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A Study on the Measurement of Elastic-Plastic Zone at the Crack Tip
under Cyclic Loading using ESPI System
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ABSTRACT: The magnitude of the plastic zone around the crack tip of DENT(Double Edge Notched Tension) specimen and the crack
growth length under cyclic loading were mensured by ESPI(Electronic Speckle Pattern Interferometry) system. The measured magnitude
of plastic zone was conmpared with the equations proposed by Irwin and calculated by a nonlinear static method of MSC/NASTRAN.
The measured crack growth length by ESPI system was also compared with the obtained data by the image analysis system. From the
study, it is confirmed that the plastic zone and crack growth length can be measured accurately with the high-tech equipment.
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Fig. 1 Illumination configuration for in-plane electronic speckle
pattern interferometry analysis
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Table 1 Chemical composition of SM490B

Composition (weight %)

Material

C Si Mn P S

SM490B 0.18 0.55 1.60 0.035 0.035

Table 2 Mechanical properties of SM490B

Yield stress (MPa) 325
Ultimate tensile stress (MPa) 490
Young's modulus (MPa) 202,000
Poisson’s ratio 0.3

Double Edge Notched Tension

<

(DENT> Specimen
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Fig. 2 Geometry of the DENT specimen (unit: mm)
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Table 3 The plastic zone size at the crack tip in measured by
ESPT system

Cycles Plastic Zone Size (mm)
281,476 1.00854
299,601 1.14783
308,741 1.16589
317,740 1.24387
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(a) at 281,476 cycles (b) at 299,601 cycles
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(c) at 308,746 cycles (d) at 317,740 cycles

Fig. 3 Change of plastic zone shape measured by ESPI system
according to cyclic loading
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Table 4 Calculation of the plastic zone size from Irwin’s
estimate according to the crack growth length measured by
ESPI system

Crack growth Plastic Zone Size (mm)

o
o,
s

ji2ad
29
i

Comparison of the ¢crack growth length

Cycles from Irwin’s equation
Length Plane Stress Plane Strain
281,476 3.060 1.26525 042175
299,601 3.690 1.33583 0.44528
308,741 4.080 1.38210 0.46070
317,740 4.520 143695 0.47898
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Fig. 4 Comparison of the plastic zone sizes on the basis of the
crack growth length measured by ESPI system
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Table 5 Comparison of the crack growth length

Crack Growth Length

ESPI System Image System
Aogia76 ( mm) 3.06 1.036
Aogoe01 (mm) 3.69 1.680
asoziar (mm) 4.08 2.092
asyria (mm) 452 2.549

where g, (mm) is the crack growth length at n cycles

loading
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Fig. 5 Crack growth length curve determined by ESPI system
and image analysis system

Comparison of the crack growth rate
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Fig. 6 Comparison of crack growth rate measured by ESPI
system and image analysis system

AR AT A HdREo] ESPl systemoll <3 ZAuto} shit
A 2ol &g A} Atolel] 2mm Aol7t FUFHA FAH



HAApzd Eol8 7 A 2] o] B3

o Zt}. Fig. 5 (b)o sfetwel A
7} 2 Ao A WA ZHE X E FEZ]
Hol Ao wEPolete] zpol7t YT
t}. ESPI system© 2 &4 5oz #dZol= F
#HE o) FAdHeAM e Fgdo]o|t) Fi
T SPHEAAAEE o83t SAS FEALEC] Ao o

et g HolFn

aQ

.6
4

5.1 &MY 37| HA U HlW

MSC/NASTRAN®] nonlinear static solutiong- ©]-&3}o] 2

AESZFS w1 A= DENT AJHe gdiidd)
o Z7)e] ok ALkE FASIHTE At AMEH
ESPI system2 ©]-&-3}e] #3442
=719
AFo 2 RE ZHAHolzl AHE vlwelr] Het wgdT
ARAF e ZA FYS TEHOE P

2t 33} ATk

Fig. 7& MSC/NASTRANS o]-&3le] #8473 20|
Tresca criteria strain EAAds Ao ozl Aitxojz
o WHEE By ZFjo|th

w3t Table 63} Fig. 8|4 ESPI system& o]&3lo] =43}
Ao} ey oR Ae A9E vlwstdck 10% L%}
WY el dxjstar ok

b
iyl
il

3

4

22 o o o B oX
B
o
o
o
]
fo
).
T
|o
hu
2
=
R
2
[
B
2%

4
ol

(@) a = 3.060mm

(©) a = 4.080mm (d) a = 4.520mm

Fig. 7 Change of the plastic zone shape according to the crack
growth length
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Table 6 Comparison of the plastic zone size at the crack tip

Crack Growth Plastic Zone Size (mm)

Cycles -
Length ESPI System FEM Analysis
281,476 3.060 1.00854 0.9693
299,601 3.690 1.14783 1.0411
308,741 4.080 1.16589 1.0770
317,740 4.520 1.24387 1.2206
Camparison of tha plastic zana siza
2
I ®  ESPISystem
| A FEM Analysis
1.5
E | o
E 5 . . W L]
» - : N :
2 t -
'9. -
s |
g |
o |
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I meanibad  =45kN
t foad ampituds = 30KN
02||||||1wvlrr\||||HIH114|luxl1|||J|41|

2.5
Crack Growth Length {mm)

Fig. 8 Comparison of the plastic zone size according to
the fatigue crack growth length
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