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Assessment of Fatigue Life of Out-Of-Plane Gusset Welded Joints using 3D Crack
Propagation Analysis

Young-Soo Jeong', Shigenobu Kainuma®, Jin-Hee Ahn’, Wong-Hong Lee'™

Abstract: The estimation of the fatigue design life for large welded structures is usually performed using the liner cumulative damage method such
as Palmgren-Miner rule or the equivalent damage method. When a fatigue crack is detected in a welded steel structure, the residual service life has
to be estimated base on S-N curve method and liner elastic fracture mechanics. In this study, to examine the 3D fatigue crack behavior and estimate
the fatigue life of out-of-plane gusset fillet welded joint, the fatigue tests were carried out on the model specimens. Investigations of three-dimensional
fatigue crack propagation on gusset welded joint was used the finite element analysis of FEMAP with NX NASTRAN and FRANC3D. Fatigue crack
growth analysis was carried out to demonstrate the effects of aspect ratio, initial crack length and stress ratio on out-of-plane gusset welded joints.
In addition, the crack behaviors of fatigue tests were compared with those of the 3D crack propagation analysis in terms of changes in crack length
and aspect ratio. From this analysis result, SIFs behaviors and crack propagation rate of gusset welded joint were shown to be similar fatigue test results
and the fatigue life can also be predicted.
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(b) Dimension of test specimen

Fig. 1 Dimension and welding detail of test specimen

Table 1 Mechanical property of test specimen

Yield stress(MPa)  Tensile strength(MPa) Elongation(%)
282 422 31
Table 2 Welding conditions of test specimen
Electric current(A)  Electric voltage(V)  Welding rate(cm/min)
220 26 24
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Fig. 2 Weld toe profile of test specimen
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Fig. 4 Crack propagation analysis flow diagram

J. Korea Inst. Struct. Maint. Insp. 131



d
v CAE= AR, (a

:/“" da )
o C(AK"—AK])) @

&]7]A, da/dN: mm/cycle, AK, AK,, : MPavy/m , C=1.5%
10", n=2.75, AK,, =24

EQIREE Aol A SRS | ek fESY
S A= AR 3 UERd T AR 7l B3 H S
gnjo] Jk upe} FHGA T I ZE} Fa-&H A
TE OEA YehiH, B AT A 2342 2 (3)
3} o] gL A] 3l M-8« Strain energy release rate)= 1.7
g FESHGATE o] &3k Hlal B4kt

1
K;:ff: \/KIZ—'_K}ZI—’_UK}QH 3)

Aay=0.2mm
Aa=0.1lmm Aa;=0.4mm

DT

Fig. § History of Crack propagation analysis

R £

S N
O

Fig. 7 Result of crack propagation analysis

132 SHRRESXCLS X2 et =27 222 KIS (2018 1)

A7A, K ;= FESHINAT, vie Lot H

A @A T2 I 2HFE HAY S F 25 frekaa a4
Axe] AL H71H7] 2181 Fig. 73 o] SH-A -9
I 2 S 918 A AR 0= 217 2 mm
21 AR 7HE-& AABHATE AEA AT SEXF
WY X9} B FY3HA Bt T 2AIE Y D2
Aaal-e A FFG T Fig. 8(a)°ll 52 %) 180 MPa, -3 H]
(R=0.1), 27]7<€ =71 0.1 mm, 7L &44] 120] th3+ A &2
A& Ao} FEXH 7 v 28k T FRANC3DE ©| &
g F 2 A Fate] ALtE AEsHS 24E
Ao} AR et oH, f3a 4 afAe] A= &
B3tk

33 27 XNAS Hot

|3 a2 A gAdl st D 273E WA TH T 2+
4 JASA A= Fig. 8(b)oll YERIATE S=HHY 120
MPa, $-EH]|(R=0.1), 7|7 E =71 0.1 mm, 723 3H] 12
)1 9o #EXA s A e} B2 AP AAE vt

=
|

Crack depth (mm)
1

—@— Fatigue test result
—&— 3D simulation result

10° 10° 10° 10"

Fatigue cycle (N

(a) Treatment groove specimen at the weld toe

6—

Crack depth (mm)
i

—@— Fatigue test result
—=&— 3D simulation result

10* 10° 10° 107

Fatigue cycle (N,)

(b) As-welded specimen

Fig. 8 Treatment groove at the weld toe



SEESel M o] M2 e A EHe] Yol P
Mom, B Aol MY fekadk S mae §4 A
Avte] Bgke At

oo 0

e
N
‘; ot =
2 ox
= 7o |

> 3

o

i_:“

1o

)

-~

>

I

o

o} g2 g7 5oke] PGl AL =AY At}
Az fAIA YERT,

()
e
X M

41 =7 7 37| g

FIAANN S 53 W25 24 & 277D 7)ol
ol A WIS, 271 7D 271 WS WA
ool M2 S FHSHGT. 27 #Y 2717t 88
Shop A B 92 ol M 9P #D G 172 2

It oo ok

L

(9] Fatigue test result
L] 3D simulation result

ol

|

Ll

Fatigue crack propagation ratio (m/cycle)

10° 10' 10°
Stress intensity factor (MPa\/a)

Fig. 9 Fatigue crack propagation ratio

(S}
=)

—O— 2a=0.05mm
—@— a=0.lmm
—@— 23=0.2mm

15—+

Stress intensity factor, K ; (MPava)

0 , \ , ]
0 2 4

Crack depth (mm)

(a) Comparison of SIF to initial crack size

o —
=)

] 0190 tiste 27] FE 2715 75k Hriskdoh
A A Aol M) 7] FE =717} B2 7%, Fig. 10(a)
2o ¥zt g dol7h Hlsedt #4E g go] H 7] wjEo Al
SHA = AR 23S e AT SHAT, o)
A BAAA oA 2] FE =7] 0.1 mm 2] FE-3-2H )7
74 371 02 mm9] FE-SH ARG ¢F 120%7}F
| 5451 S71ske Ao Uehyth s24 34 A¥
= Fig. 10(b)°ll YERAATE & =71 0.2 mme| 57 A=
Addzet 71 AR Ads JERSITE =8 27|+ E
©]0.05 mm<! 73-9-2] #|-&-2 H<], 100 MPa ©]3}2] -3 9
oA FESHINATE Al SHFNAISH AKy) ©l8h
2 FriE|o] B2 dgo] s &gkt

YR B R o

jr Mo

N
pall

z27] ¢4 F2go] Y& ol v = Y I T 4
02 27| #E I7)E IASIAL F W] ¢E 2715 WSt
Ao =R #4

o} Fig. 11(a)= ZH2+e] w+E 3730l whe} FF 212 o
A9 #EFY WsE Uil o, Fig. 11(b)= 22| &
Zgalel W Y FhAITE YER Lo, 4] 15 A9
Skl Ak AE YR AT

4.3 224H| Hsf

Paris Law+= 3 25t G790 P12 828 O/ O Konin/ Kina)
o] GEFe AgstA| Foh= A1 o] At Elber= A5
M= FEdET Aol thete] Astar glom, ddE3
2 HEAFLEE Alishs 7P T3 AR Q1A= AL gk
7d-&Eatell A FEo] 23 ot R FFS T2

=

300

(=)
=1
=3

100 J1SSC-D

4 / no failure ISSC-F

a=0.05mm )
a=0.1mm ISSC-G

a=0.2mm

Nominal stress range (MPa)

e @O

Fatigue test result

20 L T T T T

10" 10 10° 10’ 10°

T T T

Number of cycles to failure (cycles)

(b) Estimation of fatigue life

Fig. 10 SIF and fatigue life considering effect of initial crack length

J. Korea Inst. Struct. Maint. Insp. 133



Fonz ydo] ks A7 e Tt
Zol| & A Ak

HUEY F2ES A2PY A2 E A F2BA 483
= ) ol e 2 e o % WO E 48NS
uf o] g2 AksHA |k sHAI A 27 WA W=
JH-OE]TJ-E‘L/] T_g_x-]o] u] 7<—1 oa] 7] /\lgo] nJ—_g oq:[L
= BTt AF 9 A5 59 olHw wEol A5 Y=
T2l thet HiolBl= BA St & ATelAs S
o) WsE Bate] 7 27d BYAS e W25y 3

7Vate], FE 83 FERE| A8ste HssEste] 1
279 140l Ag3t1At Tt Fig. 12(a)= 324

sfoll mhE A5 SHh AR S LERRIT S Senlol 4
B AU AFE SHIWAA LK) A 5 7
3 e BTk A7 Loluk] Fig. 12(b)s} Lo 7|27t
AN ATHE Lo A o] FAT A% ek
olek. S e SElel A - E-3 2 HehA - 3 S
AAK) A el sl 2@ d e 2 $89)E 711 3
Fol W) ok 5UB A=Y 1 S
Z7hel wek fESYAUAFE Basherh £ Fie.

(a) Comparison of crack propagation shape

Stress intensity factor, K, (MPava)

o
S

N;
4;;
c\;
w‘

Crack depth (mm)
(b) Comparison of SIF to initial crack aspect ratio

Fig. 11 Crack propagation shape and SIF considering effect of initial
crack aspect ratio

134 SH2PEZTCERX|R2|ZEHE] =27 A 222 ®1E(2018. 1)

m |o

= Q5] 724 2751 A 0w e, ojgh 2o
e 98 T2E 5o MESFlA SR ETE
W7k 5 Qe Ao BREDh

12(c)e1 YERA 23} 2ol 5 S gEjel A FAE
o

ru

[S]
=]

15+

Stress intensity factor, K, (MPava)

Crack depth (mm)

(a) Comparison of effective stress intensity factor to stress ratio
20

!

._
o
|

S
|

W
|

Stress intensity factor, K, (MPava)

I
S

o —
4;._
m‘
oo 4

Crack depth (mm)

(b) Comparison of stress intensity factor to stress ratio
300

(=)

=

=
L

100

4 / no failure ISSC-F
R=0
R=0.1 1SSC-G
R=0.5

Fatigue test result

Nominal stress range (MPa)

»>® Q0

20 T L L I[[I
10° 10° 10° 10’ 10°
Number of cycles to failure (cycles)

T T T T T T T TTTTT

(c) Estimation of fatigue life

Fig. 12 Effective stress intensity and fatigue life considering effect
of stress ratio



5 &8 E

Zl

ALAAAM &30l 2 T ZAIY AR} 3 v 2rd 1
Aol ofaf) 4 D 2F S vl B8 2 AT
o] A& v Zo] At

A @A o] EHADRE JAAAR] 7HE-& A AT
o] M E2d WS st HE2AIY Ao} v 2+ %
e A ze} FARHA UERE S H FRANC3DE ©]-8-3 9
2ol 7Fee lskit =3 A @AY ERHA T
B SHAHE o] &3] A2 FAAT A RS
AARE FENAEES} & fﬂ@}ﬂlﬁl#ﬂ&l FANA = =
A Aot 218 A A= fFARHA et e A &
o] M 2Hd e 2108 TE3] flste 23

37, 74 g4, SEE HEE MJE*E‘% FAsA L
o, Ay st H B3t WA
Al g3 ol-2] B2 o] WUt 7s A ERlskAth

£ AT F2FGo] HAE FTEE S5 ole5Y
FrED 24 F7HE 919 3akd D27 21ds) Ao thg
71221 AFEA LA §3 o]0 HEAF A} 3
2H D 29 Ao oa) H R4 S TFsEe @
Q18T AA) ATEE M T2 A of whe} gl Ak
5wl ohue} thekst sk /dHl B B 2ed A Sl
oJ3te] Sk} F7] Fo] Ms}stA FH ol gk HE
7hgest Aoz Agen

o] =R 20179 % A
A el ofste] A= U5

References

BS 7608 (2014), Guide to Fatigue Design and Assessment of Steel
Structures, British Standard Institution.

Carter, B. J., Schenck, E. C., Wawrzynek, P. A., Ingraffea, A. R., and
Barlow, K. W. (2012), Three-Dimensional Simulation of Fretting
Crack Nucleation and Growth, Engineering Fracture Mechanics,
96, 447-460.

Elber, W. (1970), Fatigue Crack Closure under Cyclic Tension, Engineering
Fracture Mechanics, 2, 37-45.

FRANC3D Version 6.0 : http://www.cfg.cornell. edu/.

Holmstrand, T., Mrdjanov, N., Barsoum, Z., and Astrand, E. (2014),

Fatigue Life Assessment of Improved Joints Welded with Alternative
Welding Techniques, Engineering Failure Analysis, 42, 10-21.

Japanese Industrial Standard (JIS) G3106 (2008), Rolled Steel for
Welded Structure.

Japanese Society of Steel Construction (JSSC) (2012), Fatigue Design
Recommendations for Steel Structures, Gihodo.

Jeon, Y. C.,Kim, Y. I, Kang, J. K., and Han, J. M. (2001), A Study on
Fatigue Life Prediction of Welded Joints Through Fatigue Test and
Crack Propagation Analysis, Journal of the Society of Naval Architects
of Korea, 38(3), 93-106.

Kim, H. S., Park, T. J., Lee, D. J., Shin, S. B., and Kim, M. H. (2017),
A Study on Fatigue Crack Growth Parameters for Fatigue Life
Assessment based on Fracture Mechanics, Journal of Welding and
Joining, 35(1), 61-67.

Kim, I. T. (2013), Fatigue Strength Improvement of Longitudinal Fillet
Welded Out-of-Plane Gusset Joints using Air Blast Cleaning Treatment,
International Journal of Fatigue, 48, 289-299.

Klensil, M., and Lukas, P. (1972), Influence of Strength and Stress
History on Growth and Stabilisation of Fatigue Cracks, Engineering
Fracture Mechanics, 4, 77-92.

Lee, C.S., and Lee, J. M. (2009), Numerical Analysis Model for Fatigue
Life Prediction of Welded Structures, Journal of Welding and Joining,
12, 49-54.

Miki, C., and Sakano, M. (1990), A Survey of Fatigue Cracking
Experience in Steel Bridges, ITW, XI1-1383-90.

Mikkola, E., Murakami, Y., and Marquis, G. (2015), Equivalent Crack
Approach for Fatigue Life Assessment of Welded Joints, Engineering
Fracture Mechanics, 149, 144-155.

Newman, J. C., and Raju, 1. S. (1984), Stress-Intensity Factor Equations
for Cracks in Three-Dimensional Finite Bodies Subjected to Tension
and Bending Loads, NASA Technical Memorandum 85793, NASA
Langley Research Center, Hampton.

Paris, P. C., and Erdogan, F. (1960), A Critical Analysis of Crack
Propagation Laws, Journal of Basic Engineering, 85, 528-534.

Poursaeidi, E., and Salavatian, M. (2009), Fatigue Crack Growth Simulation
in a Generator Fan Blade, Engineering Failure Analysis, 16, 888-898.

Rozumek, D. Lachowicz, C. T., and Macha, Ewald. (2010), Analytical
and Numerical Evaluation of Stress Intensity Factor along Crack
Paths in the Cruciform Specimens under Out-of-Phase Cyclic Loading,
Engineering Fracture Mechanics, 77, 1808-1821.

Song, W. K., Liu, X., Berto, F., Wang, P., Xu, J., and Fang, H. (2017),
Strain Energy Density based Fatigue Cracking Assessment of
Load-Carrying Cruciform Welded Joints, Theoretical and Applied
Fracture Mechanics, 90, 142-153.

Yamada, K., Makino, T., and Kikuchi, Y. (1979), Fracture Mechanics
Analysis of Fatigue Cracks Emanating form Toe of Fillet Weld,
Journal of Japan Society of Civil Engineers, 292, 1-12.

Received : 09/28/2017
Revised : 11/08/2017
Accepted : 11/152017

J. Korea Inst. Struct. Maint. Insp. 135



8 Ay 84 FERE gk 9244 7o oS YREY O E Palmgren Miner ¥ 57 G E W E AT
|3t) =5 8 FEREA I 2 FEo] BAETE 2= 2SN FA A 9] Y 8lef| 7|28t o SE ity B
A GHol52 33 D27 E JAAATH W 2T E 53] st 92 APES AASHATE AN &g 0)52] 32k B 2HgA
3432 NX NASTRAN % FRANC3DE ©]-83t #3824 3| A4-& AT A A 850159 8 3740, 277 d 7] D -3E o
H| X &= FEFE A ES] Y3t F2FERA 84 & AAISHATE =5 2713 g 37, 7 F4v) ek 32 v o] Wl mpE 32k I 2HFEx
A &4 A el 9 2A A AE vlusith I 24X XA, B 29 E S50} S EH G A eke] A A 3 ZAE I -fAFSHA
UehdE gRletd o, Mo AA S50l 59 F2rH S FHE T IS Sl

HYEol: V2, v2ad W)Y, SHINA T, AN S3ol&

?1'

136 SRPAESFICLSX|A2|58HE =2F] M 22A HM12(2018. 1)





