22

A 8%

Iz

Am

TE= 25 ¥ HE git 7|le FHN S

|

AEA FTEEY JEH7IE 93 Battelle 72389 Y B

T8

48

“Battelle 9174 €8 T2E ATLAE

Development and Application of the Battelle Structural Stress Method for Fatigue
Evaluation of Welded Automotive Structures

Jeong K. Hong*¥t

*Center for Welded Structures Research, Battelle, Columbus, OH., USA

tCorresponding author : hong@battelle.org

1. A =

, 271, 4, F/}O] O]‘Jr ] wie 4
EEH%‘}OJ] ”‘:ﬁ}_g«] 25771 ofelzol] slojsith.
S Q0] WIZEEA] & ¥R
Hlif Battelle AFaelA hEsiia, o
Wi P85t Battelle 728

(Structural stress method, °©l8} F-3-g&He|z}
3 olgt FE2A =Hdek o] Fx8Y E
A9 Al A s7F A

vlgo g oty HYzAS olgsle] by,
ESA #d A& T 499 A9 s

—?Z:ge—? (equivalent structural stress)°olghs I=
RS oo, o AT v B 9=
tlolete] HEAIA shte] S-N A==z Fgtste] &3
5 uE AA B ol B3 E AHEE & Qe vt
2 S-N 2= (master S-N curve) & 7HE3H
Ak,

Hehd, 72w e A4al HW CAE, FE &

Journal of KWJS Vol.30 No.2(2012) ppl126-134
http://dx.doi.org/10.5781/KWJS.2012.30.2.126

O]ET‘% 7H s 75[%0 EFdAS AR 2 Battelle
TZ2EEYPY ol AL3 nixH SN IR
2007d ASME B&PV Section VIII Div 2 9] &4%
92 A7 Codes” 2 2007d API 579-1 / ASME
FFS-19] Fitness- For-Service Standards®® A€
A, 20129 EAAF7|HAAME o] g H-8S
Autal ajdrEe] g2 S fg AX (Fatigue
Guidance)” 22 #% ZAEZ it

FzeEWo Jure A 2% ZzaA: (Joint
Industry Program)9] @412 20008 Z25E Battelle

Tao] FE ot A, 4, Y FE, 94
J‘ﬂr% = 9 A3 71# % ‘ﬂroki} AR eFE

AgEo] 2 fusion &4,
AE weld-bond& FAHo=
}_gaﬂm,] 7H1:ﬂ- =i ;Q_Q_%

2
Og:?l‘
[
-
rfo
4 K
T



2 48 23

Normalized stress

Zolt}. of o

=)
Q.;g_'_o

OE shie od 4 l S-N A=s
stertolth. dE E0
'S n=w za 20 Hol&
heh o] oy A= F LRI é‘%o}ﬂl et
AHEE SN =g dAstefof skt o

o

BELEPE

IIW Recommendations” &

4.0

3.0

2.0

0.0

Mesh-sensitivity of stresses at weld toe in

2 ﬁ%i t et ge F
Cae MT E90 PFehe 42
oI}, FE slHA 4% E99 =4S
Anole) e FEHoR BYEs
web a3 1904 B st e 8
o4 Tt Aol tehte

diade] 2l et gRFo] Thed

Hog gio] A7|7} HolAH £4
o] 3749 ANE B & U @A,
3)\‘{— Hot spot &40

©

3
.—\lﬂ‘m

tlo
2 BN

o
T o o

Ni

2L oy Al oo
oo ™ o X

%

Stress at weld toe directly

from a FE model

"4

7

0.3

Element size (4 l/t)

FE analysis

REEEH - BRBSait #3048 5298, 20124 41

N ;
\
N1

fog 4o limit 8y matgrial S-N curva
e T
= —

Canstant gmpiftude
aligue limlt

\;

slope m = 3.00

L 1
a8 288 sed iaf fogN

Fig. 2 Design S-N curves for weld detailed
classified based on joint geometry,
loading modes, etc in 2003 IIW Recom-
mendations”

ox
ol
£

pud

Battelleoﬂf\i et WA o] £7
o] #A*e Balo] &3 T2
TS FY2UE 0|83t Aol B SUA

Aotstn, AFE vt @e
e SN AEe B
Zhell ERH oz AMSE 4

£ Jhdsisih

Fl

FzedEe Nde A, HFRoz AA on
b genz gz Arelele] deldE Hgo] golg

£40] 9tk
3. Battelle +x=3S=Hd

TFEEEHOT 3 F23YHLE AN R Y

T3 HH™E (nodal force)® A RWE(nodal

moment) & Al-&dte] Feth zpAleh P3| A

o gogt 2S B A8 4 glon OEV]HL
Z Sl

?Z?Es!s a9 39 2D RdolM He upeh go] &
A Efoln] o5/ wgkezo] 7Ptdd (hypothetic
cut) 9ol #x2g deje] € oly) (18 3a) =
571338 (equilibrium-equivalent) +Z<EH%E (13
3b)3 A7|1HE (self-equilibrating) =S5 (2
g 30)9] T AHRoZ 2y & 4 9}

127



24

I; [\\/f»’em
Weld

| —
=

,,,,,

Fig. 3 Through-thickness structural stress definition:
(a) Local stresses from FE model: (b)
Structural stress or far-field stress: (c)
Self-equilibrating stress

ol
AR
o,
oflt
-
BN
olo
L)
a

= 7P Mo EFA 2
A& AFEste] 922 (membrane stress)@ #3338
(bending stress) ¢ A¥o =z &3} 2}

0,=0,+0, 1

~

A7 o, & 9Eo] 44T W FHESY MITLH
of el BEEAE WEGT. DA AHEEE RRe
FE S71AE 9712 faady o2 Agals]

= e e2agd g @

i=]
ofA1e] A= (line force) AEHE(line moment) &

T8 ot

Weld

(a) (b)
Fig. 4 Global and local coordinates for shell/plate
Element

128

b h 0 0
36
BlL e+ Lo /i
Blle 3 6 1
Elle L (Gt L 1
= 6 306
0 0 L :
6 :
F, P f, 0
_ 6

A7V Fa. fo & 22 nolA 242 Mels ol

2012 e,

EPHE VEod g P29 Hoe A g}
o] 7PdEe] SEAIASTY A ESA v 4
AgE B F Stk A7|A BE [ SHAVAGE &
3] ¥ (normal) 7288 ool <&, = 11 &
PAg F2eE 1o 9d, = I & HWl(in-
plane) A4k FZ2%3 1ol s IS vt AA

il
2 7P wgddAe H3dde Al EFA =4
T, T2 ©] Y2 AR 2R A9 f=
AN A3 AL A5 FolA 27E 2L B
A E g e, Argoeg 7k AHoMY] o, 16, T,

Lo
-
o H1 s

= 717}
0 +0 = y bm,
GO T )
_ _f, 6my,
LR @
L
o 6
o710l t, f. mE 22 7PHTge] dojus #eo T

B4 tigk 1297}
(stress range)E TP 2] (1)< o33} o] &
EEIa =

Ao, =Ao0, +Ao, (6)

of ©A #FEF Ed(two stage crack growth
model) 2% TG o] 25 AHStaL 2 (6)= A&
sk o3 22 S/HERSE wlHeE Ao &
QA BT o olgd e mE SHEPF, AT
e} SeRre] 9T o =
Tolz A=

R mol GO FYrhiE SNUEE FE/bs

i
ol
1o tlo
2
ffl
o
o
o,
10
>
4
o
o\
rlo

[ dE

Journal of KWJS, Vol. 30, No. 2, April, 2012



e S TEEe AE2H7HE 99 Battelle 728

i)

i

)
2
o
)
o

A e F2d W2 pEsol o] $47E 3
M9 (equivalent structural stress range, DS;)

okt 2ol el gk

flo 4

Ao,

AS, =—
o 1y o
A7)M ¢t =t/trer With ter = Imm, m & 3.6 ©&
=AYy} g ddd% dolet2 R E f=d ghol
oI e Y ()2 289 T3 dR
slEAlo] 278k E v o] xdHT)
1
I(r)m =0.0011°+0.07677° —0.09887* +0.09467°
+0.0221% +0.014r +1.2233, ®)
wherer = A
|Ac,|+|Ac,|
He=

e WHom B W 2 P9W 72
al

Holg & sl
T BYRES ool A= W vre] ol
Folxe] &R =AY dlolept A=A, ol
& A SRS (A4 )9 gl @
A7b 2" 59 Zel =tk a8 5% 4T 9= )
ofehs &R EfTEol dofve AR ol5F R,
SeRE, FA7E T2 800 7N o)< Holebt 23

EM Aot BATAR e B3 73 EFHEAH o)
E 0.2472 F& dolet AXEE Holth o] S-NA
4.7} ASME“oﬂH e vprE] S-N FZAzo|t),
ntAE S-N AxZE F7H(mean curve, A=
50%)9k FHom RE 20N E 95.45%) %t
+30 (A18]%= 99.83%) "ozl AEZ 45 Ut

10000

¢
© - °s
al) N> X
= RN
<~
N
g 1000 =t
BN S
=] -
< ~
—
95}
199}
o
m 100 i,
Mean Upper99 NE P
— — Lower99 Upper95 REN,Y
— — Lower95 ¢ S-Ndata (CS) Ind
¢ S-Ndata (SS)

soi LU LTI T
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

Cycles to failure

Fig. 5 Master S-N curve developed based on over
1000 weldment fatigue test data including
full scale tubular joints and laboratory plate
joints. The standard deviation 0=0.247

REEE - TREEAAES SB304% 208, 20124 44

3. Fusion ¢&oflel &

Length=12.5"
t=0.312"

Mesh 1(0.5t)

30000
. A 4tx.4t
25000 I

20000 4 4 2ix2t
15000

Structural Stress, psi
o
o
o
SN

1 2 3 4 5 6 7 8 9
Distance from the weld end on attachment side, inch

(c)

99.90 ‘
Experimental Mean75 k cycles'|
90.00
= 50.00 L
z 7
% 4
= /4 74.4 k cycles (our mean) ‘
9 10.00
(=1
5500 s
120 k -200 k cycles (Exp.) |
Loo 13 k 412 k cycles (950%)
1000.00 10000.00 100000.00 1000000.00

Cycles

(d)

Fig. 6 Model and Results for SAE FD&E Weld
Challenge I'”: (a) FEA model with
Loading & Boundary Conditions; (b) Meshes
for sensitivity study: (c) Structural stress
distribution along the top of the weld line;
(d) Comparison of test data and prediction

129



26

<2 (29 6a). °o]& SAE FD & E 9937} 2003
ol ARSI &4F g2 d52 9% Weld
Challenge I Project'®o|t}. AE’*T@ A= A& 4
3} @ Ald] €35 blind test 93 Battelle %
o] g2 7|#o] sl Hz2eya A" E 9
2319 th BattelledXs 23 6b 9 Zo] £4E B
29 w4 Afe]z2E geld (0.5, 1.0t, 2. 21;) xﬂ =]

< 3tk SN AT ESE 0
t I¥ 6e9 2o za6coﬂﬁ X

=

Ho=a g% —,—7} 2oz iy
ﬂ““4 olth, AA AldA} #d AT LABH L
w8 6dollA] vERE AA =
Alke]l AAl S2AIE A (F3F D)< vugde o
M 2R1E RS 2R (A Yeele
al)
T3 A/SP (Auto/Steel Partnership)e] 2008
T Lightweight Rear Chassis Project® H.1'®
(" 79 2d) o 2w FREEYPS A8 84
= o So] wl§- F&sitia st

nﬁi
ofN
)
x
(@)
X
o 0
o,
2 ¥

o

4. Laser ETollel M2

= laser %—7“-‘4 AE dF BI|R gt} ole
-?4& dFnE A FEREY
tolet Hﬂ o|~E FF3P| flst] T
AHgg B0l o2 9ate] 17 83}
Frlw AlE (FARSY 1.5 ~ 3mm
e dtse AE8S IRAPS AP

lap shear joint9} coach peel joint2 63*0}01 AL

PN

1

m\l

Ev

Noflo = rlo oo

A

Fig. 7 Rear chassis model used in the A/SP
projectlg)

130

A
X - F ¢

Lap—end—to—end laser weld (L2)

—
4

Laser Weld

Laser Weld
| [ ™ -t
40 G'rp[
- | /

Coach—short laser weld(L3)

Coach—end—to—end laser weld(L4)

Fig. 8 Fatigue test specimen designs for laser
welds - aluminum'”

A=z yep =9
o 9b9‘r ol *HEM H S 2 dHolepl & W
<t EA = d ABE vepd U
o} olg} Ze AL 3tz ot T AlHelA
b= b FEGE AJA

:aa 109 = 2 BA
A Holer} A

Alell 2 8ol &ol3t

o il

g A

fr

o
i
=
0>
>
iz
ot
_O‘g
ol
il

re o
.
o

| 2 g

LI

1m

x B

> o

2
i
)

o

flo

oE

o

2

2,
2wl
_h‘ _8, UHJ
30 > H<

R

iy

o
ikl
0f0
idal
2
lo
il
0f0

| fusiongH, laser 84
o7 M8 A FREHES
820xe] HHHEE o] &3l «4
QoY 2R A ZA P

450l oy Ao sAlste] glemg Z47hel A8

Journal of KWJS, Vol. 30, No. 2, April, 2012



e A TEE AEH7HE 99 Battelle TE8HM A

];‘]__}.

=g
o
oo

27

1E+03
o]
[a B}
=
)
% 1.E+02
=}
o
—
12
12
[0
k=]
12
= LE+01
£ .
g x
h x
2 o e
mEmEoN [ O %
AT 4 A
L b oe
1.E+00 T T ; T
1E+02  1E+03 1E+04 1E+05 1E+06  1E+07
Endurance, Cycle
(a) Nominal stress range versus life

©
A 1.E+04
=
U
Iy
=1
©
—
% 1.E+03
o]
h=]
12}
E L
—
2
S LE+02
p=]
12}
=
<
I
>
‘5 1LE+01
LTC-}; 1.LE4+02 1.LE+03 1.E+04 1.E+05 1.E4+06 1.E+07

Endurance, Cycle

(b) Equivalent structural stress range versus life

Fig. 9 Summary of S-N data for L1-1.4 coupons -
sheet failure mode'”: (a) Nominal stress
range versus life; (b) Equivalent structural
stress range versus life'’

[

241000

E # Damage Cune Based on Cougen Data il
g i
%ﬂ on Coupen Data) H
©

o

» i MK

7]

£ clpas b

- J

2 100 ¢ e

o £

= r L A7HY Lt

O 'y

E [ *

< [ ] ¢

b=l | SheetFailure [

2L m

S 10 | | |
‘5 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
o

m

Life (N) in cycle

Fig. 10 Summary of validation results using box
components under complex loadinglg)i
laser welded box component tests versus
coupon data

tlo

& Uiyl A% el e E pxee
37 A% Qe Ige we
Ao mep] A4 4eS
Hrhagel U@ 277t Sk
o Egeyo] ALEA of 33

REEHE - FAEEEE 3048 298, 20124 44

T

Sheet Failure

11 The simplified models to determine
structural stresses at the weld nugget
for sheet failure: rigid core model for
plate structural stresses

Fig.

(a) _

Model 1 Model 2

(b)

16

14

-
oo

SS based SCF
oo

Model 1 Model 2 Model 3

12 Structural stress comparison using simplified
Battelle structural stress procedure: (a)
FE models evaluated: Model 1 - Coarse
squared mesh, Model 2 - Coarse mesh
with triangular mesh, Model 3- Refined
mesh; (b) Structural stress comparison
for sheet failure at nugget

Fig.

=R

= Uehlz A8 5 =
M 9= gh7e] o= i
A o] FAHAA 2
A5 7Pt BeAor AlksiA €t
TEEEE 2t U g AHT= o=
7h g &Zatz FHet sk AAAY F=
2 5 5 Sth

a9 1194 HE upel o] A&
98l rigid core Bdl-E Alg5}o] ?"fﬁ%
oR fEsiitt. o] 4

thesoz m@dT

beam84E AH&ste] A2st
32 (sheet failure) - Yl
T wekow w49 A -
sy
-84

—

orUrU

KN
L.
Zo]

NS

4 Jr e Lo

2~F 6-M
7r~d~t m-d-t

t
where F = \|F +Fy2and M= M} +My2
A Al 9t e
o veht sid.

gt FREYE a9 120 xdd

0,=0,+0,=



PFE T €T A==
=

¥ 132 Hrhe AeH A d= g SR
o JEAT oz ALE AW AHe] T
o} YAA717F 2+ 2F 0.8~4mm ¢ 5~12mme]aL I
FAEL skeAlel 2R skgHle] We7k -1 ~ 0.5 ]
ATt Lap shear AlAe] A9 YA 471 1~3, H
4 A AeHe] 47 8~10 A Atk ozl o

991 F+x88 Axtrd (28 15a)3 dcsld
A 2l (3 15b)-= ARl SrhE

2=

oY i
o
N
N
ne
=
12
Lo
-4
BN
olo
)
X,
2
A=
o,
o
)
oM
o
&
2L 19 oo
o]

o
rlo
=,
o
o,
r)v
23
e
T
o
>
=
2
rE
2
o

g 4= dtt FHZol= 9 beam
]9 connector/fastener 84S AME
3 AL x A & Yw: st HAp?

il

Fig. 13 Examples of spot welded fatigue specimens
types and loadings evaluated: (a) Lap
shear specimen: (b) Coach peel specimen;
(¢) H-shaped shear specimen: (d) H-
shaped peel specimen

1000

© BCP1(0) 9LS1(0) ACP2(0)
N 0L52(0) ©LS3(0) BTS(O)RO, Pan
Ay MCP (O)RO, Pan BLS(0), Henrysson Olwasaki(0), 1=0.8
E Olwasaki(0), t=2.6 Dlwasaki(0), t=1.6 ALaciotti(0)
BHS(0) BHP(0), Melander BHP (0)RO.1, Henrysson

1) DOHP (0)RO.5, Henrysson
e 9,
S 100 4 |
g :
foy ey A
2 &
o |
> a Hm
1%} o IN
= 10 i
q A
= faptticy” Dom
= Y S
g I 3 &y
o |
- |

1 !

LE+03 LE+04 LE+05 LE+06 LE+07
Life

Fig. 14 S-N data for sheet failure of spot welds
in terms of nominal stress rangem)

132

10000

=
< 2Ao%aae
=N or

1000 +——=~TF

100

Eq SS range, MPa

Mean
4 CP1O) ¢ LS1O)
o Ls20 ®  1S3(0)

MCP(O)RO, Pan A LSO
©  Iwasaki(0), t=2.6 o
a a
]

Laciotti(0)
HP(0)RO.1, Henrysson

HS(0)
HP(Q)RO.5, Henrysson
T

1LE+03 1.E+04 1.E+05 1L.E+06 1LE+07 LE+08
Life

10000

I~
1000 4

100

Eq SS range, MPa

v
H

CERRR NS

)
HP (S)RO.

10

1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

Life
Fig. 15 Comparison of S-N data for sheet failure
of spot welds®’: (a) using conventional
Battelle structural stress procedure and
(b) proposed simplified structural stress
procedure in terms of equivalent structural
stress range

6. 2= =(weld-bond)olle] X &

ofo
ol
)
D)
oift
N
ofo
)
B
o
m
z
Jz
o
=
fr
° L
o~
o,
oY
o
o

3 W7 el
99 QRTeEd BF 2 dEe gz 79
a2 wUPE 9 249 RIS AgHHE P57

=
sled® 339l A%E 2] o
FZ2HHS ALl FHZ SHEE

-0 TH=

HAUE Mgl gfEEe g2 $YE J3ae
Holt}, ¥ 2vyo] Hole vzAdHe] AgitS
ol 2AR Hojxlom, A 2=, e, SHE
of wel theA gelhrh. g et Ay
Rem, ad 162 F 7K i Al £ dS
Al A3te] Wk Aol

Journal of KWJS, Vol. 30, No. 2, April, 2012



ek P2 J2YrtE $18 Battelle 73822

il

]?:‘}.

He

Gk 29

10000
< a2 Ten

/‘«»”

Prediction (Mean — 2¢) |

\/ Predictic

h 4

n Shear Specimens

o

on_(Mean)

1000

Coach Peel Specimens

# HSLA(t=1.78,TS) _tes!

OHSLA(=1.78,

O HSLA(t=1

AHSLA(t=1.78,CP)_test

AHSLA (t=1.78,CP)_pred. (Mean)

AHSLA (t=1.78,CP)_pred. (Mean—2S)
T T

100

Load amplitude, N

_pred. (Mean—25)

10

1.E+02 1.E+03 1.E+04 1.LE+05 1.E+06 1.E+07

Cycles to failure

10000
Tension Shear Specimens

(b) .

Prediction (Mean

ol
o3 Iy @[ WD
f ] Prediction (Mean)

1000

100

_pred. (Mean)

_pred.(Mean—2S)

Load amplitude, N

CP)_test

DDP600 (t=1.53,CP)_pred. (Mean—25)
T T

10

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

Cycles to failure

Fig. 16 Fatigue life prediction of weld bonded
high strength steel specimens24)i (a)
HSLA 340: (b) DP 600

2 o

A

| o]
As2t FERES
Battelle 728#W S AA5At 7229 &35 9=
Uit A oy %OM] Agol 7hsetm, @Al }%
2l A E7F 2 TlEolty. o] Fx28Y
48491 fusion &5 °] AEEAY laser &4 ]
T T2E, 483 BN E 4oz Y+
Aol A = e AEE vk 7)o, &HEE
ZIOE] g M= 7hsste] Ao 28
ooyt wiadlg, EFn
%7( 5o Y A= -8
2|

t

oo
tlo

T4 Ba ttelle T2$EH A
A=} Z
?

= A=siith

O

L

o]l
AT

B3l Assht 7hse VlER
g2t 7€

rat

. 2007 ASME Boiler and Pressure Vessel
Section VIII, Div.2, ASME, 2007

. APl Standard 579-1/ASME FFS-1 Fitness
Service, API, 2007

. Fatigue Analysis of Offshore Steel
Battelle Structural Stress Methodology, Bureau Veritas,

Code,
for

Structures—

REEEH - BRBSait #3048 5298, 20124 41

10.

11.

12.

13.

14.

15.

16.

17.

18.

Under Final Review, 2012

Niemi, E., "Structural Hot-Spot Stress Approach to
Fatigue Analysis of Welded Components,” IIW Doc.
XII1-1819-00/ XV-1090-01/XII-WG3-06-99, ITW, 2003
Hobbacher, A., "Recommendations for Fatigue Design
of Welded Joints and Components,” IIW Doc. XIII-
1965-03/ XV-1127-03, IIW, 2004

Frick, W., "Recommended Hot-Spot Analysis Procedure
for Structural Details of Ships and FPSOs Based on
Round-Robin FE Analyses,” International Journal of
Offshore and Polar Engineering, 12 (2002), 40-47

. BS 7608, “Code of Practice for Fatigue Design and

Assessment of Steel Structures,” BSI, 1993

Dong, P., Hong, J.K., and Cao, Z., “A Mesh-
Insensitive Structural Stress Procedure for Fatigue
Evaluation of Welded Structures, International
Institute of Welding, IIW Doc. XIII-1902-01/ XV-
1089-01, IIW, 2001

Dong, P., “A Structural Stress Definition and
Numerical Implementation for Fatigue Analysis of
Welded Joints,” International Journal of Fatigue, 23
(2001), 865-876

Dong, P., Hong, J. K., Osage, D.A., and Prager,
M., “Master S-N Curve Method for Fatigue
Evaluation of Welded Components,” WRC Bulletin
Vol. 474, Welding Research Council, 2002

Dong, P., Hong, J.K., and Cao, Z., “Structural
Stress Based Master S-N Curve for Welded Joints,”
International Institute of Welding, IIW Doc.
XII1-1930-02/XV-1119-02, I1IW, 2002

Dong, P. and Hong, J.K, “The Master S-N Curve
Approach to Fatigue of Vessel and Piping Welds,”
Welding in the World, 48 (2003), 28-36

Dong, P. and Hong, J. K., “The Master S-N Curve
Approach to Fatigue Evaluation of Offshore and
Marine Structures,” in the Proceedings of the 23rd
International Conference on Offshore Mechanics and
Arctic Engineering - 2004 Volume 2: Safety and
Reliability, Materials  Technology =~ Workshop,
OMAE2004-51324, 847-855, OMAE, 2004

Dong, P., Hong, J. K., and De Jesus, A. M. P.,
“Analysis of Recent Fatigue Data Using the
Structural Stress Procedure in ASME Div 2
Rewrite,” Transactions of ASME, Journal of
Pressure Vessel Technology, 139 (2007), 355-362
Dong, P., Hong, J.K., and Cao, Z., “Stresses and
Stress Intensities at Notches: ‘Anomalous Crack
Growth’ Revisited’, International Journal of
Fatigue, 25 (2003), 811-825

SAE FD&E Committee communication “Weld
Challenge’, March 2003 (also www.fatigue.org/weld/)
Kyuba, H. and Dong, P., Hong, J.K., and Agrawal,
H., “SAE Weld Challenge Problem,” SAE Paper No.
2204-01-1234,2004

“As-built Models and Development of Fatigue
Analysis Methodology,” ASP 601 Lightweight Rear
Chassis Project, AS/P, 2008 (also http://www.a-
sp.org/database/custom/02_04_2009 FRAME_Chassi
sReport.pdf

133



30 A i
19. Dong, P., Hong, J. K., Potukutchi, R., and 22. User Manual for WIldss: A Structural Stress
Agrawal, H., "Master S-N Curve Development and Postprocessor, Battelle SS JIP, March, 2012
Validations for Aluminum MIG and Laser Weld, 23. Melander, A., Linder, J., Stensio, H., Larsson,

20.

21.

[IW Doc. XI11-2035-04/XV-1172-04, 1IW, 2004
Kang, H. T., Dong, P., and Hong, J. K., ‘Fatigue
Analysis of Spot Welds Using a Mesh-Insensitive
Structural Stress Approach,” International Journal
of Fatigue, 29 (2007), 1546-1553

Hong, J. K., “The Development of a Simplified Spot
Weld Model for Battelle Structural Stress
Calculation,” SAE International Journal of Materials
and Manufacturing, 4-1, 4602-6012 (SAE Paper
No. 2011-01-0479), 2011

1y

+ 1965348

* Technical Lead, Center for Welded
Structures Research, Battelle, USA
-84 B, WY, v, 9

* e-mail : hong@battelle.org

134

24.

M., Gustavsson, A., and Bjorkman, "How Defects in
an Adhesive Layer Influence the Fatigue Strength
of Bonded Steel-Sheet Speciemens,” Fatigue and
Fracture Engineering and Material Structures, 22:
1999, 421-426

Hong, J. K. and Forte, T. P., “Development of
Fatigue Evaluation Procedure for Weld-Bonded
Joints using the Battelle Structural Stress Method,”
SAE Paper No. 2012-01-0477, 2012

Journal of KWJS, Vol. 30, No. 2, April, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




