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Estimation of Fracture Toughness and Characteristics of Stretched
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In order to obtain the optimal estimation method of fracture

Abstract

toughness of dual phase steel in

which martensitic phase encapsulated islands of ferritic phase, the stretched zone (SZ) method and
the R-curve method of the JSME S 001 was discussed. The results obtained are as follows.
(1) The fic values estimated by the SZ method are overestimated as compared with those by

the R-curve method.

(2) The Jic by the R-curve method decreases with the increase of the ferrite grain size and the

martensite hardness,

(3) The overestimation of Jic by the SZ method is due to the continuous plastic blunting of
ferrite after the formation of stable crack which affects the critical stretched zone width,
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Table 1 Chemical composition of SB41 steel (wt %)
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0.13 | 0.18 | o061 | 0.0%2 | 0.038
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Fig.1 Configuration of test specimen
(unit: mm)
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Fig.2 Heat treatment procedure
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{a) Series Ay (b) Series B,

(c) Series oy (d) Series D

0

Fig. 3 Typical microstructure of dual phase steel
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7 REER Y FEHBTdL F9-9EY si=
24 7] (TB-10, Shimadzujt) & 2F43te Yoz, o)
o ESETd BARY K zho) MiEEIMlEe] o s
vl 2] %] =& RN FE (maximum stress int-
ensity factor) K, 7} 25MPa vm & @x & Wl
A 489S Petgel Fi 3Ee ¢ L5mmY §F
BETdE &£ ¥ 10tonf & =k:4]3 7] (DCS Series,
Shimadzu ) & 443t} 0.5mm/min o] AR B
HER 34¥Y 4A¥¢ Badn, HE-WEEEM
iR 2= (load cel) = Re] odefxl 54359} 3
Haglel A AZE X-V7 A dHAA 75
of. 3, EHEEMFEEE JSME S 001 4 =

Table 2 Metallurgical and mechancal properties

| d : Vm c Hardness (Hy) 1 Yield ) ! Tensileh Rfeduction
ies o o ' t t t ‘
serie () f (%) (72) | Martenite ! Ferrite li S(rlsfﬁga) S(“Ble;;g)t ' ° (E‘%;a
A, | e | o2 i a1 | s | 164
As | Cos0 | 14 | o4z | 7w | a;s
79 42 89 |

A w08 |z | s | e | 4

4, o35 | oue | s | s | 6ao

B, | edo | 28 | 456 | s2 | 236

B. | ‘ 30 | 10 | 43t | 80 | 527
TP el s | %0 I l

B, ! | e | ;a0 | e | 408
— ]

Bs | 1 | a2 [ 141 l 366 } 528 | 68.0

Co L 607 [ 233 | 480 ’ 894 | 324

C ' 5% | 208 | 436 | 848 | 401
. 35 39 % | |

c, | ows | e | 4 | e | 563

Cs | s | ws | a6 | s | 6o

D, sot | 240 | am ( 025 | 37.4

D, 528 | 205 | 486 ’ 819 f 46.5

Y 41 91
D, sz | 12 | s | 680 | 6L9
D, | 15 | 208 | ws ‘ s48 | 715

d : Ferrite grain size,

C : Connectivity of martensite,

Vi : Volume fraction of martensite
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Fig.4 [ic estimation by the R-curve method
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Fig.5 Jic estimation by the stretched zone method
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Table 3 Results from the Jic estimation by the R-curve
method and the stretched zone method

Series

A

& B ' C }SZWJ Jin (kJ/mZ)

\ i (um) | R-curve |

; | l i method l method
A, | 232.2 25.88 5758 16.60  26.95  95.50
B. 246.0 25.32 3838 13.4  27.05 5145
Ce | 2407 38.44 3775 13.61 4116, 5141
D, | 426.7,39.42 3257 14, 7 45.360 47.97
As | 205.9 56.72 5619 20.9  59.88 111720
By | 474.8 5467, 4069, 21.5 6189 87.66
Cs |527.5 53.03 3180 2.8  62.50] 75.76
Ds | 505.0 62.87 3491‘ 210,  73.50 73.28

|

R-curve : J= Ada+ B, Blunting line : /=C4a
Table 4 Estimation of valid fic (B,0>25]:n/05%)

A £ Kk 685

=3, Table 32 o] & A Ze] e RF4A, HHER
(blunting line), [RF~E= =] & (critical stretched
zone width, SZW.) % Ju 3k (F9AHE AL =9
JH)¢ A% AHERA A ZE Ja gL Tables
o e FE WY & ¥ 1 51 Fie

BEEEES) WEE RA 9 m‘ﬂﬁ] 2z w
a} dehd Aoz RIFAde] A7 Jicghe el
d-TOmm 1) =7.7 288 245 Fistm, SZHd o
& Jic g Ffke] E45 57}%}% ks FEke B
o Fa grh Lubd o R Kol Wi f)ﬁiﬁiﬁaﬁ
HAES) W K] FeHE 1 gl Feprmone
=3 FIER) 255 SZ Yl A Sic Fhol EM%‘
71 87 A AANA A RFA4 4
Jegg Qe+ otz A4sv), Fig, 72 SZ4
o9 BEEKES SA%0t JEE 9 A R
Aol g G SZR A% FUhl Hol

B | b s Jin 25005 |
Series | (mm) | (mm) (Mpay | Method (kJ/m?) (om) | Remark
\ | ‘ R-curve ‘ 26.95 \ 1.32 \ Jin=Jc
A, 13 | 6.4 512
| | sz | w50 | 466 | Ju=Je
: | Rewve | 205 | 129 Ju=Je
B, 13 6.4 524 | !
| LSz | s | 245 | Ju=e
! [ ! ‘ R-curve ‘ 41.16 ~ 1.92 | Jin=Jic
c. ' 13, B4 | 5B ‘
. | | sz | osa | za0 Ju=e
| % ’ R-curve \ 1536 | 190, Ja=Jc
D, | 13 6.4 o 507 | ! '
i LSz | e | 200 Ju=le
| ; | Reuve | se88 | 33 | Ja=Je
A, 13 6.4 | w1 ,
| | | sz | ure | &5 invalid
| \ R-curve ' 61. 89 ! 3.46 [‘ Jin=Jsc
B, 13 6.4 | a7 ‘ :
| | sz | smes | 4% | Ju=Je
f | R-curve ) 62. 50 ) 3. 30 | Jin=T1c
c 13 6.4 473
1 .. sz | w7 | 400 | Je=he
| - Rcurve | 7350 | 360 | Ju=hc
Ds ! 13 6.4 | 408 .‘
I Sz ' 73.28 l 3.68 i Jon=J1c

!

B : Thickness of specimen
b : Ligament width
+s - Flow stress= (yield strength+tensile strength)/2
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PR:Pre-fatigue region

SR:Stable fracture region
57 :Stretched zone
D :Dimple

Fig.8 Fracture appearance at the crack tip in
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