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A Study on Fatigue Strength of Cruciform Welded
Joints of Duplex Stainless—Clad Steel Plates for Chemical Tankers

ARAKANE Takuya*1,
MATSUOKA Kazuhiko*3,

KUwA Takanori*!, OGATA Hironori*2,

OKADA Koichi*4 and YAJIMA Hiroshi*5

Summary

On the utilization of duplex stainless-clad steel plate and the solid steel plate in the cargo tank structure
of chemical tanker, most important items to know in the design of the construction is fatigue strength of
the cruciform welded joint between the transverse bulkhead and double bottom.

In this study, we conducted the fatigue tests using the specimens of the cruciform welded joints
composed of duplex stainless SUS329J3L-clad steel plate, SUS329J3L solid steel plate and mild steel

plate.
As a result, it is shown that duplex stainless SUS329J3L-clad steel plate and SUS329J3L solid steel

plate can be sufficiently utilized into the cargo tank structure of chemical tanker.

Keywords :

chemical tanker, duplex stainless-clad steel plate, fatigue strength of cruciform welded joint, stress

concentration factor, fatigue strength at 2x106 cycles
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Fig.1 General view and cargo tank internal
structure of chemical tanker
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2. HERMERE &S CEFTEBR A AESY

SERVE T AT+ TSN T O 7B I S T,
AT LAY Uy FHIRISUS329J3L : 16mm], —
AT VA2 Zy REKRIRIE 16mm (SUS329J3L :
3mm, RFHM : 13mm) |, BLOAF—ATF A FRAT
YV AZ Ty REIRIRE 16mm - 15mm (SUS316L :
3mm, RFEH : 18mm - 12mm) JO{LF 4% Table 1
12, HEMAOTEE & Table 2 (27379,

Table 1 Chemical composition of test steel p(late)s
wt %
Test Steel Plate | C Si [Mn| P S Cr Ni |Mo| N

Sufﬁﬁgﬁ‘f'- 0.013/0.55|1.81|0.026/0.000|22.55 5.75(3.10(0.17

¥
SUS%?ﬂ—;:%'ﬂd 0.013/0.31]0.97/0.025/0.002|22.55| 5.42|3.10/0.17

-
SUS&‘_%&%‘?" 0.008|0.58|0.78/0.021|0.001|17.14| 12.17|2.75| —

SUS316L- Clad” _
316" Cled” 10.008|0.54|0.77|0.024/0.001| 16.94[ 12.11|2.84

* SUS329J3L. SUS316L Steel Plate (3mm)

Table 2 Mechanical properties of test steel plates

’ 0.2% Preoof | Tensile "
» | t
Test Steel Plate Ll Stress | Strength Elongation
{mm) | (N/mm% | (N/mm®) (%)
SUS329J3L 16 594 771 35
SUS329J3L~Clad*|(3 453)| 433 554 23
18
290 480 27
SUS316L- Clad”™ 3 -'1-51 3)
3+12) — 476 35

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

Table 1 (2R L7227 T v FH#ROFR L, WE
3mm DOEEM OILF T TH D,

F 7z, Table 2127 L7y T v REAROBEMAIIET X4
SRR R T D,

oI, MRS NIRRT O ESA %, Table 3
BEWU Table4 (27T 3, RTFRELHAT, NRAMIRE
150 CUA T & LTI LT,

Table 3 Welding parameters of full penetration
cruciform welded joints (FCAW)

Welding | Arc Travel Heat Welding

Build-up

Test Steel Plate Current | Voltage Speed Input |Consumables
Seauence W | v | em/min) |(kd/om)|  (IS)
SUS329J3L-Clad 180 30 17.0 13.6 TS2209
Steel Plate ~200 ~32 ~28.2 | ~22.6 -FCcO
+
SUS329J3L 15.7 13.6 TS2209
Steel Plate % 200 | 82 |\ "Zogs | ~245| -Fco

Plate Thickness :16 mm, Gas Flow Rate :18 ¢/min, Interpass Temperature =150°C
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Table 4 Welding parameters of full penetration
cruciform welded joint

. Gas Flow | Welding Arc Travel Heat
Test Steel Plate zelt‘:""g Rate Current | Voltage Speed Input
% a/miy | A V) | em/min) | (kd/em)
SUS316L-Clad 170 29 20.1 6.7
+SUS329J3L FCAW 18 ~200 ~32 ~45.0 ~17.8
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Fig.2 Shape and size of fatigue test specimen
(Load-carrying full penetration cruciform
welded joint)
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Fig.3 Results of fatigue test for load—carrying
full penetration cruciform welded joint
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Fig.4 Fracture surface and pass after fatigue test

SUS329J3L—clad : Load—carrying, As-welded
SCCA—-4: 170N/ mm2, 5.53%x105 cycles
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Fig.5 Results of fatigue test for load—carrying
full penetration cruciform welded joint
(Or-Nrt curve, Kt 0r —Nf curve)

FEBL, bR FZ, R H

N—, RE & 102

Fig.sh B 5272 K 512, SUS316L-clad $fK &
SUS329J3L ' U v RE#K & O EAREM S 2 T IA B
TR T OKe - Or -Nt SEKULBEHEO EEOMF L, I
WS T A Ak D Ry v S EME S, 1k
HTIG 7—271285 RLy v o 78T L, 2 TH U
B [Eq.(3)] (27257,

Kt ORr=5.90%x108+ N;—0210 . .. ....... 3)

72, BEOEEOMFED KAEDOFEWEIL 1.4 TH Y,
2x108[ElFE 57 3R (s FIHEPH Or) 1354 200N/mm?2 & 72 -
Too FElo, B TFA U F—IZLD FLy v 7
WF, BIOULE TIG 7—212& 5 Ry v ZALE
RO KefEO AL, TRFN12B8L 13 THY,
2108 [A1 5758 % (Or) 13K 250N/mm2 33 & OF 230N/mm?2
Lipot,

¥, I RERTE ORI & Rk E o KRB A&
Fig.6~Fig.8 |Z~7,

456789123466

= e s
7 29fMN1 22 a5 687

Fig.6 Fracture surface and pass after fatigue test

SUS316L—clad : Load—carrying, As—welded
FPLO2-3 : 398N/mm2, 1.38x105 cycles

FPLO1-4
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Fig.7 Fracture surface and pass after fatigue test
SUS316L—clad : Load—carrying, Grinding
FPLO1-4 : 350N/mm?2, 4.54x105 cycles
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Fig.8 Fracture surface and pass after fatigue test

SUS316L—clad : Load—carrying, TIG arc
FPLO3-2 : 350N/mm2, 3.60x105 cycles
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Fig.11 Results of fatigue test for non—load—carrying
full penetration cruciform welded joint
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Fig.12 Fracture surface and pass after fatigue test

SUS329J3L—clad : Non load—carrying, As—welded
SNCA-3 : 120N/mm?Z, 4.37x1085 cycles
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Fig.13 Fracture surface and pass after fatigue test

SUS329J3L—clad : Non load—carrying, Grinding
SNCG-2 : 150N/mm2, 9.05%105 cycles
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Fig.14 Results of fatigue test for non—load—carrying
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Fig.15 Fracture surface and pass after fatigue test

SUS316L—clad : Non load—carrying, As—welded
FPLN1-4: 250N/mm?2, 1.66x105 cycles

Fig.16 Fracture surface and pass after fatigue test

SUS316L—clad : Non load—carrying, TIG arc
FPLN3-2 : 200N/mm?2, 1.09x108 cycles
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Table 5 Relation between stress concentration factor
and fatigue strength at 2x106 cycles

Fatigue Strength
Specimen Type Ke | at 2x10° cycles
(N/mm®)
SUS329J3L-Clad
Load-Carrying +SUS329J3L As-Welded 2.4 110
Full Penetration As-Welded 1.4 200
Cruciform SUS316L-Clad " e

Welded Joint FsUS32903L Dressing by Grinding | 1.2 250
Dressing by TIG Arc | 1.3 230
Non-Load-Garrying | SUS329J3L~Clad As-Welded 2.9 85
Eull Penetration | T SUS328J3L | Dressing by Grinding | 2.2 120
Cruciform SUS316L—Clad As-Welded 1.9 150
Welded Joint | +5US329J3L [ "Drassing by TIG Arc | 1.6 190
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Fig.18 Relation between Kt and fatigue strength
at 2x106 cycles
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