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Abstract

Until now, the tensile properties of materials can be obtained just in accordance with conventional
tensile testing methods which are described in several standards such as ASTM (American Society for
Testing and Materials) standard and BS (British Standard). For some cases including on-service facility
materials, however, the standard testing methods cannot be applicable due to the destructive testing
procedure and specimen size requirement. Therefore, simple, non-destructive and advanced indentation
technique was proposed. This test measures indentation load-depth curve during indentation and analyzes
the mechanical properties related to deformation and fracture. In this paper, the research trend of
non-destructive evaluation of tensile properties using AIS (advanced indentation system) and its
application fields are reviewed and discussed.
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Indentation Load

Fig. 1 Schematic illustration of
indentation load-depth
curve.
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Table 1. Chemical compositions of APl SL X65
pipeline steel used in this study.

C Mn P
- 0.08 1.45 0.019
Com;:/osmon S S =
%) 0.003 031 Bal.

Fig. 2 Portable advanced indentation system
(developed by FRONTICS, Inc).
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Fig. 3 An example of flow curve derivation from
load-depth curve.

Fig. 4 Actual view of tested specimen.
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Table 2 Results of strength measurement using
AIS test and uniaxial tensile test.

Lo NEEE AR
T s (MPa) | (MPa)
Xy ERE] 453 601
L=yl AlS Al 8 450 607
S32% | AS AlY 575 830
SHGEHEE | AIS Alg 398 636
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Fig. 5 An example showing difference in flow
curves with the variation of microstructure
in APl X65 steel.
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Fig. 6 Macroscopic variation of the yield strength
within girth weldment,
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71 Hae) 1R GAlolgEe AT LE(Ty)E
1623K=2 1438t 23 GALO) 29 Hu2%(Tr)
& WA BAANGHES ARAEY AIS AHH
Batdu|d 22L& S99 Dilatation A
473 Aa 2 AseEZT Z7) 1093K¢l 1103KE
ZA gl ulat CGHAZY: oA ¥ 39 ml4 oY
o2 BRY F vk 2y 79 FEgHAu A R
A3E vdelidEd, Tert 249 2dst 99
2 AUAY, A9 JFE vHA g UA
CGHAZ (unaltered CGHAZ)®] 7%, zug =
719 dHgtolEet AR wojolER TAE gl
% € F A3, Tt siEtolEY Q2H o]
E9 o4 d9qd ZA3e= IC CGHAZ
(intercritically reheated CGHAZ)E ¥ glolE ¢
el #e AL ¥y AHELS 7IADZ ow,
Te?t Ag2Xx ol3ld) &A= SC CGHAZ
(sub-critically reheated CGHAZ)® 23} QA}o)
ol g ®ldad §32 UA CGHAZS w3t
Az zd AHEEL 7R UEE AT F
AU WEH Tt AAA g9 4% SCR
CGHAZ (supercritically reheated CGHAZ): A
239 dFor ZARTUE uAF Heloleg
deolE AAHE /XD 982 & & g
a8 89 Tedl W& FEAEY 7FHFAF
o] W3E AIS 4g4d5=228 Yehido Tw
7} 1473K¢1 499, & UA CGHAZI 773K¢l o
¥, & SC CGHAZZ} 7b¢ @& dE3Fxs¢ 7}
T w2 AERIAFE JEI, Tert
1273KQ) 99, & AAA 98 A3 BAHY
€ b8 SCR CGHAZ# 1073K9) 499, & IC
CGHAZ ¢o2 Z+E ¥EAEI} F7stn 7}
FAEA T A olF uAE Bew
e ded vidzze Witz Agd £ e
4, SCR CGHAZS] A= d93F o) §44
o g Azl@iol doljuAgt AAY vl gl
ot syl dalades v wE FEsL
UA CGHAZS wslo Z71317] Tolx, IC
CGHAZS Z% <A@ e o713le 43 44
oJEdE ET3L & FEHALE Ueue e
Gl EAste M-A B
(Martensite- Austenite constituent)®] ¥4 3 ako]
UA CGHAZE X3¢ t& dAdgdud &

e M-A F39 d423%Rd 84 ade 7
29 a7AHY2 g £ Qo

gk ol2 @ FEe Hole ALor ATE
Zol A B 7o) DBTT 99 213Ko 4 233K
o ol2W AY H£E AEE JEYL AL A
g8 53t €98 F AUk 21 dE 19 9
o YeEMiREH, od di# AAMF ArFNE=
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Table 3 Classification of microstructures
within HAZ for mutipass welding.
HAZ
TeilK TP2(K) Microstructure
M.P. ~ 1373 | UA CGHAZ
M.P.(Melting [ 1373 ~ 1103 | SCR CGHAZ
Point) ~ 1373[ 1103 ~1093 | IC CGHAZ
(CGHAZ) 1083 ~ 723 | SC CGHAZ
723 ~ UA CGHAZ

(c) (d)
Fig. 7 Microstructures of; (a) UA CGHAZ, (b)

FGHAZ, (00 IC CGHAZ, and (d SC
CGHAZ..
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Fig. 8 Relation between tensile properties at room
temperature and the second peak
temperature; (a) vyield strength, (b) work
hardening exponent.

yreoat
§§ 8 & 3 8 B 8

Fig. 9 Change in vield strength according to test
temperature.
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