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Study on Tension-Tension Fatigue Strength Properties of Underwater
Welded Joints of SM41A-2 Plate-to-Plate

S. K. Oh, J. S. Park, S. D. Han

Abstract

Nowadays, the high development of industrial technique demands the optimal design of
marine structures to be welded under the water, because the underwater welding of the
ship hull and marine structures can decrease manpower and cost of production.

However there is not available at present any report on fatigue behavior about underwater
welded joints. In this paper under tention-tension repeated fatigue stress with frequency of
10 cycles per second by load controlled system, the fatigue strength properties of under-
water welded joints of SM41A-2 Plate-to-Plate of 10 mm thickness were experimentally
examined.

The results obtained were as follows :

1) The fatigue strength of underwater welded joints of SM41A-2 was peaked at the heat
input of about 1,400 joule/mm(180 A, 36 V), while, at the heat input of more than about
1,100 joule/mm (160 A, 33 V) that of the underwater welds at the higher than cycle of
life rather than the lower cycle was higher than that of the base metal but lower than
that of the atmosphere welds on account of both cooling and notch effects.

2) The fatigue limit of underwater welds increased with an increase of heat input resulting
in a peak of that at the heat input of about 1,400 joule/mm and then decreased gradually.

3) The fatigue strength at N cycles was peaked between the heat input of about 1,400
and 1,700 joule/mm where the strain was rapidly increased.

4) It was confirmed that the optimal zone of heat input condition for obtaining the und-
erwater welds fatigue strength higher than that of the base metal exists, and if out of
this zone, the fatigue strength of the underwater welds was lower than that of the

base metal because of lack weld penetration, inclusion of slag, voids, etc.
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5) By the fatigue test, the underwater welds fractured brittly without visual deformation,

so the strain was remarkably less than that of the atmosphere welds.
6) The fatigue life factor was peaked at the heat input of about 1,600 joule/mm (200 A,
36 V) at which the mean strain is a little higher than that of the base metal but quite

lower than those of the atmosphere welds, resulting in good underwater welds becausg"
both fotigue strength and ductility of the underwater welds are higher than those of

the base metal at such heat input.
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Table 1. Mechanical properties and chemical composition of base metal (SM41 A-2)

. Tensile strength Yield strength Elongation Charpy impact
Mechanical kg /mm? kg/mm? % [ value kgm/mm?
propertics 16 7 23 31 1 17.6
Chemical c | Si : Mn p ] S
composition ! . : T -

(Wt %) 0. 18 ‘ 0.04 0. 86 i 0.013 ‘ 0.012
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Table 2. Mechanical properties and chemical Composition of welding electrode(E4303)

. Tensile strength Yield strength Elongation Charpy impact value
Mechanical ' kg/mm? 1 kg /mm? ! o kgm/cm?
i

properties E 49 J 43 ] 32 : j 1
Chemical c | Si | Mn | P | S
composition , f

(Wt %) 0.07 | 0.15 | 0.57 | 0.014 | 0.013
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Fig. 1. Shape of groove and welding sequence
(mm).
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Fig. 2. Tension-tension fatigue test specimen(mm).
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Fig.4. (a) Universal fatigue testing machine (Instron 1350, dynamic type) and (b) its block diagram.
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Table 3. Range of underwater welding conditions in case of lime titania type electrode

No. of | Welding Bead length/ Weldi
Electrode Root o0 cuirelt?t Arc voltage| Electrod eangle Ef:ctr:;eg ‘ spiedmg.
(mm) | Pass (4 1 ) length used (cm/min)
Lim titania iég gg
type E4303 1.5 6 180 36 60 1 28
(94 mm) 520 10
H-& A& sl(sine waved) 2 519l ch. ulgfA], BEEES —Es 3te] Kifel A o}
X3 E JP2l PHEERA-S B HEHFRY ol E BT Wl S BEE vol)I} B
LR 9315 A5k Fig. 59 22 EWEABA  #J amp) ¥ A#E(H joule/mm)s} Bk
F’

Hﬁ :Ld(grlp)% BRAA HiEsle ABE  HHBGRS BERHoE T g BN 2Rk
o] BT + JEE gl (least squares method)-& FIfE3F EEEFE

(regression analysis)®e] HHAA BES &

R T8 2ok
E=—1.25%10"%1%+0.60I—30.6 D)
(Mean % Error=0.70)
H=—-1.53%10"%2+18.47—1438.2 @
(Mean % Error=0.50)
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Table 4. Fatigue kmits of base metal, atmosphere welds and underwater welds calculated

by Pantereb’s equation

Specimens for tension- S-N Number of cycles Stress (kg/mm?) Fasigue limit by
R —| Pantereb’s eq.
tension fatigue test curves Ny ' N, o1 . oz or (kg/mm?)
SM41A-2 base metal B. M. j 1x10f | 1x104 36. 5439) 11.3719i 11.32
140 UW 140 ” ” : 20. 3489 10. 2352 10. 20
Underwater 160 UW 160 " " 22,0536 12, 9596 12.92
welds at 180 UW 180 ” ” 25, 0891 16. 8285 16.78
ampere of 200 UW 200 ” ” 23,7067 15. 4859 15. 44
220 UW 220 ” ” 22. 9800 14,9400 14.89
Atmosphere | 140 | AW 140 | o " 32,2131 24, 4187 24,30
welds at 160 AW 160 ” | ” 35. 5593‘ 25,0849 25.03
ampere of 180 AW 180 ” ! ” 30. 0800 23.5196 23.47
200 AW 200 4 f n 28,3219 23. 2076 23.11
3-2. S-NizE & BHR
o-logN 21234141 S-NCRS- K B0
—O— Base metal
MEERE] 014 Table 35} 700 HSBEOEARe a IR
AW 160
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A M- KR (- NS T R A <
f@pTikel ot WER 4 EEe  ERRIG) g wp
~(13DJAN A JEE Ni=102} Np=10%4 412} [
. . @ —o— yw 10
0ot o T T T Ao RNE EELETS € ol —a— uw 60 ;
BHRIE (o) S TFobol SAshe] o 7o e v .
Pantereb®] %192 Fjffsie] o, oL, —®— uwaam .
_ 10° 0* 10° 10% [id
= \/(Nz——-]\71)0'120-22/(]\720'12—N10'22) €3] Number of cycle, N
Table 4= =z #RE el
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Fig. 8. Cause of the dropping of fatigue strength and life.
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Table 5. Fatigue strength at N cycles,
fatigue limit and fatigue life

factor
(o kg /mm?) ’ oF

Specimens! (kg/ K

N=107| N=105] N=106] mm?)
B.M. 36.54  23.96] 11.37] 11.31] 0.98
UW 140 | 20.35 15.20| 10.24] 10.20] 2.43
UW 160 | 22.08 17.51 12.96] 12.92] 2.72
UW 180 | 25.09] 20.96) 16.83] 16.78 2.90
UW 200 | 23.79 19.60| 15.49 15.44 3.04
UW220 | 22.98 19.00 1494 14.80 2.79

220>UW 160>UW 140
(o) x-1053 B.M.>UW 180>UW 200>UW
220>UW 160>UW 140
(o) n-108 3 UW 180>UW 200>UW 220>UW
190>B. M. >UW140
or 3 UW 180>UW 200>UW 220>UW 160>
B.M.>UW 140
18] AALE | Fe] mol N=10'3 N=10%
Ae BHB.M.)e] 27}, s N=10% 4 4=
UW 180 #8ebfel AS-7 o BRlEs b3
b dbele] A#iEol A8 UW 1409 7 ¢}
74 wbA vebvda A o+ Uk
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cycles] HEHE v fRch w4
ek gl&-& AP s RS ABEC)
F7EF MRl BibES a2 AR 4R
T},
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—1.32x10"*H+54.61
(Mean % Error=0.43)

(18)
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