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Determination of New Parameter for Materials Degradation
Using Continuous Indentation Testing Technique

Jae-il Jang, Yeol Choi, Dongil Son, Yun-Hee Lee, Dongil Kwon

and Jeoung Tae Kim

Key Words: Continuous Indentation Test(<347$+3] 41 §l), Nondestructive Evaluation(¥] 93] %] H 7},
Time-Dependent Degradation(d'd A 3}), Work Hardening Exponent(7}3 7 31%] ),
Yield Ratio(+51]), Cr-Ni Steel(Cr-Ni %), Cr-Mo Steel(Cr-Mo 7

Abstract

Newly developed continuous indentation technique has made nondestructive assessment of tensile
properties possible. The present study was undertaken to determine new parameters for indicating
time-dependent material degradation of petro-chemical plant. Continuous indentation tests were performed
for Cr-Ni steel and Cr-Mo steel which are widely used as facilities of petro-chemical plant. From the
results, it was found that yield strength and tensile strength cannot be used as general degradation
parameters because the changes in the strengths with aging time didn't show any tendency. On the
other hand, work hardening exponent and yield ratio showed consistent tendency with increasing aging
time. Therefore, main attention of this work was paid on them as new degradation parameters, and the
in-field applicability of the parameters was evaluated and discussed,

AN BHE Mu|e] FgREo] EFH<

HAAFHBAIZEY 108 AZbe doldozH st

bidl & delel g A7), By 2= wAE AAY A

of 22tk FUE xFe AA gz Be

$-gete] Fo 7|7l E shtel ASse 12 SUEY 2EAEL ANEY Huld s
Al 729 A Hessaxe gse 79de o AAA BHAA AAFFE dold FAz
oAH A 2 Mgt AN g1d Fuks] A wie Hden gded, o) A A5 ¢ AR

|
Al 34 FssEA s} sbegel wel 3 FrE
A AAFELR 4gsgn olF 10do] Ay

F3d55, B (F)meus R adTy
E-mail : jijang@frontics.com
TEL : (02)884-8025 FAX : (02)875-8018
* (F)TEYL RPATFE
39, Hedetn ARTER
o FAE3Y 7Y

Al A3tz Hris} ol wgor & FHox
= B39 B4 3 aX A7lE dAstedof @},
SUE Hu7l 22 agel A FAT 4=
AN B4 F e &4gHE A T4
o), 798 49 43 48 ArAz
oy T B4 mhie) ofs)
T4, 298 &32 8359 ALTY, F
dA el 3 SRad F Au| AEA o BAE)
Eig E T FA&de] 34



Zllete] £8% WASE F9L SRIE
7 WAL eln . shAoR AP F3
= 28 @AselA AAEY Bl AA oF

o - é‘]’

Lo Az wa %94 {4_4.; SER}A

4 1i4awﬁq
o c4ES ﬁ+°¢3}71 A HaE Agges
= 1 oﬂ 'E}fﬂ Hl—)@

RE WEY 5 92 B che 233 A€o
4 Rg 5

0 o
29
[
4
2
m
Er
flr
Jo
m r_‘Q
a}'.
ot
22,
nl!’

2 o,
o
10,
o

nd

ot > oot 108 x
2
-
A

]

I O'lﬂ
o
ot
= g

N
Ol i
~
i
ok
-i‘r >
(o3
k1
oy
20
;oo
oo
. 0%
o
iy
]

z =
ol

3 94E TOFD (time of flight diffraction) A%
& "R g Z-‘?—Jr AEe e
o] FojA i gle] H#EH & “’“ glgk v =3

(gt
X ok [ o

i FO‘L
Eirﬂ:
1_,u}vﬂ-ﬁ’
P
of o.
j‘r“:w
25
Ed\i
F -l}'
‘;2

oi'.;ﬂibh

e

Zaxg C’l’—]— Ol o 1_} O}E]
Aol q B7hekolel e
Az E (1) &8

=
X
e re
oL
1o

l &
PA

=
o
= o]—z-] o b S =L
5

22 e

]

g fo
ek

t
|

X (o o & o
U
il
E
i
yo ® wh

x
2,

N
2,

o —
>
o

b

lo
ﬁ_‘\,

b

LB
o
it
=}
2y
N
N
S
e
1)
—Ol
ok
[o !
b
=x

O A e

1

o
o

.

e e
o,

e
il
4)1‘ =

noh
tlo ok
S

El
‘/—\m{ﬂ
8033
o, ¥

oot &7
T e
s
o ¢
it
&

N
U
o2
i

ol
o
R
rd
=
x,
BN
i)
rE
o
o
%
i
X
MU 1@

Aol o] ¥ A BT
Z 242 A%s1 .

oeig BAE Fha AL @5 A
H7he 5 9

dol ZAe pHFozH eH-

e
o
i
o
ne
)
ox
=

Critical crack length without material degradation

Critig, ical o,
With Malergy a;:gler;gfh
'ation

Crack length

el
—crack formalion:

/ 1o a
//’ /////f////////////z/r///If%

Micro—crack malesren

Litetime with material
. degiadation
P

e

|
Lifetime without material
dearadation

Operation time or cycle

Fig. 1 Schematic illustration of the influence of

material degradation on safety
performance
ZAE H R, FEAE, BLE, 7HEABRAT
S dgEAe 9 A% dd AP
(continuous mdentatlon test)” Vo] Bzt 3 gtk
A%t @l Ayl Wt A 2
2491 A9 Wit A5l 9, ¢ 2
el dag A4 s
EAE AANE F A HA %r ofvet z+F
Geid g A olE ARE AFE 4 2
A Gz, Ax FAFHS] Haus T3 24 &

A9 B P Bo] WA e 3
gtk AR AN E ABH A 3
o pudsd e degd Age A8
she wiel dslAs FAH ool o
U7 Y. ool £ TR AxAAANYS

e >
o
o
o
9 &
oft & °
ol
=
_>L
f JL\].
}L
ek
N
;2
rir
i
il
o2
3
B
o

21 ASULAEE 0|8 YT 24 ¥

T8 4UAE o gam, AASE At Y A

Ag wiss tF ¢d WAL Asshe ds

FAABANE FAskTe Fbel ue} i

dpold: A BF BEYAT wHyso] 27
=



o, 12

. 0

1o &
oft T

1-
ok

10

T 1%

=
]
|

ﬁ

AN ZRE dFA4A ] RE548 Hrtsl
7l A e 2P AR €8 f55d
# 4 ¥YEY fE7 desdn 73 49
Aell= B4, B4, ddaded A gAdA
B A543} 5589 Aole] #AE 24T
A2 w2 Fato 4 ()} 2o 2HT F A
ohowE fE3EEE AAEE Bk Ao
A B 25 4Hg 2474504 ¢E o183

@o] Hrhsta TELE 718

HeE vl

a

ol a
R @

= 4 2598y §5589 59 AHFE
¢late]l il RS 4sizl vhA, aE HZAHY, o=

2
AL FAAE A, 78 LA A e HE
Zo|l I HEZWAL Fig, 20 YEY 9l 93}
T AAFHAE £439 Frhghg ol Hg ¢
Yol stFEAA @2 DA ES gALS
AeolH, ol F7tHo= <Ud9ia Fo wav}
T gdwd 2 AR FH(pile-up) Bl o3
}7P BAEojof A4 HEFzolrl AAHC}
A aFAA FHAE HiEz Yehya, og
ﬂtﬂ ol mEsd 3 7187 %lo
AR A (stiffness)e] $& H 7}sio)

wA BY w31E vl d FdAe) AlEg
FHE70] he'= elastic flat punch ©] &< o] &5}
4 239 7|27]e gdae Mg ‘%Hi—}% L
o] 021 ZEi7}R) ¢ 4tste] HrpstA @uk”
a2y dutg oz 3 Eye ogla i
M FutEy, oo wil ¢elate] rlatetE o
Aol Fad FFE VXA Hm, oE wiE
&4 HedrE B8R 4 (3)0] AAIFAE®

o

o[i‘

-

Sl
h ¢ = o — 05 &)

TEAAAL] AL 0E 0757 Dk

NSt AYERs qze Bras 13 883

il
i

Indentation Load

Indentation Depth

Fig.. 2 Schematic illustration showing the parameters
for analyzing indentation load-depth curve

(a) (b)
Fig. 3 The schematic diagram of indentation (a)
sink-in and (b) pile-up phenomena

oty #Hrhd dEzols) ¢dAe] 7s)ety
FAE nesid AP HE2wA o2 o
Mg 5 °1E}
2y, Al e AR HESs dol
ololzl 1 9] E}—}d A4 1 3 ek Ao o)) A4
48 ddHolg %E}zlvﬂ HBg o2 1
ojof et F, 4Rl Fwel Agr dydHoR
W AE @4 9T HEHole Wi ¢ gty
A FRe] xAdwge] Wade] wa} Fig 33 7
] BEd Aast dda FHo ol A &
2 (pile-up) 47} a2 PeEoirhe 3
%(sink-in) o] Al abch®
watA, olg nHd o, £3g 4
< 4 (4)91r Zo] Fajo g2 A3 NFAFH
Ag 9L + Ytk

‘orlr

o3

)
rlr il oi‘.

1

2 7

3|

mE'” 01"':.

= (o}
1WA 8 o}
5

L(9Rh:-h) ()

Q.71 2
O T ey 4+n




884

Table 1 Chemical compositions of the materials used in lab-scale tests (Bal.:

]

b

e 0)
=]

=

L

Balance of the composition)

C Si Mn p S Cr | Mo | Ni % Fe
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