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Technologies on Blast Protective Structures and Systems

.M E

FEEY WT *é%% At o] =ejet ol tiidol

= F7AA &2 99 2] wet t2A HrkE »
SIch olelel 4 A4 M7 LTAHBOD, Basis
of Design)S YL 2 AA5tL, o]& WEst= AAdS &

Fake Aol Qubdolch tEAHe A7t 9 FaE
H|3 7] ZZof st orAA QFAVG T HPERO A= o
2| QA ol 9tk

2 AT gkl A A del AgEel 2| M 5
1300(US Army, 1990)%] 22 W&o 2 uj=9 &, 3
o, 39 ZF spolEgRelS E3lst UFC 3-340-02(DOD,
2008)7} 20081 ofl A5 Sek ol S # Aas A
8, 4A, A% $A8 5ol H8H
B Aeo] o] Fol L EAo|L, vzt FAHE BB
319 ge REom PRuAL. A4 YEAHE A4
A9 A Fa% AR FEET g $59
/ol whebA 91 aglo] EepAal ofof wpet ﬂﬁﬂ s
H7H A olE AA7I= AHolA HEAdsS
w7uf ol Wk BODZF AAHA = 7§%7P

&R0 Z ~H

I mlm

2 9
o 1

]_

72 A F2 BN ojee Fio] 2

AAEEC BHE T

d

]

L1

g 14

dt

)

LT
{

1l_\_

oD,

®

!

= Ry Al X}

'n"_"TEI* =

o
*Zotfatn EZZ5IT HIALIIE
**ZOIYSIT A}S| T HIAJA EIZ SIS s

. Design
Design

9 Criteria

Verification: Test or

Analysis
Performance
Threat
Loads Response Acceptable
|

O3 1 s EEe AN HSE7t AMA
A7b He dadled tidt stEoezAY HoE ¥
FHe7] ASTHs Rolh. Zw 5o ujaed BAo] o7
NH BN FEo| HPHL BAA et olshe
HAh g Aol 7YY ojze Zuol n 1
2 A 29 2004 LS 3} 2ol TN i
wro| A9k A 4B} Eekate] o472l 2 Bk 3
/;}7-] 2](Z, scaled distance)® ZU-S A5}, o]o <A
N4 A% 0 wsEskE ANk Uk Kingeryo)
Bulmash(Kinergy 5, 1984)= oﬂEHA 37 & ZHr g 9
F es Aot 4L AL, of Ho] B/ F =
dho o3 LB 25l %Eﬂ(free-field pressure) < 7|

roh rlot

e B9 4590 1 e A2 gl o] Ao
Hire ZEIOHS R holgs g o HAgstA st
£ Z10] ConWep(US Army, 1991)¢|t}. Bogosian 5-(2002)->

HMAMRETSE Ke5H M3E (2012, 9) 7



1000
\‘\ ConWep H
N —— Best Estimate N
5 . \k ————— Two-sigma bounds
=% Lukd
o 100  ; ° Test Data =
g H
2
o o
o 0
& N YO
z 10 g
2 e
E = ~ ‘\ ~
2 =
3 ~
S 1
4
0.1
1 10 100

Scaled Distance. ft1b*0.33

2 2 Zoko)| et "It (Bogosian S, 2002)

007 AR B AYel WE ZyAnE sgom
BlastX, ConWep, SHOCK 59| t&31% o2 md)
WAL, o]Fof A ConWepo] 74 2 UA|eh= 2
Aok FAZA R EA0)A o] o &gko] 20%2] AfolE HA
) S Bt
& A5he 2ol Sl AT B9 § 205k
3 1} (surface blast)= 7\] W E

olste] MmN =kl
WA el S 23 Aabt A bt

ot g1l 4

o
=

8
oH 35
Ello

2 o N

A T S V=

B e
N
é
EL
gl
rO
é
2
=
FI—V
&l
=
rlr
el

us
oo ol
m & [T
N
o
1o
o
ofr
<)
N

)
=

U

H
i)
o,
i)
4>
g
|o

U

fo
-
i,
)

fu
2
of ol

H 1 Blast effects in man applicable to fast-rising air—blast
of short duration(DOD, 2008, UFC 3-340-02)

Critical Organ or Event ‘Maximum Effective Pressure (psi)

Eardrum Rupture
Threshold 5
50 percent 15

Lung Damage
Threshold 30-40

50 percent 80 and above
Lethality
Threshold 100-120
50 percent 130-180
Near 100 percent 200-250
| Quasi-static I | Earthquake I | Impact I | Blast I
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Strain rate (s 1)
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Pangl Amplifiers for strain

Support Seat  Protection Cover

Oscilloscope
for speed

Guide Barrel Power Unit

Clam plng Device
Input Bar

Storage . Bases fixed Power & Gas
Cabinet onthe ground  Source Cc

112l 4 Split Hopkinson Pressure bar tester(logwiniit 7}Et27)
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UCSD Blast Simulator

Blast Generator

Quantity 4
Maximum energy (each)
With mass: 50 kg (110 Ib) 30kJ
100 kg (2201b) | S1kJ
200 kg (4411b) | 76 kI
400 kg (8821b) | 101kJ

Maximum velocity
With mass: 50 kg (110 Ib)

34 m/s (1300 in/s)

Repeatability of velocity

4% or 0.1n/s whichever is greater

Simultaneous impact

Within 0.002 s

Impacting Mass

Mass range (bolted to BG rod)

50 to 400 kg (110 to 882 1b) (includes mass
of piston)

Mass range (free mass)

10 to 50 kg (22 to 110 Ib)

Impact Spring

Impulse time

0.5 to 5 ms

Linearity (non-linearity)

Spring rate to increase with increasing
deflection to prevent an overly abrupt
impulse initiation.

Mounting of impact spring

Bolts to face of impacting mass

12 5 UCSDQ| Blast Simulator (UCSD, 2003)
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(a) Internal Blast Test Site

(b) Outdoor Armor Test Ranges
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(a) Column test with cladding (Phase I). (b) Bare column test (Phase I).  (c) Phase II test
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