
�13
99

�u
=DUt

R'h
}QW

u=Qt
a|

UOv
yt

61
�47

"X
'4/

2|
xQ=t

W'
36

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
le=t}B=wy OQwNQ@ R= |W=v |@=QN Vy=m

|vD@ ^i=Lt |=yxR=U x@
�OWQ= T=vWQ� � |v=W� |Qwr@ u}ULQ}t=

�Q=}O=DU=� � u}ULO=DU= uUL
u=W� x=oWv=O 'u=Qta |UOvyt |xOmWv=O

xm CU= |}=yO=O} wQ xrtH R= |}xDUy |=yx=owQ}v |vD@ ^i=Lt |=yxR=U x@ =t}B=wy OQwNQ@
|W=v |m}t=v}O |Q=PoQ=@ "OW=@ xDW=O x=Qty x@ |Q=wo =v |]}LtCU} R |=yOt=}B Ov=wD|t
QO |L=Q] |=yOQ@ Q=m |=Q@ u=tR - Q=Wi |=y|vLvt CQwY x@ =y=t}B=wy `=wv= OQwNQ@ R=
VvmQOv= "CU= xOW QmP |tD= |SQv= |rrtr=u}@ Tv=S; |=yOQ=Ov=DU= xrtH R= \w@ Qt `H=Qt
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|rm Qw] x@ xm CU= O=} R |OL x@ ẁ[wt u}= C}ty= "CU= x=owQ}v |xR=U =@ x@=DQB
|=yQ}Ut R= xrY=i pk=OL C}=aQ \@=w[ x=owQ}v l} C}akwt |}=tv=H OvwQ QO
|L=Q] OQ=Ov=DU= |x@=DQB OQwNQ@ |=Q@ x=owQ}v |xR=U u}vJty w CU= |t=Rr= |}=wy

"OwW|t
pw�Ut xOvU} wv �

"1398 12 14 VQ}PB '1398 12 5 x}LqY= '1398 8 18 Ci=} QO %M} Q=D
DOI:10.24200/J30.2020.54430.2646



"""=t
}B=wy

OQwN
Q@R=

|W
=v|

@=QN
Vy

=m\UwD 2014 p=U xm |}xr=kt QO [13]"OvOQm x�=Q= |SQv= ^iL =@ |vD@ hOy QO
jta |x@U=Lt |=Q@ xm Q@Dat |r}rLD w |@ QHD \@=wQ 'OW x�=Q= u=Q=mty w wrO=Qt
|=yV}=tR; R= |O=OaD G}=Dv |xr}Uw x@ |OOa |R=Ux}@W VwQ x=Qty x@ Pwiv
=@ Vv=Q=mty w =m =UwQ}y ' 2016 p=U QO [14]"OW xU}=kt w |UQQ@ |@ QHD
|vD@ p=O OvJ x@ Cw=iDt |=ysQH w =yCaQU =@ F-4 |=t}B=wy OQwNQ@ |R=UpOt
|rt x=oW}=tR; G}=Dv =@ =Q u; |rLt C=QF= R}v w Pwiv u=R}t 'Q}eDt |=yCt=N[ =@
Cw=iD p}qO R= |m} xm OvO}UQ xH}Dv u}= x@ =yv; "OvOQm xU}=kt w |UQQ@ =}Ov=U
CU= xOw@ pOt QO uD@ uOW =yQ CaQU uDiQo Q_v QO sOa 'Ov=tUB CaQU QO
u}vJty "OvDi=} CUO xOW s=Hv= T=}kts=tD V}=tR; =@ |y@=Wt G}=Dv x@ R}v w
V}=Ri= xm OvO}UQ syt u}= x@ p=O OvJ =@ =t}B=wy QwDwt OQwNQ@ uOQm pOt =@
p=@vO x@ =Q =yp=O ?ka w wrH QO |@=QN QF= w Pwiv u=R}t Vy=m 'p=O Ct=N[

[15]"OQ=O
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|Q}oQwO QF= C} wkD Ea=@ xm =Hu; R= R}v =yOQor}t R= xO=iDU= 'u}= Q@ xwqa "OwW|t

[22]"OyO|t V}=Ri= =Q |SQv= ?PH 'OwW|t
uD@ |]NQ}e Q=DiQ |R=UpOt |=Q@ |}xO}J}B |=ypOt Q}N= |=yp=U QO
RHT |=ypOt x@ u=}t u}= R= u=wD|t xm CU= xOW x�=Q= |m}t=v}O |=yQ=@ CLD
HJC '[28]34Qo =QB - Qm =QO |xOW KqY= pOt '[27 w 26]33 K&C'[25 � 23]32
uwUv=H w CU} wmtrwy |Oq}t 1993 p=U QO "OQm xQ=W= [30]36 GR w [29]35
QO RHT pOt 'pOt u}= T=U= Q@ [29]"O=O xaUwD uD@ |=Q@ =Q OQD CQ=UN pOt

[19]"|vD@ hOy x@ x@=DQB OQwNQ@ C=QF= "3 pmW

|y=owQ}v |xR=U x@ =t}B=wy OQwNQ@ QF= QO ?} QND `=wv= "2
R= R}=tDt ẁv wO O=H}= Ea=@ Ov=wD|t x=owQ}v ^i=Lt |vD@ VWwB x@ =t}B=wy OQwNQ@

%OwW ?} QND
uwJty |D=QF= 'OwW O=H}= OQwNQ@ s=ovy QO ?} QND u}= Qo = %24|a[wt ?} QND "1
|vmxwrk '|oOWxDUwB 'pmW|]wQNt |oOQwNlQD '|vD@ hOy x@ x@=DQB Pwiv
Oy=wN p=@vO x@ hOy QO =Q =t}B=wy pt=m Pwiv w hOy =@ =t}B=wy T=tD K]U
|=yx@=DQB R= |W=v |vt}= C=R}yHD =} |}xR=U |=RH= uO}O?}U; x@ QHvt wCW=O
xR=U |rN=O K]U R= uD@ uOW xDUwBxDUwB u; |x} wv=F QF= "OwW|t x} wv=F w x}rw=
'|a[wt ?} QND OL R= V}@ |=y?}U; R= |Q}owrH w Ctw=kt Qw_vt x@ "CU=
xDiQo Q_v QO O}=@ QDq=@ Ctw=kt =@ Kr=Yt R= xO=iDU= w xQ=w}O Ct=N[ QO Q}}eD

"�2 w 1 |=ypmW� OvwW
R= |oQR@ |=yCtUk |W=B wQi w |@=QN '|}=Hx@=H 'pmWQ}}eD %25|rm ?} QND "2
|xOta |=y?}U; R= u=wD|t =Q Q@ Q=@ |=[a= w C=k@] '|vD@ |xQ=w}O VWwB
l} x@ =t}B=wy OQwNQ@ QF= QO xOQ=w |SQv= R= |W=v?} QND u}= "OQtWQ@?} QND u}=
[9 w 1]"CU=t}B=wy w hOy |m}t=v}O |=y|oS} w x@ xDU@=w xm CU= |vD@ hOy
QO xm xO}OB Ciy x@ |a[wt C=QF= h}YwD s=ovy '26|Ovm 1976 p=U QO

[19]"OQm xQ=W= 'OwW|t O=H}= |vD@ h=Oy= |wQ x@=DQB OQwNQ@ QF=
R}v xr=kt u}= G}=Dv QO |@=QN ẁv |@=} RQ= |=Q@ xm |a[wt C=QF= u} QDsyt R=

%OQm xQ=W= Q} R OQwt Q=yJ x@ u=wD|t 'OwW|t xO=iDU=

"CN=U p=L QO |vD@ ^i=Lt xR=U x@ =yVmQD OQwNQ@ QF= "1 pmW

"|vD@ ^i=Lt xR=U QO x@=DQB Pwiv "2 pmW

49



"""=t
}B=wy

OQwN
Q@R=

|W
=v|

@=QN
Vy

=m

[38�36 '32]"p=mU=B=ot 50 uD@ |=Q@ P-� Cr=L |xrO=at C=YNWt "1 pwOH
QDt=Q=B `HQt |r=oJ pNrNDt |r=oJ pNrNDt CwY CaQU
Q=Okt 2=75� 109(mg=m3) 2=314� 109(mg=m3) 2 92 (m=ms)

QDt=Q=B x}rw= sm =QD Q=Wi Ot=H sm =QD Q=Wi sm =QD u=wD
Q=Okt 2=33� 107(Pa) 6� 109(Pa) 3
QDt=Q=B A1 A2 A3
Q=Okt 2� 1010(Pa) 3=958� 1010(Pa) 9=04� 109(Pa)

QDt=Q=B B0 B1 T1
Q=Okt 1 22 1 22 3=527� 1010(Pa)

[39 w 37 '32 '23]"p=mU=B=ot 50 uD@ |=Q@ V}=UQi w RHT CUmW w Ctw=kt pOt C=YNWt "2 pwOH
QDt=Q=B G fc ft

fc

Q=Okt 1=627� 1010(Pa) 5� 107(Pa) 0 1
QDt=Q=B fs

fc
A N

Q=Okt 0 18 1 6 0 61
QDt=Q=B Q2 BQ Gelas

Gelas�plas
Q=Okt 0 6805 0 0105 2
QDt=Q=B Elastic Strength

ft
Elastic Strength

fc
B

Q=Okt 0 7 0 53 0 7
QDt=Q=B M � �

Q=Okt 0 8 0 026 0 036
QDt=Q=B D1 D2 "fmin
Q=Okt 0 04 1 0 01
QDt=Q=B Gres |W}=UQi VvQm |UOvy VvQm ẁv
Q=Okt 0 13 0 1 Instantaneous

50

pwOt G '2 pwOH QO u}vJty "OvwW|t xO=O Q=Ri=sQv x@ Q@ Q=m \UwD xm OvDUy
|WWm Ctw=kt ?}DQD x@ fsfc w ft

fc
'uD@ |QwLtlD |Q=Wi Ctw=kt fc '|WQ@

xm OvDUy CUmW K]U u=wD w C@=F ?} Q[ ?}DQD x@ N w A 'uD@ |WQ@ w
R= |WN@ Q2 'Ovvm|t u}}aD =Q |vLvt pmW w OvwW|t h} QaD Q@ Q=m \UwD
|x}L=v p=kDv= w CU= |QwLtxU Q=Wi x@ C@Uv |WWm Q=yvr=hYv QO Ctw=kt
QDt=Q=B x@ "OwW|t s=Hv= BQ |]N ?} Q[ \UwD Q=Wi V}=Ri= =@ Q}PBpmW x@ OQD
'u=UWm R= |Q}tN |WQ@ pwOt p[=iD x@ u=UWm |WQ@ pwOtC@Uv Gelas

Gelas�plasR}v Elastic Strengthfc
w Elastic Strength

ft
"OwW|t xDio |oOWCNU ?}W

|=yQDt=Q=B "CU= |Q=Wi w |WWm Ctw=kt x@ u=UWm Ctw=kt C@Uv ?}DQD x@
Ctw=kt K]U |xrO=at QO |oDUmW |xOv=t|k=@ Ctw=kt u=wD w C@=F M wB
Q@ Q=m \UwD w OvDUy |OOa |=yC@=F wO Qy xm CU= xOW p=tQv |xOv=t|k=@
Q=}at w |oDUmW |xOv=t|k=@ Ctw=kt Q}O=kt ?}mQD "OvwW|t |yOQ=Okt Q=Ri=sQv
|xOv=t|k=@ Ctw=kt Q}O=kt ?}mQD x@ C@Uv =Q |QDq=@ |SQv= ?PH 'xv}W}@ V}=UQi
MQv |=yu=wD � w � u}vJty [34]"CW=O Ovy=wN xv}tm V}=UQi Q=}at w |oDUmW
"CU= 38|m}t=v}O Ctw=kt V}=Ri= ?} Q[ QO VWm w Q=Wi |=Q@ ?}DQD x@ VvQm
VvQm QF= |=Q@ xm OvDUy Kr=Yt CQ=UN |=yC@=F D2 w D1 ?}=Q[ 'C}=yv QO
u}}=B OL D1 ?} Q[ "OvwW|t u}}aD Q@ Q=m \UwD w OvwQ|t Q=m x@ CUmW QO
'?} Q[ wO u}= |=Q@ ?U=vt Q}O=kt ?=NDv= "OvDUy u; |q=@ OL D2 w CQ=UN
w "fmin [35]"OQ=O C}ak=w Q@ j@]vt Kr=Yt |oOWsQv u}}aD QO |}=RU x@ Q}F-=D

pOt 1996 p=U QO "Ci=} xaUwD GR pOt '2000 p=U QO TBU w 1999 p=U
37uv=Bq 2006 p=U QO "OW x�=Q= s=v u}ty x@ |DmQW \UwD K&C |xO}J}B
VWm |=Q@ Cw=iDt |m}t=v}O Ctw=kt V}=Ri= ?} Q[ R= xO=iDU= =@ =Q RHT pOt
'|R=Ux}@W |=Q@ xDiQ Q=m x@ uD@ pOt [31]"O=O xaUwD |]NwO |=ylQD |tQv w
p=U QO Q}=tQ}=y w =twD 'pO} Q \UwD =OD@= RHT pOt "CU= RHT uD@ pOt
2000 p=U QO pO} Q \UwD w O=yvW}B M=t CUvQ= |tra O=}v@ QO |Oq}t 1999
uD@ |R=Ux}@W |=Q@ xm CU= |}xDiQW}B |Q}tN pOt 'pOt u}= "OW xO=O xaUwD
uD@ O=wt |=y|oS} w s=tD w CU= Ot;Q=m Q=}U@ O}OW |m}t=v}O |Q=PoQ=@ CLD
1990 |xyO QN=w= QO pOt u}= "OwW|t pt=W =Q q=@ VvQm MQv =@ Q=@ CLD
TQDUO QO ANSYS-AUTODYN Q=Ri=sQv |Q=HD |=yOmwQO}y QO |Oq}t
|R=UpOt [32]"OW p}O@D OQ=Ov=DU= pOt l} x@ Oa@ x@ 2000 p=U R= w CiQo Q=Qk
|HwQN CaQU w Pwiv jta uwJty |}=yQDt=Q=B Ow@y@ ?@U RHT pOt =@ uD@
\UwD uD@ |xO=iDU= OQwt pOt |Q=DiQ |=y|oS} w w C=YNWt [33]"OwW|t x@=DQB
VvQm V}=UQi R}v w RHT CUmW pOt w Ctw=kt pOt 'P-a Cr=L |xrO=at
=@ uD@ pOt |=Q@ xDiQ Q=m x@ |=yQDt=Q=B "�2 w 1 pw=OH� OvwW|t |iQat |UOvy
'Pcrush |=yQDt=Q=B 1 pwOH QO "OyO|t u=Wv =Q p=mU=B=ot 50 |Q=Wi Ctw=kt
uD@ |Q=Wi Ctw=kt swUl} =@ Q@=Q@ xm Pi=vt |v=UWm |oDN}Uo =@ Q_=vDt Q=Wi
uD@ pNrND QO sm =QD u=wD n w |Q}tN |oDN}Uo =@ Q_=vDt Q=Wi 'Plock 'CU=
Cr=L |xrO=at |OOa |=yC@=F T1 w A3 'A2 ' A1 ,B1 ,B0 ?}=Q[ "CU=
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2|

xQ=t
W'
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�2

|xQ
wO'

�13
99

u=DU
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h}
QW

u=Qt
a|

UOv
yt [32]"=t}B=wy |]N Cr=L |xrO=at C=YNWt "5 pwOH

QDt=Q=B `HQt |r=oJ |tHL pwOt
Q=Okt 7=85� 109(mg=m3) 7=1976� 1010(Pa)

|R=UpOt "4
p}rLD VwQ w Q=R@= "1"4

p=ta= xR=U Q@ x=Dwm Q=}U@ u=tR COt QO =Q |yHwDp@=k |=yQ=@ 'xR=U x@ x@=DQB OQwNQ@
|x@ Q[ w Q=Hiv= |xO}OB =@ s}kDUt |xr@=kt |=Q@ =yxR=U ut}= |L=Q] TB "Ovm|t
u}= j}kO CN=vW OvtR=}v w CU= Q@xv} Ry p=L u}a QO w xO}J}B Q=}U@ u; R= |W=v
s=Hv= =@ RH |D=aq]= u}vJ ?Um 'sDL Qw] x@ "CU= xR=U Q@ u; C=QF= w =yxO}OB
xvwou}= |=y|oO}J}B x@ xHwD =@ p=L "Ow@ Oy=wNv QU}t xv=}=Qo`k=w |R=Ux}@W l}
?wr]t G}=Dv x@ uO}UQ |=Q@ xS} w C}r@=k =@ |UOvyt |=yQ=Ri=sQv R= xO=iDU= 'p�=Ut

"CU= R=}v
u=wD|t 'OvQ=O =Q OQwNQ@ p�=Ut uOQm pOt |}=v=wD xm |}=yQ=Ri=sQv u}@ R=
R= xDUO u; x@ 43OmwQO}y "OQm xQ=W= ANSYS AUTODYN OmwQO}y x@
q=@ Q=}U@ MQv =@ |m}t=v}O EL=@t pL C}r@=k xm OwW|t xDio |}=yQ=Ri=sQv
O=wt R= |Q=}U@ xm CU= |}xv=N@=Dm Kr=Yt |=Q=O xt=vQ@ u}= "OvDUy =Q=O =Q
AUTO- Q=Ri=sQv "OQ=O Q@ QO =Q CUmW w |Dtw=kt pOt 'Cr=L |xrO=at w
CmQW \UwD 1986 p=U QO AUTODYN-2D |iQat =@ =OD@= QO DYN

p=U QO "OW x[Qa |]NQ}e l}t=v}O p�=Ut |=Q@ Century Dynamics

VwQi =@ "OW |iQat AUTODYN-2D =@ x@=Wt AUTODYN-3D '1991
l} pmW x@ Q=Ri=sQv |xDi=}pt=mD |=yxNUv ANSYS CmQW x@ CmQW u}=
Q=Ri=sQv u}= "OwW|t x�=Q= ANSYS Q=Ri=sQv Workbench \}Lt QO xawtHt
|R=Ux}@W |=Q@ |YYND CQwY x@ xm CU= |}=yOmwQO}y u} QDOvtDQOk R=
OwOLt |=RH= K} QY QopL R= "OwQ|t Q=m x@ OQwNQ@ w Q=Hiv= Ovv=t |}=yxO}OB
|}x@ Q[ |Q=PoQ=@ s=ovy x@ QF-wt w `} QU |QopL xm OwW|t xO=iDU= u} Sv=Qo q
R= |R=Ux}@W u}= s=Hv= |=Q@ [32]"CU= ?U=vt nQR@ |=ypmWQ}}eD |=Q=O w
xOW xO=iDU= AUTODYN w ANSYS APD2 'AUTOCAD |=yQ=Ri=sQv

"CU=
uO}UQ ẁvDt |=y|Q=PoQ=@ R}v w |RQt \}=QW 'xO=t Q=DiQ w |UOvy |oO}J}B
|=ypL R= xO=iDU= "CU= xDN=U wQ x@ wQ u=w=Qi |=y|Q=wWO =@ =Q j}kO pL x@
QO s}_a |W}=Wo 'O};|t CUO x@ OwOLt u=tR QO xm pw@kp@=k CkO =@ |@} QkD
44K} QY |xDUO wO pt=W OwOLt |=RH= VwQ "OwQ|t Q=tW x@ p�=Ut u}= pL
pL |vt[ VwQ hqN Q@ K} QY OwOLt |=RH= VwQ QO "CU= 45|vt[ w
pL Q=mwR=U "OQ}o|t s=Hv= |DNU T} QD=t p}mWD uwO@ nQR@ |]NQ}e CqO=at
T} QD=t p}mWD x@ |R=}v w OwW|t s=Hv= <RH x@ <RH |UQQ@ |x}=B Q@ VwQ u}= QO
|=Q@ Ot;Q=m |WwQ Ov=wD|t K} QY OwOLt |=RH= VwQ u}=Q@=v@ "CU}v pm |DNU
|x_i=L R= xO=iDU= =@ |O=R; |xHQO u=Q=Ry =@ nQR@ |=y|R=UpOt s=Hv= w pL
x=Qty x@ ANSYS AUTODYN Q=Ri=sQv R= j}kLD u}= QO "CU= |QDtm |}xv=}=Q

"CU= xOW xO=iDU= OwOLt |=RH= VwQ

=RH= ẁv "2"4
|=Q@ SHELL163 w SOLID164 |=RH= R= ANSYS APDL Q=Ri=sQv QO

[32]"=yxOvvmKrUt |=Q@ |]N Cr=L |xrO=at C=YNWt "3 pwOH
QDt=Q=B `HQt |r=oJ |tHL pwOt
Q=Okt 7=85� 109(mg=m3) 1=67� 1011(Pa)

w l}DUqB VvQm CUmW w lwm uwUv=H Ctw=kt pOt C=YNWt "4 pwOH
[43�41 '32]"=yxOvvmKrUt |=Q@ V}=UQi

QDt=Q=B G A B

Q=Okt 8=18� 1010(Pa) 4=53� 108(Pa) 5=1� 108(Pa)

QDt=Q=B n c m

Q=Okt 0 26 0 014 1 03
QDt=Q=B l}DUqB VvQm |W}=UQi VvQm |UOvy VvQm ẁv
Q=Okt 0 2 0 1 Instantaneous

51

CUmW R= TB xOv=t|k=@ |WQ@ pwOt w CUmW VvQm |xv}tm ?}DQD x@ R}vGres
"OvDUy

x@ VWm QO uD@ ha[ 'KrUt uD@ |=yxR=U QO %=yxOvvmKrUt |Q=DiQ pOt �?
|=yxR=U QO lQD VQDUo R= |O=} R OL =D Oqwi "OwW|t u=Q@H |Q=PoOqwi |xr}Uw
Ct=N[ =@ |Oqwi |=yx}qCQwY x@ xOvvmKrUt |=yOQor}t "Ovm|t |Q}owrH|vD@
l}DUqB wDUq= |QwLtlD Q=DiQ l} |Oqwi |x}q Qy xm OvwW|t pOt pO=at
Q=DiQ "Ovm ptLD Ov=wD|t =Q OQor}t O=ODt= QO |QwLt |wQ}v \ki w OQ=O pt=m
Q=}at Oqwi |oDN}Uo |=Q@ w OwW|t xDiQo Q_v QO u=Um} Q=Wi w VWm QO Oqwi

"OwW|t xDiQo Q_v QO VvQm |xv}W}@
41|]NOvJ |xD}U}DUqB '40|W@vH l}DUqB '[40]39lwm uwUv=H |=ypOt
R= u}vJty "CU=yOQor}t QO xDiQ Q=m x@ Oqwi C} wkD |=Q@ xO=iDU= OQwt |=ypOt
=t}B=wy CN=U QO xm sw}v}twr; Ovv=t C=Rri Q}=U |=Q@ u=wD|t lwm uwUv=H pOt

[1]"OQ@ xQy@ 'OQ}o|t Q=Qk xO=iDU= OQwt
R= |W=v CUmW w lwm uwUv=H |Dtw=kt pOt R= =yxOvvmKrUt |R=UpOt |=Q@
|=Q@ C=ar=]t |NQ@ QO xm 42RU}t uwi pOt "OwW|t xO=iDU= l}DUqB VvQm
|rt=m pOt 'lwm uwUv=H pOt xm |r=L QO CU= |}xO=U pOt OwQ|t Q=m x@ x@=DQB
x@=DQB Pwiv OvwQ QO R}v =Q CQ=QL |xHQO 'VvQm MQv Q=F; Q@ xwqa Ov=wD|t xm CU=
CLD C=Rri |]NQ}e Q=DiQ |R=UpOt |=Q@ Ctw=kt pOt u}= "Ovm pOt uD@ QO
s}rUD VvD pOt u}= QO "OwW|t xO=iDU= nQR@ |=yVvQm MQv QF= w O}OW |Q=PoQ=@
|Q=DiQ C=YNWt Qo}O R= "CU= CQ=QL w VvQm MQv 'VvQm |=yQDt=Q=B x@ xDU@=w
V}=UQi pOt w |]N Cr=L |xrO=at x@ u=wD|t =yxOvvmKrUt xO=iDU= OQwt pOt
|Lr=Yt pOt |=Q@ xDiQ Q=m x@ |=yQDt=Q=B 4 w3 pw=OH "OQm xQ=W= |UOvy VvQm
C@=F ?}DQD x@ cw B'A '|=yQDt=Q=B 4 pwOH QO "OvyO|t u=Wv =Q =yxOvvmKrUt
|oOWsQv u=wD m w |oOWCNU u=wD w C@=F 'u}}=B |=yVvQm QO x}=B s}rUD VvD

"OvDUy lwm uwUv=H pOt QO |DQ=QL
AL2024-T351 s}v}twr; R= =t}B=wy |xvO@ TvH %=t}B=wy |Q=DiQ pOt �G

|=Q@ xm CU= xOW xO=iDU= xvO@ Ctw=kt pOt |=Q@ lwm uwUv=H pOt R= "CU=
5 pw=OH "CU= ?U=vt =} wB |m}t=v}O |=y|R=Ux}@W w q=@ MQv =@ |=ypmWQ}}eD

"OyO|t u=Wv =Q =t}B=wy |Lr=Yt pOt |=Q@ xDiQ Q=m x@ |=yQDt=Q=B 6 w
Ctw=kt|Lr=Yt pOt R= =t}B=wy QwDwt |R=UpOt |=Q@ %=t}B=wy QwDwt |Q=DiQ pOt �O
8 w 7 pw=OH "CU= xOW xO=iDU= l}DUqB VvQm CUmW Q=}at w lwm uwUv=H

"OyO|t u=Wv =Q QwDwt |Lr=Yt pOt |=Q@ xDiQ Q=m x@ |=yQDt=Q=B



"""=t
}B=wy

OQwN
Q@R=

|W
=v|

@=QN
Vy

=m[32]"=t}B=wy |=Q@ lwm uwUv=H Ctw=kt pOt C=YNWt "6 pwOH
QDt=Q=B G A B

Q=Okt 2=76� 1010(Pa) 2=65� 108(Pa) 4=26� 108(Pa)

QDt=Q=B n c m

Q=Okt 0 34 0 015 1

"hOy |}xR=U C=YNWt "9 pwOH
QDt=Q=B Q]k O@vo `=iDQ= Q=w}O `=iDQ=
Q=Okt 43 8 (m) 11 63 (m) 16 94(m)

QDt=Q=B O@vo w Q=w}O Ct=N[ uD@ |WWm Ctw=kt uD@ |Q=Wi Ctw=kt
Q=Okt 1 2 (m) 5 (MPa) 50 (MPa)

QDt=Q=B OQor}t xrY=i w Q]k
Q=Okt 57=33@304(�10�3m)

|rm G}=Dv Q@ =yv; sQH =} |Q=Wi Ctw=kt w OvyO pmW Q}}eD COW x@ xm |akwt =D
[32]"OQ=Pov Q}F-=D

nQR@ G=Hwa= R= |Q}owrH |=Q@ |OOa Q=R@= l} V}=UQi xm =Hu; R= ,=U=U=
,qwtat "OvwW ?=NDv= VvQm |=yC}OwOLt T=U= Q@ O}=@ \@=w[ 'CU= xm@W O=a@=
pt=W =Q VvQm MQv C=QF= xm O@=}|t V}=Ri= |DQwY x@ |m}D=DU= VvQm |xOwOLt
?}mQD QO VvQm T=U= Q@ V}=UQi Q=}at xm |v=tR O}=@ xm@W |xR=Ov= QDt=Q=B "OwW
|OOa pLx=Q V}=UQi Q=}at "OwW |UQQ@ 'OwW|t xO=iDU= OwOLt |=RH= VwQ =@
Sv=Qo q VwQ R= xO=iDU= s=ovy QO |Q=O}=B=v w |}=Qo =w R= ?=vDH= |=Q@ ?U=vt
51|vW Ca=U |Q=O}=B=v ẁkw p=tDL= 50xDi=}Vy=m p=QoDv= =@ |=RH= QO [46]"CU=
|Q}op=QoDv= |x]kv l} R= \ki QwmPt |=RH= QO |Q}op=QoDv= |=Q@ "OQ=O OwHw
|SQv= pmW Q}}eD |=yCr=L Q=JO |m}t=v}O p�=Ut QO =RH= u}= "OwW|t xO=iDU=
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1. reactor containment
2. penetration
3. scabbing
4. cracking
5. Riera
6. Holley
7. Yang
8. Godfrey
9. Sharpe
10. Schalk
11. Drittler
12. Hornyik
13. Wolf
14. Bucher
15. Skrikerud
16. Sugano et al.
17. Husain Abbas et al.
18. Katayama et al.
19. Sandia National Laboratories (SNL)
20. Cox et al.
21. International Atomic Energy Agency (IAEA)
22. Qu et al.
23. Xu et al.
24. local damage
25. global damage
26. Kennedy
27. penetration
28. penetration depth
29. spalling
30. scabbing
31. perforation
32. Riedel-Hiermaier-Toma (RHT model)
33. Karagozian & Case (K&C model)
34. Modi�ed Drucker-Prager Model
35. Holmquist-Johnson Cook (HJC model)
36. Gebbeken and Ruppert (GR model)
37. Leppanen
38. dynamic hncrease factor (DIF)
39. Johnson Cook Model
40. plastic kinematic model
41. piecewise linear plasticity model
42. Von Mises Model

43. Hydrocode
44. explicit
45. implicit
46. hexahedral
47. triangle
48. erosion
49. element erosion function
50. reduced integration
51. hourglass
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