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Brittle Fracture Work in Japan
By Kazuo Ikeda

This paper was presented by the author at the Joint Meeting of Commissions IX and X of
International Institute of Welding (IIW), which was held on 5th July prior to 1963 Annual

Meeting in Helsinki, Finland, as one of respresentative contributions on brittle fracture works

in various countries such as Japan, the United States, the United Kingdom and Belgium.

This paper is a review of the latest works on brittle fracture which have been developed

in Japan in 1962 and early 1963. Phenomenon of brittle fracture on initiation, propagation and

arrest characteristics has been studied mainly from macroscopic and mechanical viewpoints.

Theoretical analysis of test results in wide plate test such as double tension and ESSO tests

of gradient or flat temperature types was made.

Correlations between wide plate and small

size tests for base and weld metals of high strength or low temperature steels were investiga-

ted statistically.

The plastic surface energy which is required to create new surfaces was evaluated in

various tests as one of fundamental factors on brittle strength of steel plates.

The effects of plate thickness, residual stress, structural discontinuity and plastic constraint

on brittle fracture were studied experimentally and theoretically.
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1 s XU A OB RN

Group Base Metal
Code XA XB YA YB ZA ZB NA KA
Material Thickness {mm) 20 20 20 20 20 20 20 20
Tensile Strength {kg/mm?) 65.8| 647 | 745| 799 82| 927 490 470
Yield Point (kg/mm?2) 548| 522 62| 71.9| 794 874 360/ 380
Specimen| Notch _|Criterion Remark
vT, Energy -73 | -46 -35 | -78 | -87 17 | -64 | -100
vT,s Fs & -60 | -46 | -46 | -8t | -80 47 | -¢0 | -100
yTr1s(1)] 15 ft-1b | -101 | -89 | -115 | -108 | ~109 2 | -106 | -116
vTr1s(2) do.
2 mm V
- ¥Tr15mi1 | 15 mil -80 [ -100 | -140 | -115 | -106 8 |-101 | -120
& vEo Abs.E. 7 20, 133 | 149 129 109 18] 197 280
E vE_20 do. 85| 134 17| 134| 106 o8| 190 280
g vE_a6 do. 730 68 50| 134] 97| 02| 154] 274
]
| Press [T, F.s. 8 -42 | -27 | =86 | -71 | -72 | 60 | -49 | -60
g 2T 15 15 ft-1b | -130 |-170 | -120 | -160 |-160 | -20 |-142 | -140
2Tra Ductility |-130 |-170 -80 | -150 |-160 | -20 |-133 | -140
2 mm U
2Eo abs.e 7122|147 | 63| 75| 135| e8| 20| 290
2B_46 do. 120 1.8 | 140] 162| 128 07| 220| 285
3mm |37 Ductility | -92 | -90 -84 | -104 | -98 40 | -98 |-108
v.a v.D | Press |5T, F.s. & 72 | -42 | -35 | -57 | -63 | 46 | -65 | -45
8 mm P. | 8Ty F.s ¢ -28 | ~26 | -32 | -34 | -48 70 | -30 | -30
NRL Drop W. NDT Arrest -55 -60 -60 -50 -75 0 -75 -65
W.a.N.2)| 01mmR | Ty Ini. & -150 |-120 |[-126 |-119 |-134 40 |-157 | -168
0.1mmR | Tai Non-Ini. -58 | 91 |-115 | -98 |-108 32 | 91 |-120
ESSO Press Tnp Arrest U 9
ToF Arrest £ 0| _zg -47 -30
p. 1.3 Press
o TaG Arrest 6.10| -27 | -26 | -34 | -15 | -33 82 | -39 | -21
P.C.5. 9| Press T, Arrest U7 _54 | -49 -80 | -40 | -76 41 | -s4 | -60
c.w.5 |o1mmr | Tip Arrest U.9?
Note: 1) Van der Veen 2) Welded and Notched Wide Plate 3) Double Tension Specimen

Specimen

Specimen

9) Uniform Temperature 10) Flat Distribution of Temperature

72

11} Gradient Distribution of
Temperature
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Base Metal Annealed Weld Metal
XTA|XTA |XTA | XTA | YTA | YTA | YTA YTA PA PB PC PD QA QD | RA |RD | SA SD TA TD
15|25 35| 45 | 15 | 25 | 35 45 20 20 20 20 20 20 |20 |20 | 20 20 20 20
61.9 79.4 65.2 [ 530 | 585 | 43.7 | 64.9 |58.1|76.0|74.6| 81.3 | 855 | 56.4 54.3
46.7 7.7 49.2 | 45.1 | 50.1 | 29.3 | 59.2 | 46.5(67.9|65.4| 7.5 | 745 | 48.4 41.4
32 -50 -52% 1 -1 - -18 -49 -6
54 -50 -53 -9 43 7 =12 22 ~51 -14
-5 =79 |-119 | -48 0 |-35 ~-56 -22 |-106 -61
-109 | -64 | -26 | -46 -66 -12 |[-114 -72
-10 -75 |[-116 |-53 -3 | -4 ~-51 -10 |-103 -71
2.3 24.6 21.7{ 100 2.0 8.8 8.2 27| 200 7.6
1.6 24.2 18.4 5.6 0.8 5.3 5.2 2.2 17.6 5.4
1.1 18.0 13.5 2.4 0.6 1.0 2.8 1.6 1.2 3.2
59 -32 -50 10 60 23 -16 | 37 20 78 -25 16
-133 | -79 -52 | -50 |-110 |-85 F139 | -105 |-141 -93
-104 |-50 -31 | -32 |-110 . 106 -87 |—120 -78
18.9| 1.6 142| 41.6| 205/ 8.0 17.4 52| 236 12.8
13.2| 48 3.2 28| 150 3.4 11.5 4.0 17.7 9.2
-25{-24|-24| -26 | -80| -96|-106| -102 -68 |-32 34 | -1 - 6 |-60| = | -30 - -65 -3
20| 36} 40| 40 | -25| -45| -54| -50 -53 |-20 40 27 | -23 24 {-10 70 | -10 43 -35 18
42| 64§ 72| 54 | -36| -40| -35| -20 -30 |[-10 55 18 | -25 35 [-15| 64 | 20 87 | -40 28
-25! 0(10| 20 [ 95, -90| -85 -85 -88 -38 | =60 [-20 |-35|-15 | -73 -45 | -80 -63
-170 {-132 | -15 - -51 -13 [-130 |-144
-47(-33|-23| -15 |-110 |-100|-104| -99
-75 [-20 12 20 -38 35 | -48 -21
-37 -6 52 28 -14 | 51 15 43 1 -38 -25
24) 42} 45) 49 | -47 | -41] -35] -34 -21 -4 25 1| -25 5 4 - -28 -15
-2| 17| 31| 36 | -85| -82f -71| -68
-44 | - 28 25 11 ~21 10 | -56 -10

4) Pressed Notch Crack
Starter Specimen

5) Crosswise Welded and
Notched Specimen

* No results obtained.

6) Fracture Surface
Transition

7) Absorbed Energy

8) Initiation
Transition

Unit of Energy is in Kg-m,
and Temperature in °C.
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