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OUTLINE

• Introduction to TYCOR Fiber-Reinforced Foam 
Core

• Analysis Approach for Elastic Properties
• Analysis/Experiment Comparisons:

– Core shear behavior
– Core density

• Strength Prediction Concepts
• Conclusions and Recommendations



Analysis Conventions
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Analysis Assumptions

• For elastic response of core, assume skins are 
perfectly rigid (rigid-body skin displacement)

• Model struts as axially loaded bars
– Effective length Ls = centerline length between 

skins
– Pinned-end assumption (neglect bending in the 

plane of the strut row)
– Response of each strut is uncoupled from other 

struts (neglect influence of intersections)



Strut Row Analysis

• Kinematics
– Strut strain as a function of core strains

• Area-averaged core surface stresses:

• Strut constitutive equation

• Contributions to core moduli 
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Web Analysis

• Global and local coordinates

• Contributions to core moduli 
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Other Analysis Features

• Account for out-of-plane bending of strut rows and webs on 
shear moduli (details not shown here)

• Include stiffness contribution of foam
• Use measured values for strut diameter and web thic kness
• Spreadsheet implementation (MS Excell)

– Include micromechanics models for composite elastic 
properties

– Input core design variables in terms of standard raw-material 
products (fabrics, rovings, resins, foams)

– Include density calculations and raw material usage



TYCOR Test Core Designs

• All test panels VARTM molded with vinylester resin

• Cores tested in shear per ASTM C 273 (3 specimens per design)

58° Diagonal Struts ±45° Fabric Webs

ID
Core
thick-
ness

Style
Stitch

material
Roving
weight

Stitch
advance

Stitch
row

spacing

Molded
strut
dia.

E-glass
web

fabric

Web
spacing

Molded
web

thick-
ness

Foam
density

Infused
core

density

in in in in oz/yd2 in in lb/ft3 lb/ft3

A05-1 0.5
Strut/
Strut

AS-4 12K tow 0.4 1 0.108 N/A N/A N/A 5 13

A05-2 0.5
Strut/
Strut AS-4 6K tow 0.4 0.5 0.083 N/A N/A N/A 5 14

B10-1 1
Strut/
Web E-Glass

161
yd/lb 0.5 1 0.157 24 1 0.079 2 15.7

B10-2 1
Strut/
Web E-Glass

161
yd/lb 0.5 1 0.157 24 1.18 0.068 2 14.9

B10-3 1
Strut/
Web E-Glass

161
yd/lb 0.5 1 0.157 18 0.75 0.068 2 16.8

B10-4 1
Strut/
Web E-Glass

161
yd/lb 0.5 1 0.157 18 1 0.057 2 12.6

B10-5 1
Strut/
Web

E-Glass
161
yd/lb

0.75 1 0.157 18 1.5 0.071 2 10.4

B16-1 1.63
Strut/
Web

E-Glass
250
yd/lb

0.5 1 0.124 18 1.18 0.075 2 10.3



Web-Dominated Shear Modulus -
Experiment and Analysis
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Strut-Dominated Shear Modulus -
Experiment and Analysis
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Modified Effective Strut Length for 
Improved Moduli Prediction

• Account for strut and skin deformation beyond the s kin 
surface by using an increased effective strut lengt h, Leff

• Modified contributions to core moduli 
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Strut-Dominated Shear Modulus -
Experiment and Modified Analysis
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Shear Strength Prediction

• Shear strength is limited by bonds between the 
skin and webs, and between the skin and strut 
ends.

• Investigate the correlation between the ultimate 
core shear strength, and the peak fiber and 
composite stresses in the struts and webs.



Correlation of Web-Dominated Shear 
Strength with Web Shear Stress
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Correlation of Web-Dominated Shear 
Strength with Web Fiber Stress
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Correlation of Strut-Dominated Shear 
Strength with Strut Axial Stress
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Correlation of Strut-Dominated Shear 
Strength with Strut Fiber Stress
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Infused Core Density -
Measurements and Predictions 
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Conclusions
ELASTIC MODULI PREDICTION
• Accurate predictions of web-dominated shear modulus , 

Error = -7% to 15%
• High-skewed predictions of strut-dominated shear mo dulus, 

Error = 14% to 55% 
• Improved predictions of strut-dominated shear using  

increased effective strut length:  Error = -9% to 2 1% for b b b b =2 
CORRELATIONS FOR STRENGTH PREDICTION
• Web fiber (E-glass) stress at failure: 61 ksi, -15%  +15%
• Web composite shear stress at failure: 6.2 ksi, -15%  +25%
• Strut fiber stress at failure

– E-glass: 42 ksi, -3% +7%;    Carbon fiber: 133 ksi, +-8%
• Strut composite stress at failure

– E-glass: 9.7 ksi, -4% +9%;    Carbon fiber: 20.5 ksi, +-1%



Conclusions, continued

INFUSED DENSITY PREDICTION
• Accurate predictions of core density, Error = -14% to 10%

ANALYSIS SUMMARY
• Analysis tool has sufficient accuracy for prelimina ry design 

and design sensitivity analysis for shear stiffness  and core 
density.

• Using empirical results for the peak fiber or peak composite 
stress in the struts and webs, useful shear strengt h 
estimates can be obtained within the limits of curr ent 
construction. 



Recommendations

ELASTIC MODULI PREDICTION
• Measure elastic deformation in zone near strut term inations 

to improve elastic model

FAILURE PREDICTION
• Characterize failure mechanisms at strut ends and w eb 

terminations ��� � Establish basis for failure model selection.

INFUSED DENSITY PREDICTION 
• Improve input variable values by performing additio nal 

measurements of strut and web dimensions and weight s as 
affected by stitch needle design, foam selection, r esin 
selection, and molding process variables. 


