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Hierarchical Structure of Bone
What are the origins of its
toughness?
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Fibrils

Crack Bridging Mechanisms
(Nalla et al. 2005)



Bone:
Survival via continuous healing cycles

K, ~3 MPa-m?/2

Operating stress, 0=200 MPa
Strength, 0,=300 MPa

2a, = (K, /o) | 7 ~140 um
, —— ~100 fibrils
|, =0.1K,/0c,) ~10um

How are such cracks mitigated?



Fibril




2nd Generation MEMS Device
For In Fluid Experiments

(1x Phosphate Buffered Saline)



Preliminary Results
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Diameter Change

Preliminary Results
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Preliminary Results

Length Change
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Micromechanisms




Micromechanisms

Elastic Range

| Stretching TC molecules
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Fig. 2
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(A) Fig. 3
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(B)

oy (GPa)

=20
2X2
- = 2x5
- - - 2x10
— - = 2x%20
A
) o
e
. .{V- q "
| ok v t..:'%'v .
.,a'o . %0 :.l
"“""""v" v : 0o
| ".1’.9':,'..'0“,0’"0"':
| t'l (]
I b I A e
0.6 0.8 1.0 1.2

Ex

1.4

Fig. 3



(€)

Stage |
Elastic

Stage Il
Plastic

=20

—-=2x5

5x5

10x5

1.0

Fig. 3



800

600

Y(angstrom)
()
-

200

|
5000
X(angstrom)

Fig. 4



800

600

Y(a ngstmm)
o
o

200

[ | e e e c— e = 5x5 S
(A) e —— ——— — 4000
- —— 3600
| < o =
i A A A Y S A e A =
6 e e [ 2w
1300
I K QP %g
| () RS S AN s 0
B o
i K QFP
~<G’~="ym -T%«x::-
I KQ P
e Th
[ Q KP
Y
L= =g
[ I L -61 L U ]
0 5000 10000 15000 20000 25000

X(angstrom)



(A)

o'IE. .

10
20
30
40
50

1.0 -

0.8 |-

0.6 |

04 -

0.2 |

0.0

1.2

1.0 -

MD Phenomenological model
O —--- E
x = S
O _—
v - .-
O - =
(@ J O
Q- F--= =
------------------ v
-V v
v
[ —0
PTC
o
——e=—-=- - em e mee o= - 5%
ko=
(3e===@r======= Erecccccccccccnnn- €

Fig. 5

n=5

I @ MD
—— Phenomenological model

1
50



(B) Fig. 5
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Fig. 5
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