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True crack depth determination for evaluation of crack depth

sizing accuracy

O00oo0ooooooooo OoOoOooooooood

gogoboooobobgd

Crack depth sizing technique is utilized for structural integrity assessment. In order to
ensure the reliability of crack depth sizing accuracy, the determination of true crack depth is
one of the most important processes. In this paper, many ultrasonic testing approaches
(longitudinal and/or shear wave angle beam technique and Phased array UT) were applied for
true crack depth determination. A computer simulation system based on a large scale FEM
code was applied to interpretation of the UT data. Compared with the actual crack depth which
was measured by cross section observation, root mean square error was approximately 1mm.

CETHEED : Crack depth sizing, Stress corrosion cracking, Ultrasonic testing, Phased array
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Verification of UT simulation
Software by the photo-elastic visualization system

O000ooooooOoooooo OoOoooooooood
gooog

The simulation software for analyzing the ultrasonic wave propagation have been verified
from the point of view of wave propagation behaviour and calculated waveform by the
experimental results of photo-elastic visualization system and the detected waveform in usual
UT examination equipment. The longitudinal angle beam probe was used for the simulation
analysis and the photo-elastic experiment. The many aspects had a good agreement between
the simulation analysis and the experimental results in the following view points; the main
longitudinal wave propagation, the extent in the direction of main longitudinal wave, the
generation of mode converted head wave, the extent of shear wave, the beam path length of
obtained defect echo. It has been verified that the simulation software used in this experiment

have sufficient accuracy for analyzing the ultrasonic wave propagation behaviour.

: Computer Simulation, F.E.M., Ultrasonic Visualization, Wave ropagation, Wave

front, Waveform
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Visualization of Ultrasonic Wave Motion Around Crack

by Photoelastic Technique
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Behavior of the ultrasonic wave around a crack inserted to a glass plate is presented in this
paper. Two kind of cracks were inserted by impact load and thermal stress, respectively. The
ultrasonic wave motion was observed by photoelastic method for ultrasonic visualization.
Moreover, the crack opening displacement was measured by optical interferometry technique
and the relationship between ultrasonic wave motion and crack opening displacement was

investigated.

CEMIED : Ultrasonic Visualization, Crack tip, Crack Opening Displacement, Optical
0 0O O O O Interferometry Technique, Photoelastic
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Numerical Evaluation of the Depth of Branched Cracks Using Eddy Current

Testing Signals

ooo0ooooooooooo ooooooood

Numerical simulation shows that eddy current testing (ECT) signal of a branched crack is
much larger than that of a same deep, single crack. To avoid the over estimation of the depth
of a branched-off crack, a depth sizing index, which is designed to have maximum sensitivity
to crack depth, is constructed based on an optimization approach, and the depths of
branched-off cracks are estimated using this index. This depth sizing approach is numerically

and experimentally validated.

: Cracks, Depth sizing, Eddy current testing, Optimization methods.
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Tablel
DEPTH SIZING OF SIMULATED CRACKS
USING MEASUREMENT SIGNALS

Estimated

Crack True Depth Depth

(mm) ( )
mm
D2A0 2 1.7
D2A15 2 1.8
D2A30 2 1.7
D4A15 4 3.2
D4A30 4 4.0
D4A45 4 3.8
D6AO 6 6.2
D6A15 6 6.4
D6A30 6 4.6
D6A0-D2A30 6 7.0
D2A30-D4A30 4 3.0
D4A15-D4A45 4 4.0
D4A15-D6A30 6 5.2
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Fig. 6 Estimated crack depths of the 100 assumed cracks.
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Reduction of toughness by long term thermal aging and recovery
of it in modified 9Cr-1Mo steel weld metal
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Long term aging at 600 [ reduced the toughness of weld metal for modified 9Cr-1Mo steel
after PWHT (750 U [J1.5 hour). But it was recovered by heat treatment with the same thermal
cycle as PWHT. In the aging weld metal many number of Laves phase larger than 1 p m were
observed by TEM investigation. However almost whole of the Laves phase were vanished from
the weld metal heat-treated with the same thermal cycle as PWHT after long-term aging.
Therefore, it may be said that the reduction and recovery of toughness would be caused by the
Laves phase.

CEMEED : Modified 9Cr-1Mo steel, Weld metal, Laves phase, Toughness recovery
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C Si Mn P S Mo Cr Nb \%

ooo 0.11 | 0.24 | 0.46 | 0.008 | 0.001 | 0.97 | 8.81 | 0.07 | 0.19

oooo 0.08 | 0.27 | 1.29 | 0.007 | 0.006 | 0.98 | 8.86 | 0.03 | 0.19
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Direct Observation of Stress Corrosion Cracking in Ni-Base Alloy
by X-ray Imaging Synchrotron Radiation
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X-ray imaging experiments were conducted on Nickel-base Alloy (NCF600) with Stress
Corrosion Cracking using a synchrotron radiation X-ray beam in BL19B2 of SPring-8. The X-
ray beam was controlled to be monochromatic by Si double-crystals and collimated by a slit.
The distance between the sample and the detector was changed from 410mm to 800mm, and
the X-ray energy was 37keV. Photographs were taken by X-ray CCD camera. As a results, the
hair cracks of SCC in NCF600 alloy were clearly detected by the imaging.

: Synchrotron Radiation CT-imaging Ni-base alloy SCC SPring-8
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Short Note on the Development of the Fatigue Design Rule in EN13445
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O In Europe, it is still fresh in our memory that PED (Pressure Equipment Directive, 97/23/EC)
was stipulated on May 1997, and come into force on May 2002. Corresponding to a series of
the regulatory activities, the European draft standard for construction of unfired pressure
vessels was published as prEN13445 in 1999, and the fatigue design rule was also specified
inthe standard. For the purpose of rooting the application of the fatigue design rule to pressure
equipment construction in Europe on May 2002 and afterwards, the investigating survey about
field fatigue failures, fatigue research and development, design fatigue curves and fatigue
design procedure was conducted, and the survey results were reflected to the modification
and circulation of the draft design rule. This note shows the result which was summarized
about the view of the fatigue design regulation to pressure equipments, based on the result of
the questionnaires which were distributed to European pressure equipment companies in 2000
to 2001 by the European pressure equipment research council.

oooo : Pressure Equipment, Pressure Vessel, Boiler, Fatigue Design Rule, EN Standard,
ASME Code.

Equipment Research CouncilD OO0 OO0OOOO
grgooooobobooooooooooooo
goooooooooooogo

000000000000 Pressure Equipment
Directive, 97/23/ECO 000019970 000000
OoodoooOozeo2Cc00oooooooon
goooooooOoOopOoOoOoOoopoooooooo
000000000000 19990 0 prEN134450
O000ooooooooooooooooooon
gOoz0020 s000000000DO0OOOODOO
ooooooooooOooooooooooooon
ooooooooooOooooooooooooo
ooooooooooOooooooooooooo
ooooooooooOoOoooooooooooo
OOooOoOoOOO0OO20000200100000000O
O000ooooooooooooooooooon
O000oooooooooooooooooon
000*#000000000ooooooooo

000000000000 European Pressure

Da00000O000000O0JRCOOJIJRCOODOO
oooobooog
ObOOOODOODODOOOOOmMa@OOoDO
gooobooogoo
gboobobooboobobobooooboobon
gogobooobooboboobooobobuooooog
goobooobobobooboooboboboooo
gboooooboobooboobooboon
DaDO00OO0OO00OO0ODOOOOO
ObOOOOoOooOOoOO
OcObDODOODODOO
Odoooooooooooooo
ODed00O0OO0ODOOOOODOODOOODOO
Of000oooDog
googooogesobonooonooobooon
goooooboboboonobobisooog

000000000000000000000 vol.3 2007



ElEEE) cccooooooooooooo

gobi12000000000005000000
gbooooooboobobobooobobobooo
goooooboboooooobobooooo
gboobooooboobobsoooboobooboo
goooooboboboooooboboboooo
gooooobooboboooooboboboooo
goboboooobo@mobboooboboooooo
gbooooobooboboooobobobooo
gbooooobooboboooobobobooo
ooooobooboobooobooboooboooooo
goooooboboboooooboboboooo
goooooboboboooooboboboooo
gooon
a0 O00O0000D0O00O0OO0ObO0O0O0d0
ObOOOOODOOOOODOOOO
OcOprEN1344500 0000000000000
gooobooooon

2.000000000000
21 O0OoOooooo
obobooboooboobobooooobooboo
goboobooiliooobooobooboobooo
goboolooooooboboobooboooboon
oo 0obOooo0oboobobooboOoi1o0n
goooooboboooooobobooooo
goooooboboooooobobooboooo
goooooboboboooooboboboooo
goooooboboboooooboboboooo
gooooobooboboooooboboboooo
goooooboobobobooobobobooo
gogoooobooboboooobobobooo
goobooobooooooobooboobogoon
goooooboboooooobobooooo

60
50 7}

40 |

30 I

20 |+

f
0

10 20 30 40 50 60 70 80 90 100

poooooo

oooooooboooooo

01 0O00O0C0cO0OO0O0OoOooOooOobooOoOoo

goooboogooboobooboobog

22 O0OOoOooOoo
obobobooobobobooooboboo
ooooboobOoboboobgo200000ASME
go+«“p00b0ooo200b000obo0o AbDD O™
SO 00PD5500"0 00000 CODAPO O RO
ASMEOODOODOOO0OO0ODOO0DOODOODOODODO
gooboooboobobobooooboobooo
oooboooooogebssoo000410000gn
ASMEUO OO 180000000000 0O0DOOODOO
go0oooooobOooboboOooePDbss00000O
goobobobobobobASMEODOODOOO
gboooboooboobooboobog

25

20

15

10

. i ENANE

oooooog

> Q

L Q &
9 S
/ & \g N S <
e & & S @ & &

Q)

Q ()

Ooooooooooooo

02 O000O0O0O0O00O0O0ooOoOooOod

AD-S10 ADOOOOOOOO
AD-S20 ADOOOOOOCOO
prEN-SO ENOOOOOCOOO
prEN-DO ENOOOOCOOOO
ExoMOOOOOOOO

23 0bOOooooo
gboboboobooboboobooobooobgoon
gogooooboobobobooboobobooog
gboboooogbooboogobo
oiwpogooo
obobobooobobobooooboboo
gooooobobobooboooboboboooo
gooboooboobiliobobooobolleooonoo
goooooboobobobooobooboboooog
0000000000000 0preEN13445000
gogoboooooboboboooobobooog
gboooboooboobog
02000000000
oboboboooboboboboooboboo

poboboo0o0obo0ooooooooooo vol3 2007



OO0 EN1344500000000000000000000000

goooooboobobobooobobobooo
gbooooooboobobobooooboobobooo
obooobooboobooooooooo
g3oooooooon

gboboboooboboboooooboboo
gooooobooboboooooboboboooo
gooooobooboboooooboboboooo
goooooboobobobooobobobooo
gooooon

24 J000O0O0OOOODOOOO
gbobooboooboboboooooboboo
goooooboboboooooboboboooo
gobobooooobooobobooobobooooo
gooooboooboobooboobgennn
gbooooobooboboooobobobooo
gobooo3bbooobbooooboosbomm
gbobooooosooboooobouobooboo
gogooooboboboooooboboboooo
goooooboboboooooboboboooo
gogooogsooso0oopooboboboooo
gooooobooboboooooboboboooo
so000b0b00o0obooobooboooboon
gbooooboobobobooobobobooo
goobooobobOooobooobobooooo
gooooobobobooboooboboboooo
gooooobobobooboooboboboooo
goooooboboboooooboboboooo
goooooboobobooooobobooboooo
gbobogboooooobooobooooo

35 @000005000000
30 [{ M0 0500 5000 O
251000500000

oooooog

oooooooooooo

03 OD0ooooocooooooobood

25 00O0OOobOooooo
goboooobobogobobooobboonoo
gogbobogooboooobboobobooooboobd
gogboog4sibbooboooboobooobg
Oob00oo0obOoobobOoOonob4100 ANSISO
OOO0ABAQUSO 13000000000 O0ODOO
gboooboooboobooobooboobooon

3..nuogoon

20020 000 PEDODOODOODOOODOODOOO
goooooboboboobooobobooooog
goooooboboboobooobooboboooog
goobooobooboboobooobooboboooog
goobooobooboboboobooboboooog
gogoboooboobobobooboobobooog
gooooboogoo
DalD0O00OO0obooobooboboooog
OpbOOOO00O0DOOOO0O0DODOO
OcOOODO0ODOOODOODOO
OdoOOoOoOoooooooOoooooon
Oel0D0O0OD0OO0OOOODOODOO
gboobobooboobobobooobooboon
gbooboooboobobobooboobobooo
gooboooboobooobooobobooooog
gooboooboboboobooobobooboooog
gboobooboobooboobog

000000000000000000000 vol.3 2007



R (| (000 o0gooooooog

oooo

10European Committee of Standardization, EN
13445, Unfired Pressure Vessels, 2002.

20F. Lobinger, personnel communication, March
2006.

30The Questionnaire, entitled “Industrial Practices for
Design to Avoid Fatigue in Pressure Equipments,”
October 2000.

40ASME B and PV Code, Section VIII, Rule for
Construction of Pressure Vessels, Division 2, July
1998.

50AD2000 Merkblatter, S1, Vereinfachte Berechnung
auf Wechselbeanspruchung.

600AD2000 Merkblatter, S2, Berechnung auf Wechsel
beans pruchung.

70PD5500, Specification for Unfired Fusion Welded
Pressure Vessels.

80JCODAP, Code de Construction des Appareils a

Pression.

000000000000000000000 vol.3 2007



EEEEl ccoooooooooooooo

dCrioooooouooonn
guodootddodd

Technical Background on Revised Regulatory of Allowable Tensile Stresses
of Creep Strength Enhanced Ferritic Steels

00oooooooooooo oOoooooooood
gooog

[0 A steam leak incident in high temperature reheat pipe weld in a thermal power station
occurred on June 2005. According to the failure analysis, the leak was caused by type IV
cracking in fine grain heat affected zone of tempered martensitic steels. As a result of
reviewing the creep strength data and evaluating the long-term creep life, the allowable tensile
strength values of creep strength enhanced steels, that is, modified 9Cr-1Mo steel etc., were
revised on both December 2005 and August 2007. This note shows the technical background
about the change of the allowable tensile strength values, that is, creep data acquisition,
analysis procedure and so on.

: Creep strength enhanced ferritic steel, Allowable tensile stress, Type IV cracking,
long-term creep life, Creep rupture strength
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