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Fundamental Study on the Construction of Chemical Tanker
Utilizing Combination of Duplex Stainless Clad Steel Plate
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Table 1.2.1 Cargo quantity of cargo requirement list
. Pollution category X
Requirement Hazards _ |S/P]| S | P |S/P P |S/P p | ot
Type- I 9] o 7/ 3 o 0 0 19
Ship type Type—II 25| 0| 48| 186 144] 11 0| 415
Type-II ol ol 1] 82 84| 40 90| 298

*Pollution category (Annex II of MARPOL73/78)

X : Major hazard to either marine resources or human health.

Y : Hazard to either marine resources or human health.

Z : Minor hazard to either marine resources or human health.

*Hazards

S : That the product is included in this Part because of its safety hazards.
P : That the product is included in this Part because of its pollution hazards.
S/P : That the product is included in this Part because of both its safety and pollusion hazards.




Clad : Stainless—Clad Steel Plate
Solid: Stainless Solid Steel Plate

Fig.1.2.1 General view and cargo tank internal structure
of chemical tanker



Table 1.2.2 Type of welded joints used in cargo tank
structure of chemical tanker

Wellded Combination of Plate Welding Welding Position
Joint Process
SUS329J3L Solid FCAW FCAW : Flat,.HorlzontaI,
t SZ 3 . or Vertical Upward
+SUS329J3L Solid | FoaAw+SAW | FCAW+SAW : Flat
SUS329J3L—Clad
+SUS329J3L—Clad FCAW FCAW : Flat, Horizontal,
<2 or or Vertical Upward
SUS316L—Clad FCAW+SAW | FCAWHSAW : Flat
+SUS316L—Clad
SUS329J3L—Clad
+SUS329J3L—Clad Flat,
/1 or FCAW Horizontal,
SUS316L—Clad Vertical Upward
+SUS316L—Clad
SUS329J3L—Clad
+SUS329J3L Solid Flat,
or FCAW Horizontal,
SUS316L—Clad Vertical Upward
+SUS329J3L Solid
SUS329J3L Solid
+SUS329J3L Solid Flat,
FCAW Horizontal,

[Fillet Weld, Par‘tiaIJ

Penetration

Vertical Upward
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Table 2.2.1

Chemical composition of test steel plates

(wt %)
Test Steel Plate C Si | Mn P S Cr Ni Mo N
SUS329J3L
t:16) 0.013]0.55(1.81|0.026 | 0.000 |22.55|5.75 | 3.10|0.17
SUS329J3L- Clad*
2 0.013]0.31(0.97|0.025| 0.002 | 22.55| 5.42 | 3.10|0.17
(t:34+13)

* SUS329J3L Steel Plate (3mm)

Table 2.2.2 Mechanical properties of test steel plates

Thick. 0.2 % Proof Stress| Tensile Strength Elongation
Test Steel Plate ) )
(mm) (N/mm®) (N/mm®) (%)
SUS329J3L 16 594 771 35
16
%*
SUS329J3L- Clad (3+13) 433 554 23

* Full-Thickness Tensile Test (16mm)
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Table 2.3.1

Welding parameters of cruciform welded joint
tensile fracture toughness test specimen (FCAW)

Welding Arc Travel Heat Welding
Test Steel Plate | Build-up Sequence | Current | Voltage Speed Input Consumables

(A) (V) (em/min) | (kd/cm) (JIS)

SUS329J3L-Clad [& 200 32 24.7 12.0 TS2209
Steel Plate Z——.ﬁ ~240 ~36 ~32.0 ~21.0 -FCO

+

SUS329J3L M 240 36 23.1 21.4 TS2209

Steel Plate Z 1 ? ~24.2 ~22.4 -FCO

Plate Thickness :16 mm,

Gas Flow Rate :18 2/min,

Interpass Temperature =150°C

Table 2.3.2 Welding parameters of CT type specimen (FCAW)

) Welding Arc Travel Heat Welding
Test Steel Plate SBwId—up Current | Voltage Speed Input Consumables

equence (A) V) (cm/min) | (kd/cm) (JIS)

SUS329J3L-Clad 200 32 27.9 12.2 TS2209
Steel Plate ~240 ~36 ~31.5 ~18.6 -FCO

+

SUS329J3L 240 36 30.6 16.3 TS2209

Steel Plate ~31.9 ~16.9 -FCO

Plate Thickness :16 mm,

Gas Flow Rate :18 2/min,

Interpass Temperature =150°C




Table 2.3.3 Results of cruciform welded joint
tensile fracture toughness tests

Specimen Wzi(\j/sh I[\le(;mt;ti Temperature F"Eg:&"e Kc
Number Aeff 1/TkK P
(mm)| (mm) | (°C) | (K) (K™ (kN) | (N/mm*’2)
ToI-1 | - | - | - | - - - -
TCI-2 40.9 | 13.1 |-106| 167 | 5.99%107° 275 1.37x10°
TC-3 | - | - | - | - - - -
TCIl-4 42.3| 14.2 |-119| 154 | 6.49%x107° 338 1.75x10°
TCI-5 41.9| 145 |-166| 107 | 9.35%x107° 293 1.58 x 10°
Lttt to
i I\\/— | Ke=o~may-Fla) [N/mm¥?]
L AN

iaaﬁl Eeff
l |
IL |
FVIE0

6=P/(2W-40) [N/mm?]
(l=aeﬁ=/w
F(a)=1.122-0.154a+0.807a’-1.894a° +2.494¢"

Table 2.3.4 Results of CT type fracture toughness tests

Fatigue
. Crack Q.+a Temperature Frfg;czre Ke
T | Lange | 0:275)
Q; 1/Tk P

(mm) (mm) | (°C) | (K) (K™ (kN) (N/mm*?)
FTI-1 39.2 66.7 -116 | 157 6.37%x107° 132 8.80x 10°
FTI-2 40.1 67.6 -144 | 129 7.75%x107° 115 7.77%10°
FTI-3 23.2 50.7 -105 | 168 5.95x%107° 48.2 2.46 x10°
FTI-4 253 52.8 -159 | 114 8.77x10°° 491 2.61%x10°
FTI-5 4.4 319 |[-173| 100 | 10.00%10° 69.5 2.95 % 10°
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Fig.2.3.6 Fracture surface after tensile

fracture toughness test
(TCI-2, -106°C)

Fig.2.3.7 Fracture surface after tensile

fracture toughness test
(TCI-4, -119°C)

Fig.2.3.8 Fracture surface after tensile

fracture toughness test
(TCI-5, -166°C)



Fig.2.3.9 Fracture surface and pass after

fracture toughness test
(FTI-1, -116°C)

Fig.2.3.10 Fracture surface and pass after

fracture toughness test
(FTI-2, -144°C)



Fig.2.3.11 Fracture surface and pass after

fracture toughness test
(FTI-3, -105°C)

Fig.2.3.12 Fracture surface and pass after

fracture toughness test
(FTI-4, -159°C)



Fig.2.3.13 Fracture surface and pass after

fracture toughness test
(FTI-5, -173°C)
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Table 2.4.1 Results of CT type fatigue crack propagation tests
Cross— Test Load
Specimen Width | Thick. Szctlon Max. Min. | Range
Number rea |Term :
W t A Pmax Pmin Pr
(mm) | (mm) | (mm?) (kN) (kN) | (kN)
A
B
FPI-1 150 [ 10.06 | 1509 c 36 3.6 32.4
D
A
B
FPI-2 150 [ 10.08 | 1512 c 36 3.6 32.4
D
Test Stress Number Crack
Max. Min. Range Freq. of Cycles Length
Omax Omin OR F N (ZN) a
(N/mm®)|(N/mm?2)|(N/mm?)| (Hz) (cycles) (mm)
685,606 36.23
23.86 2 39 9147 10 68,203 (753,809) | 42.65
. ] ] 42912 (796,721) | 55.37
20,683 (817,404) | 73.9
488,217 39.6
9381 938 0143 | 10 52,202 (540,419) | 49.1
' ' ' 32,544 (572,963) | 64.4
9,160 (582,123) | 82.0




Table 2.4.2 Results of CCT type fatigue crack propagation tests

Cross— Test Load
Width | Thick. | Section |
Specimen Area Max. Min. | Range
Number
W t A Pmax Pmin PR
(mm) | (mm) | (mm?%) | N) | (kN) | (kN)
PCI-1 121 8.0 968 110 11.0 99.0
PCI-2 121 7.9 956 110 11.0 99.0
Test Stress Average
| Freq. Number Half
Max. Min. Range of Cycles Crack
Length
Omax Omin OR F a
(N/mm2)|(N/mm2)|[(N/mm?2)| (Hz) (cycles) (mm)
114 11.4 103 10 160,960 36.3
115 11.5 104 10 280,670 37.9
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Fig.2.4.3 Relation between a and N (CT type : FPI-1)
[Interface of SUS329J3L-clad steel plate]
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Fig.2.4.4 Relation between a and N (CT type : FP1-2)
[Interface of SUS329J3L-clad steel plate]
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Fig.2.4.13 Fatigue crack pass after fatigue crack
propagation tests (CT type)
[Interface of SUS329J3L-clad steel plate]
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Fig.2.4.14 Fatigue crack pass after fatigue crack
propagation tests (CCT type)
[Interface of SUS329J3L-clad steel plate]



Table 2.4.3 Chemical composition and mechanical
properties of steel plates for comparison

Chemical composition (wt %)
C Si Mn P S

SM570 0.17|0.18 | 1.25/0.015| 0.004

Steel Plate

WEL-TEN780E | 0.16 | 0.25 | 1.54/0.012| 0.002

Yield Tensile

Steel Plate Point Strength Elong.
(N/mm2) | (N/mm?) | (%)
SM570 587 682 39

WEL-TEN780E 758 839 22
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Table 3.2.1

Chemical composition of test steel plates

(wt %)
Test Steel |Thick-) | o || p s |cr| Ni [Mo| N
Plate (mm)
SUS329J3L | 16
. 0.013/0.31(0.97(0.025/0.0015(22.55| 5.42(3.10(0.17
~Clad (3+13)
15
SUS316L @ (3412) 0.008 |0.54|0.77(0.024/0.001 [16.94/12.11(2.84| -
—Clad* 16
(3+13) 0.009 [0.52|0.72(0.028(0.0004|16.82(12.18(2.73(0.03
©| 16 | 0.01 |0.56/1.80(0.025/0.001 [22.50| 5.80/3.10(0.16
SUS329J3L
®| 20 | 0.01 |0.51|1.84(0.025/0.0006(22.30| 5.85/3.00(0.17

* SUS329J3L-SUS316L Steel Plate (3mm)

Table 3.2.2 Mechanical properties of test steel plates

. 0.2% Proof| Tensile .
Test Steel Thick. Stress Strength Elongation
Plate
(mm) | (N/mm?) | (N/mm?) (%)
SUS329J3L 16 433 554 93
—Clad”* (3+13)
SUS316L ® 15 _ 476 35
—Clad* (3+12)
SUS329J3L ©| 16 615 772 38

* Full-Thickness Tensile Test (16mm, 15mm)




Fig.3.3.1 Shape and size of test model

Table 3.3.1 Welding parameters of T joint full penetration weld

Welding Process CO, Arc Welding (FCAW)

Welding Position Horizontal

Heat Input (Target) 10~13 kd/cm (12 kd/cm)
Current-Voltage (Target) 190~220 A-28~31V (200 A-30 V)
Welding Speed (Target) 30~40 cm/min (30 cm/min)

CO, Gas Flow Rate (Target) | 15~20 2/min (20 2/min)

Interpass Temperature < 150 °C

Welding Consumables GFW329J3L (1.2mm ¢ ) (NKY-2965)




Root Opening : Omm

(sr]

16

—SUS329J3L

Groove Angle : 30°-40°-50°

15

T

=

il

SUS316L Clad \

Fig.3.3.2 Shape and size of T joint weld groove

Table 3.3.2 Chemical composition of weld metals

(mass%)

Groove | Welded Joint C S Mn P s Cu Ni Cr Mo

Angle No.

30° 30 0.025[0.53] 1.10 [0.025]0.003] 0.11 [ 8.33 [22.56[3.10

40° 40 0.021[0.57| 1.06 |0.025]0.003 | 0.10 | 8.78 [22.80[3.12

50° 50 0.024[0.55[ 0.94 |0.020]0.002 | 0.06 | 9.02 [22.21[3.03
Y Nb Ti Al B 0 N
0.082[0.011]0.020 [0.004[0.0002] 0.11 [0.13
0.0800.012 | 0.028 [ 0.004 | 0.0002 | 0.12 [0.13
0.059[0.012]0.024 [0.005]0.0002 | 0.12 [0.12

Table 3.3.3 Results of root pass hot cracking tests

Welded Joint No. | Sectioning
Test Results
(Groove Angle) | Macro No.
30-1 No Crack
30-2 No Crack
30 30-3 No Crack
30-4 No Crack
30-5 No Crack
40-1 No Crack
40-2 No Crack
40 40-3 No Crack
40-4 No Crack
40-5 No Crack
50-1 No Crack
50-2 No Crack
50 50-3 No Crack
50-4 No Crack
50-5 No Crack




L et

40-3, Groove Angle:40°

Fig.3.3.3 Sectioned macroscopic test result
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0.12F roove i
b ® | Cracking | 9 No Craking Mark Angle | (wt %) Crea./Nieq.
%) o .
+ ° o o A 30° | 0.028 2.75
a 0.08F ® s, B | 40° [o0028| 269 |J
9 & [ 50° [ 0022 2.55
o)
004 9 o
o m A
%% L 2
0 ___j 1 [l 1 i
1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 26 28
Cr eq./Ni eq.

Fig.3.3.4 Effect of (P+S) content and Cr equivalent/Ni equivalent
on solidification crack susceptibility



Table 3.4.1 Welding parameters for test butt welded joints

Butt Welded Joint Welding Heat Input *Welding Position Interpass
Process Temp.
14 kd/cm-Flat )
SUS329J3L-SUS329J3L |  FCAW /em-Flat <150°C
(t:16mm—t: 16mm) 40 kd/cm*Vertical Upward
1ommzEIbmMI TG AW+ SAW 35, 50 kd/cm <150°C

(1) FCAW, 40kdJ/cm (2) FCAW+SAW, 35kdJ/cm

Fig.3.4.1 Penetrant test results of test butt welded joints
(SUS329J3L)

g g
®
6
®
8

750

3

650

— —— — ——— —— — —— —— — — — e Sev——  — — — ——

Criterion :620 N/mm?

Tensile Strength(N/mm?2)
(o)}
8

550 : : - :
FCAW  FCAW FCAW+SAW FCAW+SAW

14k)J/cm  40kJ/cm  35kJ/cm 50kJ/cm

Fig.3.4.2 Results of tensile tests for welded joints
(SUS329J3L)
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Fig.3.4.3 Results of V-notch Charpy impact tests for welded joints
(SUS329J3L)

. 10TM

(1) FCAW, 14kd/cm, 14SM (2) FCAW, 40kJ/cm, 40 T™M

(3) FCAW+SAW, 35kd/em, 35 M (4) FCAW+SAW, 50kd/cm, 50M

Fig.3.4.4 Macrograph of test butt welded joints
(SUS329J3L)



¢:Hardness Measurement Point
10 W | g

Line a —==+
+Lb3

- . e —
Line ¢ —-—=8o9--—

Line b .ot

2 =',ﬂ 0
+Lc3 == . rLcd
—_ - 3 - * » -
HAZ| | -
10 _ 10 -

Fig.3.4.5 Hardness measurement points of test butt welded joint
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Fig.3.4.6 Hardness distribution of test butt welded joints
(SUS329J3L)



Table 3.4.2 Chemical composition of test butt welded joints

(wt%)

C Si Mn P S Cu | Ni Cr | Mo N )
FCAW
0.028 1 0.35| 0.69 {0.018|0.004|0.03(9.19(23.26(3.32|0.148 |0.121
14 kd/cm
FCAW
0.024 | 0.50| 0.80 {0.024 | 0.004|0.089.15|23.44|3.25/|0.134|0.114
40 kd/cm
FCAW+SAW 0.0280.49 | 1.10 {0.022 | 0.004 | 0.07 | 8.68 23.23(3.25|0.145|0.079
35 kd/cm
FCAWTSAW 0.025|0.50| 1.08 {0.033|0.004|0.08|8.64(23.16(3.17|0.139|0.078
50 kd/cm
0.5~ 7.5~|21.0~|2.5~|0.08~
< < < < < —
JIS =0.04/=1.0 20 =0.04/=0.03/=0.5 100l 240 20l 020

Table 3.4.3 Ferrite content of butt welded joints

Ferrite Content (%) Moar
HAZ [HAZ |W.M.|W.M. | W.M.
14F§:JA\/VZm 32 | 32 | 32 | 32 | 29 | 31
40Ffﬁ\/vzm 32 | 34 | 34 | 32 | 34 | 33
FC;QV:;SQW 33 | 33 | 31 | 33 | 35| 33
F(;/S\V:jfrﬁw 36 | 33 | 32 | 34 | 34 | 34




Table 3.5.1 Welding parameters of test butt welded joints

Butt _ Weldi Heat Input
Welded Build-up eIGNE | rinal Layer]
Sequence Process
Joint (kd/cm)
SUS329J3L 20
-Clad FCAW
(t:16mm) / 44
+
SUS329J3L | | ————1| FCAW 30
~Clad +
(t:16mm) SAW 50

FCAW: 44kJ/cm B

SAW:50kJ/cm

Fig.3.5.1 Appearance of butt welded joints
(SUS329J3L—-Clad)



FCAW (H.L.: 20kJ/cm) FCAW (H.L:44kJ/cm)

FCAW+SAW (H.I.: 30kJ/cm) FCAW+SAW (H.L.:50kJ/cm)

Fig.3.5.2 Results of macroscopic test of welded section
for butt welded joints
(SUS329J3L-Clad)

FCAW 20kJ/cm 9. FCAW 44kJ/cm

Fig.3.5.3 Results of microscopic test of welded section

for butt welded joints [Fusion line]
(SUS329J3L-Clad)



FCAW 20kJ/cm

FCAW 44kJicm i

EY

SAW 30kJ/cm SAW 50kJ/cm

Fig.3.5.4 Results of microscopic test of welded section

for butt welded joints
[1/2t. SUS329J3L. Fusion line]
(SUS329J3L-Clad)

FCAW 44kJicm 57
-‘:#r '," ¥ ; 5

SAW 30kJ/cm SAW 50kJ/cm

Fig.3.5.5 Results of microscopic test of welded section

for butt welded joints
[Weld metal of SUS329J3L]
(SUS329J3L-Clad)



Table 3.5.2 Results of tensile tests for butt welded joints
(SUS329J3L—-Clad)

: 2
Tensile Strength (N/mm®)
Start Side | Start Side | End Side | End Side _— Judge.
FCAW
20kJ/cm 500 494 500 493 497 o)
FCAW
44kJlcm 506 500 497 495 499 o
SAW
30kJ/cm 495 494 495 504 497 o
SAW
50kJ/cm 499 505 499 487 498 o)

Full-Thickness Tensile Test (16mm), NKU2A

......

Fig.3.5.6 Appearance of test specimens after tensile tests
(SUS329J3L-Clad)



Table 3.6.1 Welding parameters of cruciform welded joints

Welding Process CO2 Arc Welding (FCAW)

Welding Position Flat

Heat Input (Target) 10~13kd/cm (12kd/cm)
Current=Voltage (Target) 190~220A-28~31V (200A-30V)
Welding Speed (Target) 30~40cm/min (30cm/min)

CO2 Gas Flow Rate (Target) | 15~202/min (182/min)
Interpass Temperature <150°C

Groove Angle: 40° SUS329J3L

SUS316L Clad or SUS329J3L

Groove Angle:50°
SUS329J3L

SUS316L Clad or SUS329J3L

Groove Angle: 60° SUS329J3L

SUS316L Clad or SUS329J3L

Welding Material : GFW329

Table 3.6.2 Tensile test specimens of cruciform welded joints

Test Specimens Joint Type Groove Angle
SUS329J3L+SUS316L-Clad _ 20°
(16mm) (15mm) FuII—?enetrat!on .
Cruciform Joint 20
SUS329J3L+SUS329J3L (FCAW) 60°
(16mm) (16mm)




B A0M2 §

(1) SUS329J3L+SUS316L Clad (2) SUS329J3L+SUS329J3L

Fig.3.6.1 Macrograph of cruciform welded joints
(Groove angle : 40°)

surface side 2mm

root side 2mm

Fig.3.6.2 Vickers hardness measurement points
(SUS329J3L+SUS316L Clad)

400 | 1
Weld Metal O -2mm from the Bead Surface
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o 300 b YT T e T
T 40
% 250 B30,
e
2 200 N
0
o

150 i R

lm i " i i i i A " i PR T S i PN S S SR TR T TN T SN SN U S SR W S 1

=15 -10 -5 0 5 10 15
Location (mm)

Fig.3.6.3 Vickers hardness distribution of cruciform welded joint
(Groove angle : 60°), (SUS329J3L-+SUS316L Clad)
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Fig.3.6.4 Tensile test results of cruciform welded joints
(SUS329J3L+SUS316L Clad)
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Fig.3.6.5 Tensile test results of cruciform welded joints
(SUS329J3L+SUS329J3L)



J3L+SUS316L Clad

(1) SUS329

Fig.3.6.6 Appearance of test specimens after tensile test
(Macroscopic images of cruciform welded joints)
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4.1 IFC®HIC

WX, TIANZN—BEICZAINTREFT—RTFTANRATY
L X (SUS316L, SUS3I6LN) St (NIiZ B E11~14%)&, ZHATY
L A(SUS32913L) itk &E LB 95L&, SUSI29I3LIAR D NiZHE
[F SUS316LEMMR > SUS316LNEAAR D 1/2 I E TH 5, SUS329I3LEAR %
TIANAUA—BEICERATENLE, FLERIANDENKEN,

“HATUVLAMRIE, TzTA(a i) EF AT ANy B) LD
“HEGHEBTHY, A —AXTFTANRATULAHBRBAETIEF R
M-S, J2IANRRATULABHRAE T2ENETHEABRE
E (MSCC)MLEFERIFAAT VLA THDIENZ D,

LM%, SUS329I3LEAHR 00.2% 1M 511&, SUS316LNHHAR 00.2% i 71
D15 FTHY, SUS329I3LY TR MR & SUS329I3LVI YR ik &%
HAEHLETTIALAVA—IZERINE, MR EERRICEB TS,

L7=A>T, SUS329J3LY TR 4R > SUS329J3L V)Rl #l DA &
MFEIDREHREM, HEF, EENDELSUS316LYF YR §litk© SUS316LN
VYRS OB S ERFORFBREIDAD LYBWNIENEEND,

ARETIE, SUS329I3LU Ty Rl ik & K TXSUS329I3L V)Rl #k &
TEANARVA—EEICERTHEEBIELT, SUS329I3L V) YRR
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Fig.4.6.6 ~Fig.4.6.8 0\, Ki&EBL TS AEHEEMIET H&, SUS329I3L
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FFE, MFULHETIA T —IZKDRLYS VT 0IE, LU HETF IE iR ER
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Ki*Or=1.44 X 104N %278 cooviiii (4.6.4)
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4.7.1 BMELURE

SUS329J3LYZvREA#R, SUS329I3LV )RR, SUS316LY 5 vREfl#,
EELU SUSIOLNYIYRHR G EEZFERALTRETD7INLEIVA—D
H—JRVIEEBREMRFHO, TEHRESETCOREEENDSEIZTS
OIS, KRR TRELEIE+FAEMRFBOEFTHARBRBRH,D,
2x10%@] 5 35 32 & 210 OrR(N/mm?) &, SR EEMEF 1E i 4 & R(mm) &D
Bz, AL R -1BES 2,

4.7.2 SAE-BIRXMRIZLETFBESEF

5eiZ, 4.480127]R L7z, SUS316LY 2 VR &SUS329J3LY )Rl 4k
ED, MBEGERN TLBTAA+TFABMRF(CAEOTE, MF LLIKED
TIAVF—IZ&BRLy IV T, BXV M F IEIHE TIGT —VI12kD
RLwS VT MIBO3ITELE), 4.58112Rx L7z, SUS3I6LY T VRl &
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CREDEE, MFLERE T IAVA—IZLKDRLYI VT, BXU
M F ILTHES TIG7 —VI2&D RLy IV JALIB D 3FE4H), S5IZ, 4.68)
[Z/RL7=, SUS329BLEMBE T EFREZER +FRABEHMTF
CREOEE, MFULWBHISIAF—I12&D Ly U T0E, XU
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Fig.4.4.10, 5L 4.5%] [Z;RL71= Table4.5.10, Table4.5.12, Table4.5.14,
Fig.4.5.4 ~Fig.4.5.6, =5 UIZ 4.681Z7RL7=Table 4.6.7~Table 4.6.9,
Fig.4.6.6 ~Fig.4.6.8 GENLAE - RETLIEFERZ, Table4.71 5LV
Fig.4.7.1 (2R 9,

28, Table4.7.1 8L U Fig.d. 71127~k LT= 2210 OR(N/mm?) &, &+ F
BEMFO Or-NEROEBRXNASEH L 2x10°EOFEFRE (R=
0.1 12X T2 HEH) THD, T, Rmm) (&, B+ FBEHRFO
OrRNiIEHDREICHN TH o LM EINIEFRABRERTOES
EBURLEEFTOLEHFEREOFEHETHD,

Fig.4.7.1 D 5BALMNELSIZ, 2206r(N/mm2) ER(mm) ED BEFR AL,

leoﬁchg.R+115 .................................... (471)
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4.8 ZHART UL RAR(SUS32943L) ¥ 5 v Rk & & U SUS329J3L
YUy FROBFERFNRTREICET 55T

L ERARTREZESIZ, KETIE, SUS329I3LY T VRl &

SUS329I3LY YRR E7 AN AV H—ZEICKEATHILEEN L
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Table 4.2.1

Chemical composition of test steel plates

(wt%)

Test Steel Plate C Si | Mn P S Cr Ni Mo N
SU(S,CS_":%‘;?’L 0.008 | 0.56 | 1.80|0.0250.001|22.50| 5.80|3.10| 0.16
St’ts_?;";"' 0.019 [ 0.690.60 | 0.027 |0.001|18.22 |10.60|2.83| 0.17

Table 4.2.2 Mechanical properties of test steel plates

Thick.| 0.2 % Proof Stress |Tensile Strength | Elongation | Hardness
Test Steel Plate
(mm) (N/mm?) (N/mm?) (%) (HV)
SUS329J3L 16 615 1172 38 255
SUS316LN 17.5 399 679 48 194
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Table 4.2.3 Welding parameters of butt welded joints

Plate ) Gas Flow | Welding Arc Travel Heat
Test Steel Plate | Thick. vh:e::nj Rate Current | Voltage Speed Input
etho
(mm) (2/min) (A) V) (em/min) | (kd/cm)
SUS329J3L 170 32 16.1 15.9
+SUS329J3L 16 FCAW 18 ~200 ~34 ~25.7 ~24.6
SUS316LN 180 32 18.2 17.0
+susateLn | 17-5 | FCAW 18 ~200 | ~33 | ~21.4| ~20.0
N
~
SUS329J3L:t=16mm -
SUS316LN :t=17.5mm e
I } V) 1 1
- 4
Y
=
L e [}
. 49 Q_L_ . o
R o™ «©
R.D. 4 | R.D.
-—— T P S ]
120 £
- (198) .
- 500 ! (mm)
Fig.4.2.1 Shape and size of fatigue test specimen

(Butt welded joint)
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Table 4.2.4 Results of fatigue test for butt welded joint
(SUS329J3L steel plate. As-welded)

R=0.1
) ) Cross— Test Load Test Stress Number of
Width | Thick. | section Frea. Cycles to
S'\;l)j:qibm;n Area Max. Min. | Range | Max Min. Range Failure Remark
w t A Pmax Pmin PR Omax 0min OR f Nf
(mm) | (mm) | (mm?) | (&N) kN) | N)  [(N/mm®) | (N/mm?) | (N/mm?)| (Hz) (cycles)
_ >2.05%10° e
BW5-1| 36.0 | 16.4 | 590 | 131 | 13.1 | 118 | 222 | 22.2 | 200 | 10 32048 799 Non-Failure
B >1.11x10% | Base Plate
BW5-2| 36.0 | 16.4 | 590 | 197 | 19.7 | 177 | 333 | 33.3 | 300 5 31 112,459 Failure
5
BW5-3| 36.0 | 16.5 | 504 | 264 | 26.4 | 238 | 444 | 444 | 400 | 5| D079
B 9.90x 10* | Failure from
BW5-4| 36.0 | 16.5 | 594 | 297 | 29.7 | 267 | 500 | 50.0 | 450 5 98.953 | Uranami-Toe
5 .
BW5-5| 36.0 | 16.5 | 594 | 231 | 23.1 | 208 | 389 | 38.9 | 350 | 5 | %12x10°) Failure from
211,516 Uranami—-Toe
_ 1.06 X 10° | Failure from
BW5-6| 36.0 | 16.4 | 590 | 185 | 185 | 167 | 314 | 31.4 | 283 7 1062.674 | Uranami-Toe
_ 1.17%10°% | Failure from
BW5-7| 36.0 | 16.5 | 594 | 165 | 16.5 | 149 | 278 | 27.8 | 250 7 1173.459 | Uranami-Toe

Table 4.2.5

Results of fatigue test for butt welded joint
(SUS329J3L steel plate. Dressing by grinding)

R=0.1
i i Cross- Test Load Test Stress Number of
Width Thick. | section Freaq. Cycles to
Specimen Area Max. Min. Range Max. Min. Range Failure Remark
Number w t A Pmax Pmin PR 0-max O-min 0-R f Nf
(mm) (mm) | (mm? | &N) (kN) (kN) | (N/mm?) | (N/mm?) | (N/mm?)| (Hz) (cycles)
_ 2.64x10°
BW2-1| 36.2 | 15.6 | 565 | 220 | 22.0 | 198 | 389 | 38.9 | 350 | 5 263803
5
BW2-2| 36.1 | 15.7 | 567 | 189 | 18.9 | 170 | 333 | 33.3 | 300 | 7 | %10%10
510,382
5
BW2-3| 36.2 | 15.7 | 568 | 284 | 28.4 | 256 | 500 | 50.0 | 450 | 5 1'103;717%
5
BW2-4| 36.1 | 15.7 | 567 | 252 | 25.2 | 227 | 444 | 44.4 | 400 | 5 | 208%10
207,960
6
BW2-5| 36.1 | 15.7 | 567 | 158 | 15.8 | 142 | 278 | 27.8 | 250 | 10 ;ggg:o‘oos Non-Failure
BW2-6
6
BW2-7| 36.0 | 15.7 | 565 | 176 | 17.6 | 158 | 312 | 31.2 | 280 | 8 §§8;;<)1007 Non-Failure

— 109 —




Table 4.2.6 Results of fatigue test for butt welded joint
(SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
] ) Cross— Test Load Test Stress Number of
Width | Thick. | section Freaq. Cycles to
S'\;:ecigwn Area Max. Min. Range Max Min. Range Failure Remark
umber w t A Pmax I:>miv| PR Omax 0-min OR f Nf
(mm) (mm) | (mm?) | (kN) (kN) kN) [ (N/mm?) [ (N/mm?) | (N/mm?) | (Hz) (cycles)
_ >2.36x10° | Base Plate
BW3-1| 36.0 | 15.7 | 565 | 220 | 22.0 | 198 | 389 38.9 350 5 $235.635 Failure
4
BW3-2| 36.0 | 15.7 | 565 | 283 | 28.3 | 255 | 500 | 50.0 | 450 | 5 7-737"8‘9‘1
_ >7.24%x10° | Base Plate
BW3-3| 36.1 | 15.7 | 567 | 189 | 18.9 | 170 | 333 33.3 300 6 $723.956 Failure
6
BW3-4| 36.0 | 15.7 | 565 | 169 | 16.9 | 152 | 300 | 30.0 | 270 | 8 ;ig;;c;ooz Non-Failure
5
BW3-5| 36.1 | 15.7 | 567 | 208 | 20.8 | 187 | 367 | 36.7 | 330 | 5 3-3‘122"1}3%
BW3-6
_ >5.89x10° | Base Plate
BW3-7| 36.1 | 15.7 | 567 | 189 | 18.9 | 170 | 333 33.3 300 6 5588 906 Failure

Table 4.2.7

Results of fatigue test for butt welded joint
(SUS316LN steel plate. Dressing by grinding)

R=0.1
_ ) Cross— Test Load Test Stress Number of
Width | Thick. | section Frea. Cycles to
S[Ej)j,::;neern Area Max Min. | Range | Max Min. Range Failure Remark
w t A Pmax Pmin PR Omax Omin OR f Nf
(mm) (mm) | (mm?) | (N) (kN) kN) [ (N/mm?) | (N/mm?) [ (N/mm?) | (Hz) (cycles)
_ >2.08x10° | Base Plate
BW4-1| 36.0 | 16.4 | 590 | 230 | 23.0 | 207 | 389 38.9 350 5 $207.931 Eailure
B >5.65x10* | Failure from
BW4-2| 36.1 | 16.4 | 592 | 296 | 29.6 | 266 | 500 50.0 450 |5, 3 556,493 Weld Defect
_ 3.83x10°
BW4-3| 36.1 | 16.5 | 596 | 199 | 19.9 | 179 | 334 33.4 300 6 383,059
4
BW4-4| 36.1 | 16.5 | 596 | 265 | 26.5 | 239 | 444 | 44.4 | 400 | 4 6-6g6x6‘3%
_ 5.48x10°
BW4-5| 36.1 | 16.5 | 596 | 198 | 19.8 | 178 | 333 33.3 300 5 547527
6
BW4-6| 36.1 | 16.5 | 596 | 166 | 16.6 | 149 | 278 | 27.8 | 250 | 7 ;3-82;‘1‘4‘; Non-Failure
BW4-7
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Stress Range, Gr (N/mm?)

Stress Range, Gg (N/mm?)

700

500 i

¢ i Og=520% 103-N,~0210
[ 0z=5.06x% 103-Nm
< @kt

o~
S
300 O™ R k{'
° i
™
200
A ded Dressing t
s-welde Grinding | TIG Arc
SUS329J3L [ ] O <&
: N A A A T R=(_)._1.
100 H ! I [ P
1x104 1%x10° 1% 106 1%x107

Number of Cycles to Failure, N; (cycles)

Fig.4.2.2 Results of fatigue test for butt welded joint
(Or—Nsf curves)

700
500 ~ <
Wy O = 5.20 X 103-N,—0210
tE] '-.____..-_\E_\ R f
~_ |
300 GR: 472 % 103.Nf—0.210 §Q$"'-\. | N
- -.._-N?;:
200 H Dressing
Grinding
SUS329J3L O
SUS316LN D. ‘ R=0.1
100 IR
1x104 1x10% 1% 108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.2.3 Results of fatigue test for butt welded joint
(Or—Ns curves)
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2 345 fM123a4565678 9H

Fig.4.2.4 Fracture surface and pass after fatigue test
(BW5-3, 400 N/mm?, 1.95 % 10° cycles)

7R ofM1 2 112345678 9H

Fig.4.2.5 Fracture surface and pass after fatigue test
(BW2-3, 450 N/mm?, 1.03 X 10° cycles)
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3 9fI1l1 2 3 4 56 7 8

Fig.4.2.6 Fracture surface and pass after fatigue test
(BW3-2, 450 N/mm?, 7.79 X 10* cycles)

567 8 gﬂ 12345678 9HT
Fig.4.2.7 Fracture surface and pass after fatigue test
(BW4-3, 300 N/mm?, 3.83 X 10° cycles)
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Table 4.2.8 Results of fatigue test for butt welded joint
(Correct by K,)
(SUS329J3L steel plate. As-welded)

R=0.1
. . Stress Number of
Width | Thick. Rl—ziis Zl:nlz ;Ei:z ozvll?:tgd Concentration SR::SZ Cycles to
Specimen € Factor € K¢*Or Failure Remark
Number w t R 2] H B Ky O N¢
(mm) [ (mm) | (mm) | C ) | (mm) | (mm) (N/mm?) | (N/mm?)| (cycles)
_ >2.05x10° e
BW5-1(36.0(16.4| 3.4 | 286 | 24 | 140 1.3 200 260 52,048,799 Non-Failure
_ >1.11x10° | Base Plate
BW5-2|36.0|164| 77 | 113 | 0.7 | 209 1.1 300 330 $1112.459 Eailure
- 1.95x10°
BW5-3|36.0|16.5| 48 | 13.7 | 08 | 18.9 1.1 400 440 195,295
_ 9.90 X 10* | Failure from
BW5-4(36.0(16.5| 24 | 166 | 09 | 208 1.2 450 540 98953 |Uranami-Toe
_ 2.12x10° | Failure from
BW5-5|36.0(16.5| 33 | 125 | 08 | 19.1 1.2 350 420 211.516 |Uranami-Toe
_ 1.06 X 10° | Failure from
BW5-6 | 36.0 |16.4| 3.6 81| 06 | 189 1.1 283 311 1062.674 |Uranami-Toe
_ 1.17x10% | Failure from
BW5-7|36.0|16.5| 3.1 | 116 | 08 | 190 1.2 250 300 11173.459 |Uranami-Toe
&
E 700
> 500 n,
e \D%\‘ K,*Or= 5.90 X 103-N, 0210
© Op = 5.20 X 107N, 70210 Tgi~ ™~ | |
+ ~ ™~
< 300 = ——
14
o e =
g 200 ‘
d:% As-welded
- @
i susa2euaL |~ J=
a 100 1 I | I .
1x 104 1x10° 1% 108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.2.8 Results of fatigue test for butt welded joint
(Or-N: curve, K. Or—N; curve)
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Table 4.2.9 Results of fatigue test for butt welded joint

(Correct by K,)
(SUS329J3L steel plate. Dressing by grinding)

R=0.1
Width | Thick, | _10¢ | Flank | Height | Width ooni;etsrztion Stress T;”y"c"ii'tf
) Radius | Angle | of Bead | of Bead Range o .
Specimen Factor Kt ORr Failure
Remark
Number | t R 6 H B Ky Or N¢
(mm) [ (mm) | (mm) | ¢ ) | (mm) | (mm) (N/mm32) | (N/mm?)| (cycles)
_ 2.64%x10°
BW2-1|36.2|15.6| 35 | 114 14 20.0 1.2 350 420 263.803
_ 5.10%10°
BW2-2|36.1|15.7| 54 | 16.0 15 20.2 1.2 300 360 510,382
B 1.03x10°
BW2-3|36.2|15.7| 75 | 148 1.4 20.0 1.1 450 495 102.778
_ 2.08x10°
BW2-4|36.1 |15.7| 57 | 17.7 1.6 191 1.2 400 480 207.960
6
BW2-5|36.1|15.7| 118 | 221 | 14 | 196 1.1 250 | 275 ;2885‘0‘0"5 Non-Failure
BW2-6
6
BW2-7(36.0|15.7| 214 | 112 | 12 | 190 10 280 | 280 ;28353007 Non-Failure
NE 700
‘E T
= 500 < =0 1
< .G = x 103« N.—0:210
= oL KO = 590 x 10° 00
~ D |
~ = 3.7\ —0.210 O ~ N :
N N
x
©
g’; 200 H Dressing
a:% Grinding
K,-O O
0 SUS329J3L ——=
o Og O R=0.1
a 100 T O P [
1 %104 1%x10° 1% 108 1%x107

Number of Cycles to Failure, N; (cycles)

Fig.4.2.9 Results of fatigue test for butt welded joint
(Or—Ns curve, K. Or—N; curve)
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Table 4.2.10 Results of fatigue test for butt welded joint
(Correct by K,)
(SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
Width | Thick. RT°.e Flank | Height || Width Confz':t:tion Stress h(l:l;TE:srth
adius | Angle | of Bead | of Bead Range o )
Specimen Factor Ki* ORr Failure R "
Number w t R 0 H B Kt Or Nf emart
(mm) [ (mm) | (mm) | ¢ ) | (mm) | (mm) (N/mm2) | (N/mm?) | (cycles)
~ >2.36 X 10° | Base Plate
BW3-1|36.0|15.7| 160 | 206 | 18 | 201 1.1 350 | 385 |73 0re | PR
4
BW3-2|36.0|157| 64| 196 | 12 | 192 12 450 | 540 7-737"8;01
~ >7.24x10° | Base Plate
BW3-3|36.1|15.7| 83| 229 | 15 | 195 1.1 300 | 330 |7[7 | e
6
BW3-4|36.0|15.7| 139 | 225 | 15 | 188 11 270 | 297 ;gg;;‘;ooz Non-Failure
5
BW3-5|36.1|15.7| 311|207 | 15 | 188 13 330 | 429 | 312x10
312,136
BW3-6
_ >5.89 % 10° | Base Plate
BW3-7|36.1|157| 49 |110| 07 | 187 1.1 300 | 330 |"Yoioe | P

NE 700
~ E?P‘\

Z 500 B K,*Gr = 5.90 X 103-N,~02'

Dn: Zs‘\ﬂ}‘l t ;R f

< 300 T %\2‘5 L“\ C

: o~

x

o T~

g’; 200 [+ Dressing
&:% TIG Arc

KO <

@ SUS329J3L ——=F i

o o | © |1 | |1l | | R=0A
aﬁloo T T 1T 1 1 111 i I S I I i oo b bbb

1 %104 1%x10° 1% 108 1%x107

Number of Cycles to Failure, N; (cycles)

Fig.4.2.10 Results of fatigue test for butt welded joint
(Or—Ns curve, Ki* Or—N¢ curve)
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Table 4.2.11

Results of fatigue test for butt welded joint
(Correct by K,)

(SUS316LN steel plate. Dressing by grinding)

R=0.1
Width | Thick, | _1°¢ | Flank | Height | Width Coniz:eti:tion Stress T:”y"c’iirf
. Radius | Angle | of Bead | of Bead Range K, e X
Specimen Factor t*Or Failure Remark
Number W t R 6 H B Ky On N¢
(mm) | (mm) | (mm) | ¢ ) | (mm) | (mm) (N/mm?2) | (N/mm2)| (cycles)
_ >2.08x10°| Base Plate
BW4-1|36.0|16.4| 114 71 2.3 209 1.1 350 385 5207931 Failure
_ >5.65%10*| Failure from
BW4-2|36.1|16.4| 178 | 124 2.7 194 1.1 450 495 556,493 | Welded Defect
_ 3.83x10°
BW4-3|36.1|16.5| 135 | 12.3 24 19.8 1.1 300 330 383,059
4
BW4-4 | 36.1 |16.5| 127 | 136 | 21 | 188 1.1 400 | 440 | 86710
66,633
_ 5.48 x10°
BW4-5|36.1|16.5| 149 | 13.8 2.2 19.2 1.1 300 330 547.527
_ >2.05%x10° e
BW4-6 | 36.1 | 16.5| 15.8 8.8 1.9 19.0 1.1 250 275 52,053,146 Non-Failure
BW4-7
E 0 Rl
£ <l
P4 500 ~ % :
Dn: ‘%!‘n\ K:t.GR: 5.20 X 103+ N,~0210
<~ 300 Or= 4.72 X 103+ N, 0210 \\!‘_,EE: 20
o P N‘"\E
g \ﬂ\
g \
g’n 200 H Dressing
g Grinding
= KO O I
@ SUS316LN ——F P
o (o8 O R=0.1
a 100 Y I T I
1x104 1x105 1x 108 1x107
Number of Cycles to Failure, N; (cycles)
Fig.4.2.11 Results of fatigue test for butt welded joint

(Or—N: curve, Ki*Or—N; curve)
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Table 4.3.1

Chemical composition of test

steel plates

(wt%)

Test Steel Plate C Si | Mn P S Cr Ni Mo N
_ *
SUS329J3L= Clad 1 413/0.31|0.97[0.025 [0.002|22.55| 5.42|3.10 0.17
(t:3+13)
_ *
SUS316L= Clad™ g 50g10.58|0.78( 0.0210.001|17.14|12.17|2.75| —
(t:3+13)

* SUS329J3L, SUS316L Steel Plate (3mm)

Table 4.3.2 Mechanical properties of test steel plates

Thick. |0.2% Proof Stress|Tensile Strength |Elongation
Test Steel Plate ) )
(mm) (N/mm°®) (N/mm°®) (%)
x 16
SUS329J3L- Clad (3+13) 433 554 23
_ * 16
SUS316L- Clad (34+13) 290 480 27

* Full-Thickness Tensile Test (16mm)
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Table 4.3.3 Welding parameters of butt welded joints (FCAW)

Welding | Arc Travel Heat Welding
Test Steel Plate Build-up Sequence Current | Voltage | Speed Input | Consumables
(A) V) | (em/min) |(kd/cm) (JIS)
SUS329J3L-Clad 4,5 32 16.8 22.2 TS2209
Steel Plate -ﬁa staintess | 200 | ~33| ~17.8 | ~22.9| -FCO
+ 3 7 =
SUS329J3L-Clad "vl 1~3 | 200 24 175 15.4 T49J0T1
Steel Plate Mild Steel| ~280 ~32 ~28.3 | ~19.0] —1CA-UH5
SUS316L-Clad 4,5 200 13.9 19.4 TS309LMo
Steel Plate | [X—3—7] | Stainiess | ~220| % | ~26.0 | ~23.6| -FBO
+ 3 7
SUS316L-Clad "vl 1~3 | 200 25 19.0 19.4 T49J0T1
Steel Plate Mild Steel| ~300 ~34 ~21.0 | ~23.7| —-1CA-UH5

Plate Thickness :16 mm, Gas Flow Rate :18 2/min, Interpass Temperature =150°C

/\Q
=
| __~~
~ ; - —8 2
R.D. | R.D.
120 N pinay
(198) |
500
_ As—welded 2
E =— ——F— = F 1
Smoothing ™
(mm)
Fig.4.3.1 Shape and size of fatigue test specimen

(Butt welded joint of clad steel plate)
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Table 4.3.4 Results of fatigue test for butt welded joint
(SUS329J3L-clad steel plate. As-welded)

R=0.1
Cross— Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
S,\Fl’z;:"bneern Area Max. Min. Range Max Min. Range Failure Remark
w t A F:'max Pmin PR O-max 0-min O-R f Nf
(mm) | (mm) | (mm?) | &N) (kN) (kN) [ (N/mm2) | (N/mm2) | (N/mm32)| (Hz) (cycles)
9-1 3.15%10°| Failure of
S29U-1 36.0|16.6| 598 | 233 | 23.3 | 209 | 389 | 38.9 | 350 5 314,609 | SUS3293L Toe
9-2 7.00x 10° | Failure of
S29J-2 36.0(16.7| 601 | 200 | 20.0 | 180 | 333 | 33.3 | 300 7 700,057 |SUS329U3L Tos
9-3 5.00 X 10* | Failure of
S29J-3 36.0|16.6 | 598 | 266 | 26.6 | 239 | 444 | 444 | 400 3 50,033 | SUS329U3L Toe
9-4 9.37x10*| Failure of
S29J-4 36.0|16.6| 598 | 239 | 23.9 | 215 | 400 | 40.0 | 360 5 93,667 | SUS329U3L Toe
9-5 >2.00 x 10° .
S29J5 36.1(16.5| 596 | 179 | 17.9| 161 | 300 | 30.0 | 270 7 52,000,778 Non-Failure
9-6
S29J-6
9-7 5.51 x 10*| Failure of
S29J-7 35.9|16.5| 592 | 250 | 25.0 | 225 | 422 | 42.2 | 380 5 55,079 | SUS329U3L Toe
Table 4.3.5 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS329J3L-clad steel plate. As-welded)
' R=0.1
. . Stress Number of
[ | o | k| e | v o S S Soals
Specimen Factor Ki¢® Or Failure Remark
Number W t R 2] H B Ky On Ny
(mm) | (mm) | (mm) | ¢ ) | (mm) | (mm) (N/mm32) | (N/mm?2)| (cycles)
9-1 3.15x10°
S29U-1 36.0(166| 1.73 | 322 | 1.75 | 22.7 15 350 525 314,609
9-2 7.00x10°
S29J-2 36.0(16.7| 127 | 285 | 200 | 21.3 1.6 300 480 700057
9-3 5.00x 104
S29-3 36.0(166| 039 | 271 | 1.70 | 21.8 21 400 840 50,033
9-4 9.37x10*
5294 36.0|{166| 074 | 353 | 165 | 22.2 1.9 360 684 93,667
9-5 N _ _ _ _ |>200%10%| o
S29U-5 36.116.5 270 52,000,778 Non-Failure
9-6
S29J-6
9-7 5.51%x10*
S29-7 359 (165|043 | 302 | 1.25 | 211 20 380 760 55079
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Table 4.3.6 Results of fatigue test for butt welded joint
(SUS316L-clad steel plate. As-welded)

R=0.1
) ) Cross- Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
S'\l:jr(:bm;n Area Max Min. Range Max. Min. Range Failure Remark
w t A Pmax Pmin PR 0-mm( Omin OR f Nf
(mm) | (mm) | (mm?) | N) (kN) (kN) | (N/mm2) | (N/mm?) | (N/mm32)| (Hz) (cycles)
6-1 2.96 x 10* | Failure of
S16U-1 36.0[16.8| 605 | 202 | 20.2 | 182 | 333 33.3 300 5 29573 | SUS316L Toe
6-2 1359|16.8| 603 | 168 | 16.8 | 151 | 278 | 27.8 | 250 | 5 | %82 10" Failure of
S16J-2| ) ) ) 98,179 | SUS316L Toe
6-3 1359(16.7| 600 | 133 | 133 | 120 | 222 | 22.2 | 200 | g | -89 10° | Failure of
S16J-3| ) ) ) 159,379 | SUS316L Toe
6-4 1360/16.7| 601 | 133 | 13.3 | 120 | 222 | 222 | 200 | 7 | 126107 | Failure of
S16d-4| ) ) ) 125,768 | SUS316L Toe
6-5 2.06 x 10° | Failure of
.0/16.4 0| 124 1124 | 112 | 210 21.0 190 7 :
S16J-5 36 6 59 9 206,245 | SUS316L Toe
6-6 2.95 x 10% | Failure of
.0|16. ] g1 15. 14
S16U-6 36.0[16.6 | 598 93 9.3 | 83 56 5.6 0 9 2248737 | SUS316L Toe
6-7 1.80 x 10° | Failure of
.0|16. 11 11. 1 1 18. 1
S16U-7 36.0(16.8| 605 4 4 03 89 8.9 70 8 1800494 | SUS316L Toe
Table 4.3.7 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS316L-clad steel plate. As-welded)
R=0.1
Width | Thick. Rqu Flank | Height | Width oonizrni:tion Stress %L;rzieesrtzf
. adius | Angle | of Bead | of Bead Range . .
Specimen Factor Ki*Or Failure
Remark
Number w t R 2] H B Kt Og Nf
(mm) [ (mm) | (mm) | C ) | (mm) | (mm) (N/mm?2) | (N/mm2)| (cycles)
- 4
6-1 136.0(168] 033 | 37.1 | 285 | 213 26 300 | 780 | 2:96x10
S16J-1 29,573
6-2 9.82x10%
S16U-2 359|168 | 044 | 357 | 280 | 215 2.3 250 575 98179
6-3 1.59%x10°
S16U-3 359|167 035 | 460 | 285 | 211 2.7 200 540 159.379
6-4 1.26x10°
S16U-4 36.0(16.7| 043 | 496 | 295 | 21.7 2.6 200 520 125.768
6-5 2.06x10°
S16U-5 36.0164| 068 | 470 | 3.00 | 20.6 2.1 190 399 206,245
6-6 2.25x%10°
S16U-6 360|166 | 0.75 | 396 | 3.05 | 21.8 20 140 280 2943 737
— 6
6-7 1360|16:8| 067 | 400 | 220 | 209 20 170 | 340 | 1:80x10
S16J-7 1,800,494
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Stress Range, Oy, K.* G (N/mm?)

1000 — T
R{
700 ¥ =TT K,*Gg = 7.77 X 103+ N, 0210
" K" Ogr ~~ N = |
500 = 6,30 x 103-N,—0210 e S
& TS
300 B ® e iy
n Q
200 .'l"-
As-welded B
SUS329J3L | Ki-Og o [ ]
- Clad o, °
100[] sus3t6L | K 0 u
] -Clad p - =1 1~
70 R R=0.1
1x104 1x105 1% 108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.3.2 Results of fatigue test for butt welded joint
(K¢ Or—N¢ curves)
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Fig.4.3.3 Fracture surface and pass after fatigue test
(S29J-1, 350 N/mm?, 3.15% 10° cycles)

Fig.4.3.4 Fracture surface and pass after fatigue test
(S16J-4, 200 N/mm?, 1.26 X 10° cycles)
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Table 4.4.1 Chemical composition of test steel plates

(wt%)
Test Steel Plate C Si | Mn P S Cr Ni |Mo| N
SUS(3_219:)3L 0.013/0.55|1.81(0.026/0.000(22.55| 5.75(3.10(/0.17

SUS329J3L- Clad ¥

(t:3+13) 0.013|0.31(0.97(0.025(0.002|22.55| 5.42|3.10|0.17

SUS316L- Clad

(t:3+12) 0.0080.54(0.77/0.024|0.001(16.94 ({12.11|2.84| —

* SUS329J3L, SUS316L Steel Plate (3mm)

Table 4.4.2 Mechanical properties of test steel plates

Test Steel Plate Thick. 0.2% Proof Stress|Tensile Strength |Elongation
(mm) (N/mm?) (N/mm?) (%)
SUS329J3L 16 594 771 35
SUS329J3L- Clad* 3 _1|_61 3) 433 554 23
" 15
SUS316L- Clad (34+12) - 476 35

* Full-Thickness Tensile Test (16mm, 15mm)

Table 4.4.3 Welding parameters of full penetration cruciform
welded joints (FCAW)

Build Welding Arc Travel Heat Welding
Test Steel Plate uild-up Current | Voltage Speed Input |Consumables
Sequence A | V) | (em/min) |(kd/em)|  (JIS)
SUS329J3L-Clad 2 180 30 17.0 13.6 TS2209
Steel Plate ~200| ~32 | ~28.2 | ~22.6 -FCO
+
SUS329J3L 15.7 13.6 TS2209
Steel Plate 200 32 ~28.3 | ~24.5 -FCO

Plate Thickness : 16 mm, Gas Flow Rate :18 2/min, Interpass Temperature=150°C

— 124 —



Table 4.4.4 Welding parameters of full penetration cruciform

welded joint

. Gas Flow | Welding Arc Travel Heat
Test Steel Plate Vh:e[:::nj Rate Current | Voltage Speed Input
etho
(2/min) (A) V) (ecm/min) | (kJ/cm)
SUS316L-Clad 170 29 20.1 6.7
+SUS329J3L FCAW 18 ~200 ~32 ~45.0 ~17.8
13,12 _3
Ava"4
o
- = (=]
FAvaY
1
MS Dressing] | S Sus32eu3L. .
7o) W y_J— ©
: —%
Dressing\’
SUS329J3L-Clad, SUS316L-Clad~"| y
16, 15
-
500 .
(mm)
Fig.4.4.1 Shape and size of fatigue test specimen

(Load-carrying full penetration cruciform welded joint)
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Table 4.4.5 Results of fatigue test for load-carrying full penetration
cruciform welded joint
(SUS329J3L-clad+SUS329J3L steel plate. As-welded)

R=0.1
) ) Cros.s— Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
S’\‘l’jr‘;'[)“eern Area Max. Min. Range Max. Min. Range Failure Remark
w t A Pmax F’min F,R Omax o-min 0-R f Nf

(mm) (mm) | (mm? | (N) (kN) kN) | (N/mm2) | (N/mm?) | (N/mm?) | (Hz) (cycles)

- 5 .
P11 60.1 | 16.3 | 980 | 327 | 32.7 | 294 | 334 | 334 | 300 | 5 |!12%10 Failure of

SCCA-1 111,915 | SUS329J3L Toe
P-2 3.59 x 10° Failure of
SCCA-2 60.1 | 16.3 | 980 | 218 | 21.8 | 196 | 222 | 22.2 200 8 358.921 | SUS329U3L Toe
P-3 2.56 x 10° Failure of
SCCA-3 60.1 | 16.5 | 992 | 276 | 27.6 | 248 | 278 | 27.8 250 6 255990 | SUS329J3L Toe
P-4 553%10°|  Failure of
SCCA-4 60.2 | 16.4 | 987 | 187 | 18.7 | 168 | 189 18.9 170 8 553320 | SUS329J3L Toe
P-5 1.60 % 10° Failure of
SCCA-5 60.1 | 16.4 | 986 | 131 | 13.1 | 118 | 133 13.3 120 8 1598826 | SUS329J3L Toe

P-6
SCCA-6
P-7
SCCA-7

Table 4.4.6 Results of fatigue test for load-carrying full penetration
cruciform welded joint
(SUS316L-clad+SUS329J3L steel plate. As-welded)

R=0.1
i ) Cross- Test Load Test Stress Number of
Width | Thick. | section Freq. | Cycles to
Speci ; ) .
,:z::;:,n Area Max. Min. | Range | Max. Min. Range Failure Remark
w t A Pmax Pmin PR o-max 0min O-R f Nf

(mm) (mm) | (mm? | &N) (kN) (kN) [ (N/mm?) [ (N/mm?) | (N/mm?)| (Hz) (cycles)

FPLO2-1| 60.0 | 16.5 | 990 | 330 | 33.0 | 207 | 333 | 333 | 300 | 5 | 282x10°
' ' ' : 282,300

FPL02-2| 60.0 | 16.5 | 990 | 220 | 22.0 | 198 | 222 | 22.2 | 200 | 8 |>201%10% | \or Faiure
: : : ' >2,010,003

j 1.38x10°
FPLO2-3| 60.0 | 16.6 | 996 | 440 | 44.0 | 396 | 442 | 44.2 | 398 3 138 150

] 1.41%x10°
FPLO2-4| 60.0 | 16.5 | 990 | 275 | 275 | 248 | 278 27.8 250 7 1.405.029

. 1.68x10°
FPLO2-5| 60.0 | 16.6 | 996 | 387 | 38.7 | 348 | 389 | 389 | 350 | 4 168 245

. 5.51%10°
FPLO2-6| 60.0 | 16.5 | 990 | 330 | 33.0 | 297 | 333 | 33.3 | 300 5 551072

- 3.74%x10°
FPLO2-7| 60.0 | 16.6 | 996 | 277 | 27.7 | 249 | 278 27.8 250 7 374079
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cruciform welded joint

(SUS316L-clad+SUS329J3L steel plate. Dressing by grinding)

Table 4.4.7 Results of fatigue test for load-carrying full penetration

R=0.1
) . Cross= Test Load Test Stress Number of
Width | Thick. | section Freg. Cycles to
Sﬁjsj:;n Area Max. Min. Range Max Min. Range Failure Remark
w t A Pmax Pmin PR 0-max 0-min 0-R f Nf
(mm) (mm) | (mm? | (N) (kN) (kN) | (N/mm®) | (N/mm®) | (N/mm?) | (Hz) (cycles)
B >2.01x10° | Failure from
FPLOT-1| 60.0 | 165 | 990 | 275 | 27.5 | 248 | 278 | 27.8 | 250 | 7 |70 IR Taure om
8.32x10%
FPLO1-2| 60.0 | 16.5 | 990 | 330 | 33.0 | 207 | 333 | 333 | 300 | 5 | °°2* 1
5
FPLO1-3| 60.0 | 16.6 | 996 | 443 | 44.3 | 399 | 444 | 444 | 400 | 3 |?2%!1x10" | Base Plate
>210,573 Failure
4.54x10°
FPLOT-4| 60.0 | 16.7 | 1002 | 390 | 39.0 | 351 | 389 | 38.9 | 350 | 4 | *>A"10
5
FPLO1-5| 60.0 | 16.8 | 1008 | 448 | 44.8 | 403 | 444 | 444 | 400 | 3 >‘>'f§3"4‘6°1 Base Plate
, Failure
5
FPLO1-6| 60.0 | 16.7 | 1002 | 445 | 445 | 401 | 444 | 44.4 | 400 | 3 "19:8"213%
FPLO1-7

cruciform welded joint

(SUS316L-clad+SUS329J3L steel plate. Dressing by TIG arc)

Table 4.4.8 Results of fatigue test for load-carrying full penetration

R=0.1
) ) Cross- Test Load Test Stress Number of
Width | Thick. |section Freq. Cycles to
slsz::gzn Area Max Min. Range Max Min. Range Failure Remark
w t A Pmax Pmin PR 0-max 0-min 0-R f Nf
(mm) | (mm) | (mm?) | (kN) (kN) kN) | (N/mm?) | (N/mm?) | (N/mm?)| (Hz) (cycles)
4 .
FPLO3-1| 60.0 | 16.5 | 990 | 440 | 44.0 | 396 | 444 | 44.4 | 400 | 3 |>%50% 107 Failure from
>94972 Weld Bead
3.60x10°
FPLO3-2| 60.0 | 16.5 | 990 | 385 | 38.5 | 347 | 389 | 38.9 | 350 | 4
360,078
5 .
FPLO3-3| 60.0 | 16.6 | 996 | 332 | 33.2 | 299 | 333 | 333 | 300 | 5 |”405%10%| Failure from
>405,251 Weld Bead
_ >5.78 x10°| Failure from
FPLO3-4| 60.0 | 16.7 | 1002| 278 | 27.8 | 250 | 278 | 27.8 | 250 | 7 | 3" o) Falure fror
3.35x10°
FPLO3-5| 60.0 | 16.7 | 1002 | 334 | 33.4 | 301 | 333 | 33.3 | 300 | 5
334,854
6 .
FPLO3-6| 60.0 | 16.7 | 1002 | 223 | 22.3 | 201 | 223 | 22.3 | 200 | 10 | 21-13> 107 Failure from
>1,150,848 Weld Bead
_ >1.83x10°| Failure from
FPLO3-7| 60.0 | 16.7 | 1002| 278 | 27.8 | 250 | 278 | 27.8 | 250 | 7 |3 gl falure et
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Stress Range, Gz (N/mm?)

700
- 3.N —0.210
500 | o, 485X 10°N,~0204 o
1 X 103:N.~©
1 ] T4 U : f |
Gr= .24x103-Nf—m Q_ |
300 - :
o S
200 N
Aswelded Dressing
s-welde Grinding | TIG Arc _
SUS316L-Clad
+susaonL | @ © © - R=0.1
100 | | | ] [ 1 11 | | | | | | I
1x104 1x10° 1x108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.4.2 Results of fatigue test for load-carrying
full penetration cruciform welded joint
(Or—Ns curves)
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Fig.4.4.3 Fracture surface and pass after fatigue test
(SCCA-4, 170 N/mm?, 5.53 X 10° cycles)

2 a2 9@

Fig.4.4.4 Fracture surface and pass after fatigue test
(FPLO2-3, 398 N/mm?, 1.38 X 10° cycles)
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FPLO1-4

5678 9

M1 213a

Fig.4.4.5 Fracture surface and pass after fatigue test
(FPLO1-4, 350 N/mm?, 4.54 X 10° cycles)

L ¥

891234567829

Fig.4.4.6 Fracture surface and pass after fatigue test
(FPLO3-2, 350 N/mm?, 3.60 X 10° cycles)
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Table 4.4.9 Results of fatigue test for load-carrying full penetration
cruciform welded joint (Correct by K.)
(SUS329J3L-clad+SUS329J3L steel plate. As-welded)

R=0.1
Vertical |Horizontal _— Str Number of
Width | Thick. RZS:‘S ;I:r';k eLe;:a QLeog ¢ Prsfdctlon Conceneti:tion Stress CL:/cIeZ tc;
. gle idth Range B X
Specimen Length Length Factor Kt OR Failure R
emark
Number | v | ¢ | R | @ h hp B Ky Og N¢
(mm) [ (mm) | (mm) | ¢ ) | (mm) | (mm) (mm) (N/mm?) | (N/mm?)| (cycles)
P-1 1.12x10°
SCCA-1 60.1]16.3(246 | 436 | 116 14.7 16.9 2.2 300 660 111,915
p-2 3.59x10°
SCCA-2 60.1]16.3|246 |46.0| 13.7 14.2 17.0 2.3 200 460 358.921
pP-3 2.56 X 10°
SCCA-3 60.1]16.5|2.69|38.7| 13.0 15.2 17.2 21 250 525 255,990
P-4 5.53%x10°
SCCA-4 60.2|16.4| 132|458 | 13.6 13.0 16.9 2.7 170 459 553,320
P-5 1.60x10°
SCCA-5 60.1]16.4|(1.25[470| 133 144 16.8 2.8 120 336 1598.826
P-6
SCCA-6
P-7
SCCA-7
1000
&
£
= 700 “--\.\
=z ~ K, Gp = 7.13 X 103+N,~0210
= 500 i oo
© o0
Y 1
L;: \.“-\
b 300 @
g o
-
S 200 L
@
o As-welded
Q
5 SUS329J3L-Clad [K'Og| @
%) +SUS3293L [ g ° o R=0.1
100 ] ] N I R
1 %104 1x10° 1x 108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.4.7 Results of fatigue test for load-carrying
full penetration cruciform welded joint
(Or-N¢ , Ki*Or—Ns¢ curve)
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Table 4.4.10 Results of fatigue test for load-carrying full penetration
cruciform welded joint (Correct by K.)
(SUS316L-clad+SUS329J3L steel plate. As-welded)

R=0.1
Vertical |Horizontal L Stress Number of
Width | Thick. R:Ziis ;l:r;l; Leg Leg Pr;ﬁ;ﬂon Concentration 2:’:5: K¢* Ogr Cycles to
Specimen e Length Length Factor & Failure Remark
Number | w | ¢t | R | @ h hp B Ks Or Ng
(mm) | (mm) | (mm) | ) | (mm) | (mm) (mm) (N/mm?) | (N/mm32)| (cycles)
B 2.82%x10°
FPLO2-1(60.0|16.5| 5.7 | 184 | 149 | 159 | 165 14 300 | 420 282900
6
FPLO2-2|60.0|16.5| 58 | 184 | 145 | 169 | 165 14 200 | 280 ;gg}g‘o‘og Non—Failure
5
FPLO2-3/60.0|16.6| 104 | 125| 126 | 172 | 165 12 398 | 478 ‘f’fs’jljg
_ 1.41x 108
FPLO2-4/60.0|16.5| 106 | 182 | 149 | 166 | 165 13 250 | 825 | "o
5
FPLO2-5(60.0|16.6| 6.0 | 188 | 139 | 158 | 165 14 350 | 490 1'?:;211%
5
FPLO2-6|60.0|16.5| 76 | 156 | 123 | 17.7 | 165 13 300 | 390 | %51x10
551,072
_ 3.74x10°
FPLO2-7/600|16.6| 48 | 189 | 130 | 172 | 165 15 250 | 375 174079
£ 700
\E R
= 500 e
~ K,*Og = 5.90 X 103+ N, 0210
X 300 @
ol G = 4.24 X 10%-N,
g 200
5 As-welded
o
* SUS316L-Clad | Ki"Og d ;
7 s
5 +SUS32003L | g ° R=0.1
a 100 H H H H [ H H H .
1 x 104 1x10° 1x106 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.4.8 Results of fatigue test for load-carrying
full penetration cruciform welded joint
(Or—-N: curve, K. Or—N¢ curve)
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Table 4.4.11 Results of fatigue test for load-carrying full penetration
cruciform welded joint (Correct by K.)
(SUS316L-clad+SUS329J3L steel plate. Dressing by grinding)

R=0.1
Vertical |Horizontal - Stress Number of
Width | Thick. RTZ.e ;Ianlk Leg Leg Pr%?;:m Concentration ztress Kt°0R Cycles to
Specimen adius nele Length Length Factor ange Failure Remark
Number | w | ¢ | R | 6 h hp B Ky Or N¢
(mm) | (mm) | (mm) | ¢ ) | (mm) | (mm) (mm) (N/mm?) [ (N/mm?)| (cycles)
_ >2.01%x10° | Failure from
FPLO1-1|60.0{16.5| 153 | 141 | 13.3 17.6 16.5 1.2 250 300 $2.009.046 | Carbor Steel
_ 8.32x10°
FPLO1-2/60.0{16.5]| 149 | 130 | 16.6 21.0 16.5 1.2 300 360 832 461
5
FPLO1-3|60.0|16.6| 14.7 | 151 | 149 | 196 | 165 12 400 | 480 |”%!1%10"| Base Plate
>210,573 Failure
5
FPLO1-4|60.0|16.7| 14.4 | 142 | 148 | 182 | 165 1.2 350 | 420 | 454x10
453,601
5
FPLO1-5(60.0|16.8| 15.1 | 148 | 135 | 210 | 165 1.2 400 | 480 |”1-33%107 Base Plate
>133,461 Failure
1.98%x10°
FPLO1-6|60.0|{16.7| 148 | 148 | 13.7 16.0 16.5 1.2 400 480
198,255
FPLO1-7
£ 700
E
> 500 ~L
& o _ 10 | [K0g=590X 108N, 0210
t?-u — 3 —0.210 Q\\-"('g
< 200 O = 5.20 X 103-N, 0 Ny P
X S IS
- \(t
©
& 200 Dressing
d:Cu Grinding
* SUS316L-Clad | Ki"Og o
[72]
a 100 H H H H [ H H .
1x104 1x10° 1x108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.4.9 Results of fatigue test for load-carrying
full penetration cruciform welded joint
(Or—-Nt curve, K. Or—N;¢ curve)
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Table 4.4.12 Results of fatigue test for load-carrying full penetration

cruciform welded joint (Correct by K; )

(SUS316L-clad+SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
Vertical | Horizontal L Stress Numb f
Width | Thick. RTo‘e Flank Leg Leg PmJ?thon Concentration Stress Ki*O Cyngle:';:
. adius | Angle Width Range t VR )
Specimen Length | Length Factor Failure Remark
Number w t R 2] h hp B Ky Or N
(mm) | (mm)| (mm) | ¢ ) | (mm) | (mm) (mm) (N/mm2) | (N/mm?2)| (cycles)
_ >9.50x 10* | Failure from
FPLO3-1/60.0(16.5| 12.1 | 19.7 | 10.3 21.7 16.5 1.3 400 520 594972 | Weld Bead
3.60 x 10°
FPLO3-2|60.0(16.5| 155 | 14.7| 105 22.3 16.5 1.2 350 420 360078
_ >4.05% 10° | Failure from
FPLO3-3/60.0(16.6| 10.2 | 30.7 | 129 21.1 16.5 15 300 450 405,251 Weld Bead
_ >5.78 X 10° | Failure from
FPLO3-4/60.0/16.7| 129 | 256 | 115 208 16.5 14 250 350 $578.362 Weld Bead
_ 3.35%x 10°
FPLO3-5/60.0|16.7| 124 | 271 | 154 15.0 16.5 14 300 420 334 854
_ >1.15x10° | Failure from
FPLO3-6/60.0|16.7| 10.1 | 188 | 13.1 220 16.5 14 200 280 51150848 | Weld Bead
_ >1.83%10°% | Failure from
FPLO3-7/60.0(16.7| 168 | 156 | 125 22.8 16.5 1.2 250 300 51825765 | Weld Bead
&
E 700
—
> 500 : ?g\\
= i ‘“‘\<g§ K,"Og = 5.90 X 103-N,~0210
@) N To— ~—
. 3 —okQ e ¥
}Z‘J GR:485X10 'Nf : $ \f\
300 OO
5 & 0
- S ™
g 200 [ Dressing <
d:% TIG Arc
- SUS316L-Clad| Ki*Og <&
7]
a 100 i 1 T 1 1 i1 P4
1x104 1x10°5 1x106 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.4.10 Results of fatigue test for load-carrying
full penetration cruciform welded joint
(Or—Ns curve, Ki* Or—Ns¢ curve)
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Table 4.5.1 Chemical composition of test steel plates
(wt%)

Test Steel Plate C Si [Mn| P S Cr Ni {Mo| N
ey |0.013]0.55/1.81(0.026/0.000|22.55| 5.75|3.10[0.17
SUS32943L~ Clad ™ |0 1|0 o1 lo 0216.05(0.002 2255 5.423.10]0.17

(t:3+13) R R e M i L
SUS316L- Clad ™ 0.008|0.58 [0.78/0.021(0.001|17.14|12.17 |2.75| —

(t:3413) it hetasl et heasl b S

* SUS329J3L, SUS316L Steel Plate (3mm)

Table 4.5.2 Mechanical properties of test steel plates

Test Steel Plate Thick. 0.2% Proof Stress | Tensile Strength | Elongation
(mm) (N/mm?) (N/mm?) (%)
SUS329J3L 16 594 771 35
* 16
SUS329J3L- Clad (3+13) 433 554 23
SUS316L- Clad* 16 290 480 27
2 (3413)

* Full-Thickness Tensile Test (16mm)
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Table 4.5.3 Welding parameters of full penetration cruciform

welded joints (FCAW)

Build Welding Arc Travel Heat Welding
Test Steel Plate urld-up Current | Voltage Speed Input | Consumables
Sequence A | V) |(cm/min) |(/em)|  (IS)
SUS329J3L-Clad 2 180 30 17.0 13.6 TS2209
Steel Plate ~200 ~32 ~28.2 | ~22.6 -FCO
+
SUS329J3L 15.7 13.6 TS2209
Steel Plate 200 32 ~9283 | ~24.5 -FCO

Plate Thickness : 16 mm,

Table 4.5.4 Welding parameters of full penetration cruciform

welded joint

Gas Flow Rate :18 2/min,

Interpass Temperature =150°C

. Gas Flow | Welding Arc Travel Heat
Test Steel Plate VhXeItt:’mg Rate Current | Voltage Speed Input
etho
(2/min) (A) V) (ecm/min) | (kd/cm)
SUS316L—-Clad 170 29 20.1 6.7
+SUS329J3L FCAW 18 ~200 ~32 ~450 ~17.8
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Fig.4.5.1 Shape and size of fatigue test specimen

(Non-load-carrying full penetration cruciform welded joint)
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Fig.4.5.2 Shape and size of fatigue test specimen
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(Non-load-carrying full penetration cruciform welded joint)
(Dressing by grinding. Dressing by TIG arc)
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Table 4.5.5 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint
(SUS329J3L-clad+SUS329J3L steel plate. As-welded)

R=0.1
) ) Cross— Test Load Test Stress Number of
Width | Thick. | section Frea. | Cycles to
S’\;I)Sr(:Ln;n Area Max. Min. Range Max. Min. Range Failure Remark
w t A Pmax Pmin PR O-max O-min O-R f Nf

(mm) | (mm) | (mm?) | (&N) (kN) kN) [ (N/mm?) | (N/mm?) | (N/mm?)| (Hz) (cycles)

A= 1 600 | 16.7 | 1002| 334 | 33.4 | 301 | 333 | 33.3 | 300 | 5 | 266%10 Failure of

SNCA-1 26,601 | SUS329J3L Toe
A-2 4.48 x10° Failure of
SNCA-2 60.0 | 16.6 | 996 | 166 | 16.6 | 149 167 16.7 150 8 447647 | SUS329J3L Toe
A-3 4.37%10° Failure of
SNCA-3 60.0 | 16.6 | 996 | 132 | 13.2 | 119 | 133 13.3 120 8 436,586 | SUS329J3L Toe
A-4 7.49 x 10* Failure of
SNCA-4 60.1 | 16.6 | 998 | 222 | 22.2 | 200 | 222 22.2 200 7 74907 | SUS329J3L Toe

A-5 >2.23 % 10° .
SNCA-5 60.1 | 16.6 | 998 | 88.7 | 8.9 | 79.8 | 88.9 8.9 80 10 52932 866 Non—Failure
A-6 1.07 x 108 Failure of
SNCA=6 60.0 | 16.7 [ 1002 | 111 | 11.1 ] 100 | 111 11.1 100 9 1071.265 | SUS32943L Toe
A-7
SNCA-7

Table 4.5.6 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by K.)
(SUS329J3L-clad+SUS329J3L steel plate. As-welded)

R=0.1
Vertical |Horizontal L Stress Number of
Width | Thick. RTole Flank Leg Leg PrOerctlon Concentration Stress Cycles to
. adius | Angle Width Range . .
Specimen Length Length Factor Kt OR Failure R
Number emark
w t R 6 h hp B Ky Ogr N¢
(mm) | (mm) | (mm) | ) | (mm) | (mm) | (mm) (N/mm?) | (N/mm?)| (cycles)
A-1 2.66 x10*
SNCA-1 60.0(16.7|1.18 | 47.7 | 133 11.8 16.4 2.8 300 840 26 601
A-2 4.48%10°
SNCA-2 60.0/16.6| 1.06 | 499 | 15.3 124 16.3 29 150 435 447,647
A-3 (3.4) 4.37x10°
SNCA-3 60.0/16.6|0.61 | 46.0 | 14.7 129 16.5 3.0 120 360 436,586
A-4 Q.1 7.49 x 10*
SNCA-4 60.1{16.6|0.68 | 38.9 | 15.0 13.0 16.6 3.0 200 600 74,907
A-5 _ B B B _ _ _ >2.23%10° .y
SNCA-5 60.1|16.6 80 $2.232 866 Non—Failure
A-6 (3.4) 1.07x10°
SNCA-6 60.0{16.7| 0.70 | 499 | 15.1 12.0 16.4 3.0 100 300 1071.265
A-7
SNCA-7
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Table 4.5.7 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint

(SUS329J3L-clad+SUS329J3L steel plate. Dressing by grinding)

R=0.1
_ ) Cros.s— Test Load Test Stress Number of
Width Thick. | section Freq. Cycles to
Specimen Area Max. Min. Range Max. Min. Range Failure R
emark
Number w t A Pmax F)min PR 0-max 0-min 0-R f Nf
(mm) | (mm) | (mm2) | (N) (kN) kN) | (N/mm®) | (N/mm2)| (N/mm?)| (Hz) (cycles)

B-1 6.30 x 10* Failure of
SNCG-1 60.1 | 16.6 | 998 | 333 | 33.3 | 299 | 333 | 33.3 | 300 5 62,953 | SUS329J3L Toe
B-2 9.05x 10° Failure of
SNCG-2 60.1 | 16.7 | 1004 | 168 | 16.8 | 151 167 16.7 150 8 904,505 | SUS329J3L Toe
B-3 3.22x10° Failure of
SNCG-3 60.0 | 16.6 | 996 | 221 | 22.1 | 199 | 222 | 22.2 | 200 6 322.267 | SUS329J3L Toe

B-4 >2.09 x 10° :
SNCG-4 60.0 | 16,5 | 990 | 132 | 13.2 | 119 | 133 | 13.3 | 120 8 52,086,000 Non-Failure
B-5 1.23%x10° Failure of
SNCG=5 60.0 | 16.5 | 990 | 275 | 27.5 | 247 | 278 | 27.8 | 250 6 123427 | SUS329J3L Toe
B-6 5.26 x 10* Failure of
SNCG-6 60.0 | 16.4 | 984 | 361 | 36.1 | 325 | 367 | 36.7 | 330 3 52594 | SUS329J3L Toe
B-7
SNCG-7

Table 4.5.8 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by K, )
(SUS329J3L-clad+SUS329J3L steel plate. Dressing by grinding)

R=0.1
Width | Thick. RT°.e Flank Vegigcal Hortze(;ntal Projection conz;et:tion Stress T:“yfféirtf
X adius | Angle Width Range . X
Specimen Length Length Factor Kt Or Failure R
Number emark
wl|t| R| B h hp B Ky Or N¢
(mm) [ (mm) | (mm) | ¢ ) | (mm) | (mm) (mm) (N/mm?) | (N/mm2)| (cycles)

B-1 6.30x 10*
SNCG-1 60.1]16.6| 2.61 | 450 | 150 12.1 16.5 2.2 300 660 62,953

B-2 9.05%10°
SNCG-2 60.1/16.7]2.79 | 438 | 164 13.1 16.7 2.2 150 330 904,505

B-3 3.22x10°
SNCG-3 60.0/16.6|3.04 | 486 | 16.0 11.7 16.4 2.2 200 440 322,267

B-4 >2.09%10° .
SNCG-4 60.0|16.5| - - - - - - 120 - 52,086,000 Non-Failure

B-5 1.23x10°
SNCG-5 60.0|16.5| 3.14 | 535 | 15.7 115 16.4 2.2 250 550 123427

B-6 5.26x10*
SNCG-6 60.0/16.4| 354|425 | 153 11.9 16.4 20 330 660 52.504

B-7
SNCG-7
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Table 4.5.9 Results of fatigue test for non-load-carrying full penetration

cruciform welded joint
(SUS316L-clad+SUS329J3L steel plate. As-welded)

R=0.1
_ ) Cross= Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
S’El)z;i[)n;n Area Max. Min. Range Max. Min. Range Failure Remark
w t A Pmax Pmin I:)R o max (0 min o R f Nf
(mm) | (mm) | (mm? | &N) (kN) kN) [ (N/mm?) [ (N/mm?) | (N/mm?) | (Hz) (cycles)
B 8.76 x10* | Failure of
FPLN1-1| 60.0 | 16.2 | 972 | 324 | 32.4 | 292 | 333 33.3 300 5 87.580 | SUS316L Toe
_ 8.31x10%| Failure of
FPLN1-2| 60.0 | 16.3 | 978 | 163 | 16.3 | 147 167 16.7 150 10 831223 | SUS316L Tos
_ 6.77x10° | Failure of
FPLN1-3| 60.2 | 16.2 | 975 | 217 | 21.7 | 195 | 222 22.2 200 7 676.983 | SUS316L Toe
B 1.66x10° |  Failure of
FPLN1-4| 60.1 | 16.2 | 974 | 271 | 27.1 | 244 | 278 | 27.8 | 250 7 166,382 | SUS316L Toe
_ >2.02x10° .
FPLN1-5| 60.0 | 16.2 | 972 | 130 | 13.0 | 117 | 134 13.4 120 8 59,022,206 Non—Failure
B 6.66x10° | Failure of
FPLN1-6| 60.0 | 16.2 | 972 | 216 | 21.6 | 194 | 222 22.2 200 7 666317 | SUS316L Toe
FPLN1-7
Table 4.5.10 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by K.)
(SUS316L-clad+SUS329J3L steel plate. As-welded)
R=0.1
Vertical |Horizontal L Stress Number of
Width | Thick. R-argiZs :\I:;II; Leg Leg Pr;fl?;tthlon Concentration g::;: K¢® OR Cyc!es to
Specimen Length Length Factor Failure Remark
Number W t R 0 h hp B Ky Or N¢
(mm) | (mm) | (mm) | C ) | (mm) | (mm) (mm) (N/mm2) | (N/mm2) | (cycles)
4
FPLN1-1/60.0|16.2| 45 | 297 | 147 | 137 | 165 17 300 | 510 8'7867"5‘8%
8.31x10°
FPLN1-2(60.0|16.3| 14 |269| 164 | 155 | 165 2.2 150 330 531223
6.77%x10°
FPLN1-3[60.2|16.2| 49 |334| 147 | 146 | 165 1.7 200 340 676 983
1.66 x 10°
FPLN1-4(60.1|16.2| 34 |305| 146 | 137 | 165 18 250 450 166,382
>2.02x 108 .
FPLN1-5|60.0|16.2| 25 |348| 162 | 140 | 165 2.1 120 252 | S5 000 906 | Non-Failure
5
FPLN1-6/60.0|16.2| 32 | 358| 180 | 141 | 165 19 200 | 380 6'556"3‘13
FPLN1-7
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Table 4.5.11

Results of fatigue test for non-load-carrying full penetration
cruciform welded joint

(SUS316L-clad+SUS329J3L steel plate. Dressing by grinding)

R=0.1
i ) Cross= Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
Sﬁzg:;n Area Max. Min. Range Max. Min. Range Failure Remark
w t A Pmax I:)min I:’R Omax 0-min O-R f Nf
(mm) (mm) | (mm?) | (kN) (kN) kN) | (N/mm?) | (N/mm?) | (N/mm?)| (Hz) (cycles)
6
FPLN2-1| 60.2 | 16.1 | 969 | 215 | 215 | 194 | 222 | 22.2 | 200 | 8 >>22-°0°Og;‘5’7 Non—Failure
5 .
FPLN2-2| 60.3 | 16.0 | 965 | 322 | 32.2 | 290 | 333 | 33.3 | 300 | 7 |”'42%10" | Failure from
>141,965 | Carbon Steel
_ >8.87x10° | Failure from
FPLN2-3| 60.0 | 15.9 | 954 | 265 | 26.5 | 239 | 278 | 27.8 | 250 | 7 |7SG0% 7 | Teiure rom
5 .
FPLN2-4| 60.1 | 16.0 | 962 | 320 | 32.0 | 288 | 333 | 33.3 | 300 | 7 >3;§16(’)‘g$5 Failure from
) Carbon Steel
FPLN2-5
FPLN2-6
FPLN2-7

Table 4.5.12 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by K,)
(SUS316L-clad+SUS329J3L steel plate. Dressing by grinding)

R=0.1
Vertical [Horizontal - Stress Number of
Width | Thick. RTo.e Flank Leg Leg Prmgctlon Concentration Stress K,*O Cycles to
. adius | Angle Width Range t OR !
Specimen Length Length Factor Failure R K
Number w t R 0 h hp B K o N emar!
t R f
(mm) | (mm) | (mm) | ¢ ) | (mm) | (mm) (mm) (N/mm?) | (N/mm?)| (cycles)
_ >2.00x10° i
FPLN2-1|60.2|16.1| 9.8 | 19.0| 18.9 16.2 16.5 14 200 280 52000257 Non-Failure
_ >1.42x10° | Failure from
FPLN2-2|/60.3(16.0] 9.1 |40.1 | 190 | 170 16.5 1.6 300 480 $141.965 | Carbon Steel
_ >8.87x10° | Failure from
FPLN2-3|/60.0(159| 112|172 | 18.1 17.3 16.5 1.3 250 325 $887.021 | Carbon Steel
_ >3.61x10° | Failure from
FPLN2-4|/60.1(16.0| 8.7 | 173 | 186 | 17.0 16.5 1.3 300 390 $360.675 | Garbon Steel
FPLN2-5
FPLN2-6
FPLN2-7
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Table 4.5.13 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint

(SUS316L-clad+SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
i ) Cross= Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
Specimen Area Max. Min. Range Max Min. Range Failure
Remark
Number w t A Pmax I:’min PR O-mnx 0-min 0-R f Nf
(mm) (mm) | (mm?) (kN) (kN) kN) [ (N/mm?) | (N/mm?) | (N/mm?)| (Hz) (cycles)
_ 5.69%10° | Failure of
FPLN3-1| 60.0 | 16.1 | 966 | 268 | 26.8 | 241 278 27.8 250 7 569.200 |SUS316L toe
_ 1.09x10° | Failure of
FPLN3-2| 60.0 | 16.1 | 966 | 215 | 21.5 | 194 | 222 22.2 200 8 1.091.605 | SUS316L toe
6
FPLN3-3| 60.1 | 16.0 | 962 | 182 | 182 | 164 | 189 | 18.9 | 170 | 8 ;;-831"2‘0"3 Non~Failure
_ 2.53x10° | Failure of
FPLN3-4| 60.0 | 16.1 | 966 | 322 | 32.2 | 290 | 333 33.3 300 7 252848 |SUS316L toe
_ 2.10x10° | Failure of
FPLN3-5| 60.0 | 16.1 | 966 | 322 | 32.2 | 290 | 333 33.3 300 7 210452 |SUS316L toe
FPLN3-6
FPLN3-7

Table 4.5.14 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by K:)
(SUS316L-clad+SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
Vertical |Horizontal L Stress Number of
. Width | Thick. R::i)izs ;I:gr';l; Leg Leg Pr;ﬁ;{t}:an Concentration 2::;: Kt°0R Cyc!es to
Specimen Length Length Factor Failure Remark
Number | w | ¢ | R | 6 h hp B Ky Or N¢
(mm) [ (mm) | (mm) | ) | (mm) | (mm) | (mm) (N/mm?) | (N/mm?) | (cycles)
5.69%10°
FPLN3-1(60.0|16.1| 109 | 27.7 | 17.3 13.2 16.5 14 250 350 569,200
_ 1.09x10°
FPLN3-2(60.0(16.1| 6.6 | 31.3| 16.9 153 16.5 1.6 200 320 1091.605
6
FPLN3-3/60.1|16.0| 119|369 | 163 | 162 | 165 15 170 | 255 ;g-g;"z‘o‘; Non—Failure
_ 2.53x10°
FPLN3-4(60.0|16.1| 126 | 30.0 | 15.1 14.7 16.5 14 300 420 252,848
5
FPLN3-5|60.0|16.1| 96 |335| 162 | 141 | 165 15 300 | 450 | Z0%10
FPLN3-6
FPLN3-7
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Fig.4.5.4 Results of fatigue test for non-load-carrying
full penetration cruciform welded joint
(Or—Ns curve, K. Or—N; curve)
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Fig.4.5.5 Results of fatigue test for non-load-carrying
full penetration cruciform welded joint
(Or—N: curve, K. Or—N; curve)
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Fig.4.5.6 Results of fatigue test for non-load-carrying
full penetration cruciform welded joint
(Or—Ns curve, K. Or—N; curve)
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Fig.4.5.7 Fracture surface and pass after fatigue test
(SNCA-3, 120 N/mm?, 4.37 X 10° cycles)

Fig.4.5.8 Fracture surface and pass after fatigue test
(SNCG-2, 150 N/mm?, 9.05 X 10° cycles)
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Fig.4.5.9 Fracture surface and pass after fatigue test
(FPLN1-4, 250 N/mm?, 1.66 X 10° cycles)

Y S |

Fig.4.5.10 Fracture surface and pass after fatigue test
(FPLN3-2, 200 N/mm?, 1.09 X 10° cycles)
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Table 4.6.1 Chemical composition of test steel plate

(wt%)
Test Steel Plate| C Si | Mn P S Cr Ni {Mo]| N
SU(§?12§;J3L 0.0080.56(1.80|0.025(0.001({22.50(5.80(3.10| 0.16

Table 4.6.2 Mechanical properties of test steel plate

Test Steel Plate Thick. | 0.2 % Proof Stress | Tensile Strength | Elongation | Hardness
(mm) (N/mm?) (N/mm?) (%) (HV)
SUS329J3L 16 615 772 38 255

Table 4.6.3 Welding parameters of non-load-carrying cruciform
fillet welded joint

] Gas Flow | Welding Arc Travel Heat
Test Steel Plate Vh:elJ:::ng Rate Current | Voltage Speed Input
etho
(2/min) (A) V) (ecm/min) | (kd/cm)
SUS329J3L 31.6 9.3
+SUS329J3L FCAW 18 190 32 ~39.1 ~11.5
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Fig.4.6.1 Shape and size of fatigue test specimen
(Non-load-carrying cruciform fillet welded joint)

Table 4.6.4 Results of fatigue test for non-load-carrying cruciform fillet
welded joint
(SUS329J3L+SUS329J3L steel plate. As-welded)

R=0.1
) ) Cross= Test Load Test Stress Number of
Width Thick. | section Freq. Cycles to
Specimen Area Max. Min. Range Max. Min. Range Failure
Number Remark
w t A Pmax Pmin I:’R 0-ma)( Onmin O-R f Nf

(mm) | (mm) | (mm% | (N) (kN) (kN) [ (N/mm?) [ (N/mm?) | (N/mm?) | (Hz) (cycles)

5
FWLN1-1| 60.1 | 16.3 | 980 | 327 | 32.7 | 294 | 333 | 333 | 300 | 5 "ﬂ]oxg;‘;

2.46 x10°
FWLN1-2| 60.0 | 16.3 | 978 | 272 | 27.2 | 245 | 278 | 27.8 | 250 7 245 696

_ >2.35x10° e
FWLN1-3| 59.8 | 16.2 | 969 | 129 | 129 | 116 | 133 | 13.3 | 120 | 10 $2.352 501 Non—Failure

FWLN1-4

i} 5.40 X 10°
FWLN1-5| 60.1 | 16.2 | 974 | 217 | 21.7 | 195 | 222 22.2 200 8 539,864

FWLN1-6| 60.1 | 163 | 980 | 163 | 16.3 | 147 | 166 | 16.6 | 150 | 10 | 133X 10°
' ' ' : 1,329,481

5.37x10*
FWLN1-7| 60.0 | 16.3 | 978 | 380 | 38.0 | 342 | 389 38.9 350 4 53711
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Table 4.6.5 Results of fatigue test for non-load-carrying cruciform fillet
welded joint
(SUS329J3L+SUS329J3L steel plate. Dressing by grinding)

R=0.1
i ) Cross- Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
Sﬁj;:;n;n Area Max Min. Range Max. Min. Range Failure Remark
w t A Pmax Pmin I:)R Gmax 0-min 0-R f Nf
(mm) (mm) | (mm? (kN) (kN) KN) [ (N/mm?) [ (N/mm?) | (N/mm?) | (Hz) (cycles)
5
FWLN2-1| 60.1 | 16.4 | 986 | 383 | 38.3 | 345 | 388 | 38.8 | 350 |5, 4 2'2‘154X9123
_ 5.72 x 10° | Failure from
FWLN2-2| 60.1 | 16.3 | 980 | 327 | 32.7 | 294 | 333 33.3 300 5 572,014 Root
4.42%10°
FWLN2-3| 60.0 | 16.3 | 978 | 326 | 32.6 | 293 | 333 33.3 300 5 441926
4.38%x10°
FWLN2-4| 60.1 | 16.3 | 980 | 272 | 27.2 | 245 | 278 27.8 250 7 43
7,806
6.28 X 10°
FWLN2-5| 60.0 | 16.3 | 978 | 272 | 27.2 | 245 | 278 27.8 250 7 627 630
_ 1.67x10°
FWLN2-6| 60.0 | 16.4 | 984 | 219 | 21.9 | 197 | 222 22.2 200 8 1:674.249
6
FWLN2-7| 60.0 | 16.4 | 984 | 186 | 18.6 | 167 | 189 | 18.9 | 170 | 8 ;gggz"s‘o"s Non-Failure

Table 4.6.6 Results of fatigue test for non-load-carrying cruciform fillet

welded joint
(SUS329J3L+SUS329J3L steel plate. Dressing by TIG arc)
R=0.1
i . Cross= Test Load Test Stress Number of
Width | Thick. | section Freq. Cycles to
Sﬁeci:en Area Max Min. Range Max. Min. Range Failure Remark
umber w t A Pmax Pmin PR omax O-min OR f Nf
(mm) | (mm) | (mm? | (kN) (kN) (kN) | (N/mm?) | (N/mm®) | (N/mm?)| (Hz) (cycles)
>2.00x10° .
FWLN3-1| 60.0 | 16.4 | 984 | 219 | 21.9 | 197 | 223 22.3 200 7 32001 444 Non—Failure
4.33%10°
FWLN3-2| 60.0 | 16.4 | 984 | 328 | 32.8 | 295 | 333 33.3 300 5 4
32,889
3.50%x10°
FWLN3-3| 60.0 | 16.3 | 978 | 380 | 38.0 | 342 | 389 38.9 350 4 349 803
_ 1.76 X 10° | Failure from
FWLN3-4| 60.1 | 16.4 | 986 | 274 | 27.4 | 247 | 278 27.8 250 7 1755.009 Root
1.59 X 10% | Failure from
FWLN3-5| 60.1 | 16.4 | 986 | 274 | 27.4 | 247 278 27.8 250 7 1593300 Root
4.55x10°
FWLN3-6| 60.2 | 16.4 | 987 | 329 | 32.9 | 296 | 333 33.3 300 5
454,966
FWLN3-7| 60.0 | 16.4 | 984 | 273 | 27.3 | 246 | 277 | 27.7 | 250 | 7 | 1-28x10°
: . . . 1,232,090
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1x10% 1x10° 1x108 1x107
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Fig.4.6.2 Results of fatigue test for non-load-carrying
cruciform fillet welded joint
(Or—Nsf curves)

Fig.4.6.3 Fracture surface and pass after fatigue test
(FWLN1-5, 200 N/mm?, 5.40 X 10° cycles)
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Fig.4.6.4 Fracture surface and pass after fatigue test
(FWLN2-6, 200 N/mm?, 1.67 X 10° cycles)

‘
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Fig.4.6.5 Fracture surface and pass after fatigue test
(FWLN3-7, 250 N/mm?, 1.23 X 10° cycles)
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Table 4.6.7 Results of fatigue test for non-load-carrying cruciform fillet
welded joint (Correct by K.)
(SUS329J3L+SUS329J3L steel plate. As-welded)

R=0.1
Vertical |Horizontal - Stress Number of
Width | Thick. R:giis ;I:nllg Leg Leg Pr\(;\]l?edcizon Concentration zi;r:sz Cycles to
Specimen g Length Length Factor s Kt *OR Failure R
Number emark
w t R 0 h hp B Ky Or N¢
(mm) | (mm) | (mm) | C ) | (mm) | (mm) | (mm) (N/mm?2) | (N/mm?)| (cycles)
5
FWLN1-1|60.1]16.3| 2.3 [39.3| 127 | 116 | 165 2.1 300 | 630 "10(]0"9‘7‘;
_ 2.46x10°
FWLN1-2(60.0|16.3| 2.7 |33.7| 10.4 | 14.6 | 165 2.0 250 500 245 696
>2.35x10° .
FWLN1-3|59.8(16.2| 2.0 | 30.2| 12.3 14.5 16.5 2.0 120 240 $9.352.501 Non-—Failure
FWLN1-4
_ 5.40x10°
FWLN1-5/60.1|16.2| 2.5 | 36.2| 10.7 12.6 16.5 2.0 200 400 539,864
B 1.33x 108
FWLN1-6|60.1|16.3| 0.8 | 32.2| 11.3 13.0 16.5 2.1 150 315 1329481
4
FWLN1-7/60.0|16.3| 1.3 | 34.0| 11.1 | 125 | 165 2.2 350 | 770 5'3573"7‘101
1000
e
£ 700 Y
=
= 500 \‘O\ :
© \\&ft' O = 1.44 X 104-N, 0273
¥+’ """""""""
- \..\‘"""-1 i
& 300 LN e
& Gp= 695 10N, 0 R &
s 200 e e ~Q
o R RN A ¢ N
o As-welded ™~
? e
§ SUS329J3L | Ki'Og o \,‘,\
%) + SUS329J3L Ox Y R=0.1
100 I WEEE
1x104 1x10% 1%x108 1%x107

Number of Cycles to Failure, N; (cycles)

Fig.4.6.6 Results of fatigue test for non-load-carrying
cruciform fillet welded joint
(Or—Ns curve, K. Or—N; curve)
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Table 4.6.8 Results of fatigue test for non-load-carrying cruciform fillet
welded joint (Correct by K.
(SUS329J3L+SUS329J3L steel plate. Dressing by grinding)

R=0.1
Width | Thick. Rqu Flank Vel_::al l-lorli_zeogntaI Projection ooniz:ati:tion Stress '\é)l;n;:eesrtzf
. adius | Angle Width Range K,* X
Specimen Length Length Factor t°OR Failure R K
Number | t R 0 h h B emar
P Ky Or N
(mm) [ (mm) | (mm) | ) | (mm) | (mm) (mm) (N/mm?2) | (N/mm?)| (cycles)
5
FWLN2-1|60.1|16.4| 8.9 |32.8| 13.3 | 12.9 | 165 15 350 | 525 2'2‘154"9‘2%
_ 5.72x10° | Failure from
FWLN2-2|60.1[16.3| 12.5|30.9 | 136 | 13.3 | 16.5 1.4 300 | 420 | °00 e
5
FWLN2-3|60.0|16.3| 9.3 | 33.2| 125 | 127 | 165 15 300 | 450 4'31"9‘2%
_ 4.38%x10°
FWLN2-460.1[16.3| 3.5 | 25.7| 12.2 | 125 | 16.5 1.7 250 | 425 |
_ 6.28 x10°
FWLN2-5/60.0(16.3| 8.6 |302| 11.4 | 132 | 165 1.5 250 | 875 | Co
B 1.67%10°8
FWLN2-6/60.0(16.4| 9.8 |35.4| 11.3 | 128 | 16.5 1.5 200 | 300 | ygrlw
6
FWLN2-7|60.0(16.4| 8.3 |32.3| 149 | 11.4 | 165 15 170 | 255 |[2Z00%107\\ 0 Failure
22,002,505
<
E 700
> 500 ~0
g/ T~
. ~ K, Og= 1.44 X 104-N,~0273
. S\ ~
KH I \(‘\
300 Qe e
& Gg=1.01 X 104N 792 Om\(
g" 200 H Dressing U"'?\
é Grinding €
@ SUS320J3L | Ki*Og O
o +5US32903L [ _ o R=0.1
a 100 T T T T T 1 1 1 i P
1 %104 1%x105 1%x108 1%x107

Number of Cycles to Failure, N; (cycles)

Fig.4.6.7 Results of fatigue test for non-load-carrying
cruciform fillet welded joint
(Or-Ns: curve, K.*Or—N; curve)
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Table 4.6.9 Results of fatigue test for non-load-carrying cruciform fillet
welded joint (Correct by K. )
(SUS329J3L+SUS329J3L steel plate. Dressing by TIG arc)

R=0.1
Vertical |Horizontal L Stress Number of
. Width | Thick. Rl-giis ;I:gnll; Leg Leg Pr;]/?di:on Concentration 2::;: K. Cyc!es to
Specimen Length Length Factor t*Or Failure R K
Number emar
w t R 0 h hp B Ky Or N¢
(mm) | (mm) | (mm) | € ) | (mm) | (mm) | (mm) (N/mm?) | (N/mm?) | (cycles)
6
FWLN3-1|60.0|16.4| 9.2 [17.6| 12.2 | 152 | 16.5 1.3 200 | 260 55881"4‘4‘1 Non-Failure
5
FWLN3-2|60.0|16.4| 45 | 18.9| 12.9 | 156 | 16.5 1.5 300 | 450 4'f3‘°’2"8:3‘;
3.50x 105
FWLN3-3|60.0(16.3| 10.8[20.9| 11.2 | 16.2 | 16.5 1.4 350 490 249 803
B 1.76 x 10° | Failure from
FWLN3-4|60.1|16.4|13.9|40.0| 11.1 | 154 | 165 15 250 375 1755009 o
_ 1.59% 10° | Failure from
FWLN3-5|60.1|16.4| 6.0 | 24.7| 11.1 | 16.2 | 16.5 1.6 250 400 1593300 Rt
_ 4.55x10°
FWLN3-6|60.2|16.4| 15.2 | 24.6 | 12.7 | 16.2 | 16.5 1.4 300 420 454,966
1.23x10°
FWLN3-7/60.0(16.4| 91 [17.3] 121 | 17.1 | 165 1.3 250 325 1239090
£ 700
£
500 -
£ S UK, 1O = 1.44 X 104N, 0273
Cg: S TN
Ty
2 ; N T
X" 300 TR
« T TN B
o Og = 1.18 X 104:N,~0273 | Y
s ! 111 y,
& 200 Dressing E <
S TIG Arc ’
o
@ susa2ou3L | KO | |
o +8US32903L | o R=0.1
¢ 100 - :
1x104 1x10° 1x108 1x107

Number of Cycles to Failure, N; (cycles)

Fig.4.6.8 Results of fatigue test for non-load-carrying
cruciform fillet welded joint
(Or—Ns curve, Ki* Or—Ns curve)
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Table 4.7.1

welded joints (2x 1050r—R)

Results of fatigue test for cruciform

Toe
o Radius
Results of Fatigue Test for Cruciform Welded Joints 2x10°GR R
(N/mm?2) | (mm)
SUS316L-Clad+SUS329J3L
Load-Carrying _ 3 ., —0.210
Full Penetration As-Welded Or=4.24%10""N¢ 201 1.3
Cruciform Dressing by Grainding | 6g=5.20 x 10>+ N~ *?'° 247 | 14.7
Welded Joints 3 —0.210
Dressing by TIG Arc | Gg=4.85%X10°*N; 230 14.0
SUS316L-Clad+SUS329J3L
Non-Load-Carrying _ 3 —0.210
Full Penetration As-Welded Or=3.15 X107 N¢ 150 4.0
Cruciform Dressing by Grinding | Gr=4.49 x 10°- Nf_o'210 213 9.7
Welded Joints 3 0210
Dressing by TIG Arc | GR=4.03 X 10°*N¢ 192 10.3
SUS329J3L+SUS329J3L
Non-Load-Carrying | As-Welded OR=6.95 X 10%. Nf_°'273 132 1.9
Cruciform Fillet . o 4 . —0273
Welded Joints Dressing by Grinding | Gg=1.01 X 10"*N; 192 8.1
Dressing by TIG Arc | Gg=1.18 X 104-NF_0'273 225 11.7

250

2x108 G, (N/mm?)

100

Fig.4.7.1

200

150

2x1080p=9-R+115

0....5

10 15

R (mm)

Results of fatigue test for cruciform

welded joints

(2 x 10°0r—R)
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Fig.4.8.1 Fatigue strength of butt welded joints and
full penetration cruciform welded joints
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0.1lmmé&lL, KABTOIEL, Ttk RE 16mm DIHE, BRAEERE
EEILC16mm, ZFAITIAH AL Smm, B IE24mmDIFE, [BHR
BEEWRELEELC24mm, BAITAHFBEE SmmELZ, £, IL—b
Fyy7OMmimERI Fig5.2.2 (2 RLIZESIZ, REImmDOILFIRELT,
Fig.5.21 ISR+ FAEMFOBTETILERANT, KESMEIYT
EEMMICEIRTEEMNEL-—#HBIS OB AR ITEERE
L7z KEFHM(LAR)BLIVCEESM (THR) ZNZENDE|ERRTE
DI HE % Table5.2.2 (2, FEMBEITIZHIT2XEF-WEMN S H L%
Fig.5.2.3 (27~ J, Fig.5.2.3 [CRLT=&SI, KEBMIFEHEBEELT,
GRmEIZ1I.0PaDERIMEEM &L, BEEMIE, mimEI<0.0, 0.5, 1.0
BEUP2.0PaDRBIEMEEMNGLZ, B8, THA—EHBIREHFTHE
[811]-[BRAED+FAEMFOATERL,

5.2.2 BEWT+FAEBRFEBNETILEIURMESHE

Duplex | #x D)L 7 —~/NILIAYR ESUST T YRR D ZEE LD
TFABEMFHZRAELT, BT NRLETLIEENTFRERFOH
(& [8,11] - [BRNARE, HK[88] - FAITIAHBE)%Figh24d ITRT,

ZEEDOSUSYZ YRR, 7045, KE(LAR)EMIZHL, ZFE
EEIOIILT —RNILIANYR D Duplex itk LS ZEE FNElOTO7
MORMMREEE(THR)IBMELZ, T2, BEWVTEEIHMIZHKIT,
Fig.5.24 D+FAEMFOEENMNIEmmTH S,

SUSYZ VRt DK (ZEETER) O~FAEIE, £E500mm, #R[E
17.5mmé&L, E17.5mmDA, SUSHIHR (& #)3mm, Bt (F+)
14.5mm &LT=, EEEH D Duplex St (L7 —bNILIAYR)E RS
250mm, FxE16mmél, ZEEABHMHRIEEE250mm, HR/EIE16mme,
BELZ24mm D2 BY F#HETLTI=, KEEM BLPEETBM ORI LI
60mm &L 7=,

+FERERFEOAESEIL, LT —ILINYRAIIZ L TES
BITRAHBEEL, —EEMIBRBEERABTAHFBED 2KHIC
DNVTHRETLT=,

— 161 —



HEZWODRKRE TIX, Fig.5.2.4 [ZRLEKDIZ, LT —RNILOANYRE
DEESMMEAAICEEIEZ, BEVEE, ETOEESMARED
+FABEMRFCE, Smm & Smm EREL, —EEMKFAROIREE
LT —=RNILIAYR ORBICKH L TEELZ+FAEMRF T, ER
DEERFCHTONIAMHTHMOFAIHEEEELE—ILREGEDEEN
ERETLE, CNODEEVW+FAEZEMFZEEVEL(RA#H) O+ F
BEMFILERLT, BEVOEZEEFTML,

Table5.2.3 12, FEMfZEHLE-EENTFEAERFOME, B
EHEBLVEEVNVEDHEAELE—EETRT,

TEBRERFOMRMEICONT, F¥IAILAVA—TIEILST —NILY
~YROMEIL, WEtERREBE(1.0t) THY, — EEA QKK T,
[BRAELT25E, HIRF0OTtEETHS, CnoEEXEE(IC, Bk
WRE16mmT, BRAZEOCS S, WHRAMEZ I Ilmmel, L7 —H
NILIANYRBITIE, SRED Duplex itk DB AE#RET 9 57012, HIE
NECE DA ZEH=16,11,8mm ZNENEMAEHE=3EH, BRIk
NRBITIARFBEDGE, SRMRAIMEZ/NSKLEZ8mm &L, J)LT—b
NWILI~NYREIIEE, 16, SmmZNEnElAE bR 2G4 ELE,
oD+ FABEMFORZENL, 5 8mmEREH (0mm) D3EHELT=,
=, BRER MEEEELEZ24mm OB &, ®WMRA BRL, BAEA
ETIE 17mm (0.7t), FBTAFBETIEIIOmm D 254EFEL, BEWNE
E—IILREE(BENE4mm)E RO 2 L£HELE,

Table5.2.3 [Z/RLIZMA EHED+F R EMRFICONT, KRR IEIHED
DI hERFEEFTML=,

-, T EAEBRFORITETIVICBIT 32 —EEAIOBERORAE
B, $RbH5, L—tFryTORIRIE, FIZFig5.2.2 [TRLEZEYELE,
RABEOREZ0.1mmEL, KABEOIEE, MR R/Z 16mm DIFE,
BB EFEREELRC16mm, FAIT A A EIL Smm, BRI H/E 24 mm
DHE, BABEEIWRELERLC 24mm, FBITIAABEE 8mm LT,
F1=, L—bEX vy TOEIFHERE Figh2.2I2RLELDIZ, ESImmD A E
FikELT=,
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Fig.5.2.4 XU Table5.2.3 [CRLI=T+F R FEMFOMITETILEIERL,
KEMMBIUVEESBMICEIRWMELZNSELE—8#H BSLT Z#HOFHEH
MR EERELZ, KEHEM(LARBLVCEEBM(TAHR) T
FNDBIERMEDOHEAHSHE%Table5.2.4 12, FEMEHTIZHIT 5 -
WEME5HE%EFigh25I2R7,

Figh.2.5(a) IZ/RL=KDIZ, R+ F A M F TIE, KEBBMIE L In
ZEELT, ARAWMEICIOPaDSREEEZMEL, EEEMIE, MinmE
[20.0, 0.5 BXUL2.0PaDK B RMEEZN 5L, — A, HEWNTFAE
MFETIE, ZH5IENELMNE5T25E, BEWVZKYHRITEENELDS
7=, Fig.5.2.5(b) IZRLI=&LSIZ, KEFBMIHGEIEEE AR EHEL,
EENMImESBIEIKEFREHWRTIXIF - WEMNEH AL 5
ELT, Figh25(b)DXEFEHREIZKY, ZHHERMNELZNFELEZGED
ZH K% Figh26 (EERRIEHRREICADM) ITRTH, BEWIC
SYUBEEICHITERAEL TS,

AR OHE, BEZHECHYITILIFryTITBIUEEZENDEH
ELARMBIUTHROHEZHDOHEAEHLEND, 5T 5TT—AD
FEM 2T = E fEL 1=,

5.2.3 ¥HEH

FEMBEHT O R ERDTFREMFIL, KEEHM THDH SUSTTYR
SAHRIC, E M THSDuplex MRB LV HRIMARE R ELEEDTH S,
Table5.2.5 (CFEM & #7(Z 4 F§ L 7= Duplex &l #iz, SUSEM#x &5 & U Er £l i
OB EH (MHEERBMBIVRTYIH)ERT,

5.2.4 BERNE

FEM@ T ClE4mAEEREZ A=, AFEMEHT T, J/L7—bNILY
~NyRADDuplex $AE A IZ M 1T+ F R ERFHORERE T DI
ERBHIEEEBELTNS, T4, Table5.2.15 KU Table5.2.3 [
SLEHEOHEAGE LY, BR-RATAADBRESH, ZEEA
HIMIRDIES LV EBNEE/NTA—LELT, +FAEMF RO
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ISHEFOREMWFTME BENET D, 22T, BT ETILOBREIEIRIE,
1P Omm, 75278 45° OEMETREL, RAKRIE, REFR
[ZBETHETILRALOBRAS A (HERER ) ERANTFMELE,

BH, +EREMRFOREILIHION HEDH LM CE DA LIRS
DERTEEZRIILEMGER, 374005, RBEBSFROERTEEERELSET
BRI DELELEZECS, 0.3 mm UL R THREXICANZEEFNLEED,
AELmEOWRIE A RO E%0.3mmeLT,

=, L—bFryTmimREPITEIL, SAEILHEERFICRIE A R D
TEE03mmIEELL, Figh.2.2(Z/RL=BY, ImBRICILAZERITTLVRL,

Fig.5.2.712, HiE[16,11], —EEAZRBAARELLEZEEZEVNSmmD
TFRAEMRFBITETILOFER FOL£EN(Figb27(a)), 8LV
B IR ER A EE DI T (Figb.2.7(b) ) &7Rd, £ FHIT 607 THD,

5.2.5 BV I b+box7T

REBITIZIE, A—T2Y—XTHS Linux N\—XD CAEVI I T
Salome-Meca 2011 ZfE L 7=, Salome-Meca 2011(&, )R ANLIE O
TIL(ETIVY, AyvafEml, AlfBIEZzE8T T —20NE) DK E /Ny
4 —2 SALOME (2, FEM AT VILR—AHHAENT= CAEVIMITT
Ny T —2TdHd, FEMBITVILAN—IE, TV RAEARFEMREL TS
& HF - BTV T Code Aster TH B,

SALOME £ & U Code_Aster TN ZND/N—T32(F, SALOME6.6.0
H LU Code_Aster STA10.8 TH D,

5.3 R+ FAE#FULIHEHOIE HES

5.3.1 FEILHEOE HE R R DM =
FEMBTICE>THELN-T+FABEMFHAEORRKER DA

(FERR)OH(HEL811], BERAR, —®h- —#hfrE )% Figb.3.11C

Y, Figh3.1IZ/RL=&KDIZ, /KFE A M —#hfr E T (Fig.5.3.1(a) ) TIE,

IKIEER AT B LE SR ERIZ DA HERMNEL DA, ZERTE T (Fig.5.3.1(b))

T, EEEMAILLIHEBICEHISE DEFLECTNDIENER TES,
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FEMBEMTICE>THELNI=ETEBEHLND, Fighl2(1CRT+FA%E
MRFEDOR B E L ImEDIS WERRBET ML=, I4bb, LIk
FOIZ, IEREBIN AELTERIBFR RICBHTI2ETILREORKERNE
AWz, BRHhEFRBEOEER HE, KEHMAIOBEE LK O,
@, ®, @&, KEFMIZAELE=EHISHEL, BEERMAIOAEE L I
O, @, ®, ®lE, EEMMICMHELEZEHIEHELE,

5.3.2 MIR~TEDEE

“EEMEBRBRELLETFARERFICONT, HETEOEZEL
ML= RS RICDOVNTIRAR S, LT —RNILIAYRE], ZFEA D
HE~TEDHAEHE—E (No.1~No.6) % Fig.5.3.3I2R9 ., TNEFND
R DR EA BEE 16 mm D+ F B M F TIE, BEK 8111, [11,11],
[16,11], [16,16] B&U[16,24] D5BYTHY, EE, $4hs, Z—FEA
B REZ24mm CEELE +FARERFCE, HE[16,17]D
1 BYTHD, £z, HE [8,11]DO+FBEMFICTDOLNTIL, Table5.2.2
TRAR=&IIZ, KEFRA—EFTE, K- -FEE ST EDOR ELMAIC
A, Fig.5.3.3 D No.7IZ/RLI-EE AR — ST EOTEFHEZRETL,
TNEhELB L, =720, EEF R — 8T E DS TIE, Fig5.3.3
DNo.7IZ RS LI EE mE MR Al mEs &L=,

No.1, No.2 5L U No.3(F, ZEEA (FFRAD ZHK 1 Imm DEEA
BEEL, T =N AYREAI (Duplex Sl A Al) DERBITAH# (T2
BTAHF)BEOHR T EZEZELSELEEOERTHD,

No.3, No.4 LU No.5 &, TILT—MNILIANYRAIIZEIR 16mm DL
BT AABEEL, —EEAZBRBECHRETEZZELIELEED
kg TH5,

No.6/E, ZEEMAIEMROWREEZ 24mmEELTERBEELETF
BEMFHEZLERTIEDOTHD,

BRI FEMEITICE > THEDNE R BELEmTOIS hEF FHREE,
Fig.5.3.4, Fig.5.35(2/Rd, 1=7ZL, T+ FAEMRFHOETETLIE L
F—bNILI~YREl BEY ZEEROEBEEMIEREHTHY, EEIBH D
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FILRICH L THIRTHD0, LIFHEH OB, 0@, 0 5LV ®® I,
FNEFNISHERZRBOLYEEXLESTFEMLZ, Figb5.3.4 [Za)LF—k
NILY~YRE, Figh35IE—EEMATHY, KD (a)l& KEERH A 1L I
BB, (DIFEEMMAILIHREBOSDERFRHERLTNDS, -, &K
DREEE, (a) DKFEEAAIESHEBIZDONTIE, EEAR(TAHR)EKTE
FRI(LARDICHELEREOL (FEL(T/L))ELY, (b) DEEEBH
A EIFEBIZDONTIE, TOEH(L/IT)EELTHELE, MAT, KM
(b)IZDWTIE, () DB D=, THARRMELLARMEDR EL
(T/L) & X L AlOEEHIZ R LT,

No.1, No.2 8L U No.3IZR T AILS —k/NIL T A yREl (Duplex £ #
A ETEANELDSGE, RAERFRBL/KREVD, FLEEKRTD
BEIEmEICEE 5L, ZEEAERERAD ORELYE BIETED
INELVNo.1TIE, Fig.5.3.4(a) IT/RLI=&DIZ, T —MNIL O ~NYRBEID
IKEE A AR B LRI D@ TR E L (T/L) EEBIT IS D EFFREAE X
5, M, R~ ENKENNITIE, ISHERFRHENFILTNS,

F7=, Fig.5.35(b) ITRLIZERAELLEZ_EREQAOEBEIM AT
LEIHEO® ICHENTIE, WTHOHETEDHEAETH>TH, WEL
(T/L) EEBIZIS AERZR LML, thDIEHEICE R THIMEEHE>T
WD,

No.3, No.4d BLUNo.S ITRIERBEELEZEEQMORE TAED
R1:5154, Figh5.3.4(a) [CRLIEDLS —R/NILOAYREID 7K S ER 44 18
BELRS OO TIEEMOME T ENKENE, BOEFRFRHE
BALMNMIEL<E 2TV D, =L, E L (T/L) MENT 5L hEFFRE
[ZE> T BIEMIZH D, H(Z, Fig.5.3.5() ITRLEBRBELLEZEE
RIOEE M AR EILIREE @@ IZBWNTIE, HETZENNIVNEIS A
SR RBIIBALNIKRE AT, MEL(T/L)DEMELHITIEAEF
BRELEMTHERIZH D,

No.1, No.2 BLUNo3 D&, 5L UNo.3, No.4 BLUNo.5DLEEE
Mo, NILIANYRBIE ZEEIO7RIOME T EDEWVNE, B IEIRERD
IENERBREEIERBITIBEREL DD, TEBETHE ST EDEWNE
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DIRWANRWNEEZOND,

£z, LT =ML AYRBIEE BB A A LIRS @@ (Fig.5.3.4(b)) &
“EERAEESHMAILLHEE OO (Fig5.3.5(b)) D&MD, FEEARE
DEHIL—FryTEZEFITEIUEIRIBOO® DAMNHETEDENZLD
IS NERBRBOENKEL FEL (T/L) & EBIZH AEFREAE M
IHERBEBHOND,

No.6 D —_EBEAIDREN24mmT, JILT—RNILIAYR OFRE16mm
[CHERTEBRBELLEE S, LT —MLIAYRAIBLUT &
ERfOLEHERAOLERTB(Q,@OO6 SLU®)DHEFFZHETELL
BE<{HE>2TWS,

No.7DEEF R — 5| B EBBRKAHE, LinE @@ D Fig.5.3.4(b)
BELWIEHEE ®® DOFig5.3.5(b)ICRTEY, FEL L/IT=0THEH,
MEBEHT/LTIE®IZHEE TS, T4bhb5, No dDFERELEK T HE, No.1
DEIEHEDIS HERZREBOMEE, FEL (T/L)AEMNT HEN.TD
IEHERBRBICEFEFZ—KITIEN LMD, T2, No.1 DKEH B DH
D—E 5| E S 4 (Fig5.3.5(a), T/L=0) &, & 354, Fig.5.3.5(b) D
NoTD_EERDIS HETFEEHILN60% 5, ZEEAIEBABEIC
KBIL—hFr v TDEENEZLND,

5.3.3 —EERAFEFHOEE
T+FAEMFO_EREM(EMRA OBREEFEMETE, BR
BELIVEBTAHBE)EREFLEERICOVTHRET S, BETLE
+FRERFRIRO—EEFigh3.6 2R,
No.1&ENo0.2 5K UNo.3ENo.41E, £ £ 4 Duplex 8 4z I Bl & A 8mm
E16mm DT LB ITIAFBTEDHZHIZDONT, BB OB EZ G
BRRAEMEIImm)ERATAFTE(HESMm) EEZLEELEZED
TH b, £=, No.5SlE, NodD+FAEMF DO _EE7O7AIRAITIAH
BEOHE T A%, No3EALIImmIZ KELLEEDTH D, No.6&
No.7l%, B A DR EE24mm EEE L+ F R ERFOEANAE
(HER17mm) & RATAHFBE(HEI0mm) EDLLE TH D,
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B FEMEITICE >TRoN R A BELEmTON LE PR E,
Fig.5.3.4, Fig.5.3.56 LRIERIC, EE M OF MR FREG D I IHEIR T
T EEKRSD, e, Fig.5.3.4, Fig.5.3.5 CRIBRIZAE L (T/L) £-1%
ZOHH(L/IT)EEY LB LI=#ER %, Fig.5.3.7, Fig.5.3.812/R 7,

No.1&EN02EDHER, 3745 bhh, LT —INILIAYRAIFE N RED
$500.50) 8mm THEI T FREMRFO_EREMOBEFHEOLRLD,
Fig.5.3.7 (a) IZ;R T LLIHES D@ Tl&, No 1 DEAAETIEWE
(T/L) EEBITIE AEFFRBAE KT DD, No.2 DEAITIAFHAETIE
ISHERFREHEOEMERE SN AL, £z, Fig.5.3.8(b) IZ7x 3 1k i &F
®®IZHENTH, No A DIERAEIL No.2 DEABIT AFHBELYELBADH
IS DEFRFRHIETELS MAT, WE L (T/L) OB MICHNIS DEF
BRENENTHIEREEE THD,

No.3EN04 DL ER, T4 bh, LT —INILIAYREAI I E MR E
tERLLOD I6emmO+FABEMRFO_ERABEZHEOLEE M D,
LIEIFE D@ TIX K0St DG A LR TAELZGICERAEUS HEF
BEISELS WMEL(TL)IZXHLTEE D T E2ERTHD, LHL,
Fig.5.3.8(b) ICR T LLIHEF ®® TIXHE 0.5tDIH A ERFERIZ, No.3D
[BRAETIE, NodDRAITIAFBEICEARTR AERFRBUTASMIC
24, AT, MEL(T/L)EELHICERTIMERERDHOND,

— 7, Fig.5.3.8(a) IR T LLimEB ®® Tl&, No.4 DFRAITAH B
T, IS HEFFRENTEL (T/L)EEBIZHBEPNIZERLTNS,

No.S&ENod DAL, ZFEAI (RERAD) ZRBTALAEL
L, ZOMHEZ0.5t "5 0.7t [CKRELT &, Figh.3.8(a) TR LI,
“—EEAMRIStONoATIEISAEFRFRHNEL, FMEL(T/L)EEBIC
EINLTWED, HERE0.7tERELEZNoSTIE, ISHEREENINT
WD,

No.4, No.SBEIUNo2 D _EEANERBTAABETHENELS
+EZBRERFOLELND, JILT—INILIANYRAIEZEEAOZ &K
NELWL, §7ab5, TNETNOHBERN ZEETBIROKFEE I
XL TR THAEL, FEL (T/L) O IICAHEOIS D E R RE RS,
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[CREBDBREZEIIHIITBRNTVIANRNEE 25,

&#&IZ, No.6&ENo.7EDEEE, d7abhs, ZEREA (B A) DR E
A 24 mm, LT —kNILT AR (Duplex # #x /) D E A 16mmé,
“ERAOIRENKREVNTFRERFICEITS —EREAOAESHE
(FERBELERBTAABE)ODLERLD, AE+FAEMRFOGEEL
FI#kIZ, Fig.5.3.7(b) H KLU Fig.5.3.8(b) [ZIRT £LIIZ AL —INJLUAYR
BlOEEIHM A LB @@ SLU — F K8l 0 FE B & A Al 1k i &
®® T, BRAETHLNMNIEWS AERRHED, BB TAHRBE
TIHEBEINTEY, IR ORIE+FAERF OIS E LAKROME RN
FEHBND,

5.3.4 RIE+FAEMRFULIRHICHEFDFEF LD
“HRATFULAMIROTIALE A—~OEMBERIZAITT, —48

ATV AR EDEREDIS WA ZERBEHRBEISSOKE FHREIC

RIEFITHEZBEITILHOREBERITELT, ZHATULASERD

LT —bNILI~yRE, SUS3I6LYSYR IR ZEEED+F A E

MFEBD, —HB IV T E NOFFHN FEMEITEZEREL-, TF 5%

MFORBABELEMTONNEFRBETMLEAER, U TOLI%A

HMENGLNT,

@ T =k~ YREI(Duplex Sl 1) DK IZDLNT, 0.5t, 0.7t,
LOtEHERLEZER, REHEANARZVHE 1.0t THAUK, KEEBAHE
IESRERICEWNTRIE L (T/L) OB MICHWNIS AERFRZHEMNENT D
EREELNT, +REHETETHELEEAD, =, ZEEH
(B AR A A PBRRBETHIE G, T —INILIAYRAIEZE
EfOHEERZ, KESM ETOMIEHIHBOMNELIGRTHD
ANRBWEE %5,

@ T —bNILI~yREI (Duplex S E]) & = 2 JE 8 (ER R AR A1) D
WRENREDEE, —EREAIEATIA#EL, TOMEKEILT—H
WILIANYRRAIO R ER IR E (KRB EBAKFE #x e DMIR) 12
FTEHENFELL, LT —INILIANYRAIOREA 1.0t DFE L,
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—EEJOVAIOMEDL1.0tIZTRIENABWNEEZOND,

54 BEWtTFAaEMFULInHORNES
5. 4.1 BRELGRBOLHEFFRBOFTMS
FEMBEMICE>THBONETFARAERFHEEOI D2 H (FE
RE)DOHI(HE [16,11], FEAAR, Z#fr = )% Fig.5.4.1(a),(b)Ic
TY., _HmEEM 5T HE, Figha.1(a) D RE+FAEMRF T,
EE, KEHMALIABELEIRSBICRABZEOR DEFNELDHH,
Fig.5.4.1(b) DEHEWT+FAEMFTE, ATERICKY—FHF DA
LEImEBDIS DEFINELEO>TNDIENER TED,
FEMEEMICE>THELNIEEFEEND, Fighbd2IRT+FA#E
MFEHORLAELIMEBOISNERFREETMLU, LmEBSHELT
(&, WIEBPRICBTIETILRADRKNEICAZAW=, £, IEHEF
BREOEEIEAE, KEBMAOBREILRHS O, @, ®, @IE, KFE
BMICHELEZEHIEHEL, EEHHMAORELHTO, @, ®,
X, EEEMICHELEZEHR HELEE,

542 _ERAIBAAETFIBERFOEBEVNOEE

LT —MNILIOANYRAIZE 2B TAHBE, —EEAZEREE
ELETFREMRFICONT BEVOZEZTMUEITHERIZONT
HWETD, Figshd3ITFTMLAEIBEO+FABEMRFO—EELRT,
LT =NV IAYRE, ZEEROHE T EOBEAEDLEIL, BHE
[16,11], [11,11], [8,11]THY, ThEFnEEH H LU HELV5Smm, Smm%E
AL, EESEMOWREEX ETREE16mmEL=5E THB,

Fig543 DEMEDE LIZ, HREBEVWEEZRLEBAREBEERT,
1611 0, 1611_+5 5 XU 1611 _+8 (X, K [16,11] DB E LD &,
1111 0, 1111 +5 B LU 1111 +8 (%, HE [1LL11]O BE LD & &,
0811 0, 0811 +585L000811 +8 1%, R[S IIJDEEVNOLEEKTHY,
ZTNENIIILT =M NILIANYRAIO & T ENE RS,
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5.4.2.1 BBABLEGRRHOI HEFFZRE

BAFEMBTICE > THEINEEAEILSHON hEFFREE,
Fig.5.4.4, Fig5.45(25r 9, Fig5.44 (XL —rNILOAN YR,
Fig.5.45 I —EEfITHY, {EKD (a),b) (F/KFE 4 A Lk imE8, (e),
(DIFEEHHMALHTOISNDEFFRHEEZRLTVDS, £, H£HOD
e, (a),(b) D/KEEMAILLIHEICOVTIE, EEAM(THM)E
KEFR(LAIZAELIZREOL (FTEL (T/L))EEY, (¢),(d)D
FEEIMAILLIHEIZDOOTIE, ZOHEH(L/T)EE>THELZ, IDAT,
ZHD(c), (d)IZDNTIE, (a),(b)EDEEE D=8, M EL (T/L)HK
FEIOEE#ICRLT,

Duplex i iR Al O E N K THLH K [16,11] (1611_0, 1611_+5
HEU1611_+8)IZDNT, KEERAM DA 1L im 56 [Fig.5.4.4 (a),(b)
Fig.5.4.5(a),(b) ITl&, BE:EVDORE(E, —wHAI(EEAR)TMEDHEMN
[ZHEWILIHE OQ@®® THEZE THD, FFICIinHE @® TIEfrE b (T/L)
DEMIZHENS HEFRETEZENCKYEBXL, EIHEE@TIERTEL2
DEHT, BEVWSMmOGEIERAIHMICERTIC AR PRI 2EFL L
AN

—, EEEM LOBE L nmER[Fig.5.4.4(c),(d) -Fig.5.4.5(c),(d) ]
TlE, ZEHAITEOREZ/NIWN, LML, BEVNOFELLT, EEH
XTHRZHDIEIHERR = TIEIS D EFFREICHLHARENEL, 1EIRED
@@ TIFEEZEWECHWVWE WEFFEHIEIKXERY, BEL 8mmTIE
BEHICLERNTIS AEFFEHREIRKRKTLI% EESMEEZRLE,

Duplex 4 ], BRARBELEHMENFELOVHR[11,11]DHE, KFE
AT £ DA I U S [Fig.5.4.4 (a),(b) -Fig.5.4.5(a),(b) ] Tl&, BH&E(
DEEE, Z#AIFRE(T/L) DEMNIZHESIS HERRHBDOEXMNES
Mg IEIHER @® TIXBEETHEH, HE[16,11] EIFERY, 1EHH O
TIEEEBVWBIUT R E LD EIL/NIN,

— A, EEIM LDAEE L IHER [Fig.5.4.4(c),(d) -Fig.5.4.5(c),(d) ]
Tl&, R [16,11]ERAERIC, WMELOEEBIZ/NIE, BEICEILH DN,
B2VDRELLT, EEMHICHDILIHERRE L TEIS HEF R
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LR E@, LEHF® T L imE O ED K F 75 [ D47 & B R A B %R
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Fig.5.4.9 [CIRLI=&DIC, ZEEARBSTAABTEO+FAEMFIC
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BHIC, EENMAORELLSIC, K IEIHIFOIS HEFRFHIEIKEL
(E52F, LIHE @®IZHWNT, BEWEICHSIKR LIHBBDIS H&E S
BEOEKITASHATHD, =, —EERHIIBAAETHS Fig.5.4.6
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MAO®IZHWNT, WEBBHRERIZA-HE [88] DA, W& [16,8]Ic
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=1

Q)

W=60mm Duplex Stainlesst]i+ " (unit : mm)
Steel Plate L o
[k ¢ :
oA, Clad Steel Plate (SUS316L) “y=
o P I
iﬁ ﬁ%‘ Root gap 16mm g
Mild Steel Plate Y 500
(a) Leg length [8, 11], fillet welding (M.S. side)
t=16
W=60mm (unit : mm)

Duplex Stainless/’E* i

Steel Plate

250

K /‘\-3- . Clad Steel Plate (SUS316L) |

Y

L
~
—

1

= _
) ‘.H Root gap 5mm
8 B

L ~
Mid SteelPlate | | 4 5o

L

14.5

(b) Leg length [8, 8], deep pene. welding (M.S. side)

A

A

Fig.5.2.1 Shape and size of FEM models of cruciform joints
Table 5.2.1 Combination of plate thickness, welding condition,
leg length of cruciform joints
Plate thick.[mm] Weld condition | Welding leg length[mm]
Duplex |SUSClad| M.S. (M.S. side) Duplex side | M.S. side
16 17.5 16 Fillet 8 11
16 17.5 16 Fillet 11 11
16 17.5 16 Fillet 16 11
16 17.5 16 Fillet 16 16
16 17.5 16 Fillet 16 24
16 17.5 24 Fillet 16 17
16 17.5 16 Deep pene. 8 8
16 17.5 16 Deep pene. 16 8
16 17.5 16 Deep pene. 16 11
16 17.5 24 Deep pene. 16 10
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Tmm 0.1mm_ 14mm 1mm

16mm

B (a) Fillet welding, Root gap 16mm (1.0t) in case of mild steel plate with 16mm thick. -

Y

)
0.1mm
_[Imm 3mm _ _[mm

5mm

(b) Deep pene. welding, Root gap 5mm (0.3f) in case of mild steel plate with 16mm thick.

) ((
A 4

1mm 0-1mm_ 22mm Tmm

24mm

(c) Fillet welding, Root gap 16mm (1.0t) in case of mild steel plate with 24mm thick. }

Y
A

Y
0.1mm
1mm Bmm Tmm

8mm

(b) Deep pene. welding, Root gap 5mm (t/ 3) in case of mild steel plate with 24mm thick.

Fig.5.2.2 Shape and size of root gap of cruciform joints

Table 5.2.2 Load combination in horizontal / vertical direction

Uni-axial Bi-axial
Horizontal load (L) [Pa] 1.0 0.0 1.0
Vertical load (T) [Pa] 0.0 1.0 0.5 2.0
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Fig.5.2.3 Loading and support condition for bi-axial loading

W=60mm Duplex Stainless %; (unit : mm)
Steel Plate
0
Clad Steel Plate (SUS316L) <y~
8mm shlft
A
‘ '~ root gap 16mm 3
. Mild Steel Plate t16 Y 500 X
(a) Leg length [8, 11], Fillet welding (M.S. side)
t=16
L (unit : mm)

W=60mm Duplex Stainless tﬁ%
Steel Plate o

sl wn

o , Clad Steel Plate (SUS316L) “°y—y

YT—_ & i
- —root gap 5mm

Mild Steel Plate " Ti=16 |

(b) Leg length [8, 8], Deep pene. welding (M.S. side)

14.5

Fig.5.2.4 Shape and size of FEM models of cruciform joints
with misalignment
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Table 5.2.3 Combination of plate thickness, welding condition,
leg length and amount of misalignment of
cruciform joints

Plate thick. [mm] Weld condition | Welding leg length [mm] | Misalignment

Duplex [SUSClad] M.S. (M.S.side) | Duplexside [ M.S.side [mm]

16 17.5 16 Fillet 16 11 0,5,8

16 17.5 16 Fillet 11 11 0,5,8

16 17.5 16 Fillet 8 11 0,5,8

16 17.5 16 Deep pene. 16 8 0,5,8

16 17.5 16 Deep pene. 8 8 0,5,8

16 17.5 24 Fillet 16 17 0, 4(mold)

16 17.5 24 Deep pene. 16 10 0, 4(mold)

Table 5.2.4 Combination of horizontal and vertical loads

Uni-axial Bi-axial
Horizontal load (L) [Pa] 1.0 1.0
Vertical load (T) [Pa] 0.0 0.5 2.0

VA Y
| | Misalignment

(a) Without misalignment (b) With misalignment

Fig.5.2.5 Loading and support condition of cruciform joint
without and with misalignment for bi-axial loading
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Principal Stress
4.0

(3.0

2.0

Fig.5.2.6 Deformation of cruciform joint with misalignment
under bi-axial loading
(Leg length [16, 11], root gap 16 mm, misalignment 5 mm)

Table 5.2.5 Material constants

Young's modulus E | Poisson's ratio v
[Pa]
Duplex 1.96x10"" 0.3
SUS 1.93x10" 0.3
M.S. 2.05x10" 0.3
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(a) Whole mesh of cruciform joint FEM model

(b) Enlarged view of mesh near cruciform joint

Fig.5.2.7 Mesh of cruciform joint FEM model
(Leg length [16, 11], root gap 16 mm, misalignment 5 mm)

— 186 —



(a) Uni-axial loading (b) Bi-axial loading

Fig.5.3.1 Stress distributions near weld toe
of cruciform joints
(Leg length [8, 11], root gap 16 mm)

Corr. BHD side (Duplex)

@) @
[ ® @ |
$ Inner bottom (SUS Clad) $

® @
®

Double bottom tank side (M.S.)

Fig.5.3.2 Evaluated points of stress concentration factor
on weld toes
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No.1 No.2
8 A\ A8 | 1M A AI
g R }
11\Jf11 11 11
Ve
t=16 t=16
No.3 No.4 No.5
16,/\:/\16 16 16 16 \//\16
€ iR 3% i
LT || AN
t=16 t=16 t=16
No.6 No.7 _—_
16 16 B U
SN N §  S— 3
17N v17 11f\_;ti16
t=24 -

Fig.5.3.3 Evaluated cruciform joints with fillet welding on
double bottom tank side for comparison of the effect
of leg length on stress concentration factor A:
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(a) Weld toe 1),3 on horizontal plate

Fig.5.3.4 Stress concentration factors on weld toe D,® and @®,®
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(a) Weld toe ®),(7) on horizontal plate

Fig.5.3.5 Stress concentration factors on weld toe ®,@ and ®,®
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(b) Weld toe ®),® on vertical plate

in double bottom tank side of cruciform joints in Fig.5.3.3
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Fig.5.3.6 Evaluated cruciform joints with difference of
welding condition on double bottom tank side for
comparison of the effect of welding condition on
stress concentration factor K:
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Fig.5.3.7 Stress concentration factors on weld toe 1),® and @,®
in bulk head side of cruciform joints in Fig.5.3.6
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Fig.5.3.8 Stress concentration factors on weld toe ®),? and ®,®
in double bottom tank side of cruciform joints in Fig.5.3.6

— 191 —



(a) Without misalignment (b) With misalignment

Fig.5.4.1 Stress distributions near weld toe of cruciform joints
(Leg length [16, 11], root gap 16 mm)

Corr. BHD side (Duplex)

@ @
| @ @ |
$ Inner bottom (SUS Clad) $
® @
.

L
Double bottom tank side (M.S.)

Fig.5.4.2 Evaluation points of stress concentration factor
on weld toes of cruciform joint
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Fig.5.4.3

Evaluated cruciform joints with fillet welding
on double bottom tank side for comparison of
the effect of misalighment and leg length on

stress concentration factor K;
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Fig.5.4.4 Stress concentration factors on weld toe ),3 and ®,@®
in bulk head side of cruciform joints in Fig.5.4.3
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Fig.5.4.5 Stress concentration factors on weld toe ®),7 and ®,®
in double bottom tank side of cruciform joints in Fig.5.4.3
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Fig.5.4.6 Relations between stress concentration factor K; and
relative positional difference of weld toes in
horizontal direction for cruciform welded joints with
filet welding on double bottom tank side under
uni-axial loading condition
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Fig.5.4.7 Relations between stress concentration factor K; and
relative positional difference of weld toes in
horizontal direction for cruciform welded joints with
fillet welding on double bottom tank side under bi-axial
loading condition (7/.=2)
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Fig.5.4.8 Evaluated cruciform joints with deep penetration

welding on double bottom tank side for comparison
of the effect of misalignment and leg length on
stress concentration factor K:
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Fig.5.4.9 Relations between stress concentration factor K; and

relative positional difference of weld toes in horizontal
direction for cruciform welded joints with deep
penetration welding on double bottom tank side under
uni-axial loading condition
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Fig.5.4.10 Relations between stress concentration factor K;:
and relative positional difference of weld toes in
horizontal direction for cruciform welded joints with
deep penetration welding on double bottom tank side
under bi-axial loading condition ( 7/.=2)
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Fig.5.4.11 Evaluated cruciform joints with difference of
welding condition on double bottom tank side for
comparison of the effect of mold line alignment on
stress concentration factor K:
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Fig.5.4.12 Relations between stress concentration factor K: and
relative positional difference of weld toes in horizontal
direction for cruciform welded joints with/without mold
line alignment under uni-axial loading condition
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Fig.5.4.13 Relations between stress concentration factor A: and
relative positional difference of weld toes in horizontal
direction for cruciform welded joints with/without mold
line alignment under bi-axial loading condition (7//=2)
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Fig.5.4.14 Stress concentration factors on weld toe ®,® in

double bottom tank side of cruciform joints in
Fig.5.4.11
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BEMF LY, SUS329BLIZVRHRE T OREEAEMRF DAL,
A EHERIFTHIZENEASHIZHR D,

6.6.2 MARBEABRS LUV ZTOHE

SUS329J3LY ZwRil#k Bl = D4FELE DX & /A £k F (Table 6.3.1
SR E, LBOE=OIZ, TIHILEYH—TOERZNELLY, SUS31I6LYT YR
HMARE L0, RAHKQ4BEBEHOREEABEMFICHLT, Figb.5.11ZRLE
BEEATHRI-ERLERBAEAVNT, MURBERBREERLE,

Mk R BB RERL, JIS GOS72 IZHEML T, HBEME -ThEE — &
BRHPIC, 120 EERFRELE, BERE THMLE,

mi REERBREE%, Fig6.6.3-Fig.6.6.4/-;Rx9, Fig.6.6.3Z1%,
b8 D=2, SUS329I3LV) R B T DR E AR BEMRFOT —4
HADTU\S, Fig.6.6.4 (&, M ARBEFABKRED, SUS329I3LY T vRiHi1R
RETOREEAERFABRIONEEZRLIEZEDTHS,

Fig.6.6.3 &Y, SUS329J3LVZvRillik R T DR EFAEMF D, M
AR ERREE, SUS3293LYVUYRAIRE T DX EEAERFOEER
HRELRREE THY, SUS3I6LY T YRR E L DRE BAEMRF LY,
M REEEEBNATNDRIEAEALNICE Iz, IBIC, BESEC
Fusion Line2 & & T, & LB EBLEEMIEI >/ (Fig.6.6.4 1),

6.6.3 HEOIWRBERABRE IV TOHERE

SUS32913LY ZyRl#k B £ D4TEEE DR E B /A F (Table 6.3.1
SR E, BBRDOE=HIZ, TIHILEYI—TOEREBEMNELY, SUS316LTTUR
MR E LD, EHFG4BEREDREETAEMRFICXHLT, Fig.6.5.1 1Z/RL1
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EECRI-FERLERBRAEZANT, BES%HRBEEAREEEL,

HESW B EERERE, JIS GOSLIZEMLT, HE S HE A K
1, 6 EKREL, BREE CIML,

RSB EAERBRERE %, Fig6.65 5L Fig6.66(2xR7,
Fig.6.6.5 [Z(%, LLE D =612, SUS329I3LY YRR E DL A B8 #
MEDT—2EA>TUD, Fig6.6.6 %, BESHHBBEABKRELD,
SUS329J3LY S VRl R T ORE LA ERFHABFONEZRLE
LD TH D,

Fig.6.6.5 &Y, SUS329J3LY T YRElifkE T DX EEAZEMF D HIE
5% E R EEEL, SAWS0KI/cmBEMRFTE TREVNEDD, SUS329J3L
YRR BE TORE BT ERFOBEREELKRZETHY, SUS3I6L
7R B TDREEABEMRF LY, B TWSIIELABHLAIZAE ST,

F7-, Fig.6.6.6 I TRL=-BEABRROFER F /8 TlEL, SAWS50k)/cm
BEMRFOARESRI I MNERITTNA T,

6.6.4 EMBERARSELUVZTOHKE

SUS329J3LY ZwRil#k Rl = D4FEXE DX & A £ #k F (Table 6.3.1
SR E, BBROEHIZ, TIHILEI—TORBENELY, SUS316LYTUR
MR E LD, AR 4EEHOEE TR EMRFICHLT, Fig6.5.11Z/RL1
BEETHRBCERELEZABRKAZANT, SARBRELT, EMBEESRR
EEREL, BH, 50°C-98% TERAMEB (B UER)L, 50°C-95%
AESRmEFIEMER)D2EBHEZFEALE.

TEAMBIAESFHMBO2EEZEALLERE, TEXARER
DANAERERFRBRIVEEENNSNEDBEDRRERSINHS
=HTHD, bbb, TERAMBPICE, HEFHFREB LY Fe, Pb7RE
DAY LZEBLTHEY, CNEFMYLNBEBEMEETOREICEST
WBEHRINDINDTHD,

2TEEOMBPIC20FEERRTELL, £, BEERE CHMLE,

TEAMBICLLIEMBBERARER%, Fig.6.6.7550UFig.6.6.8C
N9, Fig.6.6.7 THALOMN G LI, BREARESLIVHEIZKLOTER
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REIIEEOTHT-,

F7=, Fig.6.6.8 [C;RL7=&>IZ, SUS329I3LYSvRifitk A Lt DEEE
BERFARAFEST BERRR, 2ENEBHRERLFETHY,
BEBRBINTWNEMD=,

— A, AEFRMBICIIEMBBEREARKRERE, Fig6698LU
Fig.6.6.10 125K 9,

Fig.6.6.9 CEAS M7 KSIZ, SUS329I3LY SRtk E T DR A& U5 #
MFOEEEEL, SUS316LYZ YRR E = °SUS329J3LY R EHx
RLTOREEBERFOBERELIVE T ENENSERTH Oz, BH,
BEREICRIEIFTIBZEAREOZEND, FEAEEVIENHLLIC
ot

F7=, Fig6.6. 10/ RLI-EBRBHABREORBR AN TIE, FMEIZLEXRT
BAESREODANETEEINLSTHO,

6.6.5 WVARBEHRELY TOHEE

SUS329J3LY ZwRi#k Rl = D4FEXE DR & /A £ #k F (Table 6.3.1
SR E, BBROEHIZ, TIHILEUh—TOEREMNELY, SUS316LYT YR
MIRE LD, AT 4BEDREEAEMFICHLT, Fig6.5.1 (Z/RLTZ
BEETHREIC-EELERBRAZAVT, SARBRELT, VAREARER
EEEL=,

50C DYAREAKRFICI20REERZELZ, BEEE CHML-,

BH, ERALE VAR S ROME K,

50%P205+3%H2S04+0.5%Fe?*
+0.5%F +0.03%C]™ -+ (6.6.1)

TH%,

VAR REBRIER%, Fig6.6.11 5L Fig.6.6.12(Z7x 3, Fig.6.6.11
[Zl&, LB D612, SUS329I3LVI YRR E TDREEBEMRFD
T—READTULND,

Fig.6.6.11 &Y, SUS329I3LY Z YRtk Tt DX EEAREMF &,
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SUS329J3LVIVRHR R TN RE BB EMRFORERE I ELOT
o1z, SUS316LYZ YRR R £ DR & &R EM F D B3R B IFHEL
ELWOSFERTHOT=,

Fig.6.6.12 (2SR L7=, SUS329I3LY SRR T DA R HEHF
RBRHELT EARBRE, 2ENSELRERLEFETHY, 2UER
SNTWEMN D=,

6.7 CNBRENABRSLVZTOHER

SUS329I3LY 2Rl E T D 4T DR E E A M F (Table 6.3.1
SR E, BBROEHIZ, TIHILEYH—TORENELY, SUS316LYT YR
MIRE T 0, AEkGR4BEORE SR EMRTFL, SUS329I3LV) YRR
BTO2BFOREEAEMRFEHEALT, BOBEBEINHAKREERE
L7=,

AR F ORI ESSE Fig6.7.1 [2RL, B A IR - ~T5%4Fig6.7.2
2R, Figb6.7.1 [ZRLIZLDIC, EEMBAIREZ0.4mmEIYEL>T, HRE
0.7mm DA FZHIWML=, ICHBEREINEABR AL, REEAERTF
[CEEAMICERLE, 28, Figbl2IcrLlEEhEREENRBRH
EATERIE, B H600FF ML LITELT=,

s HEBBNRERE, JIS GO5T6(ZHEHL T, #HHEA2%MeCLIA K+
[22ELT, 280NMmM*DEIS AT, B AN ITL2ETAEFL,
BT = TR CRE @ L=,

SN BREANARKRER%Fig6.7.3 5L Figb.7.4(2RJ, Fig.6.7.3
MLBABM R KSIZ, SUS329I3LY VR DRE#AY, B B £ TORF
NETEMNo=, =, SUS329I3LY SRR E TDREEBEMRTF
&, SUS329J3LV)wRHiRFl T DR E B A M F LT, BT E TORE
[TEERIZFETHY, SUS3I6LYTVRHIRE TOREEAEMRFIVET
BWEE AL,

SUS329I3LYZvRiliiR B T ORE A EMRFOMMBORR
&%, Fig.6.7.4(ZRLT=,
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6.8 THRRBFICHIIBTEEARARBR LIV TOHKER
6.8.1 BEMFNER - v/ OMlE-/V 0HEBHERER

%12, 6.3 TRz, FEL(0ME], 1[E] HXU2[E)F#ELT, SUS329J3L
77 YRR &ESUS329I3LV YRR ED T LB T A A TAEMRF
(Table6.3.1 ) D/ &%, Fig.6.8.1(Z/Rr7,

=, TAEMFHEROIOME R E Fig.6.8.2(2Rd, <O,
FELAEICLIBELGEREIRONGEMN O,

SHIC, TAERFHEOII/OEME R ES, Fig6.8.3I12"7, /-,
BRLE-IVOMEME Fig.6.8.4 (2R3, SU/OMMIC, FELABEICKD
BEREIERoNGH o=, £, TTHYEERINGH o=,

6.8.2 THAEMBMFOAEEREICNIT S IS4 FEATHR

Hteflr=, FELME, 1B HLU2E])AELZSUS329]3LY 7 YRR
&ESUS329I3LY)URHIR EDTELIBITIA A T/A B TF (Table6.3.151R)
DBEERIZRLT, 7ZTIAMRI—T2FERALT, 725422 BIE L,
BE, AT A LTSEAIELE,

AEDHKR, FELOE, IRBSI2ERINOTAZEMRFLTT, FELE
DITTTANEIL30%~T70% DEFERNTHo1=, £f=, FELAFZEOEHK

DREBLHLBOHLNEMI DT,

REFAELT, FEL2EAEMRFICHTIAELER%, Fig.6.8.5(C
ZNEIR

6.8.3 TARBMFHMEINHAAETHER LU THERFSIRARIER
L=, FELOE B HSLU2E)A#EELZSUS329]3LY TRk
ESUS329I3LY R ED T 2B T IAAH TR F (Table6.3.13 )
D, EvA—RBEESDHZREL=, BIEAEZ% Fig.6.8.6 k9, Imm
Bl CTAEL, &=, AIEmE(& 10 kgf&l1=,
BIELEEEYH—RBEES D%, Fig.6.8.712R3, FELBEOMR I
K53, Evh—XBSEB RS REERLTE,
SoIc, HEALETABEMRFIIHLT, FSIRABREERLE.
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Fig.6.8.8 (/R 9 &5I2, TR EM F DSUS329I3LY T VRSl AR ER A,
KR EEECRELTTFRBIRARFELTHALE

R - KPTEIRABRERELz, 5IRAKRIEREFig689(27R7,
£ TORER AT, SUS329I3LY Rl THRMTLz, FELAZEZ1E
LTH, 2ELTH, BEMES RBYBRSICHAENBENIELNES,IC

Tof=,

6.9 TAERFICHIIMIABUARSEIUZTOHKE

WAL=, FELOE, 1EBSEU2E])BEELZSUS329I3LIZ YRRk
ESUS329I3LYwREAIR EDTE LB/ A A TR M F (Table 6.3.1 Z18)
&Y, Fig.6.9.1 IR EMET, MABMRBRFEHR-FRLE,

Fig.6.9.1 h5BALAGRESIC, LA RBMEABRFORSIA AL,
BEFICEEAMTHD, £, MRLETMAEBMEER FOXR®EITAEZE
DEFDIRRELL, BO@EIE, B H 600 EL LIFELZ, S5IC, FHERE,
RENREIEAIBEEREL, B8, FEREBIEMNIEIL, 35mass% IiBEEEE ALY,
60°CT20 fA=REL=,

U EDISICLTHERELERBRRZHELT, MARMREBREERL,

M FL B M BR (&, JEIC 6.6.118 Tk Nf=ERE £k, JIS G0578, BJ& I
EPWLT, 6%EILE ZHK+N20EBBARPIC, 2EEERKZELE,
ABRAFREOABOEETIMLIZ,

AR ERE5Table6.9.112RF, 58, 5ET—4%Table6.9.1
DTRDORIZIRT, CPT(AEBRERFEE)NSVE, MABEIERE
EA%,

Table6.9.1 HSEASAELSIZ, FELUAREDERIEIZMKST, SUS329I3L
IR IR TAERFOMABREIIRFTHIEE A D,

6.10 £ &

HLCBR - &BESINT=, SUS329I3LY T wREMkE, SUS329I3LYJwR
SREEHAEDLET, TIONEH—H—TRU 0@ EEEETDHEMT,
AMEOWMEMEICETHEEEEHERT D01, AERFHBOME 4
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[ZBH 9 2R ET o=
95, SUS329BLYTVYRHIRFE T DR G A (BERE AR A

BLUOBREARABE)MFL, FELOE, 1BBLV2E)AELE,

SUS329J3LY 5 wREl & SUS329I3LY )R EDTEEIBIT A H TAEE

MFEEHRRALT, REMEBMICOVTHERRABE =ML, 52, #E3E,

EBDLSUS3I6LY T VN A MR F L& - ET - FLML, LTD

fEm M EL T,

D BE A BB (FCAW44kI/cm, FCAW+SAWS50k)/cm) 2L 332 &+
BEMRFCH, a0 ClEmI /BRI EEETas o=,

Q@ AEEROEERDPHERTIE MABEEEZETHS PHED,
FCAW A& B CIEBMEBRBETHo7=H, SAWSKI/cmBEEE
TIHELMEZRLTZ, SAWDBEFE ARBEZHIEIEFTETHD,

@ EETAEMRFOAELBEHAZOTISANEAERERICENIE,
FCAWHE F TIEBE30% ~70% DEFE AR ICA >TLN=AY, SAWHETF,
#5512 SAWSO0KT/cm DB EM FETIE, 7T/ EH30% L TDAIE E
MNE Mofz, BASMIZ, SAWS0KI/cmlZ ABRENKEBET, AEMRF
FREETHHIEE A D,

@ BREARAEICLIIEEEREMRFTY, EVHI—RESHMATE
R, MFEBEABRER, BV V—/uFIvIlE—FEBRBRER

® RELAEBEMRFOMAEBMABRERCTIE, AEREBRARET
HDHCPTIEA, SAWS0k]/cmfEF TS CLU R THo1=A, D F T,
mMABEERIFTHo=, =, SUS3I6LYTVRERE TDEEE
BEMFLY, MABEEIENTONSIELSALNIE ST,

® RELABEMRFOMMABEERARER, BLUHBESLRBER
A ERHE R TI&, SUS329I3LVYYREIRE T DREEAERFORE
HE LR EIFETHY, SUS3I6LY T YRR R T DR EEAEMRF LY,
MEEEENTNDEIEABRELMAIZE ST,

@ HERABRELTERLE-EEEAERTFOERBBERARBRIERTIE,
TEAMBICHLTUE, 2TORRABERTFHE, BEEEILK LD
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THolz, Tz, AEEHMBMBERIZK L TIX, SUS329I3LYYwRERHx [+
PSUS3I6LY T YRR E T DRE ST ERFLY, BEEEIET
RWNEWSHER THoT=,

HEARLLTERLEREGEARERFOVABBERBRIER T,
SUS329J3LVUYRHifR Bl T DREEAEMFLEIC, EERE
B €OTH o=, SUS3I6LY TRtk E T DR E BA TR F LY,
MEEFIIEFICENTNDIENRALIIZE ST,

QO ZEEREHFOIEABEEIINAERME R TIE, SUS329I3LV YR
# kB £ SUS316LY TRtk E T DX EEAEMR F LB FT,
BiFTH-oT=,

FELME, 1[ESLC2E) B L, SUS32I3LY T YRR &
SUS329J3LVUYRHIREDTE LA ITIAATAZEMF O, Wrm <0
ABOCHMEIV/OEMBBERERTE, FELUSECLIBELRT LI
Ronghofz, &=, fTHYPLER INGEH o=,

O HHLETAEMRFAELRBROIISANEANEHETE, €TD
TBEMFET, TT71M21X30%~70% DEHNTHo1=, £z, FEL
BEORBOEZELZTOONEMNDT=,

@ HALETAEMFOEYH—RABEINMAEHER, LU #HFS|E

ARERTE, 2 TCOHBRERICEBWNT, [MERMBEENEABELAIZ
of=,

B HALETAERFOMAEMRBRERTE, FELSEDRHIC
K59, CPT(AERLBREE)IX30C~35CThHY, MFAEMKIE
BIFCHAZENBALMNZE ST,

L EZ#BIET DL, SUS329I3LY TRl B T DZE A& B8 EHEF D
M B4, SUS329J3LVIYREIIRFE T DX G EAZMFANLMEREF
THY, B THDEERAD, T2, TZALEZVA—TOEBMNEZ Y,
SUS316LVZvRHlitkE L DR E AR EMRF LY, MEEIENTNDS
CEMNBABMIZE DT,

LHWL, BEIARDBEIEEHITEIRETHD,
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LE=A>T, B MO SHMDIE, SUS329I3LY 5 vREHRESUS329I3L
Y)WREAREE R A SO ETD, TIHAILZ HA—H—T2 I EDEE
(XA BETHDEE A5,
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Table 6.2.1

Chemical composition of test steel plates

(mass%)

Test Steel Plate C Si |[Mn| P S Cr Ni | Mo| N
SUS329J3L SU?S_239)J3L 0.013(0.31({0.97|0.025|0.0015|22.55| 5.42 |3.10|0.17
—Clad ;
(t:3+13) (J!v.l'183') 0.054(0.29|1.36/0.014|0.003 | - - - -
SUS316L SLéf?;fL 0.009(0.52(0.72|0.028|0.0004|16.82|12.18|2.73|0.03
—Clad ;
. M.S. 3 3 3 3
(t:3+13) (t:13) 0.15 |0.24{1.07|0.014|0.004
SU?S_ZZ%;:;L 0.011{0.51{1.84|0.025|0.0006|22.30| 5.85 |3.00|0.17
Table 6.3.1 Welding parameters of butt welded and
full penetration T welded joints
(SUS329J3L-clad steel plate)

Welded Groove Build-up . _
Joint Geometry Sequence Welding Variable
Butt | a5 ; SF-1(FCAW)

Welded CY GFW329J3L (FCAW)
Joint } - ? Usual H.l.: 20kJ/cm

(FCAW) 5mm Excessive H.l.:44kJ/cm
Butt omm SF-1 (FCAW)

Welded 7\ . = WELSUB329J3L

: < / \ j , X SUBF-25U (SAW)
Joint
[FCAW] S Usual H.I.: 30kJ/cm
+SAW 43 Excessive H.I.: 50kdJ/cm
SUS329J3L-Solid SUS329J3L-Solid
GFW329J3L (FCAW)
T ngded Repair Welding
Joint Time:0, 1, 2
(FCAW) | | f | B
N $ {,. HI:11~18kJ/cm
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FCAW:44kJ/cm

I

Fig.6.4.1 Appearance of butt welded joints

FCAW (H.L.: 20kJ/cm)

FCAW (H.L:44kJ/cm)

FCAW+SAW (H.1.:30kJ/cm) FCAW+SAW (H.L:50kJ/cm)

Fig.6.4.2 Results of macroscopic test of welded section
for butt welded joints
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FCAW 20kJ/cm e FCAW 44kJ/cm

SAW 30kJ/cm s SAW 50kJ/cm

Fig.6.4.3 Results of microscopic test of welded section
for butt welded joints [Fusion line]

SAW 30kJ/cm

Fig.6.4.4 Results of microscopic test of welded section
for butt welded joints
[1/2t. SUS329J3L. Fusion line]

— 220 —



FCAW 20kJ/cm |/
3 . "i:‘.

Fig.6.4.5 Results of microscopic test of welded section
for butt welded joints
[Weld metal of SUS329J3L]

Table 6.4.1 Chemical composition of weld metal

(mass%)

Steel Welding

. C Si | Mn P S Cr Ni [Mo| N PI
Plate Variable

Base Metal |0.013|0.28/0.98|0.027|0.001 [22.47| 5.51|3.11|0.17[35.5

FCAW 20kJ/cm |0.022|0.40(0.85|0.021|0.003 |22.37| 8.61/3.55|0.13|36.1
SUS329J3L
—Clad FCAW 44kJ/cm |0.022)|0.42[0.91/0.022|0.004 |22.03| 8.05|3.44|0.14|35.6

SAW 30kJ/cm |0.039)0.64|1.28/0.023|0.004 |19.99| 7.27|2.76/0.11|30.9

SAW 50kJ/cm [0.035/0.61]1.29/0.022/0.003 [17.97| 6.59/2.48/0.10|27.8

Base Metal |0.009|0.52/0.72|0.028]0.0004/16.82(12.18(2.73|0.03|26.3

SUS316L FCAW 20kJ/cm |0.025|0.57 [1.22|0.029|0.003 |22.03/12.86/2.87|0.02|31.8

—Clad FCAW 40kJ/cm |0.027)|0.52 {1.11/0.028|0.003 |21.37(12.66/2.87|0.02|31.1
SAW 30kJ/cm |0.026)0.60]1.28|0.025|0.004 |20.26{13.70|3.07/0.02|30.8

SAW 50kJ/cm |0.041/0.55]1.31/0.021/0.004 [16.95/11.41/2.55(0.02]25.7

Base Metal |0.011|0.51/1.84]0.025|0.0006/22.30| 5.85|3.00/0.17{35.0

SUS329J3L | FCAW 20kJ/cm |0.026|0.360.77|0.024/0.003 [23.10| 9.12|3.22|0.13|35.9

SAW 30kJ/cm [0.019[0.52[1.52]0.025|0.002 |23.00| 6.88(3.08(0.17(35.8
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Fig.6.4.6 Ferrite content of butt welded joints
of SUS329J3L-clad steel plate
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Fig.6.4.8 Measurement line of Vickers hardness
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Fig.6.4.9 Vickers hardness distributions
of butt welded joints
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Table 6.4.2 Results of tensile tests for butt welded joints

Tensile Strength (N/mm?)
Start Side | Start Side |End Side | End Side Ave Judge.
©) @ ©) @ '

FCAW

20kJ/cm 500 494 500 493 | 497 | O
FCAW

44KkJ/om 506 500 497 495 499 O
SAW

30kd/cm| 400 494 495 504 | 497 | O
SAW

50kd/cm| 100 505 499 487 | 498 | O

Full-Thickness Tensile Test (16mm), NK U2A

Fig.6.4.10 Appearance of test specimens
after tensile tests
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Fig.6.4.12 Results of V-notch Charpy impact tests
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Back Surface
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Fig.6.5.1 Cut-off plan of corrosion test piece
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Table 6.6.1 Results of pitting corrosion resistance tests
Test Clad Test Result
Steel Plate | o2t IMPUt CPT | 5°C | 10°C | 25°C | 30°C | 35°C | 40°C
SUS329J3L [FCAW 20kJ/cm| 40°C OOO|000 % x x
T FCAW 44kJ/cm| 40°C OOO0O0OO0|0 x %
] SAW 30kJ/cm | 30°C OO0OIx xO
T SAW 50kd/cm | =5°C|X x X|X x X
SUS316L |FCAW 20kJ/cm| 10°C |OOQ|x OO
T FCAW 44kJ/cm|=5°C|X x X
T SAW 30kJ/cm | 10°C [OOQ|x x X
T SAW 50kJ/cm |=5°C|x X X
O No Pitting X Existent Pitting

Reference Data

Test Steel Plate CPT
SUS329J3L-Clad, Base Metal 50°C
SUS316L-Clad, Base Metal 15°C
SUS329J3L-Solid, FCAW 20kJ/cm | 35°C
SUS329J3L-Solid, SAW 30kJ/cm 40°C
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SUS329J3L FCAW 20k)/cm
35°C
Surface Back Surface
Before Test After Test Before Test After Test

jolds | |

O O O O O O

SUS329J3L FCAW 20kJ/cm
40°C

Back Surface
Before Test After Test

l I I ; s

SUS329J3L FCAW 44k)/cm
35°C
Surface Back Surface
Before Test After Test Before Test After Test

O O O O O O

SUS329)3L FCAW 44k)/cm

40°C
Surface Back Surface
Before Test After Test Before Test After Test

Fig.6.6.1 Results of pitting corrosion resistance tests
(Butt welded joints of SUS329J3L-clad steel plate)
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SUS329J3L SAW 30kJ/cm
25°C
Surface Back Surface
Before Test After Test Before Test After Test

[T

s ses 2

B . G

SUS3293L SAW 30kl/cm
30°C
Surface Back Surface
Before Test After Test Before Test After Test

| 6. % 0

SUS32913L SAW 50k}/cm
5°C
Surface Back Surface
Before Test After Test Before Test After Test

Fig.6.6.2 Results of pitting corrosion resistance tests
(Butt welded joints of SUS329J3L-clad steel plate)

S
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Fig.6.6.3 Results of inter-granular corrosion resistance tests

FCAW 20kJ/cm FCAW 44kJ/cm SAW 30kJ/cm SAW 50kJ/cm
Weld
Metal
5mm
0.43 g/m2:h 0.43 g/m2-h 0.46 g/m2:h 0.51 g/m?-h
Corrosion Rate

Fig.6.6.4 Results of inter-granular corrosion resistance tests
(Butt welded joints of SUS329J3L-clad steel plate)
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Fig.6.6.5 Results of boiling 5% sulfuric acid corrosion tests

FCAW 20kJ/cm FCAW 44kJ/cm SAW 30kJ/cm SAW 50kJ/cm

Weld
Metal

5mm

1.13 g/m2-h 0.92 g/m2-h 1.22 g/m?-h 2.51 g/m2+h

Corrosion Rate

Fig.6.6.6 Results of boiling 5% sulfuric acid corrosion tests
(Butt welded joints of SUS329J3L-clad steel plate)
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Fig.6.6.7 Results of concentrated sulfuric acid corrosion tests
(Industrial sulfuric acid)

FCAW 20kJ/cm FCAW 44kJ/cm SAW 30kJ/cm SAW 50kJ/cm
e e e Em
0.01 g/m2:h 0.01 g/m2-h 0.00 g/m2+h 0.00 g/m2+h
Corrosion Rate

Fig.6.6.8 Results of concentrated sulfuric acid corrosion tests
(Industrial sulfuric acid)
(Butt welded joints of SUS329J3L-clad steel plate)
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Fig.6.6.9 Results of concentrated sulfuric acid corrosion tests
(Reagent sulfuric acid)
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Fig.6.6.10 Results of concentrated sulfuric acid corrosion tests
(Reagent sulfuric acid)
(Butt welded joints of SUS329J3L-clad steel plate)
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Fig.6.6.11 Results of phosphoric acid corrosion tests
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Corrosion Rate

Fig.6.6.12 Results of phosphoric acid corrosion tests
(Butt welded joints of SUS329J3L-clad steel plate)

— 235 —



J3L 3mm

12

Center of Parallel Part @

gl

w

£

5

g

=

Fig.6.7.1 Cut-off plan of test specimen
for stress corrosion cracking test
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Fig.6.7.2 Shape and size of test specimen
for stress corrosion cracking test
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Fig.6.7.3 Results of stress corrosion cracking tests

Test Specimen of After S.C.C. Test Fracture
Time
FCAW
20kJ/cm 2.1k
FCAW
44k)/cm 1.0h
SAW
30kJ/cm 3.2h
SAW .
50kJ/cm - — 0.7h
Weld Metal 10mm

Fig.6.7.4 Results of stress corrosion cracking tests

(Butt welded joints of SUS329J3L-clad steel plate)
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T1 (Repair Welding:0) T2 (Repair Welding: 1) T3 (Repair Welding: 2)

Fig.6.8.1 Appearance of T welded joints
(SUS329J3L-clad + SUS329J3L solid)

Fig.6.8.2 Results of macroscopic test of welded section
for T welded joints
(SUS329J3L-clad + SUS329J3L solid)
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Fig.6.8.3 Microscopic test area of welded section
for T welded joint
(SUS329J3L-clad + SUS329J3L solid)

T1 (Repair Welding:0) T2 (Repair Welding: 1) T3 (Repair Welding: 2)

o, “

Fig.6.8.4 Results of microscopic test of welded section

for T welded joints
(SUS329J3L-clad + SUS329J3L solid)
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Fig.6.8.5 Ferrite content of T welded joint
(Repair welding : 2 times)
(SUS329J3L-clad + SUS329J3L solid)
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Fig.6.8.7 Vickers hardness distributions of T welded joints
(SUS329J3L-clad + SUS329J3L solid)
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Fig.6.8.8 Shape and size of tensile test specimen
for T welded joint

(T1) Repair Welding:0 (T2) Repair Welding: 1 (T3) Repair Welding: 2
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Fig.6.8.9 Results of tensile tests for T welded joints
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SUS329J3L Solid

wwoz

Surfase

37mm 'We|d Metal
3mm

Back

SUS329J3L t:3mm Surfase

Mild Steel t: I3mmI
Test Piece

Fig.6.9.1 Cut-off plan of test piece for pitting corrosion
resistance test

Table 6.9.1 Results of pitting corrosion resistance tests
for T welded joints

Test Clad | Repair Test Result
Steel Plate |Welding| cpT | 20°C 25°c | 30°c | 35°C

SUS329J3L | T1,0 | 35°C | OO0 | OO0 |000]| x x x
1 T2,1 | 30°C | OO0 | OO0 |00 x
1 T3,2 | 35°C | OO0 | OO0 |000]| x x x

O No Pitting X Existent Pitting

Reference Data

Test Steel Plate CPT
SUS329J3L-Clad, Base Metal 50°C
SUS316L-Clad, Base Metal 15°C

SUS329J3L-Solid, FCAW 20kJ/cm | 35°C
SUS329J3L-Solid, SAW 30kdJ/cm 40°C
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1.1 [ZFL®IC

SUS329J3LY 5 wREA#M &ESUS329I3LY wRERIREEFE AL T, 7 3HL
RON—BEEFERT 5012, KEFFE T,
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B GBS BT -BRET - 1.

O SUS329I3L7Z YRtk HLU VIR DA HEICE 3 HIE1E -

il

O AEMFEHOEHRECEET HILIE - #RET - 5TM.
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AIEFXTISBRAN TR, ChoIBE-BRE - FHERERICENIE, ThETIC
ERED L \SUS316LY TR ESUSI16LNY )RR EDIAEHE T
BESN TR TIHILA A—ERIER, SUS329J3L0Z VR EfHRE SUS329I3L
V)RR ED A E LB TEIERBETHAENUD, TLAMRED B L
TEAINRYH—NEEHKRDIIENEALNIZGR DT,

AETEH, FIZEETITHRTHEE, AHEORREBRIET LIS,
SUS329J3L7 5 wREl R £ESUS329I3LY )Rtk EEFE AL, 73IAHIL
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[ZDWNTiIERB,

1.2 AARBEDHLE
7.2.1 SUS329J3LY S v Fill iRz EREDORENE - KHERR
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E, —100C~— 110 CRECKREFETHAIZENHALNIZIGR S
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(Fig.2.3.14 B1R),
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[ ———— 8SUS329J3L clad steel plates

[ 1 ———— SUS329J3L solid steel plates
(M ———— Mildsteel plates
or High tensile strength steel plates

Fig.7.3.1 Construction of cargo tank

Table7.3.1 Chemical composition on rule
C Si Mn P S
SUS329J3L(NK rule) =0.030 =1.00 =<2.00 | =0.040 | =0.030
UNS S32205(SUS329J3L) | =0.030 =1.00 =2.00 | =0.030 | =0.020
UNS S31803(SUS329J3L) | =0.030 =1.00 =<2.00 | =0.030 | =0.020 (wt%)
Cr Ni Mo N
21.00~24.00 4.50~6.50 2.50~3.50 |0.08~0.20
22.00~23.00 4.50~6.50 3.00~3.50 |0.14~0.20
21.00~23.00 4.50~6.50 2.50~3.50 |0.08~0.20
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[0 ———— SUS329J3L clad steel plates
[ ———— SUS329J3L solid steel plates
[0 ———— Mild steel plates
or High tensile strength steel plates

(a) For butt joint weld

0 ———— SUS329J3L clad steel plates
1 ———— SUS329J3L solid steel plates
[ ———— Mild steel plates

or High tensile strength steel plates

(b) For T joint weld
Fig.7.4.1 Cross-sections of cargo tank
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(b) Butt welded joint (FCAW+SAW)

Fig.7.4.2 Macrographs of welded joints
(SUS329J3L steel plate
+SUS329J3L steel plate)
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(a) Butt welded joint (FCAW)

(b) Butt welded joint (FCAW)

(c) Butt welded joint (FCAW+SAW)

Fig.7.4.3 Macrographs of welded joints
(SUS329J3L clad steel plate
+SUS329J3L clad steel plate)
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Butt welded joint (FCAW)
Fig.7.4.4 Macrograph of welded joint
(SUS329J3L clad steel plate
4+ SUS329J3L steel plate)

Butt welded joint (FCAW+SAW)
Fig.7.4.5 Macrograph of welded joint
(SUS329J3L clad steel plate
-+ Mild steel plate)

Partial penetration welded T joint (FCAW)
Fig.7.4.6 Macrograph of welded joint
(SUS329J3L steel plate
+ SUS329J3L steel plate)
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Fillet welded T joint (FCAW)
Fig.7.4.7 Macrograph of welded joint
(SUS329J3L clad steel plate
+ SUS329J3L clad steel plate)

Full penetration welded T joint (FCAW)
Fig.7.4.8 Macrograph of welded joint
(SUS329J3L clad steel plate
4+ SUS329J3L steel plate)
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Partial penetration welded T joint (FCAW)

Fig.7.4.9 Macrograph of welded joint
(SUS329J3L clad steel plate
+SUS329J3L steel plate)

Ferrite Scope

Calibration
standard set

Fig.7.7.1 Ferrite scope
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Fig.8.2.1 12,500 DWT type chemical tanker

o
Ay

IR

Fig.8.2.2 General arrangement of chemical tanker
with all duplex stainless steel cargo tank
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