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A3 A 2REA L

31 A1 89

ATl AgE Ase FEE doeE ASHe gaA(JIS G
3456) . = mA o] et AE3 7 AA AA2 Table 1, 22t &4

oV Fol FE BAZe] 4077t HES APAL Aol 1GAA (o}

& 1 7] 2R A) = L4 A A EHS o, AlgaA s 7} 5}k
SMAW (Shielded Metal Arc Welding @ A=ola8% - F%8&4)9

FCAW (Flux Cored Arec Welding : Z 827084 - wix583) 2
SAW(Submerged Arc Welding @ A B A Eota &4 - 25g5)>
& AAARL, 2 S wE §UHAY e A R 7]
<= Table 1, 2°] Yetlide. 28| 28 &3 HE 922 PS5 7]
A gHe g3 A ¢S Fig.109] YER At

i)

(o]
o

Table. 1 Chemical composition of base metal and filler metals(wt, %)

Material C Si Mn P S
Base metal 0.15 0.19 0:65 0.016 0.005
SMAW 0.07 0.53 0.98 0.014 0.010
FCAW 0.040 1.29 0.49 0.010 0.009
SAW 0.07 1.45 0.4 0.013 0.012
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Table. 2 Mechanical properties of base metal and filler metals

Tensile Strength| Yield Strength Elongation
(MPa) (MPa) (%)
Base metal 443 309 29
SMAW 558 490 32
FCAW 582 548 28
SAW 540 440 31
a,\.r"’ﬂ! ) e,
1> Tm\ /
—=H=—10mm
c—212.2 50 20
L
%}‘* = —— o
o
=]l 15

_30_

Fig. 10 Dimension of specimen (unit:mm)



3.2 23 4XA

A A7 AR I 2ZA P 7] (Instron 8321S, 100KN)ell
A3 Ag dte 4P AR RE )

i FIgE 10Hz2 shler, 2ddd Atelg S Ad7]d d4€

AFEE 24390 B 29 ASTM E 4660 uiet 25500 Fig. 11

< A7 AR g ZAF 7] ol

noT
rlo

Fig. 11 Apparatus of fatigue test machine(Instron, 8821S)
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HN2AHe A7 54 R 7248 7] (INSTRON 8821S, 100KN)E o]
43te] ASTM E466A @l wat stxalojmaoz A8S sk’
dzetE g Ag-AA -G AANE dUw FurEe 10HzE

Ao Sedw Afel2 £t AFHG A28 sweddd od
Aasich. 7t SAel e WzEEe 2337 S5 was &
AARE PFes SNAEES B4 Huies ragor) dzade

2x10° cycleZ}A ol A wlgtd A|He] A w71A] FFL WA AL
A AEe FPAgP. AP A2 dg 2 2 Ay gAA=
2 93s sta =X dFgS Hxstslz] S Ao A R RS A

=dol ¥ #1200 =2 vinHA Antdd Foll A=A PS sk

Fig. 12 specimens before and after fracture by fatigue test
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Fig. 13 Results of vickers hardness test
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4.2 A 14407 3+ F Az ZF
421 35% NaCl &894 &1

3.5% NaCl -8 oA 14404 7H(60Y
SMAWel @ &3 A8 FCAWe] ¢ A 2w SAWe o
FHAY BAE FAQL TAG RAF T W TARLBE
o 727 JET, 2 o] AWE ol gale] FAZADI HAS
oo WA A7kl BAE SMAW, FCAW, SAWS 2415 1]
3ho] Fig. 140] vreh ook

B
&
off
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] 5 54
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oo offt -llj
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i
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Table 3 Weight loss of 3.5% NaCl solution

14402 7+ -4
A 24 2 24 Zlnﬂrj 7ha
& (g) 0 (mg)
(g)

Base Metal 176.4194 176.37155 47.85
SMAW 199:2333 199.04515 188.15
FCAW 198.8391 198.6026 236.5
SAW 217.449 217.022 2427
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= 300
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Fig. 14 Weight loss versus immersion time of specimens in 3.5% NaCl

solution
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4.2.2 6% FeClz =& Aol A &

6% FeCly =& Hol A 1440+ 7H60Y)
449 FCAWel €% §4A4 2
o Ao gF FAGEFL 7
AdE HH SAWZE 2240.8mg, SMAW7ZF 2142.1mg, FCAW7}
vheb el

o]

6% FeCly =8 2ol A 14404 3t

EFU A

£

EIR B

2066mg S A7} 843.6mgel F-Ael o % FAFATS

A F RAZEFE Fig 1590

Table 4 Weight loss of 6% FeCls solution

%, SMAWe|

SAWel o] & &3 A of Ao}

i
g A3 E Table 40 YEH A

B ]
T T R S e
F 7
&4 (g) (mg)
(g)

Base Metal 176.6149 175.7713 843.6
SMAW 199.3276 1971855 21421
FCAW 199.0973 197.0313 2066

SAW 217.3059 215.0651 2240.8
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] A1 7E 144071 7kl Al 3.5% NaCl 443 6% FeCls 8

.
of RAZHE MmSY 6% FeCl; 842l 497k o 971089 ¥4

10.000 k- Corrosion solution (6% FeCl,) I
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Fig. 15 Weight loss versus immersion time of specimens in 6% FeCls

solution
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4.3 A 21607139 FAZF

4.3.1 3.5% NaCl
35% NaCl =& ol 2160A17H(90) &<t A sko] F2 o
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rslé
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G- At wA e B
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Table 5 Weight loss of 3:5% NaCl solution

A e an FA

2160A] 7+ 2]
2A| R4 A 2 - U,ﬂTﬁ ta
T
2w (g) B (mg)
(g)

Base Metal 176.4194 176.2278 191.6
SMAW 199.2333 198.8205 412.8
FCAW 198.8391 198.32885 510.25
SAW 217.449 216.928 521

A7V 412.8mg 18] 1L

th o] Ao M=
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o] Wi thgo] FCAWola, SMAW7ZF €874 FolA 71 FARA
ol A vhehgon] gAY Ak A wlshe] 2~3u) o] R
A =FE e AT
o] AyE HW, dutAlse] FA o oy 7HA WAUSTS &
FodE Az AZE el o@ M R AAe] RASYS
9% go gzEch oo FHWH AT A1zE RALFE o
34 99 F& FFAA Anel /=R A 1Y x 216047
Eet 35% NaCl §olol A F FARFS $3IHE2 ZH
A b FAZ e AAE Fig. 169 YERY AT
1,200
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Fig. 16 Weight loss versus immersion time of specimens in 3.5% NaCl

solution
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4.3.2 6% FeCls=8 oA &4 FAZZF

=
6% FeCls F&dolA 2160417 HA F F2o 9

& RATLTE
SRPHAE A A A 206007 $A F A 2 FARLEL
Table 6° e AT
Table 6 Weight loss of 6% FeCls solution
21602 3+ H- 4

N IETEEY 62_;2,5 i

R (g) A/ (mg)
(g)

Base Metal 176.6149 175.14405 1470.85
SMAW 199.3276 194.5243 4803.3
FCAW 199.0973 194.3595 4737.8
SAW 217.3059 212.02585 5280.05

O ARE B 1440413 F-A Fo FAZER vlastd o 2~25
w o] FAZARe] YEwow Holg Age Ag7kAl= FCAWZE
SMAWH T FAZA o] =doy, o7[A4= SMAWZF FCAWR T

Ans vedon, &89 E T

Ase = Aelg UehtA g, vawe Aos mgou =g
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std, S A7 AR 3] o] e ZolE H

6% FeCly 58014 2160417t A4 F ¥4 FAZFE Azk3} 7

Aste] £-8WHE R Fig, 1791 YEFU Q).

o] A3}
aol =

H
= BEAE AT S-7AY B 1440713 o] FHE FA
]

et WMBARE deigont Rt A5 WRE W

N

o] 3.5% NaCl 893} 2ol S YER A

10,000

5,000

5,000

4,000

Weight loss (mg)

2,000

Fig. 17

| | Corrosion solution (6% FeCIS) I

---m--- Bage Metal
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& FOAW
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0 300 00 900 1,200 1500 1,800 2100 2400
Immersion time (hours)

Weight loss versus immersion time of specimens in 6% FeCls

solution
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4.4 A 4320A 7] F A=

44.1 35% NaCl &8 QoA &-HH T AL
35% NaCl 44 <ol A 432041718095 ¢k 22 24 T 7 &3
W g mAle A A A 432047 B4 2

A ae)n FA PP Table 79 eI AT

Table 7 Weight loss of 3.5% NaCl solution

bR A
R T I Rty N mew
A=)
& (g) T (mg)
(g)

Base Metal 176.4194 175.95125 468.15
SMAW 199.2333 198.39625 837.05
FCAW 198.8391 197.71975 1119.35

SAW 217.449 216.263 1186

olof o3t H, SAMe] o8 &H A7 1186mg, FCAWo| <8t 8% )
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4.4.2 6% FeCly 8404 &34

Table 8= SMAW, FCAW, SAW 7181 2AE
e
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Table 8 Weight loss of 6% FeCls solution

6% FeCly & o ol
F= HER AT

4320A] 7+ -2
AL 24 A %A = U,ﬂTj 7o
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E R (g) N (mg)
(g)
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SAW 217.3059 206.92085 10385.05
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Fig. 21 Corrosion potential versus immersion time of specimens in 6%

FeCls solution
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Fig. 22 Corrosion potential versus immersion time of specimens in 3.5%

NaCl solution
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Fig. 26 Fatigue test results of Base Metal and SMAW (2160 hours

immersion in 3.5% NaCl solution)
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Fig. 27 Fatigue test results of Base Metal and FCAW (2160 hours

immersion in 3.5% NaCl solution)
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Fig. 28 Fatigue test results of Base Metal and SAW (2160 hours

immersion in 3.5% NaCl solution)
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Table 9ol 35% NaCl &9l 2160A7H90d) Sk A F
SMAW, FCAW, SAW S} ®Aje] s|27= ZA3tE vebu sl
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SMAWo| 93 &-dA47F 7M4 & RAMZREE BHgonw £44
o 27 b =A JElg o] Ay E o] gte] o] Hof SHN

of AAAEE ol&T & dom, SMAWS I 24=7t 7}

Table 9 Fatigue limit of Base Metal and Welding method (2160

hours immersion in 3.5% NaCl solution)

Date
Welding Fatigue Limit
method
Base Metal 141.4MPa 14.428kg /mnt
SMAW 135.9MPa 13.867kg,/mn
FCAW 125MPa 12.755kg,/mn
SAW 119.5MPa 12.193kg,/mn
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Fig. 29 Fatigue test results according to welding methods in 3.5%
NaCl
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Fig. 30 Comparison of number of cycle according to welding

methods in three stress point of low, middle, high (3.5% NaCl)
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Table 10 Stress and cycle comparison after 3.5%. NaCl corrosion

stress
Weldin 130.4 (60%) 151.4 (70%) 174.7 (80%)
method
Base Metal 2,615,400 1,125,400 157,761
SMAW 2,541,210 517,277 135,421
FCAW 926,481 154,645 64,187
SAW 851,242 114,151 23,457
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Fig. 31 Fatigue test results of Base Metal and SMAW (2160 hours

immersion in 6% FeCls solution)
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Fig. 32 Fatigue test results of Base Metal and FCAW (2160 hours

immersion in 6% FeCls solution)
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Fig. 33 Fatigue test results of Base Metal and SAW (2160 hours

immersion in 6% FeCls solution)
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Table 112> SMAWel 9% &34 FCAWol 9§ &HA 12
E A9 6%FeCly =& ol A 216041 7F H#] 24 5 H-2 3]
AEdE 3 235 derddd
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Table 11 Fatigue limit of Base Metal and Welding method (2160

hours immersion in 6% FeCls solution)

Date
Welding Fatigue Limit
method
Base Metal 130.4MPa 13.306kg, /mn
SMAW 125MPa 12.755kg,/mn
FCAW 119.5MPa 12.193kg,/mn
SAW 108.5MPa 11.071kg/mn
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Fig. 35 Comparison of number of cycle according to welding

methods in three stress point of low, middle, high (6% FeCls)
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Table 12 Stress and cyclercomparison after 6% FeCls corrosion

stress
Weldin 130.4 (60%) 151.4 (70%) 174.7 (80%)
method
Base Metal 2,142,460 234,656 75,613
SMAW 1,030,550 187,193 71,136
FCAW 752,123 176,036 42 563
SAW 456,762 95,452 21,079
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12.193 kg/mm” , SAW7} 11.071 kg/mm’ , 2417} 13,306 kg/mm” &
35% NaCl =493 o] SMAWS] ¥ 2757t 7}4 =1, SAW7}
7h gtol wdd AEFE AAOoW, 6% FeCly T8 Ao Ao FA9=

=7k 35% NaCl &ohol wa] o 1~15% 23 w7h vho} 4
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A Study on Corrosion and Fatigue Strength of

Ship Structure Welding Steel

Ju-Hwa Jeong

Dept. of Precision Mechanical Engineering,
Graduate School of Pukyoung National University

Abstract

There 1s' a strong probability that welding structure, which 1is
particularly used for ship—-building, produces defect not in its base
metal but in its welding part. 7This Study has executed digestion of
welding agents upon 3 ways of welding such as SMAW, FCAW
and SAW in the solution of 3.5% NaCl and 6% FeCl3 for 60 days,
90 days and 180 days; respectively to make quantitative analysis of
the corrosion and “fatigue. characteristics of “the weldment and,
consequently, grasped for the tendency by the three welding
methods through investigating its Corrosion Weight Loss and
Corrosion Potential characteristics, and executed digesting the said
three welding agents in two solutions for 90 days and carried out
Corrosion Fatigue Test for them in the air and, thereby, made
enabled to predict fatigue life and strength by drawing out S-N
curve. As the result of this test, the mechanical property of the
welding agents was getting lower than the base metal and, whereas,

showed that SMAW 1is, in general, more excellent than FCAW and
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SAW in corrosion and fatigue strength. This study, of course, needs
additional review through investigating its more concreted test plan
and inquiry and, on the one hand, it is suggestive from the test
result of this study that auto welding device to make best
application of manual welding conditions be developed for the
purpose of raising up the effect of auto welding for the areas, which
need special attention to their corrosion & fatigue strength, like ship

structure.

Key Words : Fatigue Test(3] 2 2d),  Weight  loss(FA7#),
Corrosion Potential(F+2] 21 %]), SMAW (Shielded Metal Arc Welding; <
TE4), FCAW (Flux Cored Arc Welding; Hk2} 584,
SAW(Submerged Arc Welding; A5 &%)
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