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< SUMMARY )

M Developing the prototype of the PROTECT panel
— Developing the nano—composite satisfying the performance criteria for the blast
resistance (UFC-4-023-02,“Structures to Resist the Effects of Accidental
Explosions”, US Department of Defense)
— Developing the prototype of the PROTECT panel using the nano— composite
— Presenting criterion and method of reinforcing PROTECT panel to existing
structure
B Investigate the design criteria and case about existing blast resistance
structures
Research domestic and foreign design standards
Case study of blast resistance reinforcement
SPS case study of Intelligent Engineering Ltd.
B Derive the material properties of nano—composite
Performing finite element analysis of panel for blast loading and deriving the
Purpose & properties(mO(ljulus of elasticity, density and Poisson's ratio, etc.)
Contents | Nano—compqsﬂe delvelopment. . |
1. Investigating various materials used in conventional
2. Selecting a material suitable to be used for the blast resistance
3. Improving existing materials or developing new material to meet the
demanding performance of PROTECT panels
B Optimizing prototype shape
Propose the shape details of the PROTECT panel to meet the performance
based on 'UFC-4-023-02' (Sheet thickness, sheet materials, shear
reinforcement arranged if necessary)
Derive the optimizing shape of PROTECT panel by performing FEA under trial
and error method
B Manufacturing the prototype and performing the impact test
Produce the prototype based on the derived optimized shape
Verify the performance through the impact resistance test
B Presenting criterion for reinforcement application
Propose the application method of PROTECT panel to structure and the
reinforcement standard depending on the structural safety diagnosis based on
the previous research study
B Achievement of technology practical
Manufacturing prototype of the PROTECT panel
B Research achivement
Results oL . .
Publishing a domestic paper related to the nano—composite
Publishing a domestic paper related to the impact tests and manufacturing of
prototype
Secure source technology for the new blast resistance reinforcement material
Development of new material favorable for shock absorption
Expected Localization and penetrating the domestic market of polymer—filled panel

Contribution

Ensure safety of the facility that are likely to explosion and terror
Ensure safety of the place that expected huge losses of life in the event of fire
and explosion.

Keywords

blast impact nano-— finite element

, . . , impact test
resistance resistance composite analysis
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tube and set to selected drop
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Impactor
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Support Fixture
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[UFC-7= W3&3d 74

e FEREIATNNE Zur o QulalES uyslEE A E L 9S8, AAE Prestandard,
7 % = A

ENV 1991-2-

W= 358 53 A oF

¢ Concrete Sandwich Panel :

NSF(v] = = H3}st 21¢h), v Lehigh thetnl, o]&a]o} Sapienza WeuolA &% 7|
13l Concrete Sandwich Panel & WeH 57 ZAYE HA Alolo] ddxE F1 A
T 0% g9 HEEZ AERASHe], Sandwich FEje] #S A (GEA: XPS,

EPS, PIMA)

Exterior Concrete
g !" Wythe Steel C- Chp Tles

e [nsum\ C-Grid Tles

Shear }GFRP Ties
Ties = e e

Reinforcement \ Mok ol

/ [ Solid Concrete 6u
,,,,,, N |

Interior Concrete » = . .

Wythe Front Elevanon Side Elevation Tie Types )

T ——
[Concrete Sandwich Panel ¢ %] [Concrete Sandwich Panel

WERS 49 4]
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CMI Inc.- Blast-Resistant Walls :

vl CMI Inc.7} 71, Aibsts W3 sid T3 43 Alolol Corrugated Steel Panel
= 7 HoE ddo] &g FH. FT A A Atole] &HE F HE Corrugated
Steel Panelo] 1% o2 WA ZdoUYAE Fstal, dae] HEdS AAAY
= dYE &

IH
Mk
>4

B

[Blast- Resmtn'Wall«] [Blast-Resistant Wall®] &3 d 3 |

Intelligent Engineering Ltd - SPS(Sandwich Plate System) :
SPS(Sandwich Plate System):= 9=9] Intelligent Engineering Ltd. oA A-3lo] A
stal = AFe= F e A Alole EEf-HEe] FXE FAEE JEE Ha
= Ao e s)vlo] ALgH ] Sl AW AREA A FBe| Lene] 4
B AAE Qg dselAE SPSe TERAEE 2 Ay, A8, dEds)el o
o A5S g5, sudAe nedida, (hFxAA Yool 5o = 2P 4L
Parking Building System 7B ZEAECA 1 #3124 dsol A5 v oy, F&
A% gAe Ba wE ANHLE o] 27k

O oo 30
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S’rreng’rh Weakness

- DEMA BAIQ|O2 EX 220 20] || « B0 OiE By S 018
< 12 B « NS0l AFSE A0 CHEE &7 018
A DROIO2 2| ©E It
= 0101 AIZ & AB0IE

I =BIs

PROTECT

=AEHES SUUAE * htelligent Engineering Ltd.
JHELE At gleE=2 b =R ZHEH
Sl =L AlEE ER248Y

= U2 SHE AL CHE 20| ES
gD AUS

= 42 220 Q8 HEW 2 MES
2l H8ah| flaiM= EFFX2 N
TE S0 248

Oppor’runi’ry Threa’r

[PROTECT %% 322 SWOT £41]

Strength & Weakness
THAAA WA olnE NMAARAYY gr 4 FAAYA T

f

Opportunity & Threat

Intelligent Engineering Ltd.7} A3 53 & o Bt o, W3 sdd st 53
T e ES obd wu] Al HESHA] e rnZ AAPARA Z Yol HA FS
AoR oid. 8y AF W IRl <bdel digh #Alo] FristHA WE A digh
F87F F7HE Ao =E 7y

AAl wAAo R "o digh EQbo]l FrkstAA WE B e digh #Ale]l 51 Tk
ofof whe} WF B e g FoVF 53 o TRV =2 ol dHH R A8
Hi e A7 B AR e ZFEA AL sred AAE HE 2 #dgd

PROTECTY 7ldto] H Q3%
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= AFOR, T oAY w7 Aol FAHE A2 F
SPSt= Auhe] Aahdh Zve] AgHE BAA EY ST A% o] LYne 489
Ao FRAAT SN F oME FF U AYEY LA A 0% FE W
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(3 2 ddds, AHEA, st ) st AFS R, audAs 18 ggt
Parking Building System 7J% ZZ A&

[SPS Al 5]

SIP(Structural Insulated Panels)

SIP= "3t frgolA] /s o] A& Fd AFo=E F Fe OSB(Oriented Strand
Board)¢} = Afolo] ZFX%i+= EPS(Expanded Polystyrene Foam), XPS(Extruded
polystyrene Foam), %3 Polyurethane foam© & A% M=% ddolt) HxH&
SHA AAARD AlFe] Zhestal viizele THEAE 8] HEo wizte] o gt

= e 7P A gl

1
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§ 03— —— ASTM strain rate
= --=-- Rapid strain rate
w
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0.002 approx- i
|
Strain, &
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flajmmnir
- ¥
[a T8
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<~ b
By —  ASTM strain rate
g.) ---- Rapid strain rate
75} E, 0.07 = g, = 0.23 approx.
/ﬁ 0.01 to 0.02 approx.
Strain, ¢
(A el 52457 23]
etz RE" taH] WEAAAIAMA =T UFC 3-340-0201 4 A A 5}
= EwaFe Aol F2 AGELh o AYMAME EuaFe 4HH] A% =
WHSEES AP A G2 e o] AEA ATHE 2usFe Fo oW
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_ EARY X,
IR RANAAE X

Y

2X,
0= tanl(L—)

min

oA7IA, L. = AR} Hd WgH Ateole] HA A
UFC 3-340-02(7) w3

UFC 3-340-020l A& A58 T84, FEstzo dig 1
protections &% ¥ Level of protection®] &} A

a9l

Protect personnel against the uncontrolled release of
Category 1 hazardous materials, including toxic chemicals, active
radiological and/or biological materials

Protect equipment, supplies and stored explosives from

Category 2 fragment impact, blast pressures and structural response
[Level of protection]
Level of . .
Element protection Deformation type | Max. Deformation
0 2°
L 10
beams Z 120
2
1 20
0 H/25
frame structures 1 O
1 2
0 4°
walls 1
7 6
] 2°
L 10
plates g 120
2
1 20
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ASCE 41088

ASCE 410880 A= A1 6-313F Al oA A5 = A& st s A 9@ A Fud
Aorstal Aok, FEREL £ ALE ZMAZ FESe] Zhzbel tidk A AS th
¥} ko] A|Qtshry,

0
_ o o =
A E <33 Q 3 = o
2 N/A
ZAYE 1.3
B A ZAGE+2HY 1.6 1 2 4
= 3.0
4= 1.3
2! N/A
ZAYE 1.3
B Zalas ZAYE+AHH 1.6 2 4 8
2H Y 3.0
o= 1.3

—

TEE oW A AAF]
PDC TR-06-08

n Sty eel A "o hH]E FRE AA AR HUT FEREY ES Low
Medium, HighZ T-3to] oo st A7 AztS AAsIF e FFx2Ed oish 1
SHA g2 ol e} o

Low Medium High
Component
1 0 1 0 7 0
Hot-rolled steel compact secondary

members (beams, girts, purlins) 3 2 10 6 20 12

Steel primary frame members
(with significant compression) 15 1 2 15 3 2

Steel primary frame members
(without significant compression) 15 1 3 2 6 4
Steel plates 5 10 6 20 12
Open-web steel joists 1 1 2 3 4 6

[+x= &9 A AAR]
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FEMA 453

FEMA 4530l A= 3 9jglztel]l gk TNT $ibaks AlAlsta vk ol & 3l *
g AVE AT o, 7 F AFAA N E HAAYE Ao o
AAYE grsteE AA7 552 AASEL ok
W 5 Ibs 70 850 i
{ 23kg 21 m 259 m
e 10 |bs 20 i 1,080 f
Suvicide Belt 45k 97 m 190 m
e 20 Ibs 110 & 1,360k
Suicide Vest o kg G A5 m
Briefcase/ 50 Ibs 150 R 1,850 k
Suitcase Bomb 23 kg 446 m 564 m
Compact 500 lbs 320k 1,500k
Sedan 227 kg 98 m 457 m
1,000 Ibs 400 fi 1,750 f
s 454 kg 122 m 534 m
Passanger/ 4,000 Ibs 640 f 2750k
Cargo Van 1,814 kg 195 m B38m
ﬁgﬂ' E';";l:zg 10,000 Ibs 860 fi 3750
Y 4,536 kg 263m 1,143 m
Truck
Moving Van/ 30,000 lbs 1,240 6,500 k
Water Truck 13,608 kg I75m 1,982 m
Semitrailer 60,000 lbs 1,570 kt 7,000 f
27,216 kg 475 m 2134m

1

SRl HlE TNT @it 2 ekd Az
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o7tk ofm, 2% AEASH WEWE Brhske] 1
-~ =

Chemical ELpeAxy
Role

Heat H
Chemical wANCO + HOwA~ M} '/\/V'l‘ll—lcl—O\NV
Name isocyanate Polyol

Eo| 22| e (Polyurethane)

Mixing 45% 55% 100%
ratio 4 : 5 9

features datar U MEed A9 E fsted HItA £t 7k

[l e] 2231 4]

s ade AAE ASQF, 43 BAS Fokdu], Ur)S Solmua 482
S Agstd. 24382 ‘ASTM D 638-Standard Test Method for Tensile Properties
of Plastics’, ‘ASTM D 695-Standard Test Method for Compressive Properties of Rigid
Plastics’ % ‘ASTM D 792-Standard Test Methods for Density and Specific Gravity
(Relative Density) of Plastics’ oA A Asl= WS wel Ao AdasE 2 4

o S ot aokste] yEl
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Ad FE= Ag Wy A 43 &9
AFR=AY ASTM D638-14 314 MPa
AAEA A ASTM D638-14 1,280 MPa

ASTM D638-14
Fol %] . ) 0.39 -
using strain gauge
== A ASTM D695 23.1 MPa
uE AF ASTM D792 1.18 g/cm®
BAAE AY Ag 71715 o] &3 A9 6.7 MPa
[(AE2E g5 9@ Adg4dx
A A= AY
AGAE AAHL 15 AJHof| tiste] A= Qo T 742 ofge} Ao A|lHLS 55
AAE AAdor AIAZ W=(bed)o] EHE Anpste] wjHA WE F Yy A
(water jet) o2 AlEsto] A #std om A2rE AlH-S ot ¥y

T e — |
1 ! TD[|
} v "
—_ )
G
[\ -k
R : T
W .
E L =
(1% A9 7]
. LO D L G R W | Wo T
ype (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
15 | 165 | 115 57 50 76 13 19 | 32:04
(1% AlE 77 A
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(3) AlA 7+

(4) &€ A4

-

A& 3000Ne] UTM(Universal Testing Machine)S AF&3on, 7t8&es
5mm/min, AZtAE = 1156mm=E 3te] AGAF S FPAr. AP 25 2 Fhe
(25+2) C, (45+5) % RH=Z &ttt 23 UTMel AAe 2709 14 Ao AdHS
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WA 3E A9

PROTECT 3% #jdo] 74849 Ao SXIAZ AR SFvead loll=
o] Agsto] sde] A AT st A ok wepx] 2 oside] Aay Seubes
A Aol o] H-2Adss &4l st FAYE AP st 2745 Al A
4% Y= PosiTest AH¢] Pull-off Adhesion Tester AT-A°]H, 2 o} Ha 2
o] i EFtiA Atole] AW Jlolm EER AFoolEE AYste] "ol
7HAl IehE Al o g AA gt AFES S dolxl Ad= ol ol Askiith

Ag gt 1 2 3 4 5 SD D
237 (MPa) 8.24 6.69 6.17 6.15 6.08 0.82 6.67
[R5 28 A
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2 3% 2AAYYT A5

$Y =g
37 9 EwaFol % FRE ATS WS G A FAE WPo] WA, of
2 Q8 =2 ¥¥E 55 JHAA "ok meA oA (Explicit) Al AEHES &5k
TS APstgon, FeardAS Y Z2 AL LS-DYNA v.I71S AH&314
=3
2 Aol A= PROTECT W% sjde] A ZFHy EFyUeiAed 54 545 9y
ol FA45% A A Wdel ABS FRLXANS B BARAL A Agw
PROTECT W% djde] 7|E 34L& Figure 33 o] 7F2-A2 Zo]7F 300mm x
100mmel BHS 2= BeolER mAYsgon, Zan Erheide] FAE WEE
sto] & 5/fE mdgstgdrt. =3 PROTECT W sjde] 24458 7€ A= 2
o] AFEH AW Ady vl PGristr] fste] 7] e FAE e 0 & el
e F4 s ddlstAtt
PROTECT %% #ide] sidd A8 ¥as 237 SFvyesAe] 77, 444X
o z7]el® PROTECT %% sidel 4%2 Bbelr] sistel Qb Zabel vig )42
Akt Mol vk Age okl w9k 2ok
Material Variables Details
SP-10 Steel plate : 10mm
SP-15 Steel plate : 15mm
Steel plate
SP-20 Steel plate : 20mm
SP-25 Steel plate : 25mm
PP-25-20 Steel plate : 2..5m.m(2EA)
Nano-composite : 20mm
PP-4-20 Steel plate : 4m@(2EA)
Nano-composite : 20mm
PROTECT panel PP-5-20 Steel plate : Smm(2EA)
Nano-composite : 20mm
PP-2.5-95 Steel plate : 2..5m.m(2EA)
Nano-composite : 25mm
PP-25-30 Steel plate : 2..5m.m(2EA)
Nano-composite : 30mm
(314 W U]
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o] 7l A= F4dFS AE 30mm, FA 20kgd] 93 F(Drop-weight)S %3}
AGE =2 ggon &= 84 (Solid element)7} % -& % At}
A B = fFes=E 384 SHUAE AEsd o, 3 Jle] 84 F 25mm x 2.5mm

x25mm A7) 2 YTt}

Drop-weight

PROTECT Panel

[PROTECT #d9] 34 =]

Z B H} &k O

PROTECT %&3del & AHY = x, y, z FozE W9
ow 933  F(Drop-weight)® PROTECT wWZ 4
AUTOMATIC_SURFACE_TO_SURFACE &A% A3l =55 A Ystyth

@ F7olvx & 150], 500], 800], 1500J0lt}. el o FHe 20kgo
Ngwel we FAUA 2AT. 7+ FANUAN hF el

Impact energy 150] 500] 800] 1500]

Initial velocity 3.87m/s 7.07m/s 8.94m/s 12.25m/s

PROTECT %% #jde] 45 A7bsty] fstel A A3, AA 3dze o83l
Hdl A2 Hd8t 7 S=sA He FAe] TG shdelA AW AdE =Ese

W, A% #:%e SDOF Mol A Mg go: obest gol Axtatarh




To %

[SDOF a4 7§ a]

xm
0= tan_l(L—)

min

A7NA, x> A Al L& A A AFH A A A G H A ol

F74o|1x Wste] BE PROTECT #d9 A%

701194 @] we PROTECT W% sdel AEL #lelr] $late] 7% meal
PP-25-20%2 A< Faarh a4 S wdd mg Avks ofdg o] vpE

Fringe Levels
4.362e-01
3.926e-01 :I
3.490e-01 _|
3.054e-01 _| \

2.617e-01

1.745e-01 _
1.309¢-01 _
8.724e-02

4.352e-l]2:|
0.000e+00 _|

[PROTECT 2 34 A}]

(a) 150] (b) 500] (c) 800] (d) 1500]
Aol e 84 Az vl
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0.5

Plastic deformation (mm)
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Effective Plastic Strain
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o (N} B o

Maximum deflection (mm)
2]

6
4
2
0 L L L 1 J
0 300 600 200 1200 1500
Impact energy (J)
[ZAANAR -H MY 1 az]
150] — 500] 500] — 800] | 800] — 1500]
Slope 0.01545 0.00844 0.00416
(mm/J) ' ' '

[TANIA - 2= 71&7]]

=AU Ae Ao E HU A #AAE o 2€F} B AR AZ
A H Ao at g zo 7&7) 7 Dol A4S & 2 .

UAM = =& BEE S22 lsto] AR A=/ a37F 2Asel”

mEog 3
Rgzh=s
ZZAd YA Wsld @& PROTECT #d9 A%
PROTECT % sjde] FAAGAY TS &As7] st @A dubdoz wE 171
AREE = A B kel vluE AAEH T PROTECT W3 sjd-2 A3t 256t8 55
U2 20mme] ©iS 7FA= 25mm T2 PP-25-208 7| Rd g A S =3}
Ak U3 A A ¢l 800Je théle] PROTECT W sidy 73k W7o AL&5
= Ak A3e] AFS Huste] FAAIAH TS Hrleked 7o 2 ¢ A=RE 9
o AR 800Jo ek zF Mol Ho Ad AH 3] WS ofgel o
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Variables Maximum deflection Support rotation
SP-10 15.1mm 5.75°
SP-15 9.1mm 3.47°
SP-20 5.4mm 2.06°
SP-25 3.2mm 1.22°

PP-2.5-20 10.8mm 4.12°

BRI LI R E R R

16 ¢
T &
14 } ,’ “n
~
/ LS N S T
12 F P --Tsp10
= 2t SP-15
- !
g 10 g e SP-20
;- - cp.

s 8 ’ . . . ) . SP =
.43 I._-" e AETR ot e,
o 6 I’
E {.";r" \\\

ks

1/,

2 L5
0
0 2 4 6 8 10
Time (ms)

[800]¢] SATA A ZFde] Azb-dd 1]

AW Fde FAZE 5mm¥ 74 btk Hdl A oF 40%4 ASHA e A
Eplon, (A 3 A7t mek oF 40%% dAsA FhcteE S YERA §

A FA el tiste] e gl BAEA| o, FTEC] EW olF
Tdgo] B AL AT = AdArk SP-159 A AP 9.1mmE PP-25-209]
=2 21} PP-25-200] ¢F 4msoll ol W$7F A
el ulste] oF 2mse] o] & Algtol] Hu Wle kel WEHES HE7F Ayl 4

2

i
o
N
=
L

SEFueade v MR Qe g3, PROTECT WE sde] v Z3te] T
Hlgte] oF 50% St FAR §T L ol FAAIAN TS LIS AT + UM
of whebA] FREe AHs 9 AlFA SWelA PROTECT W% sido] Zat B




=
\8]
1

T
E 8 |
£
s 6T
g
% a v/ PP-2.5-20
[m)

> L —SP-15

0

0 2 4 6 8 10

Time (ms)

[ 2 PROTECT #jd 9] W]
Az F7A ©E PROTECT #HE9 AT

sEets ool wE ZAAe A g xEdo]l rpiAelth mphEhA
I ddel 7 2ol PP-25-201M Az FAE MR st 44

ol Fdl HEE o= stz ol PROTECT W3 sfde] A&

PROTECT 3% s Al i SFueiAe FA wet SA4AFE 0] of
H AAE THA=A Flstax
AI7IHA AsS g8k

79ke 25mm, 4mm, Smmz,

EFydeaAls 20mm, 25mm, 30mmE S 7FAl 7] HA
PROTECT % sjde] SAAIAE

e C )

[o
o
AN
X
rol
it

Variables Maximum deflection Support rotation
PP-2.5-20 10.8mm 4.12°
PP-4-20 7.3mm 2.719°
PP-5-20 5.6mm 2.14°
PP-25-25 8.8mm 3.36°
PP-2.5-30 6.8mm 2.60°

(A= 77l W& PROTECT =Hde] Wa A3 3] 4d7}]
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k=E I+ B,

PROTECT %% =9 3 ol diad Jdl A dAl= ofel 93 Fo] v
A Adel SUrstel wEl Hd A Feo] HAEs
PROTECT W3 3ide] A3t Sxvxmide] S v FA4FE Y a5 =

7S A&l F AL F83 g<ow 1HE £ UdE Aow FAHAL
Variables E(MN-mm?) Ratio
PP-2.5-20 127.8 1.00
PP-4-20 233.3 1.83
PP-5-20 3174 2.48
PP-2.5-25 191.0 1.49
PP-2.5-30 267.1 2.09

[PROTECT #d¢] & 4]

=
o
T

(o]
T

Maximum deflection (mm)
&~ o

N
T

0 1 1 1 1 J
100 150 200 250 300 350

Bending stiffness (MN-mm?)
(¥ &8-Hd ¥d 2e=]
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PROTECT %3 side] FAdAUA At A, dide] #SAFE &lsta TAst= A4
2D A S A7 whE) 215ty 9lste] 4 AES
2 AL 350mm x 100mmE 3tHem, |A 7 3

Ae Sxstel APAE At ddA= F 378 ATl tsto]l & 10745 A
stolon, 24 Ayae gxaoer AAS A, Aol FAE W2 ¥ PROTECT ¢
g, EFveade FAE W42 3 PROTECT 4= dAsde dxroez 443
ARigs

o= AA
G =
Material Variables Type Details
SP-5 Steel plate : 5mm
Steel plate SP-10 () =) Steel plate : 10mm
SP-15 Steel plate : 15mm
PP-320 | PROTECT sju(r)w) | Dieel plate - Smm(EA)
Nano-composite : 20mm
PP-4-20 Steel plate : Z‘lmm(2EA)
Nano—composite : 20mm
PP_5-90 PROTECT =g Steel plate : 5mm(2EA)
F FA ¥w) Nano-composite : 20mm
PROTECT PP-6-20 Steel plate : §mm(2EA)
panel Nano-composite : 20mm
PP-3-15 Steel plate : 3'mm(2EA)
, Nano—composite : 15mm
PROTECT d#j¢
ROTECT 4 Steel plate : 3mm(2EA)
PP*3725 ‘—l T —l—ixﬂ .
. Nano—composite : 25mm
FA M
PP-3-30 Steel plate : $m@(2EA)
Nano-composite : 30mm
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|— Thickness of Steel plate

I— PP : PROTECT Panel

L Thickness of Nano-compaosite

SP : Steel Plate

el

& At

2 Az

Fol 350mmée] 4 o]

S

]

Steel Grade

55400

Depth

VAR

Clear Span

300mm

Length

350mm

Width

100mm

(DA A FA Aol =]

AAA AR #4

ol

i

fi%e)

i

il

P4 BAL AR

AR, F F

Az =AY

ofl
o] 4 A

THAI A

shel

Fof A

S

Aol A 15720TCo =& F4]

KeR
T

Hol gomz, P4

=
[¢)

Azdol Ay 7}

(2 A A2 #A]
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(3) ALF AN

4% AW

(4) A A S=

(A A2 24 (A 5]

Device name

Universal Impact Testing Machine (Instron Dynatup 8250)

Test Method

Drop-weight impact test

Maximum
Energy

Gravity driven : 0.6 ~ 303] (kg-m2/s2)
Pneumatically assisted : 16.2 ~ 840] (kg-m2/s2)

Crosshead
Weight

1.2 7 45.62kg




7Y R AE AY

Soha FAAA7I A2 AR st AYA TR FANUA} AL ES
e 20mm ©e AHgstel 4562keel DS A e F2 Askgon
AHEE T4 Y= 600]°]th.
= Drop
E weight
Specimen //'
) o TP AR VAR
Steel A (thk.)
Frame » = ——
L4 100mm
300mm
(A A2 A=A A
Drop weight
Impact Energy 600 Joule
Ma.ss of Drop 1562 kg
weight
Tup Impact Velocity 5.077 m/s
Diameter of Tup 20 mm

of dolA MAAS dAsA e, dolA W

(e %3]

s

%
g7 AL obel weh 2k

Device name

OWLE 5013 AA S1

Measure range

30 mm ~ 130 mm

Resolution 6~

60 pm

Measure
frequency

1,100 Hz

[ello] A HAA ]
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A el A= Steel Frames AAsko] A®etlor, A 5ol 943t 2 54
AUA S 7hgstdtt. A@A ot TGl golA WMAAE Fsto] Aztel] wiek WS
ASstlon, TA02 3 E5de WAsty] flste] #dolA WMelA= 49 Al 9%
of 438ttt

A s 4E

Al AEE Fwel FES SSA0 oI, FAAGAS AWel AeE Fwel A
242 Gus7) ARl KS B o0 B DA AAT 2A ARE Adt QAL
A%e AASAT 2ol FAE PROTECT W% s)de] 488 3mmz A¥4ow A
&5 Zol vatel 1 FAY 7l Wil 55 AW AHgse] AFPEE “37}3}91

A WAl 15mm o4 AEs A oA AR 28 A}o%

soi, o
YAl ol Pt AFEA L= 3044MPa, =8 =+ 454.7MPa, ®HA Al = 205,866MPas YHE}




No Yield Strength Ultimate Strength Elastic Modulus
) (MPa) (MPa) (MPa)
1 320.5 478.6 205,637
2 298.9 4481 205,761
3 293.9 4375 206,199
Avg 304.4 454.7 205,866
35
30—
25 et TN

N

Load(kN)
T\

=
o

1st ||
5 ----2nd|
—-—3rd
0
0 5 10 15 20

Displacement(mm)

A 1 249 23]
sT AS 23

et o Tupel HAld 2=4AS St AP Aol 7}6]]11 —‘o—}%iﬂr Oﬂﬂﬂ—% 74]%’5‘}912
o, G5t F7F dFA gA" =31 S28

600J3 =33 588J¢] 7hEH 3

+ 5.04m/so] t}.

Q
J[}J
_ﬁ
el
A
iR
<)
I
=5
O{N
K3

=

o Folag o, WA JJEH 0}%3 736kN°]“% T

Ay
N
o

4
H

Load(kN)
s 8§ & & 8 8

g

o

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
Time(s)

[A]ZE-el|q =] —1ef 2]
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~l [ee]
(=] (=]

9] =]
o (=]
P—

Load(kN)
8
'h-___

N w
(=] =]
——

Av/\/\/\—/_v\ﬁ-\/\‘_—f__

=
o
—

o

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
Time(s)

(A -3t Lef ]

Ast, Bl Pofib: bed BReM IRAoE Hzo] A
o =

Ay ahgl ou, GAA 2R Fe]l WAL AL FAsh 2PN A
@ Al Agleh 2R WP e ofd Eoh 2rh dolA WAAZ Feko] AZF Az-w
o
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) Maximum Displacement | Residual Displacement
Specimen
(mm) (mm)
SP-5 - -
SP-10 325 25.9 (80%)
SP-15 15.2 9.6 (63%)
[(Ho] We 2 7 W (sF 4]
a0
80
70
EGO —— SPS
A -=== SP-10
£ > e SPAS
§ 40
Bagl 000 | A e
O ----------------------
20
Y b i VSIS P P —
0 i
0 0.005 0.01 0.015 0.02 0.025 0.03

A A7 Aol FA7F 10mmel Al 15mm=z F7Fst9S wl, Hdl W7 oF 52% A

Atk SP-109] A% i el Ho Wl Hlsto] 80% = uERd whH SP-15¢] 7

G AR Aol A Wee] 63%= WEhy A FAV Skl utet Iy o] A
A

Jm
+
L
B
B
2
_l
N
2
=)
il
-
=
©)
.%
=
@!
H
£
)
X
of

St AIZE-R19] g =ZE EAS A¥, AdA HE 5775msoA FH
Aol WAgk AJFAFE FHo et DAy Ad7A 7t
of Wt SFyux=aAY FAV F4E A2

A7} 5mm A Z7Fe wjujr}

_1_:[:__
Fe nedon 27 Waol FAAA i

Ho WHe7E oF 20% A dASHA A 2 G2, A
s It




Maximum Displacement

Residual Displacement

Specimen (mm) (mnm)

PP-3-15 17.3 8.7 (50%)
PP-3-20 14.0 6.4 (46%)
PP-3-25 114 3.6 (32%)
PP-3-30 9.9 1.6 (16%)

Displacement(mm)

[Aeh 89 2 2R W (EFhekA BA 08

PP-3-15

55 |
6 | i A N PP-3-20
Y / i ™ cam PPA3-25

12 Ad - ! B

10 -

B

i}

a

% |

[




& F70 @& PROTECT #E A%F

ko] $A% WEE & PROTECT sidel 443 A3t obe) 193} 2ok oju) 2
I AP A AR AP ofd) Tk 2o, 2 AFA @ AW 1YLE
el

Aol FAE WEE & AP SEF A0-09) TAZE BAG A5, AP dE
5 Tmsel A Htl Wel WA Folstgon], gl F

W97 10715% ¥ F2dke %

% FASA pase AL A,

rire

) Maximum Displacement Residual Displacement
Specimen
(mm) (mm)
PP-3-20 14.0 6.4 (46%6)
PP-4-20 12.1 4.4 (36%)
PP-5-20 10.8 2.8 (26%)
PP-6-20 9.8 1.4 (14%)

(A Wl 2 AR WECER T a5)]
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= = = I
=) P = (=]

Displacement(mm)
[#.s]

0.005 0.01

k=EIL+E]I
oA7|AM, E, = Zae] S AF

B, = S5vbeade A5
I, = SFubeade] oW 23 myE
Maximum

Variables k(MN-mm?) Ratio displacement

(mm)
PP-3-20 160.34 1.00 14.0
PP-4-20 233.27 1.45 12.1
PP-5-20 317.41 1.98 10.8
PP-6-20 413.54 2.58 9.8
PP-3-15 98.41 0.61 17.3
PP-3-25 237.54 1.48 11.4
PP-3-30 330.10 2.06 9.9

[PROTECT =2 ¢ & 7743 H|
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m
[ T T T
[ R S & 'R+ s B o
1 1 1 1 1

Maximum deflection (mm)
=
=

L T S = A T ¢ <
T

0 100 200 300 400 500
Bending stiffness (MN-mm?)

[ FAd-Ho |9 2g=]

PROTECT W wjde] § Aol gk A ¥sle] a3 919 a-w o] vehn
# AAel FAg wet Ao sl gasie
PROTECT % sjde 233 Sfvesde] S g A4 5e] o5 i

e 98 ¥ A4S Fo@ 2o 1A & UL Ao WAy,

PROTECT #d9 FAAIALNST H7}

A BAAH A AREE = 16mm 73 PROTECT W3 djdo] FAA YA S vl
Ad= ot 29 Zow, Ay 15mmée PROTECT W3 sfde] FHuof weler i W
e vlalske] gelakdv

. Maximum Displacement Residual Displacement
Specimen
(mm) (mm)
SP-15 15.2 9.6 (63%)
PP-3-15 17.3 8.7 (50%)
PP-3-20 14.0 6.4 (46%)

(732 PROTECT =@ H] /]
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)
(=1

fury
0o

—  SP-15
3 —-—- PP-3-15
— - PP-3-20

[ =
(SRR N ]
L3
’

Displacement(mm)
=
o

o M B o

0 0.005 0.01 0.015 0.02 0.025 0.03

Time(s)

(M7= 9 e = (73 PROTECT =8 vl al)]

3 3mmet SEFuiesAd 15mmz A" PP-3-159 49, Z4¥ 15mmell H]dto] v
TAANIAE TS Holw, ¥ 3mme SFvieiAl 20mm= FA4E PP-3-202 %
15mmeoll Blsle] 6% =& 2AAFANSS Hole AL st 53 IF WAL v
WS w, Aol oF 63%< F WS sHAE el v

46%9] 77 WS 71A PROTECT #ido] ¢% &34 A
427 PROTECT #id 9] oA F458S vustry] flate sta-w9 =4
Ak AR FFeE e ste-We FAolA] 2HER Eye] e ofdf WAHSR A
ofgk = 9tk 15mm el A9 oF 417.8](71%)<] oﬂtw’;’ B4 Aoz vEhon
PROTECT #'d2 °F 4384]J(75%)°] olUA& F3 3oz GAHA}. oju], Zate A
= WL FESFE ko] A8 "ojA= dde] wAsksl o PROTECT #de]

=
Fouh WSt FAE4E Aol WA Fadte A FAsgnh of A A
waol W Aatsh ¢ PROTECT W= sldol M=91x] 949 a4l met 345

¥

ol % Fed FxoH, SFuaAZt AYAd AEes Al T4 JddAE &

e 2392 7147 wEe R dehdn

ol

= PROTECT
—==- Steel plate

Load(kN)
5

Deflection(mm)

[st=-¥¢ Lo =(Z2#3 PROTECT #d Hl )]
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F3, 223 PROTECT 4o @9 FAE vustd e 49 117.75kg/m*9]
AH A G FAZ 7Fx= Aol Hlste] PROTECT 329 4% 70.66kg/m*e] w12

AE 7HAAL Hol ¢F 40%9] AsHA EHE IS F Utk oE AIFAH FHAA

PROTECT =#jdo] t& felsttta & 4 Ut

olo] we} A 3mme EFu=iAl 20mmE TAY PP-3-20& PROTECT % #jd

of TREEYPOR AAINP e, ol uEoR {24 T BF ATS

shaz} st
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TR

ofel ol 7] wiol ¢ A% (Explicit) AlZF 2

Ae APstdom, FRarsE 9 22292 LS-DYNA v.971S A3kt

o ok
o
offt
ol
£
-

stol FA%F A A Wdo ABL FRLLANNS
g Avbgist wlastel sNe] AL HAsAT oY)
2 AA 7]F°l PROTECT % uf

st sele,

IS
A
(i)
o,
(s
i,
2
tlo

Ae 54

7 W EZasigol TREA A4 A% AL AN FA4F Wl Ay deo

$o WYE S8 A/ G0 MR ARE 2 WIE SRolA 2Es} 27
&

s

He g2y @Asith oo we AR 4 5AS wEs Rddo] FgshH,
Ludwik(1909), Hollomon(1945), Ramberg and Osgood(1943) &< <1 Gl

Aol AotE o v}, ZF FARAANES =2 HYE HE49A4Y AR 2AY AHE v

gow 7 Ao 48dt A5E Atsn Ak

o Ag 2d

Johnson—-Cook constitutive model, Huh-Kang rate form, Cowper-Symonds rate form s
o] Al H} B AFgAE LS-DYNA ZZ @A ZAlel 224 2 Zuk Ao =2
Ao g 959 Johnson-Cook constitutive relationship2 A}

3 A
S sk o] mde ofef A3 o] AFPH o A

o= A+ 5@ | [1+ cne ] [1=(77)"]
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714, o0& von Mises 5788, ' A5 57t 24 WIES YEH A4, B n
WYsE S/, 0 WPE &S5 Z/MIFOITh e & AR AirdtE WIEER,
. _ Sk Sp o

€ =10s""'d u ¢ =¢ /e, 2 YEFE F QT

Aze] s mEE AGs] g5l ¥ U, AR Wt 57 &4 e MRS

AArEA =™ Johnson-Cook failure modelS AF-& 311t}

*
Dyo

& = | D+ D™ | [14+ D | 14+ D, 7]

m
A% 5 ot
TH AN olTE 4FE A4 AL B WYE S50 0 AR &
23T $7h 24 WPE Aolol BAF et ul, o] B AN A £EE 2

140 1
t e
120 == = -
. _-:-"‘""'-.F.:"F o=, & =
= L i
W—
100
i+ L et = ==
T .
3D [ —t—
— 3 - *  Test Data (195604 s} -
a = i & TestData [1.06E#00 1is) =
(ksi) 80 3 #  TestData [3.60E+02 15} -
& TewtData [1.05E403 1i8) -
¢ TestData (2.906 03 1/s) =
- ———Moded [1.95E-04 1/%) -
40 $ —— Mode] (1.06E+0D 1/s) H
- | ——— Modgel (3 W’Etﬂi‘ 18} -
=m ——— Model {1.15E+03 1/s) =
~-1/ASTM A36 Hot Rolled Steel| (1 186203 110 =
20 f © = Model-Sohened (360E+02 155} [
= = = Model-Sofened [1.15E+03 1s) [
Moddel-Sofened (2 90E+03 115) [
o
0 01 02 03 0.4 05 0.6 or 0.8 08 1
£ 2

[ASTM A369] W& SEo wpE Ay Ao Rdd]

PROTECT %3 #ide] AMg¥ 732 ASTM A36 (SS400) A=, Seidt et al.(2007) 2}
Schwer(2007)= ASTM A36 ZAle] tlsl 492 Sato] Wads £58 deiaus Fx
g3 FE &4 WEE Alold #AE stelstgov, 2@dst Johnson-Cook

-HPES 29 513 o] Hlalste] I AlEA S

>~

J8

constitutive modelS %3] =3 %
=R e A=
°o]Z %3 Johnson-Cook constitutive modeldl] Al-&¥ wi/lHF-ES AFosqal 1 3

ofele} 2t}
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A(MPa) B(MPa) n C ¢, (sec—-1) m
285.9 499.8 0.2280 0.0171 1.0 0.917
[ASTM A362] Johnson-Cook 7%= i 7l ¥ 4~]

D, D, Dy D, D
0.4025 1.107 -1.899 9.607x107° 0.3000

[ASTM A36¢] Johnson—-Cook 3}3] wjj 7} =]

EFUriA A8 2d

Mechanical Property Testing Method

Test Result

Density ASTM D792 1.178 g/cm®
Yield Strength ASTM D638-14 24.10 MPa
Elastic Modulus ASTM D638-14 1,109 MPa
Shear Modulus - 398.9 MPa
Poisson’s Ratio ASTM D638-14 0.39

[S5ubeade] 48 24

A w4 AFE obdl A3 2ol @A ASe Aw vy AFshe] BAR

.

Hrsh) A E

=
=
PN

sato] ALk

= WEE HEF 2t AHddAe] =
=z E
= [

A& Feotsfor st} o5 flste] 54 S7F A4 (Dynamic Increase Factor, DIF)

e ol A 2

S/ A=

obe] 4zt ol ehd % 9

B2 7S 198l Cowper-Symonds
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Drop weight

Pin-Support

[PROTECT %% sjde] f3taAis|s 2d]

Material Variables Details
PP-3-15 Steel plate : Sm@(ZEA)
Nano-composite : 20mm
PP-3-20 Steel plate : 4@(ZEA)
PROTECT Nano-composite : 20mm
panel PP-3-95 Steel plate : %Smr.n(ZEA)
Nano-composite : 20mm
PP-3-30 Steel plate : 2..5m.m(2EA)
Nano-composite : 25mm

Hdo] 7t A= FAsts S HetsA AP YT 27|19 AE 20mm, @ 7F 45.62kg 9]
sl F(Drop-weight)E $3to] AdEHES o, £8= 24 (Solid element)”7} %] -&

= AT

A mdd = fIesw 843 SUAE A&eRen, & /i 24 5mm xbmm

x3mm 7|2 7T PROTECT WE9de] < MY = x, y, z Foz2 w9 o

skl F&akglen, Y3k F(Drop-weight)9t PROTECT %% sy Alo]o= LS-DYNA

9] AUTOMATIC_SURFACE_TO_SURFACE 24& A}g3to] 255 AYsigct =24
oY= Y3at F= 53t PROTECT W ddo]| dddxm Ay e A Y3}
F9o] 27|E % 504m/s, =AU A 588]= A &3¢}

AA =7

PROTECT ®Z #1d& 73 Alolo] EFUrAAs FYsts 2o | 2F3kAl =],




orors Wl Ao EFUnaA7 SH dAASS sk ey 4wy EFuges
Al el F-2 sy s westy] ske] FA% -

-
Hell LS-DYNA®] TIEBREAK_SURFACE_TO

oJsele.
Category Value

Tensile Failure Stress
(MPa) 667

Shear Failure Stress
104
(MPa) 047

TIEBREAK_SURFACE_TO_SURFACE
[Rx7be g e] [F-27 = Al]

$4 23

LS-DYNA keyword deck by LS-PrePost

Tme= 30 Fringe Levels
Contours of Effective Stress (v-m) 452901
min=0, at elem# 8401

max=0.452936, at elem# 7950

]

3471e-01
2.718e-01
2.2658-01_
1.8126-01 ||
1.3580-01 _
9.059¢-02
4529¢-02
0.000¢+00 _|

<P > 3021302

(1) PP-3-15

#7850l tg PROTECT W% sjde] &4 Azt
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LS-DYNA keyword deck by LS-PrePost

Tme= 30 Fringe Levels

Contours of Effective Stress (v-m) 2.037e-01

min=0, at elems 9601

max=0.203726, at elem# 8907 1.834e-01
1.630e-01
1.426e-01 _|
1.222¢-01

1.019e-01 |
814902 |
6.4126-02_
4.075e-02
z.ua7e.uz:I
0.000e+00

<P O 3021302

(2) PP-3-20

Time= 30 Fringe Levels
Contours of Effective Stress (v-m) 2409001
min=0, at elem 10801

max=0.240866, at elem# 9811 2.168e-01
1.927¢-01
1.686e-01_

1.445e-01

1.204e-01_
9.635e-02_
7.226e-02 _
4.817e-02
2.409&-02:'
0.000e+00 _

‘JI\V [<«<¢EP» P 300113001
(3) PP-3-25

Time = 30 Fringe Levels

Contours of Effective Stress (v-m) 2.402e-01

min=0, at elem# 14401

max=0.240214, at elem# 13530 2.162e-01
1.922¢-01

1681e-01_|
1.441e-01
1201e-01_|
9.609e-02_
7.2066-02 _
4804e-02
2.402e-uz:I
0.000e+00

I<4E» P 302302

(4) PP-3-30

;

[%7350] te PROTECT E sde] a4 Azh(71%)]
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100
90

80

70

Load(kN)

0.000

PROTECT W% 3

e~
i8] s @ 0 O

Displacement(mm)
=
(=]

16

14

12

10

Displacement{mm)
[+-]

Experiment
Analy

sis

0.001 0.002 0.003 0.004 0.005 0.006 0.007
Time(s)
[AZF-3}5 Lef= ma]
g F4 A9 A AFE HaskA

0.005

0.005

0.01 0.01

Time

5 0.02

(s)

7v-¥ e 19 8w (PP-3-15)]

-
-

0.01 0.015 0.02

Time(s)

H| 1 (PP-3-20)]

Experi

ment

Analysis

0.025

Experiment
Analysis

0.025

0.008

0.03

-
-

0.03




16

14

12

10

Displacement(mm)
[s.+]

12

10

]

Displacement(mm)
(=2}

Experiment
Analysis

0.005 0.01 0.015 0.02 0.025 0.03
Time(s)
(A1 -9 L2 =\ 2 (PP-3-25)]
,"’"\___‘ Experiment
K SN e Analysis
'] ~

0.005 0.01 0.015 0.02 0.025 0.03
Time(s)
[A1ZF-9] L2 = H] 2 (PP-3-30)]

PROTECT %% side] 4 A8y Faiad] Adate] o ©YE vusit. 243
Ho} Ao A i =2 Hod o] dAs A e ol Al Ar RdEe AAHTtE
A% Ao frkATh wF A4 4P AvelA 25 @Al U@ waLs} ojded ol
e A A delq ugdle] 24 A% dos fukwh
Variables Category Maximum Displacement Error
(mm)
o Experiment 17.3 o
PP=3-15 Analysis 18.9 8%
o Experiment 14.0 o
PP=3-20 Analysis 14.9 6%
o Experiment 114 o
PP=3-25 Analysis 13.3 14%
o Experiment 9.9 o
PP=3-30 Analysis 10.9 9%

EEER ERIEE TR
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(a) Non-R (b) RC-R

o [ o P el P O S S o A ol o o ol
B T T T [ e e e e el s |

T T T TR T - e T T Bt B e e e e B i |

(c) SP-R (d) PROTECT-R
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A7k (ta), BEAE7I7Hto) SOl dom WFEEY g
(scaled distance, 2ol 23t 524 Aoy, od71A Z=R/ W o|v, R =1}
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|

80

PRESSURE

AMBIENT, Pp— b — — — — = o — = — /= —

POSITIVE SPECIFIC IMPULSE, ig

NEGATIVE SPECIFIC
INPULSE, ig™

ty +tg g

POSITIVE
PHASE NEGATIVE PHASE

DURATION, | DURATION, t,~ |
.tl.'.'

: 5 lbs
Pipe Bomb 2.3 kg
- 10 Ibs
Suicide Belt £5 [q
Suvicide Vest 20 Ibs
9 kg
Briefcase/ 50 lbs
Svitcase Bomb 23 kg
[Z2elz} TNT S7H2 %]
ZelsE A UFC 3-340-02 AEE AH&3te] AT 4 9lom, o] A(ES] W
G 9 Zukery Aj7tolE e thekdk Ao diste] FAHoer I 4 e Rl
ConWepo. 2 #2tsl mo] W2 Ao F&Hry Zuhsale] -9 Coupled analysis$t
1

Uncoupled analysisE& 289 uwz} AMeElste] st

ltl. LS-DYNA<9 &9l

LOAD_BLAST®} 22 W& stsd+E A&st= 4%+ Uncoupled analysis7} =,
ALE(Arbitrary-Lagrangian-Eulerian) 2} 22 7|52 &3t FA-7F2E a4 S
TF33l+= 749+ Coupled analysis’} ® T} Uncoupled analysis® 7255 ZA=Z 7H48

A el Eugras FeEd dEes s FzE
¢}




Adsts wilAQl 7] BE ARES A EEYsta FA-F2E JoEEAs &3
kgt stz oo gigk FREY SHS A Adtste WHeR Hu A FxE
o SHe A& F UARE A ARt oM e EEE HS e dvbror e
I FE2E Abolo] FeollEo] EASHA] gFom w7 FolA Fko] WA= A goll =
Uncoupled analysisE &3t Q3 229 $@S AT & 9o 1 o9l A$-
o = Coupled analysis®] A8& 1HE Q7 3t}

= A A= FEEIN FE Aloldl HeEo] EAlSHA ¥v F=UE A H s
Uncoupled analysis® 3392, LS-DYNA2] ConWep Air-Blast Loading Model<
AL&E et AASkES Sl AEe] WE A Aldd Wb E sF<l 25kg TNT, F@o]A

o

A 2mz AAsAY. BAAE ALl FEFAE 71 1,100mm x 1,100mm) ] &

|

Folste] T2 WE 52 Frsua @t

ZIYE A8 g

£ sl AHgE ZAHEY Alg REdY S LS-DYNAA 7HE wel ALgH A e
2dl F slyel MAT_CSCM_CONCRETEZE AFg3t$9th. CSCM (Continuous Surface
Cap Model)& ~Ed 2 HIAME o]&3le] A8 HES 73 ofd] 213 Zo] Stress

invariant2 A4 3t}

V(5 Iy, Jy) = Jy = RUEVF(L)F(L, k)

o714, R= Rubin three - invariant reduction factor
F, = Shear failure surface
F, = Cap hardening surface

k= Cap hardening parameter

AA =74

ol

CEE R

o 25kge] TNT7} 2m ©]

34

N
rlo
w
8

1o
~N
ofrt
o2
mi

tholl Pin—support =4S 9

ZaAYES H Abole] Coupling E¥E 1#138t7] 938te] LS-DYNAS LAGRANGE
_IN_SOLID A4S AFg-3te] 2T ol #akeitt £33 PROTECT #d3 7]1& 7]
s kool o FAl FAs wdgsly] 91t TIEBREAK_SURFACE_TO_SURFACE -+
A& AHgste] Za2lE9 PROTECT w43k Aol Aol ¥-2e& A ojshgl).

rl

[e]
S 24
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25kg TNT

NEel WE QB Woey] istel Aol W, F Wd 2 AW AL o] 3y
o A% 3177t SDOF sl4lelA ALgsle oz ofd) 48 B3hel Akt

L Lmin N

[" 1

W m
[SDOF 34 7} 8]
= tan_l( mein )

A7, x> H Welol L & A Hof e B A 7A 9 H a7 e ot

719 Ass Hrisky]l 913 71F 2% ASCE 59-11 ‘Blast protection of buildings el
A oatAshs AaEAdEe] BA RIS Abgslen, ofrjdA s AR TGS
Sote]l FAle] SHvIES AAgska Uk

9] o

ASCE 59-11°1A4+= F-A19] S®H71+& 37FA9 Level of protection®® A|A| 3}3_’ A0
1, 7} Level of protectiondl] 3|33t HIZAES A 31d72 o <}t 22
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Level of Protection Remarks

Localized building/component damage. Building
Low Response can be used; however repairs are required to

restore integrity of structural envelope.

Widespread building/component damage.
Medium Response Building cannot be used until repaired. Total

cost of repairs is significant.

Building/component has lost structural integrity
) and may collapse due to environmental
High Response . ) ] )
conditions (i.e. wind, snow, rain). Total cost of

repairs approach replacement cost of buildings

o,

[Level of protection®] W& 2] &4 A %]

Support Rotation(°)
Element Type
Low Medium High
Beams 1 2 4
Slabs 2 4 8
Beam-Columns 1 2 4
Shear Walls 1 15 2
(A2 E FA4 S97]+]

Q
Aot FEFA G dEldn B Al HdeTs
6(:3] J

Lk - R R
Wel Wy 2 wusk A4 2 dehtow, Fwe) kolz 4% /1% FIR(15m

Aol el Ho w7 By s i
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(b) RC-R

(a) Non-R

-R

(d) PROTECT

R

(c) SP

23

=
1o

Njo

fite)
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(b) RC-R

(a) Non-R

(d) PROTECT-R

(c) SP-R
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Z9 = d4o] BAEET 100mm HEEZATER RS 75 9 7S (FEREA)9
Ao WY b =ZA HAsE 7% 4R Qo= Ao W AsA ekgton W7
Aol Mgt A E w&o] BEHHA BT wEH AT 15mm FHo 2 BFE 7
SO A, BAATE A3 g oz gl FAYE &9 £ A BT
S Fgeld 4= 9tk PROTECT WE vld2 B7s 7|52 FiAe &4o] Za w
s AAT 71l Blste] AA EAstE Ao vEyton, sid A o] AR o]

80

70

60

50

40

Displacement(mm)

30
20
10

0.000 0.005 0.010 0.015 0.020

Time(s)

[Fdstsol gk AZE-9] g 2]

Zy wgrol digk sjAo Al Ak F WS Vo w A I HALS ALkete] ASCE
59-11°1A A3+ Level of protectiong &<13t Ayl= ofgje} 2t}

Variables Disp(lrarll(;relr)nent I?(l)lfa?:(i)gfl Level of Protection
Non-R 80.4 3.07° (>2°) High Response
RC-R 48.1 1.84° (<2°) Medium Response
SP-R 43.4 1.66° (<2°) Medium Response

PROTECT-R 18.2 0.70° (<1°) Low Response

(<14 gzt AL Aot




71 7]1% < Level of protection® ] Medium responseS ERWH<3= o2 UrE‘r‘;kD}.
a8y 100mm HEEZIYER B3 7|5 15mm FHoes B 715 A9 AY

H] <=3t WMgS Hol Medium responses WEsl= Aoz vEsth PROTECT W
sjd = Bk Ao+ 0.70°¢ A4 3 17S 7FA Low responsed| @ sl 1°H T %

& kS YER Low responseE 9HEelE Aoz 3ol Q.

_1

r1r

=, PROTECT %% #sjd=® 7|e& AT 4% 100mm HIZAYER BA k= Wl
of wjste] B} dwlE of 5% &<  Jow, FAYES] HAH = A3 23 v

T Ark =3 15mm AHow li%’cﬂ—t— el Hlske] 40%°] AE FHa
[e] 111 S

;A9 A F AN U ¢ Ase Rval & 5 vk
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