
Docket No. 50-255 
Lsos.:.s2- 02- 061 

Mr. David J. VandeWalle 
Nuclear Licensing Administrator 
Consumers Power Company 
1945 W. Parnall Road 
Jackson, Michigan 49201 

Dear Mr. VandeWalle: 

c;· ·":. - . ,• 

February 12, 1982 

SUBJECT: SYSTEMATIC EVALUATION PROGRAM TOPIC III-7 .B, 11 DESIGN CODES, 
DESIGN CRITERIA AND LOAD COMBINATIONS 11 

- PALISADES 

Enclosed is our final evaluation of SEP Topic III-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 
fa~d:lity 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. 
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Enclosure: 
As stated 

cc w/enclosure: 
See next page 

Sincerely, 

Thomas V.
1 

Wambach, Project Manager 
Operating Reactors Branch No. 5 
Division of Licensing 

USGPO: 1981-335-960 
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Plant Manager 
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SYSTEMATIC EVALUATION PROGRAM 
TOPIC III-7.B 

PALISADES 

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

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

I I. REV! EW 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. 

II I. RELATED SAFETY TOPI CS 

IV. 

The followin~ SEP topics are related to III-7.B: 

1. II-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. III-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. III-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). 
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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 loading 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 required today were not included in the plant design, 
and 

4. Certain load combinati6ns judged to b~ signiftcant.were not in-. 
·eluded 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) 
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Structural Elements to be 
Examined 

Code Change Affecting These Elements 

a. Composite Beams 

l. Shear connectors in 
composite beams 

2. Composite beams or 
girders with formed 
steel deck 

b. Hybrid Gitders 

Stress in !lange 

Com~ression Elements 

With width-to-thickness 
r.atio higher t.'lan speci­
fied in l.9.l.2 

Tension Members 

When load is transmitted 
by bolts or rivets 

Connec'tions 

a. Beam ends wit.'1 top flange 
coped, if subject to 
shear 

l::l.• • Ccnnecticns carrying moment 
or restrained member 
connection 

New Code Old C~e 

AISC 1980 

l.ll.4 

l. ll. s 

l. lO. 6 

AISC 1980 

l. 9. l. 2 and 
Appendix C · 

AISC 1980 

l.14.2.2 

AISC 1980 

l. S. l. 2. 2 

l. lS. S. 2 
l.lS.S.3 .--
l.lS • .S.4 

AISC 1963 

l. ll. 4 

-· 

l.10. 6 

AISC 1963 

l. 9. l 

AISC 1963 

AISC .1963 · 

, 

•Double dash (--) indicates that no·provisions were provided in the olde~ code. 
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St:uctural Elements to be 
Examined 

Members Designed to Ooerate 
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-ca:ryin9 
member 

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

Concrete Regions Subject to 
High Temoeratures 

Time-dependent and 
position-dependent 
temperature va:iations 

Columns with Scliced 
Reinforcement 
subject to stress reversals; 
fy in compression to 
l72 fy in tension 

Steel E:nbedments used to 
t:ansmit load to.conc:ete 

Containment and Other 
Elements, transmitting 

, In--::>lane shear 

•• t. 

Reaion of shell carrying 
concentrated fo:ces normal 
to the shell surface (see 
case study 13 for details> 

. , 
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Code Change Affectina These Elements 
Nev Code Old Code 

AISC 1980 

2 .. 9 

ACI 349-76 
ll.13 

ACI 349-76 
ll.16 

ACI 349-76 
ll.lS 

ACI 349-76 

Appendix A 

ACl 349-76 

7.lC.3 

ACI 349-76 
Appendix B 

HPV Code 
Section III, 
Div. 2, 1980 
CC-3421.5 

BiPV Code,­
Section III, 
:>iv. 2, l98C 
CC-3421.6 

AISC 1963 

2. a 

ACI 318-63 

ACI 318-63 

ACI 318-63 

ACI 3lS-63 

ACI· 318-63 

BOS 

ACI 318-63 

ACI 318-63 

.,\CI 318-63 
.. 1707 

.. 
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Structural Elements to be 
Examined 

Reoion of shell under 
torsion 

Elements Subject to 
Biaxial Tension 

Bracxets and Corbels 

- 5 -

Code Chanoe Affecting These Elements 
New Code Old Code 

B'PV Code 
Section IlI, 
Div. 2, 1980 
CC:-3421.7 

B'PV Code, 
Section III, 
Div. 2, 1980 
CC:-3532.l.2 

B'i'V Code, 
section Ill, 
Div. 2, 1980 
CC-3421.8 

ACI 313-63 
921 

AC:l 318-63 

ACI 318-63 

' .• 

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 loads and load combinations may be 
significant .. Based upon a lack of detailed information on the stress 
results for loads and load combinations used during design of struc­
tures at Palisades~ these loads and load ~ombinations.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 licensing criteria 
should be resolved as follows: 

1. Review Seismic Category l 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 safetx on a plant 
specific basis, and 
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2. Examine on a sampling basis the margins of safety of Seismic 
Category l 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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TOPIC: 

SYSTEMATIC "EVALUATION ·PROGRAM 
TOPIC _III-7 .B 

PALISADES 

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

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

I I. REVIEW GUIDELINES . 

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

III .. RELATED SAFETY TOPICS 

The following SEP topics are related to III-7 .B: 

1. II-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. III-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. III-6, Seismic Design Considerations 
8. VI-2.D, Mass and Energy Release for Postulated Pipe Break 

Inside Containment 

IV. 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 Crit~ria 
and Loading Combinations" and is attached to this Safety Evaluation 
Report as Enclosure (1). 

REGULATORY DOCKET FILE C~.PY~ . 
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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 loading 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 required today were not included in the plant design, 
and 

. 4. Certain load combi'nations judged to. be significant we.re no~ i'n-
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) 
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Structural Elements to be 
Examined 

Code Change Affecting These Elements 

a. Composite Beams 

l. Shear connectors in 
composite beams 

2. composite beams or 
girders with formed 
steel deck 

b. Bybrid Girders 

Stress in flange 

Com~ression Elements 

With width-to-thickness 
ratio_higher t.~an speci­
fied in l.9.l.2 

Tension Members 

When load is transmitted 
by belts or rivets 

Connections 

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

b.• • Connecticns carrying moment 
or restrained mem.:ier 
ccnnecticn 

New Code Old C~e 

AISC 1980 

l.ll.4 

l. ll. 5 

l.l0.6 

AISC 1980 

1.9.l.2 and 
Appendix c 

AISC 1980 

l.l4.2.2 

AISC 1980 

l. 5. l. 2. 2 

l. lS. S. 2 
l.lS.S.3 
l.15.5.4 

AISC 1963 

l. ll. 4 

-· 

l.l0.6 

AISC 1963 

1. 9. l 

AISC 1963 

AISC 1963 

" .. -

, 

*Double ciash (--l - indicates that no provisions were provided in the elder_ code~ 



--· ---- ~ -- .·:.. __ _ 

Structural Elements to be 
Examined 

Memtlers Designed to C?>erate 
in an Inelastic Reaime 

Spacing of lateral bracing 

Short Brackets and Corbels 
having a shear span-to­
dep:b ratio of unity or less 

Shear Walls used as a 
primary load-carrying 
member 

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

Concrete Regions Suciect to 
Hiah Temceratures 

Time-dependent and 
position-dependent 
temperature variations 

Columns with Scliced 
Reinforcement 
subject to stress reversals; 
fY. in compression to 

·l72 fy in tension 

Steel E:nbedments used to 
transmit load to.concrete 

Containment and Other 
Elements, transmitting 

, In-'!)lane shear 

.. ; 
Reaion of shell carrying 
concentrated forces normal 
to the shell surface (see 
case study 13 fer details> 

- 4 -

Code Change Af f ectina These Elements 
New Code Old Code 

AISC 1980 

2. 9 

ACI 349-76 
ll.13 

ACI 349-76 
llel6 

ACI 349-76 
ll.15 

ACI 349-76 

Appendix A 

ACI 349-76 

7.l0.3 

ACI 349-76 
Appendix B 

SiPV Code 
Section Ill, 
Div. 2, 1980 
CC-344.l.S 

.~-

BiPV Code,­
Section III, 
Div. 2. 1980 
cc-3421.6 

AISC 1963 

2. 8 

ACI 318-63 

ACI 318-63 

ACl 318-63 

ACI JlS-63 

ACI 318-63 

sos 

ACI 318-63 

ACI 318-63 

ACI 318-63 
. 1707 

• 
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Structural Elements to be 
Examined 

Reaion of shell ur.der 
torsion 

Elements Subject to 
Biaxial Tension 

Brackets and Corbels 

- 5 -

Code Chanae Affecting These Elements 
New Code Old Code 

B•PV Code 
· Section Ill, 
Div. 2, 1980 
CC:-3421.7 

B•PV Code, 
Section III, 
Div. 2, 1980 
CC:-3532.l.2 

B•Z'V Code, 
section III, 
Div. 2, 1980 
CC:-3421.8 

ACl 318-63 
921 

ACl 318-63 

ACI 318-63 

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 lpads and load combinations may be 
significant. Based upon a lack of detailed information on the stress 
results for loads and load combinations used during design of struc­
tures at Palisades,. these loads .and load combinations may be potent-. 
ially.signifitant. · · · · · 

Enclosure (2) provides details of a reanalysis of the containment for 
combined seismic and LOCAloadings 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 licensing criteria 
should be resolved as follows: 

1. Review Seismic Category l 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 
specific basis, and 
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2. Examine on a sampling basis the margins of safety of Seismic 
Category l 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 Conunission (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 ADDENDA - SEP TOPIC III-7.B 

To be inserted before 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 1 oad combi nati on_s 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 LOCA (load combination 13). The load combination tables would 
reflect this by showing that load case 9 was addressed, but that load case 
13 was not. If six load cases were considered, only six (nearest counterpart) 
load cases are indicated in the table---not partial fulfillment of all 13. 

The scale rankings assigned to loads and load combinations in tables are 
intended as an aporaisal of plant status, with respect to demonstration of 
compliance ·.·1ith 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 metho.ds. !n order that a consistant basis for 
the tabJes be maintained, they are based upon load. combination considered in 
the original design of the facility, or in the case of facility modifications, 
they are based upon the combinations used in the design of the modification. 
Loads which were not included 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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1. 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. 11 

The report was prepared at the Franklin Research Center under NR9 Contract No. 

NRC-03-79-118 • 

~nkliri Research Center 
A Division cl The Franklin lrwitute 
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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 11 older plants (and eventually 

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

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

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

_To make the necessary determinations, the ·NRc is inv~stigating, under the 

SEP, 13.7 topics spanning a broad spectrum of safety-related issues. The work 

reported herein constitutes the results of part* of the investigation of one 

of these topics, Topic III-7.B, "Design Codes, Design Criteria, and Load 

Combinations." 

This topic is charged with the comparison of structural design criteria_ 

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

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

aspects of the integrity of plant structures. All these·structurally oriented 

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

SEP plants with regard to current requirements. The determinations with 

respect to structur.al safety will then be integrated into an overall SEP 

evaluation encompassing the entire spectrum of safety-related topics. 

*The report addresses only the Palisades plant • 

~nklin Research Center 
A. DMsion of The Franklin lnalltute 

-2-



,._ .. 
. ·''. ... .-:.:.:1 

··· . .::f .. _ .... 

--35~~ 
. "':;-:~_: 

. :.-;.~.":ft.· 

• . ·I 

TER-C5257-324 

3. REVIEW OBJECTIVES 

The broad objective of the NRC's Systematic Evaluation Program (SEP) is 

to reassess the safety of 11 older nuclear power plants in accordance with the 

intent of the requirements governing the licensing of current plants, and to 

provide assurance, possibly requiring backfitting,.that operation of these 

plants conforms to the general level of safety required of modern plants. 

Task III-7.B of the SEP effort seeks to compare actual and current 

structural design criteria for the major civil engineering structures at each 

SEP plant site, i.e., those important to shutdown, containment, or both, and 

therefore designated Seismic Category I structur.es. The broad safety 

objective of SEP Task III-7.B is (when integrated with several other 

interfacing SEP topics) to assess the capability of all Seismic Category I 

structures to withstand all design conditions stipulated by the NRC, at least 

· to a degree sufficient to assure that the nuclear power plant can be safely 

shut down under all c1rcumstances. 

The objective of FRC' s present effort u.nder 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 • 

~nklln Research Center 
A Olvtslon of The Frzinklln lllllitule 
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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 
Regulations1 lOCFRSO.SSa, "Codes and Standard"1 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-specific design.codes and standards identified 
in Task 2 and current licensing codes and sta.ndards from Task l, 
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 typic~l elements (beams, 
columns, frames, and the like) and Should be explored over a range of 
parameters representative of plant structures. 

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

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

b. assessment of the significance of the deviations 

c. results of any comparative stress analyses performed in order to 
make an assessment of the significance 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 section of 
structures specifically excluded from FRC's scope). 

~nklin Research Center 
A Olvlslon of The Franklin Institute 
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d. overall evaluation of the acceptability of structural codes used 
at each SEP plant. 

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

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

effort as shown below: 

Toi?ic Designation 

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

III-2 Wind and Tornado Loading 

III-3 Hydrodynamic Loads 

III-4 Missile Generation and Protection 

III-5 Evaluation of Pipe Breaks 

III-6 Supports 

III-7 .A Inservice Inspection of Structures 

III-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: 

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

Reactor pressure vessel supports, 
steam generator supports, pump 
supports 

Equipment supports·in SRP 3.8.3 

~nklin Research Center 
I\ DMsicn of The Franklin Institute 
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A-12. 

Reviewed generally in Topic 
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Other component supports (steel 
and concrete) 

Testing of containment 

Inservice inspection1 ·quality 
control/assurance 

Determination of structures that· 
should be classified Seismic 
Category I 

Shield walls and subcompartments 
inside containment 

Masonry walls 

Seismic analysis 

~nklin Research Center. 
A Division ol The Franklin lnsll!Ute 

-6-

·. :.,. ___ . --~· -· 

TER-C5257-324 

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. 

Shoul.d 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. 

Reviewed generically in IE 
Bulletin. · · 

Being reviewed by Lawrence 
Livermore Laboratory. 

' .• 
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5. MARGINS OF SAFE'f'Y 

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

discussed. 

The most often used is the margin of safety based on yield strength. 

This is a particularly useful concept when discussing the behavior of steels, 

and became ingrained into the engineering vocabulary at the time when steel 

was the principal metal. of engineering structures. In this usage, the margin 

of safety reflects the reserve capacity of a structure to withstand extra 

loading without experiencing an incipient permanent change of shape anywhere 

throughout the structure. Simultaneously, it reflects the reserve load 

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

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

behavior of the metal) applied. 

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

take as intended~ unless the term is further qualified. to show something else· 

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

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

load on the structure may be simultaneously doubled without encountering 

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

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

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

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

However, because the yield 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 ways, however, to speak of safety ~argins and 

these (not the con.ventional 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 - l. 

~nklln Research Center 
A Dlvtslon of The Franklin lllldture 
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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 s_afety based on code 

allowables. 

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

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

structural integrity, cannot be easily defined in any quantitative manner 

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

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

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

criteria in all respects. The SEP review seeks to assess whether or not 

plants· meet the "intent" of current licensing cr.iteria as .defined by the 

Standard Review Plan (SRP). The objective is not to require that-older plants 

be brought into conformance with all SRP requirements·to the letter, but 

rather to assess whether or not their. design is sufficient to provide the 

general level of safety that current licensing requirements assure. 

With respect to aspects of the SEP program that involve the integrity of 

structures, the SEP review concept can be rephrased in a somewh'at i;nore 

quantitq.tive fashion in terms of these two "margins of safety." Thus, it is 

not expected or demanded that all structures show positive margins of safety 

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

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

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

plants) are: 

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

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

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

of these two key considerations. 

~nklin Resear~h Center 
A Olvi!ion of The Franlclln lnslitule 
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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 second. If this approach is 

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

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

accordance with current criteria. Then, one investigates structures designed 

in accordance with earlier code provisions, and to different loading 

combinations, to see if they meet the chosen SEP margin when challenged by 

current loading combinations and evaluated to current criteria. This approach 

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

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

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

are immediately resolved on a "go;·no-go" basis. However, the initial step is 

not easy; neither are the necessary evaluations. 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 changes may have on the load carrying ability of individual 

eJ.ements (beams, coJ.umns, frames, and the like). It should be noted that this 

process, although invoJ.ving judgments, is basically fact-finding -- not 

decisionmaking • 

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

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

~nklin Research Center 
A Division cf The FranlcUn lnsUtute 
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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. 

~nklin Research Center 
A Division cl The Franlclln Institute 
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7. METHOD 

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

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 
S. 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 submittals 

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. 

In addition, a separate file was set up to maintain past and present 

structural codes, NRC Regulatory Guides, Staff Position Papers, and other 

relevant documents (including, where available, reports from SEP tasks 

interfacing with the III-7.B effort). 

~nklln Research Center 
A OMsion of The Franklin lnstilllle 
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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 at all·or, when they were found, often were not specific 

enough for Task III-7.B purposes). The information found was assembled and 

the gaps were filled through the information retrieval efforts mentioned 

earlier. 

7.3 CODE COMPARISON REVIEWS 

The codes and standards used to represent current licensing practice were 

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

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

¢iocument providing guidance.to NRC reviewers on·licen~ing matters (see·. 

Reference 1). 

Next, the Seismic Category I structures at the Palisades Nuclear Power. 

Station were id~ntified (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 11 by 17-inch pageso 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 technicai content. Code paragraphs whic~ were found to be 

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

. ~nklin Research Center 
A Division al The FranJclln lllldtute 
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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 citea 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 cannot 

defer acticin until a full investigation has been• completed., but inust act on 

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

caution~sometimes by the adoption of a rule (based upon experience and 

judgment) known to be conservative enough to assure safety. ~ubsequent 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-

~nklin Research Center 
II Division of The Franklln Institute 
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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. 

Because liberalization of code criteria clearly cannot give rise to safety 

issues concerning structures built to more stringent requirements, such 

matters were not considered further.· 

On the other hand, whenever it was clear that a.code change introdu~ed 

more stringent criteria, the potential impact of the change on margins of 

safety shown for the structure was assessed. When it was felt that the change 

__ (although more restrictive) would not significantly affect safety margins, 

this judgment was entered in the commentary. When it was clear that the code 

change had the potential to significantly affect the perceived margin of 

safety, this was noted in the comments and the paragraph was flagged for 

further consideration. 

Sometimes. the effects of -a code change ·are not easily· seen. ·Indeed; 

depending upon a number of factors,* the change may reflect a tightening of 

requirements for some structures and a liberalization for others. When 

doubtful or ambiguous situations were encountered, the effect of the code 

change was explored analyticaily using simple models. 

A variety of analytical techniques were used, depending on the situation 

at hand. One general approach was to select a basic structural element (a 

beam, a cqlumn, a frame, a slab, or the li){e) and analytically test it, under 

both the older and the current criteriao. For example, selecting a typical 

structural element and a simple loading, the element was designed to the older 

code requirements. The load carrying capacity of this structure was then 

reexamined, this time using current code criteria. Finally, the load carrying 

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

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

~nklin Research Center 
A Dlvl5ion al The Franklin Institute 
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current criteria, was compared. Examples of investigations performed to 

assess code change 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. For 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 from simplified 

models may be totally applicable to the more complex situations occurring in 

real structures, it was felt that such examples provided reasonable guidance 

for making rational judgments concerning the impact of changed code provisions 

on perceived margins of safety. 

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES 

As the scope of the Task III-7.B assignment 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 comparison of 

former structural codes and criteria with counterpart current requirements. 

Correspondingly, the assessment of the impac~ 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 car.ried 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 Eitructures. 

~nklln Research Center 
A Division ot The Franklin lnslllute 
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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 l~censed. 

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 levl;!l of 
code review are confined to potential or possible impacts 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 ~ 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"""consider.ed load is large a 
(i.e.,. in the order of or larger than other major loads ·that were W 
included), then it is quite possible that some members inthe 
structure would appear overloaded as viewed by current.criteria. 
Thus a potential concern exists. 

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

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

changes that had the potentia·l to givl;! rise to concern about possible 

impairment of.perceived margins of safety, the following scheme classifying ----~ 

code change impacts was adopted. 

7.4.1 Classification of Code Changes· 

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

are editorial, organizationa1,·a,dministrative, and the like), the_changes are 

classified according to the following scheme • 

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

~nklin R~search Center 
A Division of The Franklin lnslltule 
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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 Ax Change - The impact of the code change on margins of safety is not 
immediately apparent. Scale Ax code changes require 
analytical studies of model structures to assess the 
potential magnitude of their effect upon marg.ins 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 cr.iteria will give rise to larger margins of safety 
than were exhibited under the former criteria. 

7.4.l.l General and Conditional Classifications of Code Change Impacts 

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

report. For example, some may be designated as "Scale A," and'others as 

"Scale C. n 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 

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

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

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

limit. The impact scale rating is assigned accordingly. 

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

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

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

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

~nklin Research Center 
I\ Division of The Franklln lnllltute 
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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 

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

members • 

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

limit is made a function of member proportion. When this kind.of a code 

provision is changed, the change may affect members of certain proportions one 

way and members of other proportions differently. 

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

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 

ra.ted Scale A for slender columns, and simultaneously, Scale C for non-slender 

ones. Although some columns now appear to- be Scale A columns while others 

appear to be· Scale C columns, the distinction between them resides in the 

code, and is not a reflection of member adequacy.. Clearly., it is still code e 
·changes ·that are ranked1 but, in this ·case, the code change does not happen to 

affect all columns in a unilateral way. 

7.4.l.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 subsequently placed on Scale A changes, not on Scale C 

changes. The purpose of the code comparison review is to narrow down and bring 

into sharper focus the areas·where structures.shown adequate under .former 

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

changes have been identified, actual structures may be checked to see if the 

potential concern is applicable to the structure. Depending upon a number of 

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

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

-18-

~nklin R~search Center. 
A Dlvtsian at The Franlc!ln Institute 



. -; 

:·~ .. . :: 

. ·-1 

e: 

TER-C5257-324 

The same thing is true of Scale C changes, i.e., those that may enhance 

perceived structural margins. Specific structures must be examined to see if 

the potential benefit is actually applicable to the structure. If it is 

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

at the structural level, not at the code level. 

A simple example may help clarify this point. Assume a steel beam exists 

in a structure designed by AISC 1963 rules for the then-specified loading 

combination. Current criteria require inclusion of an additional load in the 

loading combination (Scale A change), but the current structural code permits 

a higher allowable load if the beam design conforms to certain stipulated 

proportions (Scale C change). Several circumstances are possible for bea:ns in 

actual structures, as shown below. 

New Load 

Maximum stress in beam 
under original loading 
conditions was low.with 
ainple margin . for addi- . 
tional load 

Maximum stress in beam 
under original loading 
condition was near former 
allowable limit 

Maximum stress in beam 
under original loading 
condition was near former 
allowable limit 

Higher Stress Limit 

Applicability 
immaterial 

Beam qualifies for 
higher stress li~it 

Beam does not qualify 
for increased stress 
limit 

Results 

Beam adequate under 
current criteria 

Beam may be 
adequate under current 
criteria 

Beam unlikely to be 
adequate under current 
criteria 

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-speci£ic level • 

~nklin Research Center 
A Division ot The Franklin lnllltute 
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7.5 PLANT-SPECIFIC CODE CHANGES 

There is substantial ovarlap 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 particular structures at a 

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

surely overly long because the list has been prepared without reference to 

actual plant structures. For example, the code change list might include an 

'item relating to recently introduced provisions for the design of slender 

columns, and none. actuaily exist in any structures in that particular plant. 

In-depth examination of design drawings, audit of structural analyses, 

and review of plant specifications were beyond the scope of the III-7.B task. 

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

· ~nklin Research Center 
A Division at The Franklin Institute 
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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 findings in Reference S, 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 Structures 

1. Auxiliary building (entire building except for administrative 
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. 

~nklin Research Center 
A Division of The Franlclln lnsllrute 
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9. STRUCTURAL DESIGN CRITERIA 

The structural codes governing design of the major Seismic Category I .. 
structures for the Palisades Nuclear Power Generating Station are de\ailed in 

the following table. 

Structure 

A. Containment 

l. Concrete. 
(including shell, 
dome, arid slab) 

2. Liner 

3. Personnel locks and 
equipment hatches 

B •. Internal Structures 

Design 
Criteria 

AC! 318-63 

AC! 301-63 
(specifications for 
concrete) 

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

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

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

AC! 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. 

~nklin Research Center 
A Division of The Franldfn Institute . 
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Current 
Criteria 

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

AC! 301-72 
(Rev. 1975) 

AS~ B&PV C6de, 
-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 
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Structure 

External Structures 

l. Auxiliary building 
Control room 
Fuel pool 
Diesel generator 

room 
Radwaste facility · 

2. Service water, 
intake, pump house, 
and discharge 
structures 

3. Turbine building 
auxiliary feedwater 
pump enclosure 

Design 
Criteria 

AISC 1963 
ACI 318-63 

AISC 1963· 
ACI 318-63 

AISC 1963 
ACI 318-63 

TER-C5257-324 

Current 
Criteria 

AISC 1980 
ACI 349-76 

AISC 1980 
ACI 349-76 

AISC 1980 
ACI 349-76 

REFERENCES: 

Identification of the ·original Design Codes: 

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

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) 

~nklin Research Center 
A Division of The Franlclln Institute 
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10. LOADS AND LOAD COMBINATION CRITERIA 

10.1 DESCRIPTION OF TABLES OF LOADS AND LOAD COMBINATIONS 

The requirements governing loads and load combinations to be considered 

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

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

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

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

tion in the present section 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. In this report, loads and 

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

structural design codes also include them. 

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

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

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

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

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

To provide a compact and systematic comparison of previous and present 

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

·are used: 

1. load tables 

2. load combination tables. 

Both sets of tables are constructed in a~cordartce with current 

requirements.for. Seismic Category I structures, i.e., the load tables list all 

loads that must be considered in today's design of these structures, and the 

load coinbination tables li.st all combinations of these loadings for which 

.current licensing.procedures require demonstration of structural integrity • 

~nklin Research Center 
A Division of The Franklin Institute 

-24- .. 



.. . ·;'·) 

··.-~::~] 

:.:-:• 

< ........ : 

. :: 

. ·' 

. ! 
.. , 
; 

.. ·· ... : . ·~ 

TER-C5257-324 

In general, the loads and load combinations to be considered are determined 

by the structure under discussion. The design loads for the structure housing 

the emergency power _diesel generator, for example, are quite different than 

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

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

load combination table appropriate to its specific design requirements. 

The design requirements for the various civil engineering structures 

within a nuclear power plant are echoed in applicable sections of NRC's 

Standard Review Plan (SRP) 3.8. The tables in the present report correspond 

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

_bottom of each table provides the reference to the applicable section of the. 

Standard Review Plan~ Section 10.2 of this report lists, for reference, the 

load symbols used in the charts together with their definitions. 

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

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

_ l. · The list at potentially applicable loads. (accordfng to current 
requirements) is examined to eliminate loads which either do not 
occur on, or are not significant for, the structure under 
consideration. 

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

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

4. An annotation is made as to whether deviations from present 
requirements exist, either because of load omissions or because the 
loads do not correspond in magnitude or in other particulars. 

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 • 

enkJin Research Center 
I\ Division of The FranJclln lnslilllle 
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Of particular importance to the Topic III-7.B review are comments indicat­

ing that the effec.ts of certain loadings (tornado and seismic loads, in 

particular) are being examined under other SEP topics. In all such cases, the 

findings of these special SEP topics (where review in depth of the indicated 

loading conditions will be undertaken) will be definitive for the overall SEP 

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

under Topic III-7.B nor is such effort within the scope of Topic III-7.B (see 

Section 4). Licensee participation in the resolution of such issues may, 

however, be requested under the scope of other SEP topics devoted to such 

issues. 
. 

After the load tables have been filled out, the load combination tables 

are compiled. Like the load tables, the load combination ta~les 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 e 
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 no_t applicable to the structure under 
consideration from all load combinations in which they appear. 

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

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

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

accord with current requirements, each load symbol on the sheet appears as 

either struck or encircled. Load combinations not considered and loads 

omitted from the load combinations stand out as unencircled items. 

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

the corresponding ranking of loads), a scale ranking is_not necessarily 

assigned to each one. When the load combinations used for_ design correspond 

closely .to current .requirements, scale ratings may be assigned to all combina-

. ~nklin Research Center· 
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tions • However, when the number of load combinations considered in design was 

substantially fewer than current criteria prescribe, it did not appear to 

serve any engineering purpose to rank the structure for each currently required 

load combination. Instead, a limited number of loading cases (usually two) 

were ranked. 

The following considerations guided the selection of these cases: 

1. 

2. 

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

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

4. If demonstration of structural adequacy under the most severe load 
combinations currently specified for emergency_and accident 
conditions is provided, a reasonable inferen~e can be drawn that the 
structure is also adequate to sustain the less severe loadings 
associated with less severe consequences.· 

10.2 LOAD DEFINITIONS 

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

E or E0 Loads generated by the operating basis earthquake. 

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

F Loads r_esulting from the application of pre-stress. 

H Hydrostatic loads under operating conditions. 

Ha Hydrostatic loads generated under accident conditions, such as 
post-accident internal flooding. (FL is sometimes used by others* 
to designate post-LOCA internal flooding.) 

*See, for example, SRP 3.8.2. 

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

P0 or Pv 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 pressure 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 loads which are generated by the discharge of 
safety relief valves • 

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

T0 Thermal effects and loads during startup, normal operating, or 
shutdown conditions, based on the most critical transient or 
steady-state condition. 

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

w 

w• or Wt 

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 reaction 
on the broken pipe during the design basis accident. 

Equivalent static load on the structure generated by the impinge­
ment of the fluid jet from the broken pipe during the design basis 
accident. 

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

~nklin Research Center 
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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 • 

~nklin R~search Center 
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COMPARISON OF DESIGN BASIS LOADS - ·STRUcruRE·: s'f'e_~c.t.;u· 
PLANT: PALI .SAP6".S ( G.CJtJc.ta£T ~) 

Currmc Is Load Is Load Does Load Does Code 
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Extr- 6 !ED 12..l .\ 
Environ-cal 

1 !ED m ' a !EJ (!] [t.s Pal 
AbDOmaJ. 

9 D+L F p 
• 

Ahnorull 10 lD + LJ UJ . t1·25 p .I 
Seven 
EnvirOlllll!lltal 11 D+L F l.2S P 

a 

12 D+L F a. 

13 D+ L p H a 

Abnamal/ 
Eller- . 14 IEJ f1J l!J - . 

Ref.: l. SBP Seed.on l.8.1 Concrete ConeatnllK'nt 
Z. AS!!! SacUon UI, Div. 2 Artie!". CC-3000 

T " " 0 

T ! ! a a a 
T v ll 
a a 

cg ~ 1-Q 
.!:!... T l.SV R 

0 a 

QJ js .. j ~ 
III Ve ~ 4. 

~ a A~ 
a 

r 1.2.5 a • • 
~ ll.2.5 z0 1 -~ 
r 1. 2.511 I • a 

r I 
a a 

T v a 

~ 
fB2j 

1!d I· +I Ax. • r 

l. 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. 

3. 

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

P'or purpcses of the SEP Review, demnstration th;ii: strucl:".lral incegrity is 
Ui.utained for load .::a.se 14 J S (per current critaria} may be 
c:ausidered as pr~viding raasonable assurance that ;;his st::uctcre c:eets the 
intent ,,f current. design criteria. 
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TER-C5257-324 

·.COMPARISON OF LOADI::G CO~INATION CRITERIA. 

~ PA.L\S~~ES 

STRUCTI1~£ 

COKTAilll'!E:NT L!f.'ER 

Cacepry 

Combined 
LoadiD& 
Cases 

Gravity 
Dead. 
Liv• 

Pr-escres• 
Load 

Severe !facural 
Presaure "Enviroamenc PhenOllefta 

Scale • 
Hechaa1cal R.>nltlnv. 

i------t---t----ir-----r-"."""--+---+---+---+---+----1-· 
\. Sorsal 

Sev•re 
Environmeacal 
(Faccored) 

Es.creme 
Enviroalllll!a.Cal 

1 

2 

3 

4 

s 

6 

7 

a 
9 

Abnormal/ 10 
Severe 
Enviran11eatal ll 

Abnormal/ 
F:xtre:ne -

12 

13 

14 

D + L" 

D + "L 

D+L 

fiIB 
D +.!. 

IE!! 
D + "L 

~ 
D+L 

D+L 

D+L 

p 

p 

r 

r 

F 

p 

\ 
\ 
~ 

p 
• 

~ 
p 
• 

H 
a 

H 
a 

Ref.: 1. SRP Seccian 3.8.l Concrete Contalnml'nt 
2. ASHE S<!ccian III, Div. 2 Artld!! CC-"JOO(I 

T 
0 

T 
0 

l'ro \,1.?I 

E 
0 

.V 

II 

v 

II 

Ill 
0 

~ 
II. 

0 

R • 
r. • 

@ 
a • 

R~ a r 

~ 
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. 

~4, 

A.A 

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

3. !'or purpcses of the SEP Re.view, de::cnstr.ation that s:t:rm:t"!lral integrity is 
maintained for load case -14. · 8 . (per ·curm.nt crite:ria) 111.ay be 
c:cnsidered as rrovitling reaso~able assur3nce tha~ :his structure i:aets cha 
intent of curren~ desigll cri:::erla. 

;z.. 

-:f:. P.41!.AG~H C: C-=i'12o of: A.)MG SGC.Tior.J ID'... 'D\'/. 2 STA71Q 1"~T Fa~ Ii-I~ 
t..1 ueR- "i\-'E LOA-!> FAc..T ... es Fo~ Al.L CA.~G~ MP.. i ·et; TP,.((l;r.) .L\~ \ •• :; :;, 
~\IT !HG" LcA-0 !=Ac.Toes ::..t-WJw.l ~o./E we~~ co,.:;SiDO:f2Gr:> ;ll Tih=: ,4,;.4'-1Sis, 
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TER-C5257-324 

COMPARISON OF LOADING COMB !NATI ON CRITERIA STRUCTURE: 

CONCRETE STRUCTURES 
Ai.:~u-~AR.'f au ii....~i.:-lr.:) 
3-!:."i"c~'( ~i.;L\..cS..;2...0. ~t.. 
C:::iHTR ..... IC'.:;CJ•""I, v'cSS. c;;no. PLANT: ?AL\ S.~Dc$ l.,i. ~w,TC~G;~A.e._ 

Combined Gravity Natural 
Loading Dead, Thermal Pressure Mechanical Phenomena 
Cases Live 

l l.4D + l.7L 

2 l. 4D + l. 7L l.9E 

3 l. 4D + l. 7L l. 7W 

4 .75 (l.4D + .75 x 1.7 T .75 x l.7 R 
l 7t 0 0 

• 75 (l.4D + .75 x l.7 T .75 x l.71R0J • 75 x 1.1 
5 1 7 T \ ·O 

I\ • .!,'7l T"> '-l-\1 t.r· 

6 . 75 (1. 4D + .75 x 1.7 T • 75 x 1. 7 rr • 75 x 1. 
l.l'if.,i.in.. 7L) 0 I.~ 

7 l.2D l.9E 

8 l.2D l. 7W 

9 ID+ LI T [Xi G:l 0 

rnJ+· L . Rn- R1 10 T 
0 

ll D+L T°" 1.5? a %. 

12 ~ ) Ta f."Z.5 p ~ RQ.. 11.25EI 

13 In+ ti TQ. ~ Rl\. ~ 

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

~ - 0 Ultimate strength method required by ACI-349 (1977) 
•Method used in design{wuloTkiimang stress h _, 

t te s trengt ......-

'E 
'·l'j 

fW' 
~ • .c. 

Impulsive 
Loading 

Y,.. +l'l1I+ y'l:l 

Yr +jYjl+ \'~ 

• ~oads deemed inapplicable or negligible struck from loading combinations. 

Scale 
!Ranking 

A ~'It 
. 'X. 

-- .. 

* Ax.. 

• Encircled loads are those actually considered in the des.ign. 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. 

** Wind vel~city u5ed is 360 mph as.,. referenced ~n the FSAR'\ __ 360 mp~ is ,11\equired ·\ \ 
by the Reg. Guide l. 76; r6A~ s.\-~ l\O ""\'::i\'\i\-Lc.c..""·~ \\\JC \O~ oWe..- 'CfP-'\ Gtn.:ne ~ 

For purposes of the SEP Ri!V1.ew, eemanstr:ition ~hat - structur.::i.l integrity is 
m::.i.c.tained for load cases io a......i 1'3 (per c.:i=ren: criteria) ma.y be 
caasidcr:d as provid!ng reasonable assura::ic~ th~t this struc:ure meets the 
intent o~ current design criteria. 
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TER-C5257-324 ~ 

. 
COMPARISQrl OF LOADING COMBINATION CRITERIA . 

STRUCTURE: 

CONCRETE STRUCTURES 
A '-i x.11...v~. e. ·t 8i.!i\...OHJ~ 

~Pe"'T ~~~L ~'-
PLANT: P~L'l5~'.DE'S c ~j..;~ee.:Te) 

Combined Gravity Natural Impulsive Scale 
Loading Dead, Thermal Pressure Mechanical Phenomena Loading !Ranking 

Live Cases 

l l.4D + 1. 7L 
-·- ..... ... 

l.~ - 2 .!. • '+U .,. .l.o I!.. 

3 1. 4D + 1. 7L 1. 7W 

• 75 (1. 4D + I;!,! !' %.1' 'ii .+5 ~ :!:. ; R: 4 , 7T 0 0 

• 75 (l.4D + .1'5 ~ :I:. ;i 'f .1a IE b 7 R, . .75 x l.~ 
5 , "7 T ) 0 0 

;'l.5 I 1 • ~ :;"(. D-o-i-~l 

• 75 (l.4D + • 75 :;: 1.7 'ii • ;is 1. ;i a • 75 x l.t11 6 x 
11.iif!ftu..il. 7L) 0 0 .l ... 

7 l.2D l.9E 

8 l.2D 1. 7W 

. 9 ID+ LI ~- . '\ !TI 
10 D+L \ x w .. t.) 

ll D+L Ta • 5 2 ' .,, __ . - -· - -- a . 
12 k~"!~t)\ Ta 

. • 25 ii ~ 11.25E I 
a 

In+ ti ' '- ~ 13 T a 
-

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

~ -•Ultimate strength method required by ACI-349 (1977) 
•Method used in desi · {working stress 

gn ultimate strength./ 

---

--- . ---

Yr+'( + ~n 
.J 

Yr +jj. + "Ym 

··-· ·- --·-·· ·-

·~oads deemed inapplicable or negligible struck from loading combinations. 

-· 

A. x 

·-

~ 

• Encircled loads are those ac~ually considered in the des.ign. When load factors 
different from those currently required were used, the factor used is also 

encircled. 
*' Wind velocity used is 360 mph as referenced in the FSAR, 360 mph is required 

by the Reg. Guide 1. 76. 

For purposes of t!v.! SE"i' RaviPt.1,. de=nstr~t:ion thac s:::::Uc::-:ir:-.J. !nt:e~rit]• is 
l:Jli.nt::iined fo:r l:J.:id · c.:;.ses 10 Q.'nQ \~ (per cm::rc::.c c.ri.::~rt.;.) ~"...:lv :ie 
cc:tsidered ~s providinr, rn:i.sonablc ~~sur:mce thn~· c...."ti!; s~~~~ture ;~ecs che 
int2:t of currenc dcsibU crit~=:i~. 

J. OJ.Jq r···1ISS.1LE - LoA-t.:> AP?LiCA6\..~ 
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TER-C5257-324 

COMPARISON OF LOADHlG CO~BINATION CRITERIA 

STRUCTURE: AU XI L.i i\ RY 8.L DC:j • 
STEEL STRUCTURES (Plastic Analysis) 

PLANT: Pl\ L.i5i:>., Of:S SPENT rLJEL PooL ( sret:L..) 
~cot= 

Combined Gravity Natural Impulsive Scale 
Loading Dead, Thermal Pressure Mechanical Phenomena Loading 
Cases ~ive 

1 1. 7 (D + L) 
-·-

2 l.7 (D + L) . l. 7E ---- - ·- -·-

3 1. 7 (D + L) l.7w. ----

4 1.3 (D + L) ~ 
0 

;i.. J a. 
0 

5 1.3 l(D + L)I ~ l. 3 B l.~ I· ·:ts: 0 o· ·'-

6 l.J j<~.t:lt>j l 3 ::c l...l..B.. l.~ 0 0 I• l.':o 

i In+ LI ~ ~- [EJ 
8 D+L ~ ~ w,. 

A2.) 
9 D+L ' ~ a 

., 
10 ~ ' 

i.as· pa ' 
l L25E 1 ··· ··~+"-+"\ 

'5" --~ ·- -- ··- - . ---------· ------· -· --·-

11 B " ~ ' 0 ~+"'+'Im. -

Ref; SRP (198~) SECT. 3.8.4 Other Category I structures (steel)--------------------,-----·------·--· 

Loads deemed inapplicable or negligible struck from loading combinations. 

~ 
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 

P'or ;;urposes of the SEP Review, dem:mscration thac structural integrity is 
i:ainc:U.ned for load cases 8 """cl II (pet:' current . cticeria) i:iay be 
c:cus::ldc.rad as providing reasonable assurance chat chis structure meets the 
1.D.cect 0£ curre~t ~esign cti~eria.. 

~nklin Research Center 
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- . - --
COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE:A0x7L1A~y St.PE\. 

NEW 'FVEL A-I<~ 
CONCRETE STRUCTURES pUt--ir ~ccr--1s~ \~\I~ • 
PLANT: P~L ls ~·oe:.s .. l~A-OWl\ST& fi<EATM~r 

A~t:-A-

Combined Gravity Natural Impulsive Scale 
Loading Dead, Thermal Pressure Mechanical Phenomena Loading Ranking 
Cases Live 

.. 

l l.4D + l.7L . 
. . --· ... 

- .. -. 
2 l.4D + l. 7L 1. 9E .. --· -

.. - . ·-
3 1. 4D + 1. 7L 1. 7W 

.75 (L4D + .:73 !I ;j, I ;z ; .75 x l. 7 R 4 1 7T 0 0 

.75 (l. 4D + 0 75 l. 7 'i' .75 x l.7 R • 75 x l.~E x 
5 • ~ L) 0 (,2.g (.2.c; l l.l..'1C ;:,~\I 

6 . 75 (l.4D + . ZS lG l. z :c • 75 x l.~~ .75 x M., 
1.21:1~ , ... il. 7L) 0 f. i.s" ·2'5" 

7 l.2D . 1. 9E 

8 l.2D 1. 7W 

ID C!::l 
-·- - . 

9 In+ LI '\. 
-10 rril+ L ~ ... R.., ~ 

/.\.,.. ... 
')(. 

11 D+L lo5P 
- . ---·-- TO:. a Rq_ 

G·-·· -.. ---

~ j.,"2.5 P. I l.25E I +Y 
12 ,.Cl.. R(l. m 

a s 
-- ·-

-)to 

13 El .To.;.. ~ R~ ~ E23]+-i· -
. m Ax. 

- ·-- - -- - ... ___ , - - .. 

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

~ Ultimate strength method required by ACI-349 (1977) 
Method used in design{wulorkimaing st1:t'ess th _, 

· t te s reng ,,. 
·;cads deemed inapplicable or negligible struck from loading combinations. 

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

encircled • 

. ~The FSAR states t.hat; forces or pressure on structure due to rupture of one· 
pipe, is considered. H~Jever no specific· details are found. 

*•Wind velocity used is· 360 mph ·~51 referenced in the FSAR., 360 .mgh is req~ifed\ 
by the Reg. Guide l. 76; fSH~sic:tt'.-6 n<> <;;.~\'11\:.c..c. .. 1\-\ \,-te. \ou.G.-;c~·n:~·•c.1f\ c.m.'fle ~ . 

:10~ purpos!!s of tbe SE? Reviev, c!~::a::sr:r:it::!.o:i thzt !:::=.i.~c="..!rtl int:C!;~t:7 is 
c.:Unt.'lir.etl f.o-r loa:i c:.::.sc~~ lo QncA \ 3 (?er c:::r-:-c:::.r: crlr:e;:-ia) :-:..1y ~~ 
CJ_nsidared .:.5 proviC:.i~~ r.ri:i..s;on&:ble as~ur~ce :h~c. :!u'...:a scr.i.::tu:C? ·:.:eccs ::be 
inte~t of c:urrenc d~sit;:i cr:!.tt!ria~ 

~nklin Research Center 
A OMslon ol The Franklin lnsliMe 
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TER-C5257-324 

COMPARISON OF LOADING COMBINATION CRITERIA STRUCTURE: it-I IAK..Z 
~;_,;~~~E!.'iS 

CONCRETE STRUCTURES IC;tJc.:.~. e J.Jc.1.o~o:R.~ :o~ 
?fl..\..\ s A.l:)ES SE~'"-.;..:_ WA u::.e. ?., -?:. ) 

"PLANT: :0 I ::,C l~Aet; C S.l"R.;.:.\~~~ 

Combined Gravity Natural Impulsive Scale 
Loading Dead, Thermal. Pressure Mechanical Phenomena-· -Loading ···~ank:fng 
Cases Live 

-- . .. -. - ··- --· 

l l.4D + l. 7L •. 

2 l.4D + l. 7L l. 9E 

3 l. 4D + 1. 7L l. 7W 

• 75 (l.4D + .75 x l. 7 T • 75 x l. 7 R 4 
1 71 0 0 

.75 (l.4D + • 75 l. 7 'f .75 x 1.7 !: .75xl.~ x 
5 l 7 T.) ·O 0 1.2• 

11 .. ,,7 \ D .,_._11 

• 75 (l.4D + .7§ IE lz7 T • 75 x l.7 R • 75 x l.~ 6 
1. 27( l\o.LA. 7L ) 0 0 \.l;' 

7 l.2D l.9E 

8 l.2D l. 7W 

9 ID+ ti .. "\. ~- [El 

10 liil+ L ~ ~ LI 
11 D+L '\ 1.5 p ~ -·- -· -··· .. --~ . -~ 

a 
.. 

12 l<P'"!;t)l -~ l.i!:S p ~ 11.2SEj \_~-~ + \ a - - - -·-·· 

13 " ~ \+\+\ 
ID+ ti \ \ -·--·-"--····-- ··--·-· --- --~ --- -- -

Ref; SRP (1981) Sect. 3.8.4 Other Cai:egory I structures (concrete) 

~- Ultimate strength method required by ACI-349 (1977) 
. {working stress · 

Method used in design ultimate strengthV""' 
Loads deemed inapplicable or negligible struck from loading combinations. 
Encircled loads are these actually considered in the design. When load factors 

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

*'Wind velocity used is 3&0 mph as. referenced in· the ~SAR, 1 360 mph is required \ 
by the Reg. Guide l. 76.jR5AR. ::::.~ no s1_3fl1·f..c~,'"4- j.,.ie., \CQQ.::. ~ri\.\a:nc-11'.'c.()~ \ca..dS 
for puJ:l'oses of the SEP R.6viev, demanscrai:ion thac scriicturai ini:egricy u 
maintained for load case· I 0 " \3 (per currenc criceria) may be 
con.sidered as provtding t'!!asonable assurance thac chis struccure meets die 
mcent of currenc desig!l crt·ten.a. 

-enklin Research Center 
A OMslon al The Franklln lnslltule 
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TER-C5257-324 

COMPARISOll OF LOADING COMBINATION CRITERIA STRUCTURE: 
-,-,.l2Bi~E. c'-!\l.CiiJ4 

CONCRETE STRUCTURES AUX· r-t:i;C W~<e~ 
PLANT: "PAL \S ~DES ~.J"1? ~f.l.:.Ll:l~..:Re: Cc~•.:f) 

Combined Gravity Natural Impulsive Scale 
Loading Dead, Thermal Pressure Mechanical Phenomena 
Cases Live 

l l. 4D + l. 7L 

2 l.4D + l. 7L l. 9E 

3 1. 4D + l. 7L l.7W 

• 75 (l.4D + • 7§ !! ;!: I 'f. :; .75 x l. 7 R 4 1 7T 0 0 

• 75 (l.4D + rH " !:3 ; .75 x 1. 71S .75 x l~ 
5 . .. . ' 0 

\.27 I\."?....:;( D .;.~l u• 
.75 (l.4D + • 7§ ii * ;z :; • 75 x l. 7(S .75 x l.~ 6 .. 

11.2.:;1~ :ii. 7L) 0 i.<;l,i: ,)! 
7 

7 l.2D l.9E 

8 l.2D l. 7W 

9 ID+ LI ~ ~ .1£1 
. -· 

10 rDl+ L ~ R~ g] 
ll D+L lo.. t .. 5f' Ka... a ... -- ---· ·- - . rm . 
12 To.. ~ . 

l .. 25.Pa f\a. j 1.25E I 

13 ID+ L'I To.. fo.. Ra... ~ 

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

~-.Ultimate strength method required by ACI-349 (1977) 
. {working stress 

•Method. used in design ultimate strength i/ 

Loading 

·- ... . - --

~r +Yi + ylll 

E + Y. r J + Yml 

• _!:.oads deemed inapplicable or negligible struck from loading combinations·. 

Ranking 

A~ 
.;.;-.'( 

~--

A~ 

• Encircled loads are those. ac~ually considered in the design. When load factors 
different from those currently required were used, the factor used is also-

encircled. · ---= 
*The FSAR states th.it; fori::es or pressure on structure due to rupture of one 

pipe, is consiaered. However no specific· details are found. 

-· 

*-il=- Wind velocity used is 3&0 mph as referenced in t-he FSAR, 360 mph is required \ 
by the R:g· Guide 1. 76.; f'SA~ :;\-Q'.\.c:s ('10 :.~ri· ~~,\~ \we., \o:x\.s o\\y\~.f" UliOJi\ cf'Ci.nc:.. \ems 
laz purposes of t.'le SEP Revieu-, delDDlist:rat:ion that: sr::ruceural :!nt:egr:ity u 
-1.:tained for load C.3.Ses IQ and 13 (per current: c~certa) may be· 
cmusidered as proVi.ciing reasonable assur.mc:e chat: c:iis scruceure meecs the 
intent: of curnuc design c:ricert.a. · 

~nklin Resea~ch Center · 
A Division of The Franklin lnslltute 
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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 Erection of· 
Structural Steel for Buildings," 1963 

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

3. ACI 301-63, "Suggested Specifications for Structural Concrete for 
Buildings," 1963 • ""i,. 

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 and of 
its current counterpart) of code provisions where-s-ca:Ie -iror S-caIEf---~-------­
Ax deviations exist. 

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

Some listed provisions may apply only to elements t~~_t __ d_~_E~~-:-~x:i:~E---~~ __ -----------· __ 

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

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

inapplicable for other reasons also were eliminated. Items so removed are 

list'ed in Appendix A to this report. 

Access to further information concerning code provision changes is 

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

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

all code changes by scale ranking. 

~nklin Research Center . 
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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 • 

~nklin Research Center . 
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MAJOR FINDINGS OF AISC 1963 VS. AISC 1980 CODE COMPARISON 

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

Scale A 

Referenced 
Subsection 

AISC AISC 
12fill_ !ill. 

1.5.1.2.2 

1.9.1.2 1.9.l 
and 
Appendix 
c 

1.10.6 1.10.6 

Structural Elements 
Potentially Affected 

Beam end connection 
where the top flange 
is coped and subject 
to shear, or failure by 
shear along a plane 
through fasteners or by 
a combination of shear 
along a plane through 
fasteners plus tension 
along a perpendicular 
plane 

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

Hybrid girder - reduction 
in flange stress 

. ~nklin Research Center 
A Division of The Franklin lrutitute 

-so-

Connnents 

See case study 1 
for details. 

New provisions added 
in the 1980· Code, 
Appendix C 

See case study 10 
for details. 

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

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

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

Scale A (Cont.) 

Referenced 
Subsection 

AISC AISC 
1980 .llil 

l.ll.4 

l.ll.5 

l.14.2.2 

l.15.5. 2 
l.15.5.3 
l.15.5. 4 

2.9 

l.ll.4 

2.8 

Structural Elements 
Potentially Af.fected 

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 cross-sectional 
elements of the members 

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

Lateral bracing of members 
to resist lateral and· 
torsional displacement 

-51-

~nklin Research Center 
A Clllision of The Franklln lnsutute 

Comments 

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 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 < 1.0 
C O.O > M/Mp > -LO 

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

~nklin Research Center 
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MAJOR FINDINGS OF ACI 318-63 VS. ACI 349-76 CODE COMPARISON 

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

Scale A 

Referenced 
Subsection 
ACI ACI 

349-76 318-63 

7.10.3 805 

11.13 

11.15 

Structural Elements 
Potentially Affected 

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

Short brackets and corbels which are 
primary load-carrying members 

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

~nklin Research Center 
A Division of The Franldln Jnslitute 

-53-

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 fa.ilure 
of such elements 
could be non-ductile 
type failure. 
Structural integrity 
may be seriously 
endangered if the 
design fails to 
fulfill these 
requirements. 

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

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

Scale A (Cont.) 

Referenced 
Subsection 
ACI ACI 

349-76 318-63 

11.16 

Appendix 
A 

Structural Elements 
Potentially Affected 

All structural walls - those which 
are pr.imary load carrying, e.g., 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. 

~nklin Research Center 
A Olvtsion of The Franklln Institute 
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Conunents 

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

For structures sub-· 
ject to effects of 
pipe break, espe­
cially jet impinge­
ment, thermal 
stresses may be sig­
nificant (Scale A} • 

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

e.1 
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MAJOR FINDINGS OF ACI 318-63 ~S. ACI 349-76 CODE COMPARISON 

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

Scale A {Cont.) 

Referenced 
Subsection 
ACI ACI 

349-76 318-63 

Appendix 
B 

Structural Elements 
Potentially Affected 

• 

All steel embedments used to transmit 
loads from attachments into the rein­
forced concrete structure. 

~nklin Research Center 
A Division of The Franklln lnslitute 
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Comments 

New appendix1 there­
fore, considerable 
review of older 
designs is warranted. 
Since stress analysis 
associated with these 
conditions is highly 
dependent on defini­
tion of failure 
planes and allowable 
stress for these 
special conditions, · 
past prac.t:i.ce varied 
with.designers' 
opinions. Stresses 
may vary signifi­
cantly from those 
thought to exist 
under previous design 
procedures • 
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11.3 MAJOR FINDINGS OF ACI 301-63 VS. ACI 301-72 (REVISED 1975) COMPARISON 

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

~nklin Research Center 
A Division of The Franklln lnalitule 
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11.4 MA.TOR FINDINGS OF ACI 318-63 VSo ASME B&PV CODE, SECTION III, 

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

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

Scale A 

Referenced 
Subsection 

Sec. III ACI 
1980 318-63 

CC-3421.S 

CC-342L6 1707 

Structural Elements 
Potentially Affected 

Containment and other 
elements transmitting in­
plane shear 

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

~nklin Research Center .. 

"".58-

A DMsion ol The Frankiln lnsdtule 

Comments 

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

Concepts of in-plane shear 
and shear friction were riot 
addressed in the old codes 
and there.fore a check of old 
de signs could show some 
significant decrease in 
overall prediction of 
structural integrity" 

These equations reduce to 
V c = 4 }f";; when membrane 
stresses are zero, which com­
pares to ACI 318-63 [Sections 
1707 (c) and .(d)] which 
address npunchingn shear in 
slabs and footings with the 
~ factor taken care of in 
the basic shear equation 
(Section CC-3521.2.1, Eqn. 
10) • 
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ASME B&PV CODE, SECTION III, DIVISION 2, 1980 
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON 

Scale A (Cont.) 

Referenced 
Subsec-tion 

Sec. III ACI 
1980 318-63 

CC-3421.6 
(Cont.) 

CC-3421. 7 921 

CC-3421. 8 

Structural Elements 
Potentially Affected 

Regions subject to 
torsion 

Bracket and corbels 

~nklin Research Center 
I\ Division of The Frankiln llllli!Ute 

-59-

• .. 

Conunents 

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

See case study 13 for details. 

New defined limit on shear 
stress due ~o pure torsion. 
Tpe equation relates shear 
st:i:ess from a biaxial stress 
condition (plane stress) to 
the resulting principal 
tensile stress and sets the 
principal tensile stress 
equal to 6~. 

l?rev.ious code superimposed 
only torsion and transverse 
shear stresses. 

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

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

Scale A (Cont~) 

Referenced 
Subsection 

Sec. III ACI 
1980 318-63 

cc-
3532. l. 2 

Structural Elements 
Potentially Affected 

Where biaxial tension 
exists 

~nklin Research Center 
A Division of The fR111ldln lnslltule 
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Conunents 

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

·e 
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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 the table show the extent 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 

·structural level, of potential concerns with respect to changes in structural 

code requirements appears, at least for the Palisades plant, to be an effort 

of tractable size. 

~nklin Research Center 
A Division of The Fnmklln lnslltule 

-61-



·-.; 
····.- :·:.: 

.·."-~:.-~ 

:}F"J 
•·'..~ :·'j 
'··- ., -1 
I . - ~ ·: ·. A 

_::> .. J 
' 
l 
' 

.. ·-i 

.... _ .. 

.. :: 
.; 

_·_1 · 

' ~. ' 

~- ..... _,_::. --~--"'--~..__. ......... __ ... ____ ,, __ -------:... ____ -· 

'·· 

TER-C5257-324 

SCALE RANKING 

Total Changes Found 

A or Ax Not 
QJ c: Applicable to ,... 0 Palisades ..... ..... 
:::s .... 
C" ca 
a.J 00 B >=I .,.; ,... .... 
..., aJ. en 
0 ..c: QJ z .... :> ,... c: c 0 :::s ...... 
Qr:.. 

~ 

QJ .... 
ca A ,... 00 

QJ ..... 
QJ ..c: .... 

i:::i ..., en 
'"' QJ A 0 :::s :> 

e-o r:.. c: x ...... 

SCALE RATINGS: 

Scale A Change -

Scale Ax Change -

Scale c Change -

S.UMMARY 
NUMBER OF CODE CHANGE IMPACTS 

FOR PALISADES CATEGORY I STRUCTURES 

ACI 318-63 AISC 1963 ACI 301-63 
vs. vs. vs~ 

ACI 349-76 AISC 1980 ACI. 301-72 
(1975 Rev.) 

. . 
sz· 33 37 

2. + 4* 11 0 

64 10 21 

6 4 16 

6 8 0 

0 0 0 

ACI 318-63 
vs. 

ASME B&PV SEC. IIl 
Div • ? l Qi:in 

39 

3* 

27 

4 

s 

0 . 

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

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

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

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

~nklin Research Center 
A Division of The FranJclln lnslltute 
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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 thr~e 

actions: 

1. 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. 

2. Reexamine the margins of safety of Seismic Category I structures 
under loads and load combinations which correspond to current 
criteria. Only those load combinations assigned. a Scale .A or Scale 
Ax 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 Ax, indicating that they do not conform 
to current criteria, update such loads. 

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

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

~nklin Research Center 
A Division of The Franklin Institute 
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED 

Structural Elements to be 
Examined 

Code Change Affecting These Elements 

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 

b. Connections carrying moment 
or restrained member 
connection 

New Code Old Code 

AISC 1980 

1.11.4 

1.11.5 

1.10 .6 

AISC 1980 

1.9.1.2 and 
Appendix C 

AISC 1980 

1.14.2.2 

AISC 1980 

1.5.1.2.2 

1.15.5.2 
1.15.5.3 
1.15.5.4 

AISC 1963 

1.11.4 

--*· 

1.10. 6 

AISC 1963 

1.9.1 

AISC 1963 

AISC 196~ 

A 

A 

·A 

A 

A 

A 

A 

-
*DOuble dash (--) indicates that no provisions were provided in the older code. 

~nklin Research Center 
A Division of The Fn1nl<lln lnstitule 
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.) 

Structural Elements to be 
Examined 

Members Designed to Operate 
in an Inelastic Regime 

Spacing of lateral bracing 

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

Shear Walls used as a 
primary load-carrying 
member 

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

Concrete· Regions Subject to 
High Temperatures 

Time-dependent and 
position-dependent 
temperature variations 

Columns with Spliced 
Reinforcement 
subject to stress reversals1 
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) 

~nklln Research Center 
A Olviaion of The Fninklln lnstitule 

Code Change Affecting These Elements 
New Code 

AISC 1980 

2.9 

ACI 349-76 
11.13 

ACI 349-76 
11.16 

ACI 349-76 
11.15 

ACI 349-76 

Appendix A 

ACI 349-76 

7.10.3 

ACI '349-76 
Appendix B 

B&PV Code 
Section III, 
Div. 2, l980 
CC-3421.5 

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

-65-

Old 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 

A 

A 

A 

A 

A 

A 

A 

A· 

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

Structural Elements to be 
Examined 

Region of shell under 
torsion 

Elements Subject to 
Biaxial Tension 

Brackets and Corbels 

~nklin Research Center 
A Division of The Franklin lnslib.l!e 

Code Change Affecting These Elements 
New Code Old Code 

B&PV Code 
Section III, 
Div. 2, 1980 
CC-3421.7 

B&PV Code, 
Section III, 
Div. 2, 1980 
CC-3532.1. 2 

B&PV Code, 
Section III, 
Div. 2, 1980 
CC-3421.8 

-66-

ACI 318-63 
921 

ACI 318-63 

ACI 318-63 

A 

A 

A 

e . 

e·. 
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APPENDIX A-1 

AISC 1963 VS. AISC 1980 CODE COMPARISON 

(SCALE A OR A CHANGES DEEMED NOT APPLICABLE TO PALISADES 
x 

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS 

AND THEREFORE TREATED ELSEWHERE) 
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A Division of The FranlcJln Instil.Ute 
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AISC 1963 VS. AISC 1980 CODE COMPARISON 

Referenced 
Subsection 

AISC AISC 
~ 1963 

1.5.1.l 

2.4 
1st 
Para. 

2.7 

1.5.1.1 

2.3. 
-1st 
Para·. 

2.6 

Structural Elements 
Potentially Affected 

Structural members under 
tension, except for pin 
connected members 

Limitations 

Fy ~0.833 Fu 
0.83~ Fu <Fy <0.875 Fu 
Fy .::_ 0.875 Fu 

S.lenderness ratio 
for columns. Must satisfy: 

1 

r 

Fy ~ 40 ksi 
40 < Fy < 44 ksi 
Fy .::_ 44 ksi 

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

Fy ~ 36 ksi 
36 < Fy < 38 ksi 
Fy ~ 38 ksi 

A-1.2 

~nklin Research Center 
A Division of The Franklin Institute 

Scale 

c 
B 

A 

Scale 
c 
B 
A 

Scale 

c 
B 
A 

·- ··- . --- ·- - ·-

Comments 

Structural 
steel used in 
Palisades Cat. I 
structures 
is A-36. Thus , 
Fy < 0.83 Fu 
Therefore, Scale C 
for Palisades. 

Scale c 
for Palisades. 
See case study 4 
for details. 

Scale C 
for Palisades • 
See case study 
6 for details. 

. 
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Referenced 
Subsection 

AISC AISC 
1980 1963 

-···-----· - . ·-. - ---------·~--- .... -··~. ···--·· ·~-'-----· 

AISC 1963 VS. AISC 1980 CODE COMPARISON 

Structural Elements 
Potentially Affected 

1.5.l. 4.1 
Subpara. 
6 

1.5.l.4.l 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 

1.5.1.4.l 
Subpara. 

1.5.1.4.l Hollow circular sections 
subject to bending 

7 

1.5.l. 4. 4 

1.5.2.2 1.7 

1.7 1.7 
and 
Appendix 
B 

New requirement in the 1980 Code 

Lateral support requirements 
for box sections whose depth 
is la~ger than 6 times their . 
width 

New requirement in the 1980 Code 

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

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

~nklin Research Center 
A OMlion ot The Franldln Institute 

A-1.3 

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 
membe·r s not 
found to be·used 
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 
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Referenced 
Subsection 

AISC AISC 
1980 1963 

1.9.2.3 
and 
Appendix 
c 

1.13.3 

Appendix 
D 

.-...... 

AISC 1963 VS. AISC 1980 CODE COMPARISON 

Structural Elements 
Potentially Affected 

Circular tubular elements 
subject to axial compression 

New requirements addeq 
to the 1980 Code 

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

Web tapered members 

New requirement added 
in the 1980-Code 

~nklin Research Center 
/\ DMslon al The Franklln lllllltute 

A-1.4 

Comments 

Circular tubular 
elements are not 
found to be used 
in Palisades 
Cat. I struc;.. 
tures1 there­
fore, not appli­
cable 

Web tapered 
members are not 
found. to be used 
in Palisade~ 
Cat. I struc..;.. 
tures; 
therefore, not 
applicable 
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APPENDIX A-2 

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

(SCALE A OR A CHANGES DEEMED NOT APPLICABLE TO PALISADES 
x 

OR CODE CHANGES RELATED '10 LOADS OR LOAD COMBINATIONS 

AND THEREFORE TREATED ELSEWHERE) 

~nklin Research Center 
A Division of The FranlcJJn Institute 

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

Referenced 
Section 

ACI 
349-76 

ACI 
318-63 

Chapter 9 Chapter 15 
9.1, 9.2, 
& 9.3 
most 
specifi-
cally 

10.l 
and 10.10 

11.l 

18.1. 4 
and 
18.4.2 

Chapter 
19 

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 melnbers 

Design loads here ref er to 
Chapter 9 load combinations.* 

Prestressed. concrete elements 

New loadings here ref er 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 combinations is addressed in other 
sections of the-report. 

~nklin Research -Center 
A Division of The Franldfn 111111tute 

A-2.2 
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Referenced 
Section 

ACI 
349-76 

Appendix 
c 

ACI 
318-63 

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

Structural Elements 
Potentially Affected 

All elements whose failure under 
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 
v~ry significantly from those 
thought to exist under previous design 
procedures • 

~nklin Research Center 
/\ DMoion of The Franklin lnilltute 

A-2.3 

Comments 
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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 CHANGF.s DEEMED NOT APPLICABLE 'IO PALISADES OR CODE . 
x 

CHANGES RELATED ro· LOAD COMBINATIONS AND THEREFORE TREATED ELSEWHERE) 

) 

~nklin Research Center 
A Division of The franklin lnslitute 

A-3.1 
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ACI 318-63 VS. AMSE B&PV CODE, SECTION III, 
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON 

Referenced 
Section 

Sec. III 
1980 

CC-3230 

Table 
CC-3230-1 

CC-3900 
All sec­
tions in 
this 
chapter 

ACI 
318-63 

1506 

1506 

Structural Elements 
Potentially Affected 

Containment (load combinations 
and applicable load factor)* 

Containment (load combinations 
and applicable load factor)* 

Concrete containment* 

Comments 

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

Definition of 
loads and load 
combinations 
along with new 
load factors have 
altered the 
traditional 
analysis 
requirements. 

New design 
criteria. ACI 
318-63 did not 
contain design 
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 
pections of the report. 

~nklin Research Center 
A DNislon of The Franklin Institute 
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SUMMARIES OF CODE COMPARISON FINDINGS 

enklin Research Center 
A DMllion of The Franl<lln Institute 
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APPENDIX B-1 

AISC 1963 VS. AISC 1980 

SUMMARY OF CODE COMPARISON 

B-1.l 
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Scale A 

Referenced 
Subsection 

AISC AISC 
1980 1963 

l.5olol l.5.1.l 

1.5.1.2.2 

1~5.1.4.l 1.5.l.4.l 
Subpara. 
6 

l.5.l.4.l 1.5.l.4.l 
Subpara. 
7 

1.5.1.4.4 

1.5.2.2 1. 7 

AISC 1963 VS. AISC 1980 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected Comments 

Structural members under Limitations 
tension, except for pin 
connected members 

Beam end connection 
where the top flange 
is coped and subject 
to shear, failure by 
shear along a plane 
through fasteners, or 
shear and tension along 
and perpendicular to a 
plane -through fasteners 

F < 0 .833 F 
y - u 

0.833 F < F < 0.875 F 
u y u 

F > 0 .875 F 
y - u 

See case study l 
for details. 

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

New requirement in the 
1980 Code 

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

Hollow circular sections 
subjec~ to bending 

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

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

B-1.2 

New requirement in the 
1980Code 

New requirement in the 
1980 Code 

Change in the require­
-ments 

- ~nklin Research Center 
A DMsion of The Franklln lnslltute 

·- - . . 

Scale 

c 
B 

A 
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Scale A (Cont.) 

Referenced 
Subsection 

AISC AISC 
1980 1963 

1.7 
and 

_Appendix 
B 

1.9.1.2 
and 
Appendix 
c 

1.9.2.3 
and 
Appendix 
c 

1.10.6 

1.11.4 

1.11.5 

1.15.5. 2 
1.15.5.3 
1.15.5.4 

1.7 

1.9.1 

. 1.10.6 

1.11. 4 

. -~---·- .... 

AISC 1963 VS. AISC 1980 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected 

Members and connections 
subject to 20,000 cycles 
or more 

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

Circular tubular elements 
subject to axial compression 

Bybrid 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 

~nklin Research Center 
A Division o/ The Franldln lnslllllle 

Comments 

Change in the require­
ments 

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

New requirements added 
in the 1980 Code 

New requirement added 
in the 1980 Code. 
Hybrid girders were not 
covered in the 1963 Code. 
See case study 9 for details. 

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

New requirements added 
in the 1980 Code 

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

Referenced 
Subsection 

AISC AISC 

..l:lli. !2£ 

1.13.3 

1.14.2.2 

2.4 2.3 
lst lst 
-Par~.· Para. 

2.7 2.6. 

2.9 

Appendix. 
D 

2.8 

AISC 1963 VS. AISC 1980 
StlMMARY OF CODE COMPARISON 

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 

l.<w· r - y 

· 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 tapered members ' 

B-1.4 

. ~nklin Research Center 
A Division ol The Franklin Institute 

. -- ---- ._:__ . 

Comments 

New requirement added 
in the 1980 Code 

See case study 4 
. for details • 

F ~ 40 k·si 
y 

40 < F < 44 ksi y 

FY ~ 44 ks i 

See case study 
for details. 

F < 36 ksi y-

6 

36 < F < 38 ksi y 
F > 38 ksi y-

See case study 7 
for details. 

. 

New requirements added 
in the 1980 Code 

Scale 

B 

A 

Scale 

c 
B 

A 
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Scale B 

Referenced 
Subsection 

AISC AISC 
1980 1963 

1.9.2.2 1.9.2 

i.lJ_. 4 1.11.4 

1.13.2 

l.14.6.l.3 

1.16.4.2 1.16.4 

1.16.5 1.16.5 

~ -·-' ····'· .. · - .• 

AISC 1963 VS. AISC 1980 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected 

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

Hybrid girders 

Flat soffit concrete slabs, 
using"i:otary kiln produced 
aggregates conforming to 
AS'IM C330 

Beams and girders supporting 
large floor areas free of 
partitions or other source 
of damping, where trans_ient 
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 

~nklin Research Center 
A Division cf Tho Franklln Institute 

B-1.5 

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. 

Lightweig~t concrete_ is 
not permitted in nuclear 
plants as structural 
members (Ref. ACI-349). 

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

.Referenced 
Subsection 

AISC AISC 
1980 1963 

1.15.5.5 

2.3.l 
2.3.2 

2.4 2.3 

AISC 1963 VS. AISC 1980 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected 

Connections having high 
shear in the column web 

Braced and unbraced multi-· 
story frame - instability 
effect 

Members subject to combined 
axial and bending moments 

~nklin Research Center 
A Division al The Franklin lnllltule 

B-1.6 

Conunents 

New insert in the 1980 
Code 

Instability effect on 
short buildings will 
have negligible effect. 

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

.9 
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Scale C 

Referenced 
Subsection 

AISC AISC 
1980 1963 

l.3.3 l.3.3 

1.5.l.5.3 1.5.2.2 

1.10~5~3 · i.10.s.3 

1.11.4 1.11.4 

AISC 1963 VS. AISC 1980 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected 

Support girders and their 
connections - pendant 
operated traveling cranes 

The 1963 Code requires 25% 
increase in live loads to 
allow for impact as applied 
to traveling cranes, while 
the 1980 Code requires 
10% increase. 

Bolts and rivets - projected 
area - in shear connections 
Fp = 1.5 Fu (1980 Code) 
Fp = 1.35 Fy (1963 Code) 

Stiffeners in girders -· 
spacing 'between s_tiffener·s 
at end panels, at panels 
containing large holes, and 
at panels adjacent to panels 
containing large holes 

Continuous composite beams, 
where longitudinal reinforc­
ing steel is considered 
to act compositely with the 
steel beam in the negative 
moment regions 

~nklin Research Center 
A Division of The FrankJJn Institute 

B-l. 7 

Comments 

The 1963 Code require­
ment is more ~tringent, 
and, therefore, 
conservative. 

Results using 1963 Code 
are conservative. 

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

New requirement added 
in the 1980 Code 



..... 
. ··· ... -,\ _)· :·._4 
."/:~{d 

• 

':~ 
... ~ 

.. ·' :~ 

,, 
,j 

-···! 
.; ., . 

. . .j 
:~ 

,. 
~nklin Research Center 

I\ Division of The Franklin lnsdtute 

APPENDIX B-2 

ACI 318-63 VS. ACI 349-76 

SUMMARY OF CODE COMPARISON 

B-2.l 
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Scale A 

Referenced 
Section 

ACI 
349-76 

7.10.3 

ACI 
318-63 

805 

Chapter 9 Chapter 15 
9.1, 9.2, & 

9.3 most 
specifically 

10.l 
and 
10.10 

11.l 

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 
172 fy in tension 

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

All primary load-carrying 
members 

All primary load-carrying 
members 

Short brackets and corbels 
which are primary load­
carrying members 

Comments 

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

Definition of new loads 
_not normally used in 
design of traditional 
buildings and redefini­
tion of load factors and 
capacity ~eduction factors 
has al ter·ed the 
traditional analysis 
requirements.* 

Design loads here ref er 
to Chapter 9 load 
combinations.* 

Design loads here refer 
to Chapter 9 load 
combinations.* 

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

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

~nklin Research Center 
A Division ol The Franklin lnslitute 

B-2. 2 
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Scale A (Cont.) 

Referenced 
Section 

ACI 
349-76 

11.13 
(Cont.) 

11.15 

11.16 

18.1.4 
and 
18.4.2 

Chapter 19 

ACI 
318-63 

.. 

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

• 

Structural Elements 
Potentially Affected 

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

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

Prestressed concrete 
elements 

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

Comments 

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

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

Guidelines for these 
kinds of wall loads were 
not ·prqvided by aider 
codes1 therefore~ struc­
tural integrity may be 
seriously endangered.if 
the design fails to 
fulfill these require­
ments. 

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

This chapter is com­
pletely new1 therefore, 
shell structures 
designed by the general 
criteria of older codes 
may not satisfy all 
aspects of this chapter. 

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

~nklin Research Center 
A Division of The FrankUn lrlllitule 

B-2.3 
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Scale A (Cont.) 

Referenced 
Section 

ACI 
349-76 

Chapter 19 
(Cont.) 

Appendix A 

Appendix B 

·Appendix C 

ACI 
318-63 

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 in to the· 
reinforced concrete 
structures 

All elements.whose 
failure under 

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.*·* 

New appendix; therefore, 
considerations and 

impulsive and impactive 
loads must be precluded 

· review of older designs 
is considered important.** 

**Since stress analysis associated with these conditions is highly dependent on 
definition of failure planes and allowable stress for these special conditions, 
past practice varied with designers' opinions. Stresses may vary 
significantly.from those thought to exist under previous design procedures. 

~nklin. Research Center 
A D!vislon of The FranlcJln lnslltute 

B-2.4 
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Scale B 

Referenced 
Section 

ACI 
349-76 

l.3.2 

1.5 

Chapter 3 

3.2 

3.3 

3.3.l 

ACI 
318-63 

103(b) 

Chapter 4 

402 

403 

403 

~nklin Research Center 
A Division ol The Franklln lntdlUle 

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

Structural Elements 
Potentially Affected 

Ambient temperature control 
for concrete inspection 
upper limit reduced 5° 
(from l00°F to 95°F) 
applies·. to all structural 
concrete 

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

Any elements containing 
steel with fy > 60,000 
psi or_ lightweight . 
concrete 

Cement 

Aggregate 

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

B-2.5 

Comments 

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

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

Use of lightweight con­
crete in a. nuclear plant 
riot likeiy. Elements 
containing. steel with 
fy > 60,000 psi may 
have inadequate ductility 
or excessive deflections 
at service loads. 

This serves to clarify 
intent of previous code. 

Eliminated reference to 
lightweight aggregate. 

Controls of AS'lM C637, 
"Standard Specifications 
for Aggregates for 
Radiation Shielding 
Concrete," closely 
parallel those for AS'IM 
C33, ~i'Standard Specifi­
cation· for-· concrete 
Aggregates." 



. ·-_ -~ 

..•. · .··.i 

I·•:. ··• 

-~ 
.·l 

l .-, 

Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

3.3.3 

3.4.2 

3.5 

3.6 

4.1 and 
4.2 

4.3 

5.7 

6.3.3 

ACI 
318-63 

403 

404 

405 

406, 407 
& 408 

501 & 502 

504 

607 

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

Structural Elements 
Potentially Affected 

Aggregate 

Water for concrete 

Metal reinforcement 

Concrete mixtures 

Concrete proportioning 

Evaluation and acceptance 
of concrete 

Curing of very large 
concrete elements and 
control of hydration 
temperature 

All structural elements 
with embedded piping 
containing high tempera­
ture materials in excess 

B-2.6 

~nklin Research Center 
A Division al The fl'llnldln Institute 

Conunents 

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 (Cont.) 

Referenced 
Section 

ACI 
349-76 

6.3.3 
(Cont.) 

ACI 
318-63 

7.5, 7.6, 805 
& 7.8 

7.9 

7 .10 & 

7.11 

7.12.3 
7.12.4 

7.13.1 
through 
7.13.3 

8.6 

9.5.1.1 

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 

~nklin Research Center 
A Division of The FrankUn lnslitute 

B-2.7 

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. 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

9.4 

9.5.l.2 
through 
9.5.l.4 

9.5.2.4 

9.5.3 

9.5.4 & 
9.5.5 

10.2.7 

10.3.6 

ACI 
318-63 

1505 

909 

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

Structural Elements 
Potentially Affected 

Reinforcing steel - design 
strength limitat~on 

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 

~nklin Research Center 
/\ Division of The Franklin Institute 

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 f'c of 8,000 psi. No 
concrete of this strength 
likely to be found in a 
nuclear structure. 

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

. See case study 2 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

10.6.l 
10.6.2 
10.6.3 
10.6.4 

10.6.5 

10.8.l 
10.8.2 
10 •. 8. 3 

10 .11.l 
10.11.2 
10.11.3 
10.11.4 
10.11.5 
10.11.5.l 
lO .11.5. 2 
10.11.6 
10.11.7 
10.12 

10.15.1 
10.15.2 
10.15.3 
10.15.4 
10.15.5 
10.15.6 

10.17 

ACI 
318-63 

1508 

912 

915 
916 

1404-1406 

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

Structural Elements 
Potentially Affected Conunents 

Beams and one-way slabs Changes in distribution 
of reinforcement for 
crack control. 

Beams New insert 

Compression members, 
limiting dimensions 

Compression members, 
slenderness effects 

Composite compression 
members 

Massive concrete members, 
more than 48 in thick 

Moment magnification 
concept introduced for 
compression members. 
Results using column 
reduction factors in ACI 
318-63 are reasonably the 
same as using 
magnification. 

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

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

New item - no comparison. 

~nklin Research Center 

B-2.9 

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

Referenced 
Section 

ACI 
349-76 

11.2.l 
11.2.2 

11. 7 
through 
li.8.6 

ACI 
318-63 

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

Structural Elements 
Potentially Affected 

Concrete flexural members 

Nonprestressed members 

~nklin Research Center 
A Olvtsion cl The F11111klfn lnslltute. 

B-2al0. 

·--- ·-- ----- -

Comments 

For nonprestressed 
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 loadinga 

Detailed provisions for 
this load combination 
were not part.of ACI 
318~63. These new 
sections provide a 
conservative logic which 
requires that the steel 
needed for torsion be 
added to that required for· 
transverse shear, which is 
consistent with the logic 
of ACI 318-63. 
This is not considered to 
be critical, as ACI 318-63 
required the designer to 
consider torsional 
stresses1 assuming that 
some rational method was 
used to account for 
torsion, no prob~em is 
expected to arise • 
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Scale B (Cont.) 

Referenced 
Section 

AC! 
349-76 

11.9 
through 
11.9 .6 

11.10 .. 
through 
11.10. 7 

ACI 
318-63 

~nklin Research Center 
A Division of The Frnnklln Institute 

ACI 318-63 VS. ACI 34.9-76 
SUMMARY OF CODE COMPARISON 

Structural Elements 
Potentially Affected 

Deep beams 

Slabs and footings 

B-2.11 

Comments 

Special provisions for 
shear stresses in deep 
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 • 

New ~revision for shear 
reinforcement in slabs 
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. 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

11.11.l 

11. 11. 2 
through 
11.ll. 2. 5 

11.12 

ACI 
318-63 

1707 

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

Structural Elements 
Potentially Affected 

Slabs and footings 

Slabs. 

Openings in slabs and 
footings 

~nklin Research Center 
A OMsion of The F ranklln lnslituie 

B-2.12 

Conunents 

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

Details for the design 
of shearhead is new. ACI 
318-63 had no provisions 
for shearhead design • 
The. requirements in this 
section for slabs and 
footings are not likely to 
have been used in older 
plant designs. If such 
devices were used, it is 
assumed a rational design 
method was used. 

Modification for inclusion 
of shearhead design. 
See above conclusion. 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

11.13.l 
11.13.2 

Chapter 12 

12.l.6 
through 
12.1.63 

12.2.2 
12.2.3 

12.4 

12.8.l 
12.8.2 

ACI 
318-63 

918(C) 

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

Structural Elements 
Potentially Affected 

Columns 

Reinforcement 

Reinforcement 

Reinforcement 

Reinforcement of 
special members 

Standard hooks 

~nklin Research Center 
A. Division of The Franlclln lnstituie 

B-2 .13 

Conunents 

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

Development length con­
cept replaces bond 
stress concept in ACI 
318-63. 
T~e various la 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 318-6~. 

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

New insert in ACI 349-76. 

New insert.· 
Gives emphasis to 
special member 
consideration • 

Based on ACI 318-63 bond 
stress allowables in 
general; therefore, no 
major change. 
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Scale B (Cont.) 

Referenced .. 
Section 

ACI 
349-76 

12.10.l 
12.l0.2(b) 

12.ll.2. 

12..13.l. 4 

13.S 

14.2 

ACI 
318-63 

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

Structural Elements 
Potentially Affected 

Wire fabric 

Wire fabric 

Wire fabric 

Slab reinforcement 

Walls with loads in 
the Kern area of the 
thickness 

B-2.14 . 

~nklin Research C~nter . 
A Division of The Franlclln Institute 

Comments 

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

New insert. 
Mainly applies to pre­
cast prestressed 
members. 

New insert. 
Use of this material 
for stirrups not likely 
in heavy members of a 
nuclear_ plant~ 

New details on slab 
reinforcement intended 
to produce better crack 
control and maintain 
ductility. 
Past practice was not 
inconsistent with this 
in general. 

Change of the order of 
the empirical equation 
(14-l) makes the· --~---
solution compatible with 
Chapter 10 for walls 
with loads in the Kern 
ar.ea of the thickness. · 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
349-76 

15.5 

15.9 

16.2 

. 17 .5. 3 

18.4.l 

ACI 
318-63 

2505 

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

Structural Elements 
Potentially Affected 

Footings - shear· and 
development of rein­
forcement 

Minimum thickness of plain 
footing on piles 

Design considerations for 
a structure behaving 
monolithically or not, 
as well as for joints 
and bearings • 

Horizontal shear stress 
in any segment 

Concrete immediately after 
prestress transfer 

~nklin Research Center 
/\ Division of The FrankHn 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 12. 

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

New but consistent with . . 
the intent: of previous 
code. 

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

Change allows more 
tension, thus is less con­
servative but not 
considered a problem • 
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Referenced 
Section 

ACI 
349-76 

18.5 

18.7.l 

18.9.l 
18.9.2 
18.9.3 

18.11.3 
18.11..4 

18.13 
18.14 
18.15 
18.16.l 

18.16.2 

18.16.4 

ACI 
318-63. 

2606 

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

Structural Elements 
Potentially Affected 

Tendons (steel) 

Comments 

Augmented to include 
yield and.ultimate in 
the jacking force 
requirement. 

Bonded and unbonded members Eqn. 18-4 is based 
on more recent test 
data. 

Two-way flat plates 
(solid slabs) 
having minimum bonded 
reinforcement 

Bonded reinforce.ment at 
support.s 

Prestressed compression 
members under combined 
axial load and bending. 
Unbonded tendons. 
Post tensioning ducts. 
Grout for bonded tendons. 

Proportions of grouting 
materials 

Grouting temperature 

B-2.16 

Intended primarily for 
control of cracking. 

New to allow for 
. consideration of th.e 
redistributi'on 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 • 

~nklin Research Center 
A Division of The FrankJJn lnalilllte 
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Scale C 

Referenced 
Section 

ACI 
349-76 

7.13.4 

10.14 

11.2.5 

13.0 
to end 

13. 4.1.5 

17.5.4 
17.5.5 

ACI 
318-63 

2306 

1706 

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

Structural Elements 
Potentially Affected 

Reinforcement in flexural 
slabs 

Bearing - sections 
controlled by design 
bearing stresses 

Reinforcement concrete mem­
bers without prestressing 

Two-way slabs with 
multiple square or rec­
tangular panels 

Equivalent column flexi­
bility stiffness and 
attached torsional members 

Permissible horizontal 
shear stress for any 
surface, ties provided 
or not provided 

~nklin Research Center 
A Division of The Franklln lnslllUte 

B-2.17 

Conunents 

ACI 318-63 is more 
conservative, allowing a 
stress of 
1. 9 ( 0 • 25 f IC) : 

0.475 f'c < 0.6 f'c 

Allowance of spirals as 
shear reinforcement is new • 
Requirement, where shear 
s·tress exceeds 6~jf 'c, 
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. 

Nominai--··i:ricrease in 
allowable shear stress 
under new code. 
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APPENDIX B-3 

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

SUMMARY OF CODE COMPARISON 

~nklin .Research Center 
A Division of The Frnnldln lnsdlute 

· B-3 .1 

• 



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

Scale B 

Referenced 
Section 

ACI 
301-72 

3.8.2.l 
3.8.2.3 

3.8.2.2 
3.8.2.3 

17.3.2.3 

ACI 
301-63 

309b 

309d 

l704d 

Structural Elements 
Potentially Affected 

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

Mix proportions _could 
give lower strength 
concrete 

Lower strength concrete 
could have been used 

~nklin Research Center 
/\ Olvtsion ol The Franklin lnstllule 

B-3.2 

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 ~5 percent 
.under ACI- 301-72 (Rev. 197.5) e 
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 n is . less than 85 
percent of the specified 
strength, lower strength. 
concrete could be used. 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
301-72 

17.2 

15.2.6.1 

15.2.2.1 
15.2.2.2 
15. 2. 2 .• 3 

8.4.3 

8.2.2.4 

ACI 
301-63 

1702a 
1703a 

1502bl 

1502el 

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 

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 
tha~ 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. 1975) 
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 better 
control of the character­
istics of the placed 
concrete. 

~nklin Research Center 
A Olvtsion ol The Franklln lnsdlUte 

B-3.3 
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Scale B (Cont.) 

Referenced 
Section 

ACI 
301-72 

8.3.2 

5.5.2 

5.2.5.3 

5.2.5.1 
5.2.5.2 

5.2.l 

4.6.3 

ACI 
301-63 

803b 

503a 

406c 

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 

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. 

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

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

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

~nklin Research Center 
A Division ol The Franldln lnslilule 

B-3.4 
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Scaie B (Cont). 

Referenced 
Section 

ACI 
301-72 

4.6.2 

4.6.4 

4.2.13 

. 3.8.5 . 

3.7.2 
3.4.4 

3.4.2 
3.4.3 

1.2 

ACI 
301-63 

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

Structural Elements 
Potentially Affected 

Concrete may sag or be 
lower in strength 

Concrete may sag or be 
lower in strength 

Low strength possible if 
reinforcing steel is 
distorted 

Possible to have lower 
strength floors 

Embedments may corrode and 
lower concrete strength 

Possible lower strength 

Possible damage to green 
or underage concrete 
resulting in lower 
strength 

Comments 

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

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

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

ACI 301-72 (Rev.· i°975) .places 
tighter control on the 
concrete for floors. 

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

ACI 301-72 (Rev. 1975) places 
tighter control on water­
cement ratios.for watertight 
structures and structures 
exposed to chemically 
aggressive solutions • 

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

~nklin Research Center 
A. CMsion of The Franklin lnllilute 

B-3.5 
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Scale C 

Referenced 
Section 

ACI 
301-72 

3.5 

3.6 

3.8.2.l 

ACI 
301-63 

305 

306b 

309b 

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

Structural Elements 
Potentially Affected 

Better strength resulting 
from better placement and 
consolidation 

Better strength resulting 
from better placement and. 

· consolidation 

Higher strength from 
better proportioning 

Conunents 

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 l 
in above maximum slump is 
allowed provided the average 
slump does not exceed maximum. 
Generally the placed concrete 
could be less uniform and of 
lower strength. 

ACI 301-63 provi9es 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 nultimate 
strengthn 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. 

~nklin Research Center. 

B-3.6 

I\ Division ol The Franklin lnadtute 
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Scale c (Cont.) 

• Referenced 
~~~S~e~c~t~i~o~n=--~~· 

ACI 
301-72 

4.4.2.2 

4.5.5 

4.6.2 

4.7.l 

ACI 
301-63 

404c 

405b 

406b 

407a 

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

Structural Elements 
Potentially Affected 

Better bond to reinforce­
ment gives better strength 

Better strength and-less 
chance of cracking or 
sagging 

Better strength and less 
chance of cracking or 
sagging 

Better strength by curing 
longer in forms 

Comments 

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

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

Same as above but applied to 
reshoring. 

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

ftnklin Research Center · 

B-3.7 

· A Division of The Franklfn Institute 
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ACI 301-63 VS. ACI 301-72 (REVISED 1975) 
SUMMARY OF CODE COMPARISON 

Scale C (Cont.) 

Referenced 
Section 

ACI 
301-72 

5.2.2.1 
5.2.2.2 

5.5.4 
5.5.5 

12.2.3 

14.4.l 

15. 2.1.l 

15.2.L2 

ACI 
301-63 

505b 

120ld 

1404 

Structural Elements 
Potentially Affected 

Better strength, less 
chance of cracked rein­
forcing bars 

Better strength from 
reinforcement 

Better strength from 
better cure of concrete 

Better strength resulting 
from better uniformity 

1502-clb Higher strength from 
higher yield prestressing 
bars 

1502-c2 Higher strength from 
better prestressing steel 

B-3.8 

~nklin Researc~ Center 
A Division o( The Franklln lnslitu!I! 

Comments 

ACI 301-72 (Rev. 1975) has 
less stringent bending 
requirement for reinforcing 
bars than does ACI 318-63. 

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

ACI 301-63 provides for final 
curing for 7 days with air 
temperature above S0°F. 
ACI 301-72 (Rev. 1975) 
provides for curing for 7 
days and compressive strength 
of test cylinders to be 70 
percent of specified 
strength.. This ·could allow 
termination of cure too soon. 

ACI 301-63 provides for a 
maximum slump of 2 in • 
ACI 301-72 (Rev. 1975) gives 
a tolerance on the maximum 
slump which. could lead to 
nonuniformity in the concrete 
in place. 

ACI 301-63 requires higher 
yield stress than does 
ACI 301-72 (Rev. 1975) 

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

--
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Scale C (Cont.) 

Referenced 
Section 

ACI 
301-72 

16.3.4.3 

16.3.4.4 

17.3.2.3 

ACI 
301-63 

1602-4c 

1602-4d 

1704d 

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' 

Comments 

ACI 301-63 requires 3 
cylinders to be tested at 
28 daysr if a cylinder is 
damaged, the strength is 
based on the average of two. 
ACI 301-72 (Rev. 1975) 
requires only two 28-day 
cylindersi 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. 

~nklin Research Center 
A Divllkln of The Fnmlclln Institute 
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APPENDIX B-4 

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

~nklin Research Center 
A Division of The franklin lnslilllle 

SUMMARY OF CODE COMPARISON 

B-4.l 
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Scale A 

Referenced 
Subsection 

Sec. III ACI 

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

.. 

·- ---·--·------ - --, 

.. 

1980 318-63 
Structural Elements 
Potentially Affected Comments 

CC-3230 

Table 
CC-3230-1 

CC-3421.5 

1506 

1506 

Containment (load combina­
tions and applicable load 
factor)* 

Containment (load combina­
tions and applicable load 
factor)* 

Containment and other 
elements transmitting in­
plane shear 

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

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

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

~nklin Research Center 
A Division of The Franklin lnllltute 

B-4.2 • 
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ACI 318-63 VS. ASME B&PV CODE, SECTION III, 
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON 

Scale A .(Cont.) 

Referenced 
Subsection 

Sec. III ACI 
1980 318-63 

CC-3421. 6 1707 

CC-3421. 7 921 

Structural Elements 
Potentially Affected 

Peripheral shear in the 
region of concentrated 
forces normal to the shell 
surface 

Torsion 

B-4.3 

~nklin Research Center 
A OMslon of The Franklin lns~tute 

Comments 

These equations reduce to 
Ve= 4~ 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, Eqn. 
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 det.ails • 

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 ~-
Previous code superim-
posed only .. _torsion and 
transverse shear stresses. 

See case study 13 for details • 
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ACI .318-63 VS. ASME B&PV CODE, SECTION III, 
DIVISION 2, 1980 (ACI 359-80) CODE COMPARISON 

Scale A (Cont.) 

Referenced · 
Subsection 

Sec. III ACI 
1980 318-63 

CC-3421.8 

cc-
3532 •. L 2 

CC-3900 
All sec­
tions in 
this 
chapter 

Structural Elements 
Potentially Affected 

Bracket and corbels 

Where biaxial tension 
exists 

Concrete containment* 

Comments 

New provisions. No comparable 
section in ACI 318-631 
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 pr~biein of development 
length in biaxial tension 
fields. 

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

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

: ~nklin Research Center 
A. Division of The FranlcJln lnslitute 

B-4.4 
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ASME B&PV CODE, SECTION III, DIVISION 2, 1980 
(ACI 359-80) VS. ACI 318-63 CODE COMPARISON 

Scale B 

Referenced 
Subsection 

Sec. III ACI 
1980 318-63 

CC-3320 

CC-3340 

Table 1503(c) 
CC-3421-1 

cc- 1701 
3421.4.1 

Structural Elements 
Potentially Affected 

Shells 

Penetrations and openings 

Containment-allowable 
stress for factored 
compression loads 

Containment and any 
section carrying trans­
verse shear 

B-4.5 

~nklin Research Center 
A DIYislon of The Franldfn fnstitule 

Comments 

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

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

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

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

ACI 318-63 allowable 
concrete compressive stress 
was a.as f'c if· an equiva­
lent rectangular stress block 
was assumed7 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, Sec~ion 1701.1. 

·i. cl> factors removed from 
all equations and included in 
CC-3521.2.1, Eqn. 17. 
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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 
1980 318-63 

cc-
3421.4.1 
(Cont.) 

cc-
342l.4 .2 

2610 (b) 

CC-3422.l 1508(b) 

Structural Elements 
Potentially Affected 

Prestressed concrete 
sections 

Reinforcing steel 

B-4.6 

~nklin Research Center 
A Division ol The Franklin l~Ull.lte 

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 < o .ols. 

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 Eqn. 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. 

_J 
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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 
1980 318-63 

CC-3422.l 
(Cont.) 

CC-3422.l 1503(d) 

CC-3422.l 

Structural Elements 
Potentially Affected 

All ordinary reinforcing 
steel 

All ordinary reinforcing 
steel 

B-4.7 

~nklin Research Center 
A Division of The Franklin lnstiwte 

comments 

The requirement for tests 
where fy > 60 ksi was used 
would provide adequate 
assurance, in old design, 
that crack control was 
maintained. 

ACI 318-63-allowed stress for 
load resisting purposes was 
fy• 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.·~nd 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 o.9 to the theoretical 
equation. 

ACI 318-63 had no provision 
to cover limiting steel 
strains~ therefore, this 
section is completely new. 

Traditional concrete design 
pr.act ice has been directed at 
control of stresses and 
limiting steel percentages to 
control ductility. 
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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 
1980 318-63 

CC-3422. l 
(Cont.) 

CC-3422.2 1503(d) 

CC-3423 2608 

CC-3431.3 

Structural Elements 
Potentially Affected 

Stress on reinforcing 
bars 

Tendon system stresses 

Shear, torsion, and 
bearing 

B-4.8 

~n~in Research Center 
~ Division oi The Franklin Institute 

Comments 

The logic of providing a 
control of design parameters 
at the centroid of all. the 
bars in layered bar arrange­
ment is consistent with older 
codes and design practice. 

ACI 318-63 allowed the 
compressive steel stress 
limit to be fy; however, 
the capacity reduction factor 
for tied compression members 
was <I> = O. 70 and for spiral 
ti.es <I> = O. 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 le.vel less than fy; 
therefore, the 0.9 f¥ limit 
here is consistent with and 
reasonably similar to the 
older code. 

ACI 318-63, Section 2608 is 
generally less conservative. 

ACI 318-63 does not have a 
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. 

" 
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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 
1980 318-63 

Table 
CC_.;3431-1 

CC-3432.2 1003(b) 

CC-3432.2 1004 
( b) , ( C) . 

CC-3433 2606 

CC-3521 

Structural Elements 
Potentially Affected 

Allowable stresses for 
service compression loads 

Reinforcing bar 
(compression) 

Reinforcing bar 
(compression) 

Tendon system stress 

Reinforced concrete 

B-4.9 

~nklin Research ~enter 
A Division of The Fr11nklln lnsdtute 

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 
pres tress to O. 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 
Ve, by the concrete, and 
the rest by the reinforcing 
steel. In all cases, the ACI 
concept of ~ is incorporated 
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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 
1980 318-63 

CC-3521 
(Cont.) 

cc-
3521. 2. l 

CC-3532 

17.01 

Structural Elements 
Potentially Affected 

Nominal shear 
stress 

Where bundled 
bars are used 

~nklin Research Center 
A Division of The Franklin Institute 

.. comments 

in the equation as 0.9. 
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. 

Similar .to ACI 318-63, with 
the exception of ~; which 
equals a.as, being included 
in the Eqn. 1 7 • 

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

Scale B (Cont.) 

Referenced 
Subsection 

Sec. III AC! 
1980 318-63 

cc-
3532.1.2 

cc-
3532. l. 2 

CC-3532.3 

918 (c) 

1801 

918 (h) 
801 

Structural Elements 
Potentially Affected 

Where tensile steel is 
terminated in tension 
zones 

Where bars carrying stress 
are to be terminated 

Hooked bars 

B-4.11 

~nklin Research Center 
A OIYislan of The Franklln lnsdtute 

Comments 

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

Development lengths derived 
from the basic concept of 
AC! 318-63 where: 

bond strength = tensiie strength 
E0 µL = Abfy 
L = Abfy/(µ 'If D) 

If µ = 9.Sjf'c/D 
then L = 0.0335 Abfy/~ 

with <1> =a.as 
L = 0.0394 Abfy/~ 

No change in basic philosophy 
for ill and smaller bars. 

Change in format. New values 
are similar for small bars and 
more conservative for large 
bars and higher yield strength 
bars. Not considered critical 
since prior to 1963 the use of 
fy > 40 ksi steel was not 
common. 
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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 
1980 318-63 

CC-3533 919 

CC-3534.l 

CC-3536 

CC-3543 2614 

CC-3550 

Structural Elements 
Potentially Affected 

Shear reinforcement 

Bundled bars -
any location 

Curved reinforcement 

Tendon end anchor 
reinforcement 

Structures integral 
with containment 

B-4.12 

~nklin. Research Center 
A OMsion ol The Franlclln lnseltute 

Comments 

Essentially the same concepts. 
Bend of 135° now P.ermitted 
(versus 180°.f9rmerly} and two­
piece stirrups now permitted. 
These are not considered as 
sacrificing strength. Other 
items here are identical. 

Provisions for bundled bars 
were not considered in 
ACI 318-63. 

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

Early codes did not provide 
detailed information, but good 
design practice would consider 
such conditions. 

Similar to concepts in ACI 
318-63, Section 2614 but new 
statement is more specific. 

Basic requirements are not 
changed. 

Statement here is specific to 
concrete reactor vessels. 
The logic of this guideline is 
consistent with the design 
logic used for all indetermi­
nate structures • 

.. 

e 

e· 

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

Scale B (Cont.) 

Referenced 
Subsection 

Sec. III ACI 
1980 318-63 

CC-3550 
(Cont.) 

CC-3560 

Structural Elements 
Potentially Affected 

Foundation requirements 

~nklin Research Center 
A Division of The Fninklln lnslltule 

B-4.13 

Comments 

ACI 318-63 did not specifi­
cally state any guideline 
in this regard. 

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 
reterenced inclusion. All 
items are considered to 
be part of common building 
d_e_sign practice. 
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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 
1980 318-63 

CC-3421.9 2306(f) 
and (g) 

CC-3431. 2 2605 

Appen­
dix II 

CC-3531 

Structural Elements 
Potentially Affected 

Bearing 

Concrete 
(allowable stress in 
concrete) 

Concrete reactor vessels 

All 

~nklin Research Center 
A Division of The Frank!Jn IMlitute 

B-4.14 

Conunents 

ACI 318-63 is more conserva­
tive, allowing a stress of 
1. 9 ( Q o 25 f I C) =· 

0.475 f'c < 0.6 f'c 

Identical to ACI 318-63 
logic. 

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

This section probably does not 
apply to concrete containment 
structures. 

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

U = l.S to 1 • 8 = 1.67 to 2.0 
cl> 0.9 0.9 
for ACI 318-63. By using the 
value of 2.0, the upper limit 
of the ratio of factored to 
service loads is employed. 
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BEAM END COH~ECTIG~ kHERE TCP FLA~GE IS COPED, CASE STUDY •1• 

FY,PSI F'U,PSI li, IN Cl C2 . ALLOWABLE: LOt.D,t.~ 

1963 COOF. t ()P 0 c:riD~~ 

360()0. 1;0000. 12.00 1.00 o.74 112suo. 10440(!. 
3600n. 60000. 12.00 1.50 o.74 1neoo. l)t,401). 

36000. 6(1000. 24.00 1. 01) 0.-14 345600. 1044000 
36000. 60000. 24.00 1.00 2.4R 3456CO. 206EIOOQ 
36000. 60000. 24.00 1.so Oa74 345(.00. 1311,400. 
36000., 60000. 24.0(\ 1.so 2. 4F. 34560<'. 23Gl?OO. 
3600('1. 60000. 24.00 2.25 0 0 14 34561)0. 1794000 
35ooc. 6COv0 0 24.00 2.2s 2.18 345niJO. ?.13 3800. 
35000. 60f'IOO. 3b.OO 1.00 2.48 516400. 20H!l00., 
36000. 60000. . 36. 00 1.00 4 0 81· 51841'.'0 • 348600. 
36000. €-0(100. 36.00 1.so 2 9 40 5.18400. 2389fJO. 
36000. 60000. 36.00 1.50 4.Rl 518400. 378600. 
36000. 60000. 36.00 2.2s 2. 4!l 5113400. 283800. 
)f,(l00. 60•100 • 36 .. 00 2.25 4. Ill 5111400. 423nOO. 
soooo. 7vooo. 12.00 1. 00 o.74 240000. 121300. 
50000. 70000. 12.00 1. 50 o.74 240000. 156800q 
soooo. 70.000. 1?..00 2.25 o.74 240000. 209300. 
soooo. 7000(). 24.<'0 2.00 o.74 480000. 121!.100. 
soooo. 70000. 24.00 1.00 2.46 480000. 243600. 
·50000 .• 7000,,.,. 24.00 1.50· o.74 itaoooo. 156800. 
50000. 700(10. 24.00 1.so 2.48 480000. 27D600e 
soooo. 70000. 24.00 2.25 o.74 480000. 209300c 
soooo. 70000. 24.00 2.25 2.48. 4ROOOO. ·331100. 
50000. 10000. 36.00 1 .. 00 2.48 120000. 2·13600. 
50000. 7000"· 36.00 1.00 4. t:ll 720000. 406700. 
soooo. 10000. 36.00 1.50 2.,48 120000. 278600. 
soooo. 70000. 36.0() ·1.50 4.IH" 720000. 441700. 
50000. 10000. 36.00 2.25 2.48 720000. 331100. 
50000. 70000. 36.00 ·2. 25 4., R 1· 7'20000. 494200. 
65000. aoooo. 12.00 1.00 Oo74 -31:2000. 139200. 

.. 65000. ROOon. 12.00 1.50 o.74 312000. 179200-. 
&5000. soooo. 12.ClO 2./.5 o. 74· 312000. ?.3'l200. 
&5000. 80000. 24.00 1.00 0. 7 !~ b2tH100 • 139200. 
65000. eoooo. 24.00 1.00 2..,4B 624000. 278400. 
65000. soooo. 24.00 1.so o •. 74 624000. 179?.00. 

.6sooo.- 80000. 24.00 1.50 2o4R· 624000. 31A400. 
65000. eoooo. 24.00 2.,25 0 0 7-4 624000. 239200. 
55000. 80000. 24.00 2-25 2.48 62400(1. 378400. 
65000. ROOOO. 36.00 :!. .. oo 7. 046 93b000 0 2784000 
65000., sonoo. 36.00 1.00 4.81 936000. 4n4ROO. 
65000. soooo. 36.00 1.so 2o48 936000. 31S400o 
65000. 00000. 36.00 1.so 4.81 936000. 504ROOo 
55000. 110000. 36 • .00 2.25 2.48 936000. 37&400a 
i;sooo. 1:10000. 36.oo· 2.25 4.01 9360000 564800. 
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CAse.. STu cy 

C.OMPAB/NG SHORT cou.lMNS 
By ';18- 6} A~C> 3tt9-76 

2 
25~ 

.· © > • . + '-1\- 4-#11 = 6.2.Y IN=. 
" ,_.,. .• ~·-. CLOSE TO I% Ps 

SHORT COLUMNS 
SEC.. IYO~@ (ANO 1Li02 ACI. '318-.63) 

( 
fc:. = '3,ooc ±I PS I ) 
;s = o"iX yo,ooo = 16,0CO PSI 

= .ss [ 6 25 IN14 C. 2.S( ~,ooo}t 1&1000 (.o iD 
=-·;SS [ 6_ZS (750-r 1soTI = -~ 93: ogo ... CSERvrc::e:i.oPtD) · 

BY "3l\q-76 SEC. 10.~.6 

Pll = cf> .eo[:ss f~ (A~ - Rs~) + fy Ast:] 

= .-7(. a{CS5)(3,ooo)(625- 6.2Li) t 40,000(6.2. y)J 

.,. .56 [ 1578,000 + _2. '-ICfJ.600]~ I, 023,000 (ULT. LOAD) 

USING LOAD FACTORS oF· 
l."+1"1.7 

2 = 

THEN SERVICE LOAD = 

D. L.-= L. L. 

I.SS 

1,02'3, 000 -
1.s s -

'"" 660,000 

INCREASE OF· GGO - t..l 8 3 x 100 % = 36. 6 % 
L.f 8 3 

,, ,, 
C,oMC:.l..u!ia1::11oJ: F"'~. S~»~\ C:~l.\JI-'\"-'"> ~~ PfC'~'IJl-ouc; <:.oCES 

· Mvc:.~ ~o.ae: C.c..J.n:~vA.11ve 
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A-\ter'f'la.t~ ( Wor-\c."l"r'~ :stress) Dil~Tj-ns 

:.,___ 18'' --l 

T ' ~ 
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ll ' 6 T ,, 
4 " ' 

" ~ 0 ~ 5'7'' 
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( -f c = 3,ooo.) fc =: \35"0 / n = '\ ) 

6011 
6 • "' 

I '· ' ,. 

l 
I 
' 1 

Re!Yifo 1cl11~ 
stee.\ Err~de Lt 0 -

· --( .f'<\ = 4-o~o~o lb(1-n-i..'j· -fs = :;.oJooo !bfi'.n2
) , __ 

As - lo...!lo bo..Y-s = l~·bb 1>12. 

I. By 5tre,.,~~ D-esl'911 
( There - l (-m 'Lt of ·0218,I lS 0... 

f :: I~· bb-
• 0 1234 Sut (# recA.SJ>'l~ble " o!es"Cj:n - 0.... lil'-Sl 
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~= ," Ol 2.34 (.:rs)"= • -i '14-S'" 

-.. -
Mu= .q [ (I g II) c S-7 "J ';J. ( 3 i<-/ 1~2.) ( . l l:.tt-S) ( I - • 5"4 c. t ~/4-S) J ":". 

23..i +so '' 1<. 

J U ~ I·+ ;:,l·l == l·SS""(D+L) 

~e i'l'\ome-nt *1-ie'l"l _fS e9uil/o..\e)it · +o °' '< $el'"Vice 
11 

mom_e>1+ - of . .l3, 4-59 ~ /J. ;-.) = IS,, 130" I<. 
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fi-nd\-n~ -ttie \oc.a.fion of the -neutro.I o..'>'ls x (= \<d) 

1IL 

l2 x ex) ::. q (12.bb)(-?1-x) 

So\v~i 1 
x: \{c\ -- .;l.l. :i7'' 

? 
-the l'no me~t o...rm: jc\ ~ 51- 2,.\. i.J = q.q.q I 

y 7- ( ~ · °3 S ~<./TY\ 7.) ( l g 11
) ( ). I. 2 r ) ( '{ q • '{ j ;) : { 2./l 00 

11 
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12.·bb m"l.( 2..0 ~1~,_)(49. '\\'') - ~1./b'f0°~ 
( .<Si o ver .. n 5) 
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where Cc=~ 

K'ef AISC 
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E = 2q >< 1 o'3. \(51 
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Comparison of Sec+ion 2. 3 ,; Calum,.,s ( ~lSC,,. f'l b!:i.). 
wl~ Sec1ioY1 · ,i. £!.,, Co lumiis (A 1SC,, 14 ~o) 

AISC. 1'H,,3 

\. 51e-nc\erness r~-tlo -fur eo\umn~ 
fY) co-n+i'nvos .. fr°"mes where 

side.w°'Y l'.s 'hot pre.vented) Ts 

li-m"rted 67 Formula. ( J.o) 

2.P + .l::_ ·~ I· o 
Py 7o r 

-n,f's l11'7\1+s -sleY'lderness 

RC\.-tio ~ ~ 10 G.tnd C\.')'\o.I 
toa.d "Y\o+ -to €)CCeed o.s Py 
for _g_·= 0. Also limlfed 

(" . 

by fOrmvlC\. (i6) ~·IVeYl below. 

2. for co\vm Y\5 Tn brl\c:.ed 
fY"C\"n'l€5 i'h€ -wio.. xi YY\Um 

O.'iC i l\.\ \ooJ P :S hdll Y\ o-t 
-exQe€c\ · o. ~ . Py. 

A\SC 1'180 

I · Slenderness rcdi o -fur 

Columns In Co'l"l\-\nuos 

-f'ro..mes whev<e S1deswo.y Ts 

1"\ot preVeY11ed.J 'Y'o+ \'im<ted 

+o. ot\ I y l 0 . Gv t · I 1-m I red 
by . Fofmvlo..s. ( .;(. q - lo.) and • 

l ~·'I - 1. b) '5~ veY\ below a~cl 

? ~ot +~ -e¥ceed Cc,, · 
as :fiveY'I below 

~. "The. C\)C( <.\l loC\d tY1 

Col Um"'S . m bro.ced fra:mes 

'Ylot +o e')( ceed o. l?'5" Py 

. ( See Co..se STvd7 4 o..lso, · foY. Sleriderness .ro-tlo ) 
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where. Cc = / -'};E 
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O·S' Py -+o 0·7S° Py -fOr (M1brru:.ed c,olunnis ( S1deswo...y 

Cl l l 01.Ved ..) c'.Al'\d 0 • b Py -to o. ~S- P7 -£.... bro..ce~ . 

ca(um11s. '3vr +h~ ~cc.ep+C\.ble d'e~l"3n re~~on 
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c..urVQ--\vre we Y1otice fOr k.e = 3o -the. FOr)nvlo.... 
r 

. (l-4-2) (ri\e f,.- Cm=-l.o Ts b.QICl'V -+-h-e 
fot'"">i'\v le'- (. )..~) I lne. J bur for . _ll =- 7 o .1. -tti e y ov~r 'Of 

d _c_ ~-t . r 
°''I'\ . JO• z= 100.1 The. /;r-mvlC\.(.:l.·4"--l) -fo• Cni=-l.-0-

ls CA.bove. t\,~ -~rmulo... (.i.~ l'lne· -r-hlJS ~'f'" 
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ACI CODE PHILOSOPHIES 

The American Concrete Institute (ACI) Building Code Requirements for 

Reinforced Concrete delineate two philosophies of design which have long been 

in use: the so-called working stress method, which was in general acceptance 

and predominant use from early in this century to the early 1960's, and the 

ultimate strength method, which has been rapidly replacing working stress 

since about 1963 • 

Working Stress Method 

The working stress meth_od of design is referred to as the "alternate 

design method" by the most. recent ACI code. By this method, the designer 

proportions structural elements so that internal stresses, which result from 

the action of service loads* and are computed by the principles of elastic 

mechanics, do not exceed allowable stress values prescribed by the code. 

The allowable stresses as prescribed by the ACI code are set such that the 

stresses under service load conditions will be within the elastic range of 

behavior for the materials involved. As_a result of thii;;, th~ assumption of 

straight line stress-strain behavior applies reasonably for properly designed 

structural members. The member forces·used in design by this method are those 

which result from an elastic analysis of the structure under the action of the 

service loads. 

Ultimate Strength Design 

The ultimate strength method is referred to as the "strength method" in 

the most recent ACI code. By this method, the proportioning of the members is 

based on the total theoretical strength of the member, satisfying equilibrium 

and compatibility of stress and strain, at failure. This theoretical strength 

is modified by capacity reduction factors which attempt to assess the 

variations to be encountered in material, construction tolerances, and 

calculation approximation~ 

*Service loads are defined as those loads which are assumed to occur during the 
service life- of the structure._ 
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Strength Reduction Factor 

In the present code, the capacity reduction factor (') varies for the 

type of member and is considered to account for the relative seriousness of 

the member failure as regards the overall integrity of the ~tructure. 

Load Factors 

.. 

Also, by this meth·od, the designer increases the service loads by applying 

appropriate load factors to obtain the ultimate design loads in an attempt to 

assess the possibility that the service loads may be exceeded in the life of 

the· structure. The member forces used to proportion members by this method 

are based on an elastic analysis of the structure under the action of the 

ultimate design loads. 

Importance of Ductility 

A critical factor involved in the logic of ultimate strength design is the 

need to control the mode of failure. The present ACI code, where possible, 

has incorporated a philos~phy.of achieving ·ductility in reinforced·concr;et,e 

designs. Ductility in a.structural member is the ability to maintain load 

carrying capacity while significant, large deformations occur. Ductility in 

members is a desired quality in structures. It permits significant 

redistribution of internal loads allowing the structure to readjust its load ... 
resistance pattern as critical sections or members approach their limiting 

capacity. This deformation results in cracking and deflections which provide 

a means of warning in advance of catastrophic collapse. Under conditions of 

loading where energy must be absorbed by the structure, member ductility 

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 
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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 in general do not exist in the members under 

load. There are many· reasons for this lack of agreement. Concrete is a 

brittle, non-linear material in its stress-strain behavior, exhibiting a down 

trend beyond its ultimate stress and characterized by a tensile stress-strain 

curve which in all its features is approximately on the order of one.tenth 

smaller than its compressive stress-strain curve • 

Time-dependent shrinkage and creep strains are often of significant 

magnitude at service load levels and are difficult to assess by working stress 

methods. While ultimate strength methods do not eliminate these factors, they 

become less· significant at ultimate. load levels. In add.ition, ultimate 

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

concrete stress-strain behavior. 

In the analyses of structure-s., the designer must, by necessity, make 

·certain assumptions which serve to idealize the structures. The primary 

assumptions are that the structure behaves in a-linearly elastic manner, and 

that the idealized member stiffness is constant throughout each member and 

constant in time. 

Working stress logic does not lend itself well to accounting for 

variations in stiffness caused by cracking and variations in material 

properties with time. Although the ultimate strength method in the present 

code requires an elas.tic structural analysis to determine member forces for 

designv it recognizes these limitations and, in concept, anticipates the 

redistribution resulting from ductile deformation at the most critically 
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stressed sections and in fact proportions members so that redistribution will 

occur. 

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 servi~eability factors 

are generally at service load levels; th~refore, the present code uses elastic 

concepts in its controls of serviceability. 

Factors of Safety 

Factors of safety* are subjects of serious concern in this review. For 

working stress, the definition of the factor of safety is 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 is included for a variety of reasons_, each of 

which is important but. has no direct: interrelation with the other. 

The present ACI code has divided the provis~ons for safety into two 

factors; the overload factors and the capacity reduction factors (considered 

separately by the code) are both provisions to insure adequate safety but for 

distinctly different -reasons. The code provisions imply that the_ total 

theoretical strength to be designed for is the ratio of the overload factor 

(U) over the capacity reduction factor ($). The present ACI code has 

assigned values to the above factors such that the ratio U/$ ranges from 

about 1.5 to 2.4 for reinforced concrete structural elements • 

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

The U.S: Nuclear Regulatory Commission (NRC) is .con?ucting the Systema~ic 
Evaluation Program (SEP). The Program is a plant-by-plant 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. 
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ABSTRACT 

A structural reassessment of the containment structure of the Palisades . . 
Nuclear Power Plant Unit 1 was performed 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 mainly 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 line 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 
over a l1 structura 1 integrity of the containment building for the 

Abnormal/Extreme Environmental ~ondition as defined in the ASME Boiler and 
Pressure Vessel Code, Section III (ASME code). In this instance, the Abnormal 
load 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 Plant-:-r-which 
defined the LOCA Loading, and Seismic Review of the Palisades Nuclear Power 
Plant. Unit 1 as Part .of the .SEP, 2 in which the plant was ana·lyz~d for SSE 
Load. 

We based our analysis on the LOCA discussed in Ref. 1: 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. S,ll 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 liner 
system for the Extreme environmental condition, which can be a more critical 
loading combination. Because the primary purpose of this analysis is to 
evaluate the overall structural integrity of the containment building, no 
local load effects are considered. 

-1-
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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, 
prestressed 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 lb., and each contains ninety 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). Six ·groups of 87 hoop tendons enclo·sing 120° of arc for a total 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. sq~are 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 vertical and hoop directions. 
Access to the structure for personnel and equipment is through a 

double-locked door and a 12 ft. 0 in. clear-diameter, double-gasketed single 
door. .An emergency personne 1 escape is a 1 so provided by a daub 1 e-1 ocked door. 

The massive reinforced concrete foundation of the containment building 
sits on compact glacial 'deposits and very dense,, fine sand. The bedrock is at 
an elevation of about 440 ft. The grade elevation of the soil surface is 

' 590 ft .• ' 

-2-
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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 building 
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 longitudinally to the liner at 15· in. intervals. The stiffener angles 

are, typically, L3x2xl/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 liner system at the dome is similar to that at the 

cylinder. The exception are the angles, which are us~d both as stiffeners and 
. as ~hchors. The angles are oriented in the hciop directioh. 

On'the base slab, the liner plate is welded to embedded beams. An 
18 in~-thick concrete slab is placed over the liner, and a leak-chase system 
is placed over the liner 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 locations of 

maximum change in meridional curvature. The details of typical liner 

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: 

.-4-
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a. Deadweight loads (D) 

Deadweight loads were generated by multiplying concrete weight density 
(150 lb/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 µ, where µ represents strain in micro-inch/inch. 

c. Pressure loads (P) 

According.to Ref. l;the 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 primary system pipe break case. A 
temperature of about 410° F is given for the single-steam-generator 
blowdm>1n 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 th~ steel liner inside surface 
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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 
11 see 11 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° Fat the inside containment wall; 
winter--minus 1° Fat the outside containment wall and 85° Fat 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 liner plate was therefore assumed 
to have the same temperature as the containment atmosphere. The 
containment atmosphere temperature of the secondary system pipe break case 
(410° F) is much higher than the containment atmosphere temperature of 
the primary system pipe break case (292° F). The liner temperature was 
assumed, conservatively, to be 410° F for the thermal load calculation . 

. ·The following.thermal loa·d component usually does not need to be considered e 
separ~tely if a composite liner-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 liner. The additional 

equivalent pressure due to differential concrete and liner expansion was 
estimated to be 23 psi on the wall surface under these average winter wall 

temperatures: 410° F in the l{ner 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 amplification 

-12-
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Tab 1 e 1.1. Horizontal site-specific spectral accelerations. 

Pseudo acceleration (cm/sec2) 
(5% damping) 

Without 5 With 11 Period Site AmQlification Site Amolification 
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 

effects. The vertical SSE response spectra are two-thirds of .the horizontal 
. . . . 10 . . 
response spectra. 

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, including site amplication. The spectral· values are shown in 
Table 1.1. The reanalysis was necessary because the seismic responses 
reported in Ref. 2 were based on 0.2g R.G. 1.60 spectra, rather than the 

site-specific spectra which were developed later. 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 1 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. ~e assumed that the areas 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 axi symmetri ca_l. 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 

All material property values used in the analysis were extracted from 
section 5.1.3 of Ref. 4. Following is a list of these values for various 
loading conditions. 

D = Dead load 
F = Prestress 
T = Thermal 
p = Pressure 
E = Earthquake 

Materials 

Concrete walls 

E (Young's modulus) (psi) 
v (Poisson's ratio) 
a (coefficient of thermal expansion) 

(in./in./°F) 
I 

fc (compressive strength) (psi) 

Steel Liner (ASTM A-442) 

E (Young's Modulus) (psi) 
f (minimum yield stress) y 
v (Poisson's ratio) 

a (coefficient of thermal 
(in./in./°F) 

Liner anchor (ASTM A-36) 
E (Young's Modulus) (psi) 
v (Poisson's ratio) 

(psi) 34,000 

expansion) 

-16-

Loading conditions 
D, F, T P, E 

2.7xl06 

0.17 
5.0xlo-6 

5000 

30xl06 

34,000 
0.30 
6.5xl0 

30xl06 

0.30 

-6 

5. 5xl06 

0.17 

5000 

30xl06 

0.30 

30x106 

0.30 



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 Report3 

discussed a design-accident condttion 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 1 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 

Reference 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 
additi.onal information 'on how the stresses were computed. 

The FSAR of Palisades4 described ·the load combinations used in designing 
the containment liner. 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 liner. 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. 
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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 
loads (410° Fin the liner and operating temperatures in the concrete), and 
seismic loads of 0.2lg, site-specific spectra. The structure was first 
analyzed for the above load 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, 

which 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. All 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 ~o withstand the Abnormal/Extreme·loads of a primary or secondari · 
system pipe break which is combined with a SSE event. 

2.2 LINER PLATE SYSTEM 

The liner 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 t~e 
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 building was modeled by a finite-element system for all 
load cases, with the exception of the seismic analysis. Seismic 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 

assumed to be axisymmetrical. No internal structure was included in the model 

because the interaction between the containment shel1 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 

·junction, which are c~used 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-limiting 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. Durj.ng~ 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 liner will experience the 
highest temperatures. The major portion of the concrete wall will remain at 
the operating temperature throughout the accident. 
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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. Figure 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 linear elastic approach. We 
performed a verification analysis, using publish~d 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 force 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 to determine the hoop and 
meridian bending moments. To combine the loads we summed dead weight, 

prestress, pressure, thermal, and seismic loads. We 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 calculated using the following 

. approach. 
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A 590 + 190 
B 590 + 189 
c 590 + 185 
D 590 + 181 
E 590 + 175 
F 590+.170 
G 590 + 164 
H 590 + 156.9 
I 590 + 149.1 
J 590 + 129.8 
I< 590+ 87.7 
L 590+ 28.8 

--
M 590+ 13.6 
N 590+ 9.6 
0 590+ 6.0 
p 590+ -0,5. 

--- - -· ·-· ..... ... - - ·--
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M 

N 
0 

p 

Fig. 3.1. Mathematical model of the containment building. 
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1. The total axial load on a section was divided into three groups. 
a. Pa' This includes loads which always act at the same location 
of. the section, regardless of whether or not the section is cracked. 
An example is dead load. 

b. Pc, This includes loads which ahiays act at the center of the 

uncracked portion of the cracked section. An example is pressure 
load. 

c. Pt' This is the thermal load. It acts at the center of the 

cracked section and is proportional to the effective area (Ac) of 

the cracked section, i.e.: 

where A0 is the sectional area and Pto is the thermal axial load 
of the uncracked section. 

2. The axial loads just discussed cause the total axial moment about the 

midsection. Following is a discussion of the total axial moment. 

t 

a. M the moment due to Pa. a, . 
b. Mc, the moment due to Pc •. Its value varies ·~ith the location 
of the center of the cracked section 

whe~e t is the thickness of the section and d
0 

is the distance from 

the compressive fiber to the center of gravity of the cracked 
section. These relationships are shown in the following diagram. 

H ....,...--,....---
A' d' td 0 I s 

c.g~ f ~------
kd 

d N.A. 

-·. d-kd 
As 

-22-



.1 

•, 

' -

i­:i-
·' '• '· ' 
~; 

•r! 

··l 

: ; 

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. 

Therefore 

where Ic is the moment of inertia of the cracked section, and I0 

is the moment of inertia of the uncracked section. 

3. The properties of the section give us the following relationships. 

n = E /E s c 

A = bt 
0 

I = bt3/12 
0 

. Ac = bkd + (n-1) 
I 

A + nA s . . s 

do = [l/2b (kd) 2 + (n-1) A
1

d 1 +nAd]/A s s c 

IC = b(kd) 3 /12 + bkd (d - kd/2) 2 
I Q 2 

(d-do)2 + (n-1) A (d - d') + nA s 0 s 

Sy strain compatibility 
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By static equilibrium 

Pa+ Pc+ Pt 

Ma + Mc + Mt 

+ F s (d 

= F + F' - F .c s s 

- Fe (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 polynomial equation can be 
solved numerically fork. Subsequently, solutions for fc and f s 

can be obtained. 

3.4 RESULTS OF ANALYSIS 

Figures 3.2 through 3.6 illustrate the calculated forces and moments for 
each of the load 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 finit~ element analysis show good agreement with·. 

- clos~d~form solutions from sheil 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 is 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 allowable; 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 1 oad. 

True G 1oba1 -Force 

Section Elevation Moment Global Shear Meri di ona 1 Shear 
ft 106 kip-ft 103 kip . kip/ft . kip/ft . 

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.l 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 
(winter thermal 

Meridian stress 2 ksi 
Section f f c s 

A 0.455 3.611 
B 0.545 4.284 

c 0.536 2.255 
D 0.565 0.271 

E N/C i~/C 

F N/C N/C 

G N/C N/C 
H 0.614 1.805 

I 0.672 6. 977 
J 0.420 3.899 
K 0.415 3.265 
L 0.495 8.348 

M 0.572 14.933 

N 0.602 12.039 

0 0.427 8.881 
p 0.205 4.893 

aNot cracked. 

f c = normal stress in concrete 
f s = normal stress in steel 
vc = shear stress in concrete 

case). 

HOOQ stress, ksi 
f f c s 

0.627 2.712 
1.964 0.866 

N/Ca N/C 
N/C N/C 

N/C N/C 
N/C N/C 

N/C N/C 
M/C N/C 
N/C N/C 

0.810 4.483 
0.884 3.675 
0.805 4.414 
1.207 0.142 

N/C N/C 

1.849 4.989 
0.469 7.086 
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and steel 

Shear stress, ksi 

VC 

0.008 
0.017 

0.010 
0.130 
0.217 

0.136 

0.139 

0.127 
0.095 

0.054 
0.070 
0.085 
0.121 

0.098 

0.068 

0.058 
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CHAPTER 4: ANALYSIS OF LINER PLATE SYSTEM 

4.1 METHOD OF ANALYSIS 

Most of the loads 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 liner 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.l. 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, longitudinal 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. 
' b. Shearing failure of anchors in the hoop direction. 

c. Radial pullout of an anchor adjacent to a bent plate with an inward 
curvature. 

d. Longitudinal buckling of the liner 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 

lb/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 

pullout force that can be developed adjacent to a bent plate. Therefore, a 

pullout failure of the anchor is not a concern. This leads 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 liner system was most critically 
loaded near the junction of the cylinder and the base slab (Section N, 
relative el. 9.6 ft). Therefore, the analysis considered a 1-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 

~ = 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: KBP' Kc, and 
KFP·. The spring KBP represents 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 similar material properties. The KBP curve is shown in Fig. A.3. 

The linear portion of the curve has a slope of 130 kip/in.fin. 

The stiffness of the anchorage against shear movement is represented 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 1 s modulus of 5400 ksi. The 
linear portion of the K curve had a slope of 270 kip/in.fin. c 

The in-plane stiffness of the flat plate is represented by KFP" This 
is equal to 500 kip/in.fin., 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 

I 

unbalanced membrane force Nh (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 
(El. 9.6 ft) of the concrete cylinder near the base, where thickening of the 
concrete section begins •. For the location of Section ~' refer to the 
axisymmetric finite-element .stress-analysis model of the concrete shell s·howri · 
in Fig. 3.1. As stated previo~sly, the concrete strain du~ to initial 
shrinkage prior to prestressing of the containment wall was assumed to be -100 µ. 

Otherwise, concrete strains due to dead load (D), vertical and horizontal 

seismic loads (Ev and EH)' pressure ltiad (Pv and Pa)' and prestressing 
load (F) were converted from the forces/moments generated 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 
Unj .. t .. 0 1. 

Table 4.1 lists the meridional force, f z; meridional moment, Mz; hoop 
force, fh; and hoop moment, Mh, due to D, E, P, and F. A positiYe force 
signifies tension. A positive moment is one which causes a tensile 

bending-stress on the inside face of the concrete shell. The combined forces 
and moments are also showri for the Extreme. and Abnormal/Extreme conditions. 
The load combination for the Extreme.condition was D + 0.4Ev +EH +F + Pv. 
For the Abnormal/Extreme_ condition, the_ load combination was. 
D + 0.4Ev + EH + F + Pa~ To simulate the equivalent 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 
load. 10 Since E = 0.24g, upon application of the facto~ 0.4 the value of v 
0.4 Ev becomes 0.096g. 

Tab le 4.1. Force and moment at Section N of concrete she 11. 

Extreme Abnorma 1 I 
D+0.4Ev= Extreme 

1.0960 EH p p ,.. O+E+P +f O+E+P +F r a v v 

T (kip/ft) -125.8 -142.7 216.9 -11.8 -293.0 -573.3 -344.6 z 
'~ 'z (kip-ft/ft) - 14.3 131.3 - 7.2 - 50.0 - 71.5 67.5 

f h (kip/ft) 5.3 123.0 6.7 -715 .o -727 .o -597.6 

Hh (kip-ft/ft) 2.8 24.1 - 1.3 - 20.0 - 18.5 

Normal stresses at an element on the inside face of the concrete shell 

were then computed: 

s
2 

= f
2
/(42 x 12) + 6M

2
/42 2 

= f 2/504 + M
2
/294 

sh = f h/504 + Mn/294 

6.9 

The concrete strains ~vere related to the stresses in the follov1ing manner: 

e
2 

= (s - v sh)/E = (s - 0.17sh) x io3 µ/5.5 
z c I c 3Z 

eh = (sh - 0.17s ) x 10 µ/5.5 
! z 

When the concrete strains computed above were combined with the assumed 
strain of -100 µ, caused by the initial concrete shrinkage, we obtained the 
total strain for mechanical loads. This total. included the relative membrane 
strain induced in the liner plate by the mechanical loads. 

-35-

a 



·.· 
,_,; 

. i 

.';: 

Thermal loads cause additional compressive strain in the liner because 
they iJroduce larger expansio_n in the liner than in the concrete .. ;\ccording to 
the calculation procedures described in the Aopendix, the thermal-induced 
relative strain in the liner was -conservatively computed as follows: 

Extreme Condition: for an inside temperature of 85° F and 

0-Jinter) 

Abnormal/Extreme: 
(·.Ji n te r ) 

outside temperature of -1° F, 
e

2 
= eh = -6.5 µ (85+1)/2 = -280 µ. 

for a peak accident temperature of 410° F, 
e = e, = -6.5 µ [410-(35-1)/2] = -2392 µ. z n 

Taole 4.2 lists the computed relative liner strains due to the mechanical 
loads, the thermal loads, and the combined effect of both. 

STEP 2: Compute the unbalanced force, N • 

The unbalanced membrane force is applied to the anchor point at the edge 
I 

of the bent plate. Tnis force is composed of Mh. two parts: N.
11 

and 
I I 

f'!, is due to the liner strains shown in Table 4.2. N, is due to n n · the 
pfessure~ Pv or Pa, acting_ on the bent plate. 
E~. (A-5) from the Appendix gave 

For a 1/4 in. thick plate, 

From Eq. (A-6) of the Appendix, 

and 

ii.
1 

= P x 152/(21T2 x 1000 x 1/8) = 0.0912P 
i1 

I 

M = N. + N. n n 

I 

8242 ( e. + 0. 3e ) n z (A-5) 

(A-6) 

Table 4.3 summarizes the values of N, , N., and N for both the Extreme 
n n 

and Abnormal/Extreme conditio"s. Note that N was not computed for the mechanical 
loads under the Abnormal/Extreme condition because the mechanical loads under the 
Extreme condition 1t1ere more critical. This is sho•:m by Table 4.2. 

-35-



-:: 

·' 
e 

-~' 
~ 

··' 

Table 4.2. Relative liner p 1 ate membrane strains. 

Condition Loads sz sh e eh z 
(kip/in.2) (kip/in.2) 

Extreme D + E + F + Pv - 1.38 - 1.50 - 205 µ - 230 µ 

Condition 
So N/A N/A - 100 µ - 100 µ 

Thermal N/A N/A - 280 11 - 280 µ 

Total I - 585 µ . - 610 µ· 

Total II (mechanical 305 µ .- 330 µ 
lOads) 

Abnormal/ D + E + F + Pa - 0.45 - 1.-17 - 46 µ - 199 µ 
Extreme 
Condition So Ni A N/A 100 µ - 100 µ 

Thermal N/A N/A -2392 11 -2392 11 

Total I -2538 µ -2691 µ· 

Total II (mechanical - 146 µ - 299 11 
loads) 

So = shrinkage 

Table 4.3. Unbalanced force, N, and equivalent force, N. 

N 

Extreme Environment Abnormal/Extreme Environment 
w/thermal mech. load w/thermal 

kip/in. 

-6.48 

-0.28 

-6.76 

-9.26 

kip/in. 

-3.48 

-0.28 --

-3.72 

:..5.15 
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STEP 3: Compute anchor movement and force. 

The analysis given in Appendix A demonstrated that 

be replaced by the 3-spring system shown in Fig. A.5. 
to Eq. (A-14) the equivalent force, N, is 

N = (i + D)N 

where 

Using 

= 270 kip/in.fin. 

130 kip/in~/in. 

KC (linear) 

Ksp (linear)= 

KFP = 500 kip/in.fin. 

·Eq. (A~l2) also gave 

Thus, 

and 

a1 = 0.280, 
a2 = 0.248, 
a3 = 0.240, 

a4 = 0.238, 

K' 2 = 222 kip/in.fin. 
K1

3 = 248 kip/in.fin. 
K' 4 = 254 kip/in.fin. 

0 = 0.280 + 0.069 + 0.017 + 0.004 + ••• = 0.370 

N = l.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. 

a (linear)= KFP + Kc(linear) + K8p(linear) 

= N/900 

~hen the linear solution for the anchor movement exceeds the elastic limit 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. 

C:xtreme Environment Abnormal/Extreme Envir8nment 

w/thermal mech. load 1.v/therma 1 

· liner -610 µ N/A. Q 

· '"max. -2691 µ . 

Plate e allow. -2000 µ -5000 µ 

Liner a 0. 0103 in. N/A 0.0516 in. 

Anchor 0allo1t1. 0.0350 in. 
(= ou/4) 

0.0700 in.(= ou/2) 

v N/A 1.54 kip/in. N/A 

Vallow. 2.22 kip/in. 
(=Vu/3) 

STEP 4: Evaluate the liner 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 force and displacement are specified 
as a fraction of test-determined ultimate capacity. 

The test resu 1 ts for the case of no gap bet\•1een the 1 i ner p 1 ate and 
/ 

concrete are tabulated in Figs. 5 through 19 of the FSAR. The minimum 
ultimate load is shm•m to be Vu = 6.67 kip/in. The ultimate displacement is 

a = 0.14 in. 
u 

The analysis results are compared with the applicable allowables in 
·Table 4.4. All computed results are within the code allowables, and it may be 

stipulated that the liner system possesses a sufficient margin of capacity 
under both the Extreme and Abnormal/Extreme Environmental conditions. 
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APPENDIX 

P~OC::OURES FOR C . .'.\LCULATHJG LHIER i·1EMBRANE STRAHl ,l\ND ANCHOR HOVEi,lENT 

A.l INTRODUCTION 

In the Palisades Plant Unit 1 containment building, the liner plate is 
typically 1/4-inch thick and liner anchors in the cylindrical wall are 
typically L3x2xl/4 steel angles installed 15 in. apart in the hoop direction 
(Fig. A.l). For the purpose of analysis, all liner panels except one are 

assumed to be flat plates. Tne exception liner panel is assumed to have 

initial inward curvature. The maximum initial imJard deflection at the center 

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 represents a 1-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 
plate is not taken into account. The corresponding analysis model may be 
represented by the spring system illustrated in Fig. A.2(b). The spring 
properties and the analysis method a.re based on Ref. 9,. with some minor . . . . . . 

modifications to. the analysis procedure. The stiffness properties of the 

anchor and the concrete spring, Kc, and of the bent plate spring, KBP' 
':Jere established from test data. 9 These stiffness properties 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 Palisades containment liner system. 

Fig. A.l. Circumferential section of the cylinder liner with one bent panel. 
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(a) Physical 
model 

Llm 

(b) Analysis 
model 

(c) Recursive 
representation 

of analysis 
model 

Kc 

N 

Kc 

K' 1-
1 

1 

KFP 

1 

N 

K' 2 -

{Anchor 

2 

2 

2 

K' 2 

3 

KFP 

3 

Fig. A.2. Analysis model of the liner system at the cylinder base. 
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As shm-m in Fig. A.2(b), the analysis moder is comoosed of three types of 
springs. Kr represents the shear resistance of the liner anchor in the 

.... 
concrete, Kgp represents the in-9lane stiffness of the bent plate, and KFP 
represents the in-9lane stiffness of a flat plate panel. The assumed initial 
inward curvature of the bent plate results in an in-plane unbalanced force, N, 
at anchor point NG. 1: this results from the differential strains between the 

liner and concrete and to the pressure acting on the bent plate. This force 
generates tangential ~ovements of all the anchors toward the bent plate 

panel. The anchor movement 1>Jill maximize at anchor point No. land diminish 
rapidly as the distance from anchor point No. 1 increases. 

The spring stiffness properties are described below: 

(a) KFP' TI1e in-plane stiffness of a flat plate is 

'/ = AE /l "FP s (A-1) 

A = section area of the 1-inch wide liner plate stria (0.25 in. x 1 in.) 

Es =Young's modulus of liner (30,000 ksi) 

L =hoop direction spacing of anchors (15 in. typical) 

Hence, 

KF? = 500 kip/in.fin. 

(b) KC, Tne tangential shear resistance capacity of the L3x2xl/4 angle 

embedded in concrete 1vas established from tests. 9 The idea·lized Kc, 

corresponding to a concrete having Ec = 5.4xl03 ksi, is reproduced in 
Fig. A.3. 

(c) :<BP' 
Ref. 9. 

The in-plane stiffness of the bent plate 1,'/as also adoot2d from 
Figure A.4 illustr1tes the idealized Ksp corresponding to liner 

material having a minimum yield stress of 32 ksi. 
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K = -35.6 kip/in.fin. 

K = -11.7 kip/in.fin. 

0.0210 0.0417 

0.02 0.04 0.06 0.08 0.10 
Displacement (in.) 

Fig. A.3. Load vs. displacement curve, KSP' for the bent plate. 
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A.4. Load-displacement curve, Kc, for the liner anchor. 
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A.3 LINER STRAINS AND UNBALANCED FORCE 

The force, N, to be app 1 i ed at anchor point No. 1 is composed of t':lo 

parts. foe first is ~lh. This is due to ti1e differential strain bet\veen the 
liner and concrete that arises from the applicable mechanical and thermal 

I 

loads. The second part is 1'1,, \•1hicl1 is due to pressure ~irectly acting 
on the bent plate. The ;nethods used to compute N. and N, are discussed n n 
below. 

I 

(a) i·lh Maximum concrete stresses or strains due to dead load and 
seismic load on the containment wall occurs near the cyliner-to-base 
junction. First, therefore, compute the meridional ~nd hoop concrete strains 
near the base junction for the following loads: dead load, sei~rnic load, 

effective prestress load, and pressure load. Strain due to inital concrete 
( -6 ) shrinkage was assumed to be -100 µ µ = 10 in./in .. 

For the mechanical loads, the concrete strains also represented the 
differential strains between liner and concrete that were imposed upon the 
liner by way of the anchors. For ther~al loads, the differential strains 
imposed on the liner were conservatively calculated as follows: 

Extreme Env fronment: eh = Q = 6.5 µ [Ti (T. + T 0) /2] -z 1 

= 5.5 µ (T. 
1 

T
0

)/2 

Abnormal/Extreme: 0 = Q = 5.5 µ [Ta - (T. + T ) /2] -11 -z 1 0 

= differential liner-concrete strain in hooo direction. 

e
2 

= differential liner-concrete strain in meridional direction. 
T. = ambient temperature inside containment. 

1 

T
0 

= temperature outside containment. 
Ta = peak temperature on liner surface for abnormal condition. 

The above expressions are conservative. They are based on the following 
s i mp 1 i f i c at i on s : 

• Therma 1 expansion coefficients for both 1 i ner and concrete '.'/ere 
- - . o-b . I. ;Or 
b.~xl 1n. in. r. 

(A-3) 

(A-4) 

• The c:rncrete did not crac~< and the concrete '.'la 11 1:ias restrained from 

~ rotation. 
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• Under abnormal conditions, the liner was assumed to be 
·instantaneously heated to Ta' while the temperature gradient in the 
concrete wall still remained (Ti - T

0
). 

The membrane force Nh can then be determined: 

tEs (eh + ve ) 
N = z (A-5) h 1-v 

where t is the thickness, Es is Young's modulus, and v is Poisson's ratio 
of the liner plate. 

I 

(b) Nh 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 follows. 9 

NI = PL 2121T 2b. 
h m 

in which 

· P = pressure 
L =plate span (15 in.) 

b.m =initial inward deflection at center of the bent plate (1/8 in.) 

A.4 ANCHOR MOVEMENT 

(A-6) 

To derive the anchor movement of the first anchor when the analysis model 
I 

is subjected to the unbalanced membrane force of N = Nh + Nh' K8p and 
all Kc were first assumed to be linear. Letting K1 represent the effect 
of all flat plates and anchors other than anchor No. l, the analysis model 
became that shown at the top of Fig. A.2(c). From this model, 
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Because K1 is related to Kc, KFP and a spring, K2, as shown in 
Fig. A.2(c), i.e., 

(A.8) 

we have 

(A-9) 

I 

Similarly, according to Fig. A.2(c), K2 is related to· KFP' 
I I I I 

Kc and a 
certain K3 as in Eq. (A-8), with K2 and K3 replacing K1 I 

and K2, respectively. It can then be shown that 

(A-10) 

where 

( A-11) 

Based on Eq. (A-10) and Eq. (A-9), a recursive relationship can be established 
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0 = a1(1 + a2(1 + a3(1 + ... ) ) ) = 2 a1a2 ••• ai 
i = 1 

2 
KFP 

a. = 2 l 
( I( C + 2K FP )( K FP + :< C + K i) KFP 

K.' - K 1 - I BP (A-12) 

K! - KFp(KC + K~-1 
1 - K FP + KC + Ki -1 

(i = 2, 3, ..• ) 

Equation (A.7) now becomes 

01 
N = 

KFP + KC + Kgp (A-13) 

1i'lhere 

N = r~( l +O) • (A-14) 

The problem. is.thus reduced to analyzing the· equivalent 3-spring system . ' 

(sho\>1n in Fig. A.5) when subjected to the equivalent force N. The actual 

nonlinearity ~n Kc and Kgp can now be taken into account, depending on the 
magnitude of N. 

It is advisable to first try a linear solution for o
1

• If the 

resultant value of o1 exceeds the elastic limit of Kgp or Kc or both, 
a nonlinear solution becomes necessary. This can be accomplished by trial and 
error until a force equilibrium is reached in the solution. 

1 

N 

Fig. A.5. The 3-spring equivalent analysis model. 
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