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Study on Mechanical Characterization of Steel and Its Welds
through Instrumented Indentation Technique
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In this study, a semi-nondestructive procedure for stress — strain curve estimation was developed using
instrumented indentation technique. Additionally, to estimate local stress — strain curve in the welds with
mechanical heterogeneity, a relation between spherical indentation size and measuring range of mechanical
property was quantified by using finite element analysis of spherical indentation technique. The developed
technique was applied to estimate mechanical properties of low alloy steel and its welds. To obtain mechanical
heterogeneity in welds, two pass welding was performed on the surface of material with a certain level of
transverse distance. With appropriate indentation size, distinguished stress — strain curve was successfully
obtained at each position, such as weld metal, heat affected zone and base metal. Thus, it was concluded that
the developed technique was useful to estimate mechanical heterogeneity in the welds with a high degree of

accuracy through simple process.
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1. 8

JRFHRIE 17 e e W D AR A BBV EERS Tl
BN o CRIBMHIR O T IUC K DL - sk
T EWNETUBDTD, EHAZELER  (Post Weld Heat
Treatment, PWHT) 72 812 K - itz Z ORI L
TWD, B - ERITIL, R L 22 BT A 71
R UIARRSGEN RTRE CH H T v /3— B — RiaRE L
B EbEASh TS, BLED XSz, KA
IR DARMEORE & - BRI, ZOARYIE A0 A
L U COMERIEC RIF TR LS T, ol
2 L7z Ll & K- CTh b,

JEAHMAREIL, ABIORE X 2 3 il B A8k E &
LCHLSORASNTERY, BRIRECT iR s/ L
& OMBIZFI U7 EBREEREC b IS S Tna!l
IHETIXE BIT, ERARRFO AR « BRI

RS B, T 565-0871 KRBV H T 1L
2-1, RBRKREFRFBE TSR

E-mail: okano@mapse.eng.osaka-u.ac.jp

B DA EIR S B A UG L, 2 ax VTSR]
—ONT Al e &0 K0 FEM B EE A HEE L K D
LT rRALRER TP

ARRETClE, BRE 1% A2 HAREO A TRE SR
FRNTET VEAREL L, - O T R OHEE L 2 A L
T2 & &I, JETHALLA: L RIEE-HEDBRD
ERLEAT STz, ED BT, RFEZRA B AS33B &
PRSI URGE L=, 7238, ARSIk o EROEIC
I, ARSI KON IN X T2 OfEAS Lk
NGBS Z 51T BHEE AR B 121 2 7S ADEHEE
— REELZETINESEH L,

2. EFHAAEDOBE

21 RAAHFE-F SR

MBI E S 2 AT BR O AFIEREFS JOBRGIE
PRI TS DAL E & JEFORAE (HAZNE
) ZEGHNRIET S Z LIk o T, Fig LIORT L9
PRADAFE- R S IR U T 2 Z &N TE D, BITE,
Oliver HIZ & o THREE S AU M EHREE ORI T2 FAR

-283-



& LIHIS B O Bl OHEE LA LA R ST
naH

A

Lmaxf---=-mmmmmmmmmm -

.

@ Loading

c S=dL/idh

8

g

c 1

(] !

2 ! :

= - Unloading
hmax =

Indentation depth h

Fig.1 Indentation load — depth curve
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Fig. 2 Deformation of material around spherical indenter
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Fig. 3 Flow of the stress—strain curve estimation
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Fig. 4 Finite element model of spherical indentation
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Fig. 5 Width-directional heterogeneous layer model
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Fig. 6 Stress — strain curve used for different strength layer
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Fig. 10 Relation between plastic region and indenter size
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Table 1 Chemical composition of low alloy steel

C Si Mn P S Ni Cu Cr Mo Al Fe

012 026 143 0006 0002 053 002 001 051 0038 Bal
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Fig. 11 Vickers hardness distribution in welds
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