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.. . FOREWORD

These 'Proceedings of the 12th WCNDT" represent the bulk of the

' -technical material presented during the-five days of the conference.
Because the proceedings are compiled from preprints, it did put high
pressure on suthors to prepare their contributions far in advance of
" the conference date. Nevertheless, the majority sent us their papers
in time and thp editors _are very grateful for their collaboration.

The resulting two volu-ns cover a total of over 400 papers, giving a
rather complete overview of the technical material presented. Although
"technically and application oriented papers predominate, many
contributions about aspects such as relisbility, quality assurance,
management of NDT, education, qualification and certification, and
application and organization of NDT in newly industrialized countries
are included

Proceedings of large conferences such as the WCNDT tend to consist of
many rather unrelated and differently styled pleces. Here too, this is
unavoidable with so many different authors, subjects, viewpoints and
interests. The editors aimed for the proceedings to serve a dual
purpose, as a guide during the conference days, providing more
detailed technical information than available in the abstract book,
and as a book of reference during days and years after the conference.
To allow convenient access to the information for both purposes the
contents of technically oriented sessions and poster clusters on
related subjects are grouped into chapters. The sequence of
contributions in a particular session or poster cluster has been kept.

In addition several indexes are provided. Aside from the author index
subject indexes are included, using the classification for
"technique®, "field of application" and "topic" the authors themselves
originally conferred upon their submitted contributions. In the
indexes the key indications are arranged in order of resp. technique,
application and topic.

.
The two volumes contain work and opinions of many well-known and
leading NDT people from major industries, service companies,
manufacturers and research and training institutes. The high quality
of the papers, the technical level and the state of the art quarantees
their usefulness, for some as a mirror to reflect and compare their
own ideas, for others as a guideline how to start or to proceed.

vThe Editors hope and trust that these proceedings will be of value for
many years and will contribute to a high standard of safety and
environmental care all over the world. .

J. Boogaard, Chairman Scientific Committee 12th WCNDT



PREFACE

Dear delegates,
i
/

We are very pleased to welcome you to the 12th World Conference on
Non-Destructive Testing in Amsterdam, hosted by KINT (Dutch Quality
Surveillance and Non-Destructive Testing Society).

When thinking of Holland, Dutch-masters, tulips, cheese, wooder. shoes
and polders probably first come to mind. And, of course, the Dutch are
veYy proud of their rural tradition and of the land reclaimed fyrem the
seq. But times are changing and industry has taken over as the mctor
ef the econmomy. As in painting and agriculture the quality of the
product js our first concern. In this densily populated country there
iz also a pronounced interest in the safety of installations gl in
‘he preservation of the environment.

A fine example of our concern with safety as well as human environment
may be seen in the Delta Works, the dikes and technical installations
protecting the river delta Zeeland against the 'sea. Here tow, the
natural environment of the Oosterschelde, including the traditional
systers and mussel breeding beds, is preserved with a half open dam
that is closed in case of a storm, Techology and prescrvation of our
human environment prove to go along very well. You'will not bhe
surprised to find a session on "NDT applications in civil cupineering”
in the COnfeﬁence program,

The organisaéion of this World Congress was made possible by the
members of KINT and th support of various institutes and industries.
We feel confident that with more than 500 papers and an excellent
exhibition the congress will have something of interest to offer to
all delegates. We are ready to serve you and hope to have contributed
thereto by organizing this world encompassing NDT event.

KINT membership is rooted in the Dutch chemical, petrochemical, steel,
aerospace and nuclear and electricity supply industries and, of
course, in the universities, research institutes, NDY service
companies and equipment suppliers.

We hope that the 1zth WCNDT will broaden and deepen your NDT interest,
will extend your personal contacts with international colleagues and
will earn a special place in your memories, next to the wind-mills and
any other Dutch experiences.

G.M. van Dijk, president ICNDT/12th WCNDT
president KINT.
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SUBJECT INDEXES

To facilitate the retrieval of information, three subject indexes,
. resp. the "Techniques", the "Applications” and the "Topics" index hav
‘<\been compiled. Key items are the classification which authors .
themselves confered upon their contributions. To find e.g. the
contributions concerning "ultrasonic inspection techniques in nuclear
industry", the "Techniques Index" has to be searched for the Technique
key item "ultrasonic" and the Application (AP) key item "nuclear

industry”.

The codes used for the classifications of "Techniques (TE)}",
Application (AP) and "Topics (TO)" are listed below.

TECHNIQUES

AC Acoustics

AE Acoustic Emission

AL All techniques

EL Electric

ET Eddy current

MA Magnetic

OT Other techniques

OU Optical and ultraviolet
PT Penetrant

RA Radiation

RT Radiography )
TI Thermal and infrared
UT Ultrasonic

VI Visual

Field of APPLICATION

AL All applications
Aerospace

Bonded structures
Concrete

Ceramics

Civil structures
Composites

Education and training
Manufacturing of products
Mining-

Materials research
Nuclear industry

Other materials
Off-shore

Other applications
Petrochem., chem. process

SQR2EREFBE82R8RE

industry
SA Steel and alloys
WE Welds

TOPICS
1 Corrosion
2 Cracks
3 Material degradation
4 Leak detection
5 Stress, strain
6 Material characterization
7 Defect characterization
8 Quality control
9 Microstructures
10 Microscopy
11 Automation
12 Imaging, data presentation
13 Image analysis
14 Signal processing
15 Tomography
16 pattern recognition
17 Intelligent vision systems
18 Expert systems
19 Trend analysis . 4
20 Mathematic modelling
21 Sensors
22 Instrumentation
23 In-service inspection
24 Condition monitoring
25 Fitness for purpocse
26 Destgn for inspectibility
27 Round robin tests
28 Standards
29 Equipment qualification
30 Reliability
31 NDT and quality assurance
32 Responsibility
33 Certification, gqualification
34 Education
35 Management
36 Projects
37 Others
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..-MR-02... 279
..-MR-05... 974
..-MR-05...1549
..-MR-06... 225
.-MR-06...1449

. MR-06...1456
__MR-06...1493

.. -MR-06...
-MR-07...

..-MR-14. ..
..-MR-16...
..-MR-20...
..-MR-20...
..-MR-20...
.-MR-20. ..

L MR-22...

..=NU-23...
..-NU-23. ..
..-NU-23....
..=NU-23...
..=NU-23...
..-NU-23...
..-NU-23...
..-NU-23...
..-NU-23...
..-NU-23...

. -NU-27

..-NU-29...
..-NU-30..

. -NU-30

..-NU-31
.. -OM-06
..-OM-06
..-OM-06
..-OM-07...
..-0M-07...
..-0M-08. ..
.. -OM-11...
..-0OM-14. ..
..-0M-22. ..
..-08-01...

..-08-01
.-08-02

..-08-02...
..-08-12
..-08-22...
..-08-23...

.-08-23

..-0T-02. ..
..-0T-02...
..-0T-04. ..
..-0T-07...
..-0T-08...
..-0T-11...
..-0T-11. ..
..-0T-12...
..-0T-12.

..-0T-14
..-0T-14
..-0T-15...
..-0T-16...
..-0T-20. ..
..-0T-21. ..
..-0T-22. ..
..-0T-22...
..-0T-22.

..-0T-22

..-0T-22

..-0T-23...
.-0T-23...

..-0T-23

L -0T-23

.-0T-30

..-0T-30..

:.-PI-OI

..-P1-02...
..-PI-07...
..-PI-08..
..-PI-08...
..-PI-08...
-..-P1-08..
..-PI-08
..-PI-11...
..-PI-11...

.-PI-11

L .PI-12...
. -PI-13...

...1161

...1047
...1590
251
793

228
150
222
.. 228
...1360
...1590

609
...1074
...1104
...1093
.1128
... 1155
936
971

912

980
.1804
...1856
537
943
...1025
267
924



..-P1-20...
..-P1-22. ..
..-P1-23. ..
..-PI-23...
..-PI-23...
..-P1-23...
..-PI-25...
..-PI-30...
..-SA-02. ..
..-8A-03. ..
..-SA-03...
..-SA-03. ..
..-SA-04. ..
..-SA-06. ..
..-SA-06. ..
..-SA-07...
..-SA-07. ..
..-SA-07...
..-SA-07...
..-8A-07...
.-SA-07. ..
.-SA-07. ..
..-SA-07. ..
..-SA-07. ..
..-SA-07...
..-SA-08...

" [[-TE-TO... PAGE]
ALL APPLICATIONS

.-AL-28..
..-AL-31..
..-AL-34 ..
..-AL-34 .,
..-AL-36..
..-AL-36..
..-ET-18."..
..-MA-22. ..
..-MA-28. ..
..-PT-02...
..-UT-07..
..-UT-20..
..-UT-28..
..-UT-29..

AEROSPACE

..-AC-07..
..-AE-14. ..
..-ET-18..

_-ET-23...
..-ET-30..
..-ET-31...
L .-MA-08..
..-MA-30..
..-0T-02...
..-0T-22...

.1831
.1831
.1877
.1889
L1877
.1889

845
382
382

3

.1673
.1501
.1673
.1093

.1218

466

.1184

321

.1028

361

.1605
L1711

616
248

..-SA-08...
..-SA-08. ..
..-SA-08...
..-SA-11...
..-SA-11...
..-SA-12. ..
..-SA-12...
..-SA-12...
..-SA-12. ..
..-SA-12...
..-SA-12. ..
..-SA-14. ..
..-SA-14. ..
..-SA-1l4...
..-SA-15...
..-SA-20...
..-SA-20...
..-SA-20...

.-SA-20...
..-SA-21. ..
..-SA-21...
..-SA-21...
..-SA-21...
..-SA-22...
.. -SA-22...
.-SA-22...

..-0T-23...
..-0T-24...
..-0U-06...
..-0U-08...
..-0U-09...
.-PT-02...
..-PT-08...
L.-PT-13...
..-PT-22...
..-PT-29...
.. -PT-29...
_-PT-31...
..-RA-15...
..-RT-08...
..-RT-12...
..-RT-27...
..-RT-31...
..-UT-06...
..-UT-07...
..-UT-08...
..-UT-08...
..-UT-09...
..-UT-11...
..-UT-11...
.. -UT-14. ..
.. -UT-14...

.-UT-20..
. .-UT-21...

1383 ..-SA-22...1038
1440 ..-SA-22...1041
1611 ..-SA-23... 203
1013 ..-SA-23...1743
1440 ..-SA-25...1315

192 . .-SA-29...1861
203 ..-SA-30... 919
216 ..-SA-31... 505
245 ..-SA-31... 930
772 . -WE-02...°176
778 ..-WE-02... 276
273 ..-WE-04...1096
1099 ..-WE-05...1481
1456 .. -WE-05...1484
778 ..-WE-07... 195
200 ..-WE-07... 537
819 ..-WE-07... 677
824 ..-WE-07... 962
830 ..-WE-07...1077
273 ..-WE-07...1843
977 ..-WE-08...1315
1337 LL-WE-11... 163
1528 . -WE-11... 930
170 ..-WE-11...1065
242 . -WE-12... 170
959 . .-WE-12...1031

APPLICATIONS

1179 L -UT-22...1443
616 ..-UT-23...1194
557 ..-UT-23...1200

1430 ..-UT-23...1229

1232
424 ' BONDED STRUCTURES
417
761 ..-AC-12...1298
410 .. -AC-23...1223
403 ..-0T-08...1218
421 ..-0U-07... 573
417 ..-0U-31...1430

69 ..-TI-11... 567

1537 ..-T1-13... 561

1215 .-TI-31...1281
321 ..-UT-06...1226

31 ..-UT-12...1599

1661 ..-UT-20... 836

1561 .-UT-22... 258
836

1226  CONGRETE

1507
661 ..-AG-02...1255

1190 ..-0T-06...1243
219 ..-RA-07...1276
699 ..-UT-02...1249

1206 ..-UT-06...1579
637 ..-UT-07...1255

..-WE-12...
..-WE-13...
..-WE-14. ..
..-WE-15...
..-WE-17...
..-WE-22...
..~-WE-22...
.. -WE-22...
..-WE-22...
..-WE-23...
..-WE-23...
..-WE-23...
..~WE-24. ..
..=WE-25...
..-WE-30...
..=WE-30...
..-WE-30...
.-WE-33...

VISUAL

.-SA-23. ..

..-UT-08..
..-UT-08..
.-UT-21..

CERAMICS

..-AE-08...
..-0T-08...
..-RA-15. ..
..-RT-02...
..-RT-07...
..-RT-08...
..-RT-15...
..-RT-29...
..-RT-31...
..-TI-07...
..-UT-06. ..
..-UT-08...
..-UT-10. ..
,.-UT-11...
..-UT-11...
L.-UT-12. ..
L. -UT-14. ..
..-UT-14. ..

.-UT-21...

XV

939

.1237
.1596
.1582



Xvi

CIVIL STRUCTURES EDUCATION AND ..-MA-11... 667 MATERIALS RESEARCH
TRAINING ..-MA-11... 719
..-AC-02... 254 ..-MA-11,.,.1414 ..=AE-02... 435
..-AE-06...1593 ..-AL-28...1798 ..-MA-22... 342 ..-AE-02... 453
..-MA-01...1270 ..-AL-28...1810 -.-MA-22.., 891 ..-AE-03... 453
---MA-05...1273 | .AL-28...1895 ..-MA-28.,.1286 ..~AE-03... 459
..-0T-08...1579 ..-AL-31...1837 ..-0T-22... 548 ..-AE-06... 471
..-0T-28...1237 ..-AL-33,..1766 ..-0T-23...1415 ..-AE-06...1475
..-RA-12.,.1261 ..-AL-33...1798 _ , -0T-31...1341 ..-AE-06...1504
..-UT-06...1249 -..-AL-33,..1810 ..-0U-07...1409 ..-AE-07...1475
..-UT-08...1243 ..-AL-33,..1816 ..-0U-08... 650 ..-AE-21...1501
..-UT-11... 213 ..-AL-33...1883 ..-QU-08...1422 ..~AE-30...1490
.-UT-14... 213 ..-AL-33...1895 ..-0U-11... 650 ..-AL-02...1436
.-UT-14...1582 ..-AL-34... 542 ..-0U-13... 594 ..-AL-07...1555
..-UT-23...1596 ..-AL-34...1757 ..-0U-13...1375 ..-EL-06...1534
..-UT-25...1731 . .-AL-34...1766 ..-0U-17... 884 ..-EL-20...1528
..-0T-31...1787 ..-0U-20...1404 ..-ET-02... 950
COMPOSITES ..-RT-31...1778 ..-0U-21...1422 ..-ET-02...1184
..-RT-32...1772 .. -0U-22...1398 ..-ET-08...1519
..-AC-02...1655 ..-RT-34...1761 .. -0U-22,..1406 ..-ET-08...1522
..-AC-22...1223 ..-RT-34...1772 «.-PT-11... 424  _ _ET-12... 388
..-AE-03...1468 ..-UT-27...1059 ..-RA-07... 105 ..-ET-14... 804
..-AE-07... 459 ..-UT-30...1717 ..-RA-07... 766 ..-ET-20... 372
..-AE-07... 466 ..-UT-33...1778 ..-RA-08...1345 ..-ET-20... 375
..-AE-07...1627 ..-UT-34...1761 ..-RT-08... 57 ..-ET-20...1531
..-AE-22...1602 ..-RT-08... 93 ..-MA-05... 391
..-AL-06...1555 MANUFACTURING OF ..-RT-08...1084 ..-MA-05... 583
..-EL-08...1633 PRODUCTS ..-RT-13... 860 ..-MA-06...1515
..~EL-21...1605 © ..-RT-13...1308 ..-MA-06...1525
..-0T-03,..1229 ..-AC-08..:1304 ..-RT-21... 705 ..-MA-09... 378
..-0U-07... 573 ..-AC-14... 502 ..-RT-29... 42 .. -MA-16...1462
..-0U-07...1232 .. -AE-08... 447 ..-RT-31... 117 ..-MA-21... 391
..-0U-07...1655 ..-AE-08...1627 ..-RT-31... 705 ..-0T-06... 394
..~RA-07... 69 ..-EL-02... 512 ..-UT-06... 261 ..-0T-06... 534
..-Ra-08...1630 ..-EL-22...1433 ..-UT-06...1334 ..-OT-14...1484
..-RA-15...1646 ..-ET-02... 878 ..-UT-06...1478 ..-0T-22... 534
..-RA-31...1646 ..-ET-02...1363 ..-UT-07...1337 ..-0T-25...1304
..-RT-07...1215 ..~ET-03... 992 ..-UT-08.., 222 ..-0U-01... 508
..-RT-10...166% ..-ET-06... 992 ..-UT-08...1312 ..-0U-05... 594
..-RT-14... 74 ..-ET-06,,.1369 ..-UT-08...1318 ..-0U-06...1546
..-RT-15... 80 ..-ET-06...1531 ..-UT-08...1355 ..-RA-03...1552
..-RT-29...1851 -.-ET-08... 336 ..-UT-08...1360 ..-RA-06...1630
..-TI-05... 588 -.-ET-08.., 397 ..-UT-10...1298 ..~-RA-06...1637
..-TI1-07... 561 ..-ET-08,.. 896 ..-UT-11... 871 ..-RA-20...1087
..-T1-07... 567 . ..-ET-08.,.1292 ..-UT-11...1383 ..-RT-06... 117
..-UT-06...1567 ..-ET-08...,1321 ..-UT-14...1312 ..-RT-07...1468
..-UT-06...1611 ..-ET-08,..1328 ..-UT-20... 189 ..-RT-08... 51
..-UT-06...1643 ..-ET-08..,1363 ..-UT-20...1391 ..-RT-12... 57
..-UT-07... 137 ..-ET-13...1401 ..-UT-21... 210 ..-RT-15... 105
..-UT-07... 661 ..-ET-16,..1401 ..=UT-22... 206 ..-RT-15... 766
..-UT-08...1200 ..-BT-22... 361 ..-UT-22...1496 ..-T1-06...1540
..-UT-08...1281 ..-ET-22,,.1328 ..=UT-22...1856 ..-TI-22... 588
..-UT-12...1190 ..-ET-30,,.,1292 ..-UT-25... 989 .. -TI-31... 524
..~UT-12...1194 ..-MA-02... 348 ..-UT-02... 279
..-UT-14... 637 ..-MA-02,..1418 MINING ..-UT-05... 974
..-UT-14...1561 ..-MA-06.,.1395 - ..-UT-05...1549
..-UT-20...1689 ..-MA-06...1543 ..-AC-14... 9 ..-UT-06... 225
.-UT-21... 691 ..-MA-07...1321 ..-AE-06 .. 471 ..-UT-06...1449
-~UT-31...1640 . .MA-08...1394 ..-MA-23... 330 ..-UT-06...1456
.-MA-08,.,1331 ..-UT-05...1493 ..-UT-06...1493

--MA-08,,.1351



..-UT-06...
..-UT-06. ..
..-UT-06. ..
.. -UT-07...
..-UT-07, ..
..-UT-07...
..-UT-08...
..-UT-12...
..-UT-14...
..-UT-16...
..-UT-20...
.. -UT-20...
..-UT-20...
.. -UT-20...
..-UT-21...
.-UT-22... .
... 1737

.. -UT-23

747

NUCLEAR INDUSTRY

.. -AC-07...
..-AC-30...
..-AE-04. ..
.. -AE-04. .
..-AE-07...
. .-AE-16...
..-AE-23..
..-EL-22...
..-ET-0L...
..-ET-02..
.. -ET-04...
..-ET-07...
..-ET-07...
..-ET-07..
..-ET-07..
- -ET-07..
..-ET-14...
.. -ET-14...
..-ET-14..
..-ET-18...
..-ET-22...
..-ET-22..
..-ET-23...

.-ET-23..
..-ET-24..
..-OT-08...
..-0T-24. ..
..-0T-24. ..
..-0T-31..
..-0T-31..
..-0T-35..
..-RA-21..
..-RT-07...
..-RT-13...
..-RT-15...
..-RT-28...
..-RT-29..
..-RT-31..
..-TI-02...
..-UT-01...
..-UT-02...

830
609
851
L1116
441
851
L1134
512
315
.1035
950
804
810
.1107
.1110
.1137
810
854
.1044
1702
305
.1068
287
.1004
.1050
548
623
628
L1119
.1140
L1119
.1087
1062
129
74
113
.1053
L1143
557
670
267

..-UT-12.

..-UT-02
..-UT-02
.-UT-02

..-UT-02, ..
..-UT-06,.
..-UT-07..
..-UT-07...
.. -UT-07..,
.. -UT-07...
..-UT-07...
.. -UT-07. ..
..~UT-07...
..-UT-07...
..-UT-07...
.-UT-11...

.. -UT-11
.-UT-11

..-UT-12
..-UT-12
.-UT-12

.. -UT-13...

.-UT-13

.-UT-14. ..

.-UT-14

.-UT-17...
.-UT-20...

.. “UT-20

..-UT-21...

.-UT-21

.-UT-22...

.-UT-22

.. -UT-23...
..-UT-23...
.-UT-23...

.. -UT-23
..-UT-23
..-UT-23
..-UT-23
..-UT-23
..-UT-23
..-UT-23
.. -UT-27
..-UT-29

..-UT-30
..-UT-30

..-UT-31

...1683
772
...1683
800
...1056
677
195
... 1131
699
...1695
270
... 1031
183
270
670
...1010
...1025
...1065

...1071,

...1096
... 1113
... 1125
...1861
...1868
... 1059
...1080
...1028

OTHER MATERIALS

..-AE-02..
..-ET-08...
..-ET-20..
..-ET-22...
..-MA-17. ..
..-0T-10...
..-RA-02..
..-RA-06..
..-RA-22..
..-RT-03..
..~RT-07...

.1586
352
.1035

956

761
1573
.1276
L1427
L1345
.1620
1084

..-TI-16...
..-UT-06...
..-UT-06...
..-UT-06. ..
..-UT-07...
..-UT-07. ..
..-UT-08...
. -UT-11...
..-UT-14. ..

.-UT-22...

" OFF- SHORE

..~AC-23...
..-ET-22. ..
..-0T-23...
..-uT-01...
..-UT-01...
..-UT-02...
..-UT-02...
..-UT-12...
..-UT-22...
..-UT-23...
..-UT-23. .,

OTHER APPLICATIONS

.. -AC-24. ..
..-AE-21...
..-AE-22, .,
..-AE-24. ..
.. -AE-25...
..-AL-35..
..-AL-35. ..
..-AL-37...

.-ET-01...
..-ET-06. ..
.. -MA-12. ..
.. -MA-24 .,
,.-0T-14,,

,.-OT-18...
. .-0T-24. ..
..-0T-25...
..-0T-30...
..-0T-33. ..
.1793
.1787
.1406
..-RT-06. ..
..-RT-07...
..-RT-08. ..
..-RT-08. ..
..-RT-12...
..-RT-13...
..-RT-13...
..-RT-15...

..-0T-33..
..-0T-35..
..-0U-08..

..-RT-21...
..-RT-22. ..
..-RT-29. ..
..-RT-29...

..-RT-29...

515
1378
1507
1549

192
1640
1334
1378
1617
1449

478
358
1149
156
1167
1155
1173
1443
731
254
1161

518
531
527
927
1490

.1816

1837
539
355
311
330

.1267
L1261

19
502
19
264
545

..-RT-29. ..
..-RT-37...
..-TI-07...
..-TI-13...
..-UT-02...
..-UT-02. ..
..-UT-04, .,

.-UT-07...
..-UT-08..,
..-UT-11. ..
..=UT-11. .,
L.-UT-12...
L-UT-12. ..
..-UT-14...
. -UT-14...
..-UT-15...
..-UL-16...
..-UT-20...
..-UT-21...
..-UT-22...
..-UT-22...
..-UT-22. ..
..-UT-22...
..-UT-22...
..-UT-23. ..

.-UT-23...
..-UT-23..
..-UT-23..
..-UT-30..
..-UT-30..

PETROCHEM
PROCESS

..=AC-23. ..
..-AC-24. ..
..-AE-02. ..
..-AE-03...
..-AE-04. ..
..-AE-04 ..
..-AE-07. ..
..-AE-07. ..
..-AE-16. ..
..-AE-23. ..
..-AE-23 ...
..-AE-23. ..
..-AE-23...
..-AE-24 ..
..-AE-31..

.-ET-02..
..-ET-07...
..-ET-08...
..-ET-11...
..-ET-14..
..-ET-18...

.~ET-21...
..-ET-22...
..-ET-22..
..-ET-23...
..-ET-23..

.-ET-23 ..

609
.1074
L1104
.1093
.1128

.,CHEM.
INDUSTRY

258
518
484
496
905
L1116
429
490
441
496
905
927
965
490
L1134
L1749
315
968
956
.1004
854
946
287
.1050
933
.1068
L1137



xviii

..-MA-01. ..
..-MA-22. ..
.. -MA-22..
..-MA-23..
..-MA-33..
..-0T-22...
..-0T-22...
..-PT-08...
..-RA-08..
..-RT-22...
..-RT-30...
..-UT-01..
..-UT-02. ..
..-UT-07...
..-UT-08. ..
..-UT-08...
..-UT-08. ..
..-UT-08..
..-UT-08..
..-UT-11...
..-UT-11. ..
..-UT-11..
..-UT-12...
..-UT-13. ..
..-UT-20...
..-UT-22. ..
..-UT-23. ..
..-UT-23. ..
..-UT-23. ..
..-UT-23. ..
..-UT-25...

.-UT-30. ..

STEEL AND ALLOYS

..-AE-01...

.-AE-20. .
..-AE-20..
..-AE-21..
..-AE-23...
..-EL-02...
..-EL-06. ..
..-EL-09..
..-ET-01. ..
..-ET-03...
..~ET-06..
..-ET-06..
..-ET-06..
..-ET-07...
..-ET-07...
..-ET-07..
..-ET-08...
..-ET-08...
..-ET-08..
..-ET-12...
..-ET-14. ..
..-ET-14. ..
..-ET-20...
..-ET-22...
..-ET-22...

939

406
L1331
L1167
.1804

683
737
413

L1624

953
86

L1155

936
971
206
912
980

.1804
.1856

537
943

.1025

267
924
986
943
156
176
731
919
986
962

435

.1504
L1515
L1267

484
385
524

.1534

933
968

L1324
L1351
.1522

305
375

.1270

299
896

.1543

372
311
1110
385
336
352

..-ET-22...
..-ET-22...
..-ET-22...
..-ET-22...
.. -ET-22..
..-ET-22...
..-ET-23...
..-ET-23...
.. -MA-02...
..-MA-05. ..
. .-MA-05. ..
. .-MA-06...
..-MA-06. ..
..-MA-06. ..
..-MA-06. .
..-MA-06. .
..-MA-07...
..-MA-08. ..
..-MA-08. .
..-MA-09..
L -MA-11...
C-MA-11. ..
..-MA-11..

.-MA-17. ..
..-MA-20...
CL-MA-21. ..
L -MA-22. ..
L-MA-22. ..
LL-MA-22. ..
C-MA-24. ..
..-MA-30. ..
.. -MA-31...
..-0T-01. ..
.-0T-01. ..
..-OT-08. ..
..-OT-08. ..
..-0T-08. ..
..-0T-10. ..
..-0U-07...
..-0U0-11...
..-PT-02...
..-PT-28...
..-PT-30...
..-PT-31...
..-RA-06...
..-RA-06. ..
..-RA-08...
..-RA-15...
..-RT-07...
..-RT-07...
_.-RT-08...
..-RT-08...
..-RT-09...
..-RT-12...
..-RT-13...
..-RT-15...
..-RT-19...
..-RT-20...
..-UT-02...
..-UT-03...

355
388
397
725

. 1044

1369
878
946
891
583
601
299
342

1348

L1462
L1525

293
378

.1348
.1395

667

.1418

..-UT-03..
..-UT-03..

.-UT-04. .
..-UT-06..
..-UT-06. .
..-UT-07. ..
..-uT-07. ..
..-UT-07...
..-UT-07. ..
..-UT-07..
..-UT-07..
..-UT-07..
..-UT-07..
..-UT-07..
..-uUT-07..
..-UT-08. ..
..-UT-08..
..-UT-08..
..-UT-08..
..-UT-11..
..-UT-11..
..-UT-12...
..-UT-12...
..-UT-12. ..
..-UT-12. ..
..-UT-12...
..-UT-12...
.. -UT-14. ..
..-UT-14..
..-UT-14..
..-UT-15...
..-UT-20...
..-UT-20...
..-UT-20..
..-UT-20...
..-UT-21...
..-UT-21...
..-UT-21..
..-UT-21..
..-uUT-22...
..-UT-22...
..-UT-22...
..-UT-22..
..-UT-22..
..-UT-23. ..
..-UT-23..
..-UT-25..
..-UT-29..
..-UT-30...
..-UT-31...
..-UT-31...
..-VI-23...

WELDS

..-AC-02...
..-AE-25...
..-AL-28..
..-EL-11..
..-ET-11...

L1737
L1743
.1386
L1496
.1843

219
279
800
983

L1125
L1131
L1391
.1695
L1731
L1749

871

.1383
. 1440
.1611
.1019
.1440

192
203
216
245
772
778
273

.1099
.1456

778
200
819

. 824

830
273
977

.1337
.1528

170
242
959

.1038
L1041

203

L1743
.1315
.1861

505
930
939

478

.1825
.1433

358

..-MA-02...
..-MA-20...
..-MA-22. ..
L.-MA-27. ..
..-0T-08...
..-0T-26...

.-0T-31...
..-0U-08...
..-0U-11. ..
..-0U-31...
..-0U-37...
..-RT-02...
..-RT-07...
..-RT-08...
..-RT-08...
..-RT-08...
..-RT-13...
..-RT-14. ..
..-RT-28...
..-UT-02. ..
..-UT-02. ..
..-UT-04. ..
..-UT-05...
.. -UT-05...
..-UT-07...
..-UT-07...
..-UT-07...
..-UT-07...
..-UT-07...
..-UT-07...
..-UT-08...
..-UT-11. ..
L.-UT-11. ..
..-UT-11...
L.-UT-12. ..
..-UT-12...
..-UT-12...
..-UT-13...
L-UT-14. ..
..-UT-15...
..-UT-17...
..-UT-22. ..
..-UT-22...
..-UT-22...
..-UT-22. ..
..-UT-23. ..
..-UT-23...
L.-UT-23. ..
..-UT-24...
..-UT-25...
..-UT-30...
..-UT-30...
..-UT-30...
..=UT-33...



[.-aP-TE... PaGE |

CORROSIO

.-CI-MA

..-MR-0U. ..
..-NU-ET. ..
..-NU-UT...
..=-08-UT...

..-08-UT

..-0T-ET...
.-PI-MA. ..

.. -PI-UT

.-SA-AE. ..
..-SA-ET...
..-SA-OT...

.-SA-OT...

CRACKS

..-AL-PT. ..
..-AS-0T...
..-AS-PT...
..-CC-AC..
..-CC-UT. ..
..-CE-RT...
..-CI-AC...
..-C0-AC...
..-MA-EL. ..
..-MA-ET...
..-MA-ET. ..
..-MA-MA ...
..-MA-MA. ..
..-MR-AE. ..
..-MR-AE. ..
..~-MR-AL. ..
..-MR-ET...
..-MR-ET...
..-MR-UT...
..-NU-ET...
..-NU-TI...
..-NU-UT...
..-NU-UT. ..
..-NU-UT...
..-NU-UT...
..-NU-UT...
..-OM-AE. ..
..-OM-RA. ..
..-08-UT...
..-08-UT. ..
..=0T-UT...
.=-0T-UT. ..
..-PI-AE...

..-PI-ET

.=PI-UT...
..~SA-EL..
..-SA-MA. .
..=-SA-PT...

.-SA-UT

N

...1270
508
315
670
156
...1167
355
939
...1155
435
933
394
508

616

.1255

...1749

...1113

_ TOPICS
.-WE-AC... 478 ..-CO-UT. . .1567
.. -WE-MA... 293 ..-C0-UT...1611
..-WE-RT... 62 ..-CO-UT...1643
.. -WE-UT... 176 .. -MA-ET... 992
. -WE-UT... 276 ..-MA-ET...1369
..~MA-ET...1531
MATERIAL DEGRADATION ..-MA-MA,..1395
' .. -MA-MA...1543
..-CD-AE...1468 .. -MA-UT... 261
..-C0-0T...1229 ..-MA-UT...1334
..-MA-ET... 992 ..-MA-UT...1478
..-MR-AE... 453 ..-MI-AE... 471
..-MR-AE... 459 _.-MR-AE... 471
..-MR-RA...1552 ..-MR-AE...1475
..-OM-RT...1620 ..-MR-AE...1504
..-PI-AE... 496 ..-MR-EL...1534
..-SA-ET... 968 ..-MR-MA...1515
..-SA-UT... 936 ..-MR-MA...1525
..-SA-UT...1737 ..-MR-OT... 394
..-SA-UT...1743 ..-MR-OT... 534
: ..-MR-OU...1546
LEAK DETECTION ..-MR-RA...1630
..-MR-RA...1637
..-NU-AE... 851 ..-MR-RT... 117
..-NU-AE...1116 ..-MR-TI...1540
.-NU-ET... 950 ..-MR-UT... 225
..-OT-UT...1386 ..-MR-UT...1449
.-PI-AE... 905 ..-MR-UT...1456
..-PI-AE...1116 ..-MR-UT...1493
..-SA-UT...1386 ..-MR-UT...1633
. -WE-UT...1096 ..-MR-UT...1643
..-MR-UT...1689
STRESS, STRAIN ..-NU-UT... 989
..-OM-RA...1427
..-CI-MA...1273 ..-OM-UT...1378
..-CO-TI... 588 ..-OM-UT. ..1507
.. -MI-UT...1493 ..-OM-UT...1549
. -MR-MA. .. 391 ..-OT-ET... 311
..-MR-MA.,. 583 ..-OT-RT...1620
..-MR-0U... 594 .-SA-EL... 524
..-MR-UT... 974 ..-SA-ET...1324
.. -MR-UT...1549 ..-SA-ET...1351
..-SA-MA... 583 ..-SA-ET...1522
..-SA-MA... 601 ..-SA-MA. .. 299
..-WE-UT...1481 ..-SA-MA... 342
.-WE-UT...1484 ..-SA-MA...1348
..-SA-MA...1462
MATERIAL ..-SA-MA ., .1525
CHARACTERIZATION .-SA-RA... 737
..~SA-RA...1552
..-AS-0U... 557 .-SA-UT...1496
..-AS-UT...1661 .-SA-UT...1843
..-BS-UT...1226
..-CC-OT...1243  DEFECT
..-CC-UT...1579 CHARAGTERIZATION
..-CE-UT...1652
..-CI-AE...1593 ..-AL-UT...1673
..-CI-UT...1249 ..-AS-AC...1218
.-CO-AL, , ,1555 ..-AS-UT...1561

..-BS-0U. ..
..-CC-RA. ..
..-CC-UT...
..-CE-RT. ..
..-CE-TI...
..-CO-AE. ..

.-CO-AE. ..

.-CO-AE. ..
..-C0-0U. ..
..-C0-0U. ..
..-C0-0U. ..
..-CO-RA...
,.-CO-RT. ..
..-CO-TI.,.
..-CO-TI...
..-CO-UT...
,.-CO-UT...
L. -MA-MA. ..
..-MA-OU, ..
..-MA-RA...
..-MA-RA...
..-MA-UT...
..-MR-AE. ..
..-MR-AL. ..
..-MR-RT...
..-MR-UT...
.. -MR-UT. ..
.. -MR-UT. ..
..-NU-AC. ..
..-NU-AE. ..
..-NU-ET. ..
..-NU-ET. ..
..-NU-ET. ..
..-NU-ET. ..
..-NU-ET. ..

.-NU-RT. ..
..-NU-UT. ..
..-NU-UT. ..

.-NU-UT....

.-NU-UT. ..
..-NU-UT. ..
..-NU-UT. ..

..-NU-UT. ..
..-NU-UT. ..

..-NU-UT. ..
..-OM-RT. ..
.-OM-UT. ..
.-OM-UT. ..

.-OT-RT. ..
..-0T-TI...
..-0T-UT...
..=-PI-AE. ..
..-PI-AE. ..
..-PI-ET...
..=PI-UT. ..
..-SA-ET...
..-SA-ET. ..

.~SA-ET...
..-SA-MA. ..

Xix



XX

.-SA-0QU... 643 ..-MA-UT... 222 ..-SA-OT... 231 ¢ -OT-UT... 251
..-SA-RT... 62 ..-MA-UT...1312 ..-PI-UT... 267
..~SA-RT... 953 ..-MA-UT...1318 AUTOMATION . -SA-ET... 372
..«SA-UT... 219 . ..-MA-UT...1355 . -SA-RT... 90
..-SA-UT... 279 ..-MA-UT...1360 ..-AS-UT... 661 . .-SA-UT... 192

.-SA-UT... 800 ..-MR-ET...1519 ..-AS-UT...1190 ..-SA-UT... 203
..-SA-UT... 983 .. =MR-ET...1522 ,.-BS-TI... 567 ..-SA-UT. .. 216
..-SA-UT...1125 ..-MR-RT... 51 ..-CE-UT... 137 ..=SA-UT... 245
..-SA-UT...1131 ..-MR-UT...1478 ..-CE-UT...1206 ..=SA-UT... 772
..-SA-UT...1391 ..-NU-OT... 548 ..-CI-UT... 213 . .-SA-UT... 778
..-SA-UT...1695 ..-OM-ET... 352 ..-MA-MA... 667 .. -WE-UT... 170

.-SA-UT...1731 - ..-OM-UT...1334 ..-MA-MA... 719 ..-WE-UT...1031
..-SA-UT...1749 ..~0T-0U. . .1406 ..-MA-MA...l414 .. -WE-UT...1122
..-WE-RT... 122 ..-0T-RT... 90 .. -MA-OU... 650
..-WE-UT... 195 ..=OT-RT... 96 ..-MA-PT... 424 IMAGE ANALYSIS
..-WE-UT... 537 ..=0T-UT... 531 ..-MA-UT... 871
..-WE-UT... 677 ..-P1-ET... 968 ,.-MA-UT...1383 ..-AS-PT... 761
..-WE-UT... 962 ..-PI-PT... 413 ..-NU-UT... 997 ..-BS-TI... 561
..-WE-UT...1077 ..-PI-RA...1624 -..-NU-UT...1056 ..-MA-ET...1401

.-WE-UT...1843 ..-PI-UT... 206 ..-NU-UT...1071 ..-MA-QU... 594

..-PI-UT... 912 ..-0M-UT...1378 ..=-MA-0U...1375
QUALITY CONTROL ..-P1-UT... 980 ..=0T-UT... 183 ..-MA-RT... 860
..-PI-UT...1804 ..-OT-UT... 725 ..=MA-RT...1308
..-AS-MA...1605 ..-PI-UT...1856 ..-PI-ET... 956 ..-NU-RT... 129
..-AS-0U...1430 ..-SA-ET... 299 ..-PI-UT... 537 ..=-NU-UT... 772
..-AS-PT... 417 ..-SA-ET... 896 ..=-PI-UT... 943 ..-NU-UT...1683
..-AS-RT...1537 ..-SA-ET...1543 ..-PI1-UT...1025 ..~OT-RT... 753
..-AS-UT... 836 ..-SA-MA... 378 ..-SA-MA... 3 ..<OT-RT... 860
..-AS-UT...1226 ..-SA-MA. . .1348 . .-SA-MA... 667 . LOT-TI... 515
..-BS-0T...1218 ..-SA-0T... 261 ..-SA-MA. .. 1418 ..=-PI-UT... 924
..-CC-UT...1237 ..-SA-0T... 521 ..-SA-0U... 884 ..=SA-RT... 120
..-CC-UT...1596 ..-SA-0T...1341 ..=SA-UT...1019 ..-WE-RT... 37
..-CL-AE. .. 447 ..-SA-RA... 31 - ..=-SA-UT...1440 ..=-WE-UT... 242
..-CE-OT...1637- ..-SA-RT... 93 ..-WE-EL...1433 .
..-CE-RT...1649 ..-SA-RT...1308 ..-WE-ET... 358 SIGNAL PROCESSING
..-CE-UT...1599 ..-SA-UT... 871 ..-WE-0U...1375
..-CI-0T...1579 ..-SA-UT...1383 ..-WE-UT... 143 ..-AS-AE... 466
..-CI-UT...1243 ..-SA-UT...1440 ..-WE-UT... 930 ..-AS-UT... 219
..-CO-EL...1633 ..-SA-UT...1611 ..-WE-UT...1065 ..-AS-UT,... 699
..-CO-RA...1630 ..-WE-OT...1140 ..-CE-UT... 747
..-C0-UT...1200 ..-WE-0U...1398 IMAGING, DATA ..=-CE-UT...1652
..~-C0-UT...1281 ..-WE-RT... 48 PRESENTATION ..=CI-UT... 213
..-MA-AC...1304 ..-WE-RT... 120 ’ ..-CI-UT...1582
..~MA-AE. .. 447 ..-WE-RT...1143 ..-AS-RT...1215 ..=-CO-RT... 74
..-MA-AE...1627 ..-WE-UT...1315 ..-BS-AC...1298 . ..=C0-UT... 637
..-MA-ET... 336 ..-BS-UT...1599 ..-C0-UT.., 1561
..-MA-ET... 397 MICROSTRUCTURES ..=CE-UT... 784 ..~-MA-AC... 502
..-MA-ET... 896 ..-CI-RA...1261 = ..-MA-UT...1312
..-MA-ET...1292 ..-AS-0U...1232 ..=C0-UT...1190 ..-MI-AC... 9
..-MA-ET...1321 ..-AS-UT...1507 ..=C0-UT...11%4 ..-MR-ET... 804
..-MA-ET...1328 ..-MR-MA... 378 ..=MR-ET... 388 ..-MR-OT,..1484
..-MA-ET...1363 ..-SA-EL...1534 ..=-MR-RT... 57 ..-MR-UT...1661
..-MA-MA...1324 ..-SA-MA...1395 ..-MR-UT... 164 ..-NU-ET... 810
..-MA-MA .. .1331 ..-SA-RT...1537 ..-NU-UT... 9 ..-NU-ET... 854
..-MA-MA. . .1351 .. -NU-UT...1047 ..-NU-ET...1044
..-MA-OU... 650 MICROSCOPY ..=NU-UT...1101 ..-NU-UT... 800
..-MA-0U. . .1422 ..-NU-UT...1683 ..-NU-UT...1056
..-MA-RA...1345 ..-CE-UT...1l617 ..-0S-UT...1l443 . .-OM-UT...1617
..-MA-RT... 57 ..-CO-RT...1667 ..-0T-MA... 330 ..-0T-0T...1261
.-MA-RT... 93 ..-MA-UT...1298 ..-OT-RT... 129 ..-0T-UT...1047

. _MA-RT...1084 . .OM-OT...1573 . _OT-UT... 235 .. -OT-UT...1590



..-AL-UT...1501
..-AS-UT...1206

..-PI-ET...1}004" ..-BS-UT... 836
..-SA-ET... 311 ..-CO-UT...1689
..-SA-ET...1110 ..-MA-OU. . .1404
_..-SA-UT... 273 ..-MA-UT... 189
..-SA-UT...1099 ,.-MA-UT...1391
..-SA-UT...1456 .-MR-EL...1528
...-WE-RT... 102. ..-MR-ET... 372
..-WE-UT... 980 .-MR-ET... 375
. -MR-ET...153D
TOMOGRAPHY -MR-RA...1087
-MR-UT 235
..-AS-RA... 69 . -MR-UT 239
..-CE-RA... 80 . -MR-UT 819
..-CE-RT...1608 .-MR-UT... 824
..-CO-RA...1646 -NU-UT 195
..-CO-RT... 80 ..-NU-UT...1131
..-MR-RT... 105 ..-OM-ET...1035
..-MR-RT... 766 ..-OT-UT... 200
..-NU-RT... 74 ..-PI-UT... 986
..-OT-RT... 99 ..-SA-AE...1504
..-0T-UT..., 251 ..-SA-AE...1515
..-SA-RA. . .1427 ..-SA-ET... 385
..-SA-RT,.. 99 ..-SA-MA... 368
..-SA-UT,.. 778 ..-SA-RT... 102
.-WE-UT... 216 ..-SA-UT... 200
..-SA-UT... 819
PATTERN RECOGNITION .. -SA-UT... 824
..-SA-UT... 830
..-MA-ET...1401 .-WE-MA... 368
..-MR-MA...1462
..-MR-UT... 845 SENSORS
..-NU-AE... 851
..-OM-TI... 515 ..-AS-UT... 637
..-OT-UT... 793 ..-CC-UT,,.1582
..-PI-AE,.. 441 ..-CE-UT,.., 691
..-CO-EL.,.1605
INTELLIGENT VISION .-CO-UT... 691
SYSTEMS ..-MA-0U, 1422
..-MA-RT... 705
..-MA-QU,.. 884 ..-MA-UT... 210
..-NU-UT... 677 *..-MR-AE,,.1501
..-OM-MA,.. 761 .. -MR-MA... 391
..~SA-MA,.. 719 ..-MR-UT... 643
.-WE-UT,.. 231 ..-NU-RA...1087
..-NU-UT... 699
EXPERT SYSTEMS ..-NU-UT...1695
..-OT-AE... 531
..sAL-ET,.. 845 .%-OT-RT... 710
..-AS-ET...1184 ..-OT-UT... 228
..-NU-ET...1702 ..-PI-ET... 946
,.-0T-0T... 19 ..-SA-AE...1267
..-PI-ET... 854 ..-SA-MA...1107
..-SA-UT... 273
TREND ANALYSIS ..-SA-UT... 977
..-SA-UT...1337
..-SA-RT... 48 ..-SA-UT...1528
MATHEMATIC MODELLING

INSTRUMENTATION

..-AL-MA, ..
..-AS-0T. ..
.-AS-PT. ..

..-AS-UT

.-BS-UT...

. .-C0-AC
..=CO-AE
..-MA-EL

..-MA-ET.
..-MA-ET.
..-MA-MA,
..-MA-MA. .
..-MA-OT. ..
..-MA-0U,
..-MA-QU,
..-MA-UT.
..-MA-UT..
..-MA-UT. ..
..-MR-OT.
..~MR-TI...
..-MR-UT.
.-NU-EL. ..

.-NU-ET..

..-NU-ET.
..-NU-UT...
. .-NU-UT.
..-OM-ET.
..-OM-RA. .
..-OM-UT. ..
..-08-ET...
..-08-UT...
..~OT-AE...
..-OT-RT...
..-0T-UT.
..-0T-UT...
..-0T-UT. ..
..=-0T-UT. ..
..-0T-UT.
..-PI-ET...
..-PI-ET...
..-PI-MA, ..
..-PI-MA. ..
..-PI-0T...
..-PI-OT...
..-PI-RT...
..-PI-UT...
..-SA-ET...

.-SA-ET. ..
..-SA-ET. ..
..=-SA-ET.
..-SA-ET...
..-SA-ET...
..-SA-ET...

382
248

.1443
258
.1223
.1602
L1433
361
.1328
. 342

.°891 7

548
.1398
. 1406
. 206

..-SA-ET...1369

..-SA-MA. ..
..~SA-MA. ..

..-SA-MA. . 1414

..-S8#-UT. ..
.. =SA-UT. ..

..~SA-UT. ..
..-WE-MA. ..
410 . -.-WE-UT...
. .-WE-UT...

.-WE-UT. ..

IN-

.-SA-UT. ..
.-SA-UT. ..

.-WE-UT...

.-AS-ET... 321

..-AS-OT...1179

.-AS-UT. ..1194

..-AS-UT...1200
.-AS-UT...1229

.-BS-AC...1223

..-CI-UT...1596

..-MA-OT...1415
..-MI-MA... 330
..-MR-UT...1737
..-NU-AE...1134
..-NU-ET... 287
..-NU-ET...1004
..-NU-UT... 183
..-NU-UT... 270
..~NU-UT... 670
. .-NU-UT...1010
..-NU-UT...1025
..-NU-UT...1065
..-NU-UT...1071
..-NU-UT...1096
..-NU-UT...1112
..-NU-UT...1125
..-0S-AC... 478
..-0S-0T...1149
..-08-UT. ..
..-08-UT. ..
..=-0T-UT. ..
..=-0T-UT...
..-0T-UT...1074
..-0T-UT...1104
..-PI-AC...

.~PI-AE. ..
..-PI-AE...
..-PI-AE... 927
..~PI-AE... 965
..-PI-ET...
..-PI-ET...
..-PI-ET...1137
..-PI-MA...1167
..-PI-UT... 156
..-PI-UT... 176
..-PI-UT... 731
..=-PI-UT... 919
..-SA-AE... 484
..-SA-ET... 878
..-SA-ET... 946
..-SA-UT... 203
..=SA-UT...1743

.-SA-VI... 939

xxi

SERVICE INSPECTION



