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Laboratory Test for Unstable Ductile Fracture
Masao OGASAWARA, Toshitaka TAMANO, Hiroshi MIMURA,
h- Samon YANAGIMOTO, and Yukihisa Kurivama
™ Synopsis:

A laboratory test for unstable ductile fracture of mild steels was developed. Shear crack was initiated
from very deep notch. Some devices such as “pipe tabs” were employed to reduce the stiffness of the system
enough to make shear crack continue to grow in an unstable manner.

' Four kinds of pipe materials were tested using the present test method and three kinds of them with low
& ductility showed unstable ductile fracture. Fracture toughness for the onset of unstable ductile fracture
T in these steels was evaluated and was correlated successfully to Ciheir, upper shelf of absorbed energy in
" Charpy test.

Slow crack growth test was also performed by means of high stiffness tensile system, ‘“R—cruve” to ductile
crack growth being obtained experimentally. A model to ductile crack growth was proposed by the use of
the modification of Dugdale model, by which R—curves were finely described. Ciritical G—values for the
onset of the unstable ductile crack propagation were shown to be well compared to the values estimated
from the R—curves.

Thus, both the ductile slow growth and its rapid propagation are shown to be well characterised by the

values of notch ductility.
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Fig. 1. Test assembly for A, B specimen. (for
the use of 2000t test rig)

Specimen
10
]
- = f
250
2980:
4604
O 2500
1500
[
| ]
1930 k68044 2980 |68 1930——-—{
! 1180——”- ol —lL j4‘.180
7575 78 75
L 7000 | |
[ 8500 |

Fig. 2. Test assembly for G, D specimen. (for
the use of 4000t test rig)
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Fig. 3. Standard tab used for stable crack growth
test. (for the use of 8000t test rig)

L&)

(ii) K{fZ KRELT57:0 KB 0 EE +5A<
L, UIKEEEZELT%. LOIREZEHEBICHEL S
2B T XD, BERD IS HFIS N 2Nz K{Ex K
XL T5.

MEVE B RIRIL A k® 5729, 8000t S5ED Y &
WGRE OMIEO®E W 2 TR D DT, EHEREER
FEOREER L ks /o7 Fig.3 0% o0 & 78
OB IR EZ R L7z, 22T Fig. 2 o8& A 74X
TOMKZRDTCHB E, 4T/ 4 PO T n{HOEE

l/m=LJ(EtW)+12n(x /4—2/ ) &/ (EWH3)

(1)

£=1/(1/R}+1/R}+1/R}+1/R3)
LizatBpikEx, E v o 7R, 1 33AWE Wik
MR, Ri~Ry 13 %8 /94 PO 288, ki3 %4 TRIE,
X4 E S LR TOR (TR n=2), F 74kt
DREZ m(0) 45L&

1/m(0) =L/ (EtW)
J& JIREFIFIESREYD IR DR EHET 5.

a=1/1+4+m(0)/m]
TTT a=0 IFE—EEYE, a=1 FEF—ELXHZ
RTHDTH5. 4000t HEE/ 4 P2 TDEHRICD
WTaZEET5E a=0.1 740D, L OEE—EE
BT EVBIME 2D OT Wb Ebib. 2 TR E
Fig.2 iz, 4&E/%4 P& T BIZER L RE &L OBG
TR & T oA L g LT Fig. 4 1R L7 %7 Fig.
1 @ 2000t ffi% 786 O FERMEEERENL 0.5 Lix

D Z OEE ORIV E 2 & & B e &t o i
DIETH D7
2.2 4

ftEtAt & LTI EOED TR 5 4 BEOME A2
Wiz b Dbk % Table 1 iz, % 7237
H9E & Table 2 (R . SHEAX ZDFERD DI
BT AR L7-MBIC S 2 0.3% ATl D, K CRUE

800
(Ton)

500

1
0 10 20 30 40 50 (mm)
Displacement — &

Fig. 4. Characteristics of pipe tab. (for the use
of 4000t test rig)
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Table 1. Chemical composition (25).

|
- No. Grade C Si Mn P S v Al Cr Ni
4 A X-65 0.09 0.19 1.30 0.009 0.33 0.042 —_ ]
) | B
0.18 0.26 1.12 0.014 | 0.012 0.045 0.018
B X-52 ~0.19 | ~0.28| ~1.13| ~0.023| ~0.015| ~0.05| ~0.028 | —— | <0.01
’ C js;rs—49 0.27 0.32 0.88 0.014 0.009 . U D .
» T
D ) SUS-304 | 00.5 0.59 1.12 0.025 0.008 ) _ —— |18.4] 9.6
0.17 0.26 1.05 0.013 0.013 0.018
X-52 ~0.19 | ~0.28| ~1.16| ~0.019| ~o0.017| 0-0¢ ~0.03 | T |
E -— )
0.11 0.24 1.30 0.011 0.007 0.018
X-65 ~0.12| ~0.26| ~1.3¢| ~0.017| ~0.010| 0-06 ~0.030 | T | ~
Table 2. Mechanical properties for circumferential direction.
Charpy energy Shar appearance
Y. S T. S El
No. Grade K at test temp* at test temp.
( kg/ mm?2) ( kg/ mm?) (%) ( kg-m) (ductile %)
A X-65 53 57 7 } 0.45 100
B X-52 41~.45 5660 30~34 2.8~3.5 | 100
¢ | sTs-49 38 58 25 6 (+%) 80
D | SUS-304 22 | 57 71 \ 6.0 (x4) 100
, X-52 41~44 55~60 30~.36 3.0~5.5 l 100
E
X-65 4750 ‘ 63~65 9735 5.8~9.0 100

* Test Temp. means room temperature.  ** Shelf Energy is 10kg-m at 100°C.

#x%¥ The value is the results of 1/2-size Charpy test.

HEFENILDTHS. ZORDITY v IV — DRI
THOVE —FEAEME T Ly 0.5kgm L. K
BTN V3G SRR & X DM Splitting® 284 5%.
SR BIXREIM & Lo TR EZE X DS DT
B0 CHIA (BEFHHE) DY vV E—IRIN T 3 V¥~ 1%
¥ 3kg-m TH5. ZOMED vy v E—HEICD
Fps7 Splitting 237 vz, §HfE GO XM & LT
WRESEOE,EHE TS DO TH D WIRT F v ¥ —1x 100
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Table 3. Unstable propagation test results of steel A. (4 406 mm, RJE 13 mm)
Onset of propagation
Specimen | Tab Slow growth
No. shape shape (om) slt\i?;s O}l(set Speed Fracture mode Test method
c
(kg/mm?) | (kg - mm -2/2) | (M/9)
A-1| Curved Pipes ~10 27 370 23 | Unstable propagation Tension
A-9 ” ” ~10 21 290 50 4 4
A-3| Flat 4 ~20 42 420 50 4 4
A-4| Curved | Plates | Throughout 26 —_— —— | Stable slow growth 4
A-5 Y ” ” 23 — —_ } ” ”
23 —_ e No propagation Hammer blow
A-6 7 Pipes e
27 370 20 t Unstable propagation Tension
27 _ — l No propagation Hammer blow
A-7 Y » S
30 410 30 l Unstable propagation Tension
Table 4. Unstable propagation test results of steel B. (4% 609mm, HE 13 mm)
Onset of propagation
Specimen | Tab Slow growth Test
No. shape shape (mm) Sﬁg; O?(set Speed Fracture mode method
(kg/mm?) |(kg - mm-/z)| (M/9)
B-1| Curved Pipes ! 20 46 730 —— | Unstable propagation | Tension
B-2| 7 2 30 48 60 | — z z
B-3| 7 z % 54 860 | — % %
B-4| 7 | v z 55 880 | — | ” z
Table 5. Unstable propagation test results of steel C. (¥{#& 356 mm, PKE 15mm)
Onset of propagation
Specimen Tab Slow Test
No. p ) growth Net Onset Fracture mode
shape shape ( mm) stress K. Speed method
(kg/mm?2) | (kg -mm=-3/2)| (™/9)
C-1| Curved | Multi-pipes 50 ‘ 48 ] 1250 —— | Unstable propagation Tension
c-2 4 4 100 51 1310 16 4 4
C-3 4 4 100 50 1300 —_ v 4

LA (Table 3) fhR DX /%4 7 & TL&MAT OREEERX
FEARE 213 5 i Tl 5 IG1TAE T, BRI AMICEE
Lz FEBEZRT S0 10mm BE o2 ke 25§l
Bl BAPFEESELHTLERISHUAT TR L
2L TR THLRAATEUEZRAEI T THLREIEEL
2k (A6, A-T). LD & TREbH 7T E

HICrF vy JOBSIPEO>THRERES Lc(A-4,
A-5). HEBIAVER T RS 2 LT VIR VR B
IS LN Uz, BRES IEBRIS T oo 80%
BETHO]. Dok RrSEEDRBG IR E
IEMERHE A AR LD SICEMN TS Enbrs. BEl
[ZHEEE Y 20~50 m/s T o7z,
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Table 6. Unstable propagation test results of steel D. (4% 100mm, [K/E 5.7 mm)

Slow growth
Sooci
No. Ifhcaigleen Tab shape Initiation Max. load Fracture mode Test method
(kg/mm?) | (kg/mms?)
D-1 | Curved | Multi-pipes 19 \ 58 Stable slow growth Tension
D-2 2 2 13 \ 55 ” p
Table 7. Experimental results of ductile slow growth before general yielding.
Slow Charpy d; used G
Specimen Tab Slow growth growth shelf in the ‘
No. | Grade shape shape (mm) initiation energy calculation (kprf:glgf?)
(t) (kg m) (mm) 8
E-1! X-52 | Curved Plate Throughout 250 3.1 0.27 45.5
E-2 ” ” ” ” 260 3.7 0.30 51.5
E-3| 7 } v z v 300 5.3 0.70 62.0
E-4| 7 \ 7 " % 300 3.2 0.34 58.0
E-5| X-65 ] y ‘ " ” 320 5.3 0.42 56.0
E-6| ~ 1 P y y 400 9.0 1.00 96.0
KB : (Table 4) RLEHIEICHLZ>THL2LE Ton
. . T 800
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. ‘ . 0 -
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Fig. 5. Experimental results of ductile slow growth
(O--0Q) and theoretical calculation based
on the present model ( ). X-52 series.
(d; : Critical crack opening displacement
for slow crack growth)
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Fig. 6. Experimental results of ductile slow growth
(O--0Q) and theoretical calculation based

on the present model (

).

X-65 series.

(8; : Critical crack opening displacement
for slow crack growth)
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Fig. 7. Reduction in thickness of C specimens.
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Photo. 1.

Steel C
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Cross sectional views of fracture surfaces of unstable
propagation (A, B, C) and slow growth (D).
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Fig. 8. Reduction in thickness of D specimens.
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Fig. 9. Explanation of slow growth.
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Fig. 10. Theoretical model of slowf growth based
on the present model.
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Fig. 11. Correlation between charpy shelf energy

and the g;-value used in the calculation.
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Fig. 12. Change of K with crack extension.

— 126 —



%
;

R EIEVEREER O EER % 955

1

Kg-mm’, y;
Gc190F, ko @ FixedLoad Test( A, B, C) y
™ o FixedGripTest( E) ,/
- Ve
10 ,
L Vs
/7
- | / E-6
100 ;7 o
R /
/ggo
i // &3
5[~ B4 Q58
E-2/ OED
sof- | oY
E-1y
- B-4
/7 ‘B'\'&
3 7 B182
A_iA-3’(7
0 A'.&,”ﬁ's PSR WU S NN TR T | 'R O S
0 5 Cshelflo kg-m
v

Fig. 13. Correlation between G,-value of unstable
ductile propagation and Charpy shelf en-
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Fig. 14. Determination of the critical G,-values
for the ductile propagation based on R-
curve of X-52 series.
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Fig. 15. Determination of critical G,-values for
ductile propagation based on R-curve
of X-65 series.
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Tig. 16. Schematic representation of unstable
ductile propagation and necking frac-
ture by means of R-curve under fixed
load condition.
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