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ABSTRACT

Effect of Material Properties on Residual Stress in Butt
Welding of High Manganese Steel / Stainless Steel

Yu, Ki Sang
Advisor : Prof. Park, Jeong Ung, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

Corrosion deterioration or cyclic loading of steel structure results in fatigue,
buckling and fatigue. Double corrosion and deterioration damage of RC deck are
generated mostly. In Japan, 1691 highway bridges and 390 bridges were demolished
and repaired / reinforced during the ten years from 1977 to 1986. The reasons for
this are classified into six categories: damage and lack of load bearing capacity,
seismic countermeasures, functional problems, improved construction, and other
factors. In addition, it can be seen that the damage of the bottom plate and the
corrosion of the steel are 5196, which is the cause of the specific gravity.

As a method to reduce damage caused by corrosion of steel and to prolong the
life of steel structure, it i1s possible to minimize corrosion damage by using steel
which i1s not easily corroded in bridges. The recently developed high manganese
steel is resistant to corrosion, has high strength properties, and has excellent
formability and is used in many industrial fields. Instead of using high manganese
steel, the entire bridge can be combined with other steel materials for light weight
and cost reduction, and it is possible to design an economical and efficient system
by using it locally where corrosion is severe. However, the mechanical behavior of
the welded joint between the high manganese steel and other members of the
material has not yet been clarified, and the effect of residual stress on the fatigue

strength and fracture strength has not yet been clarified to be. Therefore, it is

— vii —
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very important to evaluate accurately the effect of welding residual stress on
dissimilar material of steel structure during welding.

In this paper, residual stress analysis is performed by using finite element
method and the surface residual stress is measured and compared in order to
characterize the residual stress caused by dissimilar material welding of high Mn
and stainless steels. Parametric analysis of the change of the residual stress due to
the change of main properties was performed by considering the result. As a
result, the main factors affecting the welded joint were identified. In addition,

tensile loads were applied to different welds to determine the mechanical behavior.
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(c) Stress released state

(b) Stressed state

(a) Initial state (stress free)

& 2.9 Definition of inherent strain (Fujimoto, 1970)
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(z,y,2) = 0P (2,y,2) + 0 (2,1, 2)

o] 71 A,

a8

(2.13)

A AHSH, of L AW F o} gl AFLEY,
olghel Telo] S

A: Original Stress ©, =0,

ettt ey
BEYE5Ya8

sosonoor O

y
X
= B: Part cut in two &

- -
original stresses streses partially streses partially original siresses
undisturbed relaxed relaxed undisturbed

o, partially relaxed on suface

a, fully relaxed (= 0) on surface

o, + C: Forced back flat (starting from stress free) o,

anonsurface=originalu‘\ /52* o, from B = original o,
2.11 2XH20IM S =&l (P. Pagliar S, 2011)

e FEAeelth 27 W

Aret 27 e Iek(P. Pagliar &, 2011).
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t}. Deep Hole drilling Method

Front & back bush Front & back bush
—_—,—— ,7—7
; / <
J
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{Electrode (©) AN
il yd
Net sample Net sample
Front & back bush Front & back bush
[ 1\ s
| N f N

\Air probe]
- e () E -
A /] r_ 7]

(b)
Net sample Net sample
Front & back bush

"" —> Data collector

L

Net samplé

% 2.12 Deep hole drilling technique (F.Hosseinzadeh S, 2009)

WA, Gundrill& o] §3te] AlHe] FA Wgew JE FHE F(LY 212 a), air

probe 71E el Qo] dRRAcR FHe] 43¢ ZHATHIY 212 b). OHE &

~ S B (Y 212 0, A

o= A FA43te] F4
(29 212 d).
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olgA FalF WS ol& st FHSHES T+ F AUA P HF.Hosseinzadeh %,

2009).

o=— M u,, (2.17)

M= M) 'm” (2.18)
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AedAs =xde 94 Wt $58 44 A Qo] QAT A Lol wol
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75'
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A A A 71 x A2 oo A 2o

ot r or AT or 0z ()\ZTE)} taQ (2.19)

5 Aol 78t dAEES = = (BTl A (219= 4 (2.20)

- o2l 2on2h) v g (2:20)

c: ¥4 (cal/gC), T: 2% (T), p: BE (g/em?),

t o AZE (sec), Q @ BYA D QA F

2] (2.20)5 Green-Gauss Agl& o] &3te] HEAE3 F Fourier W29 AAXAE
st MatrixststH of53 22 A& 48 5 Aot
00
KI{o}+ X[ o SH{F} (2.21)
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o= }+{de'} (2.27)
lefe ¢8{o) 2 2% T ¢ olnz, 94 WFEY F2L
-1 8[06] !
{de} = [D°] {do} + o lokdr (2.28)
-1 B[DErl
{de} = [D°] "{do} + 7 {o}dT + {o}dT (2.29)
e oo o] SH TR e AN AL oS 2o
{do} = [D{de} — {CYdT (2.30)
2] AW E 2R {de}L B 9 AW E  {de) = {def} +
{ae }+ {aeT}oolm, 24N $FR i TN G o] FRT 5

7t 9
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o171 A,
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High-Mn steel J

(a) SSLM 8F * &4 (b) OIZZM 88 2 &4 (Casel)

High-Mn steel

(c) OIZ2M 28 5 A& (Case?) (d) OIZZ 238 2 A& (Cased)
8 3.3 SE/0|8LNY 88 g4

e P =

43 49 A AHEE ZA1= High Madsh SUSMZS AH&shia, obelel &
317 % 32¢ 47 TF/

T &AM AHEEHE E4S BT Y +F 84

Al Base Metal?} Filler Metal®] *}o]+= Filler Metal®] 532 3Zto] Base Metald]
-20%9 S /1o w3k olF 8§74 Al Filler Metale] 582 7k 99A] High Mn

el Wuee gkl 20%9) e AR,
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33se metgl s metal

:
@;

% 3.4 28329 Base metal 2t filler metal? Xl

u

FH

3.1 S5 EBAN AI8H= NBES 24

oo

Base Metal (High Mn) Filler Metal
Mass density
7.66E-09 7.66E-09
(_g/mm )
Young's Modulus
175 175
(GPa)
Yield stress
442 354
(MPa)
Poisson’s ratio 0.27 0.27

H 3.2 0I5 E&8A MEEHE= ANgEe 24

Base Metal Base Metal
Filler Metal
(High Mn) (SUS304)
Mass density
7.66E-09 7.66E-09 7.90E-09
(kg/mm?)
Young's Modulus
175 175 198.5
(GPa)
Yield stress
442 354 265
(MPa)
Poisson’s ratio 0.27 0.27 0.3
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High-Mn steel
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