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Numerical Analysis of Viscoelastic Cylinders with Mode | Cracks
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Abstract

In this paper, the stress intensity factor, energy release rate and crack opening displacement are computed using the finite element
method for axisymmetric viscoelastic cylinders with the penny-shaped and circumferential cracks. The triangular elements with quarter
point nodes are used to describe the stress singularity around the crack edge. The analytical solutions are also derived by using the
elastic-viscoelastic correspondence principle and compared with the numerical results to show the validity and accuracy of the presented
method. Viscoelastic materials are assumed to behave elastically in dilatation and like a three-parameter standard linear solid.
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Values of

Ri/Ro

Energy release rate, G,(»

a/b=0.1

a/b=0.2

a/b=

0.3 } a/b=04

G(0) | G(2)| G(0) | G(0)

G(0)

G(e0)| G(0) | G(e0)

0.1

Anal.

0.139(0.453}0.240 [ 0.781

0.339

1.104 | 0.446 | 1.453

FEM

0.139|0.457]0.234 | 0.768

0.329

1.075|0.442 | 1.444

0.2

Anal.

0.154 | 0.510]0.264 | 0.867

0.369

1.20210.488 | 1.596

FEM

0.154 | 0.500 | 0.263 | 0.861

0.366

1.20210.486 | 1.589

0.3

Anal.

0.15210.49510.271 | 0.882

0.388

1.265|0.515 | 1.677

FEM

0.154 | 0.506 | 0.271 | 0.897

0.383

1.266 | 0.514 | 1.695

0.4

Anal.

0.143]0.467 | 0.266 | 0.866

0.388

1.265|0.527 11.714

FEM

0.142]0.470|0.263 | 0.873

0.383

1.27010.521 | 1.723

0.5

Anal.

0.126 | 0.411 | 0.245|0.799

0.372

1.213|0.518 | 1.687

FEM

0.1260.414 [ 0.243 | 0.806

0.366

1.216 | 0.5611 | 1.695

0.6

Anal.

0.106 | 0.346 | 0.213 | 0.705

0.335

1.106 | 0.481 | 1.594

FEM

0.105|0.345|0.213 | 0.695

0.333

1.091 | 0.480 | 1.567

0.7

Anal.

0.083|0.270}0.174 | 0.568

0.284

0.926 | 0.424 | 1.382

FEM

0.082|0.270(0.174 | 0.573

0.284

0.941|0.425 | 1.412

0.8

Anal.

0.057 1 0.180 ] 0.125 | 0.407

0.216

0.704 | 0.344 [ 1.121

FEM

0.057(0.1850.126 | 0.414

0.216

0.716 | 0.340} 1.131

0.9

Anal.

0.029]0.096 | 0.069 | 0.225

0.127

0.414 | 0.216 | 0.704

FEM

0.02910.097 | 0.069 § 0.226

0.127

0.418]0.215(0.711
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Normalized COD. 26u,/0,R,
a/b=0.1 | a/b=0.2 | a/b=0.3 | a/b=0.4

5(0) | 8(o0)| 8(0) | 5(o0)| 8(0) | 8(e0)| 5(0) | 8(0)
Anal. |0.258 | 0.840 | 0.451 | 1.469 | 0.638 { 2.078 | 0.835 | 2.719

Values of
Ri/Ro

0.1
FEM |0.254|0.843{0.445|1.467 | 0.626 | 2.052 | 0.818 | 2.695

Anal. |0.258 | 0.841|0.469 | 1.527 1 0.666 | 2.171 | 0.875 | 2.849
FEM |0.25910.860 | 0.469 | 1.559 | 0.665 | 2.211 { 0.869 | 2.880
Anal. | 0.245]0.796 | 0.459 | 1.496 | 0.661 [ 2.154 | 0.877 | 2.856
FEM |0.243(0.8020.454 | 1.509 | 0.657 | 2.190 { 0.871 1 2.899
Anal. [0.218]0.7100.420 | 1.368 | 0.621 | 2.021 { 0.832 | 2.709
FEM |0.217(0.715|0.418 | 1.386 | 0.619 | 2.062 | 0.834 | 2.781

0.2

0.3

0.4

Anal, [0.187(0.609|0.369|1.202|0.561|1.829 |0.773 | 2.518

0.5
FEM [0.186]0.611|0.369 | 1.218 | 0.559 | 1.859 | 0.770 | 2.565

Anal. | 0.153]0.499 | 0.310 [ 1.010 {0.483 | 1.573 | 0.679 | 2.212

0.6
FEM {0.152(0.499]0.310 | 1.019 | 0.481 | 1.596 | 0.679 | 2.259

Anal. {0.118]0.384 10.246 | 0.802 | 0.393 [ 1.280 | 0.566 | 1.843
FEM |0.116|0.380 | 0.242 [ 0.796 | 0.388 { 1.282 | 0.563 | 1.869
Anal. [0.079]0.258|0.171]0.556 | 0.282|0.917 | 0.419 | 1.365

0.7

0.8
FEM |0.07910.257|0.169 | 0.553 | 0.279 | 0.919 { 0.420 | 1.389

Anal. |0.040]0.131|0.089|0.290 | 0.154 | 0.503 | 0.243 | 0.792
FEM |0.040 (0.131}0.088 | 0.28910.153 | 0.501 | 0.242 | 0.797
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Normalized crack length, a/b
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AUAEES] FAATL o2 E vimd Aolrh. ZHnt
Hog FHAFY FAV T4 T Ut dE9
TAHt 255, Aed JuAREE] ARE ¢ F
Atk F 5lA FXAAE o| &9} vlmste] Hl 3 22%
A5 Eom Jdedl, ole 84E ARsgtess 1
A7) T Atk 53] gdZold g it vlaz
FE o/b=0.4%4 w5 2 2249 IEFZ Holm glovt
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E 4 9ol 2FREe Xd Hey Use BHRHIIE A
Ak5t7] flst Ak MEE EFAI
Values of Dy(a/b,Ri/R,)

Ri/R, | a/b=0.1 | a/b=0.2 | a/b=0.3 | a/b=0.4
0.1 1.50361 1.57607 1.64911 1.75073
0.2 1.49608 1.56753 1.64789 1.74764
0.3 1.50297 1.57279 1.64518 1.73207
0.4 1.50344 1.58376 1.66216 1.76905
0.5 1.49984 1.59836 1.69654 1.81600
0.6 1.50756 1.61201 1.72730 1.87413
0.7 1.50240 1.63545 1.79842 1.98536
0.8 1.50069 1.65104 1.85805 2.14537
0.9 1.50747 1.69474 1.97186 2.36082
b 8
f e - IIEE:AM sol.lgl'ada etal]

g; &) results
% 14 No. {1 {2} 3 [t ) (81 [H3 ®) 9y
E R/R:| 0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
20 — . : :
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Energy release rate, G,(9
a/b=0.1 | a/b=0.2 | a/b=0.3 | a/b=0.4
G(0) | G(0)| G(0) | G(eo)| G(0) | G(o0)| G(0) | G(o0)

Values of
Ri/Ro

Normalized COD, 26u,/0,R,
a/b=0.1 | a/b=0.2 | a/b=0.3 | a/b=0.4
8(0) | 8(o0)| 8(0) | 8(o0)| 8(0) | 8(o0)| 8(0) | 5(0)

Values of
Ri/Ra

Anal. |0.26910.8770.611 | 1.991|1.077|3.508 | 1.802 1 5.869

0.1
FEM |0.271(0.876|0.609 | 1.967 | 1.079 | 3.493 | 1.815| 5.897

Anal. [0.361]1.176 | 0.757 | 2.464 | 1.187 | 3.868 | 1.681 | 5.475
FEM |0.359 | 1.160 | 0.741 | 2.387 | 1.164 | 3.747 | 1.658 | 5.348

0.1

Anal. [0.239(0.780 | 0.540 | 1.7590.945 | 3.079 | 1.533 | 4.993
FEM [0.239{0.7740.533|1.726 {0.92813.010 | 1.511 | 4.926

0.2

Anal. [0.319|1.040 | 0.669 { 2.179 | 1.055 | 3.436 | 1.491 | 4.858
FEM ]0.319}1.032}0.660 | 2.127 ) 1.034 | 3.338 | 1.467 | 4.742

0.2

Anal. [0.210[0.684{0.467 | 1.523]0.806 | 2.625 | 1.271 | 4.139
FEM |0.209|0.675]0.463|1.501|0.797[2.593 | 1.272 | 4.161

0.3

Anal. [ 0.281|0.914]0.587 [ 1.913 | 0.9213.001 | 1.293 | 4.213
FEM |0.280 | 0.904 | 0.580 | 1.872 | 0.9122.949 | 1.294 | 4.196

0.3

Anal. {0.178 [ 0.578 [ 0.396 [ 1.290 | 0.677 | 2.205 | 1.058 | 3.446
FEM |0.1780.577|0.396 | 1.287 | 0.680 | 2.215 | 1.072 | 3.515

0.4

Anal. |0.241]0.784 ] 0.507 | 1.651 | 0.798 | 2.599 | 1.132 | 3.688
FEM |0.240|0.776 | 0.500 | 1.6190.793 | 2.568 { 1.131 | 3.674

0.4

Anal. [0.147(0.479 | 0.328 [ 1.068 | 0.563 | 1.833 | 0.884 | 2.878
FEM |[0.1480.4810.33211.07810.570 | 1.860 | 0.894 | 2.940

0.5

Anal. | 0.200 | 0.651]0.426 | 1.388 | 0.679 | 2.211 | 0.969 | 3.155
FEM |0.200 | 0.648 1 0.421 | 1.363 | 0.673 | 2.184 1 0.969 | 3.156

0.5

Anal. [0.11810.385(0.265 [ 0.8630.459 | 1.494 | 0.725 | 2.360
FEM {0.119(0.385|0.267 | 0.870 [ 0.464 | 1.516 | 0.731 | 2.405

0.6

Anal. |0.161{0.524 | 0.344 {1.120 [ 0.553 | 1.801 | 0.800 | 2.605
FEM |0.160 | 0.520 [ 0.340 | 1.104 | 0.552 | 1.793 | 0.805 | 2.627

0.6

Anal. | 0.089{0.290|0.203 | 0.662]0.357 ] 1.163 | 0.569 | 1.855

0.7
FEM |0.089|0.289 | 0.203 | 0.663 | 0.358 | 1.173 | 0.572 | 1.886

Anal. [0.120[0.392|0.262 | 0.852 | 0.432] 1.406 | 0.635 | 2.070
FEM |0.121]0.391 | 0.259 | 0.841 | 0.427 | 1.390 | 0.635 } 2.074

0.7

Anal. |0.060]0.194|0.138 | 0.450 | 0.25010.815| 0.409 ) 1.332
FEM |0.059{0.193|0.139 | 0.452|0.2510.822|0.412 | 1.356

0.8

Anal. | 0.080}0.261|0.176 ] 0.574 | 0.298 | 0.968 | 0.458 | 1.491
FEM |0.081(0.262|0.176 { 0.572 | 0.296 | 0.966 | 0.453 | 1.482

0.8

Anal. |0.031{0.098 |0.071 | 0.233 | 0.135| 0.441 | 0.236 ] 0.769
FEM |0.030{0.097|0.0720.235|0.138 } 0.449 | 0.235 ] 0.775

0.9

Anal. [ 0.040|0.131|0.090 | 0.294 | 0.158 | 0.514 | 0.252 | 0.820
FEM ]0.041{0.132]0.090 | 0.294 | 0.157 | 0.513 | 0.251 | 0.822

0.9
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