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Methods to Evaluate Stress Triaxiality from the Side Necking Near the Crack Tip

Dong-Hak Kim and Ki-Ju Kang

Key Words :  Out-of-Plane Displacement (8 2] ¥ 91), Constraint Loss (7% 2F3}), Side Necking (3&),
CT Specimen (CT A g #H), Finite Element Method (38 43| 4)

Abstract

Kim et al. suggested an experimental method to determine the Q parameter in situ from the out-of-plane
displacement and the in-plane strains on the surface of side necking near the crack tip. In this paper, the
procedure to evaluate the stress triaxiality near a crack tip such as the Q parameter is to be polished in the
details for simplicity and accuracy. That is, Q and hydrostatic stress are determined only from the out-of-plane
displacement, but not using in-plane strain, which is hard to measure. And also, the plastic modulus is
determined by an alternative way. Through three-dimensional finite element analyses for a standard CT
specimen with 20% side-grooves, the validities of the new procedures are examined in comparison to the old
ones. The effect of location where the displacements are measured to determine the stress triaxiality is

explored.

x
I

b R

td
oL N

=

AMAEIH g o A
A Fate AL 5, 44T
b #EHoY AEH FA B
254U Ao T 0 o
HA Eabe o ASTM
o JK’Q’}JR '—"‘L{’— a
TR FEAEdA e FEMT
ol o8] AuixEE A9 ‘HRR
YERGA Ao @ ol g dat

71&9 AR & A 2 o v
G5) 4,60 = gB92 A} L5}

> 1o
ok A

1R o
M 012 o

2 i
o
ol°b"
Toru o
:Ll I

E
~J
et
or o
x
L
i}

ox
oo e
A
53]
o

lo
o o
TR

o ~

=)

tlo

)

=
=
rE

1

L fus

'_ﬁ‘j_.

~‘;2 I~>'

(two parameter approach)©] | St
A2 iA¥Ss 5 F
=

0
viepsl ARk 35ke S, W gHol Hgy

3

o 41 [t A
» oo NN o

J-E
1}01%
Fatz] #lsiAl
7oA -8
A 2 i

e HE ol2x 277t
=

=

=

o]
A

ToaaAa, 59, ddsta A sR Ty

E-mail : kjkang@chonnam.ac.kr
TEL : (062)530-0304 FAX : (062)530-1689

* g, dndxYdre AEFdgAdar) ey

J.

& %Y@ Zolth Kim ot 2l BT A A
H 2W FAdTRe AoWes WMy
§ oa@e Fot 4uA WU Adstdn 5

ARel 3 A¥n yeste] SDSP (Stereoscopic
Digital Speckle Photography) ‘H-& AM83td IZoj&
A, Jic & SR ST @A Mg gEEe
ZRFoTH 0 g& AR SRR o] vy
A EdHAdAM AR ES SHs ok sl

B ETAAE Kim et 09 0 FAWE 7
W2 b4 A2 e BHS ANSD 71EY Y
3 mmsoich WEL Astel YiFE FEaeel
CT A@Hol e 3 A9 FHazAL Sae
A mo FAATY 24PAY FEAES Y
g7l Astel @ WA, mu "RAd WeQ
0,0, & AHEE T Jud olg Agson 7
71 A% gas 1 ogel A dse =

Abapict.



1022 FIRE- A 3

21 $¥FH4E vYEdie viAas

0 €, 3 Y TR BN A s AT
F g, #8449 $I4SYE YepdE ¥
Z A} O’Dowd and Shih o 2814 &3t 2o} A
@q(&,?)‘

Q:Eﬁ."l,(i&)ﬁ&ﬂ; at 8=0r=22 )
o Oy

4714 o, v A8 ¥E5E, 34 HRR 2 2
J H¥o tigshs HRR &3Ae] 9§ geldh. of
P ;4 r
ojgd] wzw FIId %i‘%‘[a{g;, ISJ/ao <5
o] MG E op B M} 0, R 0, § EE
FHSHE 22 ¢ WF Fasy 1 AT g
2 Yelycl Nevalinen and Dodds’VE CT Alg ¥z
SE(B) AldHd] FUFe] e A9 e AP
g# 3 A fEeLNE Bt 7 dddd &
488, o, & o834 0 #E FEQ =@
Faleskog'¥& 3 49 A gH g& +3LEHL +
A8, oy % ATUHEH, 0, o183 AY
¥ Q9 FAMALs o435 HEY v} Qlrt. B
AFAME 0 & U9 A () B A 9HeRE
vebd 5 2l

o= (. +5, ’;fﬁ’“*"”’w. 2
[
QM = i’_"_.:.((;qz)ﬁﬁ& 3)
]

A7IM FlE s MUY FASFE Vel
A 32 Azt 715839 H(void growth

BE TE ¢ 6 99N

2 Aty gEAgd 54 X4 LHIYEHA
€ JEhE ¥eEA ¢ aid BedEsEgE
%9 §,/5, 8 A48 S4%e A=

o} 0310

22 Ay gEogRY 09 A

Kim et al®e 0 & AA57] daid 4 8
A& oAFH FARE AR, &, 45,
B AEEHEgA Y Hode 4 o dWuld
BE ¢, £,, 5, EFE A L AAL
ey A Fig. 1 & 2o} AW 249
el 7He5 7 958 #4¢ 938 guix

N, 18 o

AR

st SARE AALE, 7.5 A @) A

@
7)4 B & A¥us $7% Uit 7,43,
2 (&, +5,+8.), 7t 0 clgbe

e 4a 4

A3} BYEE BgvEE £AWMRER Uw
P~

¥ Z

ke AE Pgorste ohew ol EdED
Ext8y = +E, +E“)elaxlic - % &
~ o - - o =
o 7] A (E,,x +E,+E, ) o E 2 geg 7}

A SFVAAL Mgl LT dhoiA
Aoke g4 RA¥YERA d4x 3 3d §@
K28 ¢ Fotd Adtg

Fig. 1 ¢t 714 9% B9 2985 54
& WEE AE Alojo) tF} 2L #AS A
gt 7pRskgich

~ g ~ &
£, = (e,,,, Y e I

Exx+5}y

zyy = (gxx + Ery )_&_— ’ )

il Y {surface

£ APAHY xy JRE FHLE 2 Fo gy
gAoleg £, =E,=0 °th o
Hel FART AP EL Adsied TR E

& T3t t}A] Ramberg Osgood 4o digsta] %
38 G, F &4 FHEE & FEe &

P
4A%F E, =213 AR,

Ty

Fig. 1 Three-dimensional crack tip



P FA¥E 23, 5,.+6,% 4 )} 2
o & % 9o
~ o~ 1 - 26 .
+0, = +& J+——F 7
a
y
o 71- E+= Young &, vE Fo}l4 nlo|n
a=1—v+—1~—, ﬂ=1+ i s 7=_1_+NLO]T;]—.
E 2E, E 2E, EE,

st 2 @F ©f

AME E,, £,+5, % A

g} Olwﬂ 2% 77
#HdA FHE ¢, 5, &,
o A ey G5 wgdA WIES
Tt FAANM FXF vo] FH 2x7}
AAZ] A9 A 6)2 ZFEE A7 o

o

2 dFdXE E, o ANE Y5t Bad =
T WUYE AEE T ¥3 5% E £ 8
Tahe MR e gt 29U F R
e T& 3 71ddE FTHAFES gas
A dAAYEE A8 e vAA Fer
I B3 A HYAGIFEE, £7” ] HRR §H
ol o A% gAs 2oz sHAERAY. wet
M 7B E £, 2 g 2ol & & I

2

P
max =~ ~ mux 2
; |HRR_£zz) tey |”RR}

g, 2R X e Wgor 24AF, E,
& 243t 4 @8 (7)ol ddtel 0 & AR
k. olFA T 08 (0,), 7 Erlsgch

f

23 A5¢A $Ho2RE Q9 24
Henry and Luxmoore" = 2] (3)o] 23l 9 &
AA% vk Stk ozl A FpH §
. 22 dolA 7l&d Wil wak FEF £,
o+ E, ETE g o8 Addr

mzq

5 SHAFA 2R By 1023

5, = ’i E.+z,+z.] ©)

t E e
d5,[6, = 22 ERP ). ) =
A4sts FAAA &5, & Fahe el wet 2
% (5,/5.,),. 6./6.,), 8 E7184ch Fig.2 & ol
HA7HA AANE FHNELES JeElE
Om (5./5,),, 6./5.),
selth. o YUE o

e
&
i

mlm

-4
o 09 =)
ook 1 2

A]@{«l ik 2 37]= ASTM EZF E1737-96
o AL FFsRd. AgHe FA B=254mm,
Z W=50.8mm o] A|PH o] 4zt FrY
10%ZH (A 20%)%HE SHE(side groove)ol A
o AEE AR AR 2Rie FFU] owiw

AME AHEHE AT #HetolEZQ SA106 Grade
C olth, A89 EAL Table 1 o] YEHo Ut
sl 4o] 2HM 3 AME-2 Kim et al'Vo) 7]E ] 9l
o},
Experimentsl l Elastic FEA
\ 4
(Sij)suﬂace (éﬁ El
VLY

Fig. 2 Three-dimensional crack tip Schematic diagram
for determining stress triaxiality near a crack tip
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Table 1 Mechanical propertics of SA106 Grade C
ferritic steel"'®
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Fig. 3 Finite element results for parameters of the
constraint loss, (QP ) J (©Qn) e and
é,/d,, with crack distance at J/o,B =0.0812

Fig. 4 Locations where the variables are calculated
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