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Study on Fast Fracture and Crack Arrest
~——The 4th Report—-

by Tokuo Teramoto, Member Susumu Machida, Member

Takeshi Kanazawa, Member

Summary

Most naval architects are now very interested in the mechanism of fast fracture (brittle
crack propagation) and crack arrest from the viewpoint of dynamic fracture mechanics. The
concept of crack arrester design for steel structure has been based on static approximation.
Recently the behavior of fast crack is being more and more clarified by numerical approach
using big computor.

In the previous paper, three types of brittle fracture propagation-arrest test were conducted
and it was revealed that dynamic fracture toughness in ship steel is dependent on temperature
and crack velocity, and the behavior of brittle crack propagation and arrest in double tension
test are quite different from those in DCB test.

This paper gives the results of an experimental investigation of two different size double
tension tests which were conducted to see how the reflected stress waves from boundary affects
the behavior of running crack. Further a crack arrester design procedure is discussed with
a focus on energetics aspect of the crack propagation process.
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Table 1 - Mechanical properties and chemical compositions
Young's Density Poisson's Yield Tensite Elongation
1‘\/loduh“ys'2 o 3' | ~Ratio "Strength . - “Strength~ |- L
E Ga/mm) | Pglem) T~ v | Oy tkalimrd) | Gu tkatmmd) | ()
20157 8.0..... 7" - 0283 28 7 45 34
Mechanical Properties of KAS(KOBE STEEL)
C Si Mn P S
0.12 0.23 1.0 0.0%4 0.009
Qhemicol Composition (%)
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Table 2 Experimental results of propagatlon test

Results of Propagatlon Series

0o (kg/mm?) T(°C) am(m/sec)
KLP-1 16 -20 697
KLP-2 16 -10 611
KSP-1 16 -20 632
KSP-2 16 -10 602

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BEZ 7y 7 OBNBHECET AR (B45) 467
1000~ 1000
. S Propagation Series
800 500 KLP-1
KSP-1 KLP-2 1
KSP-2 e ____--_/__: _____
g 600 _---_:::_-_::::: g 600) ‘\Long Size
E sa1 E KLA- ShortSize
’ 4o o . (o
7, DA~ - J S|
400 Ehe 400, KL A 1'(()) 1000 ' H
: S T 2
200 200 o
o Temp=~10C
1 { 1 1 | { | 1 1 ]
0 100 200 300 400 500 ¢} 100 200 300 400 500 0 ] 1060 (ps)
a(mm) a(mm)
Fig. 2 Variation of crack velocity Fig.3 Load vs. time
50°C 4 WRT L B b2 b D& Lz, Zhit s

7y 7R KT SRS EOHEL TE HRIEI R

TOISREBELLLDThHS, WHIERILH g i

o 500mm 16, 12, 10, 8kg/mm? D AEL L 7 5 » 7 (RIEHIE,

- EIRE & DBIEM T, Table 3 1AL b

CREBRERELTT, BHORS 00, as, Te, K412

FRENGEERIEY, BEES, BEACRE, £
OB X 5 L0007 DEENEEDE D

-90°C P} - oS Tl
A K¢=00y/2Btan(za,/2B) (1)
Fig.4 Temperature distribution for arrest TELINBETHD, R LBERBAIETEHD, &

series test EEADE S 500mm Thb, WmEIL Fig5 rlick

HIRORMECEFEL T b — R T5 = LIXEE T ‘
Bbdo FREENEVCEEZ T v ZEEINIG, BE Shear Lip
ik —10°C T —20°C XY KEW¥ 4 Uy THEL,
PAOBWENRRN T B B ELhbRE RV F — 1Tk X

WEE %2 bh, €5 T reasonable icd D ThHA5, M f )

FORE 1LY T o 7 SRR LT LR E 5 - Fst Ca

fLE & Y OBIRADHEE LI b D Th Bo Fig. 5 Fracture surface appearance
REFIERBRDOEREEY R T, RIBROE EAE Fig. near crack tip

Table 3 Experimental results of arrest test

Results of Arrest Series

0o ag Ag. Ter a, Ta » KA
(kg/mm®)  (mm)  (m/sec) (°C)  (mm)  (°C)  (kg/mm¥?)
KLa-1 16 323 350 0- 363 12 746
KLA-2 12 298 380 -7 412 25.5 712
KLA-4 8 263 390 -16 309 -3 306
KLA-5 10 280 360 -12 379 16.5  500
KSA-1 16 379 330 16 417 27 980
KSA-2 - ;;2 360 260 © 1l 423 28.5 764
KSa-4 g 283 350 -11 306 -4 303
KS4-5 10 301 370 -6 371 14 483
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