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Experimental Method to Evaluate Stress Triaxiality near the Crack Tip;
Applicability to Various Specimen Configurations
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Abstract

Kim et al. described and compared other methods of measuring stress triaxiality using the displacements

near the side necking, proved the validities of these models and explored the effect of location where the

displacements are measured using three-dimensional finite element analysis for a standard CT specimen with

20% side-grooves. In this paper, the applicability of these models to various specimen and materials are

examined in detail. To consider the effects of side groove, thickness of specimen, crack length, specimen

geometry and strain hardening exponents, three-dimensional finite element simulation has been performed for
various specimen geometries. For a case without a side groove, in the whole the difference between the stress
triaxilaity analytically evaluated and directly determined is similar. For a case with a 20% side groove the

stress triaxiality is measured at the area where 0 is smaller than 60° , which excludes a side grooved area.
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Fig. 1 Schematic diagram of measuring

triaxiality

2

Gg> 0, ° A
n| v ar
2= AEd
3F(void growth and coalescence)¥}
o A& e AS &

=
e

stress

Y i——

~ u
== 3
L= 3)
B, =(EL+E, vEL)  -E )
2Adedoe] et p4e] ofsbe] s]old it
ZAe] 7ta= WU ARAG = A JFS
nA)4 ety By Wy AuAvags, e
o] HRR Segd] oa A $h4dd gria 714

o , (5)
1 g.{x—i_gv‘ ~’max ~ max
+ Z 2 gv} HRR _gzz Xy HRR
ols} ol JpgAHe SANYE, &, & Fohu
TFAl Ramberg Osgood 2ol th{lste] 571&8H,

eq

_ g ]
E,=—+5 2434
Gy
W3 A o] &(deformation theory of plasticity)©l]
% Bad AR B SHAAYE AN
wE FARE WS, 5,45, % A4NA ¢
2, 5,2 4 ©F ) ol 47 % + Ak
~ ~ 1 ~ 20 ~
O-x“ +O-),V = 2 |:(ng +gvy)+_ﬂgzz:| (6)
7 Ty
v
G, = £ +E +E 7
m 3(1—V)[ xx » zz] ( )
A7IA E ¥ Young &, v ¥ FolF H],
_fv, L , ,B:L+—] , L, L o]t}
E 2Ep E ZE}7 E E,
2 (M A @F ol&st 9, 0,5 A4 2R
@ 5 9o on Fede SHAEAS eh
= E S ¥l 5, /5, = A 6% A (D=

Fig. 2 Three-dimensional crack tip



2004

9l3pe]

to rir 2

BN Y %O e

*
WY E
, 50.8mm <} 101.6mm ¢! 7Z-$-5 43Tt

TPB A& #H, SECT A&, DECT Al&@Ho| tj
S Fato] FEddole} AlgH FAdo] tish o
S dolr ottt AW AFAHL] vty HH

rol

of et WA, 1ela gadel gl v1lst
o] CCT Ag¥¥, TPB Al¥H, SECT A@H, DECT

M-S T, CT AP sdatAl W &
ARSI Akl Al V) o Ak
A8 ALESle] SIS ST v Yo R WY E
AetA 4, nooll tidt FES n=6, 10, 13 1 -0l

s

g a4 Ealol 2ALeT. AT &4
_]

W2 AR EAR 5 Kim and Kang'?oll 1A 3]
A= o] ATk

3.1 5H Fo| &

HA SH o] Jgs dolry] 95te] Table 1
I e e g Ay Hasith e x
AL 718 A 209 sdeH w©A S F9
Fol 10% Ao 5 Fo] gle A= 2
ate] sjAEkSitk Table 2 £ 0, Qu G,/5, = =
A7l Ader 493 s FAdA A3 AH
B SedHA o)gdoz A4W Asste 3
o] HoJFErh 20%°] W Fol e A, A
= vy A2 545 9% Gdo] opxith
AR S Fo] fle A, 22k SUFeHAIRE
wrh §e FY9(0=0°~90°)0lA FHo] 7hEsich

32 AlgHE File g
Table 3 ¥ o] 7]& A4 ZHz FLIH
20%°] S £S5 713 CT A H(@@/W=0.58)l T

slo] T2 12.7mm(1/2T), 6.35mm(1/4T)= Zo]d
A 1 A3E v 3T Table 4 oA Hi= ulo}
ol 20%°] W Fol oA AFH FAI}
Hashe BF eAbe Bled FEollA vsstth
SHAINE A H o] FAZE Hole weka SH &
o]

o] Aopm o] wet W FEFS

62

54 7Fsd AAZE Hold S¥W & A
golubr] AlAke el e ek o A @
wolme AgHe T 425 o We 9
A =S 5T F Arh 53 14T 2 vl
gre AR AS 1574 SHAEL A
4 9
u
jg —1
/>
u
i
Y t /\ _
2H=4W
_ w
\a \ \ ol
T [
\ ~| |2
s
«——— 2H=4W ————— BW
/’ -
<
(a) Three Point Bending Specimen

(b) Single Enge Crack
Tension Specimen

u \ u \
A
T J‘/L e
</
N
2H=4W [~ 2H=4W
N B |
i
Az =
[~ L |
B _aw | | | w
L -
T
Y Y

(d) Center Crack
Tension Specimen

(c) Double Enge Crack
Tension Specimen

Fig. 3 Specimen geometries: (a) three point bending
(TPB); (b) single edge crack tension (SECT); (c)
double edge crack tension (DECT); (d) center
crack tension (CCT).

Table 1 Cases for considering effects of side groove.

Material SA106 Grade C ferritic steel
Specimen Type CT Specimen
Specimen Thickness 1T(25.4mm)
Crack Length(a/W) 0.58
Side Groove 20% 10% no
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Table 2 Appropriate range to determine stress triaxilities
and differences between stress triaxiality directly
determined and analytically evaluated for CT
specimen with various side grooves(20%, 10%

and no).
20% 10% No

0 Diff. | -10~6% | -25-0% | -20~0%
" | Range | 45-60° | 30~60° | 0~90°
Diff. | -142% | -30~0% | -25~0%

o Range | 45-60° | 15~60° | 0~90°
5 /5. Diff. | -8~10% | -6~12% | -2~19%
Range | 45~60° | 30~60° 0~90°

Table 3 Cases for considering effect of thickness of
specimen with 20% side groove.
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Table 5 Cases for considering effect of thickness of
specimen without side groove.

Material SA106 Grade C ferritic steel Material SA106 Grade C ferritic steel
Specimen Type CT Specimen Specimen Type CT Specimen
Specimen IT 12T 1/4T Sp§cimen IT 2T 4T
Thickness (25.4mm) | (12.7mm) | (6.35mm) Thickness (25.4mm) | (50.8mm) | (101.6mm)
Crack Crack
0.58
Length(a/W) Length(a/W) 0.58
Side Groove 20% Side Groove no

Table 4 Appropriate range to determine stress triaxilities
and differences between stress triaxiality
directly determined and analytically evaluated

for CT specimen with various specimen
thickness(1T, 1/2T and 1/4T).
1T 12T 1/4T
0 Diff. -10~6% | -5~10% | 0~19%
" | Range | 45-60° | 30~60° | 15-60°
0 Diff. -14~2% | -8~4% 2~11%

" | Range | 45-60° | 30~60° | 15-60°
o Diff. -8~10% | -13~9% | -20~0%
O-m/o-eq

Range | 45~60° | 30~60° | 15~60°
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Table 6 Appropriate range to determine stress triaxilities
and differences between stress triaxiality
directly determined and analytically evaluated

for CT specimen with various specimen
thickness(1T, 2T and 4T).
1T 2T 4T
0 Diff. -20~0% | -36~0% | -43~0%
g
Range | 0~90° 0~90° 0~90°
0 Diff. -25~0% | -33~0% | -40~0%
" | Range | 0~90° | 0~90° | 0~90°
- Diff. 2~19% | 0~25% 0~24%
G, / Gy
Range 0~90° 0~90° 0~90°
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Table 7 Appropriate range to determine stress triaxilities
and differences between stress triaxiality
directly determined and analytically evaluated
for CT specimen with various crack
length(a/w=0.5, 0.6 and 0.7).

a/W=0.5 | a/W=0.6 | a/W=0.7

0 Diff. | -20~2% | -26~0% | -35-0%

" | Range | 30~60° | 30~60° | 30~60°

0 Diff. | -20~2% | -24-0% | -30~0%

" | Range | 30~60° | 30~60° | 30~60°

| Diff | -5-15% | 0-22% | 0~28%
Oy /O-eq

Range | 30~60° | 30~60° | 30~60°

Table 8 Appropriate range to determine stress triaxilities
and differences between stress triaxiality
directly determined and analytically evaluated
for TPB specimen with various crack length(0.2,

0.4 and 0.7).
a/W=0.2 | a/W=04 | a/W=0.7
0 Diff. | -10~0% | -19~0% | -29~0%
" | Range | 30~60° | 30~60° | 30~60°
Diff. | -14~0% | -23~0% | -27~0%
o Range | 30~60° | 30~60° | 30~60°
5 /5. Diff. | -4~10% | 0~17% | 0~25%
Range | 30~60° | 30~60° | 30~60°
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Table 9 Appropriate range to determine stress triaxilities
and differences between stress triaxiality
directly determined and analytically evaluated
for SECT specimen with various crack
length(0.2, 0.4 and 0.7).

a/W=0.2 | a/W=04 | a/W=0.7
0 Diff. | -14~0% | -1~10% | 0~27%
14

Range | 30~60° | 30~60° | 30~60°
0 Diff. | -20~0% | -9-4% | 0~26%
" | Range | 30~60° | 30~60° | 30~60°
| pift. | 0~10% | -18~0% | -68~0%

O /O-eq
Range | 30~60° | 30~60° | 30~60°

Table 10 Appropriate range to determine stress
triaxilities and differences between stress
triaxiality directly determined and analytically
evaluated for DECT specimen with various
crack length(0.2, 0.4 and 0.7).

a/W=0.2 | a/W=04 | a/W=0.7
0 Diff. | -12~2% | -25-0% | -3~1%
" | Range | 30~60° | 30~60° | 30~60°
0 Diff. | -20~0% | -25-0% | -11~0%
" | Range | 30~60° | 30~60° | 30~60°
| pift. | 4~9% | -6~12% | -5-4%
o, / G,
Range | 30~60° | 30~60° | 30~60°
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Table 11 Appropriate range to determine

2004

stress
triaxilities and differences between stress
triaxiality directly determined and analytically
evaluated for CCT specimen with various crack
length(0.2, 0.4 and 0.7).

a/W=0.2 | a/W=0.4 | a/W=0.7

0 Diff. -4~0% 0~10% 0~12%
" | Range | 30-60° | 30-60° | 30~60°
0 Diff. -13~0% -7~5% -1~1%

" | Range | 30~60° | 30~60° | 30~60°
o Diff. -19~0% | -45~0% | -40~0%
O—m / O-eq

Range | 30~60° | 30~60° | 30~60°
Table 12 Appropriate range to determine stress
triaxilities and differences between stress

triaxiality directly determined and analytically
evaluated for CT specimen with various strain
hardening exponent(6, 10, 13).

n=6 n=10 n=13
0 Diff. | -10~6% | -16~0% | -18~0%
14
Range | 45~60° | 45~60° | 45~60°
0 Diff. | -14~2% | 23~0% | -23~0%
" | Range | 45~60° | 45-60° | 45~60°
| Diff. | -8~10% | 0~41% | 0~46%
/G
Range | 45-60° | 45~60° | 45~60°
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