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Evaluation on dynamic stress intensity factor using strain gage method

H. C. Lee, D. H. Kim, J. H. Kim and S. I. Moon
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Abstract

Strain gage method is used to evaluate the mode 1 dynamic stress intensity factor of marging
steel(18Ni) and titanium alloy(Ti-6A1-4V). To decide the best strain gage position on specimen, static
fracture toughness test was performed. Then instrumented charpy impact test and dynamic tensile test
was performed by using strain gage method for evlauating dynamic stress intensity factor. Strain gage
signals on the crack tip region are used to calculate the stress intensity factors. It is found that strain
gage method is more useful than method by using load which is obtained from impact tup to assess
dynamic characteristics such as dynamic stress intensity factor
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: shear modulus

o

v : Poisson's ratio

E : Young's modulus

A.., B,, : unknown coefficients

r : distance from crack tip to attached strain
gage(mm)

6 : angle between x-axis of crack tip and

attached strain gage(’)

a : angle between x-axis and attached strain
gage

x',y : rotated coordinate system

€y, €y, . Strains relative to a rotated coordinate

system
P, : crack initiation load
w : width of specimen (mm)

+ Fddista gte
s FIStE 7 AN A T
sov FYae dTA

AEo wet 7AH BEHEL sk oFE
st A$7F 2o o) JAAH BEAHE F 3y
A4 LE NAF2ES 7 datFoz ¢tastA
AAste A¢¥w ol EAHIT e 14
AAAe E9oM g Fadt selujgioln).
£3) $d499AA9 A4$ AAAHUE 29 o
71 A% AgHEs W B A7 AL
Hu ot 28y 7189 AlgHEL load cell
oy FAA A dolxE tFAl3
gh oolE FBAGA FAA
Yeld ¢ gE ASEL i3 sl

B ddMe FASIFSYASFE Hrsho)
& 2EdJANAEE o &FHY. 2EH
AAYL Dally & Sanford®71 A5t FEHTG
of WYHEAL ol&3ld, Algol o3 AYEY
o2RE SHIYAFE Frlsts wiold. &
EFUdACA Y HEH ¢ 2EgUAA A
23 YXE AAFDO g7 s, FAANDE

r
v e o
o
op
211‘

D

AP oF

o off
ftlo

- 304 -



F3l 71E9 ASTM E399° Whia A=Al
Aol o AFHE vmagn FHANFEY 2
24 ol&HUth AWt A4E AaE I
B 249 2714 FRAE AHEHE v
o3 Hety FEE olgsiT AgHL
Azddol HY9d 3EFIANEAR CT AEd
€ AHgaiglen AP FAFANER T
HAZA G T3

g A48l Dally & Sanford°ﬂ 2] 3 "ﬂ AFH A
AEAGT Y THYE H®
sty oha 2o

O=Re Z+yImZ+yImY (1
6u=ReZ—yImZ' —yImY +2ReY

Ow=ReZ+yImZ +ylmY’ (2)
Tw=~—yReZ —y ReY —ImY
Fig. tolA A& AFZA A9, single-ended
TEY 8 &5 Z o ye ueH Zol F9
k=3

Z(Z)= gOAnzn—l/z (3)

A7NA, Ba W85 z=x+4y olth

B 4o $EFoZEH HIYEZE 7T
T Utk 9714 AT A,, B,EY #o] Ftst
7] WZell, o] gkEE& AAd] HaME "AS
B3 2EGAdAAt HastEz AxHon
HEs717F olHoh webd Fao dAREE
AR REXN FAEE, nd me 0, 12 AN
of Azlstgdch =3 Fig. 1914 AAE AAH
4o 9A P09 HAEFTAHEE e

(x,y) HEHBL A oL oz F¥Ed

|

Fig 1. Definition of coordinate systems O,,

and Py’

Que e = Agr~ P keos(6)2) — (1/2)sin 8
sin(36/2) cos 2a+ (1/2) sin Ocos (36/2)

sin2a] + By(k+ cos2a) + A7 *cos (6/2)  (4)
[ &+ sin%(8/2) cos 2 — (1/2) sin fsin2a]

+ By (k+ cos2a) cos §— 2sin sin2a]

E=(1-»/1+w ()
22 ¥ ERN SHFGUAT BA
A9 AFER] digd s 49 HA
o 00 S« % ‘”x‘ y & 9goz BRIy ~
Az

(m
=
o
)
2
X,
ku
_{
o
1o,
%

= *—1(6)4 Ze BAE 2w & A%l 2
|98 k&g 78 5 Aok

K1: Aom (6)

78kl A AAE.

cos2a=—k=—(1—1)/(1+V) (7

~—

- 305 -



ES A,GS U9 2AEA AAD
tan(6/2) =— cot2a (8)

wrebd A)elA Al e WEE ol g, 4
D ®F VEASE A2 Yy @ Aol
zEYA AdAE RAR K, g Ae &
gtk Agel A48 F Az 2% Ade o)
o ¥ Zslgulst 0310193, o ol&sd
zEYAACIAS  RF WFES =657
a=60.89" Itk ol gkl sl A@el 6)
e AO)E ¥ 4 At

K;=2.957131E V7 &4y (9)

3 AlE g

2 A A8 Ase 29 FAUE FE

AL gF7lol ALESHE ulElol AN Ele

ELS(Ti-6A14V)E o]-£3}% T} Table 1S F A
g9 J1AE EAojth

ZEgAAo| e He4 2 HAJAE ¢

7] 913te] 7]&] ASTM E3999¢ A stzmely

A¥L HIPs%n F 498 vlu FEFHAL
AALEGqAST Hrt e B9 AvEY
AP L Fig2 9 #rh

Table 1 Mechanical properties of maraging steel
and titanium alloy

Maraging | Titanium it
steel alloy unt

Properties

Young’s Modulus | 17,22t 11502 | kef/mni

Yield strength 1566 10404

Tensile strength 1632 1672 | kgf/mm’

Poisson’s ratio 031 031
Elongation 77 ’ %
Hardness 509% | 431 Hrc
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Table 3 Result of static stress intensity factor using
strain gage method of 3PB specimen

K -astu | Ki-strain Ki o
Material /W \ ! —k—-'—-’-'ﬂ'-'—
kaf/ mnd®"? | bgf) mm™? 1- ASTM
—
BB N 009 | 33159 | 32253 0.94
steel
Titani
T 6103 | 10381 9551 092
alloy
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Table 4 Result of static stress intensity factor using
strain gage method of CT specimen

Ki-astu | Kivswain | Ki_ roim

Material | /W
kil mm®? | hgfl mm™?

KI—ASTM

Maraging
0.062 343.12 327.85 0.95
steel

Titanium
0.069 140.07 139.52 0.94
alloy
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Fig. 3 Time-strain curves of maraging steel and
titanium alloy in charpy impact test
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Fig. 4 Time-strain curves of maraging steel and
titanium alloy in dynamic test
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Table 5. Results of dynamic stress intensity factor
for 3PB of charpy impact

K 14— astu K- strain
Max.Load

Material /W
ke | keffmm™)|( keff mm?)

| 0107 59 33 215
Maraging| =5 0y 251 135 226
steel

0.224 2 15 241
10092 | 104 60 96
Titanium=0 0 T 80 ) 90
alloy

0.115 86 62 92
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Table 6. Results of dynamic stress intensity factor
for CT of dynamic test

K 14~ astu Ki— strain
Max.Load
Material | /W
kgt) |( kgf/mmm) ( kgf/mm‘m)
0085| 6545 670 397
Mareging) , o4 | 6286 632 3%
steel
0.065| 5768 594 402
0044| 3695 378 194
Tisanivmi o 046 | 3900 410 206
alloy
0054| 3693 379 219
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Fig. 6 Comparsion of stress intensity factor for
titanium alloy
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