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� Cellular CSK resembles natural and 

synthetic materials 

� Felt

� Paper

� Cotton
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� Cotton

� NASA Shuttle Tile

� Components

� Actin

� IF



� Gibson & Ashbury (1997) “Cellular Solids: 

Structure and Properties” Cambridge University 

Press

� Types

� Plastic Foams

3

� Plastic Foams

� Metallic Foams

� Ceramic Foams



� Honeycomb

� Open Cell

� Closed Cell
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� Ratio (ρ*/ρ
s
)

� ρ* is overall foam density 

� ρ
s

is constituent’s bulk density, e.g. F-actin

* Aρ 
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� C
0

is constant (≈1) that depends on foam cell shape
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� (a/k/a Second Moment of Area)

� Geometric resistance of a beam to bending
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� Linear Beam Theory 

� Pinned-pinned, three-point bending

δ
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� Es is modulus of elasticity for beam (F-actin ≈ GPa)
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� Stress remote from the cell (σ) is related to force

� Strain (ε) related to beam displacement

2F lσ∝

lε δ∝
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� By Hooke’s law, the effective modulus is
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� Using relative density and moment of inertia
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� C
1

=1 for open cell foams

� Valid for small strains: Large compressive load, 
side struts will buckle
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� Similar derivation

� Displacement

� Stress
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� Stress

� Strain

2F lτ =

lγ δ=



� Thus, as before
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� C
2

=3/8 for open cell foams
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� For linear elastic, isotropic material

� Using this for foams
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Using this for foams

� C
3

=1/3 for open cell foams
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� Elastic collapse occurs when

� Stress at elastic collapse
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� For foams

� C
4

=0.05 for open cell foams
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� Structure

� Cortical Bone – laminate outside

� Trabecular Bone – foam inside
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� Elastic

� Collapse

� Densify
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� ρ
s

= 700-800 mg/ml

� ρ* = 10-20 mg/ml

� Es = 1.4 GPa
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*
20 40 MPaE = −
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s = 1.4 GPa

� That’s a bit stiff!

*
20 40 MPaG = −



� Shear flow induces IF strain in network

17Helmke, et al., (2003) Biophys J, 84(4):2691

GFP-Vimentin

Before shear

3 min shear (L-R)

GFP-Vimentin

Before shear

3 min shear (L-R)



� Make the model match the data

� Get better filament measurements (IF, maybe 

actin)

� Scalable issues? 
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� Node mechanics

� Buckling effects

� Over discretization by including actin binding 

proteins or other protein interactions


