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Evaluation of Fracture Behavior of High Tension Steel by AE
Amplitude Distribution

JW.Seo*, C.S.Seok**, Y.JKim**, J W.Park***
ABSTRACT

Acoustic emission(AE) measurement was carried out to evaluate the fracture behavior of high tension steel.
Fracture toughness Kag could be determined reasonably by using the load value corresponding to an abrupt change
of the accumulated AE counts of AE emitted from the test specimens. AE characteristics of the base metal, the
weld metal and the heat-affected zone could be distinguished using a constant value b which represented the AE
amplitude distribution. Consequently the structure integrity can be evalnated by variation of the constant b at the
load level. In addition it was found that AE signals due to crack growth have high amplitude but low rise time

and duration.

Key Words : Acoustic Emission(-2-3%2%), Fracture Toughness(3%3 ¢14 2]), K-> 3] 4l57), AE-Event
Counts(5 & AM4Al4), Amplitude Distribution(Z 25 ¥)
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Table 1 Chemical composition of specimen, wt.%
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Material] ¢ [ Mn] P{ S | N[ Sif cuf & V{ M} A T

HTS-A§ 019 | 025§ ooos] 005 § 29] 020f - | 145] - { 037] o04a 0048

Nakamura (4)‘; XH_?;_EZ] /‘\—]EH&%E@—% 7&%% HIS-Bf 022} o26) ooor] o5 § 31) 019 <01} 1.06) <vot] 015 003
¥ 5 A3t H7HE QR Kanji e AEEE
& A#Fsetd nARHA L FJrEsit. 2
71AEE 7 AR AES o] 8T B QA Table 2 Mechanical properties of specimen
;‘(]%Zé }\]6‘30" k]:: XHE—‘LOHH HLA@ O} {‘i%}\é . Yield U.TS. Elongation | Poisson's
< Type A, B, C& ¥H3akgiT}. Christoph 57 Material | strength 1 (Mpa) | (%) ratio
H2ARE 3l 49 % AE) F#EE HTS-A 900 1100 15 027
Holdo] o3 ABE BP0, FER A HTS B 1063 1186 133 027
olgt NI EBEARSE HriskAE REdo. @A
Blanchette 00 A5 (Stress
Intensity Factor @ K)$F APg#AIF(Count : N)9 Table 3 K¢ Test specimen matrix
PAZRE K8 AAsRT, AE7)A 83004 Materia]  Weld | Preheating | werding rod | Location ] SPecimen
=N A6 09 BARRE T QA K, S N RN S I S
Jn)E& Z2Ass). Lrhe g e | FT 1

B ApolAt ARES ol &} nEARe B v T
A, &84 1=la ed%k-r(ﬂeat Affected Zone : wre | omaw LTEC 10 M T Fr e
HAZ)o) thsod %3 Nel Bl 23 shel R A il WV W
ReE A4eksich. 2b Amol et AEYESHE P e o e | Fr
WER ¥ ALgste] Arsta, AELTE HA VT Eove
sk gk b 24 /‘]if—"c‘]ﬁ EH&qct, 1 SMAW {150 € 11018 HAZ | FT 10
iz} ‘3}% A b ko] WEE ol 83t Az ' - — f;:; g i?
LR S Hrtete 71EE A =3 TS Bl B Mitecio [ _maz | Fra
D 0Ao] @ NE 1BA BE ABE B | A ST YA W
o] AEH ] HE BEAdS AESUC

2. My aby Table 4 Jic Test specimen matrix
Material Location Specimen number

2.1 AlelH Base J-1

2 Ago A w427 HIS-A(High Tension HTS-A e =
Steel A)9} 31427} HTS-B(High Tension Steel B) Base T4
o mA % BHAE AMEEl e, et e HTS B Base 15
Table 19, 7|42 422 Table 201 YFERAT}. Base Lo

Table 33 Table 4% &3 %9 £§H, dd&e
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Fig. 2 Schematic diagram of AE measuring system
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Table 5 Comparison between Jic and Jae

Material | Specimen No. | Jic (kJ/m®) Jae (k]/m®)
J-1 - -

HTS-A 1-2 459 51
1-3 249 67
J-4 119 115

HTS-B J-5 126 83
1-6 152 97
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Fig. 10 Load vs. displacement curve for J-3

HTS-A2] Jeob Jicgkol & Aol Hols A2
Fig. 100 EAIg uie} Zo] J-H XL 3l5-He
A J-AELS FE-RF oA HYe R A4t
317) wjEol}t. AR S ol &3 AAEY HE

—

EFF(void) g gl gAS 22 vAFIAA %
Qg 5 317 Wgd) ANFDF o) Ae) vA#
Ao ANAE Bob T HE Je2 BFE F 9o
2 7 geol U% WA Brigivkn 4zad,

34 AE YHEEA
341 MY NEZEY

ARS] AEe YAz up, ofwA, wiFEA
gef A4S LHE Z e ARARLTE =
vgehte Aoz dix o, AEREE gE
7Vt ME AREAE e AR BRuHEHI 3

(:]-(5 12).

Fig. 112 7} Alge AZFEEE e A9
o 8o A] Y&(Bvent)L #¥(Waveform)S 3}
o] grez A AN Aojm, XF(HF)L 3}y
oM Hu FEL FEAT 74014 Fig. 1(a)®
HTS-Ae] B A1, A 2 HAZo) thEh Ro2, SMAW
SAAMFT 9, FT 1009 AS ¥ 2Z A7}
To] wAste HEREE7} E}% AR A
bt ZA(FT 15)& (GMAW = &3 A,
HAZ) B o} AEREE7 54 L}E}kk_o_fﬁ, LA (FT
1~FT 4)¢} HAZ(FT 5~FT 8)& €% %, 44 &%
of A#gle] vlxd WZEEE 72 ik, &3
Ao}t HAZE BbF EM*HOM‘: L3 ﬁs&e_

Rolm glow dAxolyHd At o) Hod
og AzyE, e FT 5(GMAW-HAZ) <] 11%—”
Fre 2ZA9 A9 s A oR SR A9
AZRFE= Az Zobe),

Fig. 11(b)x HTS-BY & -E—Ei 2 A(FT 16)
7} 7o AEEAE 7FA 2 1o, HAZ(FT 11~FT
e EAEc 2 ﬂ%‘i*é% vt a9k,
o] ZFoll A FT 14(GMAW-<| & 150-LTEC 120)¥& 3}3-
WY T MM E thE 9ol v|ste] A Hol7] uf
ol AEZREZF 7H Asiot.

Fig. 11(c)E HIS-A% HIS-Be] RERIEE 3
A el Rolrh, HIS-A9] 72 SMAW & HAE Al
stauE HIS-A7 HIS-BHUTE A A o)7] w&of
AZEAE 7HA 3 Q.

Aol Aot o] Aol  ARLFEF 2 3
EXNE AT gley, AEEXTE A5 AEY
g 2 Hrstan.

>,\J

;w

ol

=
kS

Jim Jm o o

L

180



AR - 43 - dhdd - AA S - A2HYFEHA A6 ASE
21(1)9] -°‘<f NEFEY] 54L& }}
L - T Hell M 1ap e %7}3} A Hy, B AY ]
> FT2 A 13402 BHristd o]l & whEatA %6‘}353-
1000 v bTe el Aoz sstud @k whebd Fig.
E—- L 2(a)s AAHFEE ()9 23 BE A3
«FT7 2ol Bodnt,
£ TETS
R we 1~ FT9 logN = A - exp(-B - dB) 2)
5 - FT10 dB = 2010g(V,/100) 3)
1y 2(3)& H(2)o didstd HstH A (4)9
01 : - e
T 40 60 80 100 120 N = exp (aV,? 4)
Peak amplicde(dB) 4714, N& APEAF, Ve WE, A B a, b
(a)HTS-A = AyZ=olt},
o S FTL AT AE 4N AENESLS Frte
oo | TFI 24 s, A@)E b gol 25E ARFo] ol
5 "’}erig 2w, b gol A&45 W Eo] BolA= AE 9
T 100} ul&t) . Fig. 125 A(4)E 539 73 F434 b
‘g, #E el Aol Fig. 12(a)9} Zo] AZEY
| oAA R TR S ded AL dAF o)
. . 7b3 & H-E(HTS-B base, SMAW)#} 7+ #& R &
(HTS-A weld, HTS-A HAZ), Z1@]m 21 Apo]e] F3b
01 e — 1 (HTS-A base, HIS-B HAZ) 2.2 F8& & glct,
Peak amplitude(dB) ):’]1(4)% %/o}'o% -TLﬁx} 'AT\j’\%‘ )é)zﬂ Q%EE% Q‘
(b)HTS-B e 2 %1::1 T3 Fig 12(b)ell Aot Zel b g
Aol NI EAHLE 3o FE3L Ao, ©
10000
- HTS- X o 5 AEZERFENS 1
oY HANA AT b
1000 + HTSB HAZ e 4
-~HTS-A Base
§ ~ HTS-B Base
8o 10000 ~HTS-A Weld
2 - HTS-A HAZ
k] - SMAW
E 10 1000 + HTS-B HAZ
o} ~+HTS-A Base
. E —~ HTS-B Base
& 100
2
0.1 - 'g
40 60 80 100 120 = 0 F
Peak aruplitude(dB) E
(c)HTS-A and HTS-B O
Fig. 11 Peak amplitude distribution 1
342 AE HEEMo B F 01 : 4
HAo Mt 2ol {1%\_ - ABAISEAR S # 40 60 80 100 120
L}E}LH glo.m 2 pol lokc:(l 1.5) o AELR Yo Peak amplitude(dB)
545 grtahrl9lsted A1) & Atsti. (@)

N

aVv,® 1

181



AR AR - D AR

s AAF A A6 sz

35
oTypeA
L
3] - Type B
= Type C
25 ¢ °
[ ]
M L
: .
5 .
F- 15 ¢
1|
05 2
L » = N .
o 1 A i " L B ' B
12345678 910111213141516
Specimen No.
®)

Fig. 12(a) Peak amplitude distribution
(b) b-value obtained by equation (1)

=

ofel wet AR NIEAHS b ol uwet
Iable 69} 2ol 3744 Typeo @ BR& 4 it}
Z Type AXZ b zkol 1.5 ©]49] A ZEo] e BB
Type BE 0.58} 1.5 Ato]9] 3 F#, Type C&

0.5 o3¢l & FEojr}.

Table 6 AE characteristics classification by b value
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