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Abstract

The purpose of this paper is to modify the ASME Code Z-Factor, which is used in the evaluation
of circumferential surface crack in nuclear ferritic pipings. The ASME Code Z-Factor is a load multi-
plier to compensate plastic load with elasto-plastic load. The current ASME Code Z-Factor under-
estimates pipe maximum load. In this study, the original SC. TNP method is modified first because
the original SC. TNP method has a problem that the maximum allowable load predicted from the
original SC. TNP method is slightly higher than that measured from the experiment. Then the new
ZFactor is developed using the modified SC. TNP method. The desirability of both the modified
SC. TNP method and the new Z-Factor is examined using the experimental results for the circum-
ferential surface crack in pipings. The results show that (1) the modified SC. TNP method is good
for predicting the circumferential surface crack behavior in pipings, and (2) the Z-Factor obtained
from the modified SC. TNP method well predicts the behavior of circumferential surface crack in
ferritic pipings.
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1. Introduction

In the design stage of nuclear pipings, it is assum-
ed that there is no crack in the pipings.[1] There,
however, are many microcracks in nuclear pipings
because of material inhomogeneity and welding pro-
cess problems. During plant operation, some
micro-cracks may grow into surface cracks or throug-
hwall cracks, which give adverse effect on the piping
integrity.

ASME Boiler & Pressure Vessel Code Sec. XI
“Rules for Inservice Inspection of Nuclear Power
Plant Components” (hereafter we denote this code
as ASME Code.) requires the evaluation of cracks
which are detected during in-service inspection.[2-4]

The Z-Factor method is one of the ASME Code’s rec-

ommendations to evaluate circumferential surface
crack in pipings. The ZFactor is a load multiplier to
compensate plastic load with elasto-plastic load. This
method can be applied to the circumferential surface
cracks under elasto-plastic condition. It is known that
the current ASME Code Z-Factor for ferritic pipings
underestimates the maximum allowable load of fer-
ritic pipings with circumferential surface crack.[5-7]
The purpose of this paper is to modify the ASME
Code Z-Factor to evaluate the circumferential surface
crack in both ferritic base metal pipings and ferritic
Submerged Arc Welding (SAW) weld metal pipings.
In order to develop new Z-Factor, a crack evalu-
ation method, which can exactly predict the behavior
of the circumferential surface crack in pipings under
elasto-plastic condition, has to be determined first.
Many methods such as J integral method[5-7,
11-30], R6 method[8], and DPFAD method[9-10]
have been proposed to evaluate the circumferential
surface crack in pipings. Specially the SC. TNP met-
hod, which is based on J integral GE/EPRI method
[13], has been known to well predict the circumfer-

ential surface crack behavior in feritic pipings com-
pared to other methods. [14-16] However, the SC.
TNP method has a problem in that it gives slightly
non-conservative results[14-16]. This means that the
maximum load obtained from the original SC. TNP
method is larger than that from experiments. This re-
sult is not desirable from the viewpoint of nuclear saf-
ety.

In this paper, the original SC. TNP method is mod-
ified first, and then the new Z-Factor for ferritic pip-
ings is developed using the modified SC. TNP met-
hod. The desirability of both the modified SC. TNP
method and the new Z-Factors will be examined us-
ing the experimental results for the circumferential
surface crack in both ferritic base metal pipings and
ferritic SAW weld metal pipings.[5-7]

2. Modification of SC. TNP Method

As mentioned above, many methods such as the J
integral method [5-7, 11-30], R6 method(8], and
DPFAD method[9-10] have been proposed to de-
scribe the surface crack behavior in pipings under
elasto-plastic condition. The GE/EPRI method based
on J integral stress field has been widely used for
cracks in nuclear pipings. In the GE/EPRI method, J
is divided into elastic component of J (Je) and plastic
component of J (Jp). For the piping with circumfer-
ential surface crack as shown in Fig. 1, the Jp is
expressed as[13]

I, = (1)

ﬁ_t_g_ n+1i
2b0'0

”‘50‘00‘(1‘%)‘0"21'[

In Eq.(1), a, t, and b are the crack depth, the pip-
ing thickness, and the uncracked ligament respect-
ively, and h: is the GE/EPRI coefficient given in the
GE/EPRI Handbook[13]. Eq.(1) is based on the fol-
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Fig. 1. Geometry of Circumferential Surface Crack

lowing stress-strain relationship.

£ = a(—q')", {2)

&, i

where ¢ and oo are the reference strain and the ref-
erence stress respectively, and « and n are the ma-
terial constant and the strain hardening exponent re-
spectively. Under the applied moment M, the stress
¢ in Eq.(1) can be expressed as[14-16]
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In Eq.3), p is the angle from x-axis to neutral
plane, and 7 is the angle from y-axis to the J esti-
mation point as shown in the Fig. 1. Hn and hs are
given in reference [15] and the GE/EPRI Hand-
book[13] respectively. L is the characteristic length,
which is large enough such that the stress a(R) acting
at the ends is equal to the remote stress ¢, in the
pipe wall caused by the applied moment M as show-
n in Fig. 2.

M
M
( Or or >

Fig. 2. Cross Section of Pipe Wall Under Bending Load
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The method to estimate J integral using Egs.({1)
and (3) is called the SC. TNP method(Surface Crack
for ThiN Pipe).[14-16] In the original SC. TNP met-
hod, the following relation is used under the as-
sumption that n>>1.

L =1 (n>»1) (4)

However, this assumption is not exact because the
n values measured from experiment range from 3.
368 to 8.263 as seen in Table 2.

In this study, L value in the original SC. TNP met-
hod is approximately modified as follows.[Hereafter
we call this modified method the modified SC. TNP
method.]

The SC. TNP method gives the relation between
o and L as [14-16]

AL
o= L" . (5)

Based on the approximation of force equilibrium
of the piping system in Fig. 2, the following relation
may be obtained.

L
L ¢ dL = o, - 6)

Substituting Eq.(5) into Eq.(6), the relation can be
obtained as

L= ntl, (7)
n

If n>1 (assumption in the original SC. TNP met-
hod), the L value in Eq.(7) converges into the pipe
thickness t.

Using the Egs.(1), (3), and (7), and J-R curve of
piping material, the moment-rotation relation can be

obtained.

3. Modification of ASME Code
Z-Factor for Ferritic Pipings

3.1. ASME Code Z-Factor

In the ASME Code, the following criterion is speci-
fied for the circumferential surface crack in pipings.
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P, < S. , 8)
where

P, =applied bending stress
S. =allowable stress.

The Sc is a function of fracture parameters such
as the pipe material properties, the crack length, the
crack depth, the pipe failure mode, the required saf-
ety factor, and the actual pipe stresses. The ASME
Code gives Sc as

where
P’y =bending stress at incipient plastic collapse
P. =thermal stress
Pn =membrane stress
(SF) =safety factor
=2.77 for normal operatinglincluding upset and
test) conditions
=1.39 for emergency and faulted conditions.

P,)—P,,(l—f(—ls-ﬁ) , (9)

The ZFactor in Eq.(9) is defined as (Hereafter we
denote Zaswe for the Z-Factor given in the ASME
Code)

Z asus-1=1.20 [1+ 0.021- A- (OD-4)]

! base metal (10)

ZASME—2= 1.35 [1+ 0.0184 - A- (0D"4)]
: SAW weld metal, (11)

where
Zrse-1  =Z-Factor for ferrtic base metal
Zesme—2  =Z-Factor for ferritic SAW weld metal
oD =outside diameter (inches).

The A in Egs.(10) and (11) is given as (hereafter
we denote Aasme for the A value given in the ASME
Code)

Apsup=10.125 (fti) — 0.25]%5
R,,
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=(0.4(%2)-3.00°
10< (—R;—) <0 . (12)

The Zssve in Eqgs{10) and (11) were obtained us-
ing the low bound values of feritic pipe material
properties. Table 1 represents the reference tensile
properties of ferritic pipe base metal used in ASME
Code[7] These tensile properties were also used for
ferritic SAW weld metal because this provides a con-
servative result. Fig. 3 shows the J-R curves for fer-
ritic base metal and the ferritic SAW weld metal used
in the ASME Code ZFactor calculation.[7]

Table 1. Reference Tensile Properties of Ferritic Pipings

oy o ot £o a n
(MPa) (MPa) (MPa)
18684 41162 22923 0.0010423. 251 42

— Feritic Base Metal -~ Fonitic SAW Metal|

[} 10 40 50

20 30
Crack Growth (mm)

Fig. 3. Reference J-R Curves for Ferritic Base Metal and
Ferritic SAW Weld Metal

3.2. Development of New Z-Factor for Ferritic Pip-
ings

3.2.1. Definition of Z-Factor

The Z-Factor as a load multiplier is defined as
M
= W (13)
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where
M. =limit moment
Mepmx =maximum moment under elasto-plastic
condition.
The limit moment of circumferential surface crack

(My) is given as [2]

(1) 6+p<n
My =2 o, R4 ¢ {ZSinB —(ﬁt)sino] (14)
- - 4Z)
@ 6+8>x
Mi=2 o, Ryt {2 —%]sing (16)
iU

where Rm is the mean radius and o is the flow stres-
s, which is defined as the average of vield stress(a,)
and ultimate tensile stress{c.). Pm is given by
R}
P, =19 _(i??—Tf) ) (18)

where p is the pipe internal pressure.

As previous stated, the maximum moment under
elasto-plastic condition (Mep.ma) is calculated from the
modified SC. TNP method in this study.

3.2.2. New Z-Factor for Ferritic Base Metal
(Znew-1)

The effect of pipe diameter on the new Z-Factor is
investigated for 3 cases of pipe outside diameters
{OD =45, 16, 42 inches) with Rm/t=10. And also
Rm/t effect on the new Z-Factor is investigated for 3
cases of Rm/t (Rm/t=5, 10, and 20) with OD =42
inches. For each of the above cases, 4 cases of crack
depth (a/t=0.1, 0.3, 0.5, 0.75) and 4 cases of crack
length (8/7/=0.1, 0.25, 0.5, 1) are considered in or-
der to investigate the effect of both the crack depth
and the crack length on the new Z-Factors.
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Figs. 4 and 5 show the limit moment obtained
from Eqgs.(14)—(17) and the maximum moment
obtained from the modified SC. TNP method for
OD =16 inches case with Rm/t=10 respectively.
Using the data shown in Fig. 4 and Fig. 5, the Z-Fac-
tor can be easily obtained from Eq.(13). The Z-Factor
is shown in Fig. 6. As shown in the figure, the ASME
Code Z-Factor has a constant value because the
ASME Code Z-Factor is not a function of crack dep-
th or crack length. It is meaningful that the new
Z-Factor is not sensitive to either the crack depth or
the crack length as shown in Fig. 6. We define the
maximum Z value among 16 cases in the figure as
the new Z-Factor corresponding to the given pipe
outside diameter and Rm/t.
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Fig. 4. Limit Moment for Ferritic Base Metal With
OD=16 inches (Rm/t=10)
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Fig. 5. Maximum Moment for Ferritic Base Metal With
OD=16 inches (Rm/t=10)
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Fig. 6. Z-Factors for Ferritic Base Metal With OD=16
inches (Rm/t=10)
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Fig. 7. Comparison of New Z-Factor(Znew-1) With
ASME Z-Factor{Zasme-~1) for Ferritic Base Metal

Fig. 7 shows the relation between the new Z-Fac-
tor and the pipe outside diameter. The new Z-Factor-
s are lower than the ASME Code Z-Factor by approx-
imately 40%.

The new Z-Factor for feritic base metal (Znew-1)
can be fitted as (hereafter we denote Zmew for the
new Z-Factor)

Zynew-1=1.2[0.744 + 0.0152A ngw-1

(OD—4)—0.0002A xgy-; - (OD—4)"1 (19)
where Arvew-1 is a new A value for ferritic base metal,
which can be obtained from the relation between
Awwa and Rm/t as shown in Fig. 8. The Anew-1

d. Korean Nuclear Saciety, Vol. 28. No. 2. April 1996
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Fig. 8. Comparison of New A Value(Anew-1) With
ASME A Value(Assre) for Ferritic Base Metal

values decrease as the Rm/t values increase. Anew-1
can be fitted as

ANEW.1=[0.0125(—R%) + 0.875]72™

5< !;ﬁ <20 (20)

3.2.3. New Z-Factor for Ferritic SAW Weld Metal
(Zrew2)

New Z-Factor for ferritic SAW weld metal {Zvewsz)
can be obtained through similar methods used in the
calculation of Zwew.. The effects of crack depth(a/t =
0.1, 0.3, 05, 0.75), crack length (/= =0.1, 0.25, 0.
5, 1), pipe outside diameter(OD =4.5, 16, 42 inches
with Rm/t=10), and Rm/tRm/t=5, 10, 20 with
OD =42 inches) on Znew-2 are also investigated.
investigated.

Fig. 9 shows the relation between Znew-2 and pipe
outside diameter, which can be fitted as

Znew-2=1.35[0.742+0.0134 A npw-2 - (OD—4)

—0.000176 A nzw-> - (OD—4)%) (21)

where Anvew-2 is @ new A value for the ferritic SAW
weld metal, which can be fitted as

Am_z=[o.nsl(R—;‘) + 0.161)7%®
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5< —R;i <20 (22)
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Fig. 9. Comparison of New Z-Factor(Znew-2) With
ASME Z-Factor(ZasMe-2) for Ferritic Base Metal

4. Results and Discussions

4.1. Pipings Fracture Experiments

Many pipe fracture experiments had been perfor-
med for nuclear pipings with surface/throughwall
crack as a part of the Degraded Piping Program,
IPIRG(International Piping Integrity Research Group)
Program, and Short Crack Program.[5-7]

Table 2 is a summary of experimental results
obtained from the abowe Programs. Eight surface
crack experiments for ferritic base metal, 2 for feritic
SAW weld metal, and 16 for austenitic base metal
are shown in the table. Experiment number, material
specification, pipe outside diameter{OD), thickness(t),
crack length({8/n, %), crack depthia/t, %), vield stres-
slo,), ultimate tensile stress(s.), reference strain(eo),
strain hardening coefficient{s}, strain hardening ex-
ponent{n), pipe internal pressure(p), and maximum
moment measured from the pipe fracture experi-
ments{Meo) are given in Table 2.

The pipe fracture experiments were performed at
288°C under the 4 points bending loading. The po-
tential drop method was used to determine the crack

growth amount. Detailed contents including exper-
imental facilities, experimental methods, data proces-
sing, and crack evaluation methods are provided in

references [5] and [6).
4.2. Desirability of the Modified SC. TNP Method

The maximum moments and fracture ratios obtain-
ed from the modified SC. TNP method, the original
SC. TNP method[14-16], the R6 method[8], and
DPFAD method[9-10] are given in Tables 3 and 4
for feritic and austenitic pipings respectively. The
fracture ratio is defined as

Oerp T O

FR= E_%mi-‘*—‘_ﬂ;% (23)
The 6., and o, are the measured stress from experi-
ments and the calculated stress induced by pipe inter-
nal pressure respectively. The owa is the predicted
stress obtained from the modified SC. TNP method,
the original SC. TNP method, the R6 method, or the
DPFAD method. The 6., 6w, @and o, are given as

Opred = _‘M_EP’I_"“".& (25)
R}
0, = p (ROE_ R?) (26)

The | is the moment of inertia given by
I=(F )R- RY) @7)

For the ferritic material given in Table 3, the average
fracture ratio of the modified SC. TNP method is 1.
008, while the average fracture ratios of the original
SC. TNP method, the R6 method, and the DPFAD
method are 0969, 1401, and 1.427 respectively.
For the austenitic pipings, the average fracture ratios
of the modified SC. TNP method, the original SC.
TNP method, the R6 method, and the DPFAD met-
hod are 1.012, 0.976, 1.223, and 1.262 respectively.
As shown in the Table, the average fracture ratio of
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Table 2. Test Matrix of Surface Crack Experiments in Ferritic and Austenitic Pipings

J. Korean Nuclear Society, Vol. 28, No. 2, April 1996

Exp. No Material Specication oD t aft o/n oy oy £ @ n P Mexp
(i) in) | ) | (%) | (MPa) | (MPa) (MPa) | (MN-m)

1 Ferritic A106 1693 | 744 | 5080 | 63.10 | 2124 | 4675 |0.00110| 0499 | 7.222 | 000 00380
2 Piping 1675 | 1478 | 5030 | 6800 | 3199 | 6205 1000152 1970 | 5366 | 000 | 0.0801
3 1682 | 2146 | 5260 | 6330 | 2586 | 5702 [0.00134( 0.171 | 8263 | 000 |0.1174
4 4026 | 2642 | 5320 | 6620 | 2372 | 6102 |0.00124] 2189 | 3729 | 000 (07484
5 4049 | 1270 | 5350 | 6620 | 2620 | 611.6 |0.00138| 2972 | 3998 | 000 |0.3656
6 1675 | 1349 | 4320 | 6470 | 3199 | 6205 |0.00152| 1970 | 5366 | 1551 [ 00772
7 1674 | 14.02 | 4190 { 7200 | 3199 | 6205 {0.00152( 1970 [ 5366 | 1551 [ 00616
8 A516 7112 | 2268 | 2500 | 5000 | 2310 | 5440 |0.00119| 1382 | 5644 | 956 |2.18%9
9 Al106 SAW | 4032 | 2537 | 5000 | 67.00 | 2372 | 6102 |000124| 2189 | 3729 | 1549 | 0.5946
10 609.6 | 4267 | 2500 | 6050 | 2344 | 5419 [000114| 3206 | 3410 | 1551 | 25753
1 Austenitic TP316 4051 | 980 | 5110 | 6580 | 1669 | 4702 |0.00095| 5.164 | 4344 | 0.00 | 02303
12 Piping 4067 | 947 | 2500 | 4760 | 2241 | 5088 (000108 5012 | 4946 | 155 | 03564
13 TP304 1674 | 701 | 5020 | 6340 | 1469 | 4489 |000080| 8658 | 3368 [ 000 (00295
14 1686 | 1361 | 5180 | 6590 | 1386 | 4495 |000076| 11230 | 3565 | 000 [ 0059
15 1683 | 2248 | 4420 | 6530 | 1503 | 477.1 |0.00082{ 3722 { 4181 | 000 01009
16' 1143 | 889 | 50.00 | 3800 | 2468 | 6295 |0.00138| 2558 | 5500 | 000 |0.0411
17 1143 | 902 | 5000 | 59.40 | 2468 | 6295 ]0.00138( 2556 | 5500 [ 000 [0.0330
18 1143 | 853 | 25.00 | 3870 | 2468 | 6295 |0.00138 2556 | 5500 | 0.00 {0.0377
19 1143 | 881 | 2500 | 60.80 | 2468 | 6295 |0.00138| 2556 | 5500 | 000 | 00336
20 1143 | 879 | 7500 | 41.30 | 2468 | 6295 [0.00138| 2556 | 5500 | 000 (00375
21 1143 | 851 | 75.00 | 6450 | 2468 | 6295 |0.00138| 2556 | 5500 | 000 | 0.0303
2 1143 | 927 | 5000 | 5750 | 2468 | 6295 {0.00138] 255 | 5500 [ 000 | 0.0323
23 SA333 2652 | 1727 | 4200 | 7000 | 2392 | 5275 |0.00124| 2134 | 5583 | 000 |0.2211
2 2720 | 17.12 | 4300 | 7100 | 2392 | 5275 |000124| 2134 | 5583 | 0.00 |02342
25 2706 | 1506 | 4800 | 6780 | 2392 | 5275 |000124| 2.134 | 5583 | 0.00 |0.1951
26 2728 | 1661 | 5250 | 6590 | 2392 | 5275 [000124| 2134 | 5583 | 1827 | 01600

the original SC. TNP method gives non-conservative
results by 3-4%, while those of the modified SC.
TNP method show conservative results within 1-2%.
The well known R6 and DPFFAD method give too
conservative results by 20-50%.

Fig. 11 and 12 show the fracture ratios for ferritic
pipings and austenitic pipings respectively. The x-axis
represents the experiment number.

4.3. Desirability of New Z-Factor for Ferritic Pip-
ings

The ASME Code specifies that the safety margins
of 2.77 and 1.39 should be applied to Eq.(9) for nor
mal operating condition and emergency/faulted con-
ditions respectively. In this study, however, the safety
margin is considered as 1 in order to compare the
predicted results with the experimental results.
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Table 3. Predicted Maximum Moments and Fracture Ratio from Modified SC. TNP Method, Original SC.
TNP Method, R6 Method, and DPFAD Method for Ferritic Pipings

Exp.No Mexp modSCTNP om SC.TNP R6 DPFAD FR

(MN-m) (MN-m) (MN-m) (MN-m) (MN-m) modSCTNP org SC.TNP R6 DPFAD

1 00380 00467 00476 00312 00339 0813 0.799 1,217 1.120
2 00801 00773 00787 00577 0.0541 1.036 1.018 1.388 1.480
3 01174 01160 01176 00716 0.0652 1.012 0.998 1.639 1.800
4 07484 06821 07250 04840 04724 1.097 1.032 1.546 1584
5 03656 03822 04036 02943 02973 0.956 0.906 1.242 1.230
6 00772 00694 00720 0.0514 0.0495 1.100 1.065 1429 1478
7 00616 00655 00679 00473 00465 0947 0917 1257 1275
8 21899 25824 26685 17065 1.7891 0.875 0.852 1214 1171
9 05946 04406 04797 02698 03010 1.268 1.187 1.804 1674
10 25753 26355 28616 19276 1.6256 0.980 0913 1273 1.459
Average  1.008 0.969 1.401 1427

Table 4. Predicted Maximum Moments and Fracture Ratio from Modified SC. TNP Method, Original SC.
TNP Method, R6 Method, and DPFAD Method for Austenitic Pipings

Exp.No Mexp modSCTNP omg SC.TNP R6 DPFAD FR

(MN-m) (MN-m) (MN-m) (MN-m) (MN-m) modSC.TNP org SC.TNP R6 DPFAD

11 02303 02511 02630 02056 02429 0917 0.876 1.120 0948
12 03564 04486 04654 04082 03670 0802 0.774 0.787 0972
13 00295 00367 00394 00297 0028 0804 0.749 0993 1.021
14 00596 00471 00502 0.0416 00465 1.265 1.187 1431 1.281
15 01009 00839 00882 00643 00704 1.202 1143 1.569 1434
16 00411 00391 00400 0.0366 0.0308 1.051 1.027 1.122 1334
17 00330 00322 00331 00268 00242 1026 0.996 1231 1.362
18 00377 00405 00414 00392 00332 0932 0911 0.962 1137
19 00366 00375 0038 00318 00302 0895 0.869 1.057 1110
20 00375 00375 0038 00339 00290 0999 0975 1.105 1292
21 0.0303 00287 00296 0.0217 00193 1.053 1.023 1.396 1.568
22 00323 00336 00346 0.0281 00254 0963 0935 1.149 1272
23 02211 02022 0208 01534 01571 1.093 1.062 1.441 1407
24 02342 02069 02130 01567 01619 1132 1.099 1.495 1.447
25 0.1951 01866 01921 0.1403 01451 1.046 1016 1.391 1.345
26 01600 01387 01448 00773 0.1092 1113 1.078 1.651 1.320
Average 1.012 0976 1.223 1.262

The maximum moments measured from the exper-
iments (Mes), the predicted maximum moment using
the ASME Code Z-Factor (Mwa(ASME)), and the
predicted maximum moment using the new Z-Factor
(Mpea(New)) are given in Table 5. The fracture ratios
from the ASME Code ZFactor (FR(ASME))} and
those from the new Z-Factor (FR(New)) are also

shown in Table 5. The average FR(new) value is O.
980, while the average FR(ASME) is 1.308. This
means that the Z-Factor method using the new Z-Fac-
tor well predicts the circumferential surface crack beh
avior in ferritic pipings within 2%, while the Z-Factor
method using the ASME Code Z-Factor gives too
conservative results by 30.8%. The standard devia-
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Fig. 11. Comparison of Fracture Ratio from Modified
SC. TNP Method, Original SC. TNP Method,
R6 Method, and DPFAD Method for Ferritic

Pipings

tions of fracture ratios from the new Z-Factor and
the ASME Code Z-Factor are 0.093 and 0.140 re-
spectively. The standard deviation of fracture ratios
from the new Z-Factor is reduced by 33.5% compar-
ed to those from the ASME Code Z-Factor.

The fracture ratio for ferritic pipings given in Table
4 are shown in Fig. 13.

This study is focused on the Z-Factor in the ferritic
pipings. Further research is required for the ASME
Code Z-Factor in austenitic pipings because the
ASME Code Z-Factor for austenitic pipings also gives
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Fig. 12. Comparison of Fracture Ratio from Modified
SC. TNP Method, Original SC. TNP Method,
R6 Method, and DPFAD Method for Austenitic
Pipings

Table 5. Predicted Maximum Moments and Fracture
Ratio rom ASME Code Z-Factor and New

Z-Factor
Exp.No. Mexp  Mpred(ASME) Mpred(New) FR(ASME)  FR(New)
(MN-m) (MN-m) (MN-m)

1 0038 0029 0038 1298 0998
2 0080 0.068 0.086 1180 0931
3 0117 0087 .0.108 1.355 1.082
4 0748 0566 0730 1323 1025
5 0366 0277 0407 1318 0.898
6 0077 0062 0082 1210 0952
7 0062 0058 0.076 1049 0.826
8 2190 1202 2405 15% 0928
9 059 0.347 0487 1504 1171
10 2575 1.894 2.605 1.287 0990

Pverage 1308 0980

Divation 0.140 0093

an underestimation of the maximum moment of aus-

tenitic piping with circumferential surface crack[5-7].
5. Conclusions

In this study, the SC. TNP method, which is based
on the J integral GE/EPRI method, is modified first
and then new Z-Factors are developed using the
modified SC. TNP method. The desirabilities of both



Modification of the ASME Code Z-Factor for Circumferential Surface Crack in---Y.H. Choi, et al

= FR(New) }.

[© Friasme)
2
o (=]
o o
g -] o i =] a . fos]
yr— — e
o " } + ' ; "
1 2 3 4 5 - 7 8 9 10
Experiment Number
Fig. 13. Comparison of Fracture Ratio from ASME
Z-Factor and New Z-Factor

the modified SC. TNP method and the new Z-Factor
s are examined using the previous experimental res-

ults for the circumferential surface crack in ferritic pip-

ings. The conclusions of this study are as follows :

(1) The modified SC. TNP method is good for des-
cribing the circumferential surface crack behavior
in ferritic and austenitic pipings.

(2) The new ZFactor obtained from the modified

SC. TNP method well predicts the behavior of cir-

cumferential surface crack in both femitic base
metal pipings and ferritic SAW weld metal pip-
ings within 2%.
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