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Application of Local Fracture Criterion Approach for Dynamic Fracture Toughness

by Tetsuya Tagawa, Member Hiroshi Shimanuki, Member
Yukito Hagiwara, Member Takashi Miyata, Member

Summary

Influence of dynamic loading on the fracture toughness of steels has been investigated analytically and
experimentally. Stress singularity at a crack tip and applicability of fracture mechanics parameter have been discussed
with dynamic FEM analysis. An augmentation of the stress field due to the increase of loading rate could be
successfully normalized with the yield strength referred to the rate-temperature parameter; R at a particular location
near the crack tip. The Weibull stress obtained by the stress integration around the crack tip for the applied stress
intensity factor K could be also normalized with the reference yield strength independent on the loading rate. These
results imply that the dynamic fracture toughness can be described with R parameter at a specified location near the
crack tip.

The transition behavior of fracture toughness Kc(Jc) under static, quasi-static and dynamic loadings were
investigated for four kinds of steels with different strengths. Lower strength steel showed more significant
enbrittlement due to the increase of the loading rate, as is previously reported. Predictions of the fracture toughness
under quasi-static and dynamic loading was examined with the Local Fracture Criterion Approach. As a measure of
loading rate, R parameter evaluated from elastic strain distribution was taken for simplification. The experimental
fracture toughnesses Kc(Jc) smaller than 100MPam'? were well described with the simplified prediction. The
predicted values for the larger fracture toughness, however, were too conservative. This may be due to the constraint
loss around the crack tip and/or the heat effect by plastic work and/or the dynamic effect on the cleavage fracture
strength.
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Table 1 Chemical composition of steels tested (mass%).

C Si Mn p S
SM400B  0.17 0.19 0.69 0.028  0.010
SM490B  0.16 0.44 1.34 0.013  0.004
SA440 0.14 0.24 1.44 0.011  0.002
HT780 0.11 0.22 0.84 0.010  0.002

Table 2 Mechanical properties of steels tested.

Oyg MPa Oyt MPa R.A.
SM400B 289 483 0.65
SM490B 343 593 0.67
SA440 489 582 0.73
HT780 777 826 0.76
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(a) Smooth round bar tensile specimen.
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(b) 1mmR notched round bar tensile specimen.

Fig.1 Configuration of tensile specimens.
(dimensions are in mm)
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Fig.2 Finite element mesh for CT specimen.
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Fig4 Normalized stress distributions along crack line for displacement rate
from 0.001mm/sec to 5000mm/sec (1T-CT, -50 C, SM400B).
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Fig.5 R distributions on crack line obtained by D-FEM for SM400B at -50 C.
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Fig.6 Normalized stress distributions along crack line (1T-CT, -50°C, SM400B)
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Fig.7 Relation between Weibull stress o), and stress intensity factor K for displacement rates from 1073 to 5X 103 mm/sec

(IT-CT, SM400B, -50 C).
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Fig.8 Temperature dependency of fracture toughness Kc(Jc) for steels tested.
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Fig.11 Correlation between experimental Kc(Jc) in dynamic loading
and predicted Kc from Eq.(5), considering dynamic loading

effect into yield strength.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BIBE T~ O —H V7 7o —F O#A & % ORER 317

WM £ BT 5 L CRAR A OB R TH B 720,
~ & PRI OF SR BB DRI C 2 % (2 B
OF BN EORED & £, AT HIREF LT <
BEN DS,

4. ¥

BMAREREIC L ) SREREEORNHIIRITT
AWMEEORBELHENL, BWBRBENENEIRERDD
LEEOMBICBIT A2 0T HEE—RE/ YT X% (R)
TEHETEL L) ERFEOHGBRMEME L2,
Eolia—ANTFa—F AR UL ERRZERICH
SR L EINBEREORE ERA Iz, BENERELL
TIEHT 5,

(1) BRI SRR HHOERED
AL, BEOOTARESMIIEITC EHER»DL
100um OFLEIZHBIT B RIXT X — 5, Ry x=100um T 2T
HELDSTEETH B,

(2) IHIEARBEK & Weibull Jt D BERRIZ I+ B
HEDOHES LFLO Ry x=1000m CHELDTEETH 2,
IR X D BB EN S EER O D A EDNEIC
BIFARTEETE S L) EBRIBEDOHEBARIED
T&7,

(3) BRIC DD ABIAFOREEZ D LI &

D, O—ANTT7u—F2E&gEL L -EBTHLEE
DENIBIRSEDO TR TEETH 5 o
(4) BESM Ke (Jo) »%100MPam™ DL b TldiEsm (3)
DOHEMIERBEL VBN REE 55, 2L, B
WO D 5 VTR ROM, ~EEBEGRED T
HERERFEIER L LTEZLND,

El 32

RO EBRO—H I B EHBRFRFEEFE/MIESE
F @B ZHEETE B) CLoTETENSDDOTH
He IR LTHELET S,

2 £ X B

1) () BREEDRISKMBAPDZERES (B
—F7&) PR (1996)

2) P. E. Bennet and G. M. Sinclair :
Representation of Low-Temperature Yield Behavior of
Body-Centered Cubic Transition Metals, ASME
Publication, 65-MET-11, (1965)

3) fEEF D 9%Ni SHOBIEBHMEIC RITT SR ERICB
T HIREE EROEE, $kEM, 73, (1987), 380-
386

4) BH, %K MR SHEHAWRICIB 2 22k
D FHRE LR ICOWT, BARERFRHR T
%, 170, (1991), 651-663

Parameter

5)

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

BH, B, BE, IO, AR, R BESH
CRIZTOTAREORE, HEREMRF WX
£, 161, (1987), 343-356

By, Rk EERATERETICB) 25kl
HEEIZOWT, BABMESWXE, 172,
(1992), 663-674

SH, FH, EL, H:#HORRCODICR
T O AEEDOEE, HAREMERRLE,
154, (1983), 434-441

H. T. Corten and A. K. Shoemaker : Fracture Toughness
of Structural Steels as a Function of the Rate Parameter
TInA/e, Transaction of the ASME Journal of Basic
Engineering Series D, 89, (1967), 89-92

F. M. BEREMIN : A Local Criterion for Cleavage
Fracture of a Nuclear Pressure Vessel Steel,
Metallurgical Transaction A, 14A, (1983), 2277-2287
BEH, B, TR EKRERAR RS SR
W07 R L 5 IRRERFE & ORIR, £k
L8, 71, (1995), 583-588

HI, =H, KK RN RBITIC ) G & i
CAME, ##, 41, (1992), 1227-1233

M, 1&H, BH, &), K, R, BH . o-
BT T —F OB & B GRS OB RS
MR — R E T~ — A V7 o —F
DER (38 —, HAEMFERRLE, 184,
(1998), 457-468

%k, TE, BH I OTAHAME, BRELEERELL
HEASER AR O WS EEE, ARERFS
WO, 176, (1994), 501-507

T. Miyata and T. Tagawa : Application of Local
Approach to Quantitative Prediction of Degradation in
Fracture Toughness of Steels Due to Pre-Straining and
Irradiation, Journal De Physique IV Colloque C6, 6,
(1996), C6-235-C6-242

E. Smith : The Nucleation and Growth of Cleavage
Microcracks in Mild Steel, Proceedings of Physical
Basis of Yield and Fracture, Physical Society of Oxford,
(1966), 36-46

N. J. Petch : The Influence of Grain Boundary Carbide
and Grain Size on the Cleavage Strength and Impact
Transition Temperature of Steel, Acta Metallurgica, 34,
(1986), 1387-1393

HII, %R, B FOTARICL 5804 OBES
HETEOEENTH & BREOEE, BEES
IS, 14, (1996), 429-434

J. D. G. Groom and J. F. Knott : Cleavage Fracture in
Prestrained Mild Steel, Metal Science, 9, (1975), 390-
400

NI | -El ectronic Library Service



