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pw�Ut xOvU} wv �
"1395 5 4 VQ}PB '1395 4 12 x}LqY= '1394 8 6 Ci=} QO %M} Q=D

DOI:10.24200/J30.2018.1321



"""l
}QDt

=Q=BC
=ar=]

tw
|O

Oa
|R=

Up
OtQwr}D pOt xv=iU-=Dt [20w19]"CU= xOW x�=Q= l =N |}=Qo u=wQ |v}@V}B |=Q@ Q=Hiv=

pOt '2004 p=U QO u}vJty "OvDU}v TQDUO QO |Q=HD CQwY x@ CTH Om w
xm 'CU= xOW xO=O xaUwD LS-DYNA OmwQO}y QO MAT-FHWA-SOIL

Q=Hiv= R= |W=v l =N |}=Qou=wQ |v}@V}B |=Q@ TQDUO p@=k w |tra pOt l}
[21]"CU=

VvD G=wt= Q=WDv= |R=Ux}@W |=Q@ p=U u=ty QO R}v |R=i xU l =N pOt l}
|=Q@ |OQi x@ QYLvt |}=v=wD xm 'CU= xOW xO=O xaUwD Q=Hiv= |Q=PoQ=@ R= |W=v
QO |Q=HD CQwY x@ xv=iU-=Dt |rw 'OQ=O Q=Hiv= R= |W=v l =N |}=Qou=wQ |R=Ux}@W
xOW s=Hv= QwmPt |xv}tR QO |OQwt |xar=]t OvJ u}vJty [22]"CU}v TQDUO
V}=tR; w |m}D=DU= x@W V}=tR; |OOa |R=Ux}@W l} '2008 p=U QO "CU=
|Q=PoQ=@ R=|W=v l =N|}=Qou=wQ|UQQ@ |=Q@ |OQwt |xar=]tl} u}vJty w lwW
xU l =N pOt R= xO=iDU= =@ |R=Ux}@W u; QO xm 'OW s=Hv= �Q=Hiv= w x@ Q[� O}OW

"CiQ}PB CQwY AUTODYN OmwQO}y w |R=i
AUTODYN OmwQO}y w|R=i xUpOt|}=v=wD C=@F= 'QwmPt|xar=]t R=hOy
`t=H |xar=]t l} [23]"CU= xOw@ Q=Hiv= R= |W=v |}=Qou=wQ |xO}OB |R=Ux}@W QO
|L]U |xR=U QO Q=Hiv= R= |W=v |}=Qou=wQ QF= |UQQ@ |=Q@ R}v �2011� |OOa
u=Wv w xO=iDU= AUTODYN OmwQO}y w |R=i xU pOt l} R= u; QO w OW s=Hv=
|}=Qou=wQ |xO}OB p}rLD QO |@ wN |}=v=wD 'SPH-FEM pB wm VwQ xm OW xO=O
� l =N u}@ VvmQOv= |UQQ@ |}=v=wD QwmPt pOt 'p=L u}= =@ "OQ=O Q=Hiv= R= |W=v
|}=QLY |=yV}=tR; |QUl} u}vJty [24]"OQ=Ov =Q xQHivt |xO=t � Q=Hiv= � xR=U
w O}OW |=yQ=Hiv= CLD l =N C=}YwYN u}}aD |=Q@ Q=Hiv= R= |W=v |}=Qou=wQ
Q=Hiv= |=yV}=tR; |xawtHt w s=Hv= nQR@ |=yxRQr u}tR |R=Ux}@W w |B QO|B
Ck@=]t |OOa w |@ QHD G}=Dv xm 'OW |R=Ux}@W LS-DYNA OmwQO}y \UwD
|m =N Kr=Yt pOt R= R}v l =N Q=DiQ |R=Ux}@W |=Q@ "CW=O Qo}Om} =@ |@ wN

[18]"CU= xOW xO=iDU= MAT-FHWA-SOIL

MAT-FHWA-SOIL l =N pOt Q@ |QwQt "3
LS-DYNA OmwQO}y QO OwHwt

|W=v l =N |}=Qou=wQ |xO}OB p}rLD |=Q@ Q[=L |xar=]t QO |@=NDv= l =N pOt
OmwQO}y QO OwHwt �MAT� 147 =}� MAT-FHWA-SOIL pOt 'Q=Hiv= R=
l =N pOt OvJ 'OW xO=O K}[wD 2 VN@ QO xm Qw] u=ty "CU= LS-DYNA

|Q=HD CQwY x@ =yv; R= |NQ@ xm 'CU= OwHwt QwmPt |xO}OB |R=Ux}@W |=Q@
|=Q@ |QDtm |}=v=wD '|@=NDv= pOt =@ xU}=kt QO Qo}O |NQ@ "OvDU}v TQDUO QO
'xOW ?=NDv= pOt OUQ|t Q_v x@ p=L u}= =@ "OvQ=O QwmPt |xO}OB |R=Ux}@W

"CU= Q=Hiv= R= |W=v |}=Qou=wQ |xO}OB |R=Ux}@W |=Q@ xv} Ro u} QD?U=vt

xOW KqY= ?trwm - Qywt |Q=DiQ pOt "1"3
[21]%OQ=O Xkv wO |rai |xO=iDU= |=Q@ '?trwm � Qywt OQ=Ov=DU= 3s}rUD Kw]U
|WQ@ Ctw=kt |x]kv� VvD QwLt =@ lQDWt pYi QO 4|}=Dm} |x]kv R= K]U "1
QwYLt VvD p}rO x@ s}rUD K]U R= xOW QmP |xOwOLt "OwW|t ẁQW �QiY
|}=Q=m =v w |OOa CqmWt O=H}= Ea=@ |}=Dm} ẁv u}= "CU= |v=QL@ 'u}}=B |oOW
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[26]"s}rUD K]U QO Qo =QB - Qo =QO ?} Q[ Q}F-=D "3 pmW

%�4 |x]@=Q�

K(�) = 4(1� e2) cos2 � + (2e� 1)2

2(1 + e2)cos� + (2e� 1)[4(1� e2)cos2� + 5e2 � 4e] 12

(4)

=}) e w |i=QLv= VvD swU Q}eDt=v J3 w cos3� = 3p3J3 2J 322 'u; QO xm
|QwLt xU |Q=Wi Ctw=kt x@ |QwLt xU |WWm Ctw=kt C@Uv (ECCEN

Qo = "O};|t CUO x@ pmW |wQ}=O |]wQNt K]U 'OW=@ 1 Q@=Q@ e Qo = "OvDUy
QO K(�) Q=Okt "O};|t OwHw x@ 4 pmW j@=]t Vwo xU K]U 'e = 0=55
|Q}opmW |=Q@ e = 0=7 QDt=Q=B Q=Okt "OwW|th} QaD 0=5 < e < 1 |xOwOLt
O=yvW}B s}rUD K]U |=yxWwo QO OL R= V}@ |i=Y uwO@ |k]vt Q=wty K]U

[21]"CU= xOW
7u=UWm |Q=DiQ pOt "4"3

u=mt= "CU= xOW ZQi u=UWm w uoty CQwY x@ l =N MAT� 147 pOt QO
'Kr=Yt OvwQsy Q}e w uoty=v X=wN uDiQo Q_v QO =@ |Q=DiQ pOt l} |xaUwD
|i=m p}rO x@ Ov=wD|t u=mt= sOa u}= "CU= pmWt |m}vmDw�S Kr=Yt ,=YwYN
w V}=tR; VwQ =} x=oDUO u=Oki R= |W=v |@ QHD |=yxO=O uOw@v j}kO =} w uOw@v
uoty=v X=wN |Dkw ut[ QO "OW=@ """ w |Q}oxR=Ov= CkO =} V}=tR; |=y=]N =}
'OQm Oy=wN =O}B V}=Ri= Q=}U@ =yQ}eDt O=OaD 'OwW pOt OQ=w Kr=Yt OvwQsy Q}e w
Kr=Yt |UQQ@ '\}=QW u}= QO[28]"Ow@ Oy=wN xv} RyQB w pmWt =yv; u}}aD ,q=tDL= xm

"OQ=O xDiQW}B w X=N |Q=DiQ pOt x@ R=}v OvwQsy Q}e w uoty=v

[21]"xOv@UJ Q}e l =N |=Q@ |i=QLv= |xLiY QO s}rUD K]U "2 pmW

|@ QHD C=Oy=Wt "CU= |ar[ 6 |i=QLv= |xLiY QO ?trwm � Qywt K]U "2
QwYLt VvD QO xm OvyO|t u=Wv 2 pmW j@=]t xOv@UJ Q}e |=yl =N |=Q@
|=Q@ "CU= Vwo 3 CQwY x@ |i=QLv= |xLiY QO s}rUD K]U 'u}}=B |oOvvm
QO |D=ar=]t T=U= Q@ xOW KqY= ?trwm � Qywt K]U 'xOW QmP Xk=wv K}LYD
|rwrPy l} 'xOW KqY= ?trwm � Qywt K]U "CU= xOW P=ND=[25]'1995 p=U
VvD |=yQwLt `]=kD |x]kv QO "OQ}o|t Q=Qk ?trwm � Qywt K]U |wQ xm CU=
'QwmPt |x]kv QO "CU= h=Y K]Ul} xOW KqY= K]U '�QiY |WQ@Ctw=kt�
?trwm - Qywt |xLiY '2 |x]@=Q "CU= Owta VvD QwLt Q@ xOW KqY= K]U

%OyO|t x�=Q= =Q xOW KqY=
F = �P sin�+

q
J2K(�)2 + ahyp2 sin2 �� c cos� = 0 (2)

|x} w=R `@=D K(�) &x}rw= l =m]Y= |x} w=R � &Q=Wi P &s}rUD VvD F 'u; QO xm
Q=Okt c &|i=QLv= VvD swO Q}eDt=v swO |xW} Q pJ2 &|i=QLv= |xLiY QO �

"CU= 6Qo =QB � Qo =QO ?} Q[ ahyp w l =N |oOv@UJ

(ahyp) Qo =QB - Qo =QO ?} Q[ "2"3
?} Q[ "CU= Q}oCkw w pmWt |}=Qosy x@ uO}UQ '|oDUw}B=v |x]kv =} T-=Q QO
|}=Dm} |x]kv |m}ORv QO |R=UQ=wty G}=Dv R= |i}YwD (ahyp) Qo =QB � Qo =QO
|x} w=R `@=D 'Qo =QB � Qo =QO ?} Q[[18]"OyO|t x�=Q= ?trwm � Qywt s}rUD K]U QO
|x]@=Q R= u; |=Q@ |k]vt Q=Okt w [26]'CU= l =N |oOv@UJ w |rN=O l =m]Y=

%O};|t CUO x@ 3
0 � AHY P � C

20 : cot(�) (3)

?trwm � Qywt K]U x@ |rwrPy K]U 'AHY P � C
4 : cot(�) Q}O=kt |=Q@

pY=L ?trwm � Qywt OQ=Ov=DU= K]U 'ahyp = 0 Q=Okt QO w OwW|t l}ORv
K]U R= |}=Dm} |x]kv |m}ORv QO |rwrPy K]U 'ahyp QDnQR@ Q}O=kt QO "OwW|t
u=Wv s}rUD K]U Q@ =Q ahyp?} Q[ Q}F-=D '3 pmW "OQ}o|t xrY=i ?trwm � Qywt

"OyO|t

(ECCEN) C} RmQt R= GwQN QDt=Q=B "3"3
OQ=Ov=DU=K(�) `@=D '|i=QLv= |xLiYQO s}rUDK]UpmW 'swOXkv KqY=|=Q@
OW u} Ro}=H[27]'1985 p=U QO |WywSB QO xOW xO=iDU= `@=D =@ ?trwm � Qywt
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D2 = 1�B
B:Ksk[n:(1� S)]

(8)

B = 1
1 + �0KskK

(9)

"CU= xOW x�=Q= |irDNt |=yQ=}at 'xrRrR R= |W=v |}=Qou=wQ p}Uv=DB |@=} RQ= |=Q@
u}vJty w [31]l}rm}U |WQ@ VvQm[30]'l}rm}U |WQ@ VvD '=yVywSB |NQ@ QO
xO=iDU= |}=Qou=wQ |@=} RQ= Q=}at u=wva x@ [32]'l =N |}=Qou=wQ |=Q@ sRq |SQv= Q=}at
Q=Hiv= R= |W=v l =N |}=Qou=wQ |UQQ@ |=Q@ xOW xO=iDU= pwtat Q=}at "CU= xOW
(Ru) xOv=t|k=@ |}xQiL ?; Q=Wi xi=[= C@Uv [33w24'23'18]'=yVywSB |NQ@ QO

%CU= xOW xO=iDU= 10 |x]@=Q j@=]t u; R= R}v Q[=L VywSB QO xm 'CU=

Ru = �Usd=�0vo (10)

"CU= x}rw= QF-wt VvD �0v0 w |i=[= |xOv=t|k=@ |}xQiL Q=Wi �Usd 'u; QO xm
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QO xOt; CUO x@ |xH}Dv "O@=}|t Vy=m xOv=t|k=@ |i=[= |Pivt ?; Q=Wi O}rwD
"OQ=O Ck@=]t[11] 'u}W}B u=QoWywSB \UwD xOt; CUO x@ G}=Dv =@ Q[=L p}rLD

|i=[= |Pivt ?; Q=Wi C@Uv QO xQHivt |xO=t Q=Okt QF= "2"2"6
xOv=t|k=@

|Pivt ?; Q=Wi C@Uv Q@=Q@ QO TNT sQowr}m 80 w 50'20 Q}F-=D 'Q[=L VN@ QO
w CiQ|t Q=_Dv= xm Qw] u=ty "�14 pmW� CU= xOW |UQQ@ xOv=t|k=@ |i=[=
|Pivt ?; Q=WiC@UvV}=Ri=Ea=@ xQHivt |xO=t Q=OktV}=Ri= '14 pmW j@=]t
xQHivt |xO=t Q=Okt uOW Q@=Q@ 2 5 =@ xm OwW|t xH}Dv "CU= xOW xOv=t|k=@|i=[=

"O@=}|t V}=Ri= �23 R}v xOv=t|k=@ |i=[= |Pivt ?; Q=Wi C@Uv '(TNT)

|Q}o xH}Dv "7
LS-DYNA K} QY |]N Q}e |m}t=v}O p}rLD Q=Ri=sQv R= 'Q[=L VywSB QO
|xv} Ro 'Q=Hiv= |R=Ux}@W QO |}=v=wD p}rO x@ QwmPt Q=Ri=sQv "CU= xOW xO=iDU=
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=yCWwv=B
1. scaled depth of burial
2. Lyakhov
3. yield Surfaces
4. singularity
5. plasticity algorithm
6. drucker-prager coe�cient
7. elastic constitutive behavior
8. skeleton bulk modulus
9. maximum number of plasticity iterations
10. plasticity Parameters (strain hardening)
11. mesh sensitivity
12. void formation parameter
13. viscoplastic parameters (strain-rate parameters)
14. damage level
15. element deletion
16. Hourglassing
17. Fraser
18. high(HE) explosive
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