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Yield Function from
Plasticity Model

where

Inelastic Rate is Given by 

Non-associated Flow

where

References:  Perzyna, P (1971) "Thermodynamic theory of viscoplasticity." Advances in Applied Mechanics 11: 313-354.
Zhang, J et al (1998) “Constitutive Modeling of Polymeric Foam ..…” Int. J. Impact Engng 21-5: 369-386.
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Hydrostatic Compression

HEATING TAPE

FR-3720 
Pressure-Volume Curve

W-Y Lu ; J Korellis ; K Lee ; R Grishaber, “Hydrostatic and uniaxial behavior of a high density 
polyurethane foam (FR-3720) at various temperatures,” SAND93-8227, March 1993.
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Triaxial Compression

Thick wall for rigid 
confinement.

0

2000

4000

6000

8000

10000

12000

14000

16000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

F/
A

o
,  

M
P

a

L/Lo

C01

C02

C03

U00

U01

U02

U03

C: Confined (rigid)
U: Unconfined

Cracked

TufFoam35



Elastic Confinement

FN

Fw

Fc

Ff

Foam specimen 2D Thin tube

ri

t

r

r

Thin wall



Crosshead

Actuator

Load  washer
(Fw)

Foam specimen

Thin tube

New Confined Compression of Foams

SchematicsSetup



Thin Tube 1

1/8”

Fixed 
end

ri = 0.525”
ro = 0.625”

t = 0.1” 

Gage 1

Gage 2

Extensomete
r

• Al7075-T7351
• y ≈ 70 ksi

1.0”

3.0”

ri

ro



TufFoam 35

0

0.1

0.2

0.3

0.4

0.5

0.6

0 50 100 150 200 250 300

D
is

p
la

ce
m

en
t,

  i
n

Time,  s

 No16

 No17

 No18

0

0.001

0.002

0.003

0.004

0.005

0 50 100 150 200 250 300

St
ra

in

Time,  s

 No16

 No17

 No18

 No22

1.0”

3.0”

ri

ro

1/8”

0

0.001

0.002

0.003

0.004

0.005

0 50 100 150 200 250 300

St
ra

in

Time,  s

 Diametric Extensometer

 Hoop strain gage 1

 Hoop strain gage 2

 Average

0

2000

4000

6000

8000

10000

12000

0 50 100 150 200 250 300

Fo
rc

e,
  l

b

Time,  s

No16, Load cell

           Load washer

No17, Load cell

           Load washer

No18, Load cell

           Load washer

No22, Load cell

           Load washer

No 16



Model Parameters
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Summary

• Elastically confined compression provides critical data for calibrating 
foam model parameters.

• The data show the flow direction depends on the foam density: 
associate flow for high density foams (35 pcf) and non-associate flow 
for lower density foams (20 pcf).

• Confined compressions at different temperatures and loading rates 
are under investigation.


