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ẁv u}= ptLD |=Q@ |i=m C}iQ_ O}=@ |atW |=y|B 'u}=Q@=v@ "OQ=O OwHw `tW x@

"OvW=@ xDW=O =Q Q=@
OQwt =Q |@v=H Q=@ CLD |=y`tW |O=} R u=QoWywSB 'xDWPo |xyO 5 pw] QO
'`tW |@v=H Q=@ R=Ht Q=Okt xm OyO|t u=Wv =yVywSB G}=Dv "Ov=xO=O Q=Qk |UQQ@

[2]%OwW|t u}}aD VwQ wO u}= R=
&?U=vt u=v}t]= ?} Q[ Q@ |}=yv Q=@ s}UkD =@ "1

"CU= pw@k p@=k |}=Hx@=H u=R}t =@ ?U=vDt 'R=Ht |@v=H Q=@ Q=Okt "2
'CU= xOW xDiQo Q=m x@ |@v=H Q=@ CLD `tW p}rLD |=Q@ |awvDt |=yVwQ

pw�Ut xOvU} wv �
"1394 2 29 VQ}PB '1394 2 1 x}LqY= '1393 7 8 Ci=} QO %M} Q=D



"""'l
=NQ

Ou
wiOt

Q=OQ
}oQU

`tW
|O

Oa
p}rL

D

l =N Ctw=kt xm |r=L QO 'OwW|t xO=O u=Wv OwN |xDUw}B pmW QO l =N "4
"OwW|t pOt xDUw}B Q}e |=yQvi \UwD

"OwW|t xDiQo Q_v QO s}kDUtQ}e CQwYx@ `tW |xUOvy QF= "5
"OQ=O OQ@ Q=m 'OvQ=Ov |O=} R C}ty= xHQO xm |}=yxR=U |=Q@ "6

ptar=Tma VwQ |=Q@ |}xOWQmP ?}=at w =}=Rt R}v p� y |vLvt VwQ
|}=Hx@=H R= |]NQ}e |a@=D CQwYx@ l =N Ctw=kt xm Cw=iD u}= =@ 'OvQ=O QDU@
pmWQ}}eD w CU= `tW |DNU w pmW R= pkDUt VwQ u}= "OwW|t ^=Lr `tW
u}}=B w q=@ QO xOWs=Hv= |Q=PoQ=@ R= pkDUt CQwYx@ =Q l =N |=yx}q |xv=o =OH

[6]"Ovm|tv ^=Lr =Q l =N |oDUw}B `k=w QO &OyO|t u=Wv x}q u;
|x@U=Lt |=Q@ xO=U|WwQ 'xDUw}B CQwYx@ l =N uDiQoQ_vQO =@ u=UWm VwQ
K]U Q}}eD =@ u; Q}}eD w u=UWm pmW x@ l =N pwOt uDiQoQ_vQO "CU= pmWQ}}eD
w nQR@ |=ypmWQ}}eD 'QwmPt VwQ u}vJty "CU= u=UWm VwQ ?}=at R= 'VvD

[7]"CU}v wo?=wH =Q |]NQ}e |=yl =N QO `tW CUmW
'xDUw}B CQwYx@ l =N uOQmpOt |=Q@ OQ@ Q=mQB VwQ l} 'OwOLt u=tr= VwQ
\}=QW w l =N w `tW lQDWt pYi Q=DiQ '|]NQ}e CQwYx@ l =N uDiQoQ_vQO
Q}=U x@ C@Uv |QDj}kO |r}rLD VwQ xH}Dv QO xm 'CU= |Oa)@xU CQwYx@ |RQt

[4]"CU=yVwQ
'p� y |vLvt w QDU@ ptar=Tma Ovv=t |}xO=U |=yVwQ |rm Qw]x@
|@v=H |Q=PoQ=@ CLD `tW |:tm MU=B |v}@V}B |=Q@ |OQ@ Q=mQB |r}rLD |=yVwQ
|=y|oS} w C=Q}F-=D 'xOWQmP |=yVwQ QO 'u}= OwHw =@ &OvDUy |UOvyt |=yQ=m QO
|@v=H |Q=PoQ=@ CLD `tW w l =N MU=B QO '|DNU w Ctw=kt Q}_v l =N |U=U=
x@ `H=Q QwmPt |=yVwQ QO |}=yVr=J 'u; Q@ xwqa "CU}v xOy=Wt p@=k |@ wNx@
CLD `tW xm '|m =N MU=B QO u; Q]k w |DNU p}@k R= `tW |=y|oS} w C=Q}F-=D
[4]"CU= xOt; OwHwx@ =yVywSB V}=Ri= =@ 'CU= xOW `k=w u; QO |@v=H |Q=PoQ=@
`tW MU=B |wQ l =N w `tW |U=U= |=y|oS} w C=Q}F-=D |xar=]t 'u}=Q@=v@
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1. classical plasticity- based models

2. bounding surface models
3. nested surface models
4. generalized plasticity models

58



4 1
|xQ

=tW
'32

�2
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
u=Qt

a|
UOv

yt

�References� `@=vt
1. Rahmani, A. \Dynamic analysis of pile in liquefaction",

Master's Thesis, Sharif University of Technology (2010).
2. Gustavo, E. \Dynamic lateral response of single piles

considering soil inertia contribution", University of
Puerto Rico, pp. 217- 287 (2007).

3. Prakash, Sh., and Shamra, H., Pile Foundations in En-
gineering Practice, University of Missouri- Rolla, 768 p.
(1990).

4. Long. H. and Cheng Fan, Chia \Assessment of existing
methods for predicting soil response of laterally loaded
piles in sand", Computers and Geotechnics, 32(3), pp.
274-289 (2005).

5. Banerjee, P.K. and Davis, T.G. \The behavior of axi-
ally and laterally loaded single piles embedded in non-
homogeneous soils", Geotechnique, 28(3), pp. 309-326
(1978).

6. Yu-Xo, L., Cai, F., Wang, G.-X. and Ugai, K. \Nonlin-
ear analysis of laterally loaded single piles in sand using
modi�ed strain wedge model", Computers and Geotech-
nics, 51, pp. 60-71 (2013).

7. Trochanis, A., Bielak, J. and Christiano, P. \Three- di-
mensional nonlinear study of piles", Journal of Geotech-
nical and Geoenvironmental Engineering, 117(3), pp.
429-447 (1991).

8. Open System for Earthquake Engineering Simulation,
Paci�c Earthquake Engineering Research Center, Uni-
versity of California, Berkeley (1998-2002). (Website:
http://OpenSees.Berkeley.edu/)

9. Tayyebat, M. \Two-level critical state plasticity model
for numerical modeling of liquefaction with correlated
approach", Master's Thesis, Sharif University of Tech-
nology (2003).

10. Dafalias. Y.F. \Overview of constitutive model used
in VELACS", Veri�cations of Numerical Procedures for

the Analysis of Soil Liquefaction Problems, Arulanandan
and Scott (eds), Rotterdam, Balkema, II, pp. 1293-1304
(1993).

11. Elgamal, A., Parra, E., Yang, Z., Dobry, R. and Zeghal,
M. \Liquefaction constitutive model", Proc. Int. Work-
shop on the Physics and Mechanics of Soil Liquefac-
tion, P. Lade (ed.), Balkema, Rotterdam, the Nether-
lands (1998).

12. Poulos, H.G. and Davis, E.H., Pile Foundation Analysis
and Design, Chapter 8. Centre for Geotechnical Research
Univrsity of Sydney (1980).

13. Rahmani, A. and Pak, A. \Dynamic analysis of pile in
liquefaction", The 5th National Congress on Civil Engi-
neering, Ferdowsi University of Mashhad (2010).

14. Fan-Ren, L., Yaho-Hua, J. and Ji-Ming, Y. \Study on
proportional relation-ship lateral bearing capacity of
batter pile by model experiments", In: International
Workshop on Automobile, Power and Energy Engineer-
ing, Procedia Engineering, 16, pp. 8-13 (2011).

15. Reese, L.C., Cox, W.R. and Koop, F.D. \Analysis of
laterally loaded pile in sand", In: Proceedings of the Sixth
Annual O�shore Technology Conference, Houston (TX).
Paper No. 2080 (1974).

16. Hansen, J.B. and Christensen, N.H., The Ultimate Re-
sistance of Rigid Piles Against Transversal Forces, Bull.
No. 12, Danish Geotechnical Institute, Geoteknisk Insti-
tut (1961).

17. Norris, G. \Theoretically based BEF laterally loaded pile
analysis", In: Proceedings of the 3rd International Con-
ference on Numerical Methods in O�shore Piling, Paris,
France. pp. 361-386 (1996).

18. Hesabirad, N. \Evaluation of lateral bearing capacity of
piles, considering the interaction of soil and pile", Mas-
ter's Thesis, Tarbiat Modares University (2014).

59




