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The Influence of Microstructural Size on the Tensile Fracture
Behavior of Dual Phase Steel

Jung Kyu

Kim

Abstract

A study has been made of the fracture strength and ductility of the dual phase microstru-
cture, in which the martensitic phase encapsulated islands of ferritic phase in association with

the cleavage cracking of ferrite grains.

It was found the final fracture occured in a brittle manner, starting from the Griffith crack

which consisted of the cleavage crack in the ferrite grains and the cracks in second phase.

Furthermore, the effects of the ferrite grain sizes on the Griffith crack were also discussed.
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Fig. 2 Stress-Strain relationship of dual phase steels.
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Fig. 8 Mechanical properties of dual phase steels.
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Fig. 4 Scanning electron micrographs of typical
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(c) series C, .and (d) series D specimens,
respectively.
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Fig. 10 Fraction of cleaved ferrite grains as a fun-
ction of applied strain.

R BMaY e B0 295 ¥ 1 KE Ems
2, o8 Qs ol —EfEe] 29Ael, 3 EF
2ol SR A LAY BHol Yeluriz 42t
W4 vk F, LAy EHE B BRZY
Aok Kol T4F RolAx, oWl WA Sk B
Yol g AoAsn ¥ + ok

ol gA a4, M) BAILel @& MEF fike)
WL 0 BUEEEY MEE d3des MRE M
Hage 4 &% BREEHS B BR2Y
Aol 8] Kool s AujR e 47 o] Aok,

3. 4. EETEEMDL Griffith BSEHDI] 2HA|

& gl A= o) & S WEEKE 9 BERES BR

ayzlelete] A v & | B 487 Askd #

fizt=1e] A¥Astz L, K HaAGHS WEEEH
<+ FEBPARRAEY Griffith FEEEXCS

* ETMHY A slEhel BRI Wikd] =& 3t
o2 MEF #8#<% &I (compound sphere)=
MHEstd 73t 784 AAle g ¥ T3

227
o= ()
g7l 4 or; BEIES
Gic ; FEBR AR PB4
E; B RE
v, 284
¢ ; Griffith 29 =olo %4
& =yt AEsah
A ERell A o & F3KES BEIHED S, 28]
3 Gree MEF 80 BEOEE K'%2 S¢
Griffith 29 2c=fR2Y ))& AEsqd. 2 3
& BENR d Ve weld A% RAFsb Figllof
u, BHERRe] Ak g5, 2F wo iR 45
F BRag el AR, olEX sl B iR
&R el ghalg o 4 ok

@

=~ ~
o n
[ [

W
wn
o

crack length te pm

w
[}
o

o

Calculated critical

[N
u
o

X
ol

3 i, 5, %
%3

(Grain s'zel® mm

Fig. 11 Relationship between calculated -critical
crack length and (grain size) ™'/

ol -2 Fifoll A BREAT wlobztel BRHIHT-E ¥
o] By Afad T AdE gnlsin Yoz
& + gl

a4, Griffith BEEGS 5A7 e BER2YR
ols} o] & T4+ EBizY & shal b9 BE
g3} zpe] g FiIlgleh F slzle| B ik ¢*
o FAE 7l HE wrlAlel o & Ea e
e Bl FFstn, =3 BEEES, Mtkahg
BEE Jebd 5 B2 2R S Bagoe)
ol BEREHUYE A& 18 sl Fig. 129 22 #R
ol o8 kAo ¥e F3lgw).

Le=(d+2t)Ne—2t (5)

2 &7 Table 2¢|v), [ Table 2 ¥, EAZ
PAolo A LR 3t BaY By Ko
Bt g5 golAm, 42 8,7,59 4& ¢ F
ok wleba ok WE o] AXY slelo] EXd]



FT NN N N T
NIV NI NI AN AN »
- A |
= Dre—m '

L Lc e
r< al

Lo={d+2t)F - 2¢

Lz © Critical crack length
d : Mecn diameter cf ferrite grains
t : Thickness of the martensite

surrounging the ferrite grain
NF :© Number cf cleaved ferrite grains

Fig. 12 Schematic illustration of critical crack length.

Table 2 Estimated number of cleaved ferrite grains
calculated from Griffith equation.

Ferrite Thcosss of [ 70
Series |oon size [sacond phosel 1O 1=£C NF
d pm t jm Hm
A 28 L2 270 8 (7.6}
B 38 £7 312 7 (65}
c 60 ne 364 547
D 33 60 432 4 {37}

Lc © Criticel creck tength (Griffith crack length 2c)
N= : Number of cleaved ferrite grains
{ ): Ccleuicted vo're of the No. of ferrite

from the eguction (2]

FA4E Yol EE Eoi BTEY ags)
A dA= e Griffith 2g o), &F ERIY Y Aol
'%sﬂ o deldrtz 7 selzis

thgddl ol €9 RAE % Wiyl $skd, MEF@
B 2709 REHE A4 el ARsgH. F,
Fbe B HEC R Aelw, = ohE e B
B ABAoleh, AT delA e o] BRI HE
Wete] T2 F2¢ Y& A3k, ks e 29y
< A A Gt

a8 g RERAl el & Fig. 139 REH
E nolubel 2ol HHEETHY MmN LA Ak
5~7, B¥f;4~6, CH;3~4 % D#f;2~32 B3
ago]l HM 293t P dAT B Yo RS
Aeh. webd BbY WEE FEsle HRIYS A
ol H& ol E MHENA AA 299 Aojur}
Aokl 3t Ao, olF E%FR% kit B
Bt $- BHEBARIT 184 ¢ ek, webA Bl
£ KR R w}t MEF jafksme]
B MHRe BRIYAN Kol o8] Auis
o) Al=, olg3te] BAE FEBYRREN eiAY
Griffith By lipkal <o) 492 < glctn 424=v}

Fig. 13 Typical coalesced microcracks observed on
the longitudinal sections near fracture surface
of tensile specimens (above: series A, below:
series D).

4. ¥ B

MEF o] $1o14, MMHET MLt
BEBD 1A e e ARG, = o)
o A Criffith @RG-S o) $3hed Fe
Baksdeh. 1 EEE 2otk chas 2o

D WEEE U BRI A8 ikl
gl gwsel Ak & Ml MMLLFE
BEENE D BUEREE 4ere, 9 B
e RHRRIRS) (@) o skl miRA 7

g Jehio,

2) & Boee Mg Hedl oA pimgsk
< o= Ao, river pattern & Eubgl BEEgz
g< R S Mitkgye) o

3) o1&l WHEEM W BEREY ETE A
shol =gyl BBIag sl HoMIYel oA sy

o] Felal BRIY A kool FlRsIle] gl
i, o] & 2y Hol& Hifkel ML T



HEREMRS BUEEE ] » 3]+

Frotalet.

4) Eel BRI Y Aol Kot BB
Higskel A = Griffith B dral s 4+
Hel Aot

22X

D &k, ER, HE&E&LETMOMRAIRE
Bz ownwT, 4£BEed, Vol. 14, pp.665~671,
1975.

2) S, BEIEIKL iS5 EA MM, Nikkei Me-
chanical, Vol. 4, pp.42~46,1979.

3) T. Kunio, et al. An Effect of the Second Phase
morphology on the Tensile Fracture Character-
istic of Cabon Steel, Eng. Fract. Mech. Vol. 7,
pp. 411~417, 1975.

4) &, BRESH 34, ~LFVH AL b—7 o514 V8
FHEBMOLY: - Mt EBEH Y EETIEED
BENCOWT, BABBEBERCEA), Vol 45
No. 393, pp.415~422, 1979.

5) R.G. Davies, Influence of Martensite Composi-
tion and Content on the Properties of Dual
Phasz Steels, Met. Trans., Vol. 9A, pp. 671~679,
1978,

6) H-W. Hayden and S. Floreen, The Influence
of Martensite and Ferrite on the Properties cf
Two Phase Stainless Steels having Microduplex
Structure, Met. Trans., Vol. 1, pp. 1955~1970.

7) K24, ZHESHBEOSIRBEECO

229

BB =219 G

WT, B8, Vol 61, No. 1, pp. 107~117, 1975.
&) B. Karlsson and B.O. Sundstrém, Inhomogen-

eity in Plastic Deformation of Two-Phase Steels,

Mat. Sci. Eng., Vol. 16, pp. 161~167, 1974,

%) ', EES 245, BEUAEREET 2B
WRTOHRE, BARBRBERTHE, Vol 41, No.
351, pp.303~3038., 1975.

10) B, AW, ZHEAEBKL L 0.2% C-Ni-
Cr-Mo S0 13044 & FHERMIT DT, B &,
Vol. 63, pp.478~487, 1977.

11) K. Yamada and T. Kunio,
Aspects of the Threshold Condition for Nonpr-
opagating Fatigue Cracks in Martensitic-Ferritic
Structure, ASTM STP 675, pp.342~370, 1579.

12) H. Suzuki and A.]. McEvily, Micrcstructural

Micrestructural

Effects on Fatigue Crack Growth in a Low
Carbon Steel, Met. Trans., Vol. 10A, pp. 475~
481, 1979.

13) N.J. Petch, The Cleavage Strength ¢f Polyc-
rystals, JISI, Vol. 174, pp.25~28, 1653.

14) SEM/TEM Fractography Handboool, Metals
and Ceramics Information Center, pp.5~22,
1975,

15) G.R. Irwin, Structural Mechanics, Pro. lst
Sympo. on Naval Structural Mechanics, Fracture
Mechanics, Pergamon, pp. 557~565, 1°60.

16) #HHis 34, TESHRFELEELCEAHEE -
MO BEIERMETEIC 2T, HARBMBEHERY
#, No. 184, pp.64~64, 1978,



