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Abstract

The purpose of this paper is to develop new Z-Factors to evaluate the behavior of circumferen-
tial surface crack in ferritic steel pipings including base metal and Submerged Arc Weld (SAW)
metal in nuclear power plant. The Z-Factor is a load multiplier to convert plastic load to
elasto-plastic load. However the current Z-Factor gives too conservative results. In this study, a
J-estimation method, SC. TNP method, which is based on GE/EPRI expression, is used to develop
new Z-Factors. The desirabilities of both the SC.TNP method and the new Z-Factors are
examined using the previous experimental results for the circumferential surface crack in ferritic
steel pipings. The results are as follows; (1) The SC.TNP method is good for describing the
circumferential surface crack behavior in ferritic steel pipings, while the well-known Ré method
and DPFAD method give too conservative results. (2) The ASME Z-Factor method using new
Z-Factors well predicts the behavior of circumferential surface crack in ferritic steel pipings

including base metal and SAW metal.
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Table 1 Reference tensile properties of ferritic steel pipings
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Znsw-2=1.35[0.74240.0134 Anew 2 - (OD—4)
—0.000176 Anew—z - (OD—4)?]  (17)
A 71 M, Ampw-re Ra/tl &52A slee]E
7b w3 SAW &3 ol dlel ohgat Zeo] 7% 4
alch, Fig. 9% Aww_3 Al 71AQ Ra./i, &
Ra/t=5, 10, 200 w3l T3 ZHoltf, 2ol
Aaswe 3ol @A vehd el Ausr 23HE we

Anpwoz 352 Ru/t7) Z7Fael wel Zhashs 73



#Hghel e 7} wigHu o
& Balo, AMES Auw-rs
(fitting) & 4 it

Anew—-2=[0.1161(Rx/t) —0.161]

—0.383 I 5<Rn./t<20 (18)
4. Aol Y EB
4.1 djz FHTIAH

3 A
Battelle 4o+ 2yt 1597 32 vz =}
AAEE 4 v} Yeh 0 o] 5 4
AHA HAE 914 A7 zZzdeel Degraded
Piping Program, ® IPIRG Program,® 12w
Short Crack Program™e] ol &z 35 7io]c}
ol % Wi s AY F Fuidodo] o3 die g
T 4870 ela, o] dlefolEl A wite] o3
TAAEHL =5 10743k

Table 2+ Battelle 913240l 4]

Table 2ol A 4|5 A& d
bending) A& o2 F3rglon AFLrE uy
bk ad dAe $dexal 288CA AF #
ol 4 #5743 = st o] slalR A ke FaE AT
olglem 4Ald #6ol4 #107hA= 9.563 MPaei 4
15.513 MPart=] 9] <t&fo] whsbfoll 7 #et, o
ol gbaje] Zlaia]i= 9ol e fAE S
dsted ZRsFAIZ el Fd A A s A9 A (poten-
tial drop method) e & ZA3l9ic A&z}
Agdlelele] Hel o A

3 (5), (6o AAF] e} glorvg o)A A
zkslr) 2 o)

2 —

w4,

4.2 SCTNP gitHo] ElctAM &0l
Table 3¢ 10719 szte]e] 7 wizt #w
Aol vl & <iFol4 Age SC.TNP 3
2 AAE ANSE (Mer—max) & A7 3 (Mexp) 9t
=)

Blingt Lolrh, HellE o FA I AFPAE v ¢

Follv= Agdls, Ak oA (0D), F7(1,

TR G/ %), w0/t %), gy VI(Fracture Ratio FR)7 deivh 94, s

(), ARRE(0)., 71FHHE(e), AstA OlE vlabel giRfol Agehm A$E sl

(&), A 2=(n), e (p), meln Adofs = T A Fel FEG AEdke] Yefsigleh,

Al AN E (Mep) @l 3ol SI Unitz 3415 FR = (Gexp+ 0p) / (Oprea+ 0p) (19)

Table 2 Test matrix of surface crack experiments in ferritic steel pipings

Exp.No| Material Spec. ‘ oD ’ t 8/n a/t 0y O & @ n p Mexo

- mm | mm % % | MPa | MPa ] MPa |MN-m
1 Base | A106 | 169.3 | 7.44 | 50.8 | 63.1 |212.36 467.47|0.0011{0.499 | 7.222| 0 0.38
2 | metal 167.5 | 14.78 | 50.3 | 68 [319.92(620.53/0.00152) 1.97 |5.366| 0 [0.0801
3 168.2 | 21.46 | 52.6 | 63.3 |258.56/570.20]0.00134] 0.171 | 8.263| 0 |0.1174

vT 2;02.6 26.42 | 53.2 | 66.2 |237.18/610.19 0.()01247 2.189 1 3.729 | 0 [0.7484
5 404.9 | 12.70 | 53.5 | 66.2 |262.00|611.57|0.00138] 2.972 | 3.998 | 0 10.3656
6 167.5 | 13.49 | 43.2 | 64.7 |319.92(620.53{0.00152] 1.97 | 5.366 | 15.51 |0.0616

_T— 167.4 | 14.02 | 41.9 72 1319.92{620.53/0.00152| 1.97 {5.366 | 15.51 |0.0616

_ﬁ A516 | 711.2 | 22.68 | 25 50 1230.98/544.00(0.00119| 1.382 | 5.644 | 9.563 |2.1899

) 9 | SAW | A106 | 403.2 |25.37| 50 67 ]237.18 610.19’?00124 2.189 | 3.729 | 15.49 |0.5946

_T weld 609.6 | 42.67 | 25 60.5 1334.42|541.93 6.00114 3.206 | 3.41 | 15.51 12.5753
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Table 3 Comparison of fracture ratio from SC. TNP, R6 and DPFAD method

Exp.No SC.TNP R6 DPFAD
1 0.799 1.217 1.120
2 1.018 1.388 1.480
3 0.998 1.636 1.800
4 1.032 1.546 1.584
5 0.906 1.242 1.230
6 1.063 1.411 1.458
7 0.920 1.206 1.262
8 0.854 1.208 1.167
9 1.178 1.747 1.630
10 0.916 1.261 1.435
Average 0.968 1.391 1.416
Devlation 0.105 | 0.184 0.209
AZNA, Gepe AHNA ZAFE Sl g, 2] Ab&EE R6 wbilzl DPFADw oz A4 s
shelol olal Aol 27 gs SCTNP Wl sigjuls sbd dehd o))
o2 o)y $elog ohga Zo] 7 g & Table 3o ijEbyl wheb 7to] SC.TNP wubn) o)
ek el 0.9680)7 Az, 0.1050)th, R6#}
Gexo= MexpRon/ | (20) D}’PADC’I skl el 7h7h 1.3913F 1416017 2}
= ZE - ) ulw 5
Grea= Moo Ron/ ] (21) 018451 0.20001¢F, %, SCTNP o] 43
0p= PR/ (Ro*— R (22) ‘]’f HE el ehn Al Al ohet dlele 4
WAk sbd 4SS MeiFa olrh R6 whieluf
fﬂﬁ,]%;%ﬁgﬂplq vbel sl 3= b ppRAD whge SCTIND shwel] W) w4 el
sk el s A3k nel s sleh,
I=(x/4) (RS~ R (23) Fig. 10 Table 30| Zo]% SC.TNP, R6, -
al - ¥ H k) =5 E
Table 3oli= SC.TNP ubio]elol e 7| Zof| 2] 3. DPFAD 4| 7}=] ubdlol of3l spaw] 2 el
4 eleldh aglel Y& AN E ehi,
- 2] © = X 3 = olgm
|5 SCTNP Nethod 1 ReMethod < DPFAD Metnad | alel e vhehd e AHE SCTNPE shfo
s o o olit A9 gl ASol el zelm mas)
SAW S5l el =5 s A FEE A
/ ol Zahi ol &% wol#
2?
5 R b 43 ME® ZFactor2 AR ASME Z-Factor &
5 S | Wol Ergta By}
) | of Aol iz Zupwol vhEA-S 4. 14l 7|5
L ‘ w2k gt del ek AP stele] wlus 3
0 R el T - )
N T solax gk,

4 5 6
Experiment Number

Fig. 10 Comparison of fracture ratio from SC.'TNP,

R6 and DPFAD method
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Table 4 Comparison of moments and fracture ratio from ASME Z-Factor[ASME] and new Z-Factor

[New)
Exp.No Mexp M, ea (ASME) fMpred (New) FR (ASME) T FR (New)
MN-m MN-m MN-m L
1 0.038 0.029 0.040 1.298 0.957
2 0.080 0.068 0.090 | 1.180 0.893
3 0.117 0.087 0.113 1.355 1.037
4 0.748 0.566 0.758 1.323 0.987
5 0.366 0.277 0.425 1.318 0.860
6 0.077 0.062 0.085 1.210 0.913
]

7 0. 0.080 1.049 0.792
8 2. 2.531 1.556 0.890
9 0.595 1 0.347 0.513 1.504 1.124
10 2.575 ATV 1.894 2.718 1.287 0.955

Average 1.308 0.941

Deviation 0.140 0.089
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2 Zyew s AbEsle] 3t mulE

2
& a a
£
®
[+4 i
g N A
£1 %’* - < — = ;
E (8} 0
= =
!
[} L B B T P e IR
1 2 3 4 5 6
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Fig. 11 Comparison of fracture ratio
-Factor and new Z-Factor
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7273t 74014 ioll vielH vhep o] ZASME% A
g4 A%el s Biel 1308ela Hahe

o 14o<zlrﬂ dl b Zyew s AHETE 7ol shaiv)e
o] 0.9410] 3 Bale]l 0.089F2 4, Zvews AHE
H Tk mhe) o A Ao HTska gl
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