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Research Aims

Nature has evolved a variety of solutions for load-bearing skeletal materials, marrying structure and mechanics in interesting ways. Our HFSP project
Investigates the skeletons of sharks and rays, composites with unigue material properties and a tiled outer armoring particularly amenable to mode-
ling. In this project we investigate the links between structure and function in tiled composites, using analytical modeling, CAD designs and finite ele-
ment modeling, inspired by our investigations of shark and ray skeletal tissue ultrastructure.
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- All shapes have same perimeter
{ E2 (E] (12 —-lt+ tz) +E2¢(l - t)) - Tile/joint Poisson’s ratio = 0.0
- Joint modulus in tension = 1 GPa
L [(E1t+E2(-0) - Joint thickness (t) = 1/20 hexagon width (8.7¢)

Effective modulus equation: Assumptions/standardization: sostrain m

~

[ analytical models
FE models ----
theoretical bounds —-—

L=1.75
Joint B E1E2 [

Isostrain Isostress
(- N\ [ ) Tile
E1 12

L(-0.22/2-2.5611+1.792 )

. 0.77 (1-2.32 1) (I-1. ) (12 —2.8211+2.32 2 ]
1.E1L-13.77E1 t-2. E2 L+13.77E2 1 0.5E1/t+E2 {ﬂ ~3.3211+2.32 rz]

N
o

Effective modulus (GPa)

E1 E2

L=0.87

E2
\ J W,
E1E2(E17(1.59 1* - 8.93 Pt +21.26 2> = 2205 [ +833 1)+ E2(0.43 5 - 2.80° * 1 +9.93 P 2 - 21.26" I £ + 22.05 [ * - 8.33 £)) -
> (1.E1t+ 0215 E2/- 1. E2¢) (1 E1/ ¢+ 2. E2/2 - 6.65 E21/ ¢ + 4.65 E2 1) ] Isostress $
600 800 1000
E1 = Tile modulus; E2 = Joint modulus Tile modulus (GPa)

Tile Modulus : 10 MPa Tile Modulus : 100 MPa  Tile Modulus : 1000 MPa

* I.T l; I_ 7] .
. | . rS, Mises )
‘ | (Avg: 75%) .
+2.4e-01 .
B +22c-0] : _
' ﬁ-gg:g} : Tile— Joint---
+1.6e-01
+1.4e-01
+1.2e-01 .
- +1.0e-01
+8.1e-02
+6.1e-02
L +4.0e-02
ol - +2.0e-02
+4.0e-04
\ A —
)

All models loaded in 1% tension-displacement
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