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Simulation of the torsional mode guided wave inspection from axial defects in piping

goboooboooooooob goobgbbogbod

A study of the reflection of the torsional mode guided wave from axial defects in straight
pipes had been carried out. A large scale of three dimensional FEM code was applied to predict
received signals. The crack like defects with varying axial extents and depth had been
considered. The results showed that the echo amplitude from the defects increased with depth
and axial extent. The wave propagation and reflection from the axial defect were also

visualized in this study.

@EEED® - Guided Wave, Piping, Wave Propagation, Three dimensional FEM, Reflection
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Phased Array UT of acoustical anisotropic materials

OooooOooooooooo OOoooooooo

gboobogooboooo

Phased array UT system provides us with a multiple angle beam testing and real-time side
view imaging of defects with sectorial scans. UT inspectors can recognize positions of the
defects directly using B-scan or S-scan images. When B-scan or S-scan images are
reconstructed from multiple A-scans, materials of the specimen are commonly assumed to be
isotropic media. In this study, we applied the phased array UT to anisotropic materials.
Austenitic stainless welds and controlled rolling steel plates were selected for our
measurement. We compared the locations of indications on B-scan or S-scan images and
actual positions of the side-drilled holes. The applicability of the phased array UT technique for

anisotropic materials were evaluated.

: Phased array, Austenitic stainless steel weld metal, Anisotropic steel, JIS Z 3060
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Simulation for the Wall Thinning Assessment using Pulsed Eddy Current Method

0000000o0oOoooooo OO0OoOoooood

The applicability and feasibility of pulsed eddy current method for the measurement of wall
thinning have been investigated based on analytical simulation, which showed that the
magnetic flux density resulted from eddy current decays rapidly after the turning off of
excitation current. The decay rate of the magnetic flux density in logarithm, log(B), is a
particular parameter closely related to the wall thickness and can be used to evaluate wall

thickness.

[EWEED - eddy current testing, pulsed eddy current testing, simulation, wall thinning

thickness measurement
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Result of UT verification test for Stainless Steel through weld deposit
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BWR owners and plant fabricators have been making efforts to decrease the ISI parts where
UT is difficult to be conducted. For that purpose, UT verification test for both detection and
sizing qualification through deposit of pipe weld joint started in 2009 and will last until 2012.

In 2009, UT verification test for stainless steel pipe weld joint has been performed. Test
samples are stainless steel pipes with welds and sizes are 600A.350A.150A with EDM notches
and/or SCC cracks. Angle beam methods and phased-array angle beam methods have been
applied.

The detection test shows that there are no failure to detect and no false call. The length
sizing test shows that RMS errors of SCC crack length are within the ASME acceptance criteria.
So, it is clarified that each method has the enough qualification for UT through deposit of

stainless steel pipe weld joint.

These tests have been witnessed and evaluated by JAPEIC as the third body.
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Effect of chromium content on stress corrosion cracking susceptibility of shielded metal arc weld metals
for nickel base 600 type alloy in high temperature pressurized water environment

ooooooooboooooo gogn
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The stress corrosion cracking (SCC) susceptibility of the SMAW metals for Inconel alloy 600
to which Cr was added to 14.8-21.4mass% has been investigated on the basis of CBB test in
the pressurized hot water (corresponding to the service condition of BWR nuclear power
plant), since the TIG weld metal of alloy 82 involving 18-22mass% Cr possesses much better
resistance to SCC than the SMAW metal of alloy 182 (Cr content = 13-17mass%). When their
Cr contents were increased to the same level as those of the alloy 82, the weld metals of alloy
182 sustained only slight SCCs in the as-welded state, and no crack was detected after the
post weld heat treatment (SR+LTA) of stress relief annealing at 620 [J followed by aging at 400
[0 . These results suggest that the higher Cr content of the alloy 82 is responsible for its higher
resistance to SCC than that of the alloy 182. The Cr carbides precipitated at the grain boundary
during the welding and the SR+LTA treatment were also changed from M7Cs type to M23Cs type
with the increase in the Cr content. Though the Cr content at the grain boundary in weld metal
containing 14.8mass%Cr subjected to the SR+LTA treatment was 3mass%, the Cr content of
weld metal containing 18.5mass%Cr was not less than 10mass%o. The addition of the Cr to the
alloy 182 increased the Cr content in the grain boundary region, suggesting that the
intergranular SCC can be suppressed when the Cr content at the grain boundary is not less
than 10mass%. In addition to the carbide, Niis(Mn, Cr)sSiz (G phase) was precipitated at the
grain boundary in the alloy 182 containing 18.5mass% Cr when the SR+LTA treatment was
applied. TEM-EDS analyses suggested that the G phase was enriched in P, and so could
decrease the P content in the grain boundary region. Probably, the decreased P content at the
grain boundary due to the precipitation of G phase contributed to the enhancement of the SCC
resistance of the Cr-added alloy 182 by the SR+LTA treatment.

CEMEED : Stress corrosion cracking, Alloy 182, Alloy 82, Chromium content,
Creviced bent beam test, Chromium depletion layer, Phosphorus content, G phase
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Fig. 10 Appearance of welded joint of the Ni-base alloy
from which specimens for the CBB test were cut.
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Fig. 20 Thermal cycle of the post weld heat treatment
consisting of stress relief tempering (SR) and low
temperature aging (LTA).
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Table 10 Chemical compositions of the weld metals and the base metal used (mass%)

Materials C Si Mn P S Ni Cr Fe Nb Ti N (ppm) | O (ppm)
Standard 0.069 |0.48 |5.39 | 0.012 [0.005 |69.33 | 14.80 | 6.59 [ 1.24 | 0.62 120 228
High Cr 1 ] 0.059 | 0.43 |5.33 | 0.011 0.005 | 66.57 | 18.50 | 7.11 1.38 | 0.49 118 218
High Cr 2 ] 0.057 | 0.38 | 4.84 | 0.011 0.005 | 64.37 | 21.44 | 7.14 [ 1.23 | 0.38 126 269
Base metal | 0.120 | 0.36 | 0.28 | 0.005 | 0.008 | 72.89 | 17.37 | 6.93 - 0.21 11 5
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Fig. 1500 TEM micrograph observed in a high Cr 1 weld
metal subjected to the SR+LTA treatment. The
diffraction pattern, which could be indexed as
(11 2) plane of M23Cs, was taken from the field
indicated by the arrow in the bright field image.

gbooOdcCrO1l0000D0O0OSR+LTAODODOOO
gogoooobobooobooobolgosy mO
gobooboboooebsooooboooboOoon

cCrODO0OooDoM:.C.00D0D00DOODOAO
SR+HLTAODOOOODCrO10000000DOO
goooldosy mOOOOOOOOOODOOOO
ogooooooebpsoodooooooooocrd
gdoooMCeDOOODOOOOOOOonO
SR+HLTAODOOOODOCrO10000000DOO
odpoDoddpoooooooooooooooogoo
0000000000 Thermo-CalcODOOOOOO
goooocrOO000ODOO0ODODOOODODOOO
000000OFg. l6000000CrO 100000
Cr02000000000DO Ni-0.062mass%C
-0.43mass%Si  -5.19mass%Mn  -0.011mass%P
-0.005mass%S -6.95mass%Fe -1.28mass%Nb
05mass»TiOD 000000000000 0000
0oo0oDooDOoMPOFeSOOOOOODOODOODO
00oDo00oDoooooooooooooooogoon
0000o0o0oOosROODOOOOO6200000CrO
00 12.7mass%0 M;C:0 0 M:CcO OO OO0 0O0
dooboooooooocroboobooooonon
MC.OOM:CcOODODDODOOOOoooooonon
oooooooooooowmc.Oooooooog
CrO000 148mass%0 00000000 MxCs O
0opoDod0oDoDooooooooooooooogoon
0o0ooopoooooooooocroboooOoon
ogodooooooooobooooooobooon
godoooooooooboooboooobooon
0000000000000 000OdFig. 170
SR+HLTAODOOOOODOOOOCrO100000
ddddoogocrO00OO0ODODODOFE-TEMOOO
EDSOO000O0O0DOOOO0ODOOOOOOODOOOO

la - (Ni) +,:Cg+Cr S
i) DUy /

11000
= (Ni)+M,Cy (i) +My5Cq (Ni ) +y3Cq+Cr,Si-+NisNb
- " " g (Ni) Hil;Ce+CrSi+ B
fi] 2000 OGN ) G M ) My Gt S
E +Nighb +8
T \
= - N > (Ni) HUigCCr S
= i)+ 0 +Nigb NigTi+B
g =0 e 1), C5+0rSi +NigNb NiTi
nl (N1) +0,Cy+MyCotNi oD
/e N ) +My CgNi No+Ni g Ti+ B

ONi) -+ G+ N+ 5T

i (Ni)-+M,Cy MGyt NDHNi T i

B

12 % a0 25

x—.
¥

MASS PERCENT CR

Fig. 1600 Phase diagram of the Ni-0.062mass%C
-0.43mass%Si -5.19mass%Mn -0.011mass%P
-0.005mass%S -6.95mass%pFe -1.28mass%Nb
-0.5mass%Ti system alloy.

000000000000000000000 Vol.7 2011



ElEEE) cccooooooooooooo

30

o \
. A Standard

25 e High Cr 1]
- 8
2 20 ? °3
» L
] ]
g 9 . E:; . : 3! ¢
£15 . ..
S A oo o A
= o0
s ¢ # . A
. Al ol 4R
e ; B oa Ya,a

0

-150 -100 -50 0 50 100 150
Distance from grain boundary (nm)

Fig. 170 Distribution of Cr contents across grain
boundaries in standard and high Cr 1 weld
metals subjected to the SR+LTA treatment.

goboobogocrd0b0O0OOO0ODOODOO30mass%

dooooboobboogcrgloMsCOnononog
gobobooobboobbooobboobobo
gogobobooocrobbooonbobobdg
729masskw 000 00000O0O0ODOO0ODOCrO0O

OOSR+LTAOUODOOODOOODDO 3mass%l O Cr

0l001massk0 0000000 CrO 10000

goboboooboboobocrobboobonoog

ooboobOoobOobooOosSrR+LTAOODOODOO
ggodocrbogogoggsccoonooooog
goboboooobooboobocrogbonoo

0oo0doooo0Od0OHamadaO ®**0 0000000

6000 0 0000ASTM G280 0000 nOOonOO

goooooooobooooooobocrogn

l4dmass®0 0000000 D0OOOOOOOO0O00

BriantO ""O 6000 000 00O00DOOODOODOO

ddddooocrogd 2mass00nnooog

goooooooobbobbbbobobobobobobobon

gogOoscconopooooononon Fg 130000

goooDboboooooboooo cronog

Omasskl 00 SCCOOOODOOODOOOOoon

ud

34 SR+LTAOOOOOOOCrO100CrO 20
SCCOuunbAwOooogn
Fig. 8000090 OOOoOOoOoOOCrbo 100
CrO020 AWOOQOQOSsSCccOooooonooooono
OO0O0OSR+LTAOOODOOODOOOSsSccOooon
gosccooooAwDOoooooooooooo

25
20
g { § 50 83, 30 82 9 )
E15 3
2 Average:12. 9mass%
(']
-
§ 10
S
5
0
-150  -100 -50 0 50 100 150

Distance from grain boundary (nm)

Fig. 180 Distribution of Cr contents across a grain
boundary in a high Cr 1 weld metal of the as-
welded state.

O0O00OFig 120000CrO1O0CBBOOOOO
gooooooonoobOobDAWODOODO SR+LTA
gogoboooboobobobooboobobooog
oOooOoooooOdOocro0bOOOOOOFRg. 18
gocCrOl0AWOOODOOOODOOOODOCrU
OO00O0O0OFE-TEMODO EDSOOODOOODOOODO
gooogoogoioonmibgoocrbobooooog
000000 CrOddn129mass%l 0000 Fig. 19
gocCrOl10AWDOODOODOODODODODOO
goooTEMOOODOODOOODOOODO

0

0L um| w,.co//0101]
TEM image Diffraction pattern

T

ia L= L 1 [T Ll i B [ L] =

EDS analysis
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Fig. 2000 TEM micrograph observed in a high Cr 1 weld
metal subjected to the SR+LTA treatment. The
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(1 0 1) plane of Niis(Mn,Cr)eSi7 (G phase), was
taken from the field indicated by the arrow in
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Fig. 210 Distribution of P contents across a grain
boundary in a high Cr 1 weld metal of the as-
welded state.
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Residual stress analysis considering phase transformation for cladding
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Low alloy steel transforms phases on welding thermal cycle. Mean thermal expansion
coefficient, yield stress and work hardening coefficient were measured on simulated welding
thermal cycle for low alloy steel. Based on these results, physical properties taking account of
phase transformation were determined for residual stress analysis. Using these physical
properties, residual stresses for dissimilar metal cladding with low alloy steel base metal and
Ni-based alloy weld metal were analyzed. Residual stress of heat affected zone using thermal
expansion coefficient with phase transformation was compressive, but one using the
coefficient without phase transformation was tensile.

@D ;- Residual stress, cladding, low alloy steel, phase transformation,

heat affected zone (HAZ)

000o0D00oooooooNoDooooog
gooooobobobooboooboboboooo
gobooobgooscconooobooooboon
gooooooobooboboooo0ooogooooo
goooboooooboorFEMODDOOOODDOO
gooooooobobobobgobogoog Acld
gooooobooboboooobobobooo
gboooooboobobobooobobobooo
goooooboboooooobobooooo
goboobooobobbooooboboFrFEMODDO
gooooobooboboooooboboboooo
goooooboboboooooboboboooo
gooooobooboboooooboboboooo
oooooooooNOOoooooooooooo
gbogoooooboobobooooboobobooo
gooooobobooobooobobooooo
gooooobobobooboooboboboooo
goboboooobobooobobooooboooo

gooopoooobobooobooboobooobooo
gooboooboobobobooooboboog
goooooboooboobooobooooobooo

2.0000bbobobboogo

O00O00O0OFg.10000D00OD0O167%x 226%
410mmO 0000 SQvcAD0 0000000000
goONigeooOOO20600000D00O0O0ODO
Table 10000 SQv2A000000O0O0O0OOO
dooodsmmdOO00onoOonogooni2seAdnd

LL T

Fig.10 Weld sample for cladding.

000000000000000000000 Vol.7 2011



Table 10 Chemical composition of SQV2A. (wt%)

C Si Mn Ni Mo P S
0.2 0.27 1.47 0.66 0.55 0.01 | 0.008

2rvOOoOoodOoi1sem/minD 00 1160000000
1410000000000000DO0000Db0O0OO
ooooooOo0o0oO0oO0boDRrg 201000000
gooobooboobooboobog

1400

I
— BESRP
—d=5.0 mm
—d=7.9 mm

1200 ‘

1000

\ —d=13.8 mm
\ \
AN [d: M@, onmEs |

800

a2 (c)

600

N
—

N

400

200

0
0 50 100 150 200 250 300
FeR (s)

Fig.20 Thermal cycle on welding 1st layer.
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Fig.100 Work hardening coefficient(H'1).
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Short Note on Weld Strength Reduction Factors in B31.1 Wall-Thickness Formula
for High-Pressure, High-Temperature Piping

goooo oooog

goooo

[
[ rm
[ [m
[

The weld strength reduction factors were set forth in the wall-thickness formula in ASME
Boiler and Pressure Vessel Code Section 1-2008A and Pressure Piping Code B31.1-2008A.
These factors were discussed and defined based upon Type IV failures in high chromium steels
pipe longitudinal welds in high energy piping systems. And the various creep test data, which
were considered in SHC committees, were referred and reflected on developing the factors.
The first weld strength reduction factors on Type IV creep were set forth in par. 302.3.5(e) in
Pressure Piping Code B31.3-2004. These factors were developed according to the creep
rupture factors in ASME Boiler and Pressure Vessel Code Sec. Il subsec. NH. On the other
hand, the weld strength reduction factors in B31.1-2008A were different from the factors in
B31.3-2004, though the factors in B31.3-2004 were referred to developing the factors in B31.1-
2008A. In the short note, the relationship between the factors developed and various data
which were referred to developing stage is discussed, and it was shown that the historical
longitudinal weld failures in the States can be evaluated by using the factors, the creep test
data in high chromium steel welds can be conservatively illustrated by the factors and so on.

Finally it is discussed that the factors in B31.1-2008A are rationally set forth in this time.

gooo : Cylindrical Shell, Internal Pressure, Minimum Thickness, Creep, Type IV Creep,
Ferritic Steels, Austenitic Steels, Nickel Alloys, Weld Strength Reduction Factors,
Boiler, Piping
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700 | 750 | 800 | 850 | 900 | 950 | 1000 | 1050|1100 | 1150|1200 | 1250 | 1300 | 1350 | 1400 | 1450 | 1500
Carbon (N) 1.00| 095|091 | O ] O g g g g O g g g g O
Carbon (SC) | 1.00 | 0.95|0.91 | O O 0 d g g g ] d g g ]
CrMo ... 1/1.00]0.95 /091 |0.86|0.82|0.77 | 0.73 |0.68 | 0.64 | O O 0 O O
CSEF (N+T) | ... ... 11.00]0.95|/091|0.86|0.82 077 | O O 0 O 0
CSEF (SC) ... |1.00 0.73 /0.68 | 0.64 | 0.59 | 0.55|0.50 | O O 0 0 0
Austenitic . ... 11.00]0.95[0.91)0.86|0.82|0.77 | 0.73 | 0.68 | 0.64 | 0.59 | 0.55 | 0.50

Carbon: Carbon Steeld 0 00O O

CrMo: 0.5Cr-0.5Mo, 1Cr-0.5Mo, 1.25Cr-0.5Mo-Si, 2.25Cr-1Mo, 3Cr-1Mo and 5Cr-0.5Mo

CSEF: Creep Strength Enhanced Ferritic Steel

Austenitic: Austenitic Stainless including 800H and 800HT

N: Normalizing  SC: PWHT at Sub Critical Temperature N+T: Normalizing + Tempering PWHT
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Short Note on the Qualified Thickness by Welding Procedure Qualification Test

HRERER AL SRR
TRt

The thickness which can be welded by the welding procedure specification given is
specified based upon the thickness of the test coupon applied to the welding procedure
qualification test. When the thickness of the test coupon applied to the test is T, the maximum
thickness which can be permitted to be welded based upon the test record is 2T in Kagi-
Kaishaku. This rule has likely been introduced referring to ASME Section IX code in 1940s. On
the other hand, current ASME Section IX has been updated through the industry needs,
technical progresses, etc., the differences between both Kagi-Kaishaku and ASME Section IX
code are appeared. The rules in Kagi-Kaishaku are reasonable and appropriate for fabricating
welding assemblies, but the current ASME Section IX code is likely to have rules which are
technically proper for welding engineering to actual assemblies. In this short note, the rules for
welding variables on thickness qualified in current ASEM Section IX code are given an outline
in comparison with Kagi-Kaishaku rules, and it is discussed that the welding variables in
current ASME rules are reasonable in a point of technical view.

: Welding variables, Welding procedure specification,
Procedure qualification records, Qualification test, Test coupon, Thickness tested,
Thickness qualified, Kagi-Kaishaku, ASME, Post weld heat treatment, Temperature,
Upper transformation temperature
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I1X, Welding Qualifications, 1949.
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Boiler and Pressure Vessel Code, Sec. IX, Welding
and Brazing Qualifications, 2010.
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Qualifications, 1941.
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Unfired Pressure Vessels, 1937.
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Process of Welding, 1927.
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