13 ft. of the -inside
surface of the wall is also reinforced in both vertiéa] and hoop directions.
Access to the structure for personnel and equipment is through a
double-Tlocked door and a 12 ft. O in. clear-diameter, double-gasketed single
door . -An emergency personnel escape is also oroVidéd by a double-locked door.
The massive reinforced concrete foundation of ‘the conta1nment building ‘
s1ts on compact glacial depos1ts and very dense, fine sand.’ The bedrock is at’
an elevation of about 440 ft. The grade e1evat1on_of the soil surface is -
' ‘590 ft ' ' '
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Fig. 1.1. Containment building.



The interior surface of the concrete shell is lined with a 1/4 in. thick
ASTM A-442 carbon steel plate. The liner plate functions as a gas barrier to
prevent uncontrolled release of fission products from the reactor buiiding
during operation and also during a large Loss of Coolant Accident (LOCA). The
liner is not relied upon to help the concrete maintain its structural
integrity. Figure 1.2 shows the arrangement of the liner system. Figure 1.3
shows some typical details of the system.

At the cylinder portion of the liner, ASTM A-36 stiffener angles are
welded Tongitudinally to the Tliner at 15 in. intervals. The stiffener angles
are, typica]]&, L3x2x1/4. An intermittent fillet weld is used between the
liner and the anchors. The typical weld dimensions are 3/16 in. x 4 in. at
12 in. spacing. Horizontal ASTM A-36 channels, angles, and flat bars are
attached to the liner plate as well as to the longitudinal angles. The rolled
structural shapes and flat bars stiffen the liner plate during the erection
and placement of the concrete, and they anchor the liner to the hardened
concrete.

Construction of the Tiner system at the dome is similar to that at the
cylinder. The exception are the angles, which are used both as stiffeners and

.. as ahchdrs. The ang1es are.oriented in the hoop direction.

On the base slab, the liner plate is welded to embedded beams. An
18 in.-thick concrete slab is placed aver the liner, and a leak-chase system
is placed over the Tiner plate weld seams, which are composed of 1/4 in.-butt
welds.

At the junctions where the cylinder intersects the dome and the base slab,
horizontal channels or angles are attached as anchors near the Tocations of
maximum change in meridional curvature. The details of typical Tiner
construction at penetrations and polar-crane brackets are not described here
because they were not evaluated.

1.3 LOADS AND LOAD COMBINATIONS

Two LOCA conditions were considered in this analysis: 1) the primary
system pipe break, and 2) the secondary pipe break. To evaluate the
containment building for the Abnormal/Extreme Environmental conditions, the
following load conditions were analyzed:
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Fig. 1.2. General arrangemant of liner system.




Typical

Typical for ail
angle stiffeners

3ft104in. -

? L3 X2 X 1/4 =] ¢
b 3 Section A-A

..-:'a'.-i- [ GG
S
ﬁ'ﬁf. -
ary, "°* .‘."—a-’-"-"
AL 20

1

Fig. 1.3. Typical liner anchor details in the cylindrical
_portion of_the containment.




s S a i s S

TRORPRI)

“‘l'
14
§
3

~ e et — e

a. Deadweight loads (D)

Deadweight loads were generated by multiplying concrete weight density

(150 1b/ft3) by the structural volume. The dimensions used to determine
the structural volume were based on the structural drawings supplied by
Consumer Power Company (CPCO).

b. Prestress loads (F)

The response to prestress loads was extracted from information contained
in Ref. 3, The Palisades Plant Preliminary Description and Safety Analysis

Report (PDSAR), Amendment 1, Figure 2.12.2.3. Figure 3.3 of Sec. 3
illustrates the values used. No new analysis was performed for this load
case. For the liner system, we assumed shrinkage of the concrete (prior to

prestressing) of 100 p, where p represents strain in micro-inch/inch.

c. Pressure loads (P)

"Ac¢ord1ng:to Ref. 1,'tﬁe peak post-accident containment pressure (Pa) for

both the primary and secondary system pipe breaks is 68 psia (Figs. 1.4
and 1.5). This pressure is very close to the original design pressure of
55 psig (or 69.7 psia) given in the FSAR.4. Therefore, a relative
pressure of 55 psi.was applied to the structure for the pressure load
case. For the liner system evaluation under the Extreme condition, we
assumed a vacuum pressure (Pv) of -3 psig (11.7 psia) inside the

‘containment, as given in the FSAR.4

d. Thermal Loads (T)

Figure 1.6.(Fig. 3.12T of Reference 1) gives a peak containment atmosphere
temperature of 292° F for the=pf1mary system pipe break case. A
temperature of about 410° F is given for the single-steam-generator
blowdown of the secondary system pipe break case (Fig. 1.7). Accurate
information about the temperature gradient in the concrete wall and dome
is not available. It is estimated that the steel Tiner inside surface

-7~
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will be heated to a temperature nearly equal to the high atmosphere-
temperature, and only a small portion of the concrete wall will actually -
"see" a high temperature gradient. Because of the short duration of the
high accident-temperature, it was decided that the following operating-
condition temperatures be used for the concrete:8 summer--73° F at

the outside containment wall and 123° F at the inside containment wall;
winter--minus 1° F at the outside containment wall and 85° F at the

inside containment wall. The stress-free temperature in the concrete was
assumed to be 70° F.

The steel liner plate is only 1/4 in. thick and has a much higher thermal
conductivity than the concrete wall; the Tliner plate was therefore assumed
to have the same temperature as the containment atmosphere. The
containment atmosphere temperature of the secondary system pipe break case
(410O F) is much higher than the containment atmosphere temperature of

the priméry system pipe break case (2920 F). The liner temperature was
assumed, conservatively, to be 410° F for the thermal Toad calculation.

"The following thermal load component usually does not need to be considered

separately if a composite Tiner-concrete section is used in evaluating
loads on the section: the additional equivalent pressure between the
concrete wall surface and the liner due to the different thermal eXpansion
in the liner and concrete. However, this load had to be included in the
mathematical model of this analysis for evaluating the concrete structure
because the concrete wall was modeled without the 1iner. The additional
equivalent pressure due to differential concrete and Tiner expansion was
estimated to be 23 psi on the wall surface under these average winter wall
temperatures: 410° F in the liner and 43° F in the concrete. The

stress responses to this additional equivalent pressure can be obtained by
multiplying the response-to-pressure-load case by the factor 23/55.

e. Seismic loads

Reference 5 suggested a set of site-specific SSE horizontal ground
response spectra for SEP plants, including the Palisades site. In a
subsequent study (Ref. 11) the original spectra developed for the
Palisades site were modified to account for the site amp]ification

-12-




Table 1.1. Horizontal site-specific spectral accelerations.

Pseudo acceleration (cm/sec?)
(5% damping)

Without With

Period Site Amplification Site Amn]ificationll
0.03 102.50 205.0
0.04 122.29 244,58
- 0.05 130.19 260,38
0.08 152.05 304.10
0.10 - 179.69 359.38
0.20 214.77 429.54
0.30 224.41 448.82
0.40 218.32 430.09
1.00 174.57 174.57

- response spectra.’

effects. The.verigcal SSE response spectra are two-thirds of .the horizontal

We made a seismic reanalysis of the Palisades containment building using
the same structural model reported in Ref. 2, but with the site-specific
spectra, inciuding site ampiication. The spectral values are shown in
Table 1.1. The reanalysis was necessary because the seismic responses
renorted in Ref. 2 were based on 0.2g R.G. 1.60 spectra, rather than the
site-specific spectra which were developed Tater. The structural damping of
the containment shell structure was increased to 7% to account for the
significant cracks expected to develop under LOCA conditions. Figures 1.8 and
1.9 present the results of the reanalysis for the site-specific spectrum
(SSSP). Three soil cases were considered, following the approach of Ref. 2.
The results due to the site-specific spectrum are significantly lower than
both those of the 0.2g R.G. 1.60 spectrum and the licensee's original design
seismic loads. The vertical response throughout the containment building is
0.24g from the present analysis. This response results primarily from a mode
where the structure acts as a rigid mass on the vertical soil spring.

Because the primary purpose of this analysis is to evaluate the overall
structural integrity of the containment building, no local load effects are

considered. We assumed that the ar=as around the penetrations are
-13-
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sufficiently strengthened so that they are stronger than the remainder of the
structure. Therefore, we did no structural evaluation for these local areas
and considered the structure to be axisymmetrical. The effects of live-loads,
such as snow load, are considered small, and are therefore negelected. The
~total combined Abnormal/Extreme Environmental load for the containment
building is the sum of all the load cases discussed above.

1.4 MATERIAL PROPERTIES

A1l material property values used in the analysis were extracted from
section 5.1.3 of Ref. 4. Following is a 1ist of these values for various
loading conditions.

Dead load

D =
F = Prestress
T = Thermal
P = Pressure
E = Earthquake
‘Materials ' Loading conditions
0, F, T P, E
Concrete walls
E (Young's modulus) (psi) 2.7x106 5.5x106
v (Poisson's ratio) 0.17 0.17
a (coefficient of thermal expansion) 5.0x107° -
(in./in./°F)
f; (compressive strength) (psi) 5000 5000
- Steel Liner (ASTM A-442)
E (Young's Modulus) (psi) _ 30x106 | 30xlO6
fy (minimum yield stress) (psi) 34,000 34,000
v (Poisson's ratio) 0.30 0.30
a (coefficient of thermal expansion) 6.5x10"° -
(in./in./°F)
Liner anchor (ASTM A-36)
~ E (Young's Modulus) (psi) 30x10° 3OxlO6
v (Poisson's ratio) . 0.30 0.30

~-16-
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1.5 PREVIOUS ANALYSES OF CONTAINMENT BUILDING

Many analyses have been performed for various load conditions. It is not
our purpose to review all earlier work. We discuss only those analyses which
dealt with load combinations similar to those considered in this report.

Amendment 1 of the Preliminary Description and Safety Analysis Repor‘t3

discussed a design-accident condition including dead load, prestress, thermal
load, internal pressure, wind, and earthquake. The actual thermal gradients
used in this analysis are not clear from the information availabe in Ref. 3,
but they are presumably the same as those given in the FSAR (Ref. 4): i.e.,
283%F inside and 10°F outside. The internal pressure load is 55 psig, as
given in FSAR. The earthquake load is based on Housner's spectra with 0.2g
peak ground acceleration. °

The containment-building shell was modeled using an axisymmetrical
solid-finite-element system. The axial force and the shear and moment
distribution along the wall and dome were presented in Figure 2.12 of
Referance 3. Amendment 4 of Reference 3 gave stress results for the liner
plate and tendon and mat reinforcing bars, but this amendment did not give
additiona]~1nformat10hfon how the stresses wére.computed.'

The FSAR of Pah’sades4 described the load combinations used in designing
the containment Tiner. The FSAR also furnished the computed concrete and
reinforcing steel stresses at several sections of the wall and dome. A
separate supplement to the "Response to NRC Seismic Question" (Item 2.A of
Ref. 7) presented a calculation for a cracked concrete section of a typical
wall section. The calculation seems to indicate that the force and moment for
the section were obtained from a finite-element model which included both the
concrete and the 1iner; The stresses were calculated using a technique in
which the stress distribution is first determined for the uncracked concrete
section. The concrete is then assumed to crack, and the neutral axis
therefore shifts until force equilibrium is achieved between the concrete in
compression and the reinforcing steel in tension. This technique was applied
in Reference 7 to the combined loads, which included thermal and other
nonthermal loads.

-17-



CHAPTER 2: SUMMARY AND CONCLUSION

2.1 CONCRETE STRUCTURE

The concrete containment shell structure was analyzed for these combined
load conditions: dead weight, prestress, accident pressure (55 psig), thermal
Toads (4100 F in the liner and operating temperatures in the concrete), and
seismic loads of 0.21g, site-specific spectra. The structure was first
analyzed for the above Toad cases on the assumption that the concrete section
was uncracked. The stresses in the concrete and reinforcing steel were then
evaluated, based on cracked concrete sections. In considering the cracked
concrete section, the self-relieving effects of thermal loads were included.
The results indicate that the highest stress in reinforcing steel is 15 ksi,
wnich occurs about 14 ft above the base. The compressive concrete stresses
are below 1000 psi. The maximum shear stress in the concrete is less than 220
psi. A1l concrete and reinforcing steel stresses are within the allowable
ranges given by ASME Boiler and Pressure Vessel Code Section IV; Division 2,
Articles CC-3420 and CC-3520. The concrete structure is therefore considered
adequate to withstand the Abnormal/Extreme loads of a primary or secbndary

system pipe break which is combined with a SSE event.

2.2 LINER PLATE SYSTEM

The Tiner system was evaluated for the Extreme Environmental and
Abnormal/Extreme Environmental conditions. Both conditions include the SSE
seismic loads. The Abnormal/Extreme conditions also includes the accident

-pressure and temperature from the blowdown of one steam generator.

The liner system near the cylinder-to-base junction was evaluated because
it is the most critically loaded point. The liner strains and the anchor
movement and forces were computed and then compared with the allowables
specified in ASME Code Section III, Division 2, Subsection CC. From the
evaluation, we concluded that the existing design of the liner plate system
possesses sufficient capacity against failure in the event of an SSE or an SSE
plus LOCA. '
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CHAPTER 3: ANALYSIS OF CONTAINMENT BUILDING
3.1 ASSUMPTIONS

The containment buiiding was modeled by a finite-element system for all
load cases, with the exception of the seismic analysis. Seijsmic responses
were calculated from an analysis using the stick model from Ref. 2, which
included soil structure interaction effects. The following assumptions were
made in constructing the finite-element model.

1. Only the containment shell structure was modeled. The structure was
assuméd to be axisymmetrical. No internal structure was included in the model
because the interaction between the containment shell and the internal
structure is expected to have a minimal effect on the containment shell
structure.

2. Because the model was not used for the seismic analysis, the
foundation (including the building base) was assumed to be completely rigid.
It was therefore not necessary to include the foundation in the model. This
is a conservative assumption for concrete stresses near the cylinder and base
“junctian, which are caused-by loads  other than seismic. loads.

3. In computing the section loads, the concrete section was assumed to
remain elastic (no cracking of the concrete). After the force and moment of
the section were obtained from the elastic analysis, a cracked-section
analysis was performed. The cracked-section analysis took into account the
self-1imiting nature of the thermal load. _

4. In evaluating the section loads, this conservative assumption was
made: the liner made no contribution to the structural stiffness .

5. During a LOCA, the temperature of the liner plate was assumed to be
the same as the containment atmosphere-temperature. The concrete wall and
dome remained at the operating temperature and had a linear gradient
throughout their thickness. This is a reasonable assumption, because previous
thermal transient analyses (such as those shown in the FSAR) indicate that
only very small portions of concrete near the inside Tiner will experience the
highest temperatures. The major portion of the concrete wall will remain at
the operating temperature throughout the accident.

~-19-




3.2 MATHEMATICAL MODEL

The load analysis of the containment building was performed using a
finite-element mathematical model to depict the structure and the computer
code SAP4. Figurs 3.1 illustrates the model which utilized 2-D axisymmetric
elements. Four layers of elements were used through the thickness. The
following constraints were present: fixed footing-nodes in both the
horizontal and vertical directions. The horizontal direction was constrained

for the center-line nodes at the top of the dome for all nonseismic loads.
. As mentioned-previously, for the purpose of determining section loads in
this mathematical model, cracking was assumed not to occur. The analysis was
performed for each of the load cases, using a Tlinear elastic approach. We
performed a verification analysis, using published shell stress equations.
The verification analysis compared favorably with values predicted by SAP4.

3.3 METHOD OF "ANALYSIS

The SAP4 finite element analysis generates only radial, meridian, hoop,
.and shear stresses for each element. It is necessary to determine the bending
moment and axial fdrce across the thickness of the shell in order to perform
the cracked-section stress analysis. This was accomplished by calculating the
appropriate meridian and hoop forces acting on each element, and then using
this force distribution across the thickness fo determine the hoop and
meridian bending moments. To combine the loads we summed dead weight,
prestress, pressure, thermal, and seismic loads. Ye included the additional
pressure due to thermal expansion of the liner plate by increasing the
pressure load response with the factor 23/55. This procedure was discussed in
Section 1.3.

After the combined loads of a section were determined, an elastic
bending-section analysis was performed to determine whether or not the section
cracked. If the section did not crack, the concrete and reinforcement
stresses were computed from the simple bending-section analysis. If cracking
occured within the section, the stresses were caiculated using the following
. approach. '

-20-
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The total axial load on a section was divided into thres garoups.

a. Pa’ This includes loads which always act at the same location
of. the section, ragardiess of whether or not the section is cracked.
An example is dead load.

b. Pc’ This includes loads which always act at the center of the
uncracked portion of the cracked section. An example is pressure
load.

c. Pt’ This 1is the therﬁal load. It acts at the center of the
crackad section and is proportional to the effective area (AC) of

the cracked section, i.e.:

Pe = (A7A)) Py
where AO is the sectional area and PtO is the thermal axial load
of the uncracked section.

The axial Toads just discussed cause the total axial moment about the
midsection. Following is a discussion of the total axial moment.
a. Ma’ the moment due to Pa.

b. M. the moment due to Pc. Its value varies with the Tocation

of the center of the cracked section

by

¢ Pc(t/2 - do)

whefe t is the thickness of the section and dO is the distance from
the compressive fiber to the canter of gravity of the cracked
section. These relationships are shown in the following diagram.

b
l i |
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C. Mt’ the moment due to thermal load. This includes two parts.

One part is caused by the thermal gradient and is proportional to the
cracked moment of inertia; the other part is caused by Pt' '
Therafore

M = (IC/IO) Mto + (t/2 - do) Pt

whera IC is. the moment of inertia of the cracked section, and Io
is the moment of inertia of the uncracked section.

The properties of the section give us the following relationships.

n = Es/Ec
A = bt
o}
T ]
I, = bt¥/12
- A, = bkd * (n-1) A  + nA_

= 2 '
d, = [1/2b (kd)® + (n-1) Ad' + nAd ]J/A

; 3 2
I, = b(kd)® /12 + bkd (d - kd/2)

# (n-1) AL (dg - d1)% + na_ (d=d )

8y strain compatibility

Fo = f. kdb/2
Fo = A [(d-kd) /kd] £,
Fo'= [(kd-d")/kd] f (n-1) A
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By static equilibrium

. Vo
Pa * Pc * Pt Ec *F S Fs

My F M+ M
+F¢ (d

Fc (t/2 - kd/3) + F'S (t/2 - d)
t/2)

By substituting the above expressions into these two equilibrium
equations and solving simultaneously for k, a seventh-order
polynomial expression is obtained. The po]ynomié] equation can be
solved numerically for k. Subsequently, solutions for fc and fs
can be obtained.

3.4 RESULTS OF ANALYSIS

Figures 3.2 through 3.6 illustrate the calculated forces and moments for
each of the Toad cases, except for seismic loads. The prestress values were
extracted from Ref. 3. The seismic loads are listed in Table 3.1.

 The SAP4 results of finite'element analysis show good agreement with’
- closed-form solutions from shell analysis at locations where such solutions =
are applicable. For instance, SAP4 hoop forces due to pressure loading are
450 kip/ft in the cylinder and 340 kip/ft in the dome. The values of the
closed-form shell solution are 459 kip/ft for the cylinder and 359 kip//ft for
the dome. The meridian forces for the cylinder are 232 kip/ft from SAP4 and
230 kip/ft from the shell solution. The meridian moment at the base due to
pressure is 490 kip/ft from SAP4 and 470 kip/ft from the shell solution. The
thermal moment at the cylinder in the meridian direction is 192 kip//ft from
SAP4 and 205 kip/ft from the shell solution. ’

To evaluate the concrete and reinforcement stresses, 16 cross sections
were taken along the dome and cylinder. At each of the sections the »
cracked-section analyses described in Section 3.3 were performed for both
meridian and hoop directions. Table 3.2 gives the concrete and reinforcement
stresses for all sections. The results for the winter thermal case are given
in Table 3.2. The results for the summer thermal case are a little lower
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- than those for winter. According to ASME Boiler and Pressure Vessel Code;

Section III, the allowable concrete stress is 0.85 f'c or 4250 psi, and the
allowable stress for reinforcing steel s 36 ksi. The concrete flexural
stresses are all less than 1000 psi. The maximum steel stress is about 15
ksi. This stress is located about 14 ft above the base. The shear stresses
were evaluated according to ASME code articles CC-3420 and CC-3520. Among the
16 sections, the more critical are those near the base and the ring girder.

In comparison with the code a11owab]e; the lowest factor of safety near the
ring girder is 1.3, and the lowest factor of safety near the base is 1.7.

Table 3.1. Section forces due to horizontal seismic load.

' True Global ‘ Force

Section Elevation Moment Global Shear Meridional Shear _

fto 10° kip-ft 10° kip - - okip/ft 0 kip/ft. o .
E 765 0 8.4 0 22.4
F 760 0.04 8.4 3.6 22.4
G 754 0.08 8.4 7.1 22.4
H 747 0.12 - 8.4 10.7 22.4
I 739 0.17 8.4 15.2 22.4
) J 720 0.30 8.4 26.7 22.4
K 678 0.45 13.2 40.1 35.2
L 619 1.17 14.5 104.3 38.6
M 604 1.50 15.2 133.7 40.5
: N 600 1.60 15.2 142.7 40.5
0 596 1.70 15.2 151.6 40.5
P 591 1.82 15.2 162.3 40.5
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Table 3.2. Stresses of cracked section in concrete and steel
(winter thermal case).

Meridian stress, ksi Hoop stress, ksi Shear stress, Kksi
Section fc fs fc fs Ve
A 0.455 - 3.611 0.627 2.712 0.008
B 0.545 4,284 1.964 0.866 0.017
C 0.536 2.255 N/cd ‘ N/C 0.010
D 0.565 0.271 N/C N/C 0.130
E N/C N/C N/C N/C 0.217
F N/C N/C N/C N/C 0.136
G N/C N/C N/C N/C 0.139
H 0.614 1.805 N/C N/C 0.127
I 0.672 6.977 N/C N/C 0.095
J 0.420 3.899 0.810 4.483 '0.054
K 0.415 3.265 0.884 3.675 0.070
‘ L 0.495 8.348 - 0.805 - 4.414 0.085
M 0.572 . 14,933 1.207 = - 0.1l42 - 0.121
N 0.602 12.039 N/C N/C 0.098
0 0.427 8.881 1.849 4,989 0.068
p 0.205 4,893 0.469 7.086 0.058

3ot cracked.

: fc = normal stress in concrete
fs = normal stress in steel
Ve = shear stress in concrete
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CHAPTER 4: ANALYSIS OF LINER PLATE SYSTEM
4.1 METHOD OF ANALYSIS

Most of the Toads imposed on the liner plate result from the shortening

~ of the concrete shell relative to the liner plate. The relative strain causes

compressive membrane-loads on the plate. The anchors will not be loaded if
all the Tiner plates are perfectly fabricated and are erected so that they are
either perfectly flat or have outward curvature. When one panel has an inward
curvature, caused by a fabrication or construction imperfection, it will
deform inwardly because it has lower in-plane stiffness than the other
panels. A panel with inward curvature is illustrated in Figure A.1. The
anchor system is then subjected primarily to a shear load, which is largest at
the two anchors adjacent to the bent plate and diminishes rapidly away from
them. The anchors will also be subjected to radial force, Tongitudinal force,
etc.; these are minor when compared with the shear load. ,

For the liner system, there are several possible modes of failure.
Examples are:

a. Excessive strain in the liner. . o

b. Shearing failure of anchors in the hoop directibn.

c. Radial pullout of an anchor adjacent to a bent plate with an inward

curvature. |

d. Longitudinal buckling of the Tiner plate.

We considered the possibility of pullout of the anchor. Reference 9 has
demonstrated that the concrete and anchorage have a capacity of about 1500
1b/in. against pullout. This capacity arises from the shearing and bonding of

" the anchor and concrete, which has been shown to be much greater than the

pu]]out force that can be developed adjacent to a bent plate. Therefore, a
pullout failure of the anchor is not a concern. This Teads to the further
conclusion that longitudinal buckling of the. liner plate is also highly
unlikely, unless an anchor pullout does take place. Evaluation of the liner
system can thus be concentrated on the liner strains and the shearing movement
of the anchor adjacent to a bent plate.
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The following analysis was made for both Extreme Environmental and

" Abnormal/Extreme Environmental conditions. The Extreme Environmental

condition was considered because, as will be seen later, under mechanical
loads it produces a more severe anchor load, in comparison with code
allowables, than does the Abnormal/Extreme Environmental condition.

4.2 ANALYSIS MODEL

Based on the load combination, the Tiner system was most critically
loaded near the junction qof the cylinder and the base slab (Section N,
relative el. 9.6 ft). Therefore, the analysis considered a l-inch-wide strip
of the liner system that runs in the hoop direction. One of the panels was '
given an initial inward curvature corresponding to a radial deflection of
A =1/8 in. at the center of the panel. The remaining liner was treated
as flat plate. The 2 in. x 3 in. x 1/4 in. angles anchor the plate to the
concrete at 15 in. intervals along the hoop direction. The resulting model is
shown in Fig. A.2(a) of the Appendix. This model can be further reduced to
the spring system illustrated in Fig. A.2(b).

' The_spring system consists of . three types of springs:l KBP’ KC’ and

Kepe The spring Kgp représents"the in-plane stiffness of the bent plate

panel; it is nonlinear in nature and its property was adopted from Ref. 9.
These parameters were based on an in-plane compression test on a bent plate

having simiTar material properties. The K,, curve is shown in Fig. A.3.

The linear portion of the curve has a s]opEPof 130 kip/in./in.

The stiffness of the anchorage against shear movement is repreéented by
KC' This is also nonlinear in nature, as shown in Fig. A.4. It was adopted
from the tests described in Ref. 9. These tests were performed on 3 x 2 x 1/4
angles embedded in concrete, which had a Young's modulus of 5400 ksi. The
Tinear portion of the KC curve had a slope of 270 kip/in./in.

The in-plane stiffness of the flat plate is represented by KFP‘ This

is equal to 500 kip/in./in., as computed in the Appendix.
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4.3 ANALYSIS AND RESULTS

The procedure that follows is outlined in the Appendix. Strains in
concrete on the inside face of the concrete shell were first computed from
stresses due to mechanical loads. The total compressive strain in the liner
plate was determined by combining the strains on the concrete due to
mechanical loads, concrete shrinkage, and the differential strain between the .
liner and the concrete resulted from thermal loads. This liner strain was
converted to the unbalanced membrane force Nh’ which was combined with the
unbalanced membrane force i Vh (due to pressure acting on the bent plate)
and then applied to the anchors adjacent to the assumed bent plate to
‘determine the shear force and movement of the anchor.

'

STEP 1: Compute Liner Plate Membrane Strains

Concrete strains due to mechanical loads were first computed at Section N
- (E1. 9.6 ft) of the concrete cylinder near the base, where thickening of the
concrete section begins. . For the location of Section N, refer to the
.. axisymmetric Finfte—eTement,stress-ana]ysis model of the concrete she11'showh-
in Fig. 3.1. As stated previously, the concrete strain due to initial
shrinkage prior to prestressing of the containment wall was assumed to be =100 p.
- Otherwise, concrete strains due to dead load (D), vertical and horizontal

seismic loads (EV and EH), pressure 1gad (PV and Pa), and prestressing

load (F) were converted from the forces/moments génerated by the
finite-element stress-analysis of the concrete shell. Note that the stress
results for the prestressing load are adopted from the PDSAR of Palisades
Unit-l. ' | |

— Tab]e 4.1 1ists the meridional force, f ; meridional moment, M hoop

force, fh, and hoop moment, M _, due to D, E, P,,and F. A positive force

s
signifies tension. A positivz moment is one which causes a tensile -
bending-stress on the inside face of the concrete shell. The.combinea forces
and moments are also shown for the Extreme and Abnormal/Extreme conditions.
The .Toad combination for the Extreme condition was D + O. 4E + EH +F + P

For the Abnorma]/Extreme condition,: the Toad comb1nat1on was

D + 0 4E o+ EH + F + P To- s1mu1ate the equ1va1ent effect of the -
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square root of sum of squares (SSRS) combination between the vertical and

horizontal seismic loads, the factor 0.4 was applied to the vertical seismic

1oad.10

J.4 EV bacomes 0.096g.

Since EV = 0.24g, upon application of the factor 0.4 the value of

Table 4.1. Force and moment at Section N of concrete shell.
Extreme  Abnormal/
D+O.4EV= Extreme
1.098D EH P p F D+E+P +f D+E+P_+F
a v Vv a
fz (kip/ft) -125.8 -142.7 216.9 -11.8 -293.0 -573.3 -344.5
MZ (kip-ft/ft) - 14.3 -- 131.8 - 7.2 - 50.0 - 71.5 67.5
fh (kip/ft) - 5.3 -- 123.0 - 6.7 -715.0 -727.0 -597.6
Mh (kip-ft/ft) 2.8 - 24,1 - 1.3 - 20.0 - 18.5 9,9

Mormal stresses at an element on the inside face

were then computed:

s, = fz/(42 x 12) + 6Mz/42
= fz/504 + MZ/294
S F f,/504 + Mn/294

2

of the concrete shell

The -cohcrete strains were related to the stresses in the following mannar:

- vcsh)/Ec
- 0.1752) x 10

e, = (s

8, = (s

N

3

5

= (sz - O.l7sh) X 103 u/5.5
/5.5

When the concrete strains computed above were combined with the assumed

strain of -100 u, caused by the initial concrete shrinkage, we obtained the

total strain for mechanical Toads.

strain induced in the liner plate by the mechanical loads.
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Thermal loads cause additional comprassive strain in the liner because
they produce larger expansion in the liner than in the concrate. According to
the calculation preccadures described in the Aopendix, the thermal-induced
ralative strain in the Tiner was .conservatively comnuted as follows:

Zxtrame Condition: for an inside temperatura of 35° F and

(Winter) . outside temperature of -1° F,
e = e = -5.5 u (85+1)/2 = -280 .

Abnormal/Extrame: for a neak accident temperature of 410° F,
(Winter) | e, = e =-5.5u [410-(85-1)/2] = -2392 u.
Table 4.2 lists the computad relative liner strains due to the mechanical
loads, the thermal loads, and the combined effact of both.

STEP 2: Compute the unbalancad force, .

The unbalancad membrane force is applied to the anchor point at the adge
of the bent plata. Tnis force is composed of two par?s: Nh and N;.
Nh is due tq the Tiner strains.shqwn jn Table 4.2. Nh s due to the
pﬁessure;'Pv or Pa,-acting'on'the bent plata. For a 1/4 in. thick plate,
£3. (A-5) from the Appendix gave

M. = 0.25 x 30000 (e, + 0.32.)/(1-03%) = 8242 (e, + 0.3e)  (A-5)
n n Z n Z
From Zg. (A-G) of the Appendix,

4, = P x 15%/(2x% x 1000 x 1/8) = 0.0912P (A-5)

and

[} .

Table 4.3 summarizes the values of Nh’ Nh’ and N for both the Extreme

and Abnormal/Extrame conditions. Wote that N was not computed for the mechanical
Toads under the Abnormal/Extreme condition because the mechanical loads under the

i

xtreme condition weres more critical. This is shown by Table 4.2.




' . Table 4.2. Relative liner plate membrane strains.

Condition Loads s, - S e | e
: z h z h
(kip/in.2) (kip/in.%)
Extreme D+E+F+Pv - 1.38 -1.50  -205u - 230 q
: Condition
| So N/A N/A - 100 - 100
Thermal N/A N/A -280u - 280y
Total I | -585yu - 610w
: Total II (mechanical - 305 y - 330 u
1oads)
Abnormal/ D+E+F+Pa - 0.45 - 1.17 - 46y - 199
Extreme -
Condition So N/A N/A - 100 - 100 u
'@ Thermal N/A NA L -2392w  _-2392 u
| Total T | o 2838w 2691 u
Total II (mechanical - 146 p - 299 u
loads) .

So = shrinkage

Table 4.3. Unbalanced force, N, and equivalent force, N.

Extreme Environment Abnormal/Extreme Environment
w/thermal mech. load . w/thermal
kip/in. kip/in. kip/in.
N -6.48 -3.48 ' - -28.4
Np © -0.28 -0.28 5.1
N -6.76 -3.72 . _ -23.3
®  F | ~9.26 . L5.15 | -31.9
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STEP 3: Compute anchor movement and forca.

The analysis given in Appendix A demonstrated that the liner system model can
pe replaced by the 3-spring system shown in Fig. A.5. For this system, according
to Eq. (A-14) the equivalent force, N, is

N = (1+D)N (A-14)
where

D =a; +aga, *.... ' - (A-12)
Using

KC (Tinear) 270 kip/in./in.
130 kip/in./in.

500 kip/in./in.

Kgp (Tinear)

Kep

Eq. (A-12) also gave

ay = 0.280, K'2 = 222 kip/in./in.

a, = 0.248, K'3 = 248 kip/in./in.

ag = 0.240, K'4 = 254 kip/in./in.

3, = 0.238,
Thus,

D =0.280 + 0.068 + 0.017 + 0.004 + ,.. = 0.370
and

N = 1.37N

The value of N is also listed in Table 4.3.
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To compute the anchor movement, first try a linear solution.

~

§ (linear) = N
= KFP + KC(11near) + KBP(1jnear)

= N/900

When the linear solution for the anchor movement exceeds the elastic 1imit of
KC or KBP’ a nonlinear solution becomes necessary. This can be done by

~ trial and error until equilibrium is reached. The results are shown in

Table 4.4. For the Extreme Environmental condition the anchor shear force, V,
is also computed. V is caused by the mechanical loads.

Table 4.4. Computed results vs. ASME code allowables.

txtreme Environment Abnormal/Extreme Environment
w/thermal mech. load w/thermal
Liner e -610u . . N/A 2691w
Plate . 110w, -2000 u -5000 u
Liner § 0.0103 1in. N/A 0,0516 in.
Anchor  83114y. - 0.0350 in. 0.0700 in.(= §,/2)
(= (Su/q') ’
Vv N/A 1.54 kip/in. N/A
) \ 2.22 kip/in.
allow. p
(=v,/3)

STEP 4: Evaluate the Tiner plate and anchor.

For the liner plate, the calculated membrane strain was compared with the
allowables specified in Division 2 of ASME Boiler & Pressure Vessel Code,
Section III, Subsection CC, Article CC-3720. The liner anchor was evaluated
against the allowable shear force (under mechanical loads only) and the
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displacement specified in Article CC-3730, the subsection of the ASME code
given above. Both the allowable anchor forcz and displacament are specified
as a fraction of test-determined ultimate capacity.

The test results for the case of no gap between the liner plate and
concrete are tabulated in Figs. 5 through 19 of the FSAR. The minimum
ultimate load is shown to be Vu = 6.67 kip/in. The ultimate displacement is
Gu = 0.14 in.

Tne analysis results are compared with the applicable allowables in
Table 4.4, A1l computed resuits are within the code allowables, and it may be
stipulatad that the liner system possesses a sﬁfficient margin of capacity
under both the Extreme and Abnormal/Extreme Environmental conditions.
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APPEMDIX

~

PRCCIZDURES FOR CALCULATIHG LIMER MEMBRANE STRAIM AND ANCHOR MOVEMEN

A.1 THTRODUCTION

In the Palisades Plant Unit 1 containment building, the liner plate is
typically 1/4-inch thick and Tinar anchors in the cylindrical wall are
typically L3x2x1/4 stazel angles installed 15 in. apart in the hoop direction
(Fig. A.1). For the purpose of analysis, all liner panels except one are
assumed to be flat plates. The axcention Tiner panel is assumed to have
initial inward curvature. The maximum initial inward daflection at the canter
of the panel is assumed to be 1/8 in. (Ref. 4). The physical model thus
described is illustrated in Fig. A.2(a), which reoresents a l-inch-wide strip
of the liner system. Analysis results based on this one-way physical model
will be conservative because the benefit of the bi-axial stiffening of the
nlata is not taken into account. The corresponding analysis model may be
renrasentad by the spring system illustrated in Fig. A.2(b). The spring
properties and the analysis method are based on Ref. 8, with some minor
modifications to. the analysis'procedure.A The stiffness properties of the
anchor and the concrete spring, KC’ and of the bent plate spring, KBP’
were established from test data.9 These stiffness oroperties are applicable
to the present study because the materials and configurations of the bent
plate and liner anchor test models are similar to those used in the
construction of the Palisadas containment liner system.

Initial inward
curvature

Anchor spacing
L=15in.

Fig. A.l. Circumferential section of the cylinder liner with one bent panel.
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(a) Physical
mode /—Anchor
Am :
1
Bent plate Fiat plate
? L=15" ——]
Ke K¢ Ke
(b) Analysis
model . -
1 1 ' 2 3
7 MAN—2 AAA < AAA | AAA,
KBP N ’ Kep Kep Kep
(c) Recu?éive
representation KC
of analysis
" model .
4 4
7 7
Ke
K1 = e ANN ! AMA /
| Kep Ko
KC
/
2 3 /
Ko = & M- ¢ «/w—%
KFP ‘ K3

F{g. A.2. Analysis model of the linear systam at the cylinder base.
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A.2  ANALYSIS MODEL

As shown in Fig. A.2(b), the analysis model is composad of three types of
springs. KC reprasents the shear resistance of the Tinar anchor in the
concreta, KBP renrasents the in-nlane stiffness of the bent plate, and KFP
reprasents the in-nlane stiffness of a flat plate panel. The assumed initial
inward curvature of the bent plate reasults in an in-plane unbalanced force, W,
at anchor point No. 1: this results from the differential strains batween the
Tiner and concrete and to the pressure acting on the bent plate. This force
generatas tangential movements of all the anchors toward the bent plate
panel. The anchor movement will maximize at anchor point MNo. 1 and diminish
rapidly as the distanca from anchor point No. 1 increases.

The spring stiffness properties are described below:

(a) Keps The in-plane stiffness of a flat plate is
Kep = AES/L (A-1)
A = section area of the l-inch wide liner plate strin (0.25 in. x 1 in.)

Eo= Young's modulus of.1iher (30,000 ksi)

S
L = hoop direction spacing of anchors (15 in. typical)
fence,
KFP = 500 kip/in./in. , (A-2)

(5) Kc»  The tangential shear resistance capacity of the L3x2x1/4 angle
embedded in concrete was established from tests.9 The idealized KC’
corrasponding to a concreta having EC = 5.4x103 ksi, is raproduced in
Fig. A.3.

(c) K3p5 The in-plane stiffness of the bent nlate was also adoptad from

Ref. 9. Figurs A.4 illustrates the idealized K3, corrasponding to liner
material having a minimum yield stress of 32 ksi.
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K = -35.6 kip/in./in.
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Fig. A.3. Load vs. displacement curve, Kgp, for the bent plate.
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.
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. A.4. Load-displacament curve, KC, for the liner anchor.
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A.2 LIMER STRAINS ANMD UNBALANCED FORCE

The force, M, to be applied at anchor point Mo. 1 is composad of two
narts. Tnea Tirst is Nh. This is due to the differantial strain between the
Tiner and concrete that arises from the applicable mechanical and thermal

[}
loads. The second part is Nh, wnich is due to prassure directly acting
1

on the bent plate. The methods used to compute M, and N.n are discussed

b
below.

(a) Né Maximum concrete strasses or strains due to dead load and
saismic load on the containment wall occurs near the cyliner-to-nase
junction. First, therefore, compute the meridional and hoop concrate strains
near the base junction for the following loads: dead load, seismic load,
effective prastrass load, and orassuras load. Strain due to inital concrata
shrinkage was assumed to be -100 u (u = 10'6 in./in.).

For the mechanical loads, tha concrete strains also rapresented the
diffarantial strains between liner and concreate that were imposed upon the
liner by way of the anchors. For thermal loads, the differential strains
imposed on the liner were conservatively calculatad as follows:

Extreme Environment: - éh =g, 6.5 1 [Ti - (Ti'+ Toj-/2]

=5.5u (T, -T2 (A-3)
i} C. . = = 3.7 T - + S =]
Abnormal/Extreme: e, %2, =0.5u [Ia (Ti TO) /2] (A-4)
2, = differantial liner-concrete strain in hoop direction.
e, = differential liner-concrete strain in meridional directien.
Ti = ambient temperature inside containment.
TO = {emperature outside containment.
Ta = peak temperaturz2 on liner surfacs for abnormal condition.

Tne above expressions are conservative. Tney ara based on the Tollowing
simplifications:
¢ Thermal expansion coefficients for both Tiner and concrete were
5.5x107° in./in./°F.
. The concrete did not crack and the concretea wall was restrained from

rotation.
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e Under abnormal conditions, the liner was assumed to be

“instantaneously heated to Ta, while the temperature gradient in the
concrete wall still remained (Ti - To).
The membrane force Nh can then be determined:

tE_(e, + ve_ )
Nh = s‘'~h > Z . (A-S)
1-y

where t is the thickness, Es is Young's modulus, and v is Poisson's ratio
of the liner plate.

(b) N; The membrane reaction-force at both edges of the bent plate,
when subjected to a normal pressure acting directly on the plate, may be

approximately computed as foHows.9

v o120 2 -
Ny = PL™/2n A (A-6)
in which
=Apkessure
= plate span (15 in.)
AL = initial inward deflection at center of the bent plate (1/8 in.)

A.4° ANCHOR MOVEMENT

To derive the anchor movement of the first anchor when the analysis model
is subjected to the unbalanced membrane force of N = Nh + Nl, KBP and
all KC were first assumed to be linear. Letting Kl represent the effect
i_ of all flat plates and anchors other than anchor No. 1, the analysis model
Li ~ became that shown at the top of Fig. A.2(c). From this model,
- :

8, = ;
1™ Kgp ¥ K ¥ K3

1 + D) (A-7)
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wnere

Kep = K1

D:
Kgp + K¢ * Kep

1
Because Ki is related to KC’ KFP and a spring, K2, as shown in
Fig. A.2(c), i.a.,

1 _ KpplKe * K5)

Kep * K¢ + K5

we have

2
Kep

D = 1 1 i 4
KepKe ¥ (Rgp ¥ el (Kpp * Kl + Kolkep * K¢+ Kgp)

(A-9)

Similarly, according to Fig. A.2(c), Ky is re1atedAto'KFP, Ke and a
certain K3 as in Eg. (A-8), with K2 and K3 replacing Kl
and K,, respectively. It can then be shown that

2

Kep

N =
_K2

(Ko + 2K Ko ¥ Kgp t K Fp

C FP)( C 8P FP)

2
Kep

e + (Kgp *+ Ke) (Kep +7Ke) + Ka(Kep + Kgp + Kp)

x|l +

(A-10)
K

wnere

o Kep(Kp ¥ Kgp)
Ke3p " F R Fro ° (A-11)
rp T Kg ¥ Kgp

Based on E£q. (A-10) and Eq. (A-9), a recursive relationship can be established
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T

2

i Kgp
3 7 . « 1 2
Ki = Kgp ) (A-12) .
Ky = EFP(iCKJr i‘(l ) (=23, ...)
Sep T RC T M-

Equation (A.7) now becomes

§y = g (A-13)

L Sep 7K *Kgp . |

where

Vo= (1 +D) .. (A-14)

.The problem is thus reducad to analyzing thelequivalent 3-spring system
(shoWn in Fig. A.5) when subjected to the equivalent force N. The actual
nonlinearity in KC and KBP can now be taken into account, depending on the
magnitude of W. .

It is advisable to first try a linear solution for §,. If the
resultant value of 61 exceeds the alastic limit of KBP or.KC or both,
a nonlinear solution becomes necessary. This can be accomplished by trial and
arror until a force equi]ibriumlis reached in the solution.

K=

MA——— A

~aaas
21

Fig. A.5. The 3-spring 2cuivalent analysis model.
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