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Effect of Low Cycle Fatigue on the Brittle Fracture
Initiation Characteristics (The 2nd Report)
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Tomonobu Kawabe
Summary

Previously the authors investigated that the effect of low cycle fatigue on the brittle fracture
propagation-arrest characteristics and brittle fracture initiation from fatigue crack in ordinary
ship steels. '

This paper concerns with some fundamental aspects of brittle fracture initiation from fatigue
crack and fatigued plate in 60kg/mm? class high strength steels.

The followings have been obtained conclusively : The material deterioration due to repeated
plastic straining seems to be relatively slight. The specimens with low cycle fatigue crack showed
higher toughness than that of the virgin plate specimen with machined notch, for which the tilting
of fatigue crack and the residual compression stress developed in crack tip zone seemed to be
responsible. On the other hand the same degree of fracture toughness is observed in the specimen

with high cycle fatigue crack where the above two factors are almost absent.
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Table 1 Chemical Composition & Tensile Properties
Plate Chemical composition Tensile properties
T.S. Elong

Steel| 1¥P® OF lipjck | € | Si | Mn | P S | Ni | Cr| Mo} VvV Y.P (GL=
Steel (kg/ |(kg/ |W0mm)
(mm)| (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%) |'mm?)| mm?)| (%)

Q & T 60
A hommiHT| 20 |0.14]0.421.20|0.0150.005 —|0.23| — 003 580]66.0|39.0
Q & T 60
B lig/mmiH.T,| 20 |0-14|0.42|1.20 0.0150.005 —|0.23} —|0.03) 520610} 420
c | 2500 | 20 [018]029|1.30|0.0140.007 059 —|0.50| —|56.5|69.7)28.2

Table 2 Results of Charpy Tests

Transition Temp. (°C)
Steel
?Te pTrE vTrs vTrg vTrs v Trgs
A —50 —50 ~73 —73 —08 —78
B —30 —30 —73 ~73 —98 —78
C 11 15 — 5 —1 —50 —15
F 1300
335 315 +——315 335———
50 75 , 75 2§50 —9 5026 75 75 50
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Fig. 1 Test Specimens for Fracture and Fatigue
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Fig. 3 S-N curve for Fatigue Data
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WERS RABRICHR L (Fig.2 F 2f) 26k, WEOBRERLIC X B2HREHRD 1D, KA 2 VEHE
RV RRA LEA—HROBBRAZHNT, EY M 7 VENERLE LE—OREY 1 AR L, RE
CRALDOIMCH 10mm oYK 2T L CERSIERBRICHR L, (Fig.2F 2R)

—7, Steel C BIL T, ELMBELRE % dnes T 44.0kg/mm? (BARELT) & L, REBFrhiRlic
FLU7 Center Notch S HIOR X T, HE¥ 27 v 724y S5mm 72\ L# 20mm oL &, £ 4 2

Table 3 Results of Fracture Tests (Steel A)

Fatigue data Brittle fracture test A
Spe- |[Stress|Stress Fracture ‘g F:;;gguere
Steel cimen | (net) [(gross)] No. of Clig}";i g;aéiﬁ Temp. stress Kf____ ¢ X
code Tnet | Ogross | Cycle | Tid O T Caross | Tnet ( kg Jmm) S D Ductile
(kt%/mzj (%/mz) (cycle) % | mmy| cc) ¢ 2/ o (kgl{.nz) “mme E B : Brittle
AV-1 — — — — 160.3§{ — 80| 31.4 69.7 574 B
AV-2 — — — — 160.1 | —120| 29.2 62.6 533 B
Base plate AV-3 — — — — 159.7 | —140| 22.4 47.9 408 A B
AV-4 — — — — 160.1 | -160 5.8 12.4 106 B
AV-5 - — — — 160.5 | ~196 3.9 8.3 7 B
APc-11 51.0 23.8 11 0.14 165.8 1 — 80| 29.2 65.2 549 B
APc-2 | 51.0 23.8 1| 0.14 160.3 | —120| 26.6 57.0 486 B
One APc-3| 51.0 23.8 1{ 0.13 161.0 | —140| 28.6 61.8 526 B
cycle | Apc-4| 51.0 23.8 17 0.14 159.5| —160| 23.6 50.5 430 B B
APc-5| 51.0 23.8 1] 0.4 159.7 | ~-1751 18.1 38.7 329 B
A [Fatigued| APc-6| 51.0 23.8 1] 0.16 160.7 { —196 | 11.9 25.7 219 B
il_ati ALc-1| 44.5 23.7 2080 | 0.29 160.4 | -120| 31.6 73.9 593 B
Fatigue ALc-2 | 44.5 23.7 2100 { 0.31 161.7 | -160| 31.8 68.9 585 B
crack | Low | Ares| 4.5 | 237 2040 | 0.24 | 159.3| -175| 19.3 | 4L.1 351 c B
Britle ALc-4 ! 44.5 23.7 1900 | 0.21 159.5 | —-185| 14.3 31.5 269 B
crack ALc-5| 44.5 23.7 2100 | 0.35 168.4 | —196| 13.6 28.8 246 B
~——
AHe-1| 17.0 9.0 | 3.2x104 — 162.2 | — 80| 30.7 72.4 581 B
. AHc-2 | 17.1 9.0 | 3.5x104 — 161.8 | 120 30.7 66.7 566 B
gg& AHc-3 | 17.1 9.0 | 3.3x104 — 161.5| -140| 16.0 34.7 295 C B
AHc-4 | 16.8 9.0 | 2.5x104 — 161.1 | ~160 7.1 15.4 131 B
AHc-5! 17.0 9.0 |3.1x104 — 160.5 | ~196 7.6 16.3 138 B
Table 4 Results of Fracture Tests (Steel B)
Fatigue data Brittle fracture test
Spe- |Stress|Stress Fracture Notch Fz;;gg;re
Steel cimen | (net) [(gross)|No. of Clig:;l;‘d 1%;2%11{; Temp. stress K‘___ I?tc
code Tnet | Ogross | Cycle | TATEOR T Ogross |  Onet ( kg~/mm) shape g IIgl.}ct{]e
el EL ) T 0 |y | o) U/ e ¢ Brittle
BP-1] 44.5 22.0 1 0.09 160 - 78 32.3 69.3 589 B
BP-2| 4.5 22.0 1 0.10 160 -120| 31.4 67.2 572 B
BP-3| 4.5 22.0 1 0.10 160 ~165 | 20.0 42.9 365 B
BP- 4| 44.5 22.0 1 0.10 160 -172 | 11.8 25.4 216 B
One BP-5]| 4.5 22.0 1 0.14 160 -196 5.0 10.7 91 B
cycle | BP-6| 85.0 25.6 1 1.18 160 - 781 30.3 65.0 554 F B
BP-7] 55.0 25.6 1 0.84 160 —-124 | 33.7 72.2 615 B
BP- 8| 55.0 25.6 1 1.13 160 —160 | 20.8 4.7 380 B
BP-9| 55.0 25.6 1 1.12 160 -180 | 12.7 27.2 231 B
Fatigued BP-10 | 55.0 25.6 1 1.03 160 -196 9.5 20.4 173 B
B plate BL~1} 4.5 22.0 5200 0.29 160 - 78| 33.2 69.0 588 B
.BL-2| 44.5 22.0 5200 0.18 160 -116 | 32.0 68.6 584 B
BL-3| 4.5 22.0 5200 0.26 160 —-160 | 14.8 31.8 271 B
BL-4]| 4.5 22.0 5200 0.16 160 ~183 9.2 19.7 168 B
Low | BL-5]| 44.5 22.0 5200 0.21 160 .| —196 5.8 12.5 106 B
cycle| BL-6] 55.0 25.6 880 4.80 160 - 78| 34.7 74.4 633 F B
BL-7/| 55.0 25.6 880 4.30 160 ~140 | 36.7 78.6 669 B
BL-8 55.0 25.6 880 2.65 160 -155 | 18.3 39.3 335 B
BL-9| 55.0 25.6 880 5.63 160 ~-180 7.5 16.1 137 B
BL-10| 55.0 25.6 880 4.72 160 —196 8.3 17.9 152 B
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VEFOEREPIEL, SHLREDEN 2T v 7 EHICH) 5 mm OYIR X 2T U CERS IBRRBRICHER L,
(Fig.2 E.e 2R) 3bKk, LERLABDOBNTIAOOENERC L VRELLEYN 275 » 2 L BERAUCER
DYIREVIBIMT LicBRBRA 2 BYEL, #E% 1 BAR Lictk, Fc Center Notch d#Ic#) 5mm D)
R&EEMIUCERS RRBICHR LA, (Fig.2D.d 2R) coB4, 1 HAMNOLH L LT}, HEAFKK
MIF 5% 5mm OYIR X EMOBEMORS, FOEFERRBHOBA LTS LI RB3X5K LI
2.2.3 RMOMMEBRERERE  MEBREREBRECRS IS TEYRECRE, Thbb, BY 25y 2
W8 b R ERM ORMMMBER AL RE T AR T 5100, Y 2 7 » 2HCEYERMN & R

Table 5 Results of Fracture Tests (Steel C)

Fatigue data Brittle fracture test a
& | Fracture
Spe- |Stress|Stress Crack Fracture K g mode
Steel cimen | (net) {(gross)| No. of Cumulated length Temp. stress ¢ .
code | onet | Ogross («c:yg{z) st(g}”t;n 2C T [ 0gross | Onet (kg Jmm) fg 313 : gggttllée
A e B G RN s S e 1 i
cv-1 — — —_ — 159.5| — 80| 28.0 | 59.9 510 B
CcCv-2 — — — — | '159.5| —120| 21.3 | 45.7 388 B
CVv-3 — — - - 160.2 | —140| 13.5 | 29.0 247 A B
CVv-4 — - — — 159.5] —160| 5.0 | 10.6 90 B
CV-5 — — — — 160.8 | —196| 5.4 | 11.6 99 B
Base plate
CvV-6 — — — - 189.9| — 80| 16.7 | 45.4 358 B
CVv-T — — — —_ 189.8 | —120| 13.0 | 35.5 279 B
Cv-8 - - — —_ 190.1| —140| 11.0 | 29.8 235 a B
Cv-9 — - — — 189.3| —160| 5.5 | 15.0 119 B
| cv-10 - — — - 190.5| ~196| 4.9 | 13.3 105 B
| cPe-1] 47.0 | 22.0 1 0.20 158.8 | — 80| 22.4 | 47.6 406 B
CPc- 2| 47.0 | 22.0 1 0.29 160.0 | —120| 25.9 | 55.6 474 B
CPc- 3| 47.0 | 22.0 1 0.26 159.5 | —140| 23.6 | 50.4 430 B B
CPc- 4| 47.0 | 22.0 1 0.30 159.5| —160| 19.5 | 41.6 354 B
One | CPc- 5| 47.0 | 22.0 1 0.33 159.6 | —196| 8.1 | 17.3 148 B
Fatigued cycle | CPc- 6| 60.0 | 22.0 1 1.04 189.3| — 80| 26.1 | 715 564 B
CPc- 7| 60.0 | 22,0 1 — 190.3 | —120 | 14.8 | 40.6 319 B
plate CPc- 8| 60.0 | 22.0 1 0.98 188.5| —140| 12.3 | 33.1 261 b B
CPe- 9| 60.0 | 22.0 1 1.47 190.6 | —160| 8.9 | 24.4 192 B
TN CPc-10| 60.0 | 22.0 1 1.21 189.8 | —196| 9.1 | 24.7 195 B
Fatigue
crack CLc- 1| 44.0 | 22.0 | 1078 |~0.18~0.20] 161.2| — 80| 29.4 | 69.4 545 B
CLc- 2| 44.0 | 22.0 | 1000 |~0.18~0.20 158.4 | —120| 30.1 | 63.8 544 B
Brittle CLc- 3| 44.0 | 22.0 938 |~0.18~0.20| 158.0| —140| 25.1 | 53.2 454 c’ B
Ccrack CLc- 4| 44.0 | 22.0 824 (~0.18~0.20, 156.8 | —160| 17.0 | 35.7 306 B
C Low | CLe-51 44.0 | 22.0 864 |~0.18~0.20] 157.9| —196| 11.0 | 23.3 199 B
cycle | CLe- 6] 44.0 | 22.0 | 3413 0.39 188.7| — 80| 27.2 | 72.9 579 B
CLe- 7{ 44.0 | 22.0 | 2923 0.52 186.7 | —120| 27.8 | 73.5 585 B
CLc- 8| 44.0 | 22.0 | 2700 0.49 185.0 | —140| 26.0 | 67.7 542 c B
CLc- 9| 44.0 | 22.0 | 2617 0.40 187.3 | —160| 17.4 | 46.4 368 B
CLc-10| 44.0 | 22.0 | 2653 0.60 188.0 | —196 | 11.1 | 29.7 237 B
CP-11} 58.0 | 29.0 1 0.074 160.8 | —120| 22.2 | 47.8 407 B
CP-2| 5.5 | 28.3 1 0.062 160.3 | —140| 19.5 | 42.0 357 b B
CP-3| 55.5 | 27.8 1 0.058 159.6 | —160| 12.2 | 26.0 222 B
One | CP-4] 56.8 | 28.4 1 0.075 160.3 | —196| 8.5 | 18.3 156 B
cycle| CP-5 — — 1 0.62 190.8 | —120| 15.7 | 43.3 339 B
CP-6 — — 1 0.72 190.1| —140| 15.2 | 41.4 326 B
cP-7 — — 1 0.38 190.8 | —160| 8.3 | 22.9 179 d B
cCP-38 — — 1 0.51 190.4| -196| 7.9 | 21.7 17 B
Fatigued CL-1]| 44.0 | 23.5 987 0.069 159.4| — 80| 30.3 | 70.4 511 B
plate CL-2| 44.0 | 23.5 910 0.062 160.3 | —120 22.8 | 48.9 416 B
CL-3]| 44.0 | 235 835 0.068 160.3 | —140 15.9 | 34.1 291 E B
CL-4] 44.0 | 23.5 920 0.075 159.9 | -—-160| 13.3 | 28.6 243 B
Low | CL-5| 44.0 | 23.5 926 0.064 160.9 | —196| 8.3 | 17.9 152 B
cycle| CL-6| 44.0 | 23.5 | 3030 0.21 190.2 | — 80| 24.0 | 65.5 515 B
CL-7| 44.0 | 23.5 | 2630 0.60 190.3 | —120| 13.3 | 36.3 285 B
CL-8| 44.0 | 23.5 | 2875 0.21 189.7| —140| 16.3 | 44.3 350 e B
CL-9| 44.0 | 23.5 | 2730 0.60 190.2| —160| 9.6 | 26.4 207 B
CL-10| 44.0 | 23.5 | 2855 0.59 190.8} —196| 7.4 | 20.4 160 B
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Fig. 4 Fracture Stress vs. Temperature (Steel A)

o——o Fatigued plate (One cycle)( 6=55.0 Kg/mm? )
A——A Fatigued plate (Low cycle)(6=44.5Kg/mm2)
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Fig. 5 Fracture Stress vs. Temperature (Steel B)
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Fig. 6 Fracture Stress vs. Temperature (Crack Length 160 mm, Steel C)
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Fig. 7 Fracture Stress vs. Temperature (Crack Length 190 mm, Steel C)
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