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Behavioral knowledge of parts

Definition of Safety Coefficients

Prediction of use limits

Sandwich Structures
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Periodical open structure

High Anisotropy

Honeycomb structure

Complex Mechanical Behavior

Non-homogeneous structure
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F.E.M.
Calculations -

Theory

Experimental

Model
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Honeycomb structure



Large files

Long computation times

Heavy implementation

Reduced number of elements

Reduced calculation time

Modeling of large
dimensions parts simplified

HOMOGENIZATION

Mesomodel

Homogenized model
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F.E.Modelisation



1. Experimental data:
(integrator’s tests)

2. Manufacturer's data:
(manufacturer's tests)

HexWeb® Honeycomb Attributes and Properties
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Determination of input data



Unique and constant thickness

Tom Bitzer
Hexcel 
Corporation
Dublin, CA
USA

1997 2019

HexWeb® Honeycomb Attributes and Properties

HexWeb® Honeycomb Attributes and Properties
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Determination of input data



HexWebTM HONEYCOMB SANDWICH DESIGN TECHNOLOGY

σx= σL  = shear strength in ribbon direction
σy= σW = shear strength in transverse direction
σz = σC  = compressive strength in thickness direction

 

+
EC GWGL

HexWeb® Honeycomb Attributes and Properties

HexWebTM HONEYCOMB SANDWICH DESIGN TECHNOLOGY
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Determination of input data



Gibson & Ashby: Cellular solids:
 structure and properties.
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Out of plane properties of honeycomb  (open source)



At fixed density:

• EC is a constant independent of cell configuration,

• EC is a constant independent of core thickness,

• EC is a constant independent of size of the part.

Gibson & Ashby: Cellular solids:
 structure and properties.
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Out of plane properties of honeycomb



EC = Es (ρ / ρs)
Es = 10150 ksi
ρs = 168,75 pcf

* 

Data (Hexcel) Converted Data Theoretical
Value*

Denomination               
Cell-size -Alloy - Foil 

Gauge

Nominal 
density

Compressive 
Modulus ksi

Density 
kg.m-3

Compressive 
Modulus MPa

Compressive 
Modulus ksi Error %

1/8 - 5052 - .003 12,0 900 192,0 6207 722 -19,8

1/8 - 5052 - .0025 10,0 500 160,0 3448 601 +20,3

1/8 - 5052 - .002 8,1 350 129,6 2414 487 +39,2

1/8 - 5052 - .0015 6,1 240 97,6 1655 367 +52,9

1/8 - 5052 - .001 4,5 150 72,0 1034 271 +80,4

1/8 - 5052 - .0007 3,1 75 49,6 517 186 +148,6

3/8 - 5052 - .0015 2,3 45 36,8 310 138 +207,4

3/8 - 5052 - .001 1,6 20 25,6 138 96 +381,2

3/8 - 5052 - .0007 1,0 10 16,0 69 60 +501,5

E3 = Es (ρ / ρs)
Es = 70000 MPa
ρs = 2700 kg.m-3
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Out of plane compressive modulus of AA5052 Honeycomb



As the density decreases, the difference between
the theoretical and the experimental compressive modulus increases.
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Evolution of the Theoretical / Experimentaly measured out 
of plane compressive modulus 
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Out of plane compressive modulus of AA5052 Honeycomb



• Two major influence factors:

Microperforation of cell walls

1. Imperfections:

The sensitivity to imperfection
increases as the cell wall

thickness decreases
cf. corrugation of cork cell walls

2. Overestimated modulus of aluminum foil:

The modulus of thin 
gauge aluminum foil 

is lower than that 
of the corresponding solid
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Out of plane compressive modulus of AA5052 Honeycomb



Structural imperfections not taken into account
Linear invariant elastic behavior

Definition of elastic constants
Experimental data and/or literature
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Implementation of the honeycomb homogenized model
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PART :
Generality



Out of Plane Compressive Modulus

Standard ASTM C365 – MIL STD 401 B

Quasi-static Conditions

FIG. A1.1 Core Material with Hookean Region HexWeb® Honeycomb Attributes and Properties
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Protocol (part II, III and IV)

Extensometer (LVDT)

Quasi static conditions: 0.02 in.min-1

One spherical seat (self-aligning) platen

Tom Bitzer
Hexcel 
Corporation
Dublin, CA
USA

“…To determine the compressive modulus, one method that works very well is to drill a small
hole through the center of the sample. A rod attached to a transducer is then inserted
through the hole.
It is not good practice to use the test machine cross-head travel to obtain the specimen’s
deformation.
The modulus values determined this way will normally be quite low, as little as one-third the
actual value…”
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Protocol (part II, III and IV)

Two extensometers (LVDT)
diametrically opposite, average displacement

Quasi static conditions:0.5 mm.min-1
0.02 in.min-1

Specimens

Spherical seat (self-aligning) platen
center of rotation positioned on the underside of the upper plate

Section of 75 x 75 mm2 2.95 x 2.95 in2

Stabilized specimens glued with Redux 609 300gsm supported adhesive
On 0.8mm 0.03 in thick aluminum skins

INSTRON 5982 – 100 KN

Method
Drilling a hole can create defect in the specimen 

No compliance correction (direct measurement of displacement
is chosen: LVDT) 
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Raw material

5056 honeycomb specimen:

Manufacturer data

CRIII 3/16-5056-.0007-2.0

HexWeb® Honeycomb Attributes and Properties

typ. Compressive modulus Ec 45ksi ≈ 310MPa

4.8mm-5056-18µm-32kg.m-3
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PART :
Geometrical
Interaction



Classical hexagonal configuration Modified cell configuration (EC3D)

Weight measured : 3,40 g
Density: 38,0 kg.m-3 2,37 pcf

Weight measured: 3,15 g
Density: 35,2 kg.m-3 2,2 pcf

+ 7,9%

Specimens

Full corrugated 
configuration

Classical hexagonal
configuration

Engineering Composite 3D  All rights reserved.
Proprietary information.

GEOMETRICAL INTERACTION 22

Hexcel 5056-3/16-0.0007-2.0
Dim: 75 x 75 x 15,875 mm3

L 2,95 x W 2,95 x T 0,625 in3



0

0,5

1

1,5

2

2,5

3

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

St
re

ss
 M

Pa

Strain %

Bare compression Thickness T:15,9mm (75x75mm2) L 2,95x W 2,95x T 0,625 in3

598 MPa

274 MPa

Experimental results

Theoretical
Modulus
830 MPa

86,7 ksi

39,7 ksi
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+ 7,9%
In

weight

+ 118% in modulus



Aluminium double cell wall 
36 µm 0,0014 in

Aluminium single cell wall  18 µm 
0,0007 in

Ø cell = 4.8mm  3/16

Dim: 75 x 75 x 15,875 mm3

L 2,95 x W 2,95 x T 0,625 in3

Theorical weight: 2,56 g
Density: 28,7 kg.m-3 1,8 pcf

Only nominal aluminum foil thickness is
implemented, the oversize and overweight

due to anticorrosion treatment is not taken into account

Theorical weight: 2,40 g
Density: 26,9 kg.m-3  1,7 pcf

+ 6,7%

Numerical correlation
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269 MPa

724 MPa
105 ksi

39 ksi

St
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ss
 M
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Strain %
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Bare compression FE / EXP comparison 15,9mm (75x75mm2) L 2,95 x W 2,95 x T 0,625 in3

FE: 724 MPa

105 ksi

FE: 269 MPa

39 ksi

EXP: 598 MPa
87 ksi

EXP: 274 MPa
40 ksi

St
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ss
 M

Pa

Strain %
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The linear elastic region prior to elastic micro-buckling 
can’t be experimentally observed
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Bare Compression Thickness 15,9mm (75x75mm2)
L 2,95 x W 2,95 x T 0,625 in3

Theoretical
modulus

≈ 800 MPa
116 ksi

Experimental absence of any linear elastic 
behavior prior to elastic micro-buckling

Apparent
modulus

≈270 MPa
40 ksi
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Numerical modeling correlates with experimental test



Experimental tests are well correlated by numerical models

Both experiment and numerical tests indicate:

Cell configuration influences the compressive modulus of the structure

An 8% increase in weight leads to an almost +120% increase in compressive modulus

!

The compressive modulus measured differs from the theoretical one

EC is not invariant and constant!
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PART :
Thickness

Interaction



T=5,0 mm 0,197 in

97 MPa
14,1 ksi

Stabilized compression    Average value

Bare compression     Average value
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170 MPa
24,6 ksi



T=10,0 mm 0,394 in

Stabilized compression    Average value

Bare compression     Average value
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237 MPa
34,4 ksi

248 MPa
36,0 ksi



T=15,9 mm 0,625 in

Stabilized compression    Average value

Bare compression     Average value
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321 MPa
46,5 ksi

322 MPa
46,7 ksi



T=44,0 mm 1,732 in

Stabilized compression    Average value

Bare compression     Average value
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382 MPa
55,4 ksi

382 MPa
55,4 ksi



Out of plane Compressive Modulus Evolution          Hexcel 5056-3/16-0.0007-2.0

Thickness EC3D Experimental
Bare Compression

EC3D Experimental
Stabilized Compression

Hexcel
Stabilized Compression

5,0 mm / 0,197 in 97 MPa / 14,1 ksi 170 MPa / 24,6 ksi -

10,0 mm / 0,394 in 237 MPa / 34,4 ksi 248 MPa / 36,0 ksi -

15,9 mm / 0,625 in 321 MPa / 46,5 ksi 322 MPa / 46,7 ksi 310 MPa /45 ksi

44,0 mm / 1,732 in 382 MPa / 55,4 ksi 382 MPa / 55,4 ksi -
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Influence of adhesive on 
compressive strength for 

stabilized 5mm thin samples



Mesh 0,5 mm
0,0197 in

Aluminium double cell wall 
36 µm 0,0014 in

Aluminium single cell wall  18 µm 
0,0007 in

Ø cell = 4,8 mm 3/16

Tie constraint boundary
conditions
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Numerical implementation



T 0,394 in

T 0,625 in

T 1,575 in

37,0 ksi
40,9 ksi

48,1 ksi

St
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ss
 M

Pa

Strain %

H 10,0 mm

H 15,9 mm

H 40,0 mm

255 MPa
282 MPa

332 MPa
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Plastic collapse occurs at a lower strain as core thickness increase
This phenomena is measured on both bare and stabilized tests

Classical compressive normalized tests are carried out at constant thickness

The typical compressive modulus measured at T = 0,625 in
is only valid for this thickness

Core thickness influence on out of plane compressive modulus 
is measured and the onset of micro-buckling is numerically correlated

!

Negligible core thickness influence on out of plane compressive strength
Except for thin stabilized core , due to adhesive menisci reinforcement
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PART :
Dimensional
Interaction



75 mm 2.95 in

75 mm
2.95 in

125 mm 4.92 in

125 mm
4.92 in

180 mm 7.09 in

180 mm 
7.09 in

S1=5625 mm2

8.72 in2

S3=26841 mm2

41.60 in2

S2=15625 mm2

24.22 in2

Hexcel 5056-3/16-0.0007-2.0 Thickness: 44,0 mm 1,575 in

Hexagonal Classical Configuration
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Hexcel 5056-3/16-0.0007-2.0 Thickness: 44,0 mm 1,575 in

Hexagonal Classical Configuration
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378 MPa
54,8 ksi

417 MPa
60,5 ksi

429 MPa
62,2 ksi

Bare Compression  Thickness 44,0mm ( 75x75 mm2 )

Bare Compression  Thickness 44,0mm ( 125x125 mm2 ) Bare Compression  Thickness 44,0mm ( 26841 mm2 )

Compressive
Modulus

Compressive
Modulus

Compressive
Modulus

Strain %
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Average Bare Compression  Thickness 44,0mm (5625 mm2 / 15625 mm2 / 26841 mm2) 

n°1

n°2

n°3

378 MPa

429 MPa

417 MPa

Compressive
Modulus:

365 MPa 371 MPa 443 MPa

433 MPa 460 MPa 473 MPa

394 MPa 427 MPa 410 MPa

308 MPa319 MPa311 MPa

Hexcel 5056-3/16-0.0007-2.0 Thickness: 44,0 mm 1,575 in

Hexagonal Classical Configuration
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Compressive modulus is slightly influenced by
The dimensions of the specimen

Test adapted to the dimensions of the final part
Must be carried out

!
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Future works needs to be done…

Typical compressive modulus data 
are thickness dependent
At least for metallic honeycomb structures

CONCLUSION

Compressive modulus is not constant
It must be considered as a variable
At least for metallic honeycomb structures
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