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¢ SUMMARY >

Infrastructures have been experienced critical damage under natural disasters
like earthquake, tsunami, etc. and man-made disasters |ike September 11
attack, Brazilian aircraft falling down, etc. These extreme events on the
structure lead to tremendous human casualties. Therefore, it is necessary to
develop the related research and test techniques which can conduct impact
resistance performance evaluation in order to secure the safety of the
infrastructure.

Purpose & Although recently Ministry of Land, Infrastructure and Transport has made a
Contents huge amount of investment to found Extreme Performance Testing Center (EPTC),
a world-class research facility for evaluation of impact resistance
performance of social infrastructures, a shortage of experimental techniques
brings a |imited application to the equipment.
Therefore, the main purpose of this research is to establish an impact test
techniques that can be applied to test facilities. Accordingly, it is intended
to build a safety framework of social infrastructure by using the developed
test techniques.
The 1st critical technology element (CTE) of the research is building a
simulation tool for the evaluation of impact resistance performance of
structures. In this study, Tthe analytical simulation tool has been developed
for the verification of feasibility of the developed impact test technique. In
order to establish the simulation tool, the impact test for large-scale member
was conducted and the analytical model was modified by comparing and analyzing
results of the test results and simulation each other. Based on the results,
the manual about analytical simulation to evaluate impact resistance
per formance of structure was developed.
The 2nd CTE is generating test database for impact resistance evaluate of
Resul ts structures. Impact tests in material-level and member-level were conducted by
using the developed impact test techniques, and the test variables, procedure,
results and analysis were reported. Based on the results, test database for
various impact variables was established.
The 3rd CTE is the impact test technique to evaluate impact resistance
performance of structure. The test technique has been developed to overcome
the limitations of previous empirical and analytical studies about impact
resistance of structures and the related design codes. Impact tests and
analytical simulation to validate the test technique were performed, so the
impact test technique was improved and suggested. The manual for impact test
technique was developed for other researchers to use widely the test
technique.
The impact test technique developed in this study will not only rule a
guideline, but also bring an outstanding research efficiency for the future
impact researches by minimizing failure probability.
By know-how obtained from split Hopkinson pressure bar test and middle
velocity propulsion impact test, it will be able to approve an ability of
Expected similar test apparatus in EPTC such as High Velocity Propulsion Impact

Contribution

Machine, Hypervelocity Propulsion Impact Machine, Drop Weight Impact Tester,
High Rate Testing Machine, and Pendulum Impact Tester.

The developed impact resistance test method can find out any risk of social
infrastructure under extreme situation. This also can be an instruction for
research about maintenance and reinforcement on unsafe structure later, which
makes society more safe.

Keywords

Impact resistance ) )
) . P Development of test| Impact resistance Analytical
Extreme situation per formance . : : .
) technique design simulation
evaluation
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Yutr o7 ZFEAE A vALLHard missile; rigid missile)¥® B3] v AL (Soft
missile; deformable missile)= #E/FE T A vALolgk FEHAANA FEA A F
Aste W0l FRE TAStE WERG vu|ste] A wAYel dAst= HY
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3 3.2 DOE-STD-3014-20069] = -7 %714

A RE A WA A WA
=< - Modified NDRC - 50% of Rigid
- Modified NDRC
- _ 0, 1011
o 5 2] Bechtel 60% of Rigid
- Chang - Stone & Webster
- CRIEPI
- Modified NDRC
- CEA-EDF
HE - Degen - 70% of Rigid
- Chang
- CRIEPI
AR A - - Adl
- Long

(1}) ACI 349-13 (American Concrete Institute)

O vz SITE T3loA w3idk ACI 349-13(Code Requirements for Nuclear
Safety-Related Concrete Structures & Commentary)S 947 I I E FFXEI
st AA7]Foltk. DOE-STD-3014-20063 vlz7lx2 F2E2 Y54 AHdess A

[}
WASH IFATeE Yo Hr7E 3 At =S sta vk izl AA did
TEEZT BUolE A FE, FojZ FE, FEVITE, dEE A T 5= A

&t Tt

O A7 B7HEH
O ACI 349-1394 &= ZAYES FAHIS/HATE Add AFEAA=ES vgo=E 24
B3 Zo] HEYE £=o Ui T2 o

DIF =min[ 0.9 +0.1{log,, &, +5},1.25]>1 (3.3)

@ H¥tAE B

O AWAES Hrl= F3Fe5A 4 (Dynamic load factor, DLF)E ©]&3F w3
DOE-STD-3014-2006¢} L& U= #3WH, A= A28 gk Alxko] g
AE o] &SEE A ASAL AT

O FH#HFATY 7
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AUA P wARE Azde] Aol

DOE-STD-3014-200601 4 A1 A% whsh FAsh} U= @@Mol FxEo] §57}
5% %74 ouAe] AN AN U4 gor] Azreld SN E F4
sz AANNe ANFT Lol AAHoR AWMAE WiE FIT F Yoks

Al A

=B AE HI7HEH

THRAETE AA ALY FE4E dElA HUetE S A ASAL UTh o] W =
BAZ Hrl= 23212l Modified NDRC2], Bechtel?], Stone & Webster2]-& o] &
StEE Hista ot

2010 ASME Boiler & Pressure Vessel Code (Ameriacan Society of Mechanical
Engineers)

vl 7] A3 o) A 3 ASME 2010 Boiler & Pressure Vessel Code, Section I,

Division 2(Code for Concrete Containments, Rules for Construction of Nuclear
Facility Components)& AAH A HZEZIZE Ao that AA7]|Fot} o]
w3 AATEE WEE 45S AWAET FRAFOZ o] Hrp B A

.
.

52 a3 Ak o] AAEY tEA HA FEL EdolE mAde oF F
= 2o QIS Wi vloxo HUoR WAT PAY FES

Agn 79 Ade B gy

DOE-STD-3014-20061+ ACI 349-13¢} B 24 WHE
AR o7 HAWwAFT Hr77F B35

AT AT A 2
o] =
ANAF W7k A mEsRd % 7HA 9

23 A A
w, ol 1%

& wolth 3 WAlE WA BSlel wek &4 fEYY
o WAe WA AP 1000 B FAS AFE @ol 2760 % F e @
o5 MAsY o]F FEE AWAF Bl eF=S AARL Atk T UA
E FEROIA A eFAUAIL Aatse FREY fE KPS viAdl
A7 FEREAY FAS FF GOE AL AWAT Hb A nHES 5
3 gk,
FER A AWAFY WAGHE AFHE s Al A 232 AASL
siet.
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4 pigolel Hal AT ShEa glom A4
FAe) 75% oWt HES MAIES A
A7k A o| dEAe Qg HeA AASE Wl gl @

)
Lo H

(D) NEI 07-13 (The Nuclear Energy Institute)

O vl= LAHANYAAFaNA 3k NEI 07-13(Methodology for Performing
Aircraft Impact Assessments for New Plant Designs)2 U X#&H AL Ad3x
=9 &7 FEIIFHI dig AAVIEolH. o] AAV|ES uE #d HAVE
S AR WEE s ANASH aRATLE Yo Bt 9 AASE
= ool Aok 2 ar o] AATIEAA HEL = FES FEU] AXY FEo

.

O sHS7HIG B7PEE

O DOE-STD-3014-20063} wlz7tA=2 3B ES FHS7HATY s HxE

AlbstA] eFgkom AAAG gt FdeH 7 Al ACI 349¢] SHSIHIATE AT
[e)

f

UAGE AzEle] tak AzkelHal AT A B SAE e ol

3
O @AFE Al=rlo] AZko]¥ 3472 DOE-STD-3014-20060] A AlstaL 9l Hhet
FAete] BAA B S BAAIE shue] AfrEE IMFste] AR o} BHA,
27k Alz=doll gk Aztol s E Fdste Aotk Ty EAA-EBAL 4
He FEATS FH3I] 2AY £ e F ARE 3 A4 9 34 ASTE 7o
Aok spAIRE s AAZIEA = ol2F TAHA AT S AAStL A ot
A

AdAHo R FHAFTS FJUE & e A

=

Q@ =7AT B7HH

O FHATE AA o=z Fsta Jde FF7] xS ¥AA AL R 11531
DOE-STD-3014-2006¢} =Y 3}A Sugano et al. (1993)o Al A|¢ker A mAld o =
HEAE A gt ZaA(E 221 #F2)E &3t FristsE At Q)
o #AH7E Alel= Modified NDRCA & AH&star, v sta] H71 Aloll= Chang?l
< ARESEa, #E 7T Aol Degendl & AHE3EE kAl QT



(h) £F 9 &7

ON

3% B AANE F 4 3AATL WAT A ARY FAZAATE nes

= s 7]Fe ACI 349-130] §UstETh T ACI 349-139] FHAZMAFE B

AABAY EEoke] FAZ A2 Hold PPor FAHUY HPATES U
[e)

A3 mgoz ANIUY) R s} @ 2 2
B4 2 27 5 0 895 WAL WY

=
e = T e TAYEY A&, ¥
o3 &

EhE CEEE!

i
o
)
)
9,
%9
iy

2 : D] e
AP S Agstel BRES s glon oju AgEES Amsty Ut Yy
FRE 7 71F B AR goldith oY@ MPAL olEH AV REsiu 2
AIANE T aEste] NREAY] ol AdFFARS B Sl sl
A AP A4S AFsr] ofHo o]of a9 3594 & F A%l F
W3 FELFAAE 2 AP 2Ho] dFste= BAYZol7E 100 m/soll A 28 o] do =
S 2 WEAS Btk mebd oud AP Agshtel meh FRAF B}
Az} gep O J)E AV ZAA AT Y YA UFE 45urt )
How &83t7] ofHh

400

1310 mm // /

5300 """"""""" . * Projectile : Schedule 40 pipe(Tornado missile)
= :/ 7 - Mass : 130 kg
Ig;i’ /A - Diameter : 168 mm
ézoo ﬂ(/ * Target material : Concrete
s 1125m /ﬁ T Pew - Strength : 40 MPa
%100 llll}pﬁ%l n % —igé

L 1 NDRC + 100 m/s represents the aircraft velocity which
1 : Haldar generates damage due to penetration
E Hughes
0 r r

T T T T
0 50 100 150 200
Velocity, m/s

a9 35 YT F=EEZ

Bzl Bl

)
e
N
i1
o
1>
o

o)

A S dsiA= AvAS F7PEHE AA St IR &2 2010 ASME Boiler &
Pressure Vessel Codeg A ¢stie BT SAFE A" thgk Alzto]Haf
(Time history analysis method)& H7P}HH &2 A ASta glom o]9] 7} 7|FEdA+=
F71H 02 oiA #3%(Energy balance method)o]v} TALA-EFAl S|4 HS A|A
st QT AR 7 7|E BF ©ed] HUPRHEEE AAE B FFEstFolu 7 &
=9 74 T sl dag <A dHolHd FAA)] AEWEES AASL YA
< A-E] Ak ol AAAIL JAXE HolHE oA9A AHAste A st
7HA#R7E ek ¢ ol AT F de HUPNHOE RY)e ofHoh =S Nk
T FRAFO] LAA FE A FEREA FA UYEUE FEAFY BT v
AYZol wls] z+ 7]FollA AAST e FH7IEHS m§ @esd o)dst 719

OE‘L &-9.4



oz FAAEL A%
Hely TEE g2 A g
sA9ATe] tet H2E ole2su F4
st Lol a4 Aol AL Eal A

Q) T= ¥4 AYAT

4]

ANz TA4AE AT

EzEd 7ME gy AMREe ZAYES FAAREALS votstr] 9

FZQ "9 -& split Hopkinson pressure bar(SHPB) A& o]t} SHPB A&

ARG D £F Adol AHaA UA @7 wiEel A4 Anl =Z7]9

Fol A7 g2 =719 AHY F2ZAE AHESt] FdF gt old met

A A717y SAATEAG WX = G i FHEAA Ao APH ATFE

A8 = o gkt

Hao and Hao (2011)2 mesoscale =d-& Ab-g3le] F2&ZA A4

FEZA ol 0, 20, 30 L&Al 40%¢] ZA T E SHPB 43S 43342 o

2 AAstAT olE Tl A ol =S O & S

AE AT

Chen et al. (2013)2 AWESE, ZEEE, 31
st

Ol R rlo pot A

lﬂ

w3 Hao et al. (2013)¢] AFoA= EEEHES H2=4 ZJEHi]—’Fﬂ 4 mm, 8 mm
e}

Ehus AS Eelsksit
Ty AA FxEel AHEEE 20 mm o de] F2EAE AHEEte] s AP A,
FA A A7V Q12 mmet 2 ZAe HYAFY FLEAE At o
THARSES AAE 2 EAE Agste TF2EC AHED F dsAd U A

Ze @A7A ol FoiA sk ik,

©

e oY FAAF F TRAT P A4

le
5o JrIATI} SAAUT o, BAA L T
A e

ru;lz
>~
>
M
1o

71

]_

_OH 2

A o] WP o] Aol TASHA| = A v

=

A, FF7] BAL A7 o] g FEAWE o FofA Yo FEHYNA =

2 s BabAle] Waol A BASE WA MAY ¥ ERE FEHL 9
Bl shole] W MYATAANE A AL FFe o) FERE B4

S THATE WA WA Asi FRAT WAAAUTE TS AT o

ﬂ:



24 ATE FAsGh NgA vAde] Aol FERFANA WAA 24w
gol WAl wet vl BT AT Hel o F olgd mU AN ol
WA BA WAY FE dstel AFA BAYFE TRAFES o|E2HOE

AQH A7 A% gERAY UF FELPS FAY S s oA AR
of A AAHCE wl$ Ao URE AR FEAURNE Fa) FAFEoR B
S ogle AFE Agol YA Y AT YFE FEAYA

FEE 2 BgRAel ] g FEWSE FRATL AP Bt
483 ATE SR 2T FIRA) HF AFH ATAMNE ZA v
AQugt opel WA wAdel Ud dUATE FAHUT webd B ATl
L oog @ QY U FAlel tete] FEARL FAT HAATl s 2Absha
A AFoIM BEF AB/VEAZEE 2 Asho] hste] BAstAT

D A BAA FE A FTRAF BT 0|27 &

O FHAF F BYAFL 7 BT W A WA BEE 72

2= #d A7 2A @_fﬂﬂw 4 €]
AAT A el FAZ WEA 5B 7

_

welA A 2o] AEE olT AJAT mAYUSZSE o2 oz FHstozxn #H<
7J°l = E.‘f%‘}ﬂl B 7}3k At Forrestal et al. (1997)2] Oﬂ——rL 5o ‘%/\}xﬂﬂ EPj\Oﬂ

() O
theory 7lwstel O£ e 2% Aol AFHL AL o o] 5
=942 s dwsta thes) gt
WA, AkE o7 Bl dSALe TAE BAL TER FAE /AL
WAAE B £F Aol BARA Wt A WAAL HPAGOR A A

a
Al

rlo

ATt FAAZE Y E Bl #YE o BA EAAIS gl il A &St
Hm o]2 Q3 Bl FeIEWols ZHd FAG WFoR FH(o,)o] HAYSHA
Ht} Forrestal et al. (19972 A= 7Heksk

l o0 FEEH YA7F HHA FAZ WFo R FGAEE S(V)ol i o)t

gare] gHE 2 ZHTE AL AL ol Yo A 343} o] E

Dynam1c cavity expansion theoryE %

dAEY. 2] 3404 f &= Uniaxial compressive strength of concrete, p, = Density

of undeformed concreteel™, S, B& B A5 Ad 2 A o) ZAH=

7249 gerolh.

9 _gip L (3.4)
f I



O a3 A A§3HE 0, & AEWAE Aelol o) WAA FREAC &5y

o, o TAA AP FH(F)S A 358 o] ALET o= WAA &g

gt gk o 2 2hgste] WAMAIE ZAESAIZITE 2] 35004 4 & TAAS A, Ve
SAHA O] SEolH, N2 FAde FREY As=2 @3 0give)d 3L 4 G6), &
535 842 2 BNE A4S Chen et al. (2002)8] ATE T3l Iubzd FHF
Aol tiske] AHATE A71AM, v = BAA AR did A TR ZENHA
(R) 9] Hlo|th.
2
Fr:”j (S+Npi?) (3.5)
1 1
N=—-
3 24 (3.6)
N=1-— 3.7
8y’ '

F& IAAIZE B &8 AF 004 FE F7tstr] AlzAske] @A 7 54 2)
o|74A] YT o] Fe 2] 359 F}he& WEA Hoh o] EFZole FHEATFENNE
Tz o](Crater depth® HWH=EI Jom dntd o=z TALA A7 (d )l Bl st
olo] BHAAF(k)S F3te] T AT} Forrestal et al. (1994)2] APAFo|HE AF
T 2EH] o3 Fzlole] #ES T BEHIF Y TAA et k& 22 T}
At o, Li et al. (2003)¢] AFolAes HHEI FRFF dig kats S35k
ky, S Slip line field theoryE 7)¥to & &to] 0.707= A|¢tetar 2] 3.89F o] A}
A TR Aol(l, )% &kl drbA] TR dd k gs AFSATH

AAle] BRIl FE AFNE £
ol 4] 359 388 1El AW 4 390 Uil ANT 5 3loH olE Fa
WAATL A&se] AL We] HF B

3103} ol REHTh o714, (& A7, xE WAA
Aol AT, K& BYZOIT kA £ AR SEolnt,

dav dV dx dv
m =mV —

A cid =-F, (3.9
dt dx dt dx
2m NpJV;
P=——0—In|1+—"—2>" |+kd, P>kd .10
Brd’ p,N n( St J (310

o] o]2F o2 AtHE HAYJZo] dF2S &8sl Chen et al. (2008)8] AF-ollA=
E BAo HAa FA(e)E 2] 3113 o]

::’



o7t A4S Tl AEE HFT BAdLol(p)et TAA F=E A AT WA

Aoz EAHE FEE HUR FAH;)Y FOT B #FdZ mdL

e=P+H, (3.1D

A5k Chen et al. (2008)9] Aol AAG H), & MEsae] B G2 J
& TAFI AGHC], AA Mwe FA BASRE BE NAUZFS P A
B 5 Udoa BolE ofFth e Musdel s @A) ojed ATt A
DG ggols] WE @A FTRATC P o2 ATE BYAF] A
B4 WAUZ B Sgge] FAFOE Ak Utk

@ =FAFA Y 494 <&

O Forrestal et al. (2003)2] ATE Y ATAIE ML o274 #YZ o] o2&
AZsaA ZA mAds 32 E gAY FED BT FEF)S AS3I
At WA ol A AR 4 THEEAE AA ST A VARG S &
G4 Wgo] #ASHA] 27 wZe FA EEAE B3 AST &SR
AAA Y] AFS FFOEZH F& AST F Utk ASFe Fo] 2] 359 o223 =

1
92 F ASEE AL FAse] 4 3100) oJ&7]W BRIAl AZo] B
Ae dzsan

rr

A gk Forrestal et al. (2003)e] AZAF= F2EA7F ofd 76 mm Z 74 2] whALA|
of thst] 1.83 m &7, 1.83 m ZAolo] AFF FZIZAYE A@A o thst] 43
3t7] Wil TF2E T tElAE o] A T4 Aeirte ZnutE &85t
7l g gk F2E FEAAY WEE Bt ol &8s A e
o710k #AYZo] dFH & FAHS= AARAST k, S, BE WY HAIZZIYE
ZEA 3 FEHFAAE Hriste] olE AST WE ¢ A9 HIES A
<3t of 3ot

AR Forrestal et al. (2003)8] A&d2 AFE 233l 7| Fhd 2 F=4

Al & =
= =
d2 TEHAR = F fle 9%, E5FHY FIIZAYE AFA A diste ¥
J =

Hem =3 uAsAR e FEol oY HEE AsFE LR Addo] 3
HAxo

3 333 Zo] dF FEE Y dE FA U F=AIIT AETE ey
=HAE B7HE A8 A5l 2aj Fa S5 AR E}%O}ﬂl A A=

A slss] ofel ek 3 FEINE WA FESE
2 BE F SRR 1&ABRE B8 FRstaot FAHL AZYH] A o]
AA FIIL AZAI BFAAC] Bl AZWEo] AFEE A 9
ofol M/IMe BRHS AYATE o w35 oyt

BUQOlY AE B APATS0 AP5Y o F AF VYW AZ3tol



23 Qo] olH3 ASVIHOEE oYy W Y3 dFS
o] A&l Hrirt oY@} Fiquet et al. (1977)¢} Stephenson et al.

(1978)2] AFAToIAE VYA FL Hrh A& Hrlslr] 9 n&ive #9
& BAA WY ARtelH S FAmES] #YAFTY AL A=A, £
330141 Selgh 5= glol iR 10,000fps ol3tell A FF= e} welE] A7t
Aol Z=AA% AsAzFel 5 msecol] Tate] 10~507] AEZ w9 Ho] o]F E3)
FANES FPF AE AHe) oGt
§ ]

 FAATY AAATANE ARA W AZe
B A7 719 o WA $EA A8 ABAT AAZ o
SW SolA WAL olm P AN AZseor sl ATH A} Kk

&, Sugano et al. (1993)¢] AFolA= 37 EAG A4 o] FF3 A
FEA dWde] TSt FEZFS AP fdste] AEANR o]F FAEA
& HgA AL S A FEAIS FHAL =T NAA AL FLE
AN AFs 2te AA nALS dAse FAASE Hlasdth old, WA
AR S 29 363 Zol 1 mm, 2.7 mme] g2 FAE Zte dol= JHE A
stol TEAAANM R FA FEol FH=sho] WARA O tpE o]l BASIES 53
o 283 F Al ot AFASE Tl A vAdel thEk uiAA miAbd <
SEES SAFS v, Fristant

"\ Steel J| IT

Steel S

‘ 2 2L

| ‘ 1047012141015

" —

(a) (b)
1% 3.6 Sugano et al. (2003)2] A A H¥EALA;
(@) ZA mAKY; (b) ¥l wALY
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G A MAE WEY AEELE AT FELEE A
(D A7 iy =43 A

(7B Split Hopkinson Pressure Bar (SHPB)

S35 A @A E SHPB

AP A ] SHPB(76 mm 274)= 1%te] 453715 AH&3ste
SE7tA] vdd A5 FEAF ol 7Hedk Arlolth
= &

o] SHPB= 118te] 3715 A A&3sto] strikers AN Z

2= 0]

T M
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Sabot design procedure

1. Determine sabot inner-shape from projectile shape

2. Determine sabot outer-shape from caliber of launch tube

. Determine sabot material and tail shape, or tail length (= sabot mass)

4. Determine a firing gas pressure from (sabot + projectile) mass and impact velocity
- Abel-Noble gas state relation
- Average of steady & unsteady models

v
(98}

5. Check stress of sabot to be allowable
- (Sabot design pressure) = (Firing gas pressure) for SSGG

6. Manufacture sabot
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18 3.31 Wire breaking system
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H4 ol =Z7], mm .
ZELE£S m/s
(7)) x (W) x FAD
52 x 48 x 3 10, 15
51 x47 %3 18, 20

HRE Gl Aol E
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2. AW 2719 FeTA Aol

79}
, m2ZA H A4 13, 19, 28132 25 mm ¢ 37

A<= ?336‘}99\13} Al 71% ’—%‘78‘—7‘0 H]g 12 3t D75 xH75 mm,

=ZEl 29} A 71 2AE

63*8}%1 ™ SHPB A3 Al#
A 5= 66.4 MPa®} 53.2 MPaolth =45 30~200 /s <

7] 13 10, 15, 18(D50 AlA), Zlﬂﬂ 20(D75 A1) m/s

EL£T oA AHo] ZE3JF

gaje] =2 5 JE=

striker Zo] S AAstGE £33 AH 379 FL=A4 A5 474]7} A A7
Ao v A= FEEs Flshr] 9t 22 AE = dis)] F 1088 [iEA3
< TP
37 As FEAINE AF5AY HE
Gmax, mm Strength, MPa Striker 4 o], mm FELEE, m/s
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Mortar
\Gravel 13,19, 25 mm

¥

Specimen Diameter
50, 75 mm

19 338 AF Aol

ZIYE SHPB A8 & T3l 5HASEAL S 47 SsiAe Al & e S8o] 2
< FAPPLHE W= of st o] we, A9 Y F 52 $Y-vI¥E AR
F-¥ Flores-Johnson and Li (2017)o 4] A AIS HHES 53 5HHY AFE &2UsHA
ot E2H & e o ’éﬁ”ﬂﬂr“ A A ALttt £ AHeE FaE AFA
I & & 38% 2t
£ 38 5499 gvolE A%
D75 D50

M G13 G19 G25 M G13 G19 G25
V10 10 10 10 9 V10 10 10 10 10
V15 9 10 9 7 V15 10 9 10 10
V20 10 9 8 10 V18 4 9 6 7

29 AAy A%
FezAel AR Z71e) BAZF APA] Bl vAE G 8] §)5tel
2oz dolA HEAFL $A5A7] WEo] AP AAAL AW dojo] FFH
dEeeie] 9, & ¥ A SHow AZsqn

A Aole] 93

ANE 2F HolAe Al dolo AuiAl o)zt 2 W

A 2FA A dole] AulEQl 2olE FRlstr] sl uisl] Al Z
“=(coefficient of variation, C.0.V.)E Yeld 1 ZE o}

Zo A AT o o]l Al IF HollAe Al Zole] C.OV.e HU o 1%=

$ AHe G Btk mebd A" golo JriHe Aol M AR = I
2 %A gthn Besia



0.04 0.04

D75 group D50 group
s |ERv s |EEwv
2 0.03 - [ Jo13 2 0.03 - [ e
] G19 o G19
g; 1 I e25 é | I c2s
© o
$ 0.02 1 80'02 .
wy w
kS k]
> >
o 0.01 4 o 0.01 4
3 ] - ]

o LAl | | wo | o wn
10 15 20 10 15 18
Impact velocity, m/s Impact velocity, m/s
(a) (b)

a9 339 A dole] HEAT: (@) D75 A3 Aol (b) D50 A3 Aol

- Aol BAEE 4EFSHue] kel 2HAAY WIE S5 L AT
gAA "ok 24 A IF del 59 HU@Y \sAsE UEd I3z
obgfo] 19 3.409F o} I ZolA &1 5 dxo] AH IF WA ¢5%
3 Huigre] A e 2ol A oF 3% w9 Fe FHe R WA Y=L
5 oA rERo & RyHon AP AW T FFL FA AU B
st

0.04 0.04
D75 group D50 group
1TV 1 ™
0.03 o 0.03 - o
{ [ G25 {1 [ G25
0.02 1 0.02 1

0.01 A

I E . -lﬂ . H H
10 15 20 10 15 18

Impact velocity, m/s Impact velocity, m/s

99 340 YHEAT HAgtel WEAS
(@ D75 4@ 7Ao]2; (b) D50 AF o)~

C.0.V. of maximum incident stress wave
o
1

C.0.V. of maximum incident stress wave

(=]
L

R o [ S



(h 74 F=43%
O AlgA AA
- A FEREEE YR PR d2 FAYE 72EY 44 F2ERE AAEAL
™, o]F Alae 3§7] 2 457]19 A2 =92 APR(Advanced Power Reactor) 1400
AA2S A 252 AFA = APR 1400 LA o] Replica A4 2 &
A g3kl 2.4:19] Aol FAHIE FA&ste] AASAH Y F2E D AFAY &4
= & 39¢ 2, AIFA =1 19 3413 A
- ZTEAY T APAY AFFAAE BEHo R sty wlg T gHo] dAsHA Hot
olo] W} AFA AT AR eFe ko] WG = a1, o] A5 HA S yF
A2 FAdsA H7E F Ah °1% WA 8171 H?SH A - F7L EAskE A FA

IR = 7 mm T4 LIAH

A

X 39 EA

—~
)
o
!
BN
i
it
>
ok
2
.|
oL

APR 1400 A A

A T3 E =, MPa 42 42
HZ g5 S, MPa 400 400

HA FA, m 1.2 0.5

S R D57 D25

2 A 24, mm 305 130
AU, % 0.92 0.86

(H¥) x (FE75), MPa 3.65 3.45




O

Front
C.L 75

i 10

2100

Steel plate

1 7@130=910 —
65
2100

A r

@p TARA A

AUAFS WA FRFe oJa) A I wong AGT FAAFHNE I
A o]E HEE T AdS48)o] Q3T wilA o]E mH st WAA 9 5
e 19 3423 o] 3THE ARSI APS FHEAT FRIGE TAA |
T2 AAsH] Yt WAA 278 2 FAAGFES AlsERA AL EARA A A&
SS2757F A = A&t 53], Sharp missile®] 7 GRS FAoE Q3 AlY
A HFE2 FAsts =5 F52 o] AsHA 2D = 9o 77 &9 A&

SHA T



©)

R100 /\ R300
el / ;
f
o o
3 5 >
o
@100 @100 @100

(a) (b) (c)
19 342 AJYAF FrHA P wAbA A5
(a) Flat missile; (b) Blunt missile; (c) Sharp missile

FEEE A4
196213 0] = W] FekAba, 20019 911 B2 WA AekE 9 AR AE ] 5
g dF71e £=+= 242 103, 150, 210 m/s®2 A oW, dRkHow FF7|7 &
5% A FESEE 100250 misE FeiA Utk FUAT FHIBAAE BY o]
o Ao A% JFS WAy Astel wWEst L BEo) WYINA BES FE
=2 ATste] 90~120 mise] WM HPL FAsAT

£ 393

WALA A

AR FROl ME FAAS WS As) ZA vIALT vIFA 0ALS AgSte]
2229 ¢ +33gich ZA 14L& DOE-STD-3014-200601 A A€l A thak 2A}
Al 437] ?ﬂ?ﬂAkEEi ARsPom, A o A E 2 7570 AgHE H
Bl AzIQ RC211-535E4¢] AXAFZER HAAT. I8 3.432 3

9 g Ao BAEE HelzEth AAAZEES F4 U7FOR ARS o

| gApE 2418 A g3tel AAE HASGOH SS2758 A
g3he] ARG WA HAFY S B3] 2 H(C1100-BD-0)& AW she] ZA| )
A3 FAT A4 2 AFL ZEES ® 3109 2 A5 HAshTh



B Az A=

343 EAF tid AL (a) E2=2E o] 2 RB211-535E4 Bl X

a4

(b) E2F0]2 RB211-535E4 E|

BE

A Ak 8o H A v

% 3.10

o | O
0 | ©
mgoo
— | =
F o | o
ﬂOOOO
aglia
o0
=123
o | o3
.NE44
?
()]
Lo
BSE
K [ RS
Sl
—
(@)
bo
~
W%
<
Xfo
E
® =T
ﬂﬂo‘Vo
nAr fal
]
|
%ﬁ_
}Mr
B| ©
=)

uze]
)A

i
4

o

B

39

B

5O
_61:41'5"!‘

5o thste A

1 100, 150, 200 m/s¢] F=

3]

%

=4971¥e ASs]

1

;00

=487

Ko

B ol TAA 9



L

ol

gk # 3.11

J

R

P
T

o
=

J

;OE

AR FF L FESEE WSFE A

1

=
)

7h Al

J

R

NJo
N
el

T
s

3

_04

]

S

A 9 Trolol e, ALY

L —
T

o A

N
N

wK

A W AS7

&
=

skf Al

o WS 57

= AIEA =)

ol A



¥ 311 FA =49 He
] i TAA | L A% A9 =
2e | agwy |Awa | DOV R eaag | TR gkug [aeme | sE4s | AgAan | we
= o kg ° A 9 Az Az A=
536-Flat-V123 D100 x 1580 120 O O O - @)
Flat
S41-Flat-V103 cylinder 100 O O O O O
S41-Blunt-V124 D100 X L583 120 O O O - O
o ] RC R100
wa | SAIBunt-v1l4 panel 5275 cylinder 35.5 110 ) O O ®) O
$39-Sharp-V124 120 O O O O O
D100 X L655
S39-Sharp-V115 Sharp 110 O O O O O
cylinder
539-Sharp-V88 90 ) O O O O
H-V100* 100 O O O O O
D85 < 1.980
H-V150 55275 Flat 43.65 150 o o . . o
cylinder
n H-V200 RC 200 ) O O - O
A9 panel
S-V100 100 O O O O O
D85 % 1.860
S-V150 Clg?g_B Flat 43.63 150 e e e - e
cylinder
5-V200 200 O O O - O
*FERET &Y AWE AP Y5 F 28] AP




71 B3 #7t

o] HZ

o))

[e)
s 5

O 7 A9 Al°]

3 3443 2t

1
)

Uel &= 52 %7144 (dynamic increase factor, DIF)

O D530-M
D50-G13
O D50-G19
#  DB0-G25
@ DvV5-M
D75-G13
@ Dv5-G19
® D75-G25

=3
'Y

2.5

yiBuans anlssaldwod Jo 4|q

200

60 80 100
Strain rate, s

40

20

N
Nlo

719k Fw2ZA H Ao BA

D

3]

O Al

oY
o
oy
o0

i

#o] Albert and Zhang (2010)¢] A

!

Pl 98 24 313
(multivariate coefficient of variation, multivariate C.0O.V.)

S

=

O HEAS
stH 19 3.459F Zrh

1

5
yul

(?l_

(3.13

p'Zp

(W)

Multivariate C.O.V.



D75 group

g & & |-
= o ]G3
Z > = 619
$ 2 [] * O 0.04 4 I:l G25
= ’ % U
2 | oe ‘E o
2 o q‘ I e S e |
a a @ % =
£ & a n g
8 1.5 A =
w5 @ @ D75M 2
) o =
w ] a  D75-G13
s B D75-G19

% D75-G25

1 T T T LI
20 40 60 80 100 200
Strain rate, s Impact velocity, m/s
(@) (b)
2.5 0.06
D50 group —
= o 8 v
=) o ]
g & @ O _ [_Je13
% 9 8a ke B ?004 (] c18
& = E B 5 1 o3| ]

2 crgt G BB g |- e H
a ] . © a ER ferlci = :
2 x W ®® o m@fﬁ 4 = Y N .
£ D@ % | o T
o 1.5 I=r=Any ] £
o =0 = 0.02 A
5 s O D50-M 2
T a a  D50-G13
[m] O D50-G19

#  D50-G25

1 T T T T T D . H it t
20 40 60 80 100 200 10 15 18
Strain rate, s Impact velocity, m/s

© (d
a9 345 AdAe E4H43: (@ D75 AF Aol=9 FHZIHIS
(b) D75 A& Aol2=e bl HEA T
(0 D50 A9 Aol FAS7HAS (A D50 A Alo] 29 vyl HEAT

A8 5 ke A ojue
EF WHS ASTM C39/C39Mef A
3

-
Fe 74 $e A on BY



2% 345904 BE FeEAl AuX ol wlek A2 e BHZASE Jehe
Ae HAY 5 Atk gk J1E ARFEAYS go] YT A FRERG Fe
FeBAE A8l de Ao FAEHL A FrE YPHOE Y 4
Aok F, A FxBo AEHE FLBAES A8t 2P FAPshE o] nok
AR Fe ARE S F UL 2o BuHn

AvHoz, B AT ANG HHE A FRE AET HUH e FeBA
g AHgET O FeEA AdAse Az 3t HE ARAVE S AEE
e AYAAE 2e 5 U

7t Age TESE ASATY NIA FIAYEAE, BYZe] HAY 5 T8 AF
Axe #3120 895tk Wire breaking system AZ7|HE A3 & A=
JHMEL ZEEEE A2 M3 AZstg e S39-Sharp-V88e Ad-S A3
IE HEEE U2 AA DAY £E7F BAE ] Aol tiAHoRE H FYE
Ath. Wire breaking system A7 A9+ SHLF7F UM AFEHIAC

g5 44 SR i Aot At ® 31204 ZAYE GEFEE
150%300 mm FA A thte] 15 AFF=E FYstel ZHRYT SYHOD )
8 drE 152 BRG] IFUE ¢S4 YEANE Pl Agstar

o

Ao
gatHd 2 Bl o FFAF
346 ~ 19 3523 o] ANPA AHF= FE FH 2l
& Bl F FTol LA, FHEE AFA FHORREH WAE +4
(Radial crack)o] A8t APl Ad 2T FAREZF Hole As &Us3

=



(a) (b
1% 3.46 S36-Flat-V123 A3 F A A e (@) AH5 () FAF

@ )
9 347 S41-Flat-v103 A8 F AFA AE): @ AW (b) FHR

(@ )

19 348 S41-Blunt-V124 23 & AFA AdHl; (@ AHFs (b) FHF



(@ )
19 349 S41-Blunt-V114 29 & APA e (@ Ad5; (b) FHF

@ O
% 3.50 S39-Sharp-V124 23 & A AA el (@) AW (b) FHE

(@) (b)
1% 3.51 S39-Sharp-V115 A% ¥ A@A A=, (@ AAF; (b) FHF



(@ ()

19 3.52 S39-Sharp-V88 A3 & A @A H); (@ AHE; (b FHF



3 312 Audy 23 gk

ANPA FEF H9,

== m/s 3& -
_ _ %i E TET—= [
awsy | G aggel, | 2% aaee™ Wz
’ 2% | TTL | Analog | Camera | Wire mm = = A]° Aozt
_ Ml 9kA =]
S36-Flat-V123 35.80 120 [ 1367 | 1231 | 125 | &HeF | 1269 310.9 - - Tj ;iﬁﬂ] j it
S41-Flat-V103 100 | 102.8 | 1024 106 196.1 94.1 377.8 0.4 3.3
Hy d =]
S41-Blunt-V124 40.53 120 | 1239 | 1238 | 121 | 1357 129.5 267.9 - - B £iﬁﬁ] hatiaae
S41-Blunt-V114 110 | 1135 | 1135 116 SHF 115.1 340.6 2.5 5.2
S39-Sharp-V124 120 | 123.5 | 123.6 127 8.1 267.9 295.8 5.6 9.8
SEHAGAA AFA
S39-Sharp-V115 38.05 110 | 114.6 | 115.0 119 SAHF 252.5 162.6 5.9 - of FzteE LVP uof
A7 Bzt
S39-Sharp-V88 100 | 87.6 87.9 89 SHLLTF 183.0 268.9 0.5 2.8
) EERE £
TTL : HolA zHdAe TTL A& oo E B3 A=
Analog : #lo]A A obdE AT E FI AS

Camera : L&7)vle} 89 A & AS

Wire : Wire breaking system< o] &3+ A=



O AgA| FLHF HY &S fg LVP #9e vk A S 98 Aojx] Ay ES
Sampling rate7} 1 MHzel 23t 1A% HoOlHEZAZ Ea) A= o$ s
Sampling rate® 28] AZLHo o]=7t tha WAty Ideal filterE 3 o o]
2 PHES sg stoitth. ol Ideal filtere] Cut off frequency® WHe 4HgS& 9|t
Aol HPFELS 10 kHz, LVP tﬂ—r]“ 100 Hz2 HAA3}GT. HEHLS F3ste] o
= 4 él'é.ﬁé LVP AlS4a%+= I9 3533 a1, XA vo|xze] F ¥ AFH
= 1% 3548 Zo. LVP AZFe A9, HAx AP S36-Flat-V1233}
S41-Blunt-V1249] A3 3 Al wid T dAo] wpE LVPY spo] BT F gl
of WAy FAARE F2sty] & LVPE Al gA| wjde] F2HslA] gty 1
2] 31 S39-Sharp-V1152] 73-% 4 msec7FA|qF AlZH olE 7} =AFE O] d+=H], o= Al
A o] F-2HE oy A 171 4 msec o] FHE AP@AZHFE "ol Uztr] vl
AZg wlolee] w7t glo] A Blolh

10 —e— S41-Flat-V103 3 —e— S36-Flat-V123
1 —— s41-Blunt-vV114 = —0—  S41-Flat-V103

€ 12 4 —=— S39-Sharp-V124 S —a— S$41-Blunt-V124
€ | = - sso-snap-v11s g 2 ;:__ zgszt‘::pv\;:;
% 8 N ::ih:;ﬁ;/zio /E/_E ;\B\S\ﬂ% % 1o — 0O~  $39-Sharp-V115
§ el g 1 /g/_"“ Na ; $39-Sharp-V88
E‘ 4 P o e " " ‘G - \\ —B-~g
S G - @ o= N !
B g% 5 N o
o - e € 0+ R,
g 04 5 R

|9 %\g

-4 . . , , , -1 . . . . .

0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec
% 353 4 AFE ANFA TSF WS a9 354 2 A3 A=A Folzef F FH

O 19 3539 A@A $H TYHF HAE HH 7 43 25 HAHA7 #do] T5
Hol WAAIZE BAIGE o] Fo A= e B F Yo o|EHE HEtAFES T4
sz Akt FRE olFol Huggel =Y BYH o AFAFAEE
nelths A AP & Aok 281 A FRYPo] Flatol A Sharpz 255
AWa9)7k Z74ske] Sharp missiled] Tt 571 F718 +5 AMAsizh F7hs
B2 2 5 Atk ok WAT BYWOZ 252 W AS X AFA FA
b grobl whek FEFW FRIAeIN FRIANA W0l 2 LA GE
o7 ®og

O 19 3549 Wy 244 g

1 msec 2HoNA B3 2e Frle] A&l WA Hiw ol
AGA g meldol wHH ofs WA QWY WU ZAgstel WA
3 )
]

Aoz pardEth 1 Folt 4E el WS v 8 msec o] Fol o] WA
sed, ol 2719 FAAT olF ARAEF 95 Hols AFY o B



o}, 18] Sharp missilee] Hof 2L Flat 2 Blunt missilee] 73Xt} o] 3o ut
AsHA e ole A@A JHell A= FAstE o] Sharp missiled] 73-¢- F5F XA
7} AEA JAESs Ho 435S HAA7I=d Flately Blunt missile2th A8
Aol 47] Eo 2 FdHE

I
NG
=
ic)
p)
j(\
N
oL
o
of
ol

al I Ao AR Wle] AlRteld S 17 3557 o,
PAA FE AFHE DAL AAsk] W7 © ol SUMeHAl e B TR
ANAZRA GEPR AT T1E)an BARA] W98 AZtel¥ e 2] 3.12] ©le]E Smoothing

& Tl EAAY] TSR AIREolH g AlAbstar, o] WAMAlY] AEFS w3t
HAET A= S4sr59 Ateld s ARrtsigith. oluf 7t&x Ateld e Al
AbsE7] 9RE EARA] d Lo AlzkelE dHolEfe] IHA L 0.05 mseco|th. ZLE]al A4k
g sA4stE Aldolge] BEAde &AQlsty] fste] JHER Atolde s AL}

19 3.559] EAA 345’49] AZtolE Hlolg ot & dAs=A AdYe Hastd
FAstE e Adeld 2 19 356 ~ 3.629] (a)ok HEHI S ol& v A &S|
18-S Bl :lEHEl:— 19 356 ~ 3.62¢ (et 2a 7 A¥E=E F =
7F M2 wle- Hltek] SA4skF AlzbolHol AAsHA AEAHL & ¢ Atk

7=~ | —e— S36-Flat-V123

— O— S41-Flat-V103

o- % —&— S41-Blunt-V124
—&—  S41-Blunt-V114
—&— S$39-Sharp-V124
—0O— 839-Sharp-V115
—e— S39-Sharp-V88

~
o

€
€
€
@
£
8
®© 140
o
[
]
Eo)
7]
]
=

2 3 4
Time, msec

2% 355 n&THE ASIES B A WS Agrold




4 160
| 3 .
23 - £ 120 e
2 UM e
g [0)
52 A 8 80
g A s
£ o
-1 V— g 40
\ = Test
— — Integration from impact force
0 T T T T 0 d T T T
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@ )]
9 3.56 S36-Flat-V123 ARAl AlZkel™; (a) T43ts; (b) AMA 9
4 120
A E Pl
z 3 = 90 /
- N Q b
/\ /\ | : :
82 41 3 60
3 ]
E Q
1 v ‘a2 30
\ @
= Test
0 ' i i i 0 ' - —' Integr?tion fro:n impact force
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@) (b)
1% 3.57 S41-Flat-V103 EALAl AlZte]E; (a) 524 sks; (b) TARA W
4 160
: -
> 3 = 120 7~
Eﬁ ] 5 i /
/\4\ AW, : /
S 2 A 3 80
B 73
E o
1 ‘@ 40
/|
4 L Test
— — Integration from impact force
0 T T d T 0 v T T T T
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@) (b)

19 3.58 S41-Blunt-V124 EALA] AlZEelE; (a) SA3tE; (b) HAA] W<



Impact force, MN
N w

N

Impact force, MN
N w

N

Impact force, MN
N w

-

160

-
N
o

| 7

80

40

Missile displacement, mm

Time, msec

(a)

Test
— — Integration from impact force

-

T M T
2 3 4
Time, msec

()

% 3.59 Blunt-V114 ZAA AlZEol™; (a) S48t (D) EAA W9

280

N
-
o

iAW

70

Missile displacement, mm
-
N
o

Time, msec

(a)

Test
— — Integration from impact force

T M T
2 3 4
Time, msec

()

19 3.60 S39-Sharp-V124 ®EARA] AJZEelE; (a) FAskE: (D) EARA W4

280

AN

N
-
o

a1/

Y \/ \/

N
R

70

Missile displacement, mm
-
N
o

1 2 3
Time, msec

(a)

1% 3.61 S39-Sharp-V115 AA Alztold; (a) &4 35

Test
— — Integration from impact force

L M L
2 3 4
Time, msec

()

(b) EARA H 9



280

w

N
-
o

140

P

Impact force, MN

- N
_
—
S
—

~
o

S

Missile displacement, mm

Test
Integration from impact force

Time, msec

(a)

1% 3.62 S39-Sharp-V88 ALA| AJ7te]d; (a) 54

=

Al=23
< 7+sH, Flatoll A

il

1 Q=)
Sharp missilee] Hoj =4
ML o W
ED} o AA Gy ZFJ %
2700 p2A FME F
o] }Tﬂ Hﬁa z7ae
missile
A Fst

A A %

r{r

¥ 3.139

N
i
::l,

D ﬂllﬂl

o 2 X}Olg A
mm A Al tste] 15 HF=
g Aol A 4=

fJE d=74= =

=
BEE

53]

o) 7.]

Hard missilee] 7
, HiE I, #Fo] A

I

B4 AlREe] Aojxit.
Flat missile2] Aﬂ] = Ast5(4d 3.56,
slz(18 3.60 ~ 139
7+45:31e] Flat missile®] #4Z

| _-?L._t;_‘:q EZ}E,

reaking system=
“E} a8y} Wire breaking system A Z7]
LF7F Wi ASHJEHE dA =
L%Z}EQI A dudds FLskA 150X 300
O

T M T
1 2 3
Time, msec

(b)
(D) EALA W)

4

3%

yd3

iﬁ-1%$%
=

SharpZ +%

3.62) B}y =LA A
1o]7} Sharp missile
X, Flat 2 Blunt

HkH | Sharp missile

%%ﬂEw.Q§
aofsiglt. &
ﬂﬂd%%iEﬁEﬂ%

H

_04

_3}9‘13,_ Ea?ﬁ'gi i gte e
BEE ANF@A 23

100 m/s, 150 m/s, 200 m/sol] ©s}ed zZ+z+
E TR FREAo] wAysHd . vk, Soft



O LVP ®9je}t vhe A4S 93 AlojA My EL And @ FLdsHA ASHAL

1

missile®] 7§+ &= 100 m/s, 150 m/s, 200 m/sell thdte] Z+zF BYAF, wiAT}
&, wiH 7} ‘33‘3}04 HF2 BASA Fgorn T AW, &£=9 Hard
missile?} H] w38} & ard missﬂel‘il?} TR AEe] d A= 7]E Sugano et
al. (1993)9] A+ Ea§ 73‘50 o] UEbS Ittt ol AAI S WE o] A
A Stol] wel RS AR FElr] wEolgtn B 4 vk 18]l Soft missile
o] HPEARE AL & Qe FE T ‘Q/\Ml/] o] 2% 4= 100 m/s, 150
m/s, 200 m/sol th&te] Zz+zb 55 mm, 83 mm, 163 mm& A= OiE‘r. ol&= A 860
mm Zdojol thsle] 6%, 10%, 20%= &=7F 50 m/s¥ F71Er-E oF 2818 F7}el+=
Ae FAstAtt. wHAT HAF ZP‘”]% Hlwsf 2, 100 m/S-J £ =04 Hard
missile thH] Soft missile A&o|A WA FHF AYZdolF Hl= 61%, 150 m/sol A
= 50%E °oF AWMALE FHAFo] A4S el

Hard missile2] 200 m/s = 2o taids TFo] TSI AJZ o7t 45
A 7] Wil #E5ATS Brisly] fste] #F T IS £EEF ASSAh
ol LAA Y] TF F HE& duAFAgNA AFHE &I ASVIHE 83
o 2JIFoZRE ASSST

o 5

i

O]

AN
>
o
lo

>£

ol FEHEE FY3}A Ideal filtere] thdte] Cut off frequencyS Alo]A WP
10 kHz, LVP ¥+ 100 Hz2 AAsdch EH S F3sle] 4o AFA 54
W= I9 3638 2o, ¥y S {3 XA golzeo F e A4bAw
a9 3.649F Zrh olw AFA FIHE WHSe dRAdd o v 1y 3
ANEA 1A ZH Y AA e HAFFS AEste WHOE N, AlY
Z# ¢ THo|E LVPE F7} ¢

AZ HlolH 25 H At & APA TdF HAE ASsA

2 e e &

il_‘.‘
K
o



22249 mfs FAAT A=
SEL A1) .
4¥9R | AR W, N T S N
MPa E® | TIL | Analog | Camera | Wire MN BIARE | #Y Ao, A
4%, mm mm &5
mm

H-V100™ 1.033 - 137
DEEESTE

H-V150 0.615 i 3} 4 - 391 o= LVP 1
A Z
DR

H-V200 zx0= | 1959 7E - - oz LVP 7

49.43 A=

S-V100 =R 0% | 1.658 55 84
DEEETE

S-V150 1.128 83 197 oz LVP 7
1=
DEEESTE

S-V200 1.075 163 240 %oz LVP 1
| =

) SR RE S5
TTL : Fold 7¥AA12] TIL A& elo|HE E3 A=
Analog : #lo|A ZIAHEAY ofEE AEE T AF

Camera : 11&7ve} 29 IS 5 A
Wire : Wire breaking system= ©]-&3% A=

) BEEE SF 4NE AUPS SISkl F 28] P



Totoal force of back pipes, MN

10
—— H-V100

1- - s-vioo
6 /
4

2 /

0

Target displacement, mm

0 2 4 6 8 10
Time, msec

% 3.63 H-V100 ¥ S-V1009] AlFA F4F WY A=

3 3
—— H-V100 —— 5-v100
— — H-V150 — — SV150
e—e—0 H-V200 e—e—o S-V200

" ! 7 TN —

</ \\
0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec

(a) )
I3 3.64 HAMAH =5 ¥ XA o]z 3¥; (a) Hard missile; (b) Soft missile

Totoal force of back pipes, MN
\
)/

O ¥ 3.639 AlFA F4HF WLl 49 Hard missileo] Hdl 10 mm =2 3A &
3? b Soft missile?] ZA-$olE 0.7 mm AEZE Aoz uj$ 2HA LAY

31

O 1% 3649 AA voj= hHe AT TAA AF D FEHE0| tiste] Hard
missile©] Soft missile2t} 7] Ho] == (F4)9] ﬂﬂ] 1Ry N2 o S 1 [y A =1
AA A FESEETE ST HAY EY fhol hste AEFES Btk

O Hard missile A&l thste] 13 3.65 ~ 13 3.673 o] ou|A A &3
L7k 29SS 8l TARA W9 Ateld B FAstFY Alzteold 1Y)
A4ksER T H-V1503 H-V200> EARAIZE A Ast7] dell nigkEo] EAAE 7
2l¥Ho] 7453 ARl AR WY E ASsY FaE, Soft missiled] ¢

LALA 7F FEHG oA HEo] AR E WAA do|HE TSt 7S =T}
T 28 FAstFY Ato] oy 9] WE A4S AIE U

R

[K

baorlr



160

120

80

40

Missile displacement, mm

600

AN
[$)]
o

Missile displacement, mm
= w
(6] o
o o

\
w

Impact force, MN
N

N

1 2 3 4
Time, msec

@

19 3.65 H-V100 Alztold AZ; (a) EAA W9 (b) =24

Observation limitation due to debris 4

w

Impact force, MN
N

—

A

2 3

Time, msec

()

ol

Iy

/TN

: : i .
3 6 9 12 0 1 2 3
Time, msec Time, msec
(@ (b)
% 3.66 H-V150 Alztels AZ; (a) EAA Wel; (b) F43%
Observation limitation due to debris 4
600
IS
3
E 450 =
2 =
g 8
& 300 L2
g ?
° / 3 N
Q9 =
2 150 1
= \/’\
0 . . . 0 T T .
0 3 6 9 12 0 1 2 3
Time, msec Time, msec
(@ (b)

19 3.67 H-V200 Alztold AZ; (a) EAM W9 (b) 224

Ol

Iy




O F TFY TAA sty 2zt Ao AFA A, THF AP FS 17 3.68 ~
3.737% 2o}, O8]l $HEVE A=A st E H-V1I50 2 H-V200 Aol o
A B AP siMAH FroA A AlEdeld Aiet A vlwste] AlE
A FHF g FGiJo] s A3 7] &R

[N

(@
9 368 H-VI00 A3 & AlgA del; (@ AHE; (bh) THAF

IR g o
' = i ,
O EEEET )
Foalic |l 1
B | =0
i C e
B AT

—

@ ()]

19 3.69 H-V150 A3 & AIFA Zel; (@ A4 (b) 5



)

)

a

(

a9 3.70 H-V200 23 = A

A GH; @ A

()

@

a9 3.71 S-V100 &3



@ S

1% 3.72 S-V1S50 A F A FA dE; (@) dHEs (b) FHR

@ S
9 373 S-V200 AF T WA e (@ AR (b) TER



(W s=s14 Aledold 3 3 23

© AP AH AgAIA Y
@ olgn BAAF A% =Y

ih)

]

- AdAze} iy AJEH o)A AAE nwstr)ol A, ZA| vAld el FEof Tk #
U A& Forrestal et al. (1997) 59 A& o]&24 mdo] AQtx o). wela] o]
27 mdo] ActEo] glormzg AY M AHe} fEo] o2 wdio] HuE ¥

{o

I YA SA g 834 A5 s 488 3 5+ Uk

dzole o]EF =22l 4] 3102 BHAY FAE FFHE 71 S Forrestal et al.
(1997)9] ATE 3 F=Fo] o] 42 AA A A A= AMAT 5o 9
< v YA Lol FAA FA=E FYZo] d o) vz 82 5 glo B
Aol W7F Bt A5, IF 3.747 o] AFA Wl HFT #dZHol, AEA
He o] AlZte] WE WM& TAT dFS vXA Hrth webA 2 3.10& FA)
of that #AATH 7l Z&o] 7M™ M9 H e WslsY MvAT IS
HA G 7tsto] ofgT.

[¢]

o

Forrestal et al. (1997) AEAH

Forrestal et al. (1997) AlEA| 2 O| 717 g AbEt R
9| 7Hg At : :
Al
=
A Exyo El
PRt £ 7
..... A NS 4
............ >
RN P
........... v HFA"X‘” XEAE
A AR 9] : s 3
P=A-§ : & AN #Rlo| Hate

& AlEH 2l He
P X 2O

= ﬂ'dz

(Sf. + NBp(V =V;)")

(@ A aee] IF (@ A e Hakeo] 9F
h ]

o
of
w
\]
>
r o
hinss
Al
offt
=2
=
e
e
r]I.
)
offt
o
o
)

- 3 3142 Z dndd 2 B9 T8 AR A AdA de 3 Hee) s
HF Bdzlo] ¥ FEHAAEE tF vlES A3 Folvh. AFAA=ERE A AA
Hee AT BUol 24%C1U, ANEA HEE2 FEHES] 14% oWz v A
< HES AASt AMAETE ddAs & &S FIAA ZFe e =
2kA o] 4 3102 FAol tik #UATHI FE8E F A



HATE A
Ehk ANBA W | AFA A9 W |l
mm % m/s %

S36-Flat-V123 - - - -

S41-Flat-V103 | 0.4 0.4 0.2 0.2 5 .
S41-Blunt-V124 - - - _ % =5 and 7T
S41-Blunt-V114 | 2.5 2.4 13 11 ]
S39-Sharp-V124 | 5.6 2.1 1.6 1.3 P: #3499 Le]
$39-Sharp-V115 | 5.9 2.3 16 1.4 Vi daA o] FE4E
S$39-Sharp-V88 | 0.5 0.3 0.2 0.2

]
Aol A Bl a et
]

TR e 2AAT k& 2R} oluf k= Li et al. (2003)2] A+

10e %A HAATNA AWE AT o] WA TR AFA A=

_b‘u

g B ATel oy dnaaee

o =

A AL k, S, Boll 9 AR =} Forrestal et al. (2003)2] AFoA= =
EAYES Sty I AHE FE o] ZHAEES ALsA oY, o] AFL v
fQ1 FEEATE AJAZRE I gho

o] ]
g3l vt2 2 83t7] offth weEkA dn] AFARE Tl o] 24 o F2] <

TE

A @A

AHA

HE dIZAYE FA o H87bsd o83 4e AdstaL o8 49

=

oM Aetet 4 3.8 FEN=2 TGk ky, ol TS A RE v Ao FHstE A

A)zko] o

o] 0.158 H7}=E Ak B ky, o thske] Blunt missileol] thai A= &84

atglom, 19 3.755} 7o S36-Flat-V1233} S41-Flat-v1039] %2
matal 4 359 FAsFe) oy 4Hae) 7] FATe ¥

d8d

815-2)

aE 3t

A3, I9 3763 #Zo] 7] F43%% VS & dSste AS st

N

—— Theoretical model(k=0.15)

—— Theoretical model(k=0.15)
— — Test

— — Test

w

Impact force, MN
N w

Impact force, MN
N
T ]

-
n
—_—
-

0% 375 ky, =0159] 0§ FAeF Aztol

N
w
N
o
-
N
w

Time, msec Time, msec

(@) ()

)t

vl ; (a) S36-Flat-V123; (b) S41-Flat-V103



—— Theoretical model(4=0.15+0.134)

—— Theoretical model(k=0.15+0.134)
— — Test

— — Test

w
3
w

-

Impact force, MN
N
s
L _
Impact force, MN
N
——

N
"
e — ]

Time, msec Time, msec

(@ (b
1% 3.76 ky, =0.150] i3l Blunt missile 43232 284 B7}E (2) S41-Blunt-V124; (b)
S41-Blunt-V114

- mhef WALA 7} -9 Z) o) (Crater depth), kd WHE HE#< o] FohaA A7 AR &
W7hA W= FAstee S5 ASHH HAUgd =28t 7] S7Ht sid g
et 27] F7FIEe] SAskE Y3l EARATE BEE o] A G wjrhx] o] EALA
W el P dol(kd) = 4 3.143 e AAE =t

4km
zdSf,

P(=kd) =V, (3.14)

- u|dE F S39-Sharp-V88e] #<YZleol= 183 mm=E 2] 4.4.2¢} o] A== Sharp
missileo] &k & k3 A viszsith whebA 4 3149 #AE A8 F JAHIL °f
ZHE 2] 3109 #dzlo] o224 AAHAF SE BHUIY 7 Ank. 18 JriE A
A @7@74]—’]: SE= 511011 o] & A &3] WALA ¥HY < /\]7]-o]eﬂo]] s 282

shoh o] 24 Mmstelnw 1Y 3773 go] F S FAT Ytk
200 4
—— Theoretical model(§=5.11)
= o L — — Test
£ 7~
E 150 23
@ s
© 100 / S 2 /‘
a 3] I 1
g . / g \ ! <7 ) ! ll
= I 4 \
2 50 =1 — /-//(,/\” - '
£ , | N |
—— Theoretical model(S=5.11) \
— — Test / \, \
0 T v T v T T 0 T A T T T
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@ (b)
% 3.77 S=5.119] gk V39-Sharp-V8382] &4 HlxnL; (a) e AlZtel™; (b) T43+%



Missile displacement, mm

- 2 3108 AAAFT F obd AAHA X Al BE ANFA A5 AZATH T
H Agolth. o] & Sharp missiled] W A3 dae} vlustH, I8 37804 & 4 Sl
o] Sharp missile®] #UYAFN= AG B7F & F&S v XA E3t) o= B I

z }
BA

j—t

[¢]
ko] 2] 3.62] Sharp missileol] th3F Fxpd o] FREA AG(N) Fho] 0.1062] 2+ 3
o2 Q3 7AsHr] W&ot

Missile displacement, mm

280 4
%-_e- e—e—o Theoretical model(B=1)
L —— Theoretical model(B=6.62)
— — Test
210 3
Z
=
(l; )
[8)
= I\ 1\
140 / *g 2 l“\ 1 - I\
8 Il 5 I\ JA
1 o 47V T [
£ / v \ \ / \
70 ~ 1 /’* 1 £ / / /
©—e—o Theoretical model(B=1) \» ’ !
: — Theoretical model(8=6.62) , !
\
— — Test
\
0 T T T T T T 0 T T T 1
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@) (b)

1% 3.78 V39-Sharp-V124el tigt B9 ¥ (@ M9 Azteld; (b) T435

- WA BE B3 B 98] N gho]l & Flat @ Blunt missileo] ™3k 2 &4}
ZHY 6.622 HriEJdr 29 379 2 19 3803 o] ZHZb Flat missile, Blunt
missilec] thstod LARA] Weje] AztolHe & AFHe &+ ATk

200 200
/?/e__ 1S
150 td € 150
c
I [}
/é/ ; -
100 O 8 100 Pl
5 -
J S J
o /
50 2 50 a
©—6—© Theoretical model(B=1) 5 ©—e—o Theoretical model(B=1)
—— Theoretical model(B=6.62) E —— Theoretical model(B=6.62)
— — Test — — Test
0 T T T T T T 0 T T T T T T
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@) ()

9 3.79 B=6.62¢°] t3t Flat missile A @Azo] =4 H7} (a) S36-Flat-V123; (b)
S41-Flat-V103



200

-
[6)]
o

100

Missile displacement, mm
(&)}
o

200
/a/e-’— <
o E 150
c
o O
;/?/ ;
3
> & 100
o
2]
©
/% 2
@ 50
@—e—o Theoretical model(B=1) 5
—— Theoretical model(B=6.62)
— — Test
T T T T T 0
0 1 2 3 4
Time, msec
(@

L

/

— — Test

©—e—o© Theoretical model(B=1)
—— Theoretical model(B=6.62)

2

Time, msec

()

3

19 3.80 B=6.629] th3F Blunt missile AdA7o] o&4 H7); (a) S41-Flat-V124; (b)
S39-Blunt-V114

- A HEZIYE gid A Ao disto ﬂ?ﬁ
o) AARASG k,, =0.15, §=5.11,

Aol tg 24d71He] gd8e

B=6.62+ %

37}t

_l[}lr

Aspobe] vl @

_4

=)
o >



@ dnisia AEHeld 3 3 At
O =223 W4

S Al REEAISES 98] A A Folzof] AP E AR E HAstH g S g
}Ei‘i‘r whA] By He o] AFA ERE ofygt AEA 14 Y F AA
o|Z7}A] E3F8IATH
=S 12 2 1/4 248 A diAHA A HAst= FAARNSRE J?‘& constraint
a7t S ATAE dFsteE AU s JenzE O9 3813 Zo ful
modeling-& 43339t

A:H Jln o{N'




© A LA 2
-8 A&
. 24

HA

= ¥4 3 Sharp missile?] E7}E2L HAS A3 nddygstry] st &
UEE 5 mm 2719 88H solidE A&t

a9 382 A mArd mdE

- Aard

o BAAY ArRDS FA BAAY] A AP o] Ao BAYsHA °-“;EH:— 7}
“g3toll MAT1 Elastic 2&-& A&ttt olw) SAFE dvbAd Ao &34
421 200 GPas st Th.

© ANEA 2dd - 2a8E
-8 4
o AdAe Z3YE Fo 94F =Y Lagrangian solid £45 AREEH L, HAL

N

o] BPAFolA 249 ef=xel o3 a2 o7} FASt7] o] Mo 849 F

sEolY FHIHE Fo] A Fol =23t 84 E AHASHE erosion 71HE A&
IR erosion criteria= 71€ N ATE FHadte oy W S FI
AEgHoR ¢F, A FHIE 0322 HAHI}IY.

o TARAIZE %%‘6}{— e 84 A77F S5, TAA S B =5 erosiono] 2| s
847F A" F 1 FHell EAske 840 BAl HEFsHE wHol O 11 AlZte] 4~8
Holl whet TALA Y] #Yoll et FAYE 471 d&EH 0= AgstA XsiH
Qt‘r olglgt ZAE Q& #AATo] & BAHZA & 4 Qo] Lagrangian solid

A5 AR A DAY FERE 849 AV7F A A RdE FHojok g
E‘r. kA Q4 =7] 30 mmol thsle] 19 3.833 o] THEE D-E Q4 F
718 £ 15 mm, 7.5 mmz 2 H3A}.

L o]



9 3.83 AgA =dE

2928 MAT159 Continuous smoothed cap modelS A}F83}% 0™
# 3129 S E A4FAAE AFvoHE JHedth 1 9 2AYEY 35 &
Ao e AsS EASEE o2 SR HES Y Bd AAdA AFo R
BAeE e A

@ ANFA 2dE - A2

-8 &

Ao =52 gdd s 20 mm 7)) beam elementS AF83le] #5140
3] 4 points 7} AEHS Hg3te] HESIY T

=% 29t A Q4zbel HgxAL Lagrangian in Solid &4 & AF&3le]
AT A TS ZASIA

- Aerd

Ao Agrde MAT24 Piecewise linear plasticity 222 AF83$ 3 bi-linear
FeE A2 SY-HIFE AAE dgsth FEAE=E 400 MPaz d 3R o
™ Hardening #3+2] HAA 4+ 2 GPa2 A Ao



@

ANPFA 2 ZYd 5 A A dolz mdly

ko
B>

|
=
' H
!
i
=
]
'
d

27124 2 AA=A
2EACRE WA 2/1EEE U5 g Aestel YAFAr WA
E NFAZRE 50 mm o] Aste] XA #H Tt
BAAZAL vy g 2 A o= ZgolEWY x, y, 2¥F HYE FEIPL
o WS E 9E Qlell 7] 98] Non-reflecting boundary condition &4 AF8-3+S3
=3



LS-DYNA keyword deck by LS-PrePost

" Assembly 1
7 FEM Parts
1 Front frame mesh

1

2 Vertical channel
% 3 Horizontal channel
4 Thread rod mesh
7 5 Nut
7 6 Back pipe plate mesh
1 7 Back pipe mesh

L ok oL b ok

| g |

& Rebar_FH
7 9 Rebar_F¥
-/ 10 Rebar_BV
-7 11 Rebar_BH
71 12 Concrete
-7 13 Projectile
=7 14 Stfr_front
7 15 Stir_top
7 16 Stfr_side
1 Keyword Entity
'7 Boundary
Contact
----- Define
t Initial
Set
% 3.85 2 AAzA
A mAE FEAT A A
- AEA HY
o Zp dudde] g s Ax, wiEsiy AFo] TAYSHA Fal AP A e} o)
0% BYABY] W= 22 At
o 1% 3.862 S39-Sharp-V124 A& o2 AlFA 3 JJr HHoZHE AL A
FAe §ELAVFES UERITE s ATol A JaMoe THEE Q4 &
diEol e Ae el FeMor d4s 44 Eﬂ n A7} A adeA EA S
e Uetdt 43 = AJA 33§72 B spallings #jidol] #do] T3]
on e A= ook FASHA A spalling B FH ) IdF &4 HH A7}
AT a4 9] spalling A o] APRT 25 A DAsHoY AkH o=
Arae] Spalling 3! +H 9] FESFFo]l AP siHo] & dAe= As AT =
A



(©
1% 3.86 S39-Sharp-V124 fz}»] 3]
(b) AlgA A A2} (0 A1FEA %

- Bl D B
s A
ofof B}

o OlF {8, A7 AnEdd T S41-Blunt-V114 Aol thste] AJgA Hele] 44
A xE 19 3.873 o] w Lo}"i‘:‘r T 7%‘-442 H] Lo}@ B s o] W

®)

(d

(@) AEA AR AR A
a4 27}

W AT @) ABA T

ARG A FARF B wae] %A o] EH =
AGA W97 BYAT PRE GGl thshe] Hobh WA 5

o Jﬂ]ol- Al



200

-
(&)
o

100

63}
o

Missile displacement, mm

—— FEM analysis

T1- - Test
E 6 4 * Endofpenetration
S i
5 // _ -
£ 4 - -

7
Q
S / P
o
@ 2 -
S )i
"0'5 P
o Sid
S 0
'_
-2 T T T T
0 1.5 3 4.5 6
Time, msec

9 3.87 S41-Blunt-V114 A3 W <ejo]lg vlw

AYA T
7t Ague $91z0ls e A Wle) Aztolds FAsFe] Aol
< Hlwste] BA TP g Beds dsstaa ok ojuf TARA W
9 375150 vas A3AY D AR Hatel, GA ALAGE BYAF
o] o]22 mely} A 1Y 3.88 ~ 1 3.94¢F o] Bty AF L o] &3
2do thst] AT FUA TS A dFste AL AT
6
Test
L — — Theoretical model
45 /l &e—e—o FEM analysis
4
.- =
/ g 3 :A Pl
/ 5 N
/ | M\
g 15 ! \/\ =N /\V/’\
|
Test . II \/ Vq '\
— — Theoretical model 1 |
6—e—o FEM analysis |
v T v 0 T A T
0 1 2 3 4 0 1 2 3 4
Time, msec Time, msec
(@ (b)

1% 3.88 S36-Flat-V123 #UAF Hlw; (@) TAA ¥ 9l (b) FAsts



200

-
(&)
o

100

Missile displacement, mm
(&)
o

200

-
[6))
o

100

[¢)]
o

Missile displacement, mm

200

-
(&)
o

100

Missile displacement, mm
(&)
o

—
=
-~
/3//9—-9

s
Test
— — Theoretical model
6—e—o FEM analysis
T T
1 2 3
Time, msec
(@

Impact force, MN

Test
— — Theoretical model
e—e—o FEM analysis

»
)

w

-
[6,]

i |
i

1% 3.89 S41-Flat-V103 #UAF Hlw; (@) TAA ¥ 9l (b) S48t

o—0—
o
74
Test
— — Theoretical model
©—e—o FEM analysis
T T
1 2 3
Time, msec

(a)

Impact force, MN

0
0 1 2 3
Time, msec
(b)
6
Test
— — Theoretical model
e—e—o FEM analysis
45 q
3
| f\‘- /ﬂ
TS A
15 \\{ - iL/A
/!

1% 3.90 S41-Blunt-V124 @} A-s Bl (a) EAHA HE; (b) S43%HF

/|

Test
— — Theoretical model
6—o—© FEM analysis
T T
1 2 3
Time, msec
(@

Impact force, MN

0+
0 1 2 3
Time, msec
(b)
6
Test
— — Theoretical model
&e—e—o FEM analysis
45
Al )
N
. / 3 [h
15 UL/ \/ \;‘ /')
0 T T N
1 2 3
Time, msec
(b)

% 391 S41-Blunt-V114 #YA S vl () EAA W9l (b) S438k%




280

N
-
o

140

~
o

Missile displacement, mm

280

N
-
o

140

]
o

Missile displacement, mm

200

-
(&)
o

100

63}
o

Missile displacement, mm

Test
— — Theoretical model
—o—© FEM analysis

1 2

3

Time, msec

(a)

Impact force, MN

»
)

w

-
[6,]

Test
— — Theoretical model
&e—e—o FEM analysis

Y

1 2
Time, msec

()

% 3.92 S39-Sharp-V124 # 475 Bl (a) EAHA Wl (b) S48

/f“

/

Test
— — Theoretical model
©—e—o FEM analysis

1 2

3

Time, msec

(a)

4

Impact force, MN

»
15

w

N
(6]

Test
— — Theoretical model
e—e—o FEM analysis

N
AT

1

N

Time, msec

)

19 3.93 S39-Sharp-V115 #YA-5 vl (a) HAA WL (b) T4 355

Test
— — Theoretical model
6—e—o FEM analysis

1 2

3

Time, msec

(a)

Impact force, MN

»
)

w

-
[6,]

Test
— — Theoretical model
&e—e—o FEM analysis

Time, msec

()

19 3.94 S39-Sharp-V88 #UAE vl () EAMA W9l (b) F43F




©
ol

@ &

@b

N
k)
fo
©

o o X
N
oft
3
i)
ok
oX
J
ok

5
A\
N
4
(e}

£ 9latd, 4PAAE noE oed BYAo] 43
At o2 2dE FaAsly, ARLRE 24

| AR tate] ARH oA w3} o4 2
Sotel B9AEE b

o> >y
i)
ox
)
1>

e

=
o
f 2
o
4
C)gl:",
P,E
HoxQ
iy}
I
_\E

A WMol ALole M AF} AFAgRT IA4 HriEo] & o =31
A& sttt ol 3F58H S e FAYES HE S 35 SEA Y
NEA% dole e FAZ 14 AEdoldo] A& mASHA] R3] o

A A4 AlEdolAd 3 B Ay
i AlEHld 2 dHOIE
2 Ao g A AlEEolde duHlddolA FATL AAAF oo FHRAFTS

QU= |
RAE S Qe AN A S 9 ol AR FEAN ABoM 2

weo) A AR&3F Lagrangian solid 4= 3¢
< 54 WP E HEH EE3 o]F 247} 4
A F & erosion 75S Tl 7L F Aoy 847 AMAE = 7]101 erosion criteria
o AA o tste] rtol=eile AF-g AA ot whehA] vl dAR7} gle
73, A vkt erosion criteriaz}t Aol stAl A E 4= o] SHE,@‘J,]. o AFAH S B

Zat7] FETE dAC] AT

w}2kA] Lagrangian solid &4 2 erosion 7152 AHS FET 4 a1, sy
R BT 23T WA F7ASS EAE 4 A= smoothed particle hydrodynamics
(SPH) 845 =775 TAste 9 =Yttt

B e

AR AP LA ANFAE 38t AFA 18 ZHY E AA ol mFE ®
AHsAT. ol & T AP Al A5 A 1 ol o] gt Hrtetr] g Aol

2 B Ao FAF YA o] G Azto|de FSE AT



<-<4lP Op| 1302

@ A EAA 2dd

o8 &

- 84+ 10 mm =719 884 solids A3 2™ spurious zero energy modeE A
317] 9)8f full integrationS 433} T},

.

2% 396 4A WAL 2

O Azrnd

- WALA o] A B RS MAT24 Piecewise linear plasticity ==& A&}t 2ALA 9
AeEALL 17 3.979F o] KS B 0802& wiel A4 AZAA=AHE st &R}
ATk 27 3982 Aol SY-MFE FAE BHATth o|ZHE ¥ 3.999 Zo]

o



e dgstgon, ol &4 AeY-AWYER AR

A SE-HYEE BA RS A
o HolE2 AHsFA
- A MEE &5 EEAHS 18317 98] Cowper-Symonds modelS AH-8-314 <

M C % P A4E mild steeld] ot g2l 403 52 zhzr A A st T).

1000
| C1100 SS275
—— Static tests —— Static tests
800 - —

E 600 —1 i

= / [

% ]

3

= 400

w /
’ 200 V/f / /

A 0+ T T T T

‘ 0 0.015 0.03 0.045 0.06
‘ Strain

a9 3.97 TAA A ARG ELE 19 398 TAA SH-HPFE BA

1000
C1100 S8275
Static tests Static tests

800 4 —. Material model —- Material model ~— ]
m 1 S — — — —
< 600 / - - -
w' o
3
= 400
2 / I N A .

200 /’

0+ r T T r
0 0.015 0.03 0.045 0.06
Strain

a9 399 TAA SY-HFE =Y

@ A ALY

O 8 4

- HIZA LAA o] AS FEAAANA dHF o] A7]7] W Fol Lagrangian 845 &
g Al 224 diFo] AZEA WAt o]E WA ] €3] mesh-free element$!
smoothed particle hydrodynamics(SPH)E A}&3ste] 10 mm (FA S 2 &33O



O

p :
J\x ' [4<mP P 1105
E—J

‘—L I<4@>OP] 1195

Aerd
A wAL 7 w7 A 2 EARA o] Al S 292 MAT24 Piecewise linear plasticity &
A AREstRom TALA Y ARELS A JAAAEAT S Tt FRAT

s = &2
4 We9- 1“‘464%% tﬂﬁlokﬂ Hol 22 dgsiFoltt & &= & 37—34
kA ekttt

AEA mddY - FIYE

= O

2 4

ZAYE FEHAAE HHIEL =8 #F7HA TASHA Ao metA dRkE
Lagrangian solid 84 2% a5 NS ZAS & Qo weta] 249 ey 2 3%
S BAME 4 9+ arbitrary Lagrangian Eulerian (ALE) 24~} discrete element, &2
SPH 84 & Atgste EdE S T ornt gtrh. 2 Ao A= SPHE AR&-3tod 12.5
mm FA o2 2PgS 33t

ZAYE oFH= FH oz HEo] 27| wj&d 25 mm =7]2] 8% Lagrangian
solid2 =23t Spurious zero energy modeE WA|sl7] ¢&) full integration2

St

o)



Lo

a4 3101 A EA =29

O Asxrd

- ZagEe] Arrd-e MAT159 Continuous smoothed cap model& AH&-3t1 0m ==
PES) AREHL ASTM C39 ¥ C4698 me} AHFE=AP e S5k e g A
3tk ¥ 3158 ZIYE HHAAESEAS HolFED.

# 315 F3YE AFAsEA

GEAE, MPa | W kgim3 | SAAS, MPa | AW@AAS, MPa | AZRAAS, MPa

49.4 2,623 21,052 9,288 9,619

AlgA mddy - d

O £ A&

- 1S FEF 9ol dal 125 mm, FFE G tis] 25 mm =7]¢ beam
elementE Ab&3ste] wddsig o whdo] ths] 4 points 7F¢-2 2 EHS #8351
A B3 A ).

- A3z A FIYE SPH 849+ AHTHFE sl AR ATS BASIA LS
W ZIFE solid 24 9= Lagrangian in Solid 42 AH&3te] SATAAA TS 2A}

st



Fad.

S

Z A5 r2dS MAT24 Piecewise linear plasticity 228 A&

el

- oo

W
T o
SEg
mm%
_uﬂﬂ
_Qmu,
7 2
il
ATME
mﬁ%
B
Pl
~0 =
o) iy
"B
o W
5
A
‘WIOO
my o)
g
m_qa
o 2
g N
i)
T =
‘%3
Al
Il

e
G

149 AA1E DIF k& E

A1 ACI 370R-

3

51),]

3}7]

N

qe
bk

S

9 =5

bl Abg:

S

Ly
-

qr

=
=

¢}

29 9
olBEg ¥

el

Rebar material model

SD400

1000

o
o
o]

L

o o
o o
© <

edIN ‘ssalls

o
o
N

006 009 012 015 0.18
Strain

0.03

)

il

A7 vol = ®

=i
=

#<d

H

O

A

@ AFA



8 A

L4+ 10~20 mm =7]2] 824 Lagrangian solidE A}F-8-3}1 2. ¥ spurious zero energy
mode7} TAst= TEC] tisf A+ full integrationg, 1 ¢ FE| td) A+ reduced
integration& <=3 3} 33 o}

Azgrd

Asnd gudd siaa) FAdsA AgadndS A8t e sAdATE 200
GPa, @5+ 7,850 kg/m*= A3t th.

e Agetel T WA E

o)
PN
R
rlo
2
Ry
>
oo
=2
fu)
o
%
1
A
oft
e
ol
ok
X
Z,
o
=]
0
@D
=h
D
(@]
=
=]
oQ
o
(@)
o
)
(@
1)
=
<
O
o
o]
%
=t
=]
o
2

@ A MAe FEdE AT

O AgA Wy
- 3 3162 A3 " oA AFA gy rzo|t. 2+ FEX st A3 4
% 4 Azt samsst dAsE Ae FASA
- B @ wjdIs 7 FAS H-V100 2 H-V1509] A9+ #AYZdo|E 4371 14%
A Brletd A WE4 Aes FAaHIEAT
- WEo] TR H-V2009] B A ZFFEES 3% AR Hriste] Ao 24
ZE WA YEd A%e A3 o=k
X 316 AIEA IIn=
H-V100 H-V150 H-V200
575 B RE 4 Hj ¥ 32 wF
AdZo] or J}HEE 137 mm 391 mm 97 m/s
v} w e # W o} #E
S 42 5 i RR _ =+ Hl) T 52} e
#elzlo] or FFHFEE 156 mm 444 mm 94 m/s
A= (GRS = BN EI e e Ty 114% 114% 97%
- % 3.104, 3.105 2 3.1092 Aol A AFA PG A2 REH d2 AP
A FEAAHYES YERY 4304 g3 AP0l gles AS YER
o

3 wgbao] A Hul Xk AZEl BT A Uehac
A A H-V1002> 9] spalling?} v el #go] dAstH oM, Aol 79 o<}
FAESHA AR spalling 2 FAC] AR 24 Al wAsATh Tt Aol



(© (d)
a9 3.104 H-V100 F3 &4 () A1EA AW AdZA49; (b) A/EA &1 AdAq),
© NEA AW fAA3; (b) ANEA TH A A7

- H-V1500] tsix] A&o|x= HHol spalling L s Holl AgreFe] wjw sy} Ay s}
Rom Aol =EHUTH A9 AFe% vi7AE Aol spallingo] A8 o H
HiHo A deEFe] FAYEV A vew HTo] =EFHAUTH

- Age] A9E I9 3104 (b} Zo] gt o] HigA g oz MASIH oL
e FREF D F2REg i) 7 A FHE LS AT

- Spalling 42 FAFSHA H7HE Ao i) e] FHo] sjAe] A7t o A 3
7hH= At



(©

1% 3.105 H-V150 23 &4 (a) A@dA A 223 (b) A4 59 223k
© APA A 23 (b) AFA 9 23

- 19 3.105+ H-V1509] mjdol tigh JAE BoFEth. 11 3106 (v 23 2F9

HH”“Hﬂi Ho3 19 3.106(b )% Ao 03 Z2AYE FHAES AAT o] A

< B ETH H-V1S09] A9 =57 2A A Abold 943 2 EE dERY

-4 b HE Fste 25 2740 JPJME g ERow, ojuf A =7

A0l vls] AA A Abole Zra Jdth EZF 11 3107404 B 4 %] #iW
Aol TP E "ol o) deEly drddge] A Ae AT & ok

N
-
i

23 Agstgon dRwore swol YU w3 DTo] W
JE wHe T A A3 0 ARE 0w FE 2NEEo] B

- % 310894 = 4 SAxo] sl oot M A2 A E v
q



@ - (b)
19 3106 H-V150 MjRha) AHAAR: @ A% X3 e AL
O 58 AA T e AR

1% 3.107 H-V1500 A o] wiHd ¥ 9 3.108 H-V150 a4 dH=

- H-V2000 thsll A Aoz Hdmol spallingo] &S, HFo] TAYste] s}
A B S =Eo] AT e F-= v E AWl spallinge] A3
o wjHoA el FAYUEV HA e Aol =EH AR

- Spalling @4 2 R o] Feo] el A9t o 2 Brhw e



(© (d
% 3109 H-V200 23374 (@ AEA AW 4325 (b AEA $9H 4325
© APA A 23 (b) AFA 9 23

H 3110 H-V2009] ®idel] gk JAHE HoFo. H-V1509] 7
%%E Fof w3l Aol 73l @
A2 E dpo) ofF wid o FHEY = 19 3.1
- 19 311204 & F Axo] AR dBERS g, AZo Z447
o)
AA

, AT g B E FEAAHYEES BT F

Ll

4



(a
18 3.110 H-V200 sl ataf] AAALR; (@) AF 23 v AbA,
() I8 AA Z wjd A

[ ST R—— e - T "
0ol MO Rl 7 3 a8 Yy
. L i § g ." ; d 1 ¥

a9 3.111 H-V200o A &f v H

™
rl
E
ofk

a9 3.112 H-V200 34 @ =

20
] FEA
—e— H-V100
E 16 —=— H-V150
£ —s— H-V200
GE’ 12 Test
g8 | | _ === Hvi00
i L o
(2]
3 8 ) .
6 7 Va 4
=y L
< 4 /
J 7
- ‘Al o———p o _oto—o—b o |
0 r r r r
0 2 4 6 8 10

Time, msec
a9 3113 A gA Helel ™
- ARA W A wiETa) 2 BEo] WA e H-VI0d] thai A A=5y



2 |
EN

o] 7% 3113¢ A7 2 M D& AFA M FYolAe] AFA WYE B
b A9A7E Ao 10 mme) M9E BP oy S AATE 1.4 mmz AP Ao
el AgA WelE A9s Hagsted.

|

EI

O EAA A%

S 7Y 31U R D8 SIS S AT BE B 8 S vzt 494
t n&oive BYYPO R ASHGor Blol s BAAI} stelA 7] A7
A =39k

Z7bs e AZPES ol A A WSleld B Sxolge] S A ATst FAsH
QoL H-V1009] 7 $-ol= A@AFR} sl Ho] #Zol7} tha 2], H-V1509] 7

= AgATEG sfHo] tha =A Hrbskth 23y H-V15090] 4% 19 3. 116ﬂr
%ol 10 msec o] Follx= WMol A&HHom WSt HF 2 Bz ol= AP ]

& Fehd7tsk At

Aol HFZQ TAA = ZHAH-ES H-V100, H-V150, H-V200 Z+ 7% disf

113.4, 151.0, 105.9 m/s= e}t

1200 200
FEA Test N FEA Test
e 1 —— H-V100 —-- H-V100 \ —o— H-V100 ——- H-V100
IS 900 —=— H-V150 ——- H-V150 o 150 \ \\\\ —&— H-V150 —-—- H-V150
_E; —o— H-V200 —— - H-V200 E \ N\ \ —o— H-V200 - -—- H-V200
£ 2100 e
[0] [§]
o / ] 2 \
& 600 o) N
2 / > N \:‘\
2 / o 50 A =
° y = \\ \S\\;
2 % - 2 > S~
@ 300 T 8= = \\\ s L
s 0 - o e o
4 —,_e———e—gy—e_e__e_e_€
0 T T T T T -50 T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec
19 3.114 AR W Qlolg (10 msec) 9 3.115 ¥AA £ =018 (10 msec)
1000 200 -
FEA FEA
e / —e— H-V100 i\ —e— H-V100
£ 800 —=— Hviso | 150 —5— H-V150
- / —— H-V200 € \RX —— H-V200
[0] -
€ 600 = 100 s
[0] [§]
[&] (o]
© © )
5 400 oooemeemes| @ 50
e A
2 =
£ 200 M 0 g oo e I
0 T T T -50 T T T
0 10 20 30 0 10 20 30
Time, msec Time, msec
19 3.116 EARA] Heel¥ (30 msec) 9 3117 HARA =018 (30 msec)



Impact force, MN

Impact force, MN

- 27480 77 A4S §4 2 A¥Az =% H-V100, H-V150, H-2000] ¢ 2 MNo.2
FAREA BABAT et SEA s Rke] H-V1500] ThE T A 9-1th of 2 msec

b e} WA SEgaFel OE T ALHT O 2A ded 922 HefFEh

- Aol 25 AF G449 FAY0) YA 24T F oA B0 AFL A
Aein Zrleke FUZ FAF0] Uehbe wd, AQeAE 34 4% 348 F
A99] 3748 AZANA ZaAth Ty BAAe S5 ol A7 ¥ 42
oAl FAIS e 1Estd S W A 9 oA S AH-AIZF a2z HHE fF
A Aoz wgf

10 10

FEA Test J H-V100
8 —e— H-V100 ——-— H-V100 8 —— FEA
i —&— H-V150 ——- H-V150 — — Test
—o— H-V200 - - - H-V200 =z
6 = 6
i g i
4 S 4
B i
A} 3]
2 S 24 <
[ [~ NI - E
0 II 3 '-\/H‘ = & B g 0 \
-2 T T T -2 T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec
(@ (b)
10 10 ‘
J H-V150 4 H-V200

8 —— FEA 8 — FEA

] — — Test — — Test
Z

6 = 6

. 0
e

4 S 4
| S g N

2 - Qo 2 VA

N £ vy
}ﬁN“/ \LM . W \
0 v "k'\\'?’:‘\ . 0
-2 . 2 .
0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec
(© @
a9 3118 249 olg; (a) AA 314 R AFZA7; (b) H-VI00 43 ¢ A,
(0 H-V150 A3 9 & A; (d) H-V200 A3 ¢ &fA

O W

- I9 3119 (@& Mo 2HE A2 AgAet AdA 148 < hol] EA = 7hy
< BAFEH (b), (0, (D= AR YA XA go]xzo] FHOoZHE Aol



Force, MN

Reaction, MN

weln AEA 14 Zee] #dEe ez

- 19 3119 @A & F ARl FEEE FHlo]l w2 FARE 7] B A EHA

wolE Aoz vEhg

o
® o

- 13 3.119 (b), (0, (d<2] back pipes forcesZHEH & 4 A5=o] oA = 19H 3.64

(@2] Al=" #ol ®ls) back pipes forces7} 2~4v) =4 H71=E At

a9 3.119 (), (0, (Do A& back pipes forcese} A Al Wk A time lag & =7]9]

2ol 7F EASHE As & F AUTE o= AA o]zt APFA 1A Zy ]l FEo

AAE] JoAA AFA 1A ZE e AAFHY FEFS ] ot 4 A BT

/\]64721] 1Az el BAHo] "k ol A back pipes forcesE W& g3t 5L AL
skl o+ St} webA A A ZY el P ES A8 vE S FAEU 7] HAsA

= A SAHMA ol thgt FFES HA s Fof ot

=

5 6
FEA ] H-V100 (FEA)
4 4 —— H-V100 S ] —&— Reaction force
1 —&— H-V150 4 44— —e— Back pipes forces
3 1 —— H-V200 1 —=— |nertia force of target frame
1 = 3 - —as— (Reaction force) - (Back pipe forces)
2 E 2 .Y
BN FIEY 4V a
o
‘-ﬁ “ 0 a_& %Q"\ Y N\&f
0 4 A
W\ p \a\\ .
-1 ] vm -2 v
-2 v v v v “3 L Al T T T
0 2 4 6 8 10 0 2 4 6 8 10
Time, msec Time, msec
(@) (b)
6 6
1 H-V150 (FEA) 1 H-V200 (FEA)
5 94— —=— Reaction force 54— —&— Reaction force
4 ] —o— Back pipes forces 4 ] —e— Back pipes forces
| —=— |nertia force of target frame i —— |nertia force of target frame
3 —a— (Reaction force) - (Back pipe forces) z 34— —2— (Reaction force) - (Back pipe forces)
= ]
2 E oS R o 2
e ] S
1 e W/\z\ Y S 4 /X wﬂw\m
- m . A ;
. . ) WA A c§5 g%
] iJ 2 ] ¥
2 - : ) ' ' . . .
0 2 4 8 10 0 2 4 6 8 10
Time, msec Time, msec
(©) (d

¥ 3.119 ¥k o)g; (a) AA s 2 (b) H-V100 31443
() H-V150 si423}; (d) H-V200 3si4 2z



@ HAA mAY FEAE AMEH
O AlgA Wy
F 317 A7 E oA AlFA gy r=olt) S-V1000] tElA = S RErt

H

A5t #AYZQo]l =3 10%L Oi}i ‘ﬂ]—f—ﬁc}% 13 o, S-V150 & S-V2009l
e s dSsHA] £l Aol 3 A7) 50%E ZIsFA T
E® 317 AN gA syrne
T& S-V100 S-V150 S-V200
R bR #< Hj) T 322 wjl s}
LYol 84 mm 197 mm 240 mm
413 I EE =+ ¢ =+
#J 2ol 76 mm 90 mm 103 mm
A= a2 3/(A A 90% 46% 43%

- 39 3120, 3121 2 31222 APolMe AFA WP HHORRE AL A
A fEANFES JERID S AT0A e 240 Fo) gl AL Yeh)
w7l Mo] AA v X7 AZFeHA BA S AL JERAT

Ao A S-V100-& A9 spalling®} vlH ] Fdo] HA3IF oM, 4o AL o9}
FAEA Wme) spalling @ THO AR 44 Hu| Ay BAE R 28U s o)
spalling ®4 B #EYY9S tha AA HrlskAdoh



@ c ®)

(© d
19 3120 S-V100 w3 @7 (@) AEA A Ad243 (b) AIEA 9 A4
© ANPA AH 23 (b) AFA FH 23

- S-V15001 thsfAf el %l
Aoz WASET, Te A4el B3E 07 ARl spalingd HHE o HHU%
SAZE BASA BT FERZRE Pl 2uF el WA,

- =3 S0 spalling WA S tha 2 Brshat

— 100 —



l ] =
I :

| 1
) |

' |

: fiA ¥§

= A\ﬁw’v’\@”“;"’i{_;ﬁr LAV _A;

SR 0 b |

@ o )

(© @
29 3121 S-VIS0 w3 @7 (@) AIEA dd Ad243 (b) AIEA 9 2943
© AIEA A9 g2 (b) AEA F9 s 42

- S-V200°l thsiA Ao A= Mol spalling 2 widol vjH w7} v Pz oz
Aston Aol =EHAw. Ty siH e B= 24 AWl spalling®t A s}
wom wim sy B sA eFar v A G ol ARG A vko] TSI TH

- &3 4e] spalling BA& i ZA B rskA

— 101 -



\\
N II}“\\—\
e
|
i
]
3

@ )

SIS g sainas

@
) AEA A APdA (b) AIEA FH Add

a9 3.122 S-V200 23 &3
© AEA {L A (b) AFA T A A

- ANFA Hefe P HH“*JHU} HAYEEA] o2 S-V1000] thsi Ak AlSsti e 19
31232 A9 Bl sfiyolM A2 AFA v FdelM e AdA HAE BAEH. Y
A= Adadel vis) AlgA H\HE v*}OPﬂl B7FskA o

- AgelA & S-V1009 A= 1 mm= H-V1009] 10% =]t

- 102 —



10
] FEA f"p
—e— S-V100 /
E 81 = sviso
2 o sVa00 /
g 6 Test
8 | ——-H-v100 /
©
2 4
©
© /
>
s 2 /E’—\
—E
L — = --‘e‘{:e—:ts‘gglg;—}e(
0 T T T T
0 1.5 3 45 6
Time, msec

19 3123 AN A HYo|d

O WA AT
- 3% 31245 WA FEW L FAY Azke] BE WIS ReiFH 17 31258 A
Fol w2 wAbAle] g% WA S HojETh E 318 AY F AZF WA Qol=
e Qe Mywe nejE
- S-V1009] 79 IALA W o] o2 14%E FAFSFR S uf S-V150 2 S-V2000i o 3l
A A Mg o] wlS- SeiHbE ek
T 318 WA WS

mr\l

TE S-V100 S-V150 S-V200
] & 37
AL Ad4da 55 mm 83 mm 163 mm
My }
af A4 37} 63 mm 161 mm 272 mm
Aegs G Aaah/(H 342 114% 194% 167%
600 600
FEA (Front) FEA (Back) FEA
= 1 —— S-v100 - -- H-V100 e 1 —— S-v100
E 450 4 —5— SV150 ——- HV150 € 450 4 —5— SV150
'] —— S-V200 - - - H-V200 = —o— S-V200
S E R S 2
© 300 7 5 300
(o} 4 w=
@ PP p e 3 /
© ’ - T T =
o S S
2 150 i . 8 150 o R
i /;’ //"4 Tt — e E
e .
0 v v v O T T T T
0 1.5 3 45 6 0 15 3 45 6
Time, msec Time, msec
% 3.124 IARA] HYjolH a9 3125 ALA Wygoly

— 103 —



TA4Y 27 A% TESE7F SUHel wE Sske A@de Bk 23y §ks A
SHAIZEE B 9F 4.5 msecE AR T mEbA] AN 24
1= 1

g 3 FE5E7)
2 497 B 2 #e Btk APoAE BAA SEEE BAIR0] BEo] TS
A X[ OER FEEHEE FAFE TEHEEIF S5 9 An
A AL s o] F-of VAR S S F4T 490 TG A4

Z79 9] A7l FEEE 100 misol thal FAEA HASE o 150 2 200 m/sel
A4e 7

JA vlAD el vl =LA WA SR T
10
FEA
8 —e— S-V100
] —&— S-V150
zZ -
Z 5 —o— S-V200
& i
=
S 4
@®
g 2 kﬁ?
0 &-ﬂa——-&#
-2 v v v T
0 1.5 3 4.5 6
Time, msec

09 3126 49 o9

s

=
T T
2
=

K

3127 ()= WMo =HE A& ANFA} ARQA 1A ZHd o &
< BAFH (b), 0, (e AE2AFY sl A=A golxze] gHo=
e AFA 14 zEde #AYHe BRoEn

18 3127 (@A B Adxo] FEEHT AHEglo]l viEe fASFA

AA PANYE SEH VA E SjA A= 19 3.64 (] ASHE ghell HlEl back
pipes forces7} 2~4¥] =A H7}= AT}

FA vAY =53 wpz7ER| 2 back pipes forceset A Al v o) A time lagrt A3}
3 A7) zpol7F EAEHE AL & F AT ol A Y FEH 2 AL Al
5]

A g zeEde] B o Gt

O

r

it

— 104 -



Force, MN

Reaction, MN

5 8
E FEA ] S-V100 (FEA)
4 4 —e— S-V100 6 - —=— Reaction force
1 —&— S-V150 —e— Back pipes forces
3 4 —— S-V200 N\ —=— Inertia force of target frame
; / ‘\ f\&\ﬁ\\/ > 47 —a— (Reaction force) - (Back pipe forces)
2 =
ﬁ/ \s/\ \V /\Y ‘%/*l G 2 fan o
8 o N v
1 S 2
| A N 2,1 s A\,
0 . | .\\‘ o
1 -2 v
-2 -4
0 1.5 3 4.5 6 0 1.5 3 4.5 6
Time, msec Time, msec
(@ (b)
10 10
- S-V150 (FEA) S-V200 (FEA)
8 —=— Reaction force 8 4+—— —5— Reaction force
E —e— Back pipes forces —e— Back pipes forces
6 - —=— |nertia force of target frame 6 +——— —— Inertia force of target frame
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Voltage, V

w

N

PN

Aol A AFS o] 24 muw} vt 1Y 3.88 ~ 1Y 3949} o] BYAFo| 2
AZPL FAFoEA B AZ/ M BFHL AFHAT A B Aol of
SIAE 19 31149} o] A olElst M AT} fARSIe] AZ7I Mol HAstrh
A BAG F Ak

FTEEE ASVIH A
2 dAFoAE FESE AS7HE RS st dold HAY TIL Als 9 oped
= Sk W, v &7 el 29SS 53 W, Wire breaking system2 53k

3k
HE Hgsled FEHEE Y3
HEAE ol &3 7MY A+ %J_ < FY3te A= TTL
Azt obd®E T ASE EA5t B3-S AFATh AP A AAE ASHE
old 21 AEE 19 31289 (¢ 2tk EAA ) ¥ 01744 HEAAE AU A # oA
= J1elA B9 39 3.1289) (@9} 2o] opd =1 Ame] Mol A9 0 VE AdH
H 3 EARA 7 AL o] F ThA] o R T A5 9] Agto] At whebs 17 3.128
o] @l FAE e = HAAZE HOlHE Bt 289 AES oA # o]
A AAZRTEE ASE FESE T AS F5td 198 3.1289] (b)e} 2ol At
Aol dol7t A4ttt o= 3d Aol AHEE oHIA 3 Blunt missile®] ¢F 580 mm
o AAdolet AL AT &It HolA A FEEHE AS7IHY BHEA
< AF3sIATH

1:19L o

S41-Blunt-v124
Front laser
Back laser
OV P
] ALK Z0] :
| l I/;.)roje,ctile X1 interval
=124%x4.689 =580.780 mm (Front laser)
T =124x4.685="580.284 mm (Back laser)
240 244 248 252 256

Time, msec

(@) ()
% 3128 #HelA A ASVIN A5 (@ obdERI AT AS; (b) TARA Zo] ALk

v}

ol tAAY TTL A&e obd= As7F 4ad v TAstez ojd=zT A 57}
aste ol BAsks TIL AEe obd=1 A5 s} 79 543 SE558 A=
ot a8y Fog "o 9 3.309 TTL 4% ElolHolA FASF= TIL Alse
byena & &5 EAS &8 djojtt. & 3.129 AHIEE F S36-Flat-V1239] 4H
ANAE Belmel ZAHE TTL A5 2 AR 4571 obgd=21 Aerhg ¥ =7

I
1

N
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AZHAE, ol 19 3263 o] AL Belr]e] 7o) BAA Ao Hla) ul$
A 71 Abole] Frrow WA RT WEA AUsbe A shHo] WA R WA
o)A A AZE MARAR 1.0 AZH o] Aot} WA FEEE

AZ A TIL A5 opd2 1 Ase} vlmatal Fgataok i}

D&AMEE BET /Ee DA AHstERe] B3l AZ R dold At
Lo FEEEE ASSte] AT 7MY IS HAY £ Aok

- Wire breaking systeme 43 7|4 22 7]E AFGAE 43 Al JE 7
o

oA vk & 312 B 3 313004 1§ gl%o] EE AZ2{F/F AT £y
o AlSo] HATIL st E °o]E Tl A =

& Aol ERATh o]of] thdk Al F A= Wire
w3t 2571 obd AA | odl sold o] Foll BAAHA £ ©] B ASHA %
7] w&o|t} wba o] ZXFE] Wire breaking systeme 83 FEEE AZST7HES
A7) o g Ak

W) AZ7
B Aro s 2AsF o3 ol MESER TS ARA Y W AZE)
glatel 17 3329 Z& 300 Hzo A& S7g zhe LVPE Z8sia] AZsiArt
e 27 31139 2ol #j4 ABeolelA Ade AdAe W S} a2
ol & Hof, 300 Hzo] AES SHo] MAA FEZ s WAstE ARA

Zahn] FRA B Helo] ook

{

A3

2 ApaAe] £9 oL FEhAAL BEW FELY £U A B NS A
A3 AFPARRE ARG FRALIATG AT U GAZRE AR FEA
sk A%, Asel 4P AT D vgol £RH B FUNE FEF FEAYO

agAoR FYHA Bare
getd B Q7R E FueA 47 F371sw
A Azste] ou] 4% 9 B AW sastdth ofw, 3129 dulAY 2 E 313



o) B AFATNA B 4 50| $39-Sharp-Vese] clmAd B H-VI00s| 13 2H e
2REE =g ANSAEH, ot AR A% F AFSFY APAA Sleo] F
of mhet Aol 9)7de] Al o8] F&vbalel WA FHe] 4Anc) Fokste] A
YT AR X FE] YT T vh o] WA WP WhE 2§
FAM BESEND We S22 430 +3d Bt

YT AN AAF F AES AL B@pdt] 9P FEN F ofY $EAPL
TSR i 31394 B F xo] H-VI00<S A Z&E AP 5355 g2 4
gol 2 sAFUL. TL o F T AR AR A HBEY Aol 71e-g 1eidte]

91732 253.92 mmE AZEE F7HH Q] AHE AA slol=gel e
O ate] AbEo] ZAk3lof whel & 3.199F o] ARRe A F A8 77
°© g @A

l
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tolopz gl QA AMRF FAA 7| E7HA & o= o] ARAZYA ZRE tho|ofz
S 75t ARSI AT 7 AR L v go] AQFTE EAH]
kA B AFHA A= T olA AZLE o M2 A HsHA FAD F Ae EE ot
Mg ZZ2 W (Poly oxy methylene copolymer, POM-C)#| & & t}o]o}x =S A 2}s}ar
2 A4S st tpojotz o AA7|H S FHeta AHRH o] ol w4ttt
b sk

- $3139) B 4P FPARNA B IR0l AR MARAZ A3} BEETA =
gobd ZHUW H-VI004d S Asns SRS S0 g 43AoR 53
H)Sick ol B3 tholobxy A B e BRSO s BT =
3195F 2ol A% 28717 L MES hE BEsATh

£ 319 FE7had AY 2RE TU AL L
gz | AT ADNEEN: AD) [ A 28K e
= 9] = U = = 4
ARS 1,350 394 67 2 71% ¥&47 N4 &=
tfojol == 248 51 6 2= 79% ¥l&47 Y &=
O A 7]

% 3129 ANIAE F 14 5 AP S36-Flar-V123 AHE B A7HA 59 o)
of AZHE 190 mm AAe] AR B7|E 22 BEste] AWL FATAL, IA
AFE TR F 3269 o] WA G} AR B)7] Abol o] 2 H7 Fol= Qs tha
Aol Sl we} glolA A WA B WA £2ae] TILA S} ¥
BgHow AZHE FAE FASGT

olEld Tiae) AR B He TTLA B vgAHl AS2s

g ofel 147}

{2

— 109 —



wleh G A BAA S AobE JHFoEM AR WSle] Aztold HolHE oSt
4 ofel e AN webd] AR Bl P e deltE HASE ke @
AR HZe ts) AA FE olWE F7AA AASHelok B,

- meb] B Ao AE 100 mm H7e] oulA@ @Al thskel 30 mmE F7hA2)
130 mme] A0 AR $e1E ARl olF YL SRtk 1Y 327004
2 4 9lFo] S36-Flat-V123e] AL A stans AR Relr] @Al F AR s
ol A Aetd TILAEE 58 $EEE AZo] JHAAHTh o 2RE AR &
9719 &7 dAPEel By selstar

@ BIZA wALYE AAZTH

- Sugano et al. (1993)2] A+ & YF vIZA vAL A i AFAFANAM= 219 3.6

Zol g FAE ZE AV WS HFo| o8 BAA UGS FE39
. SAT Aetsta FRHASAIAE FEhaA 2 BFE APS 7YY
B B SAA AL g3l theh BAA ] Dolsk AURA Dol A FETHHo
A OBAA AR HE 5 APSde] ogdd & Atk

- webd HIAA P A tE Bt AW MRS S7198 FEGEe B S
7b AukgAle] AuksEel BFE A E(C1100-BD-0)& MALA AR sho] 2EAY

< FYATh

- Sugano et al. (1993)oll4 Fas Aol M= ZAF e vHZ4A| wAL ] tfslo,
TUS AFH FEEE stolA A vAD iRl BA mArd o] HF #zo] M
& 29 ~ 64% 0.2 FFoE HUIEHAT old Histe] B Ao A+ H-V100}
S-V100-& vlw3tH H-V1000) A A g # izl o] 137 mm tiH] S-V1009] #Yzol+=
84 mmZE 61%2 7FAH| &S Ho Sugano et al. (1993)2] AFollA Hr1E WY ol &35}
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LR » Poly-oxy-methylene copolymer €t}o] _
477 tholobz A7 A poly =3
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2 H AZ7IH o el Abeer,
Z 2403]¢] F42E SHPB 435 st AFd4aE HEs] A4t 43A7H
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WS 9Astel FRAT/BANE B ATHA olARE BAo] o|27174x E 321
3 gol #@e AL FYsAYTh meb FLrkael OF o} ATH YL v
oz B AT AYATe] HANES IR 9% AGoEe] A wma of
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£ 321 FRAEAPAE FE7127 APFgold
. e cholol=d | Payload | HBYY, | BESE, FELE AZAA, mis P
7, inch kg psi m/s TTL Analog Wire Camera

1 13 A5 1/4 86.56 400 160 1705 B B B .

2 ) 13 A9 1/4 86.56 375 160 166.5 - - - EEEE B
3 23} A5 1/4 86.56 375 165 zhoq — — — -

4 = 22k 43 3/16 86.45 240 130 75.3 - - Z2 A 7 = I P
5 ERVIL 1/2 - 600 - 336.5 - - - -

6 iy 3116 86.45 240 130 133.1 - 24927 142.9 -

7 ) 33 A9 1/4 68.15 359 180 158.7 180.1 180.5 179.2 A2rd AAY
8 g 43 29 1/4 68.16 359 180 178.1 178.1 2445 165.4 f25e Ux)e
9 D) 53 29 1/4 47.13 291 190 75.6 190.6 172 180.9 e
10 ) 63 43 5/16 68.3 302 165 217.8 165.3 =A 4y 165.4 H2rE A
11 B 74 A E 5/16 68.35 302 165 73.8 165.2 163.1 165.4 R
12 o) 83k 413 516 (=71%3)) | 68.3 360 180 240.1 =47 139.3 24 49 PR
13 tholojzdl AFAY 1/4 - - - - - - - -

14 B 93k A3 1/4 68.32 360 180 179.7 180 175 179.2 H25e xR}
15 gz 103 4 e 47.1 322 200 . . - . e

3/8
16 | cololzy A24d 3116 ; . . . ; ; ; ;
172

17 gy 103 A9 1/2 68.25 448 200 7544.3 198.5 182 200 H2rHAAY
18 B2y 113 29 3116 47.14 247 175 208.6 178.5 149.9 177 PR
19 tholojxzdl] AFAY 3/16 - - - - - - - -

20 gy 123 A9 3116 68.35 220 140 181 142.6 =74 2 3) 143 F25e Ux)e
21 | crolojzdy AZAd 18 - - - - _ - - -

22 gy 133 A9 1/8 68.35 122 100 0.165 105.1 121.8 e F25e xR}
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i thololzd | Payload, | HEUH, | FREE, TESE ASAHY, mis
# Al - . ) - 9 F 7
7, inch kg psi m/s TTL Analog Wire Camera
41 -l el 18 53.54 102 100 104.09 10412 | =425 108 FEIEN
=
42 At 1/8 52.96 102 100 zga9 | 10481 | =32 107 FarE A
PEEAY
B | gotadtamne 113 - 60 - - - - - -
44 e 113 56.92 11 45 59.6 411 252 42.6 A2 EY
15 P e 1/13 56.92 45 15 69.6 5.2 | A - Ao)F 5
46 SCP %l‘fﬁ@?é 113 56.92 42 45 419 53.6 =44y | 24 = o P
47 SCP%;%}@@ 113 56.92 2 53.6 5.7 5.7 zgay | BY 2 AN F 2
48 SCP %gfﬁ%”é 113 56.92 42 53.6 23.91 52.1 100.35 By = A0 ETY
49 scp "fﬁﬁ 113 56.9 2 53.6 87 56 zgay | BY 2 A F 2
50 SCP%SEQ%‘J 1/9 56.9 106 100 88.2 104 n] =4 2Y 3 A =2
51 SCP %g‘ce;@“d 1/9 56.9 105 104 88.2 104.2 n) =7 B 2 ) =2
N ER  BF &%
= L= =
TTL : #@o]Ad HaAS TIL A& Elo|HE E3 A=
Analog : #olA ALY olgR 4AEE T AS

Camera : i&7tvgt 9 F4e B3 AF

Wire : Wire breaking systemS ©] &3+ A=
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REAFHT ANRAS NG Q) B HP FEAN ABCIHS FAHA o
£ /Mo (3) FEHY ABHCIA RIS ATt

VR oy} s Al Ee TS SCl =% AlA 119 A s 24
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