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INTRODUCTION
A modified procedure for safety assessment of cracked components is proposed that is

developed for use in connection with the revised fracture handbook, Bergman et al [1]. It

is meant to replace the safety procedure given in the previous version of the fracture

handbook, Bergman et al [2]. Some requirements of the modified safety procedure have

been:

1) It should be applicable regardless of method to calculate the /-integral or the limit

load.

2) It should be applicable to any nuclear component regardless of the type of metallic

material.

3) It should be able to give a uniform safety factor against fracture regardless of load

level.

4) It should retain the overall safety margins expressed in ASME, section HI and XI.

Note that the above requirements are not by any means obvious. For instance, the safety

margins and methods expressed in ASME XI represent a deterministic procedure where

the safety factors correspond to unknown uncertainties of the input parameters such as

load, crack size, yield stress and fracture toughness. However, the actual risk of failure is

unknown with this procedure and may vary within wide limits even for similar

components. An alternative procedure is to use statistical methods where information of

the probabilistic distribution functions of the load and the load carrying capacity can be

used to develop several interacting partial coefficients or partial safety factors, see e g

Thoft-Christensen and Baker [3]. In this way the partial coefficients can be determined to

correspond to a desired risk of failure.

Still, the procedures in ASME XI have gained wide acceptance in many countries, also in

Sweden. The modified safety assessment procedure in this report is meant to be an

alternative to the procedures in ASME, Section XI. Unlike the ASME XI procedure for

nuclear piping, different fracture properties in the new procedure will result in an

adequate difference in the resulting defect tolerance. There are also components such as

internal parts inside the reactor pressure vessel, for which ASME XI does not apply. In

this report, the basic motives behind the modified safety evaluation procedure and the

corresponding safety factors to be used on nuclear components are given. Also, a set of

examples of cracked nuclear components are given to demonstrate the procedure and its

result in relation to the ASME Xl-procedure.



A CONCEPT FOR SAFETY EVALUATION

The following conditions are proposed to be fulfilled to determine if a detected crack of a

certain size is acceptable:

SF2

(2)

Eqns. (1) and (2) account for the failure mechanisms fracture and plastic collapse and

SF\ and SF2 are the respective safety factors against these failure mechanisms. Plastic

collapse is assumed to occur when the primary load P is equal to the limit load Pi. This

occurs when the remaining ligament of the cracked section becomes fully plastic and has

reached the flow stress Of. J is the path-independent /-integral which is meaningful for

situations where J completely characterizes crack-tip conditions. It should be evaluated

with all stresses present (including residual stresses) and for the actual material data. J\c is

the value of the /-integral at which initiation of crack growth occurs.

It may be argued that on the upper shelf region, there should be some benifit from stable

crack growth. In this case J\c in eqn. (1) can be replaced with JR {Ad), the /-integral

resistance to ductile tearing at a prescribed amount of crack growth Aa. This may be

justified e g for thin-walled austenitic stainless steel components and is basically used by

ASME XI for ductile ferritic and austenitic pipes. However, for thick ferritic components

such as a reactor pressure vessel, there can be problems to decide if the actual component

will behave in a ductile manner based only on experiments on small laboratory

specimens. This has been demonstrated experimentally by e. g. Shehu and Nilsson [14].

It can be explained at least to some extent by constraint effects and it is important that the

testing is performed so that fully constrained conditions prevail. Thus, at this stage no

general recommendation to account for stable crack growth in eqn. (1) is given other than

in a case by case basis. For austenitic stainless steel components, such as ductile piping

or non-embrittled reactor vessel internal parts, there should be possible to take into

account at least some small amount of stable crack growth.

For the evaluation of the critical conditions, the safety factors SF\ and SF2 are set to 1.0.

An advantage with the criteria (1) and (2) is that they are not related to any specific

method. Any reliable method to calculate / or Pi can be used provided the methods and

analyses are validated and documented. This may for instance imply a finite element

method or a /-estimation scheme. In this study J is estimated according to the option 1

type analysis of the R6-method, Milne et al [4], i. e.



( 3 )

where the second fraction on the right hand side can be interpreted as a plasticity

correction function, based on the limit load, for the linear elastic value of J determined by

the stress intensity factor K\. Lr is the R6 limit load parameter based on the material yield

stress and plastic collapse is assumed to occur when Lr is equal to L1^. L1^ is defined

as the flow stress Of divided by the yield stress.//& is a function of Lr that describes the

limiting curve of the failure assessment diagram, p is a correction parameter defined in

[4], [7] that covers plastic interactions between primary and secondary stresses. The limit

load criterion (4) based on Lr, is equivalent to (2).

(4)
SF2

An alternative way to perform the analysis, which is completely equivalent to Eqn. (1)

and (3), is to calculate an assessment point with coordinates (Kr, Lr). Including the safety

factor from Eqn. (1), the parameter Kr is then defined in Eqn. (5).

Kr = K* +p. (5)

Here K\c is the fracture toughness corresponding to J\c_ For acceptance of a flaw, the

assessment point Kr, defined by Eqn. (5), and Lr, should be below the R6 failure

assessment curve. In addition, the plastic collapse criterion (4) should be fulfilled.

The criteria (1) and (4) are intended to be used together with the R6 option 1 general

failure assessment curve. Some steels, mainly certain C-Mn steels at low temperatures,

exhibit a lower yield plateaux. For these materials, the option 1 curve is not able to

predict the sharp drop in the failure assessment curve at Lr = 1. A better description is

then provided by using the R6 option 2 failure assessment curve. A pessimistic

assessment may be performed by using option 1 with a cut off Us^x= 1. Since this

would imply a very conservative assessment with the criterion (4), it is proposed here to

apply the condition (6) together with the R6 option 1 curve when determining the

allowable flaw size for materials that exhibit a lower yield plateaux.

SF2

(6)



This procedure should be regarded as a compromise when applying the option 1 R6

curve to a problem that is actually better described by an option 2 curve.

The major difference with the proposed safety evaluation procedure, Eqns. (1) and (4),

compared to the old procedure in [2], is that a safety factor y£, on yield stress was used

directly in [2] for the evaluation of Lr. This implies that the plastic effects on J are

increased, which can be readily seen in Eqn. (3). A safety factor of 1.5 on yield stress

increases Lr with the same factor. For high Lrvalues this will imply an increase in J

through the Independence of the failure assessment curve /#6- In addition to this, a

safety factor y£ on fracture toughness was used in [2].

Eqn. (7) represents the quotient between the acceptable and critical J according to the old

procedure

J . V .

rit ^'m> -2
C / V L ) P )

J

where Jacc corresponds to initiation of crack growth with safety factors y£ and ys
m and

Jcnt corresponds to initiation of crack growth with the safety factors set to 1.0. Fig. 1

shows the quotient / a c c / / c m for option 1 of the R6 failure assessment diagram with y£

= 3.16, Ym = l-5> utilised for normal and upset conditions in [2], and p = 0. As shown

in Fig. 1, the safety margin against initiation of crack growth in terms of J depends on Lr

and can be as high as 90. For LEFM conditions y*, =3.16 corresponds to a safety factor

of 10 in terms of J. For Lr higher than 0.9 the safety margin decreases again. This is due

to that the R6-function levels out.
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Fig. 1 Safety margin in terms of 7 against initiation of crack growth using the

procedure in [2].

The non-uniform safety margin for different Lr as demonstrated in Fig. 1 is a result of the

relatively high value of ys
m that forces the material to yield much earlier than in reality.

The suggested modified procedure with eqns. (1) and (2) imply that the failure

mechanisms fracture and plastic collapse are separated and thus ys
m is set to 1.0 in eqn.

(7), together with a separate condition for safety margin against plastic collapse. In this

way the safety margin in terms of 7 against initiation of crack growth will be constant for

different Lr. One may argue that if the actual yield stress is in fact lower than the specified

value, the modified procedure will not account for this. This is true but as long as the

partial coefficients y£ and ys
m are not reflecting the actual scatter, the combined effect of

applying quite high values of /*, and /£, will result in very non-uniform overall safety

margin for different load levels in terms of 7 against initiation of crack growth.

This means that we do not consider the proposed modified safety evaluation procedure as

an optimum one but rather as a temporary procedure until more realistic values of the

partial coefficients y^ and ys
m, based on information on actual material scatter, have been

determined. In that case a safety evaluation procedure based on a statistical treatment with

several interacting partial coefficients for load, crack size, yield stress and fracture

toughness would probably be a better system.



Safety factors for application on nuclear components
For the choice of safety factors SF\ and SF2 in Eqns. (1) and (2), the objective has been

to retain the safety margins expressed in ASME, Section III and XI. Table 1 shows the

safety factors aimed for ferritic components excluding piping.

Table 1

Safety factors for ferritic steel components other than pipes

Type of Event

Normal and Upset

Conditions

Emergency and Faulted

Conditions

SFi

10.0

2.0

SF2

2.4(D

1.2

(1) May be divided by 1.5 if the only primary stress is a local membrane stress P^.

The values of SF\ originate from ASME XI, IWB-3612 where the safety factor in terms

of the stress intensity factor and fracture toughness is VTO~ or V2 depending on the type

of event. The values of SF2 correspond to the requirement in ASME XI, IWB-3610 that

the primary stress limits of ASME III, NB-3000 should be satisfied with proper account

for the reduction of the load carrying capacity due to the flaw. For Normal and Upset

conditions the minimum safety margin on primary membrane stress in ASME III, is 2.4

because the Code requires that the primary general membrane stress Pm < Sm and the

flow stress Of (at which net section plastic collapse is assumed to occur) can be estimated

to 2ASm. Sm is the lower of Rm/3 or Rpo2/l-5, where Rm and Rpo.2 is the ultimate and

yield stress, respectively. That 2ASm is a conservative value for the flow stress is

utilised in ASME XI, Appendix H for ferritic piping, based on experiments on a number

of cracked ferritic pipe materials presented by Norris [5]. The estimate 2ASm is here

assumed to be representative of the flow stress also for ferritic materials other than

piping. If the only primary stress is a local membrane stress Pi, the safety factor SF2 =

2.4 may be reduced by a factor of 1.5, consistent with the ASME III, NB-3000

requirement PL < l.5Sm.

For Emergency and Faulted conditions the safety factor SF2 is half of the value for

Normal and Upset conditions. This is consistent with the procedure in ASME XI,

Appendix H and C for ferritic and austenitic piping.

Table 2 shows the corresponding safety factors for flaws in austenitic piping.



Table 2

Safety factors for austenitic piping

Type of Event

Normal and Upset

Conditions

Emergency and

Faulted Conditions

Circumferential crack

10.0

2.0

SF2

2.77(D

1.39

Axial crack

SFi

10.0

2.0

SF2

3.0(D

1.5

(1) May be divided by 1.5 if the only primary stress is a local membrane stress P/,.

The choices of SF\ and SF2 follow the same kind of arguments as before. For Normal

and Upset conditions the minimum safety margin on primary membrane stress in ASME

III, is 3.0 because the Code requires Pm < Sm and the flow stress Of can be estimated to

3Sm. Sm is the lower of Rm/3 or i?^o.2/l-l 1- That 3Sm is a reasonable estimate for the

flow stress used in ASME XI, Appendix C for austenitic piping, is based on experiments

on a number of cracked austenitic pipe materials presented by Norris [6]. SF2 = 3.0 is

used for axial cracks where the dominant primary loading is a membrane stress.

For circumferential cracks, the pipe is usually subjected to a combination of membrane

and bending stresses. For pure bending the Code requires Pf, ^ 1.5Sm which implies a

safety margin against failure of 2.0. In addition, the ratio of the moment to reach full

plasticity in the uncracked pipe section to the moment required to produce flow stress at

the pipe surface, is 4/n. This means that the margin against plastic collapse in pure

bending is 2 • 4/TC = 2.55. The safety factor SF2 for Normal and Upset conditions for

circumferential cracks is then taken as the average of the margins in pure membrane

loading and pure bending, or SF2 = (3.0 + 2.55)/2 = 2.77.

For Emergency and Faulted conditions the safety factor SF2 is half of the value for

Normal and Upset conditions. The choice of SF2 in Table 2 is completely consistent with

ASME XI, Appendix C. However, the safety factors SF\ have no direct correspondence

in Appendix C. For materials such as flux welds, which may reach instability before limit

load conditions, Appendix C instead uses Z-factors on the loading. By assuming a

reference 7/j-curve for stainless steel welds, the ratio of the load to produce unstable

crack growth to the limit load is calculated. The reciprocal of this ratio is then used as a

multiplier Z on the applied stress. Thermal expansion stresses are included with a reduced

safety margin and weld residual stresses are not accounted for in Appendix C.

It is proposed that the safety factors SF\ and SF2 for axial cracks in Table 2 may also be

used for austenitic components other than piping.



Finally, Table 3 shows the safety factors for flaws in ferritic piping.

Table 3

Safety factors for ferritic piping

Type of Event

Normal and Upset

Conditions

Emergency and

Faulted Conditions

Circumferential crack

10.0

2.0

SF2

2.22(»

1.11

Axial crack

SFt

10.0

2.0

SF2

2.4(D

1.2

(1) This value may be divided by 1.5 if the only primary stress is a local membrane stress Pi.

The values in Table 3 are completely in analogy with Table 1 and 2. SF2 = 2.4 is used for

axial cracks where the dominant primary loading is a membrane stress. For pure bending

the safety margin is 2ASm/l.5Sm =1.6 which multiplied with 4/n equals 2.04. Taking

the average between 2.4 and 2.04, the safety factor SF2 for circumferential cracks is then

set to 2.22. This is slightly different from ASME XI, Appendix H where the safety

factors 2.77 and 3.0 is used for circumferential and axial cracks, respectively. This is

done for simplicity reasons and to retain the same safety margins in Appendix H as in

Appendix C. It should however be pointed out that this means that a ferritic pipe that is at

the limit of the Code allowable stresses in ASME III, NB-3000, may not satisfy the

Appendix H margins even in the limit as the crack size tends to zero. This is obviously

not satisfactory and to the authors' knowledge there is work being done in ASME XI

Working Group on Pipe Flaw Evaluation, that suggests safety factors more like the ones

in Table 3 in order to harmonize the margins in ASME, Section IH and XI.

Appendix H also uses the concept of Z-factors for ferritic materials which fail by ductile

flaw extension prior to reaching limit load. Thermal expansion stresses are included with

a reduced safety margin and weld residual stresses are only accounted for when linear

elastic fracture mechanics situations prevail and then also with a reduced safety margin.



DESCRIPTION OF STUDIED EXAMPLES

In the following, a few examples are given in order to demonstrate the modified safety

evaluation procedure and compare it with the old procedure [2] and also with ASME XI.

Axial crack in a PWR

Geometry: /?, = 1994 mm, t = 197 mm, stainless steel cladding with thickness = 5

mm. Half-elliptical surface crack at the inside of the beltline region.

Constant aspect ratio I/a = 6.

Material: Base material A508, cl. 2 with the following material data at 250 °C :

fyo.2 = 303 MPa, Rm = 552 MPa, Sm = 184 MPa (= Rm/3 = Rpo.2/l .65)

J\c > 0.232 MJ/m2 corresponding to K\c = 220 MPaVin.

Loading

conditions:

Safety

margins:

Primary membrane stress 165 MPa corresponding to an internal

pressure 15.5 MPa.

Thermal transient Excessive Feedwater Flow during which the

fluid temperature drops from 288 °C to 212 °C in 60 seconds.

The resulting thermal stress is shown in Fig. 2. This stress is

considered as a secondary stress.

Case 1 7* = VW, fm = 1.65 (consistent with Pm < Sm)

Case 2, 3 SF\ = 10, SF2 = 2.4

Case 4 7* = VT0~and only LEFM (ASME XI)

Four cases are studied. In Case 1 the R6-procedure in [2] is used. There the material

factors 7* and Ym
 a r e introduced as safety factors for fracture toughness and yield

stress, respectively. In Case 2 the modified safety procedure is used but with the

solutions for limit load and stress intensity factor K\ from [2]. In Case 3 the modified

safety procedure is used together with updated solutions for the limit load and the stress

intensity factor K\, [1] and the p-factor in the R6-procedure given by Ainsworth [7].

Case 4 uses only linear elastic fracture mechanic (LEFM) and a safety factor of VTO~ is

applied on the fracture toughness. This corresponds to the ASME XI procedure for

ferritic components. The result of the evaluations is shown in Table 4.



10

250

200

•3- 150•3

CO

a
00
O,
O
O
K

100

50

0

-50

t = 202 mm

a = 5000 W/m2,°C

0 0.2 0.4 0.6

u/t

0.8

Fig. 2 Thermal hoop stress through the thickness of the beltline region of a PWR.

Time is 60 s after the transient Excessive Feedwater Flow. Cladding induced

stresses due to different coefficients of thermal expansion are not considered.

Circumferential crack in a stainless steel pipe weld

Geometry: /?, = 144.3 mm, t = 17.5 mm

Constant crack length 181 mm corresponding to 20% of the pipe

circumference.

Material: SMAW in a stainless steel base material Wst 1.4306. Base material

properties at 275 °C are:

Rp0.2 = 104 MPa, Rm = 374 MPa, Sm = 94 MPa (= RpQ^/Ll 1)

Weld material properties at 275 °C:

J\c = 0.168 MJ/m2 corresponding to K\c = 182 MPaVm.

£ = 1 8 0 000 MPa, v = 0.3



11

Loading

conditions:

Safety

margins:

Pb and Pe are varied in the same proportion starting from their

respective mean values (20 MPa and 49 MPa, respectively)

collected from loading statistics by Nilsson, Brickstad and

Skanberg [8]. A through thickness weld residual bending stress

equal to 124 MPa according to Brickstad and Josefson [9] is

assumed for all cases except when using the ASME XI procedure.

Pm and Pb are considered as primary stresses in Case 1 to 3 below.

Case 1 /* = VT0~, fm = 1.11 (consistent with Pm < Sm).

Case 2, 3 SF\ = 10, SF2 = 2.77

Case 4 ASME XI, Appendix C

Four cases are studied. In Case 1 the procedure in [2] is used. In Case 2 the modified

safety procedure is used but with the solutions for limit load and stress intensity factor K\

from [2]. In Case 3 the modified safety procedure is used together with updated solutions

for the limit load and K\ [1] and the p-factor in the R6-procedure [7]. Finally, Case 4

corresponds to ASME XI, Appendix C for austenitic piping and normal/upset conditions.

The result of the evaluations is shown in Table 5.

Circumferential crack in a carbon steel pipe weld

Geometry: /?, = 144.3 mm, t = 17.5 mm

Constant crack length 181 mm corresponding to 20% of the pipe

circumference.

Material: Welded carbon steel pipe with base material 15 Mo 3. Base material

properties at 300 °C are:

RpO.2 = 180 MPa, Rm = 450 MPa, Sm = 120 MPa (=

Base and weld material properties at 300 °C:

J\c = 0.105 MJ/m2 corresponding to K\c = 146 MPaVm.

£ = 1 8 5 000 MPa, v=0.3
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Loading

conditions: pm = 40 MPa

Pb and Pe are varied in the same proportion starting from their

respective mean values (20 MPa and 49 MPa, respectively)

collected from loading statistics by Nilsson, Brickstad and

Skanberg [8]. A through thickness weld residual bending stress

equal to 174 MPa is assumed for all cases except when using the

ASME XI procedure. Pm and Pb are considered as primary

stresses in Case 1 to 3 below.

Safety
margins: Case

Case

Case

1

2,3

4

7* = VTO", fm = 1.5 (consistent with Pm < Sm).

SF\ = 10, SF2 = 2.22

ASME XI, Appendix H

Four cases are studied. In Case 1 the procedure in [2] is used. In Case 2 the modified

safety procedure is used but with the solutions for limit load and stress intensity factor Ki

from [2]. In Case 3 the modified safety procedure is used together with updated solutions

for the limit load and K\[l] and the p-factor in the R6-procedure [7]. Finally, Case 4

corresponds to ASME XI, Appendix H for ferritic piping and normal/upset conditions.

The result of the evaluations is shown in Table 6.

RESULTS AND DISCUSSION

In this section the results of the studied examples are presented. Table 4 shows the

allowable crack depth for the axial crack in the PWR using the different procedures.

Table 4

Allowable crack depth in mm for an axial crack at the inside of the

beltline region of a PWR. Aspect ratio I/a = 6.

Case 1

8.4

Case 2

26.6

Case 3

27.1

Case 4

ASME XI, IWB-3612

41.6

The difference between Case 1 and 2 is entirely due to difference in the way the safety

factor for plastic collapse is introduced. The safety factor 1.65 on yield stress in Case 1
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together with a rather high primary stress, imply that the plastic effects on the R6 J-

estimation will be overestimated, especially since lower bound data is used for the yield

properties of the material, and as a consequence the allowable crack depth will be small.

In Case 2, J is estimated using the unfactored lower bound yield stress together with a

separate check for plastic collapse and this will give a larger acceptable crack depth. Case

3 is using an improved solution for the p-factor [7], an improved procedure to calculate

K\ by using a polynomial fit of the stress state, Raju and Newman [10] and also an

improved solution for Lr based on finite element analysis by Sattari-Far [11]. This

explains the difference between Case 2 and 3. Case 4 gives the highest acceptable crack

depth which of course is a result of that no plastic effects are accounted for. It should be

noted in this case that L™ is <J/Rpo.2 = 2.45m//?^o.2 = 1 -46. The limit load parameter Lr

as the crack size tends to zero is Pm/Rp0.2 = 165/303 = 0.54. Using the criterion (4) it is

seen that if SFj would be 2.77 or 3.0 the criterion for avoiding plastic collapse is not

fulfilled even for zero crack size, despite the fact that the design criterion Pm < Sm is

fulfilled. This justifies the use of SFi = 2.4 for a ferritic pressure vessel to make the

failure avoidance criteria compatible with the design criteria in ASME, Section HI.

Table 5 shows the normalized allowable crack depth for a circumferential crack in a

stainless steel pipe weld. The results for the different cases are presented as function of a

stress ratio, which is defined in accordance with ASME XI, Appendix C. There the stress

ratio is multiplied with a factor Z (in this case Z = 1.449) and the expansion stress Pe is

reduced with the factor 2.77. However, in Case 1 to 3 below, the unfactored values of

Pm, Pf, and Pe is used.

Table 5

Allowable crack depth to thickness ratio for circumferential surface cracks in a stainless

steel welded (SMAW) pipe. Crack length is 20% of pipe circumference.

Stress

ratio* D

1.0

0.9

0.8

0.7

Case 1

0.34

0.41

0.51

0.68

Case 2

0.39

0.46

0.57

>0.80

Case 3

0.46

0.57

0.79

>0.80

Case 4

App. C

0.11

0.37

> 0.60(2)

> 0.60(2)

(1) Stress ratio = (Pm + Pb + Pel2.11)ISm

(2) ASME XI, Appendix C limits the allowable a/t to 0.60



14

Solutions for the stress intensity factor usually exist up to 80% of the wall thickness. An
allowable crack depth to thickness ratio a/t > 0.80 is entered for these events. The
difference between Case 1 and 2 is a result of the new safety procedure where the
separate criteria (1) and (4) for fracture and plastic collapse will cause the allowable crack
depth in Case 2 to increase slightly. Case 3 represents the new safety procedure with an
improved solution for the p-factor [7], updated solutions for Lr, Delfin [12] and an
improved solution for K\ based on finite element analyses by Bergman [13]. These
improvements also result in increased allowable a/r-ratios. In many cases both the old and
modified procedure give higher allowable crack depth to thickness ratios than ASME XI,
Appendix C (Case 4). The procedure in ASME XI, Appendix C can be considered as
conservative for the ductile stainless steel weld in this case. This is partly due to the Z-
factor procedure in Appendix C which actually is based on fracture analysis on through-
wall cracks in pipes. In this way the amount of primary stresses that contributes to plastic
collapse is increased and this will result in smaller allowable crack sizes. The fact that
Case 1-3 account for weld residual stresses does not seem to have a dominant influence
on the results for this ductile material.

Finally, Table 6 shows the normalized allowable crack depth for a circumferential crack
in a carbon steel pipe weld. The results for the different cases are presented as function of
a stress ratio, which is defined in accordance with ASME XI, Appendix H. There the
stress ratio is multiplied with a factor Z and the expansion stress Pe is reduced with the
factor 2.77. However, in Case 1 to 3 below, the unfactored values of Pm, Pb and Pe is
used. Also, for Case 4, the condition (Pb+Pe )IPm > 10 stated in Appendix H for an
EPFM-analysis, is fulfilled.

Table 6
Allowable crack depth to thickness ratio for circumferential surface cracks in a carbon

steel pipe. Crack length is 20% of pipe circumference.

Stress

ratio*1)

1.1

1.0

0.9

0.8

Case 1

0.24

0.27

0.31

0.37

Case 2

0.27

0.30

0.35

0.41

Case 3

0.31

0.35

0.41
0.51

Case 4
App. H

0.24

0.47

0.68
> 0.75(2)

(1) Stress ratio = Z- (Pm + Pb + P^2.11)1 Sm, Z=IA3

(2) ASME XI, Appendix H limits the allowable a/t to 0.75
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Since the fracture toughness is lower for the ferritic material compared to the stainless

steel weld, the fracture criterion (1) will be more important. For the same reason, the

weld residual stresses included in Case 1-3 will also have a larger impact on the results.

That is why Case 1-3 is conservative compared to the procedure in AS ME XI, Appendix

H, at least for Stress ratios less than 1.1.

CONCLUSIONS

A modified concept for safety evaluation is introduced which separately accounts for the

failure mechanisms fracture and plastic collapse. For application on nuclear components a

set of safety factors are also proposed that retain the safety margins expressed in ASME,

section III and XI. By performing comparative studies of the acceptance levels for

surface cracks in pipes and a pressure vessel, it is shown that some of the anomalies

connected with the old safety procedure are removed.

It is the authors' belief that the outlined safety evaluation procedure has the capability of

treating cracks in a consistent way and that the procedure together with the proposed

safety factors fulfill the basic safety requirements for nuclear components. Hopefully, it

is possible in the near future to develop a probabilistic safety assessment procedure in

Sweden, which enables a systematic treatment of uncertainties in the involved data.
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