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Abstract： The Leak-Before-Break ( L B B ) technology has been rapidly 

developed dur ing the past two decades. The Design and Construct ion 

Rules Committee ( D C R C ) had published a document t i t led as “Leak -

Before-Break Procedure for Sodium Boundary Components". RCC-MR 

had also published a document t i t led as ” A16： Guide for Defect 

Assessment and Leak Before Break Analys is" . Th is paper w i l l focus on 

the comparison of the above two documents. 
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1. Introduction 
The Leak-Before-Break ( L B B ) technology has been rapidly developed 

during the past two decades in order to guarantee the safety and in tegr i ty of the 

pressurized vessels and piping systems in nuclear reactor. 

The Design and Construct ion Rules Committee ( D C R C ) had published a 

document on October 1991， t i t led as ‘ ‘Leak-Before-Break Procedure for Sodium 

Boundary Components"，describing the LBB approach recommended for use on 

an in ter im basis for EFR LBB assessments^3. Ten years later , on November 

2001，RCC-MR had also published a document, t i t led as "A16： Guide for Defect 

Assessment and Leak Before Break Ana l ys i s " , proposing the rules for defect 

assessment and the methods for L B B analysis。]. 

Th is report w i l l focus on the comparison of the above two documents. The 

common places and di f ferent points of the two procedures, abbreviated as DCRC 

procedure and RCC-MR procedure respectively, w i l l be discussed and 

commented. 

2. Common Places of the Two Procedures 
The basic idea of the L B B concept of the two procedures is the same. Tha t 
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i s , the toughness of the mater ia l shall be fu l l y uti l ized. A postulated defect is 

supposed to exist i n any posi t ion of a s t ructure containing f lu id . The 

propagat ion of the defect is calculated. I f th is defect w i l l generate large enough 

leakage that can be detected under in-service condit ions before i t becomes 

unstable, the s t ructure w i l l meet the L B B cri ter ia and the fast rup ture of the 

st ructure can be avoided. Otherw ise , more detailed analysis is needed to see if 

the danger of fast rup ture exists. 

The L B B analysis methods of the two documents are bo th the s impl i f ied and 

conservative approaches. The basic procedures are the same as fo l lows. 

• Establ ish the geometry of the s t ructure to be analyzed. Define and 

categorise al l the loads acting on the st ructure for al l service and faul t 

condit ions in to Level A , B , C and D. 

• Col lect mater ia l propert ies. 

• Per fo rm stress analysis of an un-defected st ructure for the loads of al l 

categories. Dur ing the analysis, thermal stresses and we ld zones shall be 

careful ly considered and residual stresses due to weld ing processes must 

be taken in to account. 

• Ident i fy the most severe locat ion for L B B analysis. I f two or more 

locations are considered to be the potent ia l ly severe area of L B B , then 

the analysis should be applied for each of the locations. 

• The crack plan is determined as perpendicular to the max imum pr inciple 

stress var iat ion direct ion. 

• Determine the crack leng th , 2Cc, of a th rough-wa l l crack that reaches its 

cr i t ica l i ty under the most adverse Level C and D condit ions. A safety 

marg in shal l be included to account for the uncertaint ies and 

approximat ions inherent in the analysis. 

• Determine the crack leng th , 2CS，of a crack that jus t propagates to wa l l 

penetrat ion. The fat igue cycles in Level A condi t ions, wh ich provide 

signif icant cont r ibut ions to the to ta l fat igue usage fac tor , shal l be 

included in the analysis. 

• I f C s 〉 C G ， a more detailed analysis is required to demonstrate L B B 

characters. I f C S < C G ， L B B analysis shall be continued and the leakage 

detection ab i l i t y of the reactor should be taken into account. 

• Determine the crack length at the external surface, 2CL，of a crack that 
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just generates a leakage detectable by the inspection system of the 

reactor. The loads in Level A conditions are used in the- calculations. A 

safety margin shall be included to account for the uncertainties of the leak 

f low calculation. 

• Determine the crack length at the internal surface, 2Cd , corresponding to 

2C,. 

• I f Cd<CCG, LBB has been demonstrated for all init ial defects of length less 

than 2Cd. I f Cd ~> CG, LBB analysis has not been demonstrated by 

simplified analysis, but st i l l may be possible by more detailed analysis. 

3. Different Points of the Two Procedures 
Al though the basic idea and the main procedures of the two methods are the 

same, the detailed analysis processes are quite different. Fol lowings are the 

summary of the different points. 

3.1 Analysis Scope 

The DCRC procedure focuses on the simplified LBB analysis procedure. I f 

this procedure cannot demonstrate the LBB character of the structure, a more 

detailed analysis is required. But how to do the detailed analysis is not 

introduced (Attachment A ) . In the same t ime, if the init ial defect size is greater 

than the detectable crack length at the internal surface Cd，a leak tightness 

calculation can be used to assess the integri ty of the structure. However, this 

leak tightness calculation is only introduced briefly (Appendix C4). Meanwhile, 

other LBB practice, including N N C practice, Novatome practice and Interatom 

practice are introduced in the DCRC document (Appendix CI，C2 and C3). But 

only the basic idea of these practices is included, no detailed analysis procedure 

is introduced. 

On the other hand, the RCC-MR procedure focuses not only on the LBB 

analysis process (A16. 4000) but also on the defect assessment (A16. 3000). 

Namely, the defect in i t iat ion, defect propagation and defect instabil i ty are fu l ly 

introduced and analyzed. Therefore, if a defect is discovered in-service, the 

propagation of this real init ial defect can be analyzed (A16. 4200). I f this init ial 

crack size is greater than the penetration crack length 2CS， i t can also be 

analyzed graphically (A16 . 4400). Meanwhi le, some analysis models of the 

material damage process based on the microstructure of the material are 
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introduced in the document (A16. 6000). 

3. 2 Prerequisites of LBB Analysis 

The DCRC procedure may be applied to components such as the pr imary 

vessel and secondary piping fabricated f rom stainless steel if there is no r isk of 

corrosion， t ime dependent creep effects are insignif icant，and stress corrosion 

crack g rowth can be avoided (A t tachment A ) . Hence, only the fatigue induced 

crack propagation is considered. A n d for the calculation of leak f low，on ly the 

sodium is considered (A t tachment A ) . 

Whi le in the RCC-MR procedure， there is no clear requisite of the 

application of the analysis procedure. Besides fat igue，creep is carefully 

considered if i t has signif icant effects on the stress distr ibut ions (A16. 3220). 

3. 3 Stress Analysis 

The DCRC procedure only uses the elastic stress analysis method. Then the 

stresses are classified as membrane stress and bending stress. Only a plasticity-

correction factor p for secondary stresses is included when calculating the stress 

intensity factor (Append ix A 3 ) . 

The RCC-MR procedure uses a much more detailed process to calculate the 

stress distr ibut ions. Elastic-plastic and creep behavior of the structure material 

are fu l l y considered th rough a reference stress crref(A16. 7300，7700). 

3. 4 Residual Stress 

The residual stresses generated f rom welding shall be taken into account in 

both procedures. However , the peak residual stress in the DCRC procedure is 

regulated as less than 1. 0% proof stress strength of the weld and parent 

materials, and the estimation of residual stress d is t r ibut ion is introduced in 

detail (Append ix C5). Whi le the peak residual stress in the RCC-MR procedure 

is regulated as less than the m in imum yield stress at 0. 2 % i?0„oo2，and no fur ther 

in format ion is included for the residual stress (A16. 3213). 

3. 5 Safety Margin 

In both procedures, safety margin shall be taken into account in the 

determination of the cri t ical crack length 2CG and the detectable crack length 

2C l . In determining C L ， a safety margin of 10 is adopted for leak f low 

calculation in both procedures (A t tachment A in DCRC document，A16. 4310 in 

RCC-MR document). Whi le in determining CG, a safety margin of 1 is adopted 

in DCRC procedure and 2 is used in RCC-MR procedure (Append ix A3 in DCRC 
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document, A16. 4200 in RCC-MR document). 

3. 6 Defect Shape 

Both procedures assume that all cracks irrespective of init ial configuration 

tend to develop into semi-elliptical shape during propagation, and its shape w i l l 

depend on the ratio of bending stress to membrane stress (Appendix C4 in 

DCRC document, A16. 3213 in RCC-MR document). 

A l though both procedures assume that the defect w i l l remain elliptical 

shape during its propagation, the DCRC procedure assumes a constant ell iptical 

form while the RCC-MR procedure assumes a changing elliptical form. 

Therefore, in DCRC procedure, when the defect reaches 2CL at the external 

surface, the defect length at the internal surface 2Cd just equals to 2 (CL + Cs ) 

(Appendix C4). And in the RCC-MR procedure, when the defect reaches 2CL at 

the external surface, the corresponding 2Cd does not equal to 2 (CL + C s ) and 

shall be calculated separately (A16. 4400). 

3. 7 Fatigue load cycle 

In the DCRC procedure, the number of fatigue load cycle is not used in LBB 

analysis. Only the range of membrane stress and bending stress is used in 

calculating the penetration crack length 2CS (At tachment A ) . Whi le in the 

RCCMR procedure, besides considering the range of membrane stress and 

bending stress in calculating 2CS(A16. 4410)，the number of fatigue load cycle is 

used in defect assessment (A16. 3200). Further more, the fatigue load cycle is 

divided into two parts, representing the load cycle for defect ini t iat ion and defect 

propagation respectively (A16. 3200). 

3. 8 Defect Length Calculations 

In both procedures, the critical crack length 2CG, the penetration crack 

length 2CS，and the detectable crack length 2CL and 2Cd shall be calculated. 

However, the calculation methods are quite different. Generally speaking, in 

the DCRC procedure, all of the crack lengths are calculated graphically or by 

simplified equations (At tachment A ) . While in the RCC-MR procedure, the 

crack lengths of 2CS，2CL and 2Cd are calculated graphically or by simplified 

equations but the critical crack length 2Cc is calculated by an iterated method, 

which is much more complex (A16. 4000). 
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4. Summary 
The RCC-MR document was accomplished 10 years later than the DCRC 

document. Therefore，some new research results shall be included in the 

RCCMR procedure. Maybe the most important achievement is that creep effects 

are taken into account. However? considering the safety margin in the analysis， 

especially the safety margin of 10 for the leak f low calculat ion， i t may be 

concluded that there is no signif icant development in LBB analysis. Fur ther 

theoretical and experimental studies are needed before a definit ive LBB 

procedure can be achieved. 

Note 
This work was performed by Dr. Zhengming Zhang dur ing his visi t in CEA 

(Cadarache) f rom September，2002 to March，2003. 
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