DCB #ERICK T 2B ERREFBIC >V, ZOHEE 937

L AT O TR
7=
= X
UDC  621.6: 656.56 : 620.172 : 539.42 .
>
: = > =111 £ty o8] f— — Iy *
. DCB #HBric s 2 B5MifR R Ic OV TD S, Z0BE
i P - 1 2
- ™ - BRI - BEHEEA™ - B R
PA
A Study of Shear Crack Propagation in Spring-loaded DCB Testing
Y
Yoshiyuki KURITA, Toshiya AKIYAMA, Takahiro Fujita, and Fusao Kosnica
Synopsis:
= The research of shear crack propagation with high velocity by spring-loaded DCB testing has a definite
objective of obtaining the fracture criterion as well as the material resistance against fracture propagation,
g which is inseparably related to the establishment of design philosophy against unstable ductile fracture of
> highly pressurized gas pipelines.

| The experiments and analyses were performed by DCB testing with several types of specimen geometry
as well as with different spring compliances on wide variety of steels. It has been derived that the critical
[ parameter, d./t (crack opening displacement/material thickness), is a material resistance which is indepen—
- dent of specimen geometry (including curvature of groove), and of spring compliance.
| It is also shown that the parameter, d./¢, is closely related to the fracture strain at the tip of running shear
crack and that the criterion explains well the measured plastic zone width with a simple supplementary
calculation. The comparison between the spring—loaded DCB testing with full-scale burst testing of pipe—
lines has been done, using the available data, by estimating the plastic zone width in full-scale testing or

by correlating the J. value with Charpy energy in both testing. The effects of compliance in the spring—
loaded DCB testing are also discussed.
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Table 1. Mechanical properties of tested materials.

Tensile Test Charpy V-notch Impact Test
Steel Yield Tensile . Uniform Reduction
stress stress Elor(1§/a)t ton elongation in area (v;Ié) (UI:E‘max
(‘kg/mm?) | ( kg/mm?) ° (%) (%) gm)
A 63.9 77.7 25.2 13.2 68 < —196 13.0
B 72.1 80.1 16.3 5.9 69 — 8 13.7
C 50.8 62.2 21.9 9.4 72 —50 19.4
D 34.3 54.6 30.0 15.0 74 + 1 18.0
E 33.3 54.6 30.4 15.0 74 + 4 10.5
F 51.6 58.9 27.0 13.8 73 -85 12.0
G 36.1 51.7 32.6 17.3 72 —21 16.0
H 94.9 100.1 16.0 5.4 66 —18 I1.0
I 33.0 51.9 29.0 13.1 58 + 3 5.0
J 33.0 49.2 33.0 17.3 66 —29 9.0
K 27.6 44 .2 32.7 17.8 66 0 9.6
\% 26.8 41.4 38.0 22.1 69 —27 10.5
W 26.8 40.8 39.6 20.8 72 —27 22.6
X 32.4 49.3 34.8 18.2 70 —27 10.4
Y 29.2 46.4 38.0 18.9 77 —37 23.0
Z 33.8 48.0 35.4 18.9 76 —38 “24.1
AH 34.7 53.0 32.4 20.5 75 -33 17.0
BH 33.8 51.5 33.0 -20.5 70 —30 12.0
CH 33.4 51.5 30.4 19.8 64 —28 7.5
DH 32.8 49.1 30.0 21.9 59 —44 5.0
EH 33.4 . 49.5 30.4 211 55 - —41 4.2
FH 31.7 47.0 27.0 20°5 45 —44 3.0
AL 35.8 53.1 29.4 18.9 72 -30 15.2
BL 36.2 51.1 34.8 21.8 65 | —44 7.5
CL 34.2 51.9 32.0 22.1 59 i —45 5.0
DL 34.8 50.9 27.6 18.9 47 i —62 3.4
EL 33.3 49.3 23.2 18.6 41 —40 2.6
FL 33.5 48.9 26.0 19.7 27 —76 1.8
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Table 2. Dimensions of DCB specimen.

Specimen type | L (mm) 2 h (mm) R (mm) a (mm) tp (mm) ¢t (mm) t/to
1 1,000 440 50 180 18~30 1.4~6.4 0.05~0.25
2 2,000 600 50 480 30 4.0~6.7 0.13~0.22
3 700 250 20~100 170 20~-30 1.6~6.0 0.08~0.30

Notch Detait (mm)

~R  Dull Groove

2h

L to

Fig. 2. Geometry of DCB specimen.
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Fig.f11. Effect of spring and specimen compliance on load decrease.
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Fig. 12. Effects of spring compliance and specimen sizes on crack velocity.
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