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V.ot b=0 nQ (2.1a)
o n= ton I, (2.1b)

o-n=0only (2.1¢)

A7, g2 DA E (unit normal vector)o|H, g=  FA-$ 2 €A (cauchy
stress tensor), p= A Aot}
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29 43t 2
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1% 3.2 Schematics of four basic cases to check when determining line
intersections
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X1 CXq CX9o— CXq X9 — CXq CX9— CXq
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Hol 483 &% &4 (mathematically impossible problem)7} =+ A& WA
T ok

[ (v = eyD(exy — axy) — (v, — ey)(x; — exp) ] (3.3)
[ (v —cy)(cxy — cxy) — (v — cy)(xy — ex)]1<0

[ Ceyy — vy (g — x9) — (w2 — v (ex; — x9) % (3.4)
[ (Cyz _y1)(x2 _x1) - (yz _yl)(sz _9(«'1)]30

5
o] A 19 34¢F o] a4l H#EI} FAAZA A= BFENA E

Fohel AR 5 ok

X

e
2% \
b

X,

13 3.4 Two cases of one more node is coincided with crack line

osh Be ATE WY LAWS TFH 8LAA ] NATFHIYS
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1% 3.5 Schematic of unmapped kinked crack
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o Ok
0 Xlzl =7C, (9<0)
HR_JZZ

A71M, Ag= okle 4 (3.6a), 4 (3.6b)<+ 2Tt

Cp= 52— (3.62)
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C,=—2— (3.6b)

o] mapping ® FHFEAANA HH HAXE AAs7] s AHEHT E£F 4
(3.7a)¢} 21 (3.7b)= ©]¢} Z°] mapping ® FHEES 9 95 AL H8)
ARG EH o] AL TAl (xy)oll Ao g F9ES Ajter] fa] AHgETh

X" =%, 708 0— x4 (3.7a)

V' =7v,,— rsin 6— Viip (3.7b)

FANA Z2aW SN (¢, y00l N FEREe Agel A
ol Tdeo] Yornz g FANY HEA (o)l I 17k
o Wesd. ot 4 (3L ol&dtel AW (chain rule)e] 8]

tlo
e
rr
X
ol

dlo
A
i
o

J&% — cosz9cos a— sin}sin aC, — sinz9cos a+ cosj?sin aC, jxl* (3.8)
9. — cos @sine+ sin fcos aC; — sin fsina— cos fcos aC, )
oy oy"

rr

A7NA, C,= C, EE C, A8 oA gl FEo| met wAE gholng T

of g},
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1% 3.7 (a) Schematic of discontinuous function for representing discontinuity
of crack (b) Local coordinate to define discontinuous function

H( x) = +1 for (x—x%) - e,>0 (3.9)
—1 for (x—x%)+ ¢,<0
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19 3.8 Compact support of a node
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J={el w, N\D+ o) (3.11)

o714, D= WHEAE BA b 2= 3 (geometry)olth. 2= S Ao
she 2 3112 27 399 Zo] siAuidA e AT sld Y compact

support 9 [/} wASE BHORA Fe AAPoR FAFAT
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[] [ ] [ ] (] [ ]
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19 3.9 The squared nodes are enriched by a discontinuous function

ol 2 WRE HULA el ¥ A FLel HAAF A
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[e)
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2ol EA&ES ndsy] At &S FUHE FoE2 g dgk &9
u'(x) = ZN(di+ T N(Hx)a;+ Z, N(0H(x)a; (3.12)
= Nd+ NH'a'+ NH? 4?

AZNM, & e A4 WREAdEBA @ rpel dsked g3Es dde 9
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cos?[x—l-l—Zsin“%]
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3—4y for plane strain
—E x= (3.14)

= 914 v) a_

1+ for plane stress
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9 ging) (3.15)

g(x) ={Vysin g ,\Frcos g , Vrsin g sin @, Vicos 5

ol 7] Fol7|AdFE ¥ 3103 o] 7ENGS dFow o HoH

FRARAL 5,9 P ol

Tip 1

19 3.10 Local axes for the polar coordinate at the crack tips
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(b)ﬁcosg (c)ﬁsing sin g (d)ﬁcosg sin g

1% 3.11 The shapes of four singular basis functions used for crack tip element
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1997)¢} FL3 FES Hsla Utk o= o] &3}
(316)7 2ol 71E frasye AW

= 2 2
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4 EAT + YT ALY F192 SoRAFsold. Ed wAAw 95
Kour 012 B BOIAT EAL el o] Bad gAR dd 4o

£ oo g
K {kEI X crack tipe wk} (3 17)

support Hell A= AL vty Axole ddo] JXs 845 F4s= A

e Eo.
1% 3.12 The circled nodes are enriched by singular functions
2 SV QA kel AASHRE AV TSl o4 A9 dddEs

wHx) = ENDd T BN Z SNDLDF 3as)
= Nd+ Ng'b'+ Ng* b’

4714, K& K,= 4749 #8449 o] compact support Well E3Hd HxS 9

s, Ngl, Ng? 94 A7tel FAAEe) Held W g8 =YHE Sol
714 g4l e,

26



(F(x)<0)F 259 Qa(fh(x)>0) 2 o] F GGzt AA L (F(x)=0)E
Bagith, 2xA Yo EAlstE 9%
7] 98l E ke AolA AAEHAUD

g4k Washvl, o) AABSE QAHY NG FATN ol AT W
9ol 0.2 kP2 HEAGe|A YNNG BAlo] W L o] BAxA
€ e AL FII olF A% 4 G19)sh Lol HelHE T Wa)

|

k1
o
o
0

[ +1 for f(2)>0
w(x)_{ 0 for /(x)<0 (3.19)

@7] 1/ l”(x)’t‘ —g-fl] LHJ‘?‘O]]/\‘]’E 09] %}:—% ;}_T!_ 1 9,])_71_0“/\1_1‘3 %*ﬂ%}:% ;l_l‘:_ ﬁ]
@ (step function)olth. olgk & FHE o]gdte] V|E] FEasPelM At
S5 ZAPAY] 2 o] Ao AAEEY WHn §AHE Fes s}
WA (3203 2 Fee) FFTANTFE £ 5 Aok
u'(x)= LN+ 2 N()¥x)c,= Nd+ N¥c (3.20)
047]/\1/ N,(x)—‘:— 7]%9’] 651)6}@'{]: ]tq Nl(x)w'(x)l‘_‘_ ﬁ.i ?_]:l_ 511_)_?]_2(_4' _1%_/\5]_%
Ut e = AEE AtdE F7he] &7 A 4ol
o FFTAMALATTFE ol &St VEY FRasMF= FE 8ads EY
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Fe BgT F Ao ol= I 3.13(a)0l M9t o] T2 AZ AHUNFA Y =4
E4E ®He7] 98t AHEEHE HF(active nodes)d AREEA e HA
(neglected nodes)s TE3te] 9L HY Jidel wel F7EAQ AMEE F38t
FEHE W glew, 28 3.13(b)9] HolotE=d oz A" HHE et

71Ee] RS ol &3 FIF ALtS FITH.

rr

-
~

Q,| T~

* : Active node for representing hole
o : Neglected node for representing hole

@) (b)

19 3.13 (a) The enrichment technique for hole (b) The diamonded nodes are
enriched by the unit/zero value step function
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r7b zr= 37 (geometry)S ow|gtt. wekxd 2 FAEH F compact

o compact support A7t AE] WIS g, TP Aol o B
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33 ZAFIFAH A3

B oAANE BN AR FRA BHL AT F Ae T 4GS

Enriched by the Enriched by the
discontinuity function singular functions

Enriched by the unit/zero
value step function

19 3.14 The enrichment strategy to represent local characteristic behavior
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dolelz=z g@® Aotk o WS W@ AVH Felr 4 (322), 4

Ky ={kel :x,€ wy) (3.22a)
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E= E for plane stress (4.2)

2 5 for plane strain

I1—v
ol SN FA hstel 24 FUE APAT F, AA @Lo| EIshe 3
qupgAel otn GelE Fe1 (o), &), ul)elet da FAH gel g

z
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i

A el (auxiliary state)E “JEl2 ((55]2), 5]2),@2))3]- 3 JHE L o

DEolx 217 A ej1s e 20 tete] ool Aoz ma” 5

%2
2

JARR2 zf [l(o(“+0(2))(5571455,2))6” 43)
a(u(l)_l_ u(2>)
—(o+ o)
of A& Auste] A EHSW vhet g FHE e + Ak
](1+2):](1)_|_](2)_|_](1+2) (4.4)

A7NA, JO JOe 22k e 13 ge) 29] A grolm, [14DE o] F g
SAA R grolth ol [1+Ve] Yg e T ol oAk
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](1,2>:fF[Wu,z)alj__dgjl)j; (2)4]14 ar (4.5)
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w2 = 6(1)6(2)_ 05]2)65]1) (4.6)
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1 on I
q(x)=[ 0 on ¢ (4.10)
arbitary  otherwise

19 4.1 Schematic of conventions at crack tip
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e : Selected node for constructing a(x)
o : Negelected node for constructing q(x)

19 4.2 The selected nodes about crack tip for constricting weighting function
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19 4.3 Schematic of discrete crack segments
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CRACK GROWTH STEP

STEP=1

‘ ‘ CALCULATE STANDARD FEM STIFFNESS MATRIX ‘ ‘

k—
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19 44 An analysis algorithm used for growing crack
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19 5.6 Edge crack in tension problem
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19 5.7 Stress intensity factor( ) as crack growth(unit: psV %)
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ABSTRACT
Crack propagation analysis of steel member

by using the extended finite element method

Song Jeong-Hoon
Dept. of Civil Engineering
The Graduate School

Yonsei University

Structural components are subjected to repeated fluctuating loads whose
magnitude is well below the fracture toughness. By this loading, cracks are
initiated at certain parts of welding, rivet connection, or bolting connection
where stresses are concentrated. As the crack grows, the stiffness of structural
component gradually decreases and finally the component fails. Since slowly
growing crack propagates to arbitrary direction according to the geometry,
boundary condition, and loading condition, it is not easy to predict its growing
path of component by using analytic or conventional numerical methods.

In this study, recently developed Extended Finite Element Method, which is
free from mesh-dependency, and some numerical techniques for crack analysis
are used to solve crack propagation problem. The growing path of cracks are
studied by using this strategy for crack propagation analysis.

In addition the failure mechanism of steel components by growing cracks
are discussed. As a result, predicted crack path by Extended Finite Element

Method that agree well with empirical data is obtained.

Key words : Extended Finite Element Method, mesh-dependency, growth of

crack, crack trajectory
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