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Dynamic Fracture Toughness Evaluation of Structural Steels Based on the Local Approach
—Application of the Local Approach to Fracture Control Design (Part 3)——

Tomoyuki Hashida,
Jun Morikawa,
Kazushige Arimochi, Member

by Fumiyoshi Minami, Member
Masao Toyoda, Member,
Takeshi Ohmura,
Noboruy, Konda,

Summary

Fracture toughness of high strength steels of 490 MPa strength class under dynamic loading has been
evaluated on the basis of the Local Approach. The critical CTOD at brittle fracture initiation
decreases generally with increasing the loading rate. This is due to the elevation of a local stress near
the crack tip at high rates of loading. The test temperature also exerts an influence on the critical
CTOD. By contrast, it has been shown that the brittle fracture resistance evaluated in terms of the
Weibull stress, an integrated stress over a highly stressed region near the crack tip, would be a material
property independent of the loading rate and test temperature. Using the Weibull stress, the dynamic
fracture toughness can be predicted from static toughness results at a given temperature. Predicted
results of dynamic toughness of high strength steels were almost consistent with experimental data.
For the characterization of flow properties of materials under different loading rates and temperatures,
the rate-temperature parameter proposed by Bennett and Sinclair was useful.
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Fig.1 Test specimens used.
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Table 1 Chemical composition and mechanical properties of structural steels of

490 MPa strength class used.

Mechanical properties Chemical composition (mass %)
oy | or | YR| er | EL.| RA| vEa | vTrs c| si|m]| P S | Ti |Ceq
'O, ', 0/ J DC
(MPa)| (MPa)| (%) | (%) | (&) | (%) | ©) | €O) | gn400m.1]0.17]0.36] 1.36] 0.011| 0.002 0.42
SN490B-1| 334 | 518 | 64.5/15.6{29.4| 80.8| 154 -19
SN490B-1i| 352 | 481 [73.0{12.927.2{ 81.9{ 294 -70 SN490B-11{0.14{ 0.36| 1.29( 0.010} 0,003} 0.010} 0.37

Oy : Lower yield stress, o7 : Tensile strength

YR Yield-to-tensile ratio (Gy /G7): RA : Reduction in area

& : Uniform elongation, El. : Elongation (G.L.=32mm,Dia.=6mm)
vEO: Charpy energy at 0°C, vTrs : Fracture transition temperature

Ce q=C+Mn/6+(Cr+Mo+V)/5+(Cu+Ni)/ 15
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Fig.2 Change in nominal stress and nominal strain with time during round-bar tension test.
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(b) SN 490 B-II steel

Fig.3 Effect of strain rate on yield stress and tensile strength.
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Fig.4 Effect of strain rate on uniform elongation.
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Fig.5 Characterization of yield stress and tensile strength using rate-temperature parameter K.
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Fig.6 Temperature dependency of critical CTOD at different loading rates.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

O—H VT 7 a—F OFEE W & B EE R OB S R 457

[=2]
=

[«
3

Test temp.
| &

0 Al Al A
-75 ~-60] O

LERILL

=y

Q

°©
T

Z
(77
e, ~— O
///,, >
3

-75 ~ -60°C /?

W) SEEPRTTTTY EPRrRT T 1
102 101 100 101 102 108
Loading rate (mm/s)

102

Critical CTOD (mm)
=

T T T Ty

(AR RRITT B RS R TTITI M SRR TT)

(a) SN 490B-1 steel

TS 5, 3 On

45 ~-30| A| A} A
-100 o

-45 ~ -30°C
A

€

E

8 ool 3

'6 104 3 "%//////////,,,,, o, o

= [ -t00°C Ty A
8 7 A
£ 102} ©

S

TR IR R TTTT M AR SR T TTT] M SW W AR T1T| S B WA ETIT]
101 100 101 102 108
Loading rate (mm/s)

(b) SN 490 B-1II steel

109
102

Fig.7 Effect of loading rate on critical CTOD and fracture mode.
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Fig.8 Models used for FE-analysis.
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Table 2 Material constants used for FE-analysis.

E | %0 | %m0 ¢ P ¥ B
@pa)| (pa)| Py V| " | | WikgeK) | (kgmm®)|  mPs) | (1K)
SN490B- 206 329 | 523 0.3 0.23/0.010 a8xi0? |8 Ox10’6 21751 o5l 1 24105
SN490B-i| 369 | 505 7l10.21{0.016] : : '

E : Young's modulus, Gy, Orq : Yield stress and tensile strength at20°C,1 0¥s
v : Poisson's ratio, n : Strain hardening exponent, o : Material constant, ¢: Specific heat
p: Density, x : Heat conductivity, f: Coefficient of heat .

or(€)=orl1+(&/p)""] (6) 800 — FE-analysis ] 60 —_
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© [ ot [al vl | a R ORERERCIIE L i —EBR R AT, Bl

20 1.42 x105|4.84|4.98 x10%|4.68
0 0.64 x10%|4.82|3.41 x10%|4.67
20 |6.35x10%|4.81{2.27 x 10%|4.66|

BRI BRI 5387 YEEBRF O & BSEEEEOIRI5AE
PR LTz, T2 VEBAIZBWTH, BIFTESR

-40 4.04 x10%14.80| 1.45 x 104| 4.64 1 EREE (RE—YIX & REMOZAMER) I3EBETH
60 |2.46x10% 4.78] 8.04 x103]4.62 EE3NbDE XIW—EERL TV,

80  |1.42 x10%|4.76|5.22 x 103| 4.60 Fig. 101X, SN 490B-1flic oW T, &REmLHED
100 |7.72x108|4.73| 287 x10%| 4.57 BAECHCRIZTAMEEOHELRL TV, ARV

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

T—p N7 Fu—F OB & B EE R OB IR T 459

RNV ELT, MNEBEBERIRED CTOD=0.06 mm, K&
HERERIREED CTOD=0.4mm D 2 VRV EEY EIFT
Vw3, BRBEEIC X 5T EREREEORTIZAREE
DM & > THEAT 2EAICH 2. TN, SBEHE
BEOERESAFRECHEET 52 L1z 5, Fig 1112,
CTOD=0.4 mm DOEETO & ZEITEHEDERE DD
ERT, BB, EHEEREME COMEYBEEEDRHWE
bR L LTEH L. BEBERR T S BERIEOE
HENBOHBRCHETrR Y RERERE LS TS, I
Z T, Fig.10 & Fig. 11 2K T 2 &, KEERROBE
IEIBNTRAR L A BERERENRAR L &5 EHERT
ke, BZEEELSESEENIHAITH D DITTRND
$o TR, EHEBMENEBRL TS T, Fig 12
KIGHZME L U CHKEIS /LGN EE 2Tz b D%
FRL T3, SHEORKEL S HERD S P PHEN
jefiBich s (BHEMEOY —7E, BLUZDOMEN
ERREIC L > TERZDIZ, MbrELiLdiT, EH
FEHEETOBEM RO TIESATEEIC L > TERS
ZrkiLkB), IDZEXD, EREEEBEOIGIIFAHIC
i, BRELD S, BHSHE %2 T 2 BERROTTH
KERBEEHES 2L 8bh 3, Fig 1313, =Z%LHT

iy
e
o
o

SN490B-I, at 0°C [—(at mid-thickness)—

’ —o— 0.1mm/s
1600 —a— 10mm/s
I —a— 500mm/s

CTOD=0.4mm

1400

1200
CTOD=0.06mm

Maximum principal stress ¢; (MPa)

1000} Iy
| Crack X
800 PR ST ST S T TR TR T T AR TR S ST S NN SUN SO TN 1
0 0.5 1.0 1.5 2.0

Distance from crack tip x (mm)

Fig. 10 Effect of loading rate on maximum principal
stress near crack tip of compact specimen.

108

SN490B-l, at 0°C |t TOD=0.4mm
500mm/s (at mid-thickness)

—_
o
o

-
=4

Strain rate € (/s)
b=
o

101
0.1mm/s AY
102 Crack X
08— L 1 v PO ——
0 0.5 1.0 1.5 2.0

Distance from crack tip x (mm)

Fig. 11 Distribution of strain rate near crack tip
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Fig. 13 Change in near-tip strain rate with CTOD
level, where strain rate was evaluated at a
region including a peak value of maximum
principal stress.
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level, where 47T was evaluated at a region
including a peak value of maximum principal
stress.
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