Single, Linear Hexahedron

Total Deformation
Type: Total Defarmation
Unit: mrm
Tirne: 1
05112014 10:38

— e 0,10297 Max
0,091531
0,08009
0,068648
0,057207
0,045 766
0,034324
0,02280
0,011441

~H g Min

MNarmal Stress X
Tywpe: Mormal Stress (Unaveraged) (4 fxis)
Unit: MPa

Global Coordinate System
Tirne: 1
05.11.2014 1037

—p 0,49802 Max
0.38735
0.27668
016601
0.055336
-0,0553%6
-0,16601
-0,27663
-0,38735

- _; 45802 Min



Single, Linear Hexahedron

Total deformation

0,
0,10297

7,5e-2

[mm]
L
m
P

0, 125, 250, 375, 500, £25, 750, a7s, 1000,
[mm]

Normal stress, x

0,
.0,32564

0,35
0,375

04

[MPa]

0,425
0,45

0,475

-0,49802
0, 125, 250, 375, 500, 625, 750, a7s, 1000,

[mm]



Five linear hexahedra

Total deformation

2,3563
2,
1,6

1,2

[mm]

0.8

0.4

l:ll'

Normal stress, x

-1,3538

5,
7.5
10,

12,5
15,

[MPa]

17,5

20,339

ﬂl
0, 125,
ﬂl
0, 125,

250,

250,

375,

375,

500,

[mm]

500,

[mm]

525,

525,

750,

750,

875,

1000,

a7s,

1000,



Single, Quadratic Hexahedron

Total Deformation
Tywpe: Total Deformation
Unit: mm

Tirne: 1

05172014 1042

— e 7,9903 Max
71025
62147
5,3269
4439
3.5512
2,663
1,7756
0.80781

~H g min

MNarmal Stress X
Type: Mormal Stress (Unaveraged) (2 fuis)
Unit: MPa
Global Coordinate System
Tirne: 1

09.11.2014 1042

129,28 Max
100,55
71,822
43,003
14,364
-14,364
-43,093
71,822
-100,55
-129,28 Min




Single, Quadratic Hexahedron

Total deformation

7,9903

7,

g,

—_— 5,
E -
= ,
2,

1
0,

Normal stress, x

39,418
a5,
-100,
-105,

[MPa]

110,
115,
120,

-125,
128,28

0,

0, 125,
ﬂ:
0, 125,

250,

250,

375,

375,

500, 625,
[mm]
500, B25,

[mm]

750,

750,

a7s,

87s,

1000,

1000,



Five quadratic hexahedra

Total deformation

u]
10,693
7.5
E
E 5
25
I:II'
I:II'

Normal stress, x

0,

-9,6732

-40,

a0,

[MPa]

-120,

-160,

219,02

125,

125,

250,

250,

375,

375,

500,

[mm]

500,

[mm]

825,

825,

750,

750,

875,

375,

1000,

1000,



Five Linear vs. Quadratic Hexahedra

Shear Stress Xy

1 Toype: Shear Stress (Unaveraged) 050 Plane)
Llnear Unit: MPa

Global Coordinate System
Tirne: 1
05.11.2014 1031

91,785
ﬂ 91,785
74,201

53,057 Max

21,443
3,8631
13,71
-31,306
-48,89 Min

Quadratic

Shear Stress Xy
Tywpe! Shear Stress (Unaveraged) 02V Plane)
Unit: MPa
Global Coordinate Systerm
Tirne: 1

059.11.2014 1051

91,785
ﬂ 91,785
50,561

69,337
55,112
46,888
35,664
24,439

3,991 Max
1,9904 Min



Figure 4-2 Integration points in fully integrated, two-dimensional, quadrilateral elements.

° 4 3
Shear Locking o
X o2
i 2
Figure 4-4 Deformation of material subjected to bending moment M. Linear element Quadratic element
(e.g., CPS4) (e.g., CPSB8)

Figure 4-7 Integration points in two-dimensional elements with reduced integration.

4 3
%1
1 T2
Linear element Quadratic element
(e.g., CPS4R) (e.g., CPS8R)

Figure 4-8 Deformation of a linear element with reduced integration subjected to bending moment Af.

[ T L

Abaqus manual, chapter 4



Hourglassing

Total Deformation
Type: Total Deformation
Lndt: mm

Tinee: 1

0402 2008 14:13

CADFEM Wiki U.S. Federal Highway Administration



25x2x2 Hexahedra

Linear

Quadratic

Mormal Stress X
Tywpe: Mormal Stress (Unaveraged) (4 Bwis)
Unit: MPa
Global Coordinate System
Tirne: 1

05.11.214 11212

162,34 Max
126,26
90,189
54,113
18,038
-18,038
-54,113
-90,159
126,26
-162,34 Min

Mormal Stress X
Type: MNarmal Stress (Unaveraged) (3 Axis)
Unit: MPa
Global Coordinate System
Tirne: 1

05.11.2014 11215

226,42 Max
1761

125,79
75,473
25,158
-25,158
-75,473
-125,79
-176,1
-226,42 Min



25x2x2 Hexhedra

Linear

Quadratic

Shear Stress Xy
Type: Shear Stress (Unaveraged) (0 Plane)
Unit: MPa
Global Coordinate System
Tirne: 1

0511201411212

91,785
a1, 765
73,898
55,322 Max
35,123
20,236
2,3489
-15,518
-33.476
-51,313 Min

Shear Stress Xy
Tywpe! Shear Stress (Unaveraged) 05 Plane)
Unit: MPa
Global Coordinate Systern
Tirne: 1

059.11.214 11215

91,785
91,785
78,66

65,534
52,409
39,283

17,28 Max

-0,093204
-13,.219 Min



25x2x2 linear hexahedra

Total deformation

0,
10,125
7.5
E
£ 5
2,5
0,

Normal stress, x

27784
-25,
50,

-75,

[MPa]

-100,

-125,

-158,56

0,

125,

125,

250,

250,

375,

375,

500,

[mm]

500,

[mm]

625,

625,

750,

750,

875,

a75,

1000,

1000,



25x2x2 quadratic hexahedra

Total deformation

0,
11,006

7.5

[mm]
L

2,5
875, 1000,

625, 750,

500,

0,
125, 250, 375,
[mm]

Normal stress, x

0,
-0,37074

-40,

-0,

[MPa]

120,

-160,

750, a7s, 1000,

-215,52
125, 250, 375, 500, 825,

[mm]



25x2x2 Tetrahedra

Linear

Quadratic

Marmal Stress X
Type: Maormal Stress (Unaveraged) (3 fuwis)
Unit: MPa
Global Coordinate System
Tirne: 1

05172014 11:44

111,91 Max
86,327
60,732
35,142
95517
-16,086
-41,629
-67,219
-97,809
-118,4 Min

e e e

MNarmal Stress X
Type: Mormal Stress (Unaveraged) (4 &eiz)
Unit: MPa
Global Coordinate Systerm
Tirne: 1

03.11.2014 17:44

234,58 Max
182,62
13044
78,266
26,089
-26,089
-78,266
-130,44
-182,62
-234,8 Min



25x2x2 Linear Tetrahedra

Total deformation

2,7021
2,4

2,

1,6

[mm]

1,2
0,8
0,4

1,3165e-19

Normal stress, x

0,

3,1807e-3
12,5
.25,

-37.5

[MPa]

50,
62,5
75,
87,5
98,205

0,

125,

125,

250,

250,

375,

375,

500,

[mm]

500,

[mm]

625,

625,

750,

750,

375,

875,

1000,

1000,



Convergence Analysis (3D)

12 —
o—0C—C—=C
e ° e .1 ° —— = r
10
‘e
£ 8 - =@®— Beam element
§ ¢ Hexahedron, quadratic
b =@ Hexahedron, linear
% 4 4 == Tetrahedron, quadratic
a 5 Tetrahedron, linear
Euler-Bernoulli
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Prism Opficn

Convergence Analysis (3D)

Teirahedral Option -

Ansatz DOFs Deflection (mm)
not recommended
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Tetrahedron quadratic
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Timoshenko vs. Euler-Bernoulli

“The BEAM 189 element s suitable for analyzing slender to moderately stubby/thick beam structures.

The element is based on Timoshenko beam theory which includes shear-deformation effects”

ANSYS 15.0 Documentation (Element Library)

Euler Bernoulli

Timoshenko %\ / 3
Fl

EB
A —
E ’\M Wmax = 35
h Iw Q
A X WT . Fl | F13
v / max A6 = 3EI

http://en.wikipedia.org/wiki/Timoshenko_beam_theory



Convergence Analysis (2D)

Relative error

Deflection (mm)

—
S

N
<

Beam element
Quadrilateral, quadratic
Quadrilateral, linear
Triangle, quadratic
Triangle, linear
Euler-Bernoulli

LR | T T T T T T L T L L |

10° 10" 10° 10° 10* 10° 10°
DOF
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(Non-)Convergence of Max. Stress (3D)

350 —
—8— Hexahedron, quadratic
Hexahedron, quadratic, full model

300 —
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Max. von Mises Stress (MPa)
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DOF



