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Descrizione ID Riferimento  Soluzione Ref.  Feature 

Straight 
Cantilever 

Beam 

Out-of-
plane 

1 

MacNeal and Harder [53] 

White and Abel [54] 

w = -0.4321 
Distorsiane 

della mesh nel 
piano 

In-plane 2 v = -0.1081 

Twist 3 w = 3.208E-4 

Curved 
Cantilever 

Beam 

In-plane 4 v = -0.08734 Shear locking 

Out-of-
plane 

5 w = -0.5022 Shear Locking 

Scordelis-Lo Roof  6 

Scordelis and Lo [55] 

MacNeal and Harder [53] 

White and Abel [54] 

v  = 0.3086 Accoppiamento 
dello stato 

membranale e 
flessionale  

Pinched Cylinder  7 
Belytschko et al. [56] 

 White and Abel [54] 
v = -1.8248E-06 

Hemispherical Shell 8 
MacNeal and Harder [53] 

White and Abel [54] 
w = 0.094 

General locking 
superfici 

doppiamente 
curve 

Pre-twisted 
Cantilever 

Beam  

In-plane 9 

Gruttmann and Wagner [57] 

w = -1.384 Distorsione 
della Mesh fuori 
piano  (warping) 

Out-of-
plane 10 v = 0.343 
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Software Versione 
Elementi 

QUAD  

Elementi 

TRIA  

ABAQUS 6.10 S4 S3 

ANSYS 11.0 SHELL63 SHELL63 

COMSOL 4.1 MITC4 MITC3 
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Young 210E3 MPa 
Poisson ratio 0.3 
Spessore 1 mm 
L = 100 mm 
d = 10 mm 

Constraints  
Estremità fisse 

Load 
Carico distribuito  
DoFs: lungo la direzione Z  
Valore: -0,005 MPa  gap iniziale 1 mm 

Contact Pair: piano in basso (master) – piano in alto (slave) 
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Young 210E3 MPa 
Poisson  0.33 
Spessore 1 mm 

Constraints  
Node ID: 1465, 1470, 1535, 1530, 69, 4 
DoFs: tutti DoFs 
Value: 0 

Load 
Node ID: 1143, 1007, 2119, 1983 
DoFs: direzione Z  
Valore: -100 N 

Gap iniziale 0.8 mm Contact Pair: piano in basso (master) – parte in alto flange (slave) 
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Young 210E3 MPa 
Poisson 0.33 
Spessore1 mm 

Constraints  
Node ID: 14, 15, 28, 29, 30, 31 (Mesh 1) 
   6,  7, 24, 25, 26, 27 (Mesh 2) 
DoFs: tutti DoFs 
Value: 0 

Nessun carico 

Sovrapposizione iniziale Contact Pair: Parte piatta (master) – Parte flangiata (slave) 
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