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Abstract

Aluminum strips of 150mm x 50mm x 0.3mm with single edge notch depth (a) in the range
of 5mm to 25mm, center crack length(2a) in range of 5m to 25mm and double edge notch
specimens with individual notch depth(a) in the range of 5mm to 20mm were prepared.
These strips were tested under tensile loading at a strain rate of 0.2mm/minute and
Imm/minute. The stress intensity factor (SIF) for varying notch depth was calculated using
finite element simulations using global energy release rate method and domain integral (J-
integral) method. These tests were followed by preparation of strips of 150mm x 50mm x
0.3mm with inclined center crack length(2a) varying in range of 10 mm to 50mm. The angle
of inclinations were 30°, 45° and 60°. These strips were tested under tensile loading at a strain
rate of 0.2mm/minute. The stress intensity factor(SIF) was calculated numerically using
domain integral method for the inclined crack geometries. The apparent fracture
toughness(Kinu) values were calculated using the peak loads obtained from the experimental
data and the numerically calculated SIF’s.

Key words: Aluminium; Apparent Fracture Toughness; Stress Intensity Factors; Strain
Energy Release; J-Integral; Plane Stress




Experimental Determination of Apparent
Fracture Toughness of Thin Aluminium Sheets

Dr. Mah end ra Gattu Seco.nd International o
Structural Integrity Conference & Exhibition
Department of Civil Engineering, NIT-Rourkela, Odisha — 769008. 25 -27 July, 2018

| | SICE Reg. ID: A2018ID018
Email: g2mahendra@gmail.com

Alm Numerical Results Experimental Results
. . . _ G-Calculation (SEN :
To conduct experiments to determine Mode-I critical stress 2 ( ) Peak Stresg VaIues(I\/IPa)..SEN, CCs, DE_N _ _
intensity factor (K;c,Kyy,) 0f aluminium sheets of 0.3 mm O ABAQUS-J-integral 1ag, Ocr Strain Rate 0.2 mm/min 0. O Strain Rate 1 mm/min
thickness for varying strain rates and crack lengths for ~-ABAQUS G-Method | o SEN o SEN
different specimen geometries. ' 120 | ¥ a CCS 120t § 4 CCS
2+ A Eqn.1: Critical Stress T B + DEN g i + DEN
Kic =0¢ \/72'(8.0 +Aa,)f ( L e"j Intensity Factor £ 100 | S : 100 | i
W (Plane Stress) = O 0 + Ocr g 4
= 80 é 80 8 i
Egn.2: Apparent <} 1
60 | H 60 | 8 é +
Fracture Toughness g +
+
40 t + 40 t
+ ¥
| 207 20 f i
50
0 ' ' ' ' ' 0 - ' ' ' '
0 10 20 30 40 50 0 10 20 30 40 50
_ a,(SEN), 2a,(CCS & DEN) a,(SEN), 2a,(CCS & DEN)
. . : , . °
Experimental Description | S G Method o0
| | —Jrafi(ajw) §> Apparent Fracture Toughness (K,\,) MPaym: SEN, CCS, DEN
Test Samples: Tensile Loading - ke | | | |
-— > a0 King - Strain Rate 0.2 mm/min King - Strain Rate 1 mm/min
\ : & ‘ 30 [
— W Single Edge Notch . S e o SEN X o SEN
|2 SEN £ 25| ° o A CCS g A CCS
«— N\ ( ) = : + DEN 291 8 o + DEN
0 L 0 ~ (o) o
< > = 20 © o
‘ f 20 1
\ ] K S :
: \ 22 T Center Crack Specimen Mg T, P K“}"; ot A
«— | \ (CCS) A 222 i A Yo
' ' ' ' ' 10f A A
0 < L > 0 0 10 20 30 40 50 19 '
NN\ fa T Double Edge Notch a 5| |
-Calculation
«— \ (DEN) o K Iculation (CCS)
<« [ 2 O ABAQUS J-Integral Method e 0 ' ' 0 . . . . .
d - T 0 « ABAQUS G Method - 0 10 20 30 40 50 0 10 20 30 40 50
€ i OE,/A — —Feddersen Secant Formula ef ay(SEN), 2a,(CCS & DEN) ay,(SEN), 2a,(CCS & DEN)
o ', \ ¢ Inclined Center Crack 15 ---Irwin Tangent Formula 2"
<_\ /‘//21 W — — 300 450 BO° . ----Tada and Paris ;o _
a3 o= 30°, 49°, 2 " 4 Inclined CCS: Peak Stress and Apparent Fracture Toughness
< > . iy PP g
) L , g ’ G, Strain Rate 0.2 mm/min - King & Strain Rate 0.2 mm/min
= 140 ¢ '
Specimen Type | | Strain Rate & o 30
Dimensions _ a 459 8 °
=150, W=50, |Crack| (mm') n I T feo Ko o s
: > cr o)
Grip Length = 2 x 25 mm/minute f > f00| ? ¥ 8 2 & o
o W=50 —> é 1 9] A A A ﬁ
SEN a | 5,10, 15, 20,25 1 ' > 80 f e A A
. 4 + + :
0.2 50 60 | 8 i : it i
Center Crack(CCS) | 2a | 5, 10, 15, 20, 25 . A . +
40 0 f
0.2 _ : S * o 309
DEN 3 5 10. 15, 20 : 00 K, -Calculation (DEN) ol . A 45§
+ 60
_ 0=30° O ABAQUS J-Integral Method 0 | | | | | 0 . . . . .
Inclined e ABAQUS G Method 0 10 20 30 40 50 0 10 20 30 40 50
Center 0=45° 2a | 10, 20, 30, 40, 50 0.2 15| ——Benthem and Koiter g 23, 23,
crack _ - - -Nishitani ) : :
o=60° | | Tada Paris Conclusions

1. Ky, : Range of values 10-30 MPa+/m.

2. K.y - Negligible change with increase in strain rate from 0.2
mm/minute to Imm/minute.

3. Kyt Dependent on the crack length(flaw size) although the

Numerical Simulations for Determining K,

Global Compliance and Strain Energy Release AW_IO ey specimen size was constant.
Rate (G-Method) i _: 4. For SEN specimens, the analytical expressions for K, differ from
) L=150 numerical results obtained using both J-integral method and
o5 global energy release rate method. These analytical expressions
> : need to be corrected.
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