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Summary

It 1s well known that fracture toughness value is affected by strain rate. As for strain
rate, the dependency of fracture toughness on fracture parameter rate has been usually
studied. In the linear fracture mechanics, fracture parameter rate (dK/dt) is directly
related to strain rate. However, in the non-linear fracture mechanics, the relation between
fracture parameter rate (dd/dt, dJ[dt) and strain rate has not yet been made clear.
Therefore, in the safety assessment of real structures, non-linear fracture parameter can
not be applied in case of which the effect of the strain rate on the fracture toughness
needs to be considered.

In this paper, fracture initiation point is assumed to be the tip of the intensely deformed
non-linear zone defined by Rice, which is considered to show the maximum triaxial con-
straint. Then the strain rate at the supposed fracture initiation point is given in connection
with remote strain rate which corresponds to the strain rate in non-cracked plate. By
use of the newly difined strain rate, strain rate-temperature parameter is determined,
which represents the effect of strain rate on fracture toughness. Compact tension tests
and COD tests with different strain rate and temperature, as well as Ky, tests are carried
out to verify above conception.
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Table 2 Chemical composition (plate thick-
ness=75mm)

Cherical conposition (wtl) .
Ceq | Pca
c [ silm] v s Jeofwiferfm | v | 5o
0.06[0.11]1.58]0.009]0.001{0.30]a_s6| — Jo.012] — [0.016] — |0.030] — [0.57]0.16

,]qu=c‘§6rl‘gx_fxi.crol|o~v

S§i Mo sCusCr Ni, Mo V
W TRt rs w8

**) Pem = C o+

Table 3 Mechanical properties

Tensile properties . .
Thickness|Direc-|  (Test piece NKULIA} Charpy impact propertics
position | tion Iy g T.S. Er [R.A.[Absorbed energy (kgf-m)| vTs
(kgf/mm2) | (kgf/mm2){ (3) | (%) -60°C -80°C °c)
L 38.4 84,2 32.51 79 31.5 26.8 -105
174 ¢
T 38.6 54.5 32.2| 79 28.1 24.0 -103
L 37.5 $3.9 32.8} 80 27.7 18.1 -88
1/2 t
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M350
Loading rate
TR hl (mm/$)
R B i g el ETE:
‘ 0.00S
I | 0 J lz.()l
150
- L 100
a) Round bar tension test specimen 8000
187.5
. Loading rate
Fatigue (mm/$)
pre-crack 001
T 3 \ 1
e o
- peed I SO 100
leS 2 -
cl% = 2 2000
a=80 lm
| S~37.58
b —
o son 75(8)

b) CT specimen

r———— Load span = 600 -—al

2

Loading rate

Fatigue __» —r (mm/S)

-~ R.D

075 Je
(a)
-

pre-crack 0.015

1 1.5
690 75

l——l,oad span = 40 —-1

c¢) COD specimen

Notch detail

§
15 =
R.D Y T 5y ! I T L
ss | }~30~| / T

Fatigue pre-crack
d) Kiq specimen (Loading rate = 5000 mm/s)

Fig.1 Specimen configurations and their load
point deflection velocity

R (—EEEOL DI, BFHEESIMEA 20 b v
7 A AT —B|ERBE AT, Ko KB 50kef-
m Oy v L E—RBEEYHV TiTo e K R
BTREETHLh WA IS5~ v=—-DRETEY —
FEELTEY, FTREHEERL 5 000mm/s TH-»ico
22 EBRER
Fig. 2 wlEs BERAR THE O ARRE LEE O ER

NI | -El ectronic Library Service



The Soci ety of Naval

Architects of Japan

BEREC RIETOTIEED EL

345

(O 2wy s
U A.08S mn/S
b \
@ = B 0.9
\‘ '\. [w]

. . “ N i\A L
2wl .~ N ~ ® $u0U on/s
H o, ~ “

o ~ .~ ~
P Sso SN e
< ~
.sok N ~-0 A - —_—
K < P
%
¢ a0l
"
=
2 s0p
b=

20 ¢

. L . )
200 T30 BYT) 50 ] S0

Temperature (°C)

Fig.2 Results of round bar tension tests with

various strain rates
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Fig.3 Round bar tension test results with various temperatures
and loading rates for EH-36 S steel
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Fig.4 An example of measuring results for loads, strains and temperature with high strain rate
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Table 4 Testing conditions for the measure-
ment of plastic strain distribution

Mouth
. . Drop Loading [displacement
Mark Weight height speed Vg
(kg) (m) (m/sec) (z=0mm)

KRA)

Ho *) 75 1.875 6.06 1.78
kkk)

No*) 225 0.625 3.50 1.76

L *x) — —  lp.ogx10" 1.74

*) Drop-weight testing machine
*#) Static loading by oil-pressure tensile testing
machine

#%%)  Calculated specd
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Fig.11 Modification of slip line field in near
tip region due to progressive blunting
of crack tip with deformation
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RIFWTHENCELT 52 DIk e B LW e TH
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KERHIh T, BENERBRCS TN LWL
EAHABREDOTAHEELXBE LTED, Lrd &L
WEB R B EOTREEIREL 6o LIch
> T Fig 9B W TR L nHERXBOFEICL 56
FOHRIENEZIT BB T BHEELS Z LIl b,
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Db LIcVEWH T ERFEL B E, (14) A0 n{E

LT b BT B0 FRETHIER VLWL S

LA 5,

(1) X% (1) RehAT B L

R=TIn[A-(n+D/f(n) -e."¥"1-6,] (15)

(9) Rt eey DEEFUTHHARTH D, eaLey

O L EFIBRBEENEPRIIT B0 D, I=naelley ¥

AOCTERERAUBERESZ &t LD,

Eq=E[n+1)-(M[1. 9™ -(z[ey )1/

&
&

e e/ g (16)
R=TIn[(n+1)AJe-(M/1. 9)™/n+!
A(mley) V. gimn/itn g an

Tt Bo

R I VERBHFEPCEUNEET AES BEXRE
BEEE LQROOTREERERE TCOOTLEE
b (REMNFLELLTWEED, BEZHSGMCET 20
TLEECHIET 5) TEb L, REBEHERESO
b D ETHREUYURF B LRI,

S COD R#& CT AR L 5 m@EfThbhD
WEMRBRIC RIS 8 ZRDBLELD B0 BIEN
R TIY P~4 (4 WESAEM @RI JEIR
D, FORMWELLy J 2k s, —#2EOT
% o DMERATHAEBREZHUDOTEEL & LOBFRRIR,
BERERBRTELRE [, [ EARATRE é 2E
EBTED, Thbb—BFIROTR e 2FT2HEHE
2o JEY, KEOLOELZ FESNT, eaey D
LEWRCOWTERD B &

J=0y ey -a[3.85(n~1) V7 +7[n] (cnjey)tV/®

(18
toKey TIE, BEBENENCTE T HEEHID

J=G=K*/E=FErae.,?
oL, G =R AF —fRHR
(D Kb (1) REBLAROEREXHERT5C
ek, (18) X, 19 Rixrhrth
EaZty DEE
j:[n+1/n].[Ea:]n/n+1,gyn—l/nﬂ.]x/nn
[3.85(n—1) [V n +r[n]m/m¥1 ¢,
tuley DEX

(19

(@)

J=2v/7Ea] é. (2D

T T T ERERBR L ) BOhBETH B
TOREBH Lt 2 nfil ée CHIETHLDET S
Lt % (1) RERALT, (2) (3)KXb oy
R, (7)) XL nfENRFE 5o LizhioT (1),
(2), (3), (7) |RBIV (20) Rdb 5% ) Xw
FEFICificd fo BEERAR K LTRONE, Thn
Blich, Bbhic éo BIV nk &z (15) Kb 5
WiE A7 REFHETE EHEEERESERE LR
Q EWRIF % Strain rate-temperature parameter(R)
BRE B,

ki b DFEFIL, FHEAVEFRVGEEHFOSHM
EEFTCRTHOTHREEELR—Einsnb, EREOE
LR 7B TOFREEE D B 7 B H& DR R A
FRUBHZ EBXTENL BRI TELRIOTLREEY
FTOFEFER LT, BEYOREMI B UBELZ LTz
%o

b BENMERBREROBELER

Table 5, Table 6 it 4 &i TR LIcBBHER * AT
CT RRATHLERYT T BF Rr-w 1T & KHIET
% Strain rate-temperature parameter % 33> LT\»

Table 5 Summary of CT test results

v ngrcli" T a Je Je vp Ke €0 o oy Roeo n 8 ild init;ation i;in: -

(mm/sec)| No. | (°CY| (mm) |(kgf/mm)| (kgf/mmesec)| (mm) |(kgf mm-%} (scc-l) (kgf/mm2)| (K)x103 (mm) (se§~‘) Ky x 103} (°C) (x11103

6C-03 | -40183.77( 527.3 | 1.875x1071 15.34| 711.1 |9.86x10734.76x1076| 36.45 [ 5.929 [5.43[5.51 |5.85x10°6] s5.882 | — —

-21 | -60{84.54| 126.6 1.983x1071 | 5.28| 670.1 4.28x107315.67x1076 37.45 5.384 |5.51|1.51 [1.41x10°5| 5.190 - —_

0.01 -06 | -100184.48| 25.82 | 7.900x107% | 0.42] s75.2  10.79x107%|2.76x1076| 39.69 | 4.497 |5.71(0.260 |2.30x10°5| 4.123 | — —

-04 | -119/83.03  6.30 | 6.239x1072 | 0.03] 349.7 [1.07x1073[5.31x107%| 41.87 | 5.903 |5.90 [0.0706]6.12x10°5{ 3.526 | — —

-09 {-145[84.27| 2,95 | 4.549x10°2 | o 270.5  [7.28x107"[5.62x10°%] 45.52 | 3.236 |6.23 [0.0348(8.57x10°5| 2.888 | — —
6C-24 | -40(84.39| 242.1 | 2.554x10 9.66| 716.0 [7.19x107%|6.44x10™"| 38.85 | 4.787 [s.64 [2.58 [1.03x1073| 4.678 |(94.3)](6.572)
L -18 | -60(84.48| 38.01 | 1.763x10 2.58] 609.6 |1.45x107%(5.71x107"} 39.99 | 4.401 [5.74 [0.812 |3.55x10°3| 4.012 [(82.1)] (5.559)
-14 | -808s.41| 19.11 | 8.474x10° | 0.47| 555.2  |1.84x1073|4.08x10™"} 41.25 | 4.055 {5.85[0.271 |3.21x1073| 3.655 |(45.4){ (4.514)
-01 |-102185.52| 6.25 | 2.630x10° | 0.04| 385.9 |1.06x1073{2.25x107%| 42.85 | 5.695 {5.99 [0.0862[2.60x1073] 3.274 |(13.2)] (3.526)

6C-13 | -40(84.53| 141.6 | 1.808x10° | S5.55| 716.9 [4.20x1073{4.50x1072| 42.37 | 3.792 |5.95 |1.581 |1.15x10°1| 5.507 ] 96.5 | 5.001

-05 | -60(84.65| 46.89 | 1.455x10% | 1.49] 686.0 [1.56x1073[4.17x1072| 45.04 | 5.457 [6.00 [0.584 |2.42x107}] 3.213 {72.3 | 4.16y

100 11| -80(85.51| 5.99 | 2.722x10% | 0.09] 415.7 |1.05x1073|2.34x1072| 4s.28 | 3.271 |6.22]0.105 |2.78x107}] 2.794 |24.6 | 3.150
-15 | -82{82.821 9.69 | 3.299x102 | 0.29| 444.8 |1.33x1073{2.27x10°2| 45.47 | 3.244 [6.230.165 |2.23x107}] 2.807 [s3.4 { 3.501

-12 [-100(84.34| 6.15 | 3.614x102 | 0 585.2  |1.05x1073{3.00x1072| 48.52 | 2.884 {6.51 [0.0665{3.61x10"}| 2.450 | o 2.459

-10 [-135184.02| 1.31 | s.122x10%2 | 0 211.8  |4.86x107%[1.51x1072| $3.98 | 2.400 |7.09 {0.0180{3.15x1071| 1.980 | o 1.980

6C-07 | -22185.24| 20.66 | 2.228x10° | 0.84] S94.4 |1.92x1073[1.05x107"] 41.96 | 5.350 |5.91[0.378 |7.88x10°%] 3.372 |59.5 | 4.169

-25 | -40{84.69] 0.896] 4.330x10° | o 195.1  §4.00x107[9.67x107}} 46.65 | 3.082 [6.33 [p.0177[2.20x101 | 2,340 | 0 2,344

2000° -19 | -60{83.86] 4.599] 6.396x10° | 0 401.3  |9.12x107"}6.34x207"| as.11 | 2.905 16.49 [0.0725)8.24x10° | 2.361 | o 2,361
-17 | -82(85.59] 2.373] 5.183x10% | 0 292.6  |6.48x107*[7.08x107}| s1.47 | 2.556 [6.82 0.0360[1.10x10" | 2.047 | © 2.047

-02 | -100(83.62| 0.651{ 3.00sx10® | 0 159.9  [3.51x107"17.76x107Y| s5.11 | 2.327 |7.21 jo.0101]2.08x102 | 1.757 | o 1.757

-08 {-120{84.89| 0.140] 5.640x10% | o 61.42 |1.58x107"|4.87x107Y 58.71 2,128 {7.62 [0.0014{2.45x10% [ 1.530 | o 1.530

* 1st supposcd

pop-in on P v 4 chart is considered to be a fracture initiation point.
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Table 6 CT test resul

ts for v=2,000mm/s

v SEZI\"‘)-l T ‘ a 3. Je vp ke w e oy Ryoen n 8e At initiation point
. H ~ . . 3 _ € R ar Ry
(ma/scc)! No. (hgf/am) | (kgf/mmesec)| (mm) |(kgfrm 2) (sec™ly | (kg€/mm?) | (K)x103 (mm) | (sec”1y [ (X)x103|(°C)[(K)x103
6C-97 § -2285.2 20,66 | 2.228x10% [o0.84| s94.a 1.92x1073[1.03x107Y| 41,96 3.380 {5.91(0.378 [7.88x107!] 3,372 |59.3| 4.169
225 | -a0lsa.e0] 20.20 | 2.257x10 [o0.68| 618.1 1.90x1073{1.06x10° 46.82 3.060 {6.36{0.337 {$.06x10% | 2.588 [60.8| 3.2653
e -19 | -60{83.36;  9.917{ 1.150x10" |0.14| $39.2 1.34x1073}7.63x1071] 48.47 2.868 [6.5210.164 |7.47x10% | 2.382 |27.5| 2.690
2000 -17 | -82185.591  4.265] 1.571x10% [0.05| 385.9 {s.69x107“[1.91x10° 54.02 2.397 |7.09}0.0661[2.58x10! | 1.900 {15.5| 2.054
-02 {-100]€53.62 5.2877 1.528x10% |0.12] 295.0  |7.72x107“{1.56x10° $7.20 2.206 {7.4410.0619{2.31x100 | 1.740 [73.0] 2.474
-08 1-12084.89]  0.140] 8.640x102 |0 61.42 |1.58x107%{4.87x10"1| s$8.71 2.128 |7.62{0.0014(2.45x10% | 1.530 | 0 1.530
** Supposed pop-ins on P v 4 chart are ignored and obvious load drop point is considered to be the first fracture generation.
Table 7 Summary of COD test results
v S:’zix- T a Je Je Vp' Ke e Ew oy R*{-Nn n .5c .At initiation point
(mm/scc) No. (°C)t{mm) | (kgf/mm) |(kgf/mmssce) | (mm) (kgf-mm—g) (sec_l) (kgf/mm2) | (K)x103 (mm) (scf::"l) (K)Zlof‘ (eg) (Kl;ixm
6L-15 | -61(85.6] 167.1 | 2.567x107! {5.81f 718.2 [5.34x1073]6.94x1076| 37.59 | 5.315 |5.53]1.634 |1.43x1075| 5.162 | — -
0.015 -17 [-101|84.4 41,39} 2.340x107! {0.96 590.2 |1.54x1073/7.435x1078( 40.33 4.301 {5.76{0.414 14.37x1075| 3.996 — —
-06 |-120182.6 4.19] 1.152x107} |0 254.0 [8.77x107%}1.24x1075| 42.58 3.748 |5.97]/0.0528 {1.65x1074| 3.352 { — —
-09 {-137:84.0 0.58| 6.450x1072 {0 110.8 |3.24x107%{1.80x1075| 45.22 3.235 |6.21]0.00588/4.94x107%| 2.830 — —
6L-12 | -60[81.5] 181.3 | 3.113x101 |5.82] 745.7 |s.61x1073|8.20x107%| 40.25 | 4.324 15.76[1.756 [1.61x1073| 4.181 |(91.2)|(5.970)
-10 | -82/83.2 14.51) 1.125x101 {0.20] 505.8 |1.63x1073[6.30x107%| 41.76 3.928 |5.89|0.181 [5.40x1073] 3.518 [(30.5)|(4.078)
1.5 -1t [-101481.7 15.40| 6.723x10° ]0.12{ 479.2 [1.58x1073{3.96x107%| 43.23 3.617 {6.03{0.145 [3.46x1073| 3.244 [(24.4)((3.704)
-4 f-120{34.3 10.39 1.336x100 {0 408.0 |1.37x1073(8.79x107%| 46.54 5.096 16.33]0.0775 [8.47x10°3| 2.749 | (0 )|(2.749)
-67 |-140l82.3 2.87} 5.362x10° |0 223.0 |7.27x107%]6.79x107%| 49.89 2.735 16.66]0.0216 [1.04x10°2| 2.362 |( 0 }|(2.362)

* Measuring point cf mouth COD is 1L mm outward from specimen surface.

Table 8 Summary of K, test results

o
Srlr)\zrc\i- T a Je Je € -5 oy Rpse n At initiating point (Jc) 7.;3:
No. °cy { (mm) | (kgf/mm) | (kgf/mm-sec) (sec™ly | (kg/mm2) | (x103) € (sec™1)| R (K)x103 | AT (°C) | Ry (X)x103| (kgf/mm)
HK4T-1 0| S.0f 80.0 1.246x10° 2.48x1071] 3.37x10t 50.81 2,642 6.76] 1.745x10! 2.822 96.2 3.816 15.6
-2 0] 4.9 94.1 1.296x10° 2.86x1072 3.43x10! 50.86 | 2.638| 6.76[ 1.569x10! 2.851 96.3 3.856 18.4
-3 0] 5.0 92.0 1.274x105 2.80x1072| 3.38x10! 50.82 2.641 | 6.76| 1.577x10! 2.849 96.4 3.855 18.0
-4 -20] 5.1 85.7 1.222x105 2.53x10°2] 3.16x10! $3.05 | 2.465| 6.99] 1.587x10! 2,639 98.4 3.665 16.1
-s| -20| 5.0| 0.0 1.258x105 | 2.38x1072| 3.27x10! $3.18 | 2.456| 7.00} 1.733x10! 2.617 98.2 3.632 14.9
-6| -20| 5.0 88.0 1.238x105 2.59x10°2| 3.19x10! 53.08 2.462 | 6.99| 1.569x10! 2.642 98.5 3.671 16.5
-7] -40] S.0 80.0 1.266x105 2.26x1072] 3.15x10! $6.05 | 2.271| 7.31] 1.711x10! 2.413 100.5 3.454 14.0
-8) -40| 5.0 80.0 1.278x10% 2.26x107! | 3.18x10! 56.08 2.269 | 7.32| 1.726x10} 2.411 100.3 3.449 14.0
-9| -40| s.0| sa4.0 1.264x105 2.36x10°2| 3.13x10! 56.02 2.272| 7.31| 1.635x10! 2,423 100.4 3.468 14.8
-10| -60{ S.0 72.0 1.250x10% 1.94x1072| 2.98x10! 59.58 2.088 | 7.72| 1.800x10! 2.194 102.9 3.254 11.6
-11{ -60| s.0] €0.0 1.300x10% 2.12x10°2 | 3.06x10} $9.70 | 2.082| 7.73| 1.711x10! 2,205 103.1 3.273 12.9
-12] -60] S.0 92.0 1.314x105 2.41x1072| 3.04x10! 59.67 2.083 | 7.73] 1.520x10} 2.231 103.4 3.314 14.8
-13| -70} S.0 8.0 1.218x105 4.93x1073 | 3.75x10! 63.04 1.942 | 8.15{ 1.292x102 1.692 0 1.692 1.18
-14| -70| 4.8 1.31 1.098x10° 3.87x10°3 | 4.30x10! 63.79 | 1.915| 8.25| 1.782x102 1.626 0 1.626 0.20
-1s| -704 s.0 16.0 1.126x105 4.88x1073 | 3.06x10! 61,97 1.984 | 8.019-6:203x10! 1.840 93.3 2.686 2.44
-16| -80} s.0 1.15 | 9.66 x10Y 3.51x10"3 4.18x10} 66.40 1.826 | 8.601 1.842x102 1.540 0 1.540 0.15
-17} -so | s.o 1.48 1.098x105 5.78x1073 | 4.40x10! 66.72 1.816 | 8.64 | 1.827x102 1.542 0 1.542 0.20
-18| -s0 | s.0 1.82 1.218x105 4,12x1073 | 4.48x10! 66.83 1.813 | 8.66 | 1.736x102 1.551 0 1.551 0.24
-19( -100 | 4.9 0.33 6.76 x10M 1.81x10°3 | 5.67x10! 75.80 1.584 | 10.08 | 4.054x102 1.244 0 1.244 0.06
-204 <100 | 4.9 0.51 6.66 x10% 1.80x1073{ 5.61x10! 75.71 1.586 | 10.06 | 4.032x102 1.245 0 1.235 0.05
~21 | -100 | 3.1 0.69 | 7.26 x10% 2.35x10°3 | 4.69x10! 74.28 1.617 | 9.81 | 2.731x102|. 1.312 0 1.312 0.07

Bo Tihobb (20), QLD R IH B ée & (1) AD
¢ WEBRALTRDIER Tho, TRAE CTOD
i (B 1k (5) REFEAL KDL D TH 525
Fig.5 wR LB EITRLY, éo WHIL LI oy & B
WTHBELTH B Xbic, 4T, R, 11¥EHAHEIC L5
REHAREFE LD DOTH D (Hb)o

»=2,000mm/s ® CT REETIXTTTcrR ik sic
pop-in b LEEEN P-4 i LB b hich on
HBHDT, T ORAD pop-in FHOMEH AV TER L1
R4 Table 51z, & 0BG ER L CHEFCKIT 5
b DORFA LR % Table 6 12/R L,

*) Converted Jc value to full thickness by Kawano's eq.

ERBEIHIZE, XEOMALIHEL O T L FHHD
HONRARIN D DT, v=—ETI X&»r 6+
NIPBEOOTHREEIREL B EEL bR, v=—7E
DYY = AT LI o OFIHEMEREZAR D LG O HF

BRDBbNB, Tl v & b DHEREA-FPITAH B
&, WEREDILY)BUGRIGER LT3 T Edvbod b,

COD =REjiz DT Table 5 RGO % LR
% Table 7 12/RTo 6o OZ LY CT RBRDBE L RAIE
ThH AT LB,

FE by v e-REBBIC X5 Ko BREBERIC OV
T Table 5 LKL LicER% Table 8 (":,:ﬁ’g"o
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ENBTELLEERINDIETTH Do FODER
BB E é DEL BHANRELRIEDEE L
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mm/s O CT FEATD éo L D 24— FE Tt TH
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Strain rate-temperature parameter R (K)x10

Fig. 12 CTOD value for various dynamic load-
ing tests plotted against strain rate-
temperature parameter

Fig.12 = Q A ¥} % Strain rate-temperature
parameter R THI L1 CT HErds L8 COD HEL &
DELRIRA CTOD fE (6) %RT, Figs LIHE
TAHERALDRTF-Z2DELE DI KoTBT &
Db IHLITRDPE LA TIRARRENTL
LTh, REHFELLTHAI(EA—R TR, 3ELAE

BEABSARED 0 2R LTVWA X LB
EMTE D, Figh CREET #EL LT wkedd, T
2B L LTANE(R—ERE TR, B8Rk sid s o
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REIBEL LTCEZNE (A—R TiR), BFeinsizs
Oc IEIIREL L>THY, Lrd RAKRE BB,
BEGTICRT S 6 ELBNEGETERT B2
DENPKE L L HEARZ LN B,

Fig. 13 iy, Fig 12 CRBER TEE L CT R4,
COD #FBREB IV K1 RBRI-TELME I fED
FERETTo Fig. 6 TRER Lich - 7ehy, K BB
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Fig. 13 J. value for various dynamic loading
tests plotted against strain rate-tem-
perature parameter
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FREHNRTE 24— FFE b0 53, v=2,000
mmfs © CT Rtk Jc X v b, Ko RBCX
5 Jo B, REXEEICLNL Cbbhivz
FAREEEYR LTV, Zhid Krg B2 10mm
BEthrorxtl, CT R 75mm ETHBI &
X AEESHENERTH 5AREMEYH 5o BHRYIEN
e BIREMNR Y EEHCHE Licflizibicb
DS BEHD DAY kX, BMicEA T iR
TR BRI ED b, TOHRIIENRBE DT
BIFE LW E LTWh, F o Tl 6 s LT
EXINTWBERRDIEH VTR %,

(0)pl0cr=ClV M [1—a~at+(1-5)

(1+a){A-B O+ )2~

=1} 23 [1-{(1-F (1+a)

+2a}/4]/(1—a)t/™ (22)

oiE L,

10. 24/(B+5.24), (B>10mm)
82{1—32/(203+104. 9), (B<10mm)
a=0.3
(0c)p: HRE Bmm OFE&ORF CTOD fE
Ocr : FEOTHREL FCORSA CTOD fE

—75 Je & 6 B DI RBREET T (8) KXo
BIRMRH Do LichioT (22) K& (8) RNib,
Tl (Jedpi=LF(n, Bo) | F(n, B)]H™™  (23)
#1221, F(n, B;)=(0.525+0.3258,)[0.79
—0. 4225(1— P, )% ]t-™2n, (=1, 2)
(Jopi : RE Bymm OBE5D J. {E
Z#rz ¢ Fig.13 Tk, Kig RBo J. {x (23) RTH
BEo 75mm BB LR LR Lic (Table 8 oA
BDE)o 0 BB LT Fig12 TER LIz &2 J¢
HzoWwWTh Wz %o EHIE Kig RBERZOWTDH
WEBE LRz CT Bk X0 COD REATHDL
hic Jo BERC IS hIVWROGE, OTLEED
BWEROERGECETWEX AN 5,

LD X 5 R A WERNEHEOEEE & LTARIER,
Sc D Je Y, E RATHEAECTAEERL S
BEEFADHIT, BRA LA ONTOTREE
ML T BT EERMEENKRE L 7Lo T B ZhiX
TR X WA EIBELRIC L h BEL, SEK
7o D13 FEOE R M Ul W BT Wbz it X
BHADEBIREINIL Y0 Lo TERBEIILRAHIELY,
FBEARIhAE L EUERAFHEEREFAKRE
{TebEZFELbBILD,

Coz EBLEHRLY 13, BEAFoORTSEH
SEEE T I, BELFX CTOD tREEOTR
BATELD ERELUREERR (A7) 3D T b,
ER/¥ra

AT=2-Wp-oy[coV=RAoydp[cod, (24)
kL, V=0p%B
0p=0.4(W—a)Vp/(0.4 W+0.6a)
0c=1—v¥)K22Eoy+0p
0p: CTOD D¥BEM:4
Wy : SR
¢ : Eh (=0.11cal/g-°C)
0 :HE (=0.0078g/mm?)
A= ix ¥ B BRI (=0 002343cal/
kgf-mm)
SPERMEGORELR (AT) REHT 5L (15 R
1L,
Ry=(T+AT) -In[A-(n+1)[f(n) e ™" -6, ]

(25)
a7 RKix
Ry=(T+AT)In[ (n+1) AJs-(M[1. 9T )"/"*1
. Cﬂlsy) 1/n+1, Ewl—n/1+n,€'w] (26)

R L, Ry i A IsRELRYEZE LSS
@ Strain rate-temperature parameter

Table 5~Table 8 [ZiZ EFEDO X 5w LTRDTz 4T B
YOR 35 TCHELTH D, v=0.0lmm/s o CT
SREY, 9=0.015mm © COD REIBETHI T 5
HHRRD 5 b THLEVIPEICAD, Z0BE&IEOEK
BIIELTTHIRTW AT EBERC N e LIcdd
> T AT=0 L 7th, * 7o v=100 mm/s ¥ X O’ v=
2,000 mm/s © CT F}HE¥ L' v=5,000mm/s O Kiq
AR CRAMEENEFCE VO CERE R X 2% E%)
B EACERTEDLRELTHIWTHES S0 v
=lmmjs ® CT FEF XL v=1L5mm/s © COD &
B cATEECH Y, LEAEBOFRMIICILES &
Erbhsh, bbb EBHNRRICEVDT,
CCTHEBELEERIETRVWEDEEELT, (D fF
TR LT

ok Krg 3B TIX mouth COD o 51l % 7 - T\
WD T, MEEEM ALY —-FT 4V aFne 757
2% 1/3 LRE LT, RBRA ORMZEMEIFR L v mouth
COD ##%E L, ZHINi: P-4 — 7% B\ Cmouth
COD oy Ve F®, (24 Rx v 4T %k
oo

Soexi¥ 5 Figl2 oF— 2%, Eigo ks LTk
BDfc Ry WL LTERB LB LIRS Figld T
Bho Ry IRz Bz itk O ERFEH e E &
FODIVWER L TWB, v=1mm/s & CT REE,
v=1.5mm/s ® COD FRExw >\ Td 4T sk F I,
IHIEEFHAILTeh T EEFEI5,(Table 5,
Table7 @ ( ) o Ry & Fig 14 offffics — =
PREET A EMFEEN D) ¥ v=2,000mm/s D
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Fig. 14 Critical CTOD (d;) from CT and COD Strain rate temp pa v

tests with various loading rates plotted
against strain rate-temperature param-
eter considering temperature rise near
crack tip due to plastic deformation

CT ABHA T pop-in PEUIHAENIBERFE CIXESE
TEWA, pop-in REUICEEL2 B ET—2DIED
SEDL D,

Fig. 15 1w Ry 2$&EE L LT J HAER LIEEL R
To 22T Krg BB X% Jo BRTTED S DIZHIE
LEHEERRLTH D, Figld LB LThb»515
iz, Fig.14 L@EEE Ry #ELTHZLRI-T, &
WHEEDOREDZHED Jo EXEENCRRTE TS
ZEdbh b Mk Ko REROERMO S ORI
FmLick S ESEE LicboThh, CT &k, COD
REED T EHERICA->TWA L ENBH, Th
XY Ry B’RELIeh LURTEORBRTHELL D ¢
EX D HPELIBEELZONDDT, LELEMOT
— R E—FK LI B BRETHS 5o

WAL AREBNKE L, BRELRE 4T »K&
S AEHE - HERBTORT (24)~@26)) X
WS S L RE L QBB LTEERD IS DT

Fig.15 J, value for various dynamic loading
tests plotted against
temperature parameter considering
temperature rise near crack tip due to
plastic deformation

strain rate-
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Fig.16 Relation between critical J integral
(Jo) and critical CTOD (J.) under
the condition of dynamic and static
loading
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HOTZOME, BNIGBEEOTR EIREELL, b
@ % HRR FpE# 2B LENCEE LT,

(2) BEIATEZOLhBZOTHREE (FEUOHFEEYE
BLTRODONHEAMEMB TOO T HEE &) 2
b, BEMEBERE SR 20TRHEE 0 12(14)
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