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References: 1) August 25, 1992 letter, T. W. Simpkin to
T. E. Murley, Byron/Braidwood Stations Flaw
Evaluation Methodology for RHR Heat Exchanger
Nozzle to Shell Welds

2) September 15, 1993 letter, J. A. Bauer to
T. E. Murley, Withdrawal of Request for NRC
Review and Approval of Flaw Evaluation
Methodology for RHR Heat Exchanger Nozzle to
Shell Welds

3) November 21, 1991 letter, R. M. Pulsifer to
T. J. Kovach, Residual Heat Removal Heat
Exchanger Nozzle to Shell Welds
(TAC NO. MB2087)

In Reference 1) Commonwealth Edison Company (ComEd)
transmitted Westinghouse Electric Corporation (Westinghouse)
Report WCAP 13454, "Fracture Mechanics Evaluation, Byron and
Braidwood Unit 1 and 2, Residual Heat Exchanger Tube Side Inlet
and Outlet Nozzles," daced August 1992 (Proprietary) to the
Nuclear Regulatory Commission (NRC) Staff for their review and
approval. WCAP 13454 was submitted in order to obtain Staff
approval of a methodology with which to disposition flaws in the
Residual Heat Removal (RHR) System Heat Exchangers (HXs) which
are classified as American Society of Mechanical Engineers (ASME)
Code Section III Class 2 components.
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In Reference 2) ComEd withdrew WCAP 13454 from further Staff
consideration, agreeing with the Staff that since the methodology
was not required for flaw disposition at that time it would be
more appropriate for the methodology to receive applicable ASME
Code committee(s) review and approval prior to being submitted to
the Staff for their review and approval. ComEd also stated that
if, at any time in the future, this methodology was required for
flaw disposition at either Byron or Braidwood Stations, that it
would be resubmitted for an expedited Staff review and approval.
The current inspection of the Braidwood Unit 2 RHR HX inlet and
outlet nozzle to shell welds requires use of this methodology for
flaw disposition.

Therefore, ComEd is resubmitting WCAP 13454, "Fracture
Mechanics Evaluation, Byron and Braidwood Unit 1 and 2, Residual
Heat Exchanger Tube Side Inlet and Outlet Nozzles," dated
August 1992 (Proprietary) to the Staff for their expedited review
and approval of the methodology contained therein. ComEd would
like to clarify that ComEd is not asking the Staff for their
approval of the 90% acceptance criteria analyzed in WCAP 13454 at
this time. ComEd will retain the 60% acceptance criteria
documented in the Safety Evaluation transmitted in Reference 3).

Accordingly, attached you will find one copy of WCAP 13454,
"Fracture Mechanics Evaluation, Byron and Braidwood Unit 1 and 2,
Residual Heat Exchanger Tube Side Inlet and Outlet Nozzles,"
dated August 1992 (Proprietary) and one copy of WCAP 13455,
"Fracture Mechanics Evaluation, Byron and Braidwood Unit 1 and 2,
Residual Heat Exchanger Tube Side Inlet and Outlet Nozzles,"
dated August 1992 (Non-Proprietary).

As WCAP-13454 contains information proprietary to the
Westinghouse Electric Corporation, it is respectfully requested
that the information which is proprietary to Westinghouse be
withheld from public disclosure in accordance with Title 10, Code
of Federal Regulations, Part 2, Section 790 (10 CFR 2.790). Due
to the expedited nature of this submittal, WCAP 13454 is not
currently supportel by an affidavit signed by Westinghouse, the
owner of the informalion.

Westinghouse will provide an affidavit which sets forth the
basis upon which the information may be withheld from public
disclosure by the Commission and addresses with specificity the
considerations listed in 10 CFR 2.790(b) (4) as soon as pre=cible.
ComEd and Westinghouse regret any inconvenience that th: abgence
of this affidavit causes the Staff.
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Correspondence with respect to the proprietary aspects of the
items listed above should be addressed to N. J. Liparulo, Manager
of Nuclear Safety & Regulatory Activities, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.
Please address any questions or comments regarding this {
submittal to this office.

Sincerely,
//’":;7
@’&( \'\

Harold D. Pgntéous, Jr.
Nuclear Licensing Administrator

Attachment 1: WCAP 13454
Attachment 2: WCAP 13455

ce: J. B. Martin, Regional Administrator - Region III
G. F. Dick, Byron Project Manager - NRR

R. R. Assa, Braidwood Project Manager -~ NRR

H. Peterson, Senior Resident Inspeclor - Byron

S. G. DuPont, Senior Resident Inspector - Braidwood
@)

ffice of Nuclear Facility Safety - IDNS
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SECTION 1.0
INTRGDUCTION

This fracture mechanics evaluation has been carried out to determine the
largest size of indications which can be accepted for the residual heat
exchanoer inlet and outle* nozzles. The results of this evaluation are
presented in the form of flaw evaluation charts contained in Section 4. The
technical basis for these charts is contained in the remaining sections, and

also in Appendix A.

1.1 Code Acceptance Criteria: Class 1 Components

The evaluation procedures and acceptance criteria for indications in Class 1
austenitic stainless piping are contained in paragraph IWB 3640 of the ASME
Boiler and Pressure Vessel Code, Section XI.[1] The evaluation procedure is
applicable to all the materials within a specified distance from the weld
centerline, Vrt, where r = the pipe nominal outside radius and t is the
nominal wall thickness. Ffor example, at the RHX nozzle, this distance is
calculated to be 1.62 inches, which encompasses regions of the heat exchanger,
as well as part of the RHR line. A1l the materials in this region are SA 240
Type 304 stainless steel, but these acceptance criteria are applicable for all
grades of Types 304 and 316 stainless steels.

The evaluation process begins with a flaw growth analysis, with the
requirement to consider growth due to both fatigue and stress corrosion
cracking. For pressurized water reactors only fatigue crack growth needs be
considered, as ditwcussed in Section 3. The methodology for the fatigue crack
growth analysis is described in detail in Section 3.

The calculated maximum flaw dimensions at the end of the evaluation period are
then compared with the maximum allowable flaw dimensions for both normal
operating conditions and emergency and faulted conditions, to determine
acceptability for continued service. Provisions are made for considering
flaws projected both circumferentially and axially.

WP0453 1b/081492 1-1
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SECTION 1.0
INTROOUCTION

This fracture mechinics evaluation has been carried out to determine the
largest size of ynuications which can be accepted for the residual heat
exchanger inlet a 4 outlet nozzles. The results of this evaluation are
presented in th ‘orm of flaw evaluation charts contained in Section 4. The
technical bas these charts is contained in the remaining sections, and

also in Appendix a.

1.1 Code Acceptance Criteria: Zlass 1 Components

The evaluation procedures cceptance criteria for indications in Class 1
austenitic stainless piping are contained in paragraph IWB 3640 of the ASME
Boiler and Pressure Vessel Code, Section XI.[1] The evaluation procedure is
applicable to all the materials within a specified distance from the weld
centerline, V/rt, where r = the pipe nominal outside radius and t is the
nominal wall thickness. For example, at the RHX nozzle, this distance is
calculated to be 1.62 in , which encompasses regions of the heat exchanger,
us well as part of the RHR 1ine. Al1 the materials in this region are SA 240
Type 304 stainless steel, but these acceptance criteria are applicable for all
grades of Types 304 and 316 stainless steels.

The evaluation process begins with a flaw growth analysis, with the
requirement to consider growth due to both fatigue and stress corrosion
cracking. For pressurized water reactors only fatigue crack growth needs be
considered, as discussed in Section 3. The methodology for the fatigue crack
growth analysis is described in detail in Section 3.

The calculated maximum flaw dimensions at the end of the evaluation period are
then compared with the maximum allowable flaw dimensions for both normal
operating conditions and emergency and faulted conditions, to determine
acceptability for continued service. Provisions are made for considering
flaws projected both circumferentially and axially.
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The allowable flaw sizes have been defined in the tables of IWB 3640 based on
maintaining specified safety margins on the loads at failure. These margins
are 2.77 for normal and upset conditions and 1.39 for emergency and faulted
conditions. The calculated failure loads are different for the base metal and
the flux welds as they have different fracture toughness values, as discussed
in Section 2. (Non-flux welds, such as gas tungsten arc welds, have the same
properties as the base metal.) The failure loads, and consequently the
allowable flaw sizes are larger for the base metal than for the welds.
Allowable flaw sizes for welds are contained in separate tables in IWB 3640.

1.2 Acceptance Criteria for Class 2 Components

Section XI in its present form contains no acceptance criteria specific to
Class 2 components. Instead, the user is referred to the criteria for Class 1
components, which have been described above. Work has been underway for some
time in the Section XI committee to develop evaluation criteria for Class 2
and Class 3 components. This work has been used to develop a flaw evaluation
chart specific to the Byron and Braidwood Residual Heat Exchangers. The
detailed technical basis is contained in Appendix A of this report. This
approach is consistent with the approach used for Class 1 components, and in
fact allows one to reproduce the acceptance criteria for Class 1 systems. The
approach utilizes the original design criteria for the component and maintains
this design margin in the presence of a flaw. The corrections for flux welds
are exactly the same as those for Class 1 components.

1.3 Geometry

The geometry of the residual heat exchanger is shown in Figure 1-1, the
details of the iirlet and outlet nozzles of the tube side is shown in

Figure 1-2. The tube side of the residual heater exchanger is designed to
Class 2 criteria, while the shell side is designed as Class 3. The notation
used for surface and embedded flaws in this work is illustrated in Figure 1-3.

The fracture and fatigue crack growth evaluations carried out to develop the
handbook charts have employed the recommended procedures and material
properties for stainless steel prescribed in paragraph IWB 3640 and Appendix C
o Section XI.

WP0453.1b/081692 1-2
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Figure 1-3.
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SECTION 2.0
LOAD CONDITIONS, FRACTURE ANALYSIS METHODS AND MATERIAL PROPERTIES

The loading conditions used in the analyses described herein were taken

directly from the equipment specification. The latest fracture analysis
technology has been employed in conducting this analysis. The material

properties ha,e been taken from the latest version of the Reference 1

ASME Code.

2.1 Transients and Load Conditions

The design transients for the residual heat exchanger are very minimal,
because this component operates only during plant shutdown conditions.
Therefore, the only transient conditions which it experiences are the startup
and shutdown of the system. This coincides with the shutdown and startup of
the plant, respectively. The appropriate limiting load conditions for the
location of interest are discussed next.

The loading conditions which were evaluated include thermal expansion (normal
and upset), pressure, deadweight and seismic (OBE and SSE) loadings. The

RHR piping forces and moments for each condition were obtained from the ASME
Code Section III calculations performed by Sargent and Lundy and Westinghouse
for Byron and Braidwood Units 1 and 2 in References 2 through 5. These loads
[6] were found to be bounded by the equipment specification design loadings
for the heat exchanger nozzles (G-679150 Rev. 1). Consequently, the
evaluation performed using the design loadings is applicable to Byron and
Braidwood Units 1 and 2. Residual stresses were not used in this portion of
the evaluation in compliance with the Code guidelines. A further discussion
of residual stresses is contained in Section 3.2. The stress intensity values
were calculated using the following equations:

SI =P, + P,

WP0453 16/061492 2-1
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to provide the most accurate determination possible. The stress profile was
represented by a cubic polynomial:

2 3
aU)=A.+A,;.+A2[%] *A,[%]

where is the coordinate distance into the wall
wall thickness
= stress perpendicular to the plane of the crack

coefficients of the cubic fit

Q & x
L]

>
1

For the surface flaw with length six times its depth, the stress intensity
factor expression of [McGowan and Raymund [ ]]*** was used. The stress
intensity factor KI (@) can be calculated anywhere along the crack front.
The point of maximum crack denth is represented by ¢ = 0. The following
expression is used for calculating KI (@), where d is the angular location
around the crack.

0s
K(p) = [%%J (cos’e + _g..; sin‘@)"™(AH, + E_‘!AH (2-2)

. “—Azﬂz

- A

'377?5

The magnification factors H,(@), H,(¢), H,(@) and H,(@) are obtained by the
procedure outlined in reference [8].

The stress intensity factor calculation for a semi-circular surface flaw,
{aspect ratio 2:1) was carried out using the expressions developed by [

[ 11**. Their expression utilizes the same cubic representation of
the stress profile and gives precisely the same result as the expression of
[ ]*** for the 6:1 aspect ratio flaw, and the form of the

equation is similar to that of [ ]*“* above.

WPO453 16081682 2-3



The stress intensity factor expression used for a continuous surface flaw was
that developed by [ [ ]1***. Again the stress profile is
represented as a cubic polynomial, as shown above, and these coefficients as
well as the magnification factors are combined in the expression for K

LEr

K = na [ (2-3)

where F,, F,, F,, F, are magnification factors, available in [9].

2.3 Ffracture Toughness

The residual heat exchanger is constructed of SA 240 stainless steel,
type 304. The weld at the nozzle was made by the shielded metal arc process
as verified by the shop traveller and the weld procedure referenced therein.

The fracture toughness of the base metal has been found to be relatively very
high, even at operating temperatures [10], where the J,  values have been found
to be well over 2000 in-1b/in’. Fracture toughness values for weld materials
have been found to display much more scatter, with the lowest reported values
significantiy Tower than the base metal toughness. Although the J, values
reported have been lower, the slope of the J-R-curve is still large for these
J, cases. Representative values for J_were obtained from the results of
Landes, et. al. [11], and used in the development of the fracture evaluation
methods.

[ ] ace

This value of toughness was used in the original development of the flaw
acceptance criteria, and has been shown to be extremely conservative relative
to test results for larger specimens obtained since that time. This subject
is further discussed in Section 4.2.

WP0453 1b/081482 2-4



2.4 THERMAL AGING

Thermal aging at operating temperatures of reactor primary piping can reduce
the fracture toughness of cast stainless steels and, to a lesser degree,
stainless steel weldments. Because of the lower cperating temperature (400°F)
of the residual heat exchanger, and the fact that the materials are type 304
stainless (not cast), thermal aging in this component will be negligible.

2.5 Allowable Flaw Size Determination

The critical flaw size is not directly calculated as part of the flaw
evaluation process for stainless steels. Instead, the failure mode and
critical flaw size are incorporated directly into the flaw evaluation
technical basis, and therefore into the tables of "Allowable End-of-Evaluation
Period Flaw Depth to Thickness Ratio," which are contained in paragraph IWB
3640. The same is true for the revised acceptance criteria for Class 2

components.,

Rapid, nonductile failure is possible for ferritic materials at low
temperatures, but is not applicable to stainless steels. In stainless steel
materials, the higher ductility leads to two possible modes of failure,
plastic collapse or unstable ductile tearing. The second mechanism can occur
when the applied J integral exceeds the J  fracture toughness and some stable
tearing occurs prior to failure. If this mode of failure is dominant, the
load carrying capacity is less than that predicted by the plastic collapse
mechanism.

The allowable flaw sizes of paragraph IWB 3640 for the high toughness base

materials were determined based on the assumption that plastic collapse would
be achieved and would be the dominant mode of failure. [

] L

WP0453:1b/081487 2-5



SECTION 3.0
FATIGUE CRACK GROWTH

In applying Code acceptance criteria as introduced in Section 1, the final
flaw size ac is defined as the flaw size to which the detected flaw is
calculated to grow at the end of a specified period, or until the next
inspection time. This section will examine each of the calculations, and
provide the methodology used as well as the assumptions.

3.1 Analysis Methodology

The methods used in the crack growth analvsis reported here are the same as
those suggested by Section XI of the ASME Code. The analysis procedure
involves postulating an initial flaw at specific regions and predicting the
growth of that flaw due to an imposed series of loading transients. The input
required for a fatigue crack growth analysis is basically the information
necessary to calculate the parameter AKl which depends on crack and structure
geometry and the range of applied stresses in the area where the crack exists.
Once AKI is calculated, the growth due to that particular stress cycle can be
calculated by equations given in Section 2.2 an'! figure 3-1. This increment
of growth is then added to the original crack size, and the analysis proceeds
to the next transient. The procedure is continued in this manner until all
the transients known to occur in the period of evaluation have been analyzed.

The only transients considered in the analysis were the startup and shutdown
of the RHR system. These transients are spread equally over the design
lifetime of the vessel.

Crack growth calculations were carried out for a range of flaw depths of three
basic types. The first two types were surface flaws, one with length equal to
six times the depth and another with length equal to twice the depth. The
third type was a continuous surface flaw which represents a worst case
condition for surface flaws.

WPD453 1b/081492 3-1



3.2 Crack Growth Rate Reference Curves

The reference crack growth law used for the stainless steel was taken from
that developed by the Metal Properties Council - Pressure Vessel Research
Committee Task Force in Crack Propagation Technology. The reference curve has
the e .:ation:

93 _ ¢Fs ak” (3-7)
N

where .g% = crack growth rate, inches per cycle

= Material coefficient (C = 2.0 x 10'19)

L

F = Frequency coefficient for loadings (F = 2.0)
S = R ratio correction coefficient (S = 1.0 = 0.502 %)™ 4-0
n = Material property slope (=3.0321)

AK = Stress intensity factor range, psi |in

This equation appears in Section XI, Appendix C (1989 Addendum) for air
environments and its basis is provided in reference [12], and shown in

figure 3-1. Ffor water environments, an environmental factor of 2 was used,
based on the crack growth tests in PWR environments reported by Bamford [13].

3.3 Residual Stresses

Since the residual heat exchanger vessel-‘o-piping welds have not been
stress-relieved, residual stresses are likely present. For fatigue crack
growth analyses, these stresses are included directly.

In general, the distribution of residual stresses is strongly dependent on the
degree of constraint of the structure. The stiffer the structure, the higher
the residual stresses. [

]I.‘.‘
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3.4 Stress Corrosion Cracking Susceptibility

In evaluating flaws, all mechanisms of subcritical crack growth must be
evaluated to ensure that proper safety margins are maintained during service.
Stress corrosion cracking has been observed to occur in stainless steel in
operating BWR piping systems. The discussion presented here is the technical
basis for not considering this mechanism in the present analysis. The
residual heat exchanger tube side nozzles are exposed to only primary coolant
water.

For all Westinghouse plants, there is no history of cracking failure in the
reactor coolant system loop piping. For stiress corrosion cracking (SCC) to
occur in piping., the following three conditions must exist simultaneously:
high tensile stresses, a susceptible material, and a corrosive environment.
Since some residual stresses and some degree of material susceptibility exist
in any stainless steel piping, the potential for stress corrosion is minimized
by proper selection of a material immune to SCC as well as preventing the
occurrence of a corrosive environment. The material specifications have taken
into consideration compatibility with the system’s operating environment (both
internal and external) as well as other materials in the system, applicable
ASME Code rules, fracture toughness, welding, fabrication, and processing.

(55
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The acceptance criteria for surface flaws have been described in Section 1 for

both Class 1 and Class 2 compor ts. For flaw evaluation in stainless steel
only the fatique crack growth resuits must be calculated The allowable flaw
jepths were determined directly from the tables in IWB 3640 and from table
developed specifically for Class 2 components, as detailed in Appendix A.

The first set of data required for surface flaw chart construction
final flaw size a,. As defined in IWB-3€11 of ASME Code Section XI, a, is the

flaw depth resulting from growth during a specific time period which can b¢

the next scheduled inspection of the component or until the end of design

fet ime lherefore, the final depth, a,, after a specific service period of
time must be used as the basis for evaluatior

ho fina £1aw ize. a an be calculate by fatique crack growth analysis,
wh h ha heor ‘wv‘ yrmed covering a range of P stulated f YUV‘ 1Zes and ‘\-"UW
haps The crack arowth calculational methods have beer scussed 1r
ect n 3 The results of the crack growth calculation showed that growth for
omplete range of crack sizes was inconsequential for the entire service
f o f 40 vear This was expected, since the region experiences so few
he a wable flaw ize for Class 1 stainles steel piping and component ]
btained directly from tables in paragr apt IWB 3640 0 the evaluation proce:
traightforward The allowable flaw size for Class 2 piping and component
was obtained directly through use of Appendix A
The a wable flaw size is calculated based on the most limiting transient for
e perating nditior imilarly, the owable flaw size for
emeraer v and fa tad naditior 1S a agetery ned It theory and
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Two dimensionless parameters which fully address the characteristics of a
surface flaw, have been used for the evaluation chart construction:

o Flaw Length divided by the circumference, £/c
o Flaw Depth parameter a/t

where,
t = wall thickness, in.
a = flaw depth, in.
£ = flaw length, in.
C

= pipe circumference, in.

The flaw evaluation chart for the residual heat exchanger inlet and outlet
nozzies is shown in Figure 4-1. The chart has the following characteristics.

]l,l‘
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A detailed example on the use of the charts for a surface flaw is pre<ented
below:

Surface Flaw Example

Now suppose an indication is to be evaluated using the charts. For the
circumferential orientation:

a=0.10" ? =6.1"
t = 0.40" c = 44.0"

The flaw characterization parameters then become:

a/t = 0.250
£/c = 0.139

Plotting these parameters on the surface flaw evaluation chart of Figure 4-1,
it is quickly seen that the indication is acceptable, for both the class 1 and
class 2 curves.

Embedded Flaw Example

The flaw evaluation charts are equally useful for embedded flaws. Suppose an
embedded indication were discovered with the following dimensions:

2a = 0.2" 1=7.0" $=0.1"
t = 0.4" c = 44.0"

The indication would be characterized as an embedded flaw, because the S
dimension exceeds 0.4a. The flaw characterization parameters then become:

2a/t = .5
1/c = 0.160

Plotting these parameters on the flaw evaluation chart in Figure 4-1 shows
that the indication is acceptable for both the Class 1 and Class 2 acceptance
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criteria. Note that for embedded flaws, the tul.l depth "2a" of the flaw is
plotted on the chart.

4.2 Conservatisms in the Flaw Evaluation

The stress and fracture analysis results presented herein have been structured
to be conservative at each step to ensure conservatism in the final result.

The stresses applied to the heat exchanger nozzles were taken from the vessel
equipment specification loads, which represent bounding loads for the

structure. The actual loads for the Byron and Braidwood Units 1 and 2 heat
exchangers [6] are approximately 60 percent of the design loads.

] ece
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Figure 4-1 Flaw Evaluation Chart for Byron and Braidwood Units 1 and 2
Residual Heat Exchanger Tube Side Nozzles
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Figure 4-2 Comparison of Fracture Toughness Results for Different
Specimen Sizes, Submerged Arc Weldments
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APPENDIX A
DEVELOPMENT OF UNIFIED FLAW ACCEPTANCE
CRITERIA FOR AUSTENITIC PIPING

A.1.0 INTRODUCTION

There are currently rules in the ASME B&PV Code, Section XI, (Ref.(A3), for
the evaluation of flaws in austenitic piping when the discovered indications
exceed the allowable acceptance standards. These rules are complex, use
relatively arbitrary "safety factors", require the knowledge of a "flow
stress" that is very difficult to determine, and have arbitrary limits on the
maximum flaw depths allowed, with the result that the compounded conservatisms
have produced very conservative results.

The approach taken in developing these rules is that austenitic piping is very
ductile and a failure of a pipe, whether flawed or not, will be by plastic
collapse of the pipe cross section and has been verified by numerous
experiments. A solution for the collapse load of a flawed pipe was developed
in terms of the applied primary loads and the flawed pipe geometry using limit
Toad theory with the yield stress replaced by a flow stress. This collapse
stress is divided by a fixed safety factor (2.77 for Level A and B lcadings
and 1.39 for Level C and D loadings) to establish allowable stresses in the
flawed pipe and these were back calculated to establish the allowable flaw
size. It should be noted that the collapse equations were developed for a thin
walled tube (R » t), for this is the only practical solution, and again is
conservative for real pipes which have thicker cross sections.

These solutions of Ref. (A3) have several limitations:
a) They are available for Class 1 piping only.
b) The allowable design stresses of Ref. {Al) have different values for

each of the loading categories (Levels A, B, C, and D) that are not
always consistent with the safety factors used.
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c) The accumulated conservatisms are such that, for many cases, a new
unflawed pipe will fail the criteria of Ref. (A3).

d) There is no limit on axial membrane stress. Although the predominant

failure mode in piping is by bending, there are cases such as a flaw in
an end cap weld where the membrane stress governs.

[ ]l,t,l
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A.2.0 CRITERIA

The criteria of the ASME B&PV Code, Section III, "Nuclear Power Plant
Components"”, (Ref. (Al)) for the design of new components is based upon the
premise that the materials used will be ductile and the failure mode wiil be
by plastic collapse. The resulting minimum safety margin is the ratio of the
collapse load of the structure to the maximum permitted loads in the
structure. The collapse load of the structure is conservatively defined in
Section III using limit load theory with the collapse stress equal to the
yield strength of the material. These criteria are discussed in "Criteria of
Section 111 of the ASME Boiler and Pressure Vessel Code for Nuclear Vessels",
ASME, 1964 (Ref. (A2)). Figure A2.1 is a reproduction of Fig. 2 of Ref. (A2)
that demonstrates the safety margins for a beam of rectangular cross section
for both longitudinal membrane and membrane plus bending stresses.

[ ‘]l.‘,l
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A.3.0 FLAW NOMENCLATURt FOR A CIRCUMFERENTIAL FLAW

The nomenclature used in evaluating a pipe with a circumferential<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>