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ABSTRACT

Effect of Welding Process on Fatigue Strength in High
Manganese Steel Butt Welding Joint

Joo, Ha Dong
Advisor @ Prof. Park, Jeong Ung, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

There have been many reports of fatigue cracks in steel structures due to the
increase in overweight vehicles and the aging of bridges. Steel fatigue refers to the
phenomenon of the occurrence of cracks by the load less than the yield stress and
the fatigue of members after progress. Since 1967, fatigue cracks have occurred in
many roads and railroads in the United States and Canada, and fatigue has become
a key factor in maintenance and repair. In steel bridge as well as various
mechanical parts, aircraft, automobile and marine structures, stress concentration
occurs high by geometric shape change in welded joint and this causes fatigue
failure.

In steel structure, it is important to study fatigue and fracture mechanisms that
can withstand long periods of time, even at high stresses, together with light
weight. Defects such as cracks in base material, poor penetration, pore, slag, shape
mismatch, etc. caused by welding process of steel structure occur and it tends to
be locally vulnerable. Also, as methods to solve these problems, various surface
treatment methods such as grinding, shot peening, hammer pinning, etc. have been
used in places where cracks are expected as fatigue and fracture occur in weld
joints in most steel structures and the method that helps improve fatigue life by
improving the shape of the welded toe and removing defects so that it changes the
tensile residual stress by increasing the fatigue strength, which is UIT(Ultrasonic
Impact Treatment) technique is applied.

Especially, when it comes to the geometric shape change of the structure that

residual stress creates with fatigue propagation by geometrical characteristics and

_Vi_
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welding process, while the notched portion and welded joint where stress
concentration is high due to discontinuity and repetitive forces have a significant
effect on fatigue strength, this can be quantitatively analyzed using stress
concentration factors.

In today’s domestic steel bridge, the corrosion resistance of the weakened part is
not properly treated at the construction stage, so the local corrosion is in progress
rapidly so that it is shortening the safety life of the bridge. The recently developed
high manganese steel is more expensive than general steel, but its application to
the civil engineering field where corrosion is a problem is under consideration due
to its excellent corrosion resistance. Also, studies on the residual stress distribution
due to the change of the welding process are underway as the application of new
materials and the welding residual stress which affects weld safety, by this have
various effects on the fatigue strength and brittle fracture of the welded member.

In this study, stress concentration factor affecting fatigue life was obtained and
reviewed through experiment and analysis for two welding processes, FCAW (Flux
Cored Arc Welding) and SAW (Submerged Arc Welding) of high manganese steel
which is an alloy containing manganese with excellent corrosion resistance and
abrasion resistance. Also, the change of stress concentration factor according to
presence or absence of welding residual stress was investigated through thermal
elasto—plastic analysis. Also, fatigue tests were conducted on the two welding

methods and verified.
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9 o A WA e $2 So A5 Wda we AK,E ekl

1 g
R= min _ Ymin (2.96)
Kmax Omax
0%7]}\‘17 Koin Omin Y VTG - ‘%]Z‘\— %E‘jl :—Q‘EH 7:"_/!:
Kmax Umaxy\/ Ta - “‘i’]r’H %E‘jl Q’EH 7:”_}l:

AK,, =717(1—0.85R) (%] : kgf/em'?®) ol a4 0.165 < R < 1.0616  (2.27)

AK,, =616 (S 2 kgf/em'®) ol thal A 0.165 < R< 1.0616 (2.28)
AR, A AR SAd wE JgS Eo] nAx gor g o IAAE A9
BE A 488 4 St

a9 289 99 NE AL, olddAe #d Jd W5S ek gk o 99

o] da/dN¥ A K9 #A= Fulg 2 Z oA FHdoz YepgojAng g9 [
A da/dNT AKS IAl= o o2 Fojxt

da m
N A(AK) (2.29)
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A TE Aol af 99E cm, &9 o AF W9 Ak
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9o Aol 4 225)% tekE g Aol ofin,
(Aa)"N=r¢ (2.35)
o 714,
. 1 “  da
€= OASmA /ai CLO 5m Ym, (236)
g2 B A% W A7 SRA 2 o AF W AK,RT 2A 99 ¥=
o] JAg, metA x7] TFd ZHol gl HEA e e wEeke S8 WY
AcHTEH 2 &2 HA 92 o] g,
AoYy/ma,= AK,, (2.37)
Ao — KB (2.38)
’T Y /ra, '
Qoo FG ol at the AL WEFE A4 7E Qo] quth A He 9L
stk
AcYy/ra,=(1— R)K, (2.39)
1 [U-RK, }2
a, = 7TY2{ Ao (2.40)
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Rayleigh®] &

EF UE e HE2s HE 35S W CT(Compact Tension) A3
Hell gigt 9= ¢4 1d wWEol Biuyol Jvk(Barsom J. W.,1977). Rayleigh<]
g8 4E g5 s o= Hodr
(Ao) = 1.011 Ao— Aoy, 1, Ao— Aoy, )2 (2.41)
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o714,
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i i e——— f(80)
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a ﬂ.ﬂ'd . ﬂ.ﬂ'd .
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T 3.1 NEHY g8 =A
Initial Welding Condition
Process Steel | temperature Amperage | Voltage Speed
(C) (A) (V) (cpm)
SAW High Mn 150 280 32 23.04
FCAW High Mn 150 230 32 30
H 3.2 NEEHS 24
Steel Mass Young’s Moduals | Yield Stress | Poisson’s
tee
Density (GPa) (MPa) ratio
Hihg Mn 7.85E-09 219 432 0.3
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32 $HAFAS: 4 2 A4
321 2ol AL ol §8 SAYFAF

Sole e ARdde] TAAHY] &4 B I3 et SHATAT #®
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A8t E%%ﬂ* =9 S stk 14E Puttys Aol dFoR 5
o7 Adg 5 250 S Av| el H=e] J4s FFst
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I A Zh(flank angle(d, )= SASFAT. AlFHLS & 10702 FCAWA @4 5719
SAW 571 AlddS slds il %I e eEow #s wE A vk 34
d HE=gdgoriy SHASAT (K)S Tshrl 98 A BDE ARSEATHES.

174 (toe radius(p, mm)

Yoshida, 1978).

K =1+f0)(a,—1) (3.1)

o714,

a1=1+c[(¢11—2\)/_£] |
o= 1_1eimexp? 98.457r \/L )9
520-65—0.1exp(M)

—0.74 « z)
t

c=1— 0.48exp(

Al=(2h+1t)/t
A2=A1/2
t : thickness

J8 3.12 HEEgd =53 /X
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H 3.3 SAW/FCAWS SHEZSH+ SEFZ21
SHITAF(K)
A
Top Left Top Right
SAW-1 1.069 1.085
SAW-2 1.073 1.09
SAW-3 1.067 1.104
SAW-4 1.038 1.137
SAW-5 1.033 1.101
FCAW-1 1.057 1.072
FCAW-2 1.043 1.065
FCAW-3 1.044 1.065
FCAW-4 1.042 1.067
FCAW-5 1.056 1.057
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AEAT (mm) (mm) (MPa) Hz (N) Ratl
SAW-351-1 351.17 26,112 TR
SAW-351-2 351.17 61,862 TR
SAW-351-3 351.17 20,401 TR
SAW-351-4 351.17 42,255 TR
SAW-351-5 351.17 50,702 TR
SAW-285-1 15 12 285.83 15 97,352 TR
SAW-285-2 285.83 94,528 TR
SAW-285-3 285.83 77,702 TR
SAW-220-1 220.50 182,018 TR
SAW-220-2 220.50 132,917 TR
SAW-220-3 220.50 145,115 TR
¥ 3.7 FCAW =2 A¥ A7
N FA®) | & (B) -9 DA g s
ARAS | om) | (mm) | vpa) | B2 ap | s
FCAW-351-1 351.17 107,000 BC
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FCAW-351-3 351.17 64,868 BC
FCAW-285-1 285.83 1,005,384 BC
FCAW-285-2 285.83 323,490 BC
FCAW-285-3 | 15 12 285.83 15 162,329 TR
FCAW-285-4 285.83 219,444 TR
FCAW-285-5 285.83 148,745 BC
FCAW-220-1 220.50 329,020 TL
FCAW-220-2 220.50 630,131 TL
FCAW-220-3 220.50 301,954 TR
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