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Review of January Meetin

* Introduced carotid artery material
model
— Direct data fit model
— 1-D strip test
» Began work of integrating with THUMS
» Group input:
— Simulation of the “sausage test”

— Expanded carotid artery stress and strain
dataset from MCW

Background on Modeling the
“Sausage Test”

» Pressurized porcine
carotid arteries
— Impinged from various
heights
« Data from experiment
— Video of drop
— Percent injury based on
drop height
— Material information
+ Data from previous
research
— Carotid model

Guillotine Experiment Results

Shape Height Number of tests Injury Frequency mment
5mm 0,3m 2 0%

5mm 0,5m 4 25%

5mm 0,7m 4 100%

5mm 0,7 2 0% Static

19 mm 0,5-1,5m 3 0%

19 mm 1,7m 4 25%

35mm 0,5-1,3m 6 0%

36 mm 1,7m 4 25%

Used to develop FE model

*same intrusion as 0.7m tests

Model Development
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» Mesh built from video of impact test

Model Development ...
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_ Foam Material Model Summary

Material Model - Foam
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Expanded Carotid Artery Dataset

Young porcine descending aorta samples
—Aged < 6mo.

— 1mm/sec

Adult porcine descending aorta samples
- 1mm/sec
—10mm/sec
—100mm/sec
- 500mm/sec

Results — Loading Rate Experiments (MCW)

Mean Strain at Intimal Failure
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Results — Loading Rate Experiments (MCW)
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Effect of Age on Quasi-Static Stress v. Strain
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Is the strain rate
different in each case?

Based on the intimal
tearing data: Does
predicted outcome
agree with
experimental
outcome?




Simulation results

¥ rimge Levels.
S0 1
L5900 01
Lh00e 0t
2500« 0y
1000 Y
E500 01
74 01
1,500 81 _
1800 0t
5800 0
B [Wite a0

Upper vessel

Lower vessel
 Mirror of Upper
vessel

Side vessel

157 0.5
©
oY /\
= 127 0.4
FY) "% n
(V)] g 0.3 N B
g [\ 2 //
o 06 ‘= 02
= o
o W x /// —0.3m
® 03 = 54 —0.5m
= / —0.7m

e : ; ‘ * 0.0 ,

0 0.5 1 15 2 0 05 1 15 9
Time, ms Time, ms

Extrapolate Loading Rate Experiments

« What is the failure strain at 80strain/sec?
— Assuming specimen size of 20mm

Mean Strain at Intimal Failure
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Possible Injury Mechanism

« Is intima to intima contact a candidate for
the injury mechanism in guillotine test?

0.7m Drop

0.3m Drop 0.5m Drop




isaelast frame, 0.7 mdrop T Model Summary by the Numbers
- MCW Data Simulation | Guillotine
oo Height| Mean | Mean | Peak | Peak Injury
{ossesn_ (m) | Strain | Stress | Strain | Stress | probability
- (MPa) (MPa)
0.3 0.40 | 0.88 0%
0.5 0.6 1.2 0.42 1.00 25%
0.7 0.46 1.30 100%

*Mean strain and stress values are for quasi-static (1Tmm/sec) loading

Sausage Test Preliminary Indications Current limitations
« Strain rates are comparable between drop heights  Time-scaled simulations used (10x)
— Large strain rates (80strain/sec) at onset of event . . .
« Intrusion increases 12% (33mm to 37mm) —Long run times, and instability errors
+ Predicted strain falls short of mean strain to intimal encountered when run at actual speed
failure for quasistatic « “*** \Warning negative vol in advection redo cycle”
_ + Clearly a dynamic event, however — need to test at 1.5 « “Node # X has out-of-range velocities”

m/s (1500 mm/sec, 75 strains/sec — comparable to
simulation with 3.7 m/s impact to side of carotid)
— 35 mph delta V, 15 m/s

» Possible injury mechanism is intima to intima contact

Anatomy of the neck, remeshed
THUMS Model Update

Native neck mesh

pact acceleration pulse

Remeshed neck




Integration with THUMS

*Constrained_Extra_Node to

Radiograph and C+THUMS

Simulation plan for C+THUMS
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