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ABSTRACT
The residual stresses and distortions of structures by welding exert negative effect on the safety of

railroad structures. This investigation performs a thermal elasto-plastic analysis using finite element
techniques to evaluate residual stresses in butted-welded joint. Considering this initial residual stresses,
local stress and strain at the critical location (weld toe) during the loading were analyzed by elastic
plastic finite element analysis. Fatigue crack initiation life and fatigue crack propagation life of
butt-welded specimen were predicted by local strain approach and Neuber's rule and Paris law. It is
demonstrated that fatigue life estimates by local strain approach closely approximate the experimental
results.
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2. 4% S25PAY

21 A5 2 A¥H
¥ Dz A g ALgE AU JIS z 310394 whel MAsgen, Fig. 1 3 o] Zo| 200mm,
% 25mm, 57 10mm ¢ X3 27} &3 AMPHo|n MHGL 90° , FEHL2 2mm, FEF
< 2mmo|t}. Al¥A AFv ARAYF FREA AL de §HTRE FAZA(SMA%0A)9
. AR A" 2FWHe GMAW(Gas Metal Arc Welding) £3¢l1 232212 Table 1
3} o] 3 passE Ak
Table 1. Welding conditions

Welding

- Method R GMAW
Plate Thickness| 10 mm
i__ Material SM490A
msﬁ\aﬁﬂbﬂlé"‘w;ﬂs:h’;wmm o ¢ wisth of itnd et Wire Size ¢ 1.2
[ % A Pass 1 Pass 2 Pass 3
' Welding Speed|  , 18 18
Fig. 1 Geometry of the butt-welded specimen (cm/min)
(t.;lomm’ w=25mm, =200mm) Voltage (V) 103 105 - 105
Amperage (A) 150 190 180

22 MY 2 APEH

H2A Y& ASTM E 466¢] mat A8¢ AAEAnh A8 FrI2E Fig 29} 2ol dynamic W5
A@7] Instron model 8802 (25ton) 3} Instron model 8503 (50ton)S AM&-3%Hx, AP 2x10°
cycleZt AN A wlstg AjHo] LAY wrtx] #dFE WAFAAVY APE FYH APde
IHAEZ BB 3Z S o] 8347, FFu(R)E 01, 20HzE APE FP3AT

Table 2. & H2APZHE AT Foly, gdo] &HH7} ofd THEY FollA dojd A
He AAF Fgoltt. NPYAHE FHaATHLE ALY} FH 25373 BAE Y
B S=103% N0 ot} 2x10° cycler}R ol I 2He N2dxe P
W B gzAgee d23se Hu FAEY2 of 1799 MPa o|th. §3JAIRUS] AFAEA
3 FRPEE P 378MPa olx, AFZEE FF 520 MPaolH, FA=dee AFF=e &
0.35u ) sjFEct. '

Table 2 Fatigue test results

¥ No. Loang(l&\I) SumsMaxdpa) Li?:(h(gflglee)

AAN-16 | 109 4494 2.6%x10°

AAN-05 [ 104 428 4.6%10°

AAN-09 93 385.2 6.6x10°

AAN-03 83 3424 22x10°

AAN-02 73 . 2996 23%10°

AAN-04 62 172568 1 63X10°

AAN-10 58 239.7 38%10°

AAN-11 56 231.1 48%10°

AAN-13 56 2311 49%10°

AAN-14 54 222.5 48%10°

AAN-08 52 214 1.2%10°

AAN-17 48 199.4 14%10°
. . AAN-18 44 |19 TEXT0Y
Fig. 2 The fatigue test apparatus SANIO m BIXI0
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L4 20207001t} & Mo ALEE £3WHHE GMAWEHoln EH2Ae AHAT FU3A 3
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Fig. 3 FEM mode] for butt welded specimen

32 gAg 2 FIFLY A

£HEYe] GAY AN AHS G99 e 840 FYUSA FEsHs AL(body Au)S AHE
9T, SHA LeoA §§7 DA dare) s ATE wgsty] 9Ysto] Fd(latent heat)
TG T. GHG AN AL ARG FAAE 71E ATARY A% Ax 249 ogsUL,
g AARAoE AQUFEAZRA 20W/’KE Fahos, FHLEE 20T AFsg

4AY NN T3 gUo] o)FIE B¢ LEEIE Z ANGANN AN F, o] A &
EEXE §1F02 sty deiy HAe SAFeIHN 3 F wshe IFYL AN
g2y FHAd AHLHE 250 G AR BANE 7@ A7) A% Az 2492 o183
Atk AAZACRZE FH$ iAW) dAZD 2 FHY 244 JAL PA) Al y, 2P
o Wele s

33 AzFasly

S350 masde §3 Aoyt 75EEd ST BHE ST 9% A= I
A rk olgh e SAF kX R 35S A He B¢ FFHLE 2UEE dedin o] 9
Aol Fgol WAT wetd, R FALNFIE AF387] st SR =AFES YR
WY EL A3 Adstdor 8m, ol§ o83t A JHA £HAS WYPS HL3n Ao & =%
dMe AR e meidtd FEEATELS dFEHY st FHUFEIAMY(local strain
life)e A&sgch FHEYEZAPY(local strain life)o] oF D257 oA e $H-A¥E §A4
A7t ase, A3 AFEF ANAH 75y BAZA 93 AGFAI IFHHAYFY *E
$Y-HYE SAXNE ALAATh 9% wEH-NEE SAXe 44 4¥dnsNH 7¥
F 2oy, 83 APW ARE YRS F4oE 15mm7A AEE EASY FzAPZAZNH ¢
E 39998 SHXE FEP NYAAOE c18dte] FARAT AN A& QPR B
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5 $3-9¥E SAHAE BT A= 167HBE FHE3e AU Ao AHSE vE-3Y- 1Y g
AAE oM EZFSAS(fatigue strength coefficient))=934.75 MPa, &, (324 A % (fatigue
ductility coefficient))=0.573, b(3] 2 Z = x| (fatigue strength exponent))=-0.09, c(HEZ A A5
(fatigue ductility exponent))=-0.56, K (4% 7T A4 (cyclic strength coefficient))=1022.2MPa,
n' (W8 ¥ 3 § 7 31 A 4= (cyclic strain hardening exponent))=0.1607 o]t}.

FRHUYPEZAPY(local strain life)ol] &3 H2FE DAL dFoe dWFoz go] olgHn
Ae o2 (1) Basquin-Manson 4], HF YL AT F UE 424 Morrow 23 2(3)¢)
Manson-Halford 4], #}(4)2] SWT(Smith, Watson, and Topper) -2 &3}o, B d %9 AL
A

€, =”6_E\L(2N/)b+€}(2N/)c .................................................................. 0]

€, =_0L;:—U°.(2N/) b+E}(2N/)C ............................................................ 2)

€. =—0%00(2N/) b+e}(—0%,o—°-)°’b(2Nf)° ................................................. - @)
- (05‘)2 2, bte

O oax €0= "% (N D24 0,8 L2N ) e corvrimniinci s - @)

oM, e, FHEAYE ZEZ(local strain amplitude), 0 2 AWF S (maximum local
stress), ¢, = TS (mean stress), Ny = H 2o

o] AHEE AL P2 AY 2 R=012 #HA AAeFL ALgslgen, S4HE =X &
ol M FH-EY € HIES 8] 3t Neuberd&-& o] &3 ZAM|AHI IAH{SHE
Y w24 #BL24E ol8de Yoy ARE ez HZFWINGEE AFANT
Neuber HH 2 ERF x4 #FAdd Wgle xx] 2E9 FHYIFAFTE ALY S8 WY
&) i JAF A FAZ Jed F don, 59 g7 =X E 8, Q¥YE FEos
ol el e 2o

2
__(_I_%:g_)_ TG 6 cereeerrerseeneineneeseieer e e st a e st - )
o714, Kt = 2 3ZFA 4 (stress concentration factor), S = T3¢ ¥ (nominal stress),
E = &t A Al 4= (elastic modulus) o]t}

3yt o] & S Topper & $YIAFA T K 3 ZXx XA 4 (fatigue notch factor) K2
da3te Aol o L3t jPenz B AFdMe fstdAnZ Y SHIFAF
(=1.747)8 T8}3 Petersono] A e 4702 K& A £Rd2S FPIAL ABYFE
Ague AZ3F=2RE 234708 o] g3td AUt

Falside] AHEE AR AARAL wEEFS S W A5 FRIYo| LHY Y uje
M¥H o2 W3l Bauschinger A& XY 4 Uv o544 3Hkinematic hardening) 2d-& AHE-
3t

Ho) FHYEo] 2oy @3 2 oEF2AA 2L £9E Jehide Ad FUFE o2 me
fatesa e B3 AE dFEREAA Hd FHYES Jehlle XHe] F8YH FHYE W
Fe T3l A1) ~A@)E FE3l FHHNE FYFTh FEHAA B wHEAMe] Bo3nz
FAAAN TE2aPe FAdstger, 2P0l de Newton-Raphson Method& A3t 319
t}.
FAAAFHH AL Paris 2]& AMSSIH T, w31 & DFEE olgte] A7]7] W& ¢E3A
AN AFSHY g nAFA YUthk FEYFL 33 ¥4 E SHAHY B¢
Zurgto 2 27+ M ARl P A1, WEIE FAEA HFdFel dE i vty 2
282 $3 F99 vrg FY(semi-circular crack)2 7} 2(7)2 FE3A 27l Zola)s
0.1lmm, HZ2FFUol(a)e Z9] gl 125mme A4etgct FEAASFF A AT 4L OL (8§)
A3 23, A84F C me $HFEE72] 4929898 ojgaun
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Fig 45 R WA $3(pass 1)o] APY w $HAGNA 10, 20, 0mm AN 53¢ L=} 9
Yol A%E HZY 2AZolch A WA $HA 10mm BoIA AXNN AT 20T LEAS
o) WAHYoH AN} APATHUG R & LENSRL YT glon), AN oA F
2 T W o= A= YA} Ao BT,
CFig. 5 & $WAEW o 40 SH40) JZugen SHNES FdoaRE Az Be
S LoMBY BFIY(Sy) ¥ SHHC] AU PP} AFLH(S,)S) AYATHE viehack
A3 AN} $HA Lol AFIHS $HUY FYl FVOMPa FEe] E AFVFSHo|
TS, $44 AP BEIAS GRYRS BARY Mte A AN E QIIFE
2ol WS

™ T T T
2504 e er e e e Experiment 400 A —=®— longitudinal (S,,), FEA 4
: —e— FEM "" 4~ transverse (S, ), FEA
N 300 4-1& ’
o o . 7y ;
@
—_ a T
& £ 2004--f
2 E hiA
2 @ 1004+l
; : "W
- I R R e
['3 f‘
~100 -4
] 0 2 40 60 80 100
Time (second) Distance from weld center line (mm)
Fig. 4 Temperature change in welding process(pass 1) Fig. 5 Residual stress after weld

32 Td24Y iAo Zut ¥ D

Fig. 62 £4A189 &@44 F38idY ¢ IEHFETY, 7d3dA 4L o)§3lo 458 o
2595 gzAdo2RE dojd Haswne #ASE Y wnstd Uehd agoltk a¥Ee ¢
AHHNE xS 2 2 1/28 Yehlle Aoz 7t oj&4yo] MAlSEe] 20 2 1/2u7 Hoke
AL ovlEln £HdEe) YxgRe J)Fog AAEY. SHABY APAA9} vwdd Morrow
4Jo]i} Manson-Harford®] #|Qtaloj] vls}le] SWT2]o] <F 2:) o|uyje] aPHANAN o 24T 452
#}E Yel gich Basquin-Manson 4|0 2RE o &3 Aiw AFAAY & ol7} I, o|AL
[ELYo] EAGn AFEFo] ALde AEF2ANM HFIHEFL A £y mFoich
Morrow 2le22E dojd d2ZxE 49 B o ANFHez Ae9s Jeila gled,
Manson-Harford 4]0 2HE Ao dZZFz= 3150 A F&dle FYQors A2 te) vns}
o #Fe 38 vehln g1Fo] AL FYexe AEA R vlmele U 38 et o]df uld
SWT 29| 7A¢ & 49 Aerd 714 £& &49E Holm itk

Fig. 7¢& Neuber's ruleg #-83le I HYE W 2 ZIAAHH L2 &3 AAE A|9EA<
H g af=oln, #3848 Ane vimsld Aoz o & $£9-& e Ut o]AL &
A FAFLYE nstA] @yl d el AA &3 xxFd dAEe € HEsye anE Y &
Q7] wEolt}. oA} e AWRERE LA wHE $H-HYE EAAI) FEHT g4 /3
84 X SWT 4& HEH FIRUYE PP 43I0 479 H24gq st 6S g
2L ¥ 5 g Aoz pugh
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Fig. 6 Comparison of total fatigue life predictions by Fig. 7 Comparison of total fatigue life predictions
FEM analysis and experimental results by Neuber's rule and experimental results

4. Ag

A HAse AFREE S nda, £ AR TR G FH(local stress)} FE M ¥ & (local
strain)}g €24 {F2aAE Fild 78 F FRAYEZAPY(local strain life)S 28314
€3 AW Y24y g&siden g 2 AES AU

1) 29 H2yEEe FFLYL 1y, @44 FEessNez T3 Ho Fuy s wsl
ZF3 SWTA S H8& 7397 20) o] H iy 9oA 4849 A 4ABAE Jehdoh

@ &35 FR4FA AF8E S 1218 A] Fa Neuber's ruled L3 A HFsdol @A 4
A=) HiEF(nonconservative)! g Jely=g HE4A Fo8 "asl otk

() 74y e 1Y F Q= Morrow 48] 79 Z 2A3WEH0] A3k xR L&A o]
27 ©]&5 1, Manson-Harford2]9] 3¢ £& 35 F8A &4, ¥& 85 T84 2A &€t

(4 234 AHY 74 ubE 3Y-HYE 5K AU HILE T3l £H FRE) diF A4
U= g2 Ze] 5T Rog @t
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& A7e 20089 #Er|eR ITMAYJTAAIARY ‘AR FREY AESFY Hrt 7E A
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