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Abstract

The application of fracture mechanics is being increased gradually to assess the safety of welded
structures containing crack.

Fatigue crack propagation behavior and elastic-plastic fracture toughness J;c of home made flux
cored wire(1.2mm) CO, weldments was discussed.

Especially fatigue crack propagation test was carried out by AK control instead of load control

and elastic-plastic fracture toughness ], was obtained by ASTM-R curve method on C.T. specimen
in transverse direction of weldments.

The results obtained are as follows;
(1) Weld metal presented an almost complete similarity to base metal on fatigue crack propagation
rate in transverse direction.
(2) Weld metal was more than base metal on J,c value in tranverse direction.
(3) F.C.W. CO, weldments had an excellent characteristic of fatigue crack propagation rate and J ¢
in less than 50kg/mm? steel grade, this would result from that weld metal had good static

strength.
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Table 1, Chemical compositions and mechanical properties of testing metarials
Material Chemical composition{wt%) Mechanical properties
Mild steel | C Si Mn P S Ni Cr | Mo \'% (k:/'xi;n’) (k;gr/.:;&z) ElL (%)
KR-RD32 | .15 | .39 {.138 | .16 | .07 | .17 | .2 .1 1.053 38,09 54.1 25
Table 2, Chemical compositions and mechanical properties of welded metal
W]r?n:;]d) dia Chemical composition(wt%) Mechanical properties
. Y.S, T.S, El
L2 ¢ S Mo F S| kg/mmd) | (kg/mmd) | (%)
.05 .6 1.4 ., 018 .014 55 62 27
Table 3, Welding condition of F.C.W.CO, welding
Pass 1o Current | Voltage | Welding §peed Heat input Flux ‘cored COzgas Wel.d.ing
. (A) (V) (cm/min) (kJ/em) |wire dia(mm) (}/min) position
1-2 210 26 30 10, 92 L2 - D.C.R.P.
3-27 250 28 30 14,0

KBS EE, FTHIRW 1989F 3 A



44

Rotling direction
1

— =—bhroctro moft

3y T
oy

1000

Fig.1 Configuration of weldment and models of . T. specimen

base metal H.ALZ. weld meta

Photo. 1. Microstructures of ECAW

3k, Photo,1& ol g ZEwiejre F&zAal HES AAGE F725, 4mm2 A4kslo] Fig 2
< P, A14& C,T. (Compact tension

2.2 BT type) Al H A Fig, 334 2L J 484 C.T.44

) dE AFsidch oldl F.C.P AGY Ji Al
Fig. 13} 22 o|gai2 -8 &4 vwlol= v 7 o o FAdAel s olAstel oleAZHE YA

Journal of KWS, Vol. 7, No. 1, Mar., 1989



Z 4 Flux-Cored Wire& ol &% wbakg CO &

knife edge

-——

Aol ol 4 2]

i L AN i
— t
t o~
f N
) U| ©
JE - \ o
=1 Z
' ;
(9]
o TV
o
[
W 14
=
w
~
‘o

EEER

1N O
; ,‘ |

| | ~|
ST

v, S

_ /\ cd

—ST A‘\ 8‘

2 d\, S|

= '

195 ,i.195

B: 254

Fig. 2. Configuration of C.T.Specimen for F.C.P. Fig. 3. Configuration of C.T. Specimen for elastic-
" test plastic fracture toughness test

Table 4, Testing condition of F.C.P. and Pre-crack

- - 7

Dynamic capacity Stress ratio Load wave requency

(ton) (Hz)

20 0.1 sine 10
AAAAE AA shdck £% 23¢9 A¥AL A

q 3 3 ACS z«f_ 3 Fte
A ZANE =AY 3mmel % 2Het 2.3 AlE
5 s 30" 2 A¥E] AgslnEA A2y
o] wale frilgdy, 1y Ae ASTM E647-83 B Aol Algsl A¥7E mlelzAFE L
o] TrAdo whgket, A5 Zukak olAets: fqb4Al I Aol
VA 757 A F-e 7¥5'o*—‘?-% A A7) Yot aelxn A =7e Table 49F Fomn] Ag7]e

Ale] 215 (Exaflex) 24 X A HAe A AEwh Alo]i= A Felol 9fdle] o] Fo] Hreh
&5 20w oz 4%0}04 E Al S
30°+0,5, ARtE§wxE 0, 15mmeluke] =71& 2,31 Azgddst A4
mpZais A &udake Agdaes oo 2 Fig.29] iho] Zof 2] (Knife edge)ol 43 |
ioelagde Wl Asts gdlgoz Hab3t F-2k& A 24 (extensometer) & v}eo] Zoj 2] A rlol
o] Lolsd sl7} glal kA Adrloz H¥ znt o okl e FAste, A7 wbtE
o] sp=AAL aolFolch olshpe Ay Feldel dFFAdAAload cell 2H-E SHEH
Satgadn) ol F C P JicAd#34U S At o HAHuer AK® F9 el a

KEBEHELEE, BTHRLIME 1989%F 3 A



46

7B @A 3)Ho2 e os] AKEzA
011*1 Albsiz 2 AKAlolo] g Hiain obd
W ARG L et gl s
o QAT Aol sz FaddaiAga ¥z
o] FA 29 dole HEYH Ay &
Aol Zladsied sAaake] Al FAA £
ol o]
71 A b5

kA 22 HH 2~3mmA LY o
A

TRe AAAA HzFde Assl g
b Hodgw AKAlo]l Az gdAAYg L W)
ek, olwl AKAlol= FAdAfE s} 27
2ddelA mnHel ez gy AKAZ
(decrease) w4l 4 €ty = Y2 F AK
o] Atgka 514 (60MPa /mi~10MPa /m)< 57F
A (dAK ; 1.5MPa /m)o.2 53 o}ozl AA i

Al713, F2kdell e AK7E o4 A
A st AEoelA 2AE =
st aE A/DH 87 (Analog Digital Converte
DEAA AFEA Agsid AFHE 4(D),
(2), @)el sl =siT3olel Aa, da/dn = AK
5 A4bslz, A¥gad dafdn-AKA 55 =3

S5 sheietoes),

compliance, P ; load, V ; 1}o]Zofx]
Alctoll 21 o] shgupak A 7w 9 ek
a=W A+ A, - (U + 4, - (U)P+4, -
(VP +A, - (U + Ay + (D)T] oo 2)
Ui=1/{(B-E-C)"+1}
W iAgd#He F, B AgAHY %4, E ;4
A FTRAAAE, A~A; A

AK=AP - Y/(B- W”Z) ..................... (3)
2+ -2
v= — 10 886+4.64(%) 13
(1_i)3/2 W
W

a a a
32(W)2+14.72(W)3—5.6<W>‘]
AK ; &dad A S, AP ; d3H9), 4

Fod 7ol
olel F.C.P.AYHL H=05~0.75, AK=60

MPa/m~10MPa/mel 9ol 4] 4 35|

w3, eldd Aol q A1 7)ol A ZX*SJL%AL
oz FE (2)4 ofs) A=l FAdAols A
Al A EH F 9 A] 3 3 of] A 208 Aoz &= x5]
t Fddols 23} Tk AR A5 7o

time

i _l_T fime

¢ -

division
_ap—as end in AK control
a+Lag AKs, AKg T K at start &
dA K:A Kgn—A Ks end in AK control

Lag : delay length for

asag: a at start & stable next stage

Fig.4 Shematic drawing of 4k control in
F.C. P. Test

4= AFEHAA AN (C,P.U mode)oll 4 4
ds5l+= F.C.P.AIHY AKAUAS ehfz

2.3.2 &b A 5ol A (Jio) 419
FEE 3¥E £y ez Eg
Aol Aslsls e Ao B3, &3
ol Agte] 2 HLole sool gt Age
o grsnz Salo] el xle] gl e o

& Hobe S Ty 240 9
ATt R EE 9 Z A= j,]-j’,]%]?]—og jéqgﬁ
FaatA A4 Ki) Aol fasiaial, £aol&
Ak 2ol HapAstalel oA = £ bl 57

Journal of KWS, Vol. 7, No. 1, Mar., 1989



4k Flux-Cored Wired o] &8 @1xb& CO,& 4ol &Aool o nulz| 54

AYg AAshzse] Akagl A ol oo
B Jedde sFAleluaol @ AMaidE

ehole ol ALgEIG oo, £ Adol i 7

FFtalol gl ol @ Aoty Eefolel oz

PP P

© .

HA e =dE&AE oteie (4), (5), (6)
Alg utEsle 274 dAFAudog A
A5 o

Hmﬂx<0. 4PL ....................................... (4)

P=B:-b*0:/2W+a), b=W —q,, 0=

(Gt 0y /2

W sk ag Ao C T, Ad"d #Fadkrbx e
7“1217 Bv ]?Sé;dg] ‘?:”'l]s meax ; H
ol AdbEalE, P FA wAATY ¥E5S

Eﬁi, Ay =
dxlel FE58H, 0., Oy AlBALd AR
E
(AK/E) 0,005 mmli? eeeveereireeianiininnn (5)
AK ; 2#sliA 4w, E AgAje FHriAd
A
az1,25mm, a=0,05 @ -wromeererreeneees (6)

ac ol Aol
ool Wew diFde dzel 9rd 4

col
ol
wlo
=
0?~
|o
fu
ey
a
o
o
it
2>
ol
ol
32
L
>
a2
S
o,
fau

Lcem Fig, 55 bel el zel A7 T2 33

Z499 Tmmict 2L 5mmE 3070
F7ho g wbER e 7-2ketck §-3)(loading) — 4 #|
(holdingtime) — #| 5} (unloading) A& u=H&3}
A ek,

w3, FdAelet Jke ()4 2 (8)4loll s
AFE 7L ekl Al sk

]:f(%) AJB « bovrrrerreeiieninaaeeenennnn, (8)
fE =20+a)/A+a), a=1Ehs

2a 2_ (24

(G +epe— (3 +1

b=W-g4, A ; load-CODZAs}le] ==

Fig. 62 wtdAgdd AstgEeteladane] o

KREIEHREEE, BTHLIH, 1989F 34

Incding /

W

1
i
)
I

-3 holding time  /
3-4unloading ! i ﬁ
\ ek

A\

wounloading
COD span

Load (ton)

——lrue
COD span

O — v 1
0 1 2 3 35
COD (mm)
Fig.5 Relation between load and COD in Jc test

ANALYSIS OF

S5 3SR L N

START)
)

DATA R.‘;L‘A]]

CAL. OF UNLOADING
ConbLiANCE

CAL, OF (RACK _LENGT

L
Ciaxg) (AL, OF LOADING
i ENERGY

—
| [Ecaging
-
“UNLOAGING
00 SPAN

Fig. 6 Flow chart of J,. execution and analysis

@ JicAlE s 228 e delHE [ E 84

S 742 Yehie 525 (flow-chart) el of,

AEeZE UV HAZIGA A3 ¥
o x s

w1 gkel 250mH,Fxolm, g



48

upper surface

i ) v
base metal \y | weic mptel f‘-/base metal o
= , ;*/ ~,

/ ~ S

Hv tower curtace
400
o upner surtace ,
o lower surface !
350 4 |
° i
& oD gen D‘:c“ccﬂoo"c o
0
200 P """"""' s PN
- i
1004 )
]
A ]
YU B 1% [ i ji) 30imr
Fig. 7 Distribution of micro-vickers hardness in

weldments
2 (W.M,)elM+ 230mH, =2 24%-(B.M.)
o 20mH g =xche ot 2 FE 2elz 9l
gatrdel el A=k Aele oF 20
mHv’§£°11, of 9} Aol & bl Ul
2 FAHEFFY THA A Y2 %A &
AE oteliwdel #2" sy %k (back plate) >

o) yjoj =

2 Qlsto] WASEs) eAd ol d3e oA
% Aoz A7

photo, 12 & clgA 5=
Hulelzo Falnl L3 o] &=l 4
oj ke gatdaMol FHu|rzz Ao}, A
ol Zo smmAYrolw, TARE AR =z
717y A3 #gto] E (ferrite) & 71X

(pearlite) ©] A A7} A3 moroz dulaal
7ol 2% Jeb ek, zeu dod el 4
%%i°é° Garo g Aol aA AAsleor
A arizh iy Eddd 2dE el gl

FHTEYE vlAG 2719 ARes AU@
L 1
=2

Flg.8 9 Flg.9°ﬂ/~14 FAdAI AH2dd S
aAgges A7 Pariss) WA wet 4
A5t Hejstdd 4] (9) 9 Zoh,

da

d— =C - (AK)"’ .................................... (9)
g C:8.6><10‘“‘, m=3, 55

Lg% C=9.5x10"", m=3,45
Aol S4FEEE mats} Ao vz

o oo * m
10
al
B
£ 10"
[ H
I
o
hel
167
00
-8 00
10 0
o -
107
16"
16"
. ' ——
5 10 20 30 50 100

4K{ MPa/m)
Fig.8 da/dn verus 4k by F. C. P. on base metal

transverse direction

da/dn (m/cycle)
S
(o)

10°1

16'Y

10" ,

5 10 20 30 100
4K ( MPa/m)

Fig.9 da/dn verus 4k by F. C. . on weldmetal

transverse direction

Journal of KWS, Vol 7, No. 1, Mar., 1989




4} Flux-Cored WireE o©]-&3F dlat5 CO,&Hol-SAoAe sl2aly B4y

FAAHEEE el o 4Ad AARE
28340 mAutt FAY A2 FYAAEE
£ A vlsd g den ged 2 dele
2E gAvloles) AR EAYRc i
¥o oz PEY SAFEVY FYF ALy
2o Y] Az FRAAREES FH4171A5
of WAel alRAEe 4dd $44T 4AAR
W Aoz gAgc

Fig, 10& ¥ AgodAd +3% F.C.W. 31+
Aok 125[A), 25[V], 17[em/min], 11[KJ/cm]
o] 274 d7aE AE 1.6mm solid wire
CO, bead on platef & o] &3 o] & A F5F
gulgo Aol F.C.PAZAAYE wlagi ol
F.C.W.CO, €#do]2+ solid wire CO,%3% |
st A9 wxd A2 FdAsEeE e

0]
AT,
=5
10
3
‘5 O Flux cored wire (0, weldment
X
€
. e Solid wire [o2 weldment
<
3
_6 3
10 7 P
o
o
3 e ©°
o)
)
o
Y
o
oo
o]
(o]
_ &
107~ )
]
- o
] °
8
[
.
o8
.
o
, o
168; —_—
1 10 20 30 4050 100
e A K{MP2 V)

Fig.10 Compare with F. C. W. CO, weldment and
solid wire CO, weldment in F. C. P. test

3
AL (10041l 2712 =ahEgich AR
2

KBIEELSEE, FTALIW 1989

FH Fig 113 o] 4A4FdFAE #7 0.15
mm % 1.5mm¥% o] 527 off-setAl W late
A ADAY 2718 w5 d £ UdEF J-dadls
off 4 R¥Ag +31d

Fig, 110l A9} 7o} A4 &8kl st RFAlel &
asle AollAe JEE Jno® A 4]
Aol (12) A& whFele 47004l FA ol g
o (+35%)~(—25%)HAe TATEN ik
Jicebz F3hglet,

J=2, Gt Ay weerverresinesssnemniniiinns (10)
b225(JIN/°'fs>, d]/dag /s FURREEERRPPRPPRPES (11
ES &, 3 s (12)

Fig.12 % Fig, 13& F.C.W, CO,&# |22
ulstoll e gt AR o LAFEE [ AEAH
olty, BA|FolMdE JcFel 19.8kg/mmA E o

, FRFEFANME Jicakel 25, 4kg/mmA £ o]

JUkg /mm)

A
~

% start of stable fracture
[ ropagation of
"L giuogl%gfrqdure

Fig. 11 Shematic drawing of static fracture

blunting line, R curve and J,¢



50

J {kg/mm)

120
(Iy lkg/mmzl
. 5410
& (kg /mmd)
1 38.09
w._
Jj¢ tkg/mm)
119.8
1981
0
1o
E 2
E a’y (kg /mm" }
o 3 62.00
- & (kg/mmzl
3 55.00
55
ch {kg/mm)
2 25.4
2541
0 -+ ¢
0015 30
a (mm}
Fig. 12 ] verus 4a and J,. in base metal transverse
direction
4.8 B

ol 4k flux cored wire CO, 27 c}2g43l
AE Aoz SHA Hubgol et 5
<l

fo 4 o
o
A “
Il
fr ¥

=
i
.
s
o 2

,d
M

Hg AKA| o]
K52 A el 4] 4%

SRR E T

0,
il

e
dolg4 A5 4 glo) wm
=,

ng

J=
r
ok
32
rir
o
0
~.
o
S
NN
~
r>~
bt
]

4 7h Qg
(2) "4t REe S35} 2o
zZ

A Bk 23lE we e

)
oo
N
s
ap
g
rr
ofo
i
o
o2
ofk
lo
fu
&
o
lo e
2
=

T
L g

dn & Oy
[¢]

olo = 2
o

o
o,
dlo
2
2
R
rir
fo
2‘_’4
ol
o,
iy o3l o3
B A )

2>

ofd
oL
o
5
a8
o 2
32
o
=
2
=
)
o,
oo
2
o,
o
at
ol

1) w4 92¢l, flux cored wire®H < A A
HGA 3] FA=E LI A7 (1986), pp.
124-129,

2) BRR SSA BEhEEHE @DaRiE,
(1984)

3) R.J.Bucci; Development of Proposed ASTM
standard test method for near threshold
fatigue crack growth rate measurement,
ASTM STP 738, Part 1, (1981), pp.5-16.

4) Ashok, Saxena and S.J. Hudak Jr; Review and
extension of compliance information for
common crack growth specimens, Int’l J of
Fracture, Vol.14, No.5, October, 1978.

5) Yozo Sawaki, Shuji Tada, Shigeharu
Hashimoto and Tadashi Kawasaki, : F atigue
fracture toughness and crack propagation
rate, Int’l J of Fracture, Vol.35(1987), pp.125-
137.6) TR¥EBM: BOEEY JREEZE, JSME S001
-1981, BAMEWLE,

7) A% 29 SBHA I LA
FHE C T A"EAHY .57, ki
2|, 4713(1986), pp.47-51,

8) P.Will, B.Michell and U.Zerbst, ; J-contrd
crack growth-modification of J-R testing and

ol o
o et

Joi B

failure assesment diagram, Engineering
Fracture Mechanics, Vol. 28, No.2, (1987)
pp. 197-201. )

9) 54, A, A, HEREE B A
o FEHBRBUEEBIM g A7, BILKRT K
AR L33, (1987), pp. 63-73.

Journal of KWS, Vol 7, No. 1, Mar., 1989



