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Study of Crack Propagation and Absorbed Energy in Heat Affected Zone
Using a Finite Element Method
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Abstract

In this study, Charpy impact test and numerical studies were performed to examine the effects of failure behavior and energy
absorption on the notch position. For this purpose, carbon steel plate(SA-516 Gr. 70) with thickness of 25mm usually used for
pressure vessel was welded by SMAW(Shielded Metal-Arc Welding)method and specimens were fabricated from the welded plate.
The Charpy impact tests were then performed with specimens having different notch positions varying within HAZ. A series of
three-dimensional FE analysis which simulates the Charpy test and crack propagation are carried out as well. We divided HAZ into
two, three and four regions to apply mechanical properties of HAZ to FE-analys. Results reveal that the absorbed energies during
impact test depend significantly on the notch position. To obtain the results of reliability, HAZ should be divided into at least three
regions.

Keywords - charpy impact test, heat daffected zone(HAZ), GTN model, FE-simulation, crack propagation
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H# 1 Chemical composition of SA 516 Gr.70 steel

Comp. C Si Mn P S Cr

Wt. % | 0.18 0.30 1.15 | 0.014 | 0.003 | 0.02

Specimen
W = P v
=¥~ 1/4

k

Base material

Base material
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e 150 — 5] Unit in mm
12l 1 Schematic of cross section of welded plate
Fusion line N Cp. of notch
et v
T Weld T | 1/4t
t i 1 f
I —»f || 0.5
- —
HAZ
(a) NT-0.5
Fusion line_‘J e C; of notch
o
Weld J
[ | |
| | 1.0
HAZ
(b) NT-1.0
Fusion line o e €y of notch
v
Weld _ T
I |
L'_ 1.5
-
HAZ
(c) NT-1.5

18l 2 Specimens with different notch positions in HAZ.
NT-0.5, NT-1.0 and NT-1.5 indicate that notch is located
0.5mm, 1.0mm and 1.5mm from fusion line

2y gHAHEe 3 2(a), (b), (c)¢ o] %2 L5l
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A A A= A

& Sl SRR,

2 Ay et A=d 3A49S 8 #
QA 3

S e
a3 ABAQUS 6.7 o]&3le] ZARSIIT &

fr

hammer
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12l 3 Representative finite element mesh of the Charpy
test specimen
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#* 2 GTN parameters of SA516 Gr. 70

€n Sn fa fo qi Q2 Qas fe fr

0.3 ] 0.10.04|0.0017]1.68]0.856 |2.8224|0.018 |0.18
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E Base
- 1 1
Weld g metal " i '
1 m 1 1
i 1 1
[ o ] =0 1 1 1 1
> 1 1 1 |
I mw 1 1 1 1
HAZ Base | 1 1 I
® Imetal, HAZ | | HAZ,
a
1 2 3 4 5 [ 7 g 3 10 M 12 43 44 45 48 A7 f?’ﬂm]
12| 5 Measured Vikers hardness at weld, HAZ and

base metal

I 3 Yield strength and GTN parameters of HAZ
assigned to finite elements

Hiwase/ | Yield stress . ¢
Huaaz) (MPa) ¢
NT-05 NT-1.0 NT-15 Weld 1.31 480 0.0177 0.177
HAZ-1 1.81 665 0.0172 0.172
(a) Case-1 HAZ-2 1.71 627 0.0173 | 0.173
HAZ-3 1.53 561 0.0175 0.175
HAZ-4 1.25 458 0.0177 0.177
Base metal 1 367 0.018 0.18
B AP 298 AU 4 6, (7, ©)d dgd

o

ol

o §53%=, GIN 2de] vl £, & Assic.
2 (6)(Jang &, 2008)2 7=t FEA:= Aol
NL-05  NLLO NS HAZS| %7k 37k9 GIN 2de] wiAdsel 7, f
(b) Case-2 2" (Schmitt 5, 1997). & A7k Ay d7A]
ATANE AR sl Aok WAl £, fo #AS
ARESIAT. A (7)), (8)& & A7ollA Ak Aol

H, =30, (6)
H
f‘c(HAZ) = f‘c(base metal) X (l - 005&)
V(base metal) (7)
H
NT-0.5 NT-1.0 NT-15 V(HAZ
ff(HAZ) = ff(base metal) X (1 -0.05 ) ) (8)
(C) Case-3 V(base metal)

2 (6)lM HE HA~ AR felil, o5 FHGE0|
o A (7)), )M faaz, fans SHEFIH GIN
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(d) Case-4

O3 4 HAZ is divided into two, three and four regions
for finite element analysis(Case-1, Case-2, Case-3
and Case-4, respectively) WY STl Z71eo] W], Be AAEe FEPE=
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Unit in mm
12 6 Dimension of high speed tensile test specimen

1.67 T T \\\\HI T T \\\\HI T \\\\HI T T TTTTT
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15 [ O Experimental 7]

B i Predicted /'/ ]

| '/' i
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L -0 ]

[ ] Ll Ll N
10" 10° 0' 10° 10°

Strain rate [s"']

T8l 7 Strain rate dependence on yield stress

OE:ILX}t Instron VHS 8800% ARgsle] WE
50, 100(s ) ellA AFAEE saslint. Qg Zzte]
HEE Smnph 2wy Q. A7 AHoiEsE
20(m/s)elaL, Hsks2 60(KN)elth, gl 54 54
o] £& Zr=A(Piezo-Electric load cell-kistler 9071A)
o] A&t 18 62 FAR/NGA G AHEE Al B
% 544“‘0]1’/}.

w @7k REE = 100(s
01]%'3}7] 93l strain rate power laws
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A71M, & MIESHECIL, 0, FHLE
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300

T T
——&—— Experimental
——O—— Calcualted (Case-1)
——<&—— Calcualted (Case-2)
——<&—— Calcualted (Case-3)
Calcualted (Case-4)

AN

.
%

Absorbed energy (J)
(3]
S

270

I R

150 | | |
NT-0.5 NT-1.0 NT-1.5
12l 8 Comparision between experimental and
FE-analysis

4.1 F5lYA|

a8 8 AgeR 23Y FrduiAe fIesdle
= A %;#oﬂqxlf—— Mg Aolth, APow 23 F
FolUA = =A7F SHFECZRE 0.5mme] YA o

(NT-0.5) 238J°]aL, J_7<]7]- SRFEo7HE 1. 5mmol
AR W (NT-1.5) 176J0lct. =X7}F HAZS] F3tel 94|
g (NT-1.0) FolvAl= 217J°1.

NT-0.5v AF23 &A199 w=27F 84 &-5AlA7H
0.5mm gzl Aol x5 o] vk 2 ?:b—). of uj
g3 A0S v E¥ Case-1°] 7F¢ & dXsta
Case-4v= 23 #o] zel7b 7P Atk UmA| Case-2,
Case-32 A¥} ko] ok 10%(%F 16J) zke]7F drh, NT-1.0
= A2 A =27 S8l A 7 1.0mm 8
o] A3l fA =] it o] W AR} aA 23S EA el
B Case2, 4 23 ol oF 6%(°F 15J) zeluva,
Case-1, 3& A7 gkl < 10%(%F 25) #ko|7} Wk, NT-
1.5 A2 &A1Y wA7F 84 8-gAddAFE 1.5

m Gzl A -l A= Ut o] w] dA] Case-2, 47}
Case-1, 3 Bt AdZd 7o} A7t & I}, §f 23}
£ BW Case4E A9t Uoxe 25 Ad3 AlLke] 2}
o7} 10%°luleltt. Case-4<] At Aolus ol f&
I 2k, BHEGEFTY 7IAA B FE FRIelA T}Zﬂ]
Al #gtt, o] B4 9] 7 Y] G o] £
as| el A8487] wfiZol| Case-4< Az}t 717 AA X}O]
v Aoz AdEY. o] F Case-27F A3 AL Fhel 7F
b A AT 99 datg = ) AFEe] SR 24
aME sl Helde SHIITF = Aoz 3 4 o
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4.2 224 Aoz e wAe © .

A&EW BAl Fo] 8452 d7|Fd U Ax A
2 AFA Case-29] FFAUAl 23 gho] 7M & A A€, 1 Ll
28t mEkA] 2 AAls Case29 #EZ1AT 4o A A"

7ol BAT T FAYFOR Wl
Ao B B 1 3 o AQHY. $AaFe P FAYFoR A
I 9@t =3 ABE RRELANNN BEPSE 29 Ad liAn dr we mAsow

ggeln 19 9(b)e BAY FAUHE e Aol

@ 9(0), (@), ()& Case-2el FANAE gk Aoldt.

37 90b). (0, (@), () 2% 9(a) H4E Fhald  wE & g wFAARIL o7l HElth NT-0.504
o] o

el Zloltk. 28 9(b), (¢), (d), (e)9] AL 24% A NT-1.502 =X A7} e d9S i ZA1Z
A grelm ANesE AANA Fe gaeltt £ e A QAdEn ofe EFFUA wges wssit 2 @4
84 ARe A A2E et 2Ale 3 WEke o] HFelA Bol AADFE FFoluixe BAl F5l
AW (impact direction)& FFata it EAle #&A UAES 3 dge] BAjdA Bo] dErs A &
& (homogeneous material)e]”] w&e] 2ol gL 3 FoUuR| 9} H|S=5HA| AL, & gER e A2 el
7 AN B AAET SRR A2y $3-AH FoluR| = WA "ot
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o] AN FPsA AAHA] gevh, 1 ol & 5.8 &
s o]
=] =

Aage] Zwrt mAle] Awrt Jal] wield. & B

& 35S A2y Aldo] wg v $HFEET Bt A B oAb $RE9FRe 2dRAT FoouA g
WAE AT o5 sl 2T FAAEE fden
AL olgdt AR ALt SHAIGRe
- gag JAA B4 faasdsed Age] de) & <
i TR 4899ERE 20 99, N 99, 4 Yo

SRSt A 2 drabe o 2 dee =Rkl
(a) Finite mesh of Char (1) 8GR 2 37] ddoa 1Jiro] 930 AadA0)
4492 o) 3y Azl @A Hfolsk 10201
[ el 2 ARt meb Akas gx3Ame] A

e o7 e SRLIRIE HolE 3 9

10 mm

o
(2) &4

o i(?r;k-propagaﬁon 7=|-AI-_O_I %
direction
(b) base metal (c) NT-0.5 o] =72 20099 HF(EHEr|e) 9 Adez =
e T AT ALE Wol P AT (2009-0074936).
: g Zon2s
Weld: Ease Weld Base . .
metalfiii: metal  metal {£ metal Bernauer, G., Brocks, W. (2002) Micro-Mechanical
HEH l i Modeling of Ductile Damage and Tearing Results of

a European Numerical Round Robin, Fatigue &
(d) NT-1.0 (e) NT-1.5 Fracture of Engineering Materials and Structures,
12! 9 Crack propagation of Case-2 25, pp.363~384.
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