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Numerical simulation of guided wave propagation using large scale FEM code

oooooboooboooboo ooood
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Ultrasonic guided waves are being widely applied to the long range inspection of piping. The
interpretation of the guided wave ultrasonic testing data is challenging because guided waves
contain many wave modes with different sound velocities. In order to understand the beam
path of each guided wave mode, one of the key issue is to visualize ultrasonic wave
propagation. JAPEIC NDE Center has applied the experimental ultrasonic wave visualization
technique and the numerical simulation technique of bulk wave propagation to the
interpretation of UT data, the analysis of suitable UT condition and the education/training of
UT. This paper describes the numerical simulation results of guided wave propagation in pipes
by using a large scale three-dimensional FEM code, which can analyze over one billion
elements and can use parallel computing system. Procedure of modeling for guided wave

generation and the comparison between simulation and experiment are described.

@& - Ultrasonic Testing(UT), Guided Wave, Piping, Wave Propagation,

FEM, Parallel computing
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AC Magnetization and Barkhausen Noise Measurements for the Evaluation of Plastic Strain
and Residual Stress of Carbon Steels

oooooooooooooo OoOoooooooo
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AC magnetization measurements and Barkhausen noise measurements are carried out on
plastically deformed carbon steels. The correlation between characteristic parameters of
electromagnetic measurements and parameters to evaluate the mechanical deformation, i.e.
plastic strain and residual stress, has been investigated. The measurements show that the ratio
of the fundamental component of output signal to that of input signal of AC magnetization
measurement decreases monotonously with plastic strain. The higher harmonic factors are

affected by residual stresses. The Barkhausen noise is dominantly affected by residual stress.

: Plastic deformation, residual stress, AC magnetization measurement,

Barkhausen noise measurement, Carbon steel
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Visualization of Ultrasonic Wave Motion around the Crack by Angle Beam Technique
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Ultrasonic testing is widely used for the maintenance of power plants. Ultrasonic waves are
reflected or diffracted at defects, so defects are detected and sized by measuring the beam
path length or amplitude of the echo. In order to improve the accuracy of defect detection or
sizing, it is important to know how the ultrasonic wave diffracts or reflects around a defect.

In this study, the behavior of the ultrasonic wave motion around the crack tip by angle beam
technique is directly observed by applying photoelasticity. A heat resistant glass was
employed for the visualization of ultrasonic wave. The ultrasound velocity of heat resistant
glass is close to ultrasound velocity of steel. A natural crack is produced at the center of
specimen by applying thermal stress. The crack opening dimension is measured by optical
interferometic technique. The ultrasonic wave motion is investigated at around the crack tip by
the visualized photoelastic pattern of ultrasonic. In certain condition, the ultrasonic wave was
transmitted through the gap of crack face. The ultrasonic wave motion that was reflected and
diffracted at upper or lower tip of crack was observed.

&M - Ultrasonic Testing, Visualization of Ultrasonic Wave, Crack Opening Dimension,
Optical Interferometric Technique, Crack Tip, Crack Depth Sizing
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Observation of Cracks caused by Stress Corrosion Cracking in Austenitic Stainless Steels
by Synchrotron Radiation CT Imaging
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SPring- 80 JASRID OO0 ooOouooond

The aim of this paper is to demonstrated the applicability of I -ray computer tomography
(CT) to the 3-dimensional (3D) imaging of minute cracks produced in austenitic stainless steel
(SUS304) caused by Stress Corrosion Cracking (SCC). The CT imaging experiments were
performed at beam BL19B2 of SPring-8. The [ -ray energy was adjusted to 37KeV using a Si
double-crystal monochromator. In summary, clear images of fine cracks in austenitic stainless

steel due to SCC were successfully obtained by synchrotron radiation CT imaging.

: Synchrotron radiation, CT Imaging, Stainless steel, SCC, SPring-8,
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Stress Corrosion Cracking Morphology of Shielded Metal Arc Weld Metals
for Alloy 600 in High Temperature Pressurized Pure Water

ooooooooo
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Stress corrosion cracks (SCCs) occurring in the weld metal of a type 600 Ni base alloy during
the creviced bent beam (CBB) test in pressurized pure water at 561 K have been characterized
on the basis of orientation maps determined from electron back scattering pattern (EBSP) in
order to distinguish the intergranular (IG) SCC from the interdendritic (ID) SCC. The specimen
for the CBB test was cut from shielded metal arc weld metals of the Ni base alloy deposited
using welding rods with C contents ranging from 0.03% to 0.11% and Nb contents from 1.23%
to 4.39%. The CBB test was carried out on specimens in the as-welded state and those
subjected to a post weld heat treatment (PWHT) consisting of tempering for 72 ks at 893 K and
aging for 720 ks at 673 K. It turned out that most SCCs observed in all the weld metals except
for those of high Nb content (0.076% C and 4.39% Nb) subjected to the PWHT were identified
asIGSCC. Cracks identified on IGSCCs in the specimen of high Nb content receiving the PWHT
were more than twice as deep as those regarded as transgranular (TG) and IDSCCs. Since the
fractured surface of the IGSCC presented dendritic features, it was rather difficult to
distinguish the IGSCC from the IDSCC based on the fracture morphology.

: Alloy 600, Nickel base alloy weld metals, CBB test, IGSCC, IDSCC, EBSP,

Misorientation angle
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Basic study on the residual stress occurred at welding start/end

oooooooooooooo Oooooooooo

Basic study on the residual stress occurred at welding start/end such as bead-to-bead
juncture was performed by experimental measurement and FEM analysis. It was clarified that
the stress fluctuation near welding start/end was larger than that of steady-state welding zone.
The prediction on the residual stress distribution using three-dimensional finite element model
in this study may be available since the results of the distribution analyzed by FEM are in good
agreement with experimental measurement.

: Welding start/end, Residual Stress, FEM Analysis
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Residual stress measurement for girth-welded type304 pipes by neutron diffraction

O0ooO0ooooooooo 0000
gboooooooo ooon

Two types of girth-welded pipe were fabricated, using type 304 austenitic stainless steel,
with dimensions of 305mm outer diameter, 25mm wall thickness and 500mm length. Each of
these pipes was made by welding two pipe sections together. Multi pass weld layers were
deposited into the groove between the two pipe sections. Weld passes were made until filler
material either fully or half filled the grooves in the first and second pipes respectively.

Profiles of the residual stress distribution around the welds were obtained from strain
measurements made by neutron diffraction. The objective was to determine the residual stress
field in the heat affected zone (HAZ) adjacent to the weld root. Concurrently, in order to
determine the effect of multi weld passes on cyclic strain history, the residual stresses were
analyzed using a 2D axially-symmetric finite element model (FEM) for comparison with the
experimental measurements.

The measured results showed that the hoop stresses in the HAZ and at the weld root for the
half filled pipe were tensile, but those of the full filled pipe were compressive. The HAZ/weld
root axial stresses of the half filled and full filled pipes were compressive ([J 100MPa). The axial
stresses of the full filled pipe were similar to those of the half filled pipe, but peak compressive
stresses were found in the HAZ i.e. offset O 2.5 mm from the weld centre line.

The experimental residual stresses for the axial direction agreed qualitatively with FEM
predictions for the fully filled pipe; however, FEM predicted higher residual stresses in the
tensile direction than those obtained from neutron diffraction for the fully filled pipe. FEM
predicted a more conservative residual stress field for SCC than was found by experiment.

: Residual Stress, Neutron diffraction, FEM Analysis
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Short Note on Thickness Qualified by Procedure Qualification Test Records

oooog gboooooooo
ooon
oooog oooo

0 The purpose of the welding procedure specification and procedure qualification record is to
determine which the weldment proposed for construction is capable of having the required
properties for its intended application. The procedure qualification test is to establish the
properties of the weldment and not the skill of the personnel performing the welding. Each
processes which is evaluated by the welding qualification code is listed separately with
welding variables. The welding procedure specification is generally to list all welding variables
for each process. When the pressure vessel of 7.9 mm in thickness is manufactured, the plate
thickness of the qualification test will be 7.9 mm most simply, and the plate material will be
usually similar to the pressure vessel material, for example A516 gr. 70. On the other hand,
when the pressure vessel will be manufactured by using A516 gr. 60, no requalification of the
procedure will generally be required. Moreover, when the thickness of the pressure vessel will
be 9.5 mm, no requalification of the procedure will generally be required. In this note, based
on the effect of the plate thickness to the characterization of the weld heat affected zone, the
thickness range qualified the procedure qualification test record was discussed, and the
qualified thickness range differences between the domestic code and ASME code were

compared.
oooad : Welding Procedure, Procedure Qualification, Test Plate, Plate Thickness,
Thickness Qualified, Welding Variables, ASME, HAZ, Hardness
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