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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, O. C. 20555 

Docket No. 50-237 
LS05-82..06-115 

. Mr. L. DelGeorge 
Director of Nuclear Licensing 
Commonwealth Edison Company 
Post Office Box 767 
Chicago, Illinois 60690 

Dear Mr. DelGeorge: 

June 29, 1982. 

SUBJECT: DRAFT SAFETY EVALUATION OF SEP TOPIC III-5.A, 
HIGH ENERGY PIPE BREAKS INSIDE CONTAINMENT, 
INCLUDING REQUEST FOR ADDITIONAL INFORMATION 
FOR THE DRESDEN NUCLEAR POWER STATION UNIT 2 

Enclosure -1 is our draft safety evaluation of SEP Topic III-5.A. This ass·essment 
canpares the methods you have proposed for the mechanistic evaluation of High 
EQergy Pipe Breaks Inside Containment (HEPS) with the criteria and methods· used 
by the regulatory staff for 1icensing new facilities., As noted in our draft 
.safety evaluation·, we have taken positions and requfre·d .. sOme· additiona1 informa- _ _ 
tion to finalize our review of your proposed analysi's methods and criteria. You. -~;;, .. /. 
are requested to provide, within 30 days of the date of this letter, the necesso.~_y 
information and/or revise your analysis methods to be consistent with the identi_- :< -
fied staff positions. The 30 day response is necessary to el'lsure that your analyl · 
sis, upon C()'Tlpletion in September 1982, will be acceptable to the staff and · 
that.this topic re vi e·w is appropriately considered in the integrated assessment.· 
We ha.ve al so enclosed guidance (Enclosure 2), which is being used to resolve open 
items on this topic at other SEP facilities. This guidance provides alternative 
approaches to purely mechanistic (i.e., current Standard Review Plan) evaluations 
of HEPS. 

. -
This evaluation and your committment to evaluate and upgrade, i.f necessary, your 
facility for High Energy Pipe Breaks Inside Containment will be a basic input to· 
the integrated assessment for your facility. 

The reporti'ng and/or recordkeeping requirements contained in.this letter affect 
fewer than ten respondents; therefore, OMB clearance is not required under 
P.L. 96-511. 

Enclosures: 
:..s stated 

cc w/encl'Jsures: 
See next ;>age 

, 

Sincerely, 
I 
' 

. /~~ /11, JJ;fl""d 
Dennis M. Crutchfield,~;~ ~ 
Operating Reactors Branch No. 5 
Division of Licensing 
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· . Mr. L. Del George 

cc 
Robert G. Fitzgibbons Jr. 
Isham, Lincoln & Beale 
Counselors at Law 
Three First National Plaza 
Suite 5200 
Chicago, Illinois 60602 

Mr~ B. B. Stephenson 
Plant Superintendent 
Dresden Nuclear Power Station 
Rural Route #1 
Morris, Illinois 60450 

· The H~norable Tom Corcoran 
Unit~d States House of Representatives 
Washington, D. c. 20515 · 

u .. s. Nuclear Regulatory Commission 
Resident 1nspectors Office 
Dresden Station · 
RR il 
Morris, Illinois 60450 

Mary Jo Murray 
. Assistant Attorney General 
Environmental Control Division 
188 W. Randolph Street 

· Suite 2315 · 
Chicago, Illinois 60601 

Chainnan· 
Board of .Supervisors of 

eGrundy County . 
Grund; ·county Courthouse 
Morris, Illinois 60450 

·John F. Wolf, Esquire 
3409 Shepherd Street 
Chevy Chase,·Maryland 20015 

Dr. Linda W. Little 
500 Hennitage Drive 
Raleigh, North Carolina_ 27612 

Judge Forrest J. Remick 
The Carriage House - Apartment 205 
2201 L Street~ N. W. 
Washington, D. c. 20037 

, 

Dresden 2 
Docket No.: 50-237 
Revised· 5/19/82 

111 inoi s· Department of Nuclear Safety -~ 
1035 Outer Park Drive, 5th Floor 
Springfield, I111nois 62704 

U. S. Environmental Protection Agency 
Federal Activities Branch . 
Region Y Office · . 
ATTN: Regional Radiation Representative 
230 South Dearborn Street 
Chicago, Illinois 60604 

James G. Keppler, Regional Administrator 
Nuclear Regulato·ry Commission, Region III 
799 Roosevelt Street 
Glen Ellyn, Illinois 60137 
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SEP DRAFT EVALUATION 
OF 

EFFECTS OF PIPE BREAK ON STRUCTURES, 
SYSTEMS AND COMPONENTS INSIDE CONTAINMENT 

TOPIC 111-5.A 
DRESDEN 2 NUCLEAR POWER STATION 
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SYSTEMATIC EVALUATION PROGRAM 

TOPIC I II S.A 
DRESDEN 2 NUCLEAR POWER STATION 

TOPIC: III-5.A, Effects of Pipe Break on Structures, Systems and 
Components Inside Containment 

I. INTRODUCTION 

The safety objective of Systematic Evaluation Program (SEP) Topic III-5.A; 
"Effects of Pipe Break on Structures, Systems and Components Inside Con
tainment," is to· assure that pipe breaks would not cause the loss of 

·required function of "safety-related" systems, structures and components 
.and to assure that the plant can be safely shut down in the event of such 
breaks. The required functions of "safety-related" systems are those 
functions required to mitigate the effects of the pipe break and safely 
shut down the plant. · 

I I. REVIEW. CRITERIA 

General Design Criteria 4 (Appendix A to 10 CFR Part 50) requires in 
part that structures, systems and components imp9r._t_an1:,.t_o safety be 
appropriately protected ag~inst dynamic effects;·.;·such~as pipe whip and· 
di~charging fluidl, that may result fro~ equip~~~t.fafl~res. 

The current criteria for review of pipe breaks inside contain.ment are 
contained in Standard Review Plan 3.6.2, "Determination of Break Locations 
and Dynamic Effects Associated with the Postulated-Rupture of Piping," 
including its attached Branch Technical Position, Mechanical Engineering· 
Branch 3-1 (BTP MEB 3-1). 

·.:. ·.._ ... __ , .... ·.-· 

.:.··: ..... . 

· III. REL~TED SAFETY TOPICS AND INTERFACES 

,.: . 
' ; 

,.. 
: 

A. This review complements that of SEP Topic VII-3, "Systems Required for 
Safe Shutdown." 

B. The environmental effects of pressure, temperature, hµmidity and 
flooding due to postulated pipe breaks are evaluated under SEP Topic 
III-12, "EnvironiTlental Qualification of Safety-Related Equipment." 

C. The effects of potential missiles generated by fluid system ruptures 
and rotating machinery are evaluated under SEP Topic III-4.C, · 
"Internally Generated Missiles." 

D. The effects of containment pressurization are evaluated under SEP iopic 
VI-2.D, "Mass and Energy Release for Possible Pipe Break Inside Containment." 

E. The original plant design criteria ir1· the areas of seismic input, analysis 
and design criteria are evaluated under SEP Topic III-6, "Seismic Design 
Consideration." 

, 
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IV. REVIEW GUIDELINES 

The licensee's break location criteria and methods of analysis for 
evaluating postulated breaks in high energy piping systems inside.· 
containment have been compared with the currently accepted review 
criteria as described in Section II above. The review relied upon 
infonnation submitted by the licensee. Commonwealth Edison Company 
(CECo), in Reference 1. 

V. .EVALUATION 

A. Background 

On July 20, 1978, the SEP Branch sent a letter (Reference 2) to KMC, 
Inc. requesting an analysis of the effects of postulated pipe breaks 
on structures, systems and components inside containment for SEP 
Plants. In that letter, the staff included a position that stated . 
three approaches were appropriate for postulating bre~ks in high 
energy piping systems either P~275 psig or T~200°F. The approaches.are: 

1. Mechanistic ~·.:. ... ~ . .., ·-~ ........ :; .. : ~ .. . 

2. Simplified Mechani~tic 
3. Effects Oriented · 

The staff further stated that combinations of the three approaches 
co~ld be utilized if justified. 

On December 7, 1978, the NRC staff sent another letter {Reference 3) 
to CECo. requesting the licensee to provide some technical infonnation 

. and evaluation of the subject topic for staff to compare the plant 
·design to current criteria and to evaluate the significance of potential 
. differences . 

. Subsequently, several meetings were held between the staff and the 
representatives of the licensee and its consultant (EDS Nuclear) to 
discuss the subject matter. As part of redirection pf the NRC 
Systematic Evaluation Program, the licensee provided the Interim Progress 
Report on the subject topic on June 4, 1982 (Reference 1). 

The objective of Reference 1 is to present the program plan for resolu
tion of SEP Topic III-5.A at Dresden 2 Nuclear Power Station as well 
as key elements of the technical approach being utilized. 

B. Surmna ry of Fi ndi nos 

1. The program plan developed by Commonwealth Edison for resolution of 
SEP Topic III-5.A at Dresden 2 Nuclear Power Station consists of 
the following six major tasks: 

, . 

•' '.·. ·_·;· ..... :::. . 
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a. Finalize Program Plan ' . 
b. Define Mechanistic Break Locations 
c. Develop Target Evaluation Criteria 
d. Perform Interaction .. Evaluation 
e. Perform Cost/Benefi't.·Analysis 
f. Perform Additional.Analysis (as required) 

I 

i .. Fracture Mechanics Evaluation 
ii. Rigoro~s Jet Impingement and Pipe Whip Analysis 

iii. Rigior~us}~Containment and Structure Damage Analysis 
iv. Piping' Stress Analysis 
v. Restraint Feasibility Study 

At the present time, the ffrst three tasks have· been ·completed and the 
\n~~~?ction evaluation is· in progress. The anticipated completion date 
for this study by the licensee is September 1982. 

2. Current criteria require that through-wall leakage cracks be postulated 
in moderate energy line piping (<200°F and <275 psig). The licensee 
has not addressed this subject in this SEP topic as~essment. · 

3. The licensee has defined high energy fluid .. systerns as those that are 
maintained under conditions where either of::bo:t.t:Cthe maximum operating~:~~..;=\>::-:.~~,:::·. 

. pressure exceed 200°"F and 275 psig respectively~·.··. Those piping systems,:':: .. · ' 
that operate above these limits far· only a relatively shor.t portion . ... ·. 
(less than approximately two percent) of the period of time to perfonri~-:o::~'--.:-::c·. 
their intended function, are excluded from evaluation. This is consis:.;:~7 ,_ -,~_-:-: .... 

t~nt with current criteria. -

4. The licensee has utilized the Mechanistic Approach in its evaluation.of 
high energy pipe break inside containment. Based on the infonnation 
submitted in Reference 1, we have concluded that the criteria used to 
define the break locations and the break types are in accordance with 
currently accepted standards. 

5. We have reviewed the licensee's infonnation pertaining to pipe whip 
load fonnulation. Based on the information currently available, we 

6. 

' ,;_ 

, 

have determined that the licensee's approach is, in general, acceptable. 
However, the detailed methodology and specific application of Reference 
4. to the licensee's pipe whip load calculation will be reviewed when the 
results of licensee evaluation become available. 

The licensee's calculations of jet impingement loads .on vario1;1s·:tar;ets 
are based o~ the methodology presented in ANSI/ANS 58.2-1980. _Based 
on the infonnation submitted in Reference 1, we have concluded that the 
licensee's methodology including its bas~c assumptions for calculating 
the jet impingement loads is acceptable. 

.i I 

. , 
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7. We have reviewed the infonnation pertaining to the pi;e whip and 
jet impingement interactions with the dr,YWell liner, Reactor Pressure 
Vessel (RPV) pedestal and biological shield wall. Based on the 
information submitted in Reference l, we have detennined that the 
licensee's approach is, in general, a~ceptable except as follows: 

a. Section 4.2 of Reference 1 references Chicago Bridge & Iron 
Company (CB&I) Test Report (Reference 5). The CB&I test indicates 
that when a spheric~l shell segment having a shell thickness of · 
0.75 inches is loaded over a large enough area, i.e., equivalent 
to a 14 inch diameter or larger circle,. defonnation of the plate 
over 3 inches can occur without failure of the plate segment. 

,. 

Based on this test result, the licensee concludes that for breaks 
occuring in piping greater than 14 inches in diameter, even if contact 
occurred with the drywell liner, the amou~t of liner defonnation, as 
limited by the concrete shield wall, would not result in a liner· 
failure. Accordingly, no~acceptable interactions are considered to 
result with the drywell as a consequence of breaks postulated i'n 
piping greater than 14 inches in diameter. However, it should be 
noted that the CB&l test was perfonneq under.essentially static 
conditions. It is not clear that the test.result is also valid for 

,. 
J. ,. 
>. 

, . 

the dynamic loading which would be experJenc~d::as a result of pipe · 0 ~;;,;~;:~,.,._:.c.,:-. 
whip. In addition, the particular test::applfes: a .. concentrated load 
of 235 tons over an area, equivalent to a ·14 inch diameter or larger - ....... . 
circle. This assumption may not always be valid because the impact ·-_<·"
area of a 14 inch diameter or larger pipi may be smaller than the ·-:~.- .. 
assumed area. Thus, our concern is that in the case of applying con~ 
centrated dynamic load over a small area the steel plate may be. 
perforated before the defonnation is terininated by the concrete 
shield wall. Therefore, based on the infonnation submitted, we 
have detennined that the licensee ha-s not provided a sufficient 
justification to use the CB&I test results in its case. 

The li_censee should select a worst case configuration or other alter
native to demonstrate that the impact load or energy produced as a 
result of .postulated pipe break for piping greater than 14 inch diame
ter does not exceed the load or energy required .to penetrate the con
tainment liner and wall. In performing this evaluation with static 
analysis or static test, the dynamic load factor has to be considered.
The licensee can take int9 account the following considerations: 

i. Actual liner thickness with respect to the impact location; and 
ii .. The combined crack propagation time and break opening time of 

the pipe may be long enough to depressurize the system such that 
the whipping pipe could not produce sufficient energy to pene
trate th~ containment wall. 
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b. The licensee should provide th~ technical bases ior Figure 4-1 

of Reference 1 with respect to the energy absorption capacity 
of containment liner (based on 80 percent penetration). 

c. The licensee should clarify the technical bases for Figure 4-2-of 
Reference 1 and the use of 2500 psi as an upper bound for jet 
impingement loading on the drywell liner (page 11, Reference 1). _ 

d. The licensee should provide .the detailed methodology including 
basic assumptions used in arriving at screening criteria for RPV 
pedestal and biological shield wall. i.e., the allowable pipe whip 
loads and maximum allowable jet impingement pressure, for postulated 
pipe break interactions with RPV pedestal and biological shield wall 
(Figures 4-3 and 4~4, Reference 1). . 

In considering the damage criteria (Section 4.5 of Reference l)i the 
licensee has used the assumption that a jet or whipping pipe is con-
sidered to inflict no damage on other pipes of equal or greater size 
and equal or greater thickness. It is the staff's position (Reference 
7) that the effecis of jet impingment shoul~ be considered and evaluated 
regardless of the ratio of impfoged and po:7::~~1-'~!~c.l:.:broken pipe sizes. · : 0:::=~:;7:.·c:::,;~7 .. _ . 

. . .. ---·· 

9. ·rn determining the acceptability of target pipe '(s~ction 4.3.2.of 
Reference 1), the licensee has used a criterion that the limiting 
factor for an applied equivalent static load is that the resulting .. ~-.• - .... 
strain in the target pipe material does not exceed 45 percent of the 
minimum ultimate unifonn strain of the m·aterial at the appropriate _ 
temperature. This criteria is acceptable for avoiding cascading pipe 
breaks. However, some piping systems are required to deliver certain 
rated flow and should be designed to retain dimensional stability when 
stressed to· the allowable limits associated with the emergency and 
faulted conditions, i.e., the functional capability of the piping is 
required to be demonstrated. The licensee should provide justification 
to assure· that the target piping will remain functional as a result of 
jet impingement ahd pipe whip interactions. 

10. The licensee's approach for the alternative safety assessment for selected 
high energy pipe break locations using fracture mechanics analysis is not 
completely consistent with the staff guidance on the subject as described 
in Appendix 1 to Attachment to Enclosure 2. For example, the licensee 
did not address the detectability requirements. The staff recomnends 
that the 1 icensee cons id.er the staff guidance as provided in Enclosure 
2 for resolution of unresolved interactions. · 
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CONCLUSION~ .. 
.-~· . 

Based on the infonnation submitted by the licensee, we have reviewed the 
criteria pertaining to the locations, types and effects of postulated 
pipe breaks in high energy piping systems inside containment. We have 
concluded that the criteria used to define the break· locations, the break 
types, the jet impingement loads, and the pipe whip analysis are, in 
general, in accordance with currently accepted standards. We·have also 
detennined that it is acceptable under current SEP criteria to use ~he 
interaction study to evaluate the effects of postulated pipe breaks to 
detennine the acceptability of plant response to pipe breaks. 

However, we have found the scope of program plan, the containment integrity 
evaluation, the damage criteria for jet impingement, the target pipe analysis 
criteria, and the fracture mechanics approach as identified in Items 8.2, 
8.7, 8.8, 8.9, and B.10, respectively, have not ~een addressed adequately 
in the licensee's evaluation. 

··- -·..;··--. -: _,_----:--:- ... 
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• 

GUIDANCE FOR RESOLUTION OF OPEN ITEMS FOR 
TOPIC_ II I-5.A 

l~i'i~OCL!C7!0N 

Enclqsure 2 

,. .• . " • ~ .... •• . - c . . . I G , !'I ' c . 1 ... n .. erion .. o-... o, .;ie .-. .. om-;:: :.:iergy or..mission s ·enera 1.1es-;5n riter a, 
as 1isted in Ap;e~tix A cf 10 CFR Part 50, require~ in part that structures, 
systems -a:-:c! com1=onents ir:iportant to ·safety be a;:>l'ropri-a:-t!1y-protected 
against the dynamic effects, such as pipe whip and jet impinge.'llent, of_ 
equipment failures. ihe plant must be designed such that the reactor can 
be shutdown and rnai~tain~ in a safe shutdwon condition in the event of a 
postu1ated r~pturg cf a ~i~ing syste.'ll containing high energy f1uid, up to 
and including the dou!:>le-ended rupt:.ir'e of the lar·;est pipe in the ructor 
coolant systems.· · ··-

SACKG~OUND 
. . 

On July 20, 1978, the Syste.'11atic Evaluati.on ?rogram {SEP) Branch sent a 
1 ette:- to KMC, Inc. (SEP Owners Group) .,.,hi ch provided thr~e general 
approaches that could be used to evaluate the effects of fluid syste:ns 
!:>T"eaks inside containment. The three approaches, as described in Refe!'• 
e·nce 1, are: 

1) mechanistic approach 
2) · effects-oriented approach 
3) ~implified mechanistic approach 

-~-~ . .,.:~~ --.~ _·.: .. :-.-:· 

~-- .. 
A combination of.the three approaches was per.nissib1e_1f justified. 

II!. DISCUSSION 

As the topic rev1ews.on pipe break effect3 continu~d. the need for addi~ 
tiona1 guidance became clear. Using the methodology adopted by the licensee, 
appT"oximately·four hundred break locations inside containment were ident
ified. Conside:ing the effects of the interactions, the number with 
potentiai 1y adverse consequences were reduced to approximately two hundred. 
Sased on these preliminary results, the staff has determined that supple- . 
mental sui·dance is desirable for resolution of these open ite!i'ls. 

A. 

, . 

Selection cf 3re~k Locations 

Sre!k 1ocatic~s need only be· postuiated at ~elds and st~uctur?l dis
continuities (i. e., terminal er.ds, el!xJws~ brand'! connecticns) 
rather than at any ~oint aiong the pipe. Bre~k iocations ~rev~Qusly 
seiec:2ci under an efrects-orier.ted review may be eiirninated frcm con
siceraticn ·if they do-not--co·ri~itute-~·str'Jctur:.1 discontinuity or a 
weld. --- - - ··--·------

,_-~~~;.o..:.. ;,·. ···--,,,,.. 
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B. .Effects on P1 ant Shutdown 

In assessing the effects .of the break on plant safety, the mai.n 
objectives are: 

a.· to maintain a coohb1e core gecmetr.1 foiTowfog ~ny-postU1ated 
break. 

b. to ~~intain the capability of safe plant shutdown (definition 
of safe shutdown consistent ~ith that of safe shutdown reviews). 

c. to maintain contiinment-5ntegrity. 

ihe intent of t.'ii s review shou1 d be to deter.nine if the reactor" can 
be safely shutdown f o1 J owing a high energy. 1 i ne break considering 
a single active fai1ure occurring after the passive event {pipe 
failure). ih.is does not infer that syster.tS beyond those necessar:t 
to hand1e the pipe break and the postulated· active failure 1T1.Jst 
necessari1y remain operable.· For instance, if t.'ie initiating pipe 

·break is not in the reactor coolant pressure boundary (RC?B) arid 
does not cause a MJpture of the RC?B, ·t.'ie review shou1 d detern1 ne ·-·. ·- .... 
the abi 1 i ty to safely shutdown the. reacfor~,. :Jrf.thi s case operabi1 i fy~~.-o:·;.·;·:::-
of syster.tS needed on1y to mitigate a loss-of coolant ac:iden..t would · · " 
not be required. · -..- · -

The following factors should be considered when per-forming ':.he 
systems reviews: 

. :-: ... · ···-

(l) components t."lat would limit -loss cf fluid. i.e •• check valves.
etc.~ 

(2) energy contained in the reservoi"r, i.e., .positive disp1acement 
pump ~ischarge energy versus stored energy witnin the reactor 
coolant pressu~ boundary or within a steam generator; 

(3) redundancy and separation of systems; 

(4) · consideration of non-safety related syste!ilS which are unaffec~ed 
by ~ie event for cooling; 

(5) operator action that could be taKen to witigate the event, 
considering any needed access to the e~uipment; and 

(5) othe~ defined bases. 

. . 

f • 
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C. Reso1~tion of Unacceotab1e Locations 
... -

~hen the potential1y ur.acce?tab1e locations.have been cul1ed down by· 
the above methods. the licensee can use the following methdo1ogy 
for resolution of the remaining locations: 

(a) demonstra·te why corrective measures such as piping restraints. 
shields or equi~~ent ~location are not prac-ticable; 

(b) ?erfcrm a fracture mechanics evaluation to show·t.'iat the pipe 
of interest wi11 •1eak-before-break• and that the leakage wi11 
be detected we11 before a break could occur. Guidance on · 
fiact.tJre mechanics evaluation as well as augmented inservice 
inspection and localized leak detection is provided in th~. 
attachment. · 

SUXMARY-

Descri b.ed above are techniques t.'iat may be_. use'd~-tiY.<tile 1 i censee in t.ie 
evaluation of the effects of pipe breaks. ThiS: g'J-idance is fn:tended to 
su?p1ement t.~e information pl'"'Cvious1y provided in Reference 1. 

The guidance provided for a •1eak-before-brea-k" apprtiach for reso1ution of. 
cpen items is not to make a deter.nination that the C'JM"ent Regulations aT"e 
met.· but to asce~ain the· safety implications in a plant that was de~igned 
pr~ or to current re.quil'"ements._ · 

, . 



-).. ..,. -- ~ - -AJvV 'V _ &.1.-WMW""" 

> ~ ·-~~~~~~-

.... w.-~..:w 

1 
l,' · .. 

.. 
• >; 

I ,. 
l 
~ 

j 

' • > 
l ~ 
• t 

] .. 

'·· ~--.- .· 

l·. 

l .. 
" 

~, 

•. • 
;i.' . .. 

1. Letter. o •. Davis (NRC) to J. McEwen ·(~C. Inc.) SUBJECi: Assessment of 
Postu1ated Pipe BreaKs Inside Ccntain~nt fo~ SEP p1ants, dated Ju1y 
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GUIDANCE FOR RESOLUTION OF HIGH · 

. ------...,.:;.. 
. · Attacllnent to 

- ·---EnctO""SUT'e--z--

t 
t.NE~GY ~1?~ ~KE'.Ak LDCA1lONS ., 

.. ~ht.ih. F.:.."'.:.DlAL l'WD!r!CA110NS 
AKE iMPRACi J.CAL 

... -
From the resu1 ts of re vi e.,..s con¢ucted to date. the: staff ·has concluded that the • 
r·elocation of equipment or othermodifications to mitigate t.'ie consequences of. 
some post.ilated pipe breaks may be impractical due to physical plant configura
tions or other considerations. Therefore. the staff has determined that for 
specific locations where relocation of equipment or other modifications to 
mitigate consequences o.f pipe_.~re_aks ar,1! shown to be ir.t?racticai. fractJre . 
mechanics evaluation of t.'ie ?iping shou1~ be performed to deter.nine if unstable 
nJptures could occur in piping that contained ·service induced lar~e undetected 
f1 aws. 

·' 
The 1ntent of the guidance provided by t..,e staff is to provide reasonable 
ass~rance tnat the mitigation of. pipe breaks are addressed. The ·approach 
taken is to provide assessment that condition which could lead to a double 
ended pipe rJp~re do not exist ther!by making it unecessary for high· energy 
pipe break ccns·iderations t:> mitigate effects of a __ gui11otine rwpture. T!tis 
w·culd be acco~1ished using a.defense in depth approach .. _,~at is a combination ··~:''"'-;~:f5;:'-~~--
of augmented inse:-vi~e inspection (!SI). 1o~a1 1ea~ ... -.ae.tec~fo~ and fract!Jre mech- .:··_::_::./ 
·anics evaluatfons. Augmented inservice inspections would be p·erfor.ned.;;~ith ~'le .· . · · 
goa1 ·of detecting and limiting any service induced flaws t.0"1imits prescribed ·:~'~·.: -. 
by the ASHE Slz?V Code. Section XI. approximately 1~·-thrw wall. Should ~'le flaws··::-.-c- ··--· 
go undetected. a local leak detection system would be provided with the requisite 0 ~ 

_sensitivity to identify 1eaka9e from a through crack. either longitudinal or 
circumfe~ential. of a length of 'tWice the wall thickness for minimum flow rates . 
~ssociated with normal (Level A) oper\ting conditions. Fracture mechanics· .. 
evaluations would be perfor.ned to determine that. for a circumferential or 
1ong1tudina1 thrcugh crack of four wall th1ckness subjected to maxiirum ASME 
~esign code. 1oad~ (Level 0) that: 

(,} . 
substant~al crack 3rowt.i does not cc:ur. 

' 
(2) local or general plastic collapse (instability) does not occur. 

(3) flow ~,:-o~;h the c:-ack or the effects .of a jet f~m ~'le C'l'"ack 
·,foes not irr.;:ia i r safe sys.tem shut.down. · 

io. provide assurance that a doub1 e ended rupt::Jr! could net occur by unanti ci
pated loads ~eing applied to a hr9~ unce4;ected crack. a. frac4;Ure ::ec~anics· 
evaluation would be performed to de~nst~ate that a through crack of a 1en~J1 
of four times t.'le wall thickness. 90 total circumferential leng-:.'i. or a larger 
crack if ju st.ifi ed for sys~ern service experi e.nce wou1 d r!r..a in stable fer 1oca1 
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fu11y p1astic large defor~ation bending conditions. The basis for performance 
of this more·conservative fracture mechanics eva1uati~n to.arsure a double 
ended pipe rupt!Jre wou1 d not occur is as fol 1 ows·: · 

(1) 

(Z) 

- (3) 

operating experience has shown that unanticipated and undefined 
loads in access of design can and do occur in piping systems. 
i.e •• water hamner events have failed piping system suppor-..s. 

:' .--
uncertainty in: (a) current analysis inethodS to accurately predict 
piping loads .analysis and (b) prediction of tire enerSY and frequency 
content of earthquakes and their effect on pip·ing 1oads. 

SE? criteria for evaluation of structures and system resistan·ce to 
postulated earthquake loads depend on global structural ductility. 
This assumption is based on the abi1ity tci have load redfstributions 
occur. For unf1awed piping. the necessary local ductility is cer
tainly provided. However. for· flawed sections of piping the_ability 
to sustain fully phstic behavior withou"t";cr.a.cx:··instabi 1 ity is '~';;-/,~.'<c',~.-· 
required to assure prJdently that local 'ci1.ictili~y _is preserved •. 

ihe details of the guidance for t.ie combined augmented !SI. leak detection and 
frac";:Jre mechanics evaluations are appended as Appendix i. 

I . 

f • 
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ALTERNATIVE SAFETY ASSESSMENT FOR SEL~cTED 
niun tNt~bl ?!Pt o~~AK ~D~A1iuN~ 

·AT StP rAC!LliltS -. 

This assessment is required only 1f a L'ilR high energy pip1ng sy$tem- (.i.e· •• 
275 psi or higher; or ZOO F or higher, etc.) is being cons1 de red. It 1s only 
required. if a postu1ated doub1e ended pipe break wou1d impair safe systeQ 
shutdown by pipe whip (1acking pipe whip constraints) consequences. or by 
the. consequences of the imp1 ied leakage or its jet act.iofl. The fo11owing 
guidance is for a safety. asses.sment that may be perii!itt.ed as an ·alternative. 
to ct.her system modifications or alterations for locations where the mitiga
tion of the consequences of high energy pipe br_eak (or 1eak_age) have been shown 
to be imp racti ca 1 ~ 

Guidance for Alternate Safety Assessment 

The suggested guidance are as follows: 

A •• Detectability Reouirements 

?rovi de a 1 eai:. detection system to dete~t t.i?'.'01.Jgh_;.:cfad(st.of a length of 
twice the wall thi.ckness. for minilillm f1ow rates associated.with nor;:-.al 
(level A) ASME S&?V Code ,operating condition. Both circumferential and -

.... · .. _·_:_ .. :·_:.,.. . 

longitudinal cracks ll'CJSt be considered for al1 critical break or leak ___ ;,..._ _ __.....,,, 
locations. Methods· for esti~~i.on o~ crack- o~ening areas ar2 attached in ·· 
Appendix 2.Surface roughness o.f the crack shou1 d be considered;. · :~ -- · 

. S; 
0

!ntecrity Reciuf reme.nts • 

{1) 

I I 

Loads for Which Level D 1s Specified 

(a).· Show that circumferential or longitudinal through-crack.s of 
four.~a11 thicknesses in 1ength subJect~d to ma.~irrum Level 
0 l~ading conditions do not exhibit substantial monotonic load
ing crack growth (e.g •• staying below J or K by plastic 
zone correc~ed 1inea;~1astic fract:.ire ~~charyi~i met.1ods or a 
suitable alternative-. A1so assure that local or general 
plastic instability ·does not occur for these loading conditions 
and crack sizes. 

!='or 4t flaws that are calculated to be greater than K1ccr J 1c• con- . 
sideration will be· given to; (1) flaw growth ar;uments. (Z) ;>osui1ation 
of ~-nall f1aws sizes than 4t if justified by leak detection sensitivity. 

,. . 
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(!)). Under conditions in •s."(1)• show that.the f1ow_through the crack 
and the action of the jet through the crack wi..J 1 not irapai r safe· 
shutdown of the system.· 

Ac.ce?table methoco1ogy for the estimation of crack opening area 
for· a circumferential through crack in a pipe in tension and 
bending and for 1ongitudinaJ crads .subject to i,nt~rnal _pressure 
are attached. · •· · . 

•-. 

(2) ·Extreme Conditions to Preclude a Double-Ended Pipe BreaK 

Using e1astic-pl.astic fracture-mechanics or suitable alternative show 
that circumferential through-crac~s will remain stab1e for local. fully 
pl as tic 1 arge·-def orin.i"t1 on be ii ding con di ti ens under the f ol1 owing addi..; 
tional conditions: 

(a) F'u11y plastic bending of the cracked secti"on is ttl be assumed.· 
unless other load limiting 1oca1 conditions (such as elbow. 
collapse) dictate maxiirum bending loads. for a11 critical · 

----··-·-· .1?C~~io~~.~. --· . 
-~-·--· 

(b) Assume al 1 syste.'11 anchors are effective.. io simplify. the . 
analysis, supports may conservati velyJ:>e. considered inope·rative. 

·If supports a~ included, consideration should be given to the 
adequacy of the supp~r-t to resist la.rge. 1 cads.-·.. .-~- .. . ... . 

·. 

· ... ····· .. 

(C)-o-th;;.:- a~ bui.,t_ disp1acement .limits or~cons·t;aints.may-be assur.led .:-_·-:--: 
as especially justified (such as disp1acement limits of a pipe 
running through a hole in a sufficiently strong concrete wall or 

· f1 oor, etc. ) • -
0 . 

(d) Assume a thtough-crac~ size of 4t or 90 to"tal circumferential 
length whichever is greater; or. a"larger craa only if especially 

. ... :: ~ .. 

•.. 
justified. 

~ . 
(e) Assu~e 1arge deformations means deformations proceeding to as buiit 

displacement limits or other es?ecia11y justified 1i.mits. 

(3) ~ateria1 ?roperties 

·conservative ttoaterial pr.::?e~ies should be used in t~e anaiyse~. 

, . 
, 

Sufficient justification ::1.1st be provided for ~ie ?roper:ies, bet~ 
we 1 d:nent and base :neta 1, used in the ana 1yses. 
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C. Subcri~ica1 Crack Development .... 

Consideration should be given t~ the types of subcritical cracks which 
may be developed at all locations· associated with this type of analys1s. 
From prior experience and/or direct analysis it should be shown that: . . . ' ... . ... - . 

(1) there is a. positive tendency to deveiop ~irough-wa11 ciacks. 

... 

.. 

(2)· if there is a tendency. to develop long surface cracks in add1tion. 
to through-wall cracks. then it should be further demonstrated 
that the long surface crack will remain sufficiently sha11o~ • 

.. · .--
O. Aucmented Inservice Inspect1on 

Piping system locations for ~hich corrective measures are not practicable 
.should be inspected volumetrically in ac:ordance with ASME Code. Section 
XI for a Class 1 system regardless of actual system c1ass1fi.cation. 
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ESiIMATJON OF STRESS INiENS ITY FACTORS ANO THE CRACK OPrnING 

• AREA OF A CIRCUMFERENTIAL "ANO A LONGITUDINAL 

Introduction 

T~ROUGH-Crt:.C~ IN A Pl?E 

. by 
. 

H. Tada and P .. Paris 
Del Research Cor?oration 

St. Louis, Missouri 

: .--

.... 
.· 

Formulas for estimating the crack opening area ar·e developed for a 

ctrcurr.ferential and a longitudinal through-crack in a pipe subjected tc 

severa 1 types of 1 oadi ng. For the ci rci.imferenti a 1 crack, estima.tion fcr

~ul as are presented for axial force and bending_moment applied t.o·~;e pipe 

far from the cracked section and for i nte~al _.:~~~~"~:~~~~~:·\cading. }$.the 
. .. . - -· . ·:· . - .... 

longitudinal crack, an estimation formula fer th·e case of interna 1 p,res-.. 

sure is presented. 

Estimation is based on the me~;od of linear elastic fract~re riP-chanics, 

which.requires the knowledge of the solution of stress intensity factor, 

K, for eac~ problem. For ~;e internal pressure loading, K-so1u~ions are· 

reaci1y available for both circ_wmferentia_l .and longitudinal cracks as func

tions of a single geometric parameter, A.(= a/./~t). relating crack size 

ar.d pi·pe ;eome!;y. Consequently, tJ'ie crack opening· area formulas are ·al so 

for7.:ulated as functions of t.iiis single paramet:?r. ror t.'ie case of tension 

and bending of circumferential crack, however, ~~e stress intensity fac!ors 

are not formulated as func:icns of a single par~~et~r and no s~mpie foii:'lula 

is reaci1y avail~ble. Therefore, in this discussion, a typical va1ue cf 

, . 
, 

. ..... : ..... · ... -

f • 
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mean radius to thickness ratio, R/t = 10, is specifica1Jy. selected and for-
• 

r.:ulatfon is r.;ace for tli~s vaiue. Esti::iation fol'"iTlu1as ar.e expected to yield. 

a slight overestimate for R/t = 10. For smaller R/t,ratios. degree ~f 
. . 

overestimate would increase. The formulas presente"1· here r.:ay""'be us·ed with 

a reasonable accuracy when R/t ratio is about 10. Fol'"iTlulas for the crack· 

opening for these cases are not available in simple closed for.:ls, but here· 

moderately long power ser~es-approx-imations based directly on the estiinating· 

fol'"iTlulas. for K are given. 

A CircumferentiaJ ihrouoh-Crack in Tension and Bendfno 

The K · formu1 as are fi rs't deve1 oped here ·:b~.~~-? .. ,o,~._Jhe results recently 

obtained by Sanders [1, 2]: As stated. above, ·-··~~~':-::::~;.:?'~~o ~~ti ens for these ·:,~..;~:~: .. ::.fc:~;:: 
. .--;::-· "·-. 

loadings a re not e;i:pressed as functions of a single geometric parameter. . :.:·~~:;;,,: ,. c:·~,_ 
;. 

Sanders presented approximate formulas for t.ie energy release rate for 'these 

loadi.ngs, which are re a di 1y converted i.nto K fol'"iTlu1 as~ The for.nu1as. · 

are, in essence, functions of tioio geanetric paramet~rs for given elastic 

con.stants, which tt:ay be written in either of the following forms.. 

K = a 1-:r (Re ) F (A 'e ) . 

or (1) 
"' K:: al~(Rs) F(e,~) -.. 

where a is an applied stress, 2Re is the total cirt:'.!liiferential length of 

through-crack. 
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In this discussion, e and R/-t are cho.sen as geanetric parameters and 

the second fora of Eq.(l) is employed for the stress intensity upression. 

;..pproxi:nate _ l< fo~ulas and the subsequent estimation fol"'::'lu1as for the 
. ... - . 

crack opening areas are developed specifically ·for .. R/t =· 1q_, whic.i is con· • 

sidered to be a typical value of inteiest in the present study·. ihat is, 

the function F(e·) in the subsequent discussion represents F(a,10). 

Let P and M be tli·e--a~i a 1 teDs i1 e force and bending moment, respec-
- .. 

tivel_y, applied to the pipe far from the crack location and let subscripts 

t .• and b represent respectively tension and bending. The nominal stresses 

due to tension and bending are defined by 

... ·· -·--

(Z) 

The stress i nten_si ty factors are expressed in the following .for.ns. 

(3) 

where Ft(e) and _Fb(e) are oio_n-dimensional functions. ihe ni...'ileric_al values 

of the functions Ft(e) and F0(e) are ca1c:.J1ate'.1 f10m Sanders' appi-cximate 

fo~ulas for R/t = 10, which are tab~1ated as foliows. 

, -

, 

.-

# • 
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{F.,(s) and Fb(s) for R/t = 10) ~ 

I. 

--

9 Ft(e) . , 
Fb (a) 

- ~ 

oo ·l. 000 1.000 
9 1.039 1.037 

18 1.151 1.140 
.. 27 ..... L 314 . 1. 278 

36 1.505 1.425 
45 l. 725 1 • .580 
54 l.'987 

~ 

1.. 7 47: 
63 2.305 1.934 
72 2.702 . -2.154 
81 3.209 ·2. 406 
90 . 3. 872 2.760 
99 4.764 3.209 - . 

--~· 
108 6.003 3.827 

ihese va1ues repres·ent sUght overestimates of rt(e) and·Fb{a) [1,2). 

ihe following approximate expres~ions of th~ fun.ctions ·Ft(a) and· Fb(e) 
. . . 

··represent the .values of the table with a reasonable accuracy (within a few 

percent)~ 

3/2 

F~(e) = 1 + 7.3(!) 
.. 'II' 

( o < e < 100°) 

( 4) 

. . ···:.::..:·· ·.:.:-~-:_··:.:::;.... __ 
. .. - ~·: -- .·• .. .. 

-···-·-·-·'. 
.. 

.. 
.. 

·-.- .. -- . -- _,__-_, -... ··. -
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When the pipe is subjected to axial force and bendi1'f monent at the . .. 
s~rne ti~~. :~e tota~ obtai ne"d s iinp 1y by super-· 

?Osition of ·these separate factor$. 

... -
(5) 

ihe crack opening areas-E-ue to-tension and bending, At and Ab, 1Tlay 

be conveniently expressed in the fo11owin~ for.n • 

(6) 

. -~ 
where E is the Young's modulus, and It(e) and Ib(e) are n6n~dimensional 

functions. 

The crack opening ~rea for t,,ie tensile loading, At, is obtianed by 

en,ergy method (Castigli.ano's theorem) as fo·11ows: 

since 

1 oUt 
At = - - = t oa • .. 

where u. is the total strain energy in the cracked pipe. Combining .. 
Eqs. (3), (6) and (7), the functions I.(6) is obtained as follows: .. 

, . 

, 

(7) 

(8) 

. . -. 

.. - . ·.:.,. :_·:· .. -:·: _:_ . 

_._.,, ... _ .. _ . ., .:: .· 

., .. 



; ~-. ~ ------- ..• -·------·· ,. 
~·. 
f 
t. 

f 
> 

... 
·-· 

.· .... 
~· 

·-

. ·· . 

... . 

.. 

>. 

. I 

• . . 

.. 

-6- --· .. -
... 

I~ ( e) 
I. 

{9): .. 

.Substitu:ing Ft(s) given by Eq. (4), It(s) is written as 

.· .... -
I.(e) = 2e 1 + (-) {s.6 -13.3(!) + 24(!)} 2 [ e 3/ 2 · · 2 · 

I. ~ . ~ ~ 

+ (!)
3
{22.s -. is(!.)·+ 2os .. 1(i)

2 

~· ~ ~ 
{10) 

.· ---
- i47.s(;)

3 
+ ~42~!) 14}] 

·~ 

(O < e < 100°) 

The crack opening area for bending load, Ab:~· howe~er,_ can not be. obtained 
-- .... _ .. _ - • ; .#J" • - .-. • • :-:·-~:::-~.:;~~~---:;-__ :.·-,~;;::~-- •• 

as re a di 1y because ~ie "crack absent. stress dtStritfotion;; is not unifor.n . . .. .. .. . -- . 
. . .. . -· _ .. -;: 

.along the crack (direct application of the energy tr.et.hod. is difficult). . . ;·-... -.:::_· ... ··.· . 

Theref.ore, Ab or Ib(e) _-will be estimated in ~he following way •. · · 

First, comparison of the.crack absent stress dist:-ibutions for tensiie . 

and bending loads, the fol1o~ing bounds are·· imposed_ on Ab: 

or- (11) 

where Ab(ab) is the crack opening area by bending, and At(at • abco~e) ind 

A.._(ab = c.b) are the cnck opening area due to a·xia1 force with tensi.on st:-ess 

abcosa and cb' respectively. The first approxfmation wcu1d be t:J take the 

·. • I 

•. 
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average uniform stress between these extra~es and ... 

. A (,.. } ..,, A ("' l +2cose) = A";·(,,.b(cos 29)2) b "'b - t "'b . ": ... 

or .... - (12) 

Since the function· Ib(e} ·~i-iten by- Eq. (12) may yield underest~mated values· 

of the crack opening by bending, the stress intensit~ factor·s Kt and Kb 

are compared in a. similar manner. Corresponding to Eq. (11), it is obvious 

that 

or 

·-.~- ·. 

Averaging the extremes 

(14} 

Comparison of the numerica1 values of Ft.(e) and Fb(e), however, shows t..'iat 

Eq. (14) aiways underest~mates Fb(e) and that the va1,ues of F0(e) lie be-

-:· ... eeri" the fo 11 owi r:g two bounds 

(13) 

inerefore. ~king the fol1owi~g ex?ression for Ib(9) instead of Eq.·{14). 

, 
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the risk of excessive underestir.ation of ~ie crack openirfg area caused by ~ · 

bending 1oad ~ay be avoided 

{16) 

where It(s) is given by Eq. (10) • 

The total crack"opening-area ca-used by axial tension and bending can be 

written as 

. 
::.~t (~R2)It(e{1 +_~3 +4~ose~ 

or 

- .::-.~-::.:r-, : . . ·:. -:::.7-·: . 

The effect of the yie1ding near the crack' tip may be inccT?orated by -the 

customar-y ~thcd of plastic zone ~orrec'tions" in which · e in these for.::u1as ... 

9· &f is obtained by. using e. 
2 

Ktota1 
2 

Z:-Rcy 
{la) 

for plane stress (waximt..111) plastic c~rrections, Repeated iterative proce-

dures may be necessary for obtaining ee&-&· 
I I 
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Circu~ferential Throuoh-Crack.Subjected to Interna..i Pressure 

• 
For a pipe subjected to internal pressure, p , the membrane stress, 

~ , in t.ie a~i a·l di rec ti on is ertima ted by 

... -
(19} 

.. The st:--ess intensity factor-for a circumferential through-crack is nor.nal)y 

expressed in the following form. 

(ZO) 

. -. 

where 2a =. 2Re is the total circumferential leng.tti: of.:tne crack, F ().) is <·:~"-..;:"':-~---.,. .···· .,:_ . p ···- . 

ncndimensional func":.ion of ). = a//Rt and t~e sub~c~ipt. p repf~ents pres- ~.: .. 

sure loading. Contrary to the cases of axial force an~ bending load, the geo~ ~.-. 

metric factor Fp(i.) for this case is a function of a single geometric para.~· 

meter as mentioned earlier. 
. .. 

The following formula empiric.ally represents the c:.irve of FP(:..). pr~sented, .. 

in Rccke-Car-=wright's work [3] The approx~mate foT"iilula is, fOr convenience, 

e.x;::ressed in a foriil consistent with the foriilula for longitudinal c:-ack wn~ch 

wil 1 be subseqwently ·oi sc:.issed. Acc:.iracy of t!'le for.:iti1a: is within a few per.-

cent over the range specified. 

.where :.. =·a/.'R:. 

, , 

2 lh = (1 + 0~3225). ) 

= 0.9 + 0.25A 

(O~l.~l) 

(l ~ l. ~ 5) 
{21) 
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r 
ihe stress intensity factor for a 1ongitudina1 thr~ugh-crac~ ~f length · 2a 

is given by 

... -
K = a;;a'·F(;i.) (26) 

where again A = a/~ .. 
: ·--

. 
The geometric factor F{i.) can be empirica11y.expressed over -the range of 

interest by 

F(>.) 
.. 

2 1/2 
= (l + l.25). ) 

= 0.6 + 0.9). ... 
··-. ,,... 

Eq. (27) ·provides a good appro:dmation for the she11 factor F{>.) with 

accuracy ·of the order of one per.cent [3, 4, 5, 6]~ 

(27) 

.. · -
- .. --~· ._:;~.-::·~·.:;.:;_~··-. 
.·- .,.-.;.·,... ·-

The crack opening area, A , can oe obtained~ by the method in the previous .. 

· di sc:.iss ion .. 

A • ~ (2~Rt}·G(i.) (28) 

whe~~ G(1) corresponding to Eq. (27) is given by · 

(O< A< 1) 
. - - .(29) 

+ 0. 72i. 3 + 0. 405>. I+ ( 1 ~ >. ~ 5) . 

Iteration with a pias~ic zone correction' similar to' Eq.(24) c~n :-e applied 

:o account-for the yielding eff~c: near the crack ~ip. 




