
 

Pl

1 Duke
2 Du

3 Duk

Key Wo
Method
 
Injuries 
conflict
a shock
behind a
planar u
wave re
exponen
and spe
assumpt
mechan
shock tu
 
A circu
construc
sections
include 
length o
(PET) m
driven s

Fi

lanar wav

B

e University
uke Universit
ke University

ords: Shock
d. 

 from blast 
ts [1]. In ord
k tube is of
a burst mem
upon impin
epresents an
ntial decay 
ecimen posit
tion has b

nisms difficu
ube system 

ular and sq
cted both p
s encounter
a pressuriz

of the shock
membranes 
section and 

igure 1. Cir

ve propag

Brian R. Big

, 101 Scienc
ty, 101 Scien
y, 101 Scien

k Tube, Blas

trauma are
der to replic
ften used. S
mbrane to in
ngement to 
n idealized p
back to am
tion are var

been consid
ult to elucid
where plan

quare shock
physically a
red in liter
zed driver s
k tube, or d
(Figure 1)
impacts th

rcular shock

gation in s

gler*1, Alle

e Drive Box 
nce Drive Bo
nce Drive Bo

st Mechanic

e the leading
cate and ass
Shock tube
nitiate shock

replicate a
pulse with n

mbient and s
riable acros
dered. This
date. The o
ar shock pro

k tube with
and in silic
rature. Phy
section fille
driven secti
. When the

he specimen

k tube desig

11
5th E

6th Europ

shock tub
 

en W. Yu2,

90281, Durh
ox 90281, Du
x 90281, Du

 
cs, Fluid-St

g cause of m
sess injuries
s typically 
k formation
an impactin
near-instant

slight under
ss the literat
s generates
bjectives of
opagation is

h matched 
co.  These 

ysical tubes
ed with driv
ion, by vari
e membrane
n. By varyin

th
p
c

T
fl
L
H
p
w
d
a
fa
to
ogn 

1th World Congre
European Confere
pean Conference o

bes for rep

and Came

ham NC, 277
urham NC, 2
urham NC, 27

tructure Inte

mortality an
s under thes
implement

n. The propa
ng Friedland
taneous rise
rpressure reg
ture, and it 
s conflictin
f this study
s valid and 

hydraulic d
represent 

s were con
ver gas. Th
iable-thickn
es burst, a s
ng the drive
hickness, 

pressure an
controlled. 

Tubes were
fluid-structu
Lagrangian-
Hexahedral 
properties an
were used in
driven secti
allowed to fi
failure was 
o initiate fra

observed exp

ess on Computati
ence on Computa
on Computationa

July 20

plicating b

ron R. Bas

708, Brian.B
27708, Allen
7708, Dale.B

eraction, Fi

nd morbidit
se condition
t or a regio
agating sho
der air blas
e to peak pr
gion. Shock
is often no

ng results 
y are to qua
guide futur

diameter (D
the two m

nstructed fr
he driver is 
ness polyeth
shock is pr
er size, tube
and drive

nd impulse

e replicated
ure interact
Eulerian ap
elements 

nd a gamm
nitially in b
ions. The d
fill to high-p
tuned via a
acture in lin
perimentall

ional Mechanics (
ational Mechanic
al Fluid Dynamics
0 - 25, 2014, Barc

blast inju

ss3 

Bigler@Duk
n.Yu@Duke
Bass@Duke

inite Elemen

ty in recent 
ns in the lab
on of high 
ck is assum
st. The Frie
ressure follo
k tube cross
t clear whe
and makes

antify region
e blast resea

D = 76 mm
most commo

om alumin
separated f

hylene terep
ropagated d
e length, me
r gas, th
e can be 

d in silico 
tion and a
pproach (FS

with amb
ma equation 
both the dr
driver sect

pressure. Me
an inverse a
ne with defo
y (Figure 2)

(WCCM XI) 
s (ECCM V) 
s (ECFD VI) 
celona, Spain 

 
 

ury 

ke.edu 
e.edu 
e.edu 

nt 

military 
boratory, 
pressure 

med to be 
edlander 
owed by 
s section 
ether this 
s injury 
ns in the 
arch. 

m) were 
on cross 
num and 
from the 
phthalate 
down the 
embrane 

he peak 
tightly 

using a 
arbitrary 

SI-ALE). 
bient air 

of state 
river and 
ion was 
embrane 
approach 
ormation 
). 



 

Figure 
before b
speed 
measure
equally 
 
Blast ca
incident
375, 56
ms, wh
scaled b
 
 In orde
tube mo
two sho
both ph
models 
waves a
tube co
The axi
for elim
shock 
formatio
approxi
the driv
These r
future s
reliable 
Referen
[1] B. 

Ma
inju

[2] M.B
Bio

[3] G. W
Bla

2. Membra
burst as cap
video. Su

ed by 18 gr
across diam

ases corresp
t overpress

65, 753 kPa
hich is in g
blast cases [

er to assess 
odels obser
ock tube mo
hysically a

indicate 
at the corner
mplicate th
isymmetric 

mination of
develops. 
on results 
mately ten 

ven section 
results can
shock tube 
input condi

nces 
Capehart a

anaging post
ury. J Rehab
B. Panzer. N
omedical Eng
W. Wood., M

ast Neurotrau

Brian

ane immedi
ptured by h
urface con
rid lines sp

meter. 

ponded to 
sure and du
a and 1.20, 
good agreem
[3].  

the validity
rved in the 
odels were 
and in silic
that the r
rs of the squ

he shock tub
circular tu

f these wav
Additional
suggest a 
tube diame
to achieve 

n be used 
models and
itions.  

and D. Bass
ttraumatic s
bil Res Dev

Numerical Si
gineering, Du
M.B. Panzer
uma. Internat

n R. Bigler, Al

Heli
secti
1.78
mea
wav
was 
the f
com
the f
(Fig
show
in th

ately 
high-
ntour 
paced 

developed 
uration of 
1.38, 1.56 
ment with 

y of shock 
literature, 

developed 
co. These 
rarefaction 
uare shock 
be output. 

ube allows 
ves as the 
ly, shock 
length of 

eters down 
planarity. 

to inform 
d generate 

s, Review: 
stress disord
v, Vol. 49, p
mulation of 
uke Universi
r, A. W. Yu,
tional Resea

llen W. Yu an

2

ium gas at 8
ions with m

8 mm. Trans
asured incid
ve. A pie pla

adjusted al
free field to

mpare agains
finite eleme

gure 3 top).  
wn to exhib
he circular c

der in comb
p. 789-812,
Primary Bla

ity. Durham,
 K.A. Rafae
rch Council 

Figure 
pressure
pressure

nd Cameron R

8300 kPa w
membrane th
sducers at th

dent pressure
ate with an i
long the len
o measure sh
st an ideal F
ent models w

Pressure co
bit good plan
case (Figure

bat veterans 
, 2012. 
ast Brain Inj
 NC. 2012. 

els, K.A. Ma
on Biomech

3. Top: FE
e at the tu
e contour fo

. Bass. 

as used to p
hicknesses o
he end of th
e of the prop
incident pre

ngth of the d
hock wave f
Friedlander p
were in goo
ontours at tu
narity acros
e 3 bottom).

with comor

jury. PhD T

atthews, and 
anics of Inju

E vs. exper
ube end [2
or the circul

pressurize d
of 0.76, 1.27
he driven se
pagating sh

essure transd
driven sectio
formation a
pulse. Resu

od agreemen
ube exit wer
ss the cross 
. 

rbid trauma

Thesis. Depar

C.R. Bass S
ury. 2013. 

rimental in
2]. Bottom
lar case. 

driven 
7, and 
ction 

hock 
ducer 
on into 
and 
ults of 
nt 
re also 
section 

atic brain 

rtment of 

Scaling in 

cident 
: Exit 


