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96,277 D.W.T.
Completion : 1966.3
Occurrence of accident : 1976.9.11

Fig.1.1 Large crude oil carrier suffering considerable damage
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Youhou-maru

88,461 D.W.T.
Completion : 1965.3.6
Occurrence of accident : 1968.8.9

Fig.1.2 Large crude oil carrier suffering considerable damage
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64,427 D.W.T.
Completion = 1966
Occurrence of accident : 1981.3.1

Fig.1.3 Large ore carrier suffering considerable damage
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Table 2.1 Chemical composition of steel plates used
(mass%)
Steel C S Mn P s | &%
SS 0.17 0.14 0.90 | 0.013 | 0.004 | 0.326
MS 0.104 0.35 1.48 | 0.006 | 0.002 | 0.374
MK 0.117 | 0.26 1.32 | 0.018 | 0.003 | 0.358
ML 0.14 0.24 1.30 | 0.016 | 0.007 | 0.390
Table 2.2 Mechanical properties of steel plates used
(L-direction)
Steel | o) | i | G0 | 0 | L0
SS 274 436 62.9 28.0 —
MS 389 519 74.9 28.5 —90
MK 431 529 81.5 27.0 —60
ML 363 539 67.3 28.0 0
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Fig.2.1 Microstructures of steel plates used

Table 2.3  Steel plates used for each test

Chapter Test Type SS | MS | MK | ML
3.3 Tension Test O O QO O
3.4 V-notch Charpy Impact Test — O O O

4 Crack Ingﬁglf]?n;%t after O O O _
s | Coppmen e | 0 | — [0 [ -
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Table 3.1 Sizes of axially prestrained specimens in compression

(b)

Fig.3.1 Axially prestrained specimen in compression

Prestrain Initial Initial | Length after
(%) Steel |Diameter| Length |Compression
Do(mm) | Lo(mm) | L (mm)
—5 SS 28 60 57
MS,MK| 34 45 42
55 28 60 54
—10 MS, MK 34 47 40
ML 26 75 68
S8 28 60 48
—20 MS, MK 34 53 42
ML 26 75 60
SS 28 60 42
—30 MS, MK 34 60 42
ML 26 75 53
S8 28 60 26
—40 MS, MK | 34—31 70 42
ML 26 75 45
S8 28 60 30
—50 MS, MK | 3431 74 37
ML 26 75 38
— 55 MS, MK | 34-+31 69 31
ML 2625 75 34
—60 MS, MK | 34—31 75 30
ML 26—25 75 30
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(%)
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P

Prestrain :  -10  -20  -30 -40 50 55  -60
(%)

ML

Fig.3.2 Shapes of specimens after prestraining in compression
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Fig.3.3 Location for measuring Vickers hardness and microstructure
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Fig.3.4 Vickers hardness distribution (SS, Prestrain . — 40%)
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Fig.3.5 Microstructures of virgin specimen and prestrained

specimens in compression (SS, Prestrain | — 40%)
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Fig.3.12 Influence of prestrain on reduction of area
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Fig.3.37 Influence of prestrain on absorbed energy ~ temperature
transition curve (MS)
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Table 3.2 Transition temperatures by V-notched Charpy
impact test (vTre, vTrs)
VTre (= vTrs) (C)
Steel Prestrain
0% | —10% | —30% | —50%
MS | —80 —70 0 140
MK | —55 —45 10 160
ML 15 40 75 240
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Fig.3.40 Influence of prestrain on vTrE (= vTrs)
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Table 3.3  Shifts of vTre (= vTrs) from virgin steels

AVTIE (= AvTrs) (C)
Steel Prestrain
—10% —30% —50%

MS 10 80 220

MK 10 65 215

ML 25 55 225
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Fig.3.41 Influence of prestrain on A vTrE (= A vTrs)
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Table 4.2 Results of crack initiation test by buckling

(Critical prestrain of crack initiation )

Sp_?mmen Steel Critical Prestrain
ype
I SS | —40~—55 (%)

(60w X 30t) MS

—45~—55 (%)

MK
I
MS
(120wX 30t) — —30~—40 (%)
: ) MK
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Plate Specimen
Steel Thickness Thickness
T (mm) t (mm)
SS 29 10
MK 35 8
Fig.5.1 Cut off plan of test plate
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v L1 ' N
1] = [T 7
L2

(mm)

Steel t W | L1 L2

SS 10 | 25 | 170 | 350

MK 8 | 50 | 210 | 390

(a) Smooth specimen

(TN
N m r
:/! 210

\

/

ﬁ

| 390 !

Welding Condition (Shielded Metal Arc Welding)
B-17 (4.0mm¢) , 150A, 20V, 15cm/min.

(b) Welded specimen

Fig.5.2 Specimens for crack initiation test under cyclic bending load
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Effective
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Fig.5.3 Appearance of crack initiation test under cyclic bending load

(MK, Smooth specimen)

Table 5.1 Compressive displacement amplitude

: Compressive
Specimen Specimen|  Displacement
Type Mark Amplitude

(Steel) ;
(mm)
CS 1 20
CS 2 30
Smooth
(SS) cS3 -
cS5 50
cS 6 60
F3 30
Smooth F2 S0
(MK) F 1 70
F 4 90
Welded | W2 20
(MK) E 50
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Load (kN)

CS6

| ! I

1 1

10 20 30 40 50 60

Displacement (mm)

Fig.5.4 Load-displacement curve of first cycle (SS, Smooth specimen)

40

Load (kN)

1 1 |

1

10 20 30 40
Displacement (mm)

50

Fig.5.5 Load-displacement curve of first cycle (MK, Welded specimen)
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Fig.5.7 Shape of specimen after first bending
(MK, Welded specimen, W2 - W3)
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Longitudinal Direction

Fig.5.8 Surface of virgin smooth specimen (MK, F3)
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st

Longitudinal Direction

(b) 95 cycles

Fig.5.9 Surfaces in compression side of bending of smooth specimen

at crack initiation and propagation (MK, F3)
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Longitudinal Direction

(b) 95cycles

Fig.5.10 Surfaces in tension side of bending of smooth specimen

at crack initiation and propagation (MK, F3)
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Fig.5.11 Surface in compression side of bending of smooth specimen
just bfore fracture (MK, F3, 136 cycles)

Tension Side

Tension Side

Fig.5.12 Fracture surfaces of smooth specimen (MK, F3, 139 cycles)
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Bl ES5E

Fig.5.14 Crack initiated from fillet weld toe in compression side
of bending (MK, W2, 12cycles, Position : A)
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Fig.5.15 Crack propagated along fillet weld toe in compression side
of bending (MK, W2, 22cycles, Position . A)

Fig.5.16 Crack propagated along fillet weld toe in compression side
of bending (MK, W2, 46 cycles, Position : A)
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Fig.5.17 Surface in compression side of bending of welded specimen
just bfore fracture (MK, W2, 65 cycles)

Tension Side

Compression Side L5mm |

Tension Side

Fig.5.18 Fracture surfaces of welded specimen (MK, W2, 71 cycles)
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Table 5.2  Results of crack initiation test under cyclic bending load

(Number of cycles to crack initiation and failure)

Number of Cycles

Spec Compressive I Number of
p$c1men Specimen | Displacement | 10 Crack Initiation |y jaq 14
(Styé);) Mark Amplitude (cycles) Failure

(mm) Comp. | Ten. (cycles)
CS 1 20 60 70 —
CS2 30 35 50 —
Smooth
CS 5 50 9 — —
CS 6 60 11 12 —
F3 30 45 66 139
Smooth F2 50 15 20 46
MK F o 70 9 16 28
F 4 90 4 9 16
Welded | W2 20 — | /1
MK w3 50 — | — 19
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Fig.5.19 Solid finite element model of smooth specimen
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Fig.5.20 Solid finite element model of welded specimen
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© Experiment (CS)
—&~ Calculation (CS)
—&- Calculation (CC)

-30
R ) N A N ——
o
w -20 - Crack Initiation Point = e i e s e
Compression Side : @ CC
c Tension Side TS
g -15 @R R
%)
< -10
£
o
= -5 6@
=] e ©°
g 0 ©)] © @ ®
1 @ © @ e
@
© @ © ©© 0%
©)
5 1 i | H | | |

80 60 40 20 0 20 40 60 80
Distance from Longitudinal Center of Specimen (mm)
Fig.5.21 Longitudinal strain distribution after first bending
(SS, Smooth specimen, CS 6)

- © Experiment (CS)
= Calculation (CS)
15 —@-_Calculation (CC)
f#" . Stiffener
’\3 %2  Bead
o g
= -10 . ‘ ( T N AT
w . (
£
©
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Fig.5.22 Longitudinal strain distribution after first bending
(MK, Welded specimen, W2)
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Table 5.3 Longitudinal strain after first bending calculated by FEM

. Compressive o :
Specimen Specimen | Disolacement | Longitudinal Strain (%)
<gty:§> Mark | Amplitude oo T 1¢ [ 6s | Ts
(mm)
CS 1 20 —16 12 —14 15
CS?2 30 —19 15 —15 19
Smooth _
(SS) CS3 40 22 17 17 22
CS5 50 —24 19 —17 25
CS6 60 —26 21 —18 28
F3 30 —12 8 —8 14
Smooth _ _
(MK) F2 50 15 11 8 19
FA1 70 —18 13 —9 23
F4 a0 —21 16 —9 27
Welded
(MK) w2 20 12
W3 50 —19 | — | — | —
< —H

Crack Initiation Point
Compression Side : @ CC
Tension Side LTS
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Fig.5.23 Relations between longitudinal stress and number of cycles

F2 | @ :CC, O:CS, B:TC, J:Ts
W3 | -4 1CC

Longitudinal Strain (%)
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Macrostructure and microstructures of SUF steel plate>'™’

Fig.2.2 Microstructure in surface layer of SUF steel plate

observed by SEM?*1>/
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Fig.2.3 Distribution of average ferrite grain size in cross section
of 25mm-thickness SUF steel plate>!®

Table 2.1 Chemical composition of SUF steel plate®'¥
(mass%)

C Si Mn P S Cegq.
0.13 0.20 1.27 | 0.007 | 0.002 | 0.34
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Temperature-Gradient ESSO test
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Fig.2.4 ESSO test results of 25mm-thickness SUF steel plate? !>’

Fig.2.5 Fracture surfaces of ESSO test specimen for 25mm-thickness

SUF steel plate?!”/
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Fig.2.7 Ultra-wide duplex ESSO test specimen®'¥
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Table 2.2 Results of ultra-wide duplex ESSO tests*!>

Plastic

Sp_?)(/:ggen Sztg/oa)in -Srteesetl Temp()occe:r)ature Result
SUF —53 Arrest

0 KE36 —52 Go
Type I SUF —42 Arrest

10 SUF —60 Go

KE36 —40 Go
SUF —50 Arrest

0 KE36 —50 Go

Type ll

SUF —30 Arrest

19 KE36 0 Go
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Surface Layer Mid-section

Fig.2.8 Macrostructure and microstructures in cross section
of SUF steel plate used (No.1)
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Table 2.3 Chemical composition of SUF steel plate used (No.1)

(mass%)

C | si|M| P | s |Ceq | S8

0.08 | 0.19 | 1.44 | 0.008|0.003| 0.36 0.34

Ceq* = C + Mn/6 + (Cu+Ni)/15 + (Cr+Mo+V)/5
Ceq (WES) = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Table 2.4 Mechanical properties of SUF steel plate used (No.1)

Tension Test (JIS 4) V-Notched Charpy | Bending

Impact Test Test
t/4 t/2
. YP. | TS. | E. R=1.5t
Direct. | ypa) | vpa) | (%) \ETCV)S \g'gs C Direct.

L 425 514 36.6 | <-140 -117 —

C 445 543 34.0 | <-140 -118 GOOD

200

190 -

180

170

160

T

Vickers Hardness (HV10)

150

140 i E I | 1 1 1 % |
0 5 10 15 20 25 30 35

Distance from Surface of Steel Plate (mm)

Fig.2.9 Distribution of Vickers hardness towards thickness direction
in cross section of SUF steel plate used (No.1)
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Fig.2.10 Cut off plan for tension test specimen (No.1)

Table 2.5 Mechanical properties of surface layer and mid-section
of SUF steel plate used (No.1)

N N Y.P. T.S. El.
Position | Direction (MPa) (MPa) (%)
Surface L 472 548 24.6
Layer C 504 586 21.3
Mid- L 405 496 26.6
section C 425 516 26.2

Average value of the two test specimens
JIS 13B (t=5mm)
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Surface Layer Mid-section

Fig.2.11 Macrostructure and microstructures in cross section
of SUF steel plate used (No.2)
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Table 2.6 Chemical composition of SUF steel plate used (No.2)

(mass%,)

c | si|{m| P | s | ce (V%Eg)

0.12 | 0.19 | 1.27 | 0.009|0.003| 0.33 0.34

Ceq” = C + Mn/6 + (Cu+Ni)/15 + (Cr+Mo+V)/5
Ceq (WES) = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Table 2.7 Mechanical properties of SUF steel plate used (No.2)

Direction | Y | oy | (65
L | 435 | 534 | 24
C 462 | 564 | 20

NK U1

Table 2.8 Mechanical properties of surface layer and mid-section
of SUF steel plate used (No.2)

" . Y.P. T.S. El
Position | Direction (MPa) (MPa) (%)
Surface L 508 559 26.4
Layer C 520 601 23.6
Mid- L 389 499 31.6
section C 386 524 28.8

JIS5 (1=3.5mm)
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Fig.2.12 Distribution of Vickers hardness towards thickness direction
in cross section of SUF steel plate used (No.2)
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Surface Layer Mid-section

Fig.2.13 Macrostructure and microstructures in cross section
of SUF steel plate used (No.3)
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Table 2.9 Chemical composition of SUF steel plate used (No.3)

(mass%)

C Si Mn P S Ceqg” (vc\;/gg)

0.11| 0.20 | 1.44 {0.007|0.005| 0.37 0.36

Ceq* = C + Mn/6 + (Cu+Ni)/15 + (Cr+Mo+V)/5
Ceq (WES) = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Table 2.10 Mechanical properties of SUF steel plate used (No.3)

: V-notched Charpy
Tension Test (NK U1) Impact Test
t/4 t/2
L Y.P. T.S. El.
Direction o vTrs vTrs
(MPa) | (MPa) (%) C) C)
L 419 513 33 <-120 | <-120
C 445 536 29 <-120 -82

Table 2.11 Mechanical properties of surface layer, mid-section
and boundary section of SUF steel plate used (No.3)

— . Y.P. T.S. EL
Position |Direction (MPa) | (MPa) (%)
Surface 474 536 27

Layer

Boundary L 415 507 | 30

Section
Mid- 404 489 33
section

Average value of the two test specimens
JIS 13B (t=6mm)
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Fig.3.1 Cut off plan of test plates
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Fig.3.2 Cut out location and size of V-notched Charpy

impact test specimens
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Fog.3.3 Appearance of V-notched Charpy impact test using Liquid Helium
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Test Specimen  Insurator

Thermocouple

Fig.3.4 Equipment of V-notched Chafpy impact test using Liquid Helium
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Mid-section (L-direction)

Mid-section (C-direction)

Fig.3.5 Fracture surfaces of sub-sized V-notched Charpy impact test
specimens (No.1)
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Fig.3.6 Fracture surfaces of full-sized V-notched Charpy impact test
specimens (No.1)
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C-direction, emp. T —167C
-

C-direction, Temp. . —167C

g 13

L—irectin, emp. T —168C

Fig.3.7 SEM fractograpy of sub-sized V-notched Charpy impact test

specimens (Surface layer, No.l)
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E2ME 553

L-direion Temp. | — 108°C

L-direction, Temp. : —108C

254 .
L-direction, Temp. :

Fig.3.8 SEM fractograpy of sub-sized V-notched Charpy impact test
specimens (Mid-section, No.1)
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Fig.3.9  Fracture surfaces of sub-sized V-notched Charpy impact test

specimens (Surface layer, L-direction, No.1)
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Fig.3.10  Fracture surfaces of sub-sized V-notched Charpy impact test

specimens (Surface layer, C-direction, No.1)
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Fig.3.11 Results of sub-sized V-notched Charpy impact test
(Surface layer, N 0.1)
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Fig.3.12 Results of sub-sized V-notched Charpy impact test

(Mid-section,

No.1)
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Fig.3.13 Results of full-sized V-notched Charpy impact test
(Mid-section, L-direction, No.1)
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Fig.3.14 Results of full-sized V-notched Charpy impact test

(Mid-section, C-direction, No.1)
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Table 3.1  vTrE, vTrs of surface layer and mid-section (No.1)

Size | Position | Direction \{gf \g?
Surface L —167 | —
Sub- | Laver C —153 | —
size Mid- L —133 | —133
section C —125 | —125
Full- Mid- L —120 | —120
size | section C —115 | —115

Table 3.2 Comparison of absorbed energy between full-sized and sub-sized

V-notched Charpy impact test specimens from mid-section (No.1)

Temp. (C) —150/—145|—140}—135]—130{—125|—120

. Agizrrz(;d Full-size | 11.0 | 16.9 | 27.0| 42.4 | 63.5 | 95.6 | 151
J) Sub-size | 46 | 7.5 | 124 30.3| 73.2 | 88.6 | 94.5

Full. / Sub. 24 | 23 |1 22114109 11| 1.6
Temp. (C) —150|—145|—140|—135|—130]—125|—120
Absorbed| Fyll-size | 9.0 | 11.3 | 14.4 | 182 29.4 | 53.6 | 92.6

C | Energy

(J) Sub-size | 52 | 6.4 | 84 | 119 19.6 | 38.3 | 56.4

Full. / Sub. 1.7 |18 | 1.7 | 151 15| 14 | 1.6
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3.15 Shape of center-notched tension test specimen
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Fig.3.16 Shape of center-notched tension test specimen (Prestrained plate)
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Fig.3.17 Appearance of tension test of center-notched

specimen using Liquid Nitrogen
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E2M E3E

SL—8 Machmed Notch, Temp. : —196C

SL-7, Fatigue- Cracked Notch Temp - — 1961

SL—6 Fatlgue cracked Notch Temp :—196TC

SL-5, Fatlgue cracked Notch, Temp.: —196TC

Fig.3.18 Fracture surfaces of center-notched tension test specimens
(Surface layer, L-direction, No.1)
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SCS Maohlned Notch, Temp. : —196C

SC7 Fatlgue Cracked Notoh Temp —196°C

SC-6, Fatlgue -cracked Notoh Temp. : —196C

SC-5, Fatigue-cracked Notch, Temp. : —196C

Fig.3.19 Fracture surfaces of center-notched tension test specimens

(Surface layer, C-direction, No.1)
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-

néd Nofch, Temp " £ 196;’C

CL—G, Fatigue-cracked Notch, Temp. : —196C

CL-5, Fatigue-cracked Notch, Temp.: —179C

CL-4, Fatigue-cracked Notch, Temp. : —196C

Fig.3.20 Fracture surfaces of center-notched tension test specimens
(Mid-section, L-direction, No.1)
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CC-8, Machined Notch, Temp.: —196C

-

CC-7, Machined Notch, Temp. : —196C

G

CC—5, FatigUe-cfécked Notch Temp. : —180C

CC¥4”, Fge-crackéd Ntch, Temp. : — 1557C

Fig.3.21 Fracture surfaces of center-notched tension test specimens
(Mid-section, C-direction, No.1)
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Ductile Fracture Surface .

Ductile Fracture Surface and Brittle Frac;tUré”urface

Brittle Fracture Surface
Fig.3.22 SEM fractograpy of center-notched tension test specimens
(Surface layer, L-direct., Temp.: — 196C, SL-5, No.l)
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Brittle Fracture Surface

Brittle Fracture Surface

Fig.3.23 SEM fractograpy of center-notched tension test specimens
(Mid-section, L-direct., Temp. . — 196C, CL-6, No.1)
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Fig.3.24 Results of center-notched tension test (No.1)
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Fig.3.25 Fracture surfaces of center-notched tension test specimens

(Prestrained surface layer, L-direction, No.l)
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F2iE P33

Prestrain : 17.5%, Temp : —196C

Fig.3.26  Fracture surfaces of center-notched tension test specimens

(Prestrained surface layer, C-direction, No.1)
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Fig.3.27 SEM fractograpy of center-notched tension test specimen
(Prestrained surface layer, L-direct., Temp. . — 196, No.1)
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Fig.3.28 Results of center-notched tension test (L-direction, No.1)
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Results of center-notched tension test (C-direction, No.1)
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Fig.3.30 Relation between Kc and prestrain (No.1)
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Notch Tip

Fig.3.31 Shape of full thickness center-notched wide plate tension test

specimen
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Fig.3.32 Results of full thickness center-notched wide plate tension test
(Machined notch, No.1) '
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Notch Tip

Notch Tip

Fig.3.33  Fracture surfaces of full thickness center-notched wide plate
tension test specimen (Temp. . — 150°C, No.l)
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© | Mid-section (t=5mm)

W | Full Thickness (38mm)
——| Estimated from Sub-size vTre (t1=5mm)
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Fig.3.34 Comparison of measured and estimated Kc of full thickness

center-notched wide plate tension test specimen
(Machined notch, No.1)
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Fig.4.1 Column buckling test specimen

Fig.4.2 Appearance of column buckling test
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Fig.4.3 Column specimen model for analysis and boundary conditions
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Fig.4.4 Layers in cross section of shell finite element (No.2)

— 214 —



500

400

300

Load (kN)

200

100

1

L=500mm

Experiment

--------- Calculation

0

5

10
Central Deflection (mm)

15 20 25 30 35 40

Fig.4.5 Comparison between measured and calculated

load-deflection curves (No.2)

700

600

500

400

300

Buckling Load (kN)

200

100

\ @® Experiment
\ O Calculation
\
--------- A
i 5 \‘ Eulerian
: Bucklin
L \/ Strengtg
o\
N e
— ! \ .
N\
I >
- PLASTIC | ELASTIC
-~ -->
| L | i I : |
0 200 400 600 800

Specimen Length (mm)

Fig.4.6 Comparison between measured and calculated
buckling strength (No.2)

—215—



0.6

0.5

0.4

6/6 ym

0.3

0.2

Average Stress,

0.1

0.0

Fig.4.7 Influence of surface layer on average stress-average strain
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Fig.4.8 Influence of surface layer on average stress-average strain
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relationships (Column, L : 360mm, No.2)
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Fig.4.10 Influence of surface layer on initial yielding and ultimate strength
(Column, No.2)
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Fig.4.11 Distribution of equivalent stress in cross section towards thickness
direction at initial yielding (Column, L :710mm, No.2)
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Fig.4.12 Distribution of equivalent stress in cross section towards thickness

direction at initial yielding (Column, L :500mm, No.2)
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Fig.4.13 Distribution of equivalent stress in cross section towards thickness
direction at initial yielding (Column, L :360mm, No.2)
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Fig.4.14 Rectangular plate model for analysis
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Fig.4.15 Influence of surface layer on average stress-average strain
relationships (Plate, No.2)
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Fig.4.16 Distribution of equivalent stress in cross section towards thickness
direction at initial yielding (Plate, t . 12mm, No.2)
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Fig.4.17 Distribution of equivalent stress in cross section towards thickness
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Fig.5.1

Cutt off plan of test plates
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Fig.5.2 Microstructures at cross section of test plate (No.3)
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Fig.5.3 Shape of fatigue test specimen (In air)

Fig.5.4 Appearance of fatigue test (In air)
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Fig.5.5 Fatigue testresults (Inair, No.3)
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Fig.5.6 Shape of fatigue test specimen [In ASW (Artificial Sea Water) ]

Fig.5.7 Appearance of fatigue test (In ASW)
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Fig.5.8 Fatigue test system (In ASW)
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Fig.5.9 Fractured test specimen (In ASW, Surface layer, No.3)
(Ao : 360 MPa, Nf :5.45 X 10° cycles)
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Fig.5.11
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Fractured test specimen (In ASW, Mid-section, No.3)
(Ao : 356 MPa, Nf :2.04 X 10° cycles)
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2 FESE

Fig.5.13 Fractured test specimen (In ASW, Boundary section, No.3)

(Ao 351 MPa, Nf:4.12 X 10°cycles)
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Fig.5.14  Specimen surface and fatigue fracture surface
(In ASW, Boundary section, No.3)
(Ao 351 MPa, Nf: 4.12 X 10° cycles)
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Fig.5.16 Relation between density and length of corrosion pit and corrosion
fatigue crack (In ASW, No.3)
[Surface layer (Ao : 360 MPa, Nf:5.45 X 105 cycles) ]
[Mid-section (Ao : 356 MPa, Nf:2.04 X 10°cycles)]
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Fig.5.17 Observed field of surface layer and mid-section specimens
(In ASW, No.3)
[Surface layer (Ao : 360 MPa, Nf :5.45 X 107 cycles) |
[Mid-section (Ao : 356 MPa, Nf: 2.04 X 10° cycles) ]
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Length of Corrosion Pit and Corrosion Fatigue Crack ( xm)

Relation between crack tip angle and length of corrosion pit

and corrosion fatigue crack (In ASW, No.3)
[Surface layer (Ao 360 MPa, Nf:5.45 X 10° cycles) ]
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Fig.5.19 Minimum corrosion fatigue crack with sharp tip (In ASW, No.3)
[Surface layer (Ao 360 MPa, Nf:5.45 X 10° cycles)
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Fig.5.20  Maximum corrosion fatigue crack with dull tip (In ASW, No.3)
[ Surface layer (Ao 360 MPa, Nf:5.45 X 10° cycles) ]
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Fig.5.21 Corrosion fatigue crack with sharp tip (In ASW, No.3)
| Surface layer (Ao 360 MPa, Nf:5.45 X 10° cycles) ]
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Fig.5.23  Maximum corrosion pit with dull crack (In ASW, No.3)
[Mid-section (Ao @356 MPa, Nf:2.04 X 10° cycles) |
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Fig.5.24 Corrosion fatigue crack with sharp tip (In ASW, No.3)
[Mid-section (Ao : 356 MPa, Nf:2.04 X 10° cycles) |
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Fig.5.26 Fatigue testresults (In ASW, No.3)
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Fig.5.27 Flow chart of fatigue strength estimation
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Fig.5.28 Effect of mean stress on fatigue strength in air

[Ratio of fully double oscillating stress range (Ao-1) to

fluctuating tensile stress range (Aoco) |
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Fig.5.29 Estimation of fatigue strength in air (No.3)
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Fig.5.30 Fatigue test results (In air and ASW, No.3)
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Fig.5.31 Relation between corrosion effect factor and time to failure
(No.3)
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Fig.5.32  Comparison between estimated and experimental fatigue strength
(In air and ASW, No.3)
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