~page Review

* Volumetric Locking

« For near-incompressible materials, all conventional elements
lock’ and predict zero displacement solutions for most
loading

« Problem is caused by too many incompressibility constraints
(one for each integration point) compared to number of
DOFs

—page 1 —
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Fix #1 (works for some elements) — reduced
integration
« Use one order lower integration scheme

Number of integration points for reduced integration schemes
Linear triangle (3 nodes) 1 pomt Linear tetrahedron (4 nodes): 1 pomnt
Quadratic triangle (6 nodes): 3 pomts Quadratic tetrahedron (10 nodes): 4 pomnts
Linear quadrilateral (4 nodes): 1 pomnt Linear brick (8 nodes): 1 pont
Quadratic quadnlateral (8 nodes): 4 poimts Quadratic brick (20 nodes): 8 points
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pa Topics for todays class

Fixes for locking -

- * R.l. with hourglass control (works for all element

_— types; choice and design of hourglass stiffness Is -
— tricky) -
- * Selective reduced integration (works for all elements; .
— hard to extend to finite strains) -

* B-bar method (works for all elements; finite strain
version exists)

—page 3




P29 Fiy #2__ Redwced Intgacaton wilh_hoyes/ass control

Basic_ldea_:  Add _artficial stifnen fo redist housglacmg

QQPMM: Intdyce * fHourslan base yectors

Hourglass base vectors

Linear quadrilateral rt = (41, -1,+1, 1)

rot) = (41,41, -1,-1, -1, -1, 41, +1)

r? = (4+1,-1,-1,+1, -1,+1, 41, -1)
Linear brick

r*® = (+1,-1,+1,-1,+1, -1, +1, —1)

rt — (-1,+1, 1,+1,+1,-1,41,-1)

These descabe ho ufafw»e m B.nace | cubic elements

Lom’ cFeom J—’or @/5; /mm g€on f’r%;

) # nooles
thérm _ ! -9t} = a : 1o
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P°Y ARAQUS menns:

5 Element Type

—— | Element Library Family

(®) Standard () Explicit | | Acoustic
Beam Section

Geometric Order Cohesive

(® Linear () Quadratic

Cuad  Tri

Reduced integration [] Incompatible modes

Element Controls

Cohesive Pore Pressure

— Hourglass stiffness: (®) Use default ) Specify

Viscosity: (®) Use default ) Specify
Second-order accuracy: () Yes (@ Mo
— Distortion control: (@ Use default () Yes () Mo
0.1

— Scaling factors: Displacement hourglass: |1

Hourglass control: () Use default () Enhanced (O Relax stiffness (#) 5t

Element deletion: (® Use default () Yes () Mo
Max Degradation: ®) Use default ) Specify

Linear bulk viscosity:

: () Viscous () Combined

0.5

% Element Type
Element Library

(® Standard O Explicit

Geometric Order

O Linear @ Quadrat

Cuad  Tri

b1 Reduced integration

Element Controls

Family

Acoustic

Beam Section
Cohesive

Cohesive Pore Pressure

Viscosity: (® Use default (O Specify
Element deletion: (®) Use default (O Yes (O No

Max Degradation: @ Use default (O Specify

Not needed ﬂ;f
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P2 iy #h4 B-bac” method

Hlternatve appa ch HJo selechd  recluced ;b-igm’:&w
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FE _intec polghi

U = V(%) Mi'ﬂ' N-= N9
0 L L
b = X ey
/ [TT(X) j/a" ?,, /MES 7,“

M N = infebolsbom Fanchone

U, n = noda] Yaimes

p° ?q = Nodel valnes of Presare
v
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