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A Study on the Correlation between V Charpy Absorbed Energy
and Critical COD Value in the Welded Parts of High Tensile
Strength Steel under Various Welding Methods

Yun-Hae, Kim

Department of Marine Engineering, Graduate School

Korea Maritime University

Abstract

Although handicapped by the inability to bridge the size
gap between small . laboratory sample and large engineering com-
ponent, the V Charpy test sample method does possess certain
advantages, such as each of preparation, simplicity - of test
method, speed, low cost in test machinery, and low cost per
test.

On the other hand, the COD test method does possess ad-
vantages, which reduce the size gap between the laboratory
sample and actual engineering component. Consequently, the
correlation between V charpy absorbed energy and the critical
COD value is required for estimating critical COD value from
the simple V charpy test results.

In this paper, the high tensile strength steel AH36 plate

specimens having a single edge cracked notch were investigated
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£o find out the correlation between Vv charpy absorbed ener-
gy and critical COD value in the welded parts under such vari-
ous welding methods as shielded metal arc welding, the
submerged arc welding and the slectro gas welding by means of
v charpy impact rest and static 3-point pbending test with fa-
tigue notched specimei, respectively.

Main results obtained are as follows;

1. The relationships between Vv charpy absorbed energy and

critical COD value show ; §. = 0.065 We' + 0.1906

5.  puctile-brittle transition behaviours can be estimated
by means of fracture appearance and general yielding be-

haviours.

3, The V charpy absorbed energy of SMAW is higher than that
of SAW, EGW and similar relationships are obtained in the

COoD tests.
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(Nomenclature)
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ABHA ¥ (Width of specimen) (mm)
R®H S/ (Thickness of specimen) Cnm)
% Y (Notch width) (mm)
% A7l (Effective notch length) (mm)
Exh@E# Aol (Effective crack length) (mm)
ol Zoj 2] o] (Height of knife edge) (nm)

WA Rol 2] #E (Applied force at critical point) (kg)
FHA IS MRS WA H (Plastic component of clip
gauge displacement) (nzm).

FRAMAMBI O WAL (Critical crack opening displacement)

(mn )
R E (Yield strength) (kg / mam2 )
& (Elongation) (%)

HE SR (%8 (Stress intensity factor calculated from Pc)
( kg / nml-5 )
B 7yRE R (Stress intensity coefficient) (kg ml-5 )
4% 6% & (Young’s modulus) Chg /m? Y
HRER K AY A (Absorbed energy) (kg—m)

J®4% (J-Integral)
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1. FF =1

g, BEXY &xd BES d2 #ME HRT BEbkadA
EEs D Am, oy EEml Rield  HEHNM  EAAKEES
s Mmmew Yow, 7 EAEEE MAS ENAB, B#, K
HBE, BE,EE, AEAR 2 FEHERIY ETnd AAE A
BHWMs THol #AHm Ak

28, BESEME 2 BES Eols Ad smxRY Rk
m Lo WEMEES @S9 MEsHn Uy AP AR A4
o] 2 (thermal cycle) 2 MWl #EEAA HRy, M@m Bl
gLER YEt olad MMmEwS FEEMS KM BER S
wEmEnR HHEA WA BEL Gdsid MERe @ &V

Hesl, kRBESEY S8, BOM AX £HY RS
mR] 7 MY BESEE REstoo stedl, oA mEM
Emel BiHEEoz Wol @EANE HER®E it BEEE
(Fracture Toughness) W EREoIch 8 BEWELS 2234
B g V-Charpy Rl &3 E#BEE (Transition Temperature)
o 3 @EANA $h  V-Charpy WERBES TN RES
ARz oEd, 25e ®Es HBHZ REmol Bmsie, FKMHol
Gy r RRERS EEE A0 Rmy HBE 24 3 SOl

5w, BMWpER M N M (Elastic-Plastic Fracture Mechanics: EP

FM)ol %£@S F CODREH®EL REMEH FAF 2dH=
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5 opplel EMES FEE T OXRE

Lo

pLbs de Eel et BRE MW

kR A

Sk R AH36 & #Hzpoz THHEE obolz #4% (Shielded

A Bo o] x| = obohAMEE (Submerged Arc We-

Lg’ﬁ;—g‘,}—q 3

Metal Arc We lding),

|ding) % AHE= s~ 4 (Electro Gas Welding) &

mE A = BUmEEe  ERN #EE: ¥ F AT

KB RPN
mE COD gtz V-Charpy i %

3w %3 COD Rl Kal kol Al
sl A Bl A & HIBRERBR =
Reprh ARN REMR EMBIE ABmE &

ool ol wgmoz RU

o ok 28 al

ik S o AL dh 52 ol A 2 Witk (General Yielding:

GY) 285 A # 22 5H G -
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2. B & F &

2.1 RBH 9 Bers

& BB AT RRHHE BEBEYIYT Mo B|HPRY
ElR, @IPKR] Z2EYAl 9 BamAKS #wAoz mESE
A 20me BWE EEE BMEHMHA AHG oz o [4--¥4
% 3 BREMEE Table 1o ehy gk

°f #MHE BHE o9 FHHEEF obolZ#%# (Shielded Metal
Arc Welding: SMAW) , A Erje]jxl= ofo} g e (Submerged Arc
Welding: SAW) % dHE2 shai (Electro Gas Welding: E
GW) 9 37t BEFH kO kot BEES RmSAc  olw @
3 & BEEY LBRSI BHMOMEELS Table 2ol YER 9ok

Table 1. Chemical compositions and mechanical properties

Chemical compositions(wt®%)|Mechanical properties

. 6 EL.
C Si | Mn P S Nb SOI'(kg/m lgﬂ"‘f’\ﬂ%) (o/c)

AH36

015 |043]1.38|0.24/00200280043] 40 55 27

Table 2. Chemical compositions and mechanical properties of electrode

Weldin Chemical compositions (wt % )| Mechanical properties
| Electrode . bys. ,] 6t .| El
Methods C Si Mn| P S Mo (kg/mn%)(kg/mnzo (0/0')
SMAW |6k aoonl007053 098 0ois00t| = | 49 | 57 | 32
SAW MEnte 2 |oos|azs|i70 pozoos| — | 44 | s6 | 27
EGw | s orT?(0.08]0.36| 172 ooislo0060a2 | 49 | 59 | 31
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Table 3. Welding conditions

ndition | Current|Voltage | Speed Heat input

Weld (A) (V) (cm/min)| (KJ/cm)
SMAW 160 29 13 .42
SAW 800 36 40 4320

E GW 620 32.5 9 13433

FHHEE otolasmE 2 ARAeAE= ololzygHe BBT %R
mEgos FHEE ottaBET 79 = (pass), ABojo|{ A= ofot
amge 49~ (pass) @ WHESHR, gda BT st HES
= gmshgch ol el gl HMEZ FH 3E$y COD A
pe BES  H# &M (Welded Metal: WMD), 2 (Bond ), #
% mm (Heat Affected Zone: HAZ) % f#f (Base Metal: BM)ol
X & mIstd BEHEHIE 6 J@Ee =XNRBAFE ﬂ#%}ﬁi
o}

@K MR 2 ZI<E V- Charpy B R B4 BB KSHHE
(KS B0809)4 %ol =t SfEstglen,COD RBHS BEREY, BE
s® 9 wrmaEm S Rite ®Asc BS 5762 = M
gestdeh,  olsh ol MY =ARBHE Fig. 33 Fig. 4l
e deh?® o714 CODREAS HB X8 HMRMIE x
A kel HFEBE MITE 9ol HEEe WEEE 200cpm, &

KR (Pmin/Pmax) & 0 % WMHE 800k 3WMIY Al
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ol @AY RBET Charpy R BRE Instron & X4
MEA BRSO A, EREES #MEES Photo.lol “epld o

s HMEFE  V-Charpy MgA %7 CODHARHI S HESH
of -60T, -307TC, 0C. BE®S EEEE 4 V-Charpy H®ERAR
% CODR@e fstd % BEEret Bt & Wi #(E
Bt et EI} F EREREE ®BEStd V-Charpy ®ES R
F COD el MHHMMGE TEMWE k3don, =33 (clip) Aol A
of k% MABHOWME V.E .5ci #BET e HGS K& A

Mt ke goh Y

g KCI-vty o 0MCW-a. (n
T 20,E 0.4W+0.6a+Z
Y-P,
B K=gywe

l

d7l4 W HEHKH ¥, B REH T4, P.v BREME,Y
= ENBREGRE, av FHEHRA, o, & BENAMY BRE
51, v& Xok¥ (Poisson) i, K& P. 2 FEH jHESI EHE
BERE, Ve Z¥A A (clip gauge) o] HRs M &, 2

o] Lozl (knife edge) ¥°],28 2 EL& iEHAM(Young’s modulus)o] o},
3, BEMES AEM BT FEBSE (scanning electron microscope)

=

o2 WzZSh HmEA gEE HEMd dHNE FAESH
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3. RBERE 3 =&

3.1 HEtdd =#E A8 2 EESA B

Photo.2, Photo.3 % Photo.4 & &R #HMoFE wob Y&
J e Rogm EeY SRS FHHEE otolaiE, Auno
A ololzsE P JAEZ slamgEe & HEHERA #HA K
gated JEbd Aot drldld BELES WM, 2z i< BOND,
myEys HAZ, B#s BMoz YeEdgich

BELBAINE B LHEY #E ol SEEEINDE #
Bk (dendrite) el FREIL LSS BMEY + A% A
mgol Ky Be YYEZ amE P ABuoA= ofolafy
gol A MR Aol FEHSA Jevded KI9 FEHHE oF
oS 2L BEAM ZREEY SBE m#gRel oA RE
3 ol ol #EY MEE PHES ol FIHA HEUAY
2 #H—3A SaHe ASTL WEI + U0

Eom® WEolAdy #leto] E(ferrite) #&ol #HHAA Ae R
e 2e & £ & ukeh ol Lelolo] 2 AH Yol E (prior
austenite) 5G4 MK BHK AsmEol AL FHHEE obot
Al ®AB Yol AA ez, old K3 A#mEO FHF
He YHER LA g8 WS EESH 2 HR =¥
Kws WA HEE BE=m Esd KEsEme ZA He ASE
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Photo. 2. Change of continuous micro-structure in SMAW
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—qw

Jfpol =43 4l mpEEl Aol E (martensite ) & bR
gggol wloltbol E (bainite) 5k Mol kel @ eboli (fer-
Fite ) Mol sEgEslol olw, SosEluol B g&mkme M kike ¥
el A Aol ee WEY 4+ oud  zen FHEE ok
amel MBS Zeololo] 2 9 ol B gifkel BMIfLE L Wl
@mol M@ WoluolE, slako] B M@ EAeMMoz ey I

$e %+ AW
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Photo. 3. Change of continuous micro-structure in SAW
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ol Egt HUzolE gmigoa 5 of BIEHE x99 2ol (nor-
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dEROl WEEs o AL mER 1,100~ 900 T BEZ s
Hol o]l FolA FHoT K mol el HEY EM mEmEol B

% ol FERES RPEME Y FHEE oltamme 2.5
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Fig.5. Distribution of micro-Vickers hardness in various
welding methods (RA 36)
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olel k3w, 372 mgHr Hzko]  Er o) 4 BREES Y
Bl dUE=S shedvgm H,(300g) 287, ABrolxe  ofolz
BEER H.(3008) 275, Zau FHHEE olofalEmid: H,
(300g) 23622 REEES 42 lhgoy = ERE Holx ¢
o, £ & BEFpo Yeld AYEs= ThE Mg B A B o]z
£ olotaMgo BmBE &y WHEE HZY Emol ¥ oy F5
BB otolamgio mE= CTERLE Bisn: HErEsLs A9
Rom K3 BELBWME BHE A Z2E€ ¢ F gtk
ZEHE EEH 1 Tm fr@ola AHHre]x obolaikiel BiE
7t A Es Aamge Egyg zo BEMES Yehz 9o
EX FRHEE ololmszo HB7t oGE mEFEd hd 2o
BESHE Yehde AL sRBEoz Ee BEEPRN REY
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Fig.6 Relationships between absorbed energy
vs, temperature in heat affected zone

Fig. 7 Criticat crack opening displacement vs.
temperature in heat atfected zone under
various welding methods
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Fig.6o k3l ®HH/T ZEEEMAA #RREK Addxs 7}

4 w3, dU9EZ JtABER JMF 22 gE Hold, HERS KA
AT FHHHEE ololABER HRR KAV el HF Tz, RRE
Eo a3 fEe Z2H#MeEZT Foxz UTE Helzm Uth E
3, REHE RBRAE XTS WESS 2FRR (General Yielding)
HEST BT £RE —EBRES H#oz 1 LT @EAdAEs
>HEEK LDIRTol HmEEded, = LlEke #BEdAE ZEBER L
#° WEEHS P ed, olzHd 2EBERC delvds BEE B
#gHEedl Wzt 2Rz J&E Holm Utk @ 8H, FHHEE
CoholzE @ Ansleldz ofolaiEmmE -30Cs 0T Aold
A, 282 dHEZ JJABERE 0CTg B AoldA ZHEER
o] dojyzm th

gtd, Fig.79 R 93t Fig.69 RS vl AE FH
BE ololakER MRACODZ F Fx, d¥ER A BER
A3 EA JeEvdz el Fig.69 V-Charpy &%k o 1 = <
el 22 £HL YeEiz ok

=3, RRP RRH RELRY HEBE 3T RRE WE -
B Lol 4 Z2EHMR (General Yielding) MREE FHI &R, R
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2ol REAUEH, olH® 2EMRBHE V-Charpy HEEM A A
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Fig. 11 (a) Plastic flow behaviours observed
by optical interference technique
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Fig. 11 (a) Plastic flow behaviours observed
by optical interference technique
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Fig. 11 (b) Plastic Flow Pattern
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(d) Room temperature

Photo. 5 Appearance of macro-fractographs of impact
fracture with the change of temperature (Base Metal)
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(d) Room temperature

Phote. 6 Micro-fractographs of impact fracture with the change
of temperature (Base Metal)
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Photo.7 & REBEE7 -60Cd= FHHEE cobta&EE, A B
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Micro-fractographs of impact fracture
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(c) éMAw

Photo. 8. Micro-fractographs of impact fracture in heat affected
zone of EGW, SAW and SMAW (-60°C)
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