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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.

Al Holl M ZHE Mulo] APHfo] TFFH
HASEA7EQ 107 A7HE Hojdozsy
1. M 2 Aol i3 #7], By Ee ZAE AP A7)
of Zesldt IuE Zgs AA g g
Sayate] Fo 7|7HAE sl Agshat e BPEY FEATGL AT Mule o
e 129 4 Aesisa g ure 7999 o ZAH AN HAFEE P44 FAT
odd Al 2 Mfsetaa A4, 91d sy oAk wHE gt g, o] A% hed @ A
A 3 g7 EH we 1 FRE Al E3txE Hite olF nig oz & FHd
A AAFFEor AAstgnr o]& 10do] & ¥3td BEg g wA Av)E AF oo ok
ZHWE M7t m2 mglolA] AAE &84
A A LT 5 e EA4FgElE A FA
A S (FREHs RAATL FaEE), 98 £33 A g5 A2
E-mail : jijang@frontics.com . g
TEL : (02)884-8025 FAX : (02)875-8018 TES F A FAREE FAF vt o3
F(FZREA REdTA HAstY, ddy &4 FHNe H27dE, ¥
o iﬁ%izm;};%ﬂﬂ% Axelo] ogh SR7ED § AMu] AZA|o] @Ay}
_ - = wEH AYE, g2

i

T UAlEGe] A



882 el - H9 - &5
dste] &F WA dEE 2AE AN
79 dA4L onsit) mixwto g A7 93
T BAs A ArpEe] Bite] QA o F
Aed 7198 vz Wt wel dAs)
g, (1) 432 2 A9)z=9 Wl B2 o

sl, (2) %]74] HA g #HAg A9 ESE-

o
;L pd

5}(:\—_01 gl dA A HE, waE
%), 3) L& A 9 R4, (@9) A2
Azgd #4 59 AR Yerts
°l AAdste AHgAdule] $HE BEHA
Eoollet 79 AgAE 47e 4L vl
7W71EE BEEA wesd 2 G

B
HEE Fig. 19 L}E}IH‘RiE}

F-{"_Q‘S)’):
o o
Vl?qu'

oX

02{_:

rirzmﬂrﬂrkrz(oogﬂrlrirlrrgi
N
W

o

—o
¢
& 0

2

me@m

2
> oo
o
gz
S
i
fo
oz £
ok

TOFD (time of flight diffraction) A%

WA G 25 el ol

°]—r°17<]-1— ?\101 ik —’E’b‘"ﬂ g B =3
[e}

mlot!in'z.oﬁ:iz_&j:

o
b
2 o
2
1,
£
e
E
2
M
m&
_\,%
1o
ox !
-[o
g
[2x
2
g )y off fo » ot ©

o Jpe o
=2
(T

o

2
¥,
oo g
[o3

Loﬂ 2] ﬁi 7tak7) e &
A = (1) B E et
) &) ﬂﬂﬂﬂ@

%
)
o 12
R
HUHUW
oN

dlo "51 o
—E—'l‘ —r’
S

]
9% A

2
N
X
>

JU 1% rlo o & o2 o

w)}

B >

By

o

- olff

b A

-
2

o N ot

o N T

o

o w

_?L
Mg g D

ox, TE
i)

g
>,

Sood & A M o§2 mg of
e o

gk
a2
2 o

_c‘>_h‘
rEl
A
X
\-

)

;o
ey
ol
L
2
)
ue
o
i

7tel A, ZMZ]HI Bl oEgtezHy 7
D/BY F&& w=A Rz 3lu AZ AgL
Ay oaARYt wig A YelE F doke ©
o} glol F AS BT Al RAEA| M
2 BAE AFHL gl

ol 3 FAE FEL A A3E dolA
Brbg £ A wHoRA HIdE 49 F-
Zdo] AL BAgozx ASHNAYE /T

El‘
e %
)
Ol
o
o
o
oE
e
>
>
oo
=
Moo ¥o o i

colgd - 259 - WA

Critical crack length without material degradation

Critic, ical ¢
With m ater, ac:;‘::f'h
ation

Crack length

/M icro— crack format on/
Do1II I LI OS2 7 IEFI A

Litetime with material

Material Degradation - deqradat on
rd Pl

i
Litetime without material
degradation

Operation time or cycle

Fig. 1 Schematic illustration of the influence of

material degradation on safety
performance
THe WE, FEPE, AFFE, ARG
59 AgEdE dE A% 9Y Mg

(continuous indentation test)®~ o] F-ztgm Q).
A&t Agwe] gl wat #gelA Fe
EA9 AAHQA Hotv sbestA Hol, 24 A2
o) AbgHA Hrtel sk PrAHe @
EAE AANE & A HAS ¥ ohE ZAF
Aopy oy sl 7z AR ABT 4 9
A HAL, A5 AR vug 3 EA 2

A8 WE ol weko] @FoNA Fhssl o
Ak AL obAAAE A Fddst 3
7R szl st A&l AP A
she wgel sl FAAQ Weke] FUH o
1A gk olo] B ATOME AR
ggsiel A F39 & st BI A9
248 dRez And Ades: oug 5
e Az WFE BESHLA HYT}

T8 ¢ LI
Ag wEse oF Y PAL Asde A%
A A = dgeEtF Skl weEt R

p3 A= : }

s, desize F mE AR B &
Aol WHAFE WA, Wy, E92gId9)



A%} AR E o1& Heaotin e ALe FAEE 3

YNFoZRE ARG FEEHE Prhel
7l AAAE AU AHENE B F5SY
%o AFEe fEsk gasch 7 Y
Aol w4, WAy, gazyel A el
P AELAT G539 Aol WA 24T
£4 v Fahd 4 ()3t 2ol AT + 9
o meby RESES GAANIL Bkl Qo
A BE A% FU% 247494 U E o83
o A ()7 ol Yrskm, APAFFL 7)ehe
4 e P gYgel BB AAE v
stel Wrhe WYE AdozvE 4 @9 2ol

A% 5 AT

o g
o
=l
X
e
r
it

={
E
o
1o
=
r [¢]

=
lo

zd

jinA

_);I_,
T,

PE.

I

l

X

I
T

o b~

o
i

o
oo 4 X

2 %
AARNE EAG B, o) A0

2 d

oﬁ]_
HA
w, ol FrtHown °“ﬂ4 9o ATt
4T 2 AR HH(pile-up) Bl o3
a7k HAHojoF HA HEFzlojrt AAHh
4 FEAA FH4E HEgrr Y, o
Aol FIzlolol A mlRatel 73 7197 gow
H Az 7J*é(stxffness)?l SE Hrisic}

webA B F3E ukde hydatet Al
HZ7]0] he'¥ elastic flat punch ©]&& o] &3}a]
UM AAE 71E71E H2s 448 d9sF L
o] 09l AEN7tR 94sted HriskA Ah?
g Aty e g IEARAFL A sH
M FRbE, ol whet ¢}l v)etety 3
Aol Fad JFgE 7AA Hi, oF edhe
okl FejAd4z BAS A 3)o] AAFAtY

0 off W 0 ofN EN
o [
o
=2
R
_O#
i ofN
B
)
2
i
g1
)
N ok
o it
o

i

- _ L
hc_hmax CUS (3)

TELEAY B9 o= 0757 Ak

Rk

883

Indentation Load

Indentation Depth

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

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

wzha G 7he

Hy4s nejstd
=
agu, AA Aset YR HEske e
AL FHe g, 23 WG 3a
Ag gldole} depA A Huz o]
of g} &, ddA FH AMEVt @A
2= ddol od HEolel wiz d
Flo] axWgo] AgPA uet Fig 34 kg
ol WaH ANErt ¢dA FHe| Fole AE F
H(pile-up) EE FUA FFE P E M T
E(sink-in) @4o] wgF}®

wEhA, ol 1E W, A FENAE o}
g A (4)9} Zo] Faok v &g AlEE T
g 4 F Atk

qx7o0ls gaRel slsaA

R EAEEIEER S I

m\m =

2ol & e orlr

W
r\r m o
of

<>?~

9_52-n_2_52—n B2
a‘= al= 2 47 (2Rh{—h:*) &

o, n& 7}‘3‘76@}7‘]‘7‘, as AA HEDA, 2
Eata] a7 he'E

o
_?L
of
R
X
Ju
r)v
o,
r«{rz
m]o



884

FAe - 4

1R,

o

5

il

.ol %

§} - AEY -7

jiiss

oX

El

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

C Si Mn P S Cr Mo Ni \% Fe
Cr-Ni steel 0.39 1.68 1.24 | 0.012 | 0.011 | 24.6 - 19.81 - Bal
Cr-Mo steel 0.14 0.22 049 | 0.007 | 0.003 | 2.24 0.98 - 0.02 Bal
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Fig. 4 An example of flow curve derivation
from indentation load-depth curve
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