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Abstract

The BI(Ball Indentation) method has a potential to assess the mechanical properties and to replace
conventional fracture tests. In this study, the BI test system has been developed to evaluate material
properties. Tensile tests, fracture toughness tests, hardness tests and BI tests were performed by the
system using four classes of thermally aged specimens. The results of the BI tests were in good
agreement with fracture characteristics from a standard fracture test method.
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Table 2 Results of BI tests

Degraded | Brinell | Yield = Tensile |  Strain Strength
Time Hardness | Strength | Strength | Hardening | Cocflicient
D, % v .
{hour] [HB] {MPa] | |MPa] | Fxponent [MPal
0 289 690 837 0.070 1,019
453 234 558 681 0.080 903
933 209 500 607 0.089 823
1.820 194 466 562 0.109 798

Table 3 Tensile strength and yield strength

Degraded Time ‘
0 | 453 | 933 | 1,820
[hour]

Yield Strength [MPa] 711 533 481 449
Tensite Strength [MPa]| 844 676 615 582
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Table 4 Results of fracture toughness tests and

BI tests
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1,820 1,771 335.2

3.4 AlEZotet elAEZoe vim
AEAYe vlo|AA ZHEA(Vickers hardnesss
tester):; *}%b]'cq YA} A EEEFS | kgl

stelom, THAntE Fasid ZW AR
] 0E AR ‘élc’] L = e e g =

Fig. 112 <gAlgeld Ao
(Brinell  hardness)gt2}  ®lo)H A 7 E(Vickers
hardness)AN @ ol 4] AL ATE ASTM-E140 $Hab
ol osted HEld % % (Brinell hardness)@ At
sted Blalgk Aot o] IR Aatrl Ay
ol wet AFTEEL FAbeh HFo R Fhavm
dom F ARy el Ao flis oz
257 4=4

o
Hn

u

By

3.5 TRIM XA AT AAIHAH T}

i) =

1]

4= B7E 71 gel B AT 1909

1500 — — -
50 400 500

indentation Energy to Fradune{m.}}mm 1
Fig. 12 Relationship between fracture toughness
and IEF

F AP+ 254mm FA L CTAHE A}
gl e, 251ndFel AZHUA ABAF
& ALE3ta] ASTM E399e wel K, Al8E
gatgicy. olmf ASTMS FAZAE W& £
dRerz Koot stk Table 40l= AU
ol &8t zZ+ ANHOZRE T3 IEF3tY <l
A APezRH 73 AAAdAE UGS
o, Fig. 120+ o|& Tz Jehdn. 43
of W& JAFH Tl dleR Iy Yy
of wet a7t HefsiA L gk oldl wep #
EIOJWIK 7} #asa o ojeh fAMEHA
ﬂl JUAERE A3 ol Haye
18 HojFu vk ole A gon
28 dEE 5 UdSE gt gy
eb 3 o e gl dl | A (EF) =
Aol gy elu}, o= 7hdety
dalzlolzk Fol7 AY- A4S 4 Ak gy
AA e 2 3

l

o2
—>«~——-—4

% it R R K S R I A
®rd F fenk AMANEs F8EY Y
S AE 5 AATh F Aol gk

A ZIol 7 0.135mmE AR ¢}

2 % F
g Aulel 8ol shsstel, e wishaA gt

vl Al Alg el ket Al dibel Hlo]HE S

)‘ 9\11;}.‘..,: 7(}7(40] %L}_ tl:b}. 01-01/\]1543_ ]_g_ ],

WA A E o) MY E 7 (strain rate sensitivity) S



1910 A A .

YR = 2] £ 43 (material-type constant; 8, @)
7b 3R A4S ‘3]1“164734"} AE B4e F

gt
w3 GAAFE FAHlY 5y Aol
oI® FBE ANRPAL Fe A 4ew
% otk webd SERe 2o wlamAo] 4
s deke welol Ai@ IAH SHEEE TS
s ERHeR $89 4 AL Hom v
Gowe B dold Ave M 54
W OARBYNE Z4F 5 s eg g4
@718 ol 830D HEF B FRBY @1
Yytels FE e F 9S el

() D87 9P met dAHS Sel A9
o A7l HepsA Ame FE7b Fhu

A 574 4 (material-type constant;

B a7t ABE A AFANFE FY5A
YnE FYNPRoRE AsAe GBI
9 gAY oFe] Tbsq Aow weHd

4 FPAPEe FHFAHoz YREHANEZ
e F Y wEes JHE F9 Ad4ne B
A R0 188 F e Aol

of wEe

1998 St gAGe] TR A
A 7-4](1998-018-E00085) 9 &le] A 7520 L

SEFREF LR

__‘

1y A=, 1992. "A7AE Cr-Mod 4
G HGket £ o F @A
d, Al167, pp. 1421~ 1428,

(2) Haggag, F. M. and Nanstad, R. K., 1989,
"Estimating Fracture Toughness using Tension or
Ball Indentation Tests and a Modified Critical
Strain  Model," The Society  of
Mechanical Engineers PVP, Vol. 170, pp. 41~46.
(3) Haggag, F. M., 1993, "In-Situ Measurements of
Mechanical Properties Using Novel Automated Ball
Small
Techniques Applied to Nuclear Reactor Vessel

&7 o]
3]

I
T

American

Indentation  System," Specimen  Test

Thermal Annealing and Plant Life Extension,
ASTM STP 1204, pp. 27 ~44.

(4) ASTM E 10-93, 1993, "Standard Test Method
for Brinell Hardness of Metallic Materials,”
Annual Book of ASTM Standard, pp. 106 ~114.
(5) Murty, K. L., Mathew, M. D., Wang, Y., Shah,
V. N, Haggag, F. M., 1998,
Determination of Tensile Properties and Fracture
Worked  A36  Steel,"
International Journal of Pressure and Piping, Vol
75, pp. 831—840.

(6) Haggag, F. M., Murty, K. L, Liaw, P. K,,
1997, Non-destructive Evaluation and Materials

"Nondestructive

Toughness of Cold

Properties 1II. TMS, Warrendale, PA, USA, pp.
101~ 106.
(7) AAxE, BFH, o]¢3%, W&, 1998, “A

717]4- CF8M9l 430T |3} 54
AR DA, pp. 129~ 142,
@) MFER, &%, &4z, AU, 1992, "3}
A7 1Cr-1Mo-0.25V73 9] s-2oA o] JICE Tmat
g7 Proceeding of the 2nd Symposium on
Material Degradation and Life Prediction, 733 E
3t 2 FEE AT, pp. 27~55.
(9) Mathew, M. D, Murty, K. L., 1999,
"Non-destructive Studies and Fracture Properties of
Molybdenum at Low Temperature(148 to 423K),"
Journal of Materials Science, Vol. 34, pp. 1497~
1503.

AR



