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*|wk |D=@U=Lt |=ypOt x@ R=}v �2 &|L=Q] O}OH |=yxiUri =@ |}xiQL u=UOvyt



"""w
l=N

w`t
WQ

@QkD
Ut

|xO
QDU

o|
Bp}

rLD|=yp=U QO "OwW|t ?wULt xO}J}B ,=D@Uv |R=UpOt Q_v R= 'l =N w `tWQU
'q=@ VR=OQB CQOk =@ =yxv=}=Q V}=O}B u}vJty w |OOa |=yVwQ VQDUo =@ Q}N=
xHwD O}=@ OQwt u}= QO xD@r= "CU= xDiQo Q=Qk xHwD OQwt Q=}U@ |OOa |R=UpOt
OQm xO=iDU= |L=Q] |=Q@ u=wD|tv |}=yvDx@ R}v |OOa |=yVwQ G}=Dv R= xm CW=O
� |v=UWm |=y\}Lt |OOa p}rLD QO OwHwt CqwyHt |oOQDUo u; Cra xm
G}=Dv =OD@= |OOa |R=UpOt Qy QO Cra u}tyx@ "CU= �l}DUqB wDUq=� |Q}tN
C=ar=]t =} `@=vt QO xOW s=Hv= |=y|UQQ@ R= pY=L G}=Dv =@ '|R=Ux}@W R= pY=L
OQmrta u}vJty w |R=UpOt QO C=}[Qi |DUQO R= =D OwW|t xU}=kt |y=oW}=tR;

"OwW pY=L pt=m u=v}t]= xt=vQ@
xOW xO=iDU= `tW w l =N \}Lt p}rLD |=Q@ |OOa VwQ R= R}v j}kLD u}= QO
p[=iD VwQ R= xm [8]CU= xOW xO=iDU= FLAC3D Q=Ri=sQv R= 'p}rLD |=Q@ "CU=
|=Q@ ?trwmQywt |Q}tN � |v=UWm pOt R= j}kLD u}= QO "O} wH|t xQy@ OwOLt
OQ=w `tWQU |wQ CN=wvm} |xOQDUo CQwYx@ Q=@ w xOW xO=iDU= l =N \}Lt
FLAC3D |xt=vQ@ QO |Q=PoQ=@ CaQU |iQat |=Q@ Q[=L j}kLD QO "OwW|t
O=OaD �STEP QwDUO hqNQ@� u; QO xm CU= xOW xO=iDU= SOLVE QwDUO R=
xm |Qw]x@ &OwW|t h} QaD |}=yv Q=@ x@ uO}UQ =D Q=mOwN Qw]x@ |Q=PoQ=@ |=ys=o
|=yDv= w �Unbalanced Force� |Q=PoQ=@ |=OD@= QO xOQ=w Q=@ x@ \w@ Qt |=]N
u} QDsm x@ �O}UQ |rN=O |=ywQ}v pO=aD x@ xOWxDN=U pOt xm u}= R= TB� |Q=PoQ=@
V}=Ri= QOku; =]N w |aU =@ p}rLD OQwt \}Lt O=a@= ut[ QO [8]"OUQ@ OwN Q=Okt
=y`tW |=yu=mt Q}}eD w =yVvD Q@ |Q}F-=D 'O=a@= uOQmQDnQR@ xm CU= xOW xO=O

[9]"OW=@ xDW=Ov

pOt Q=@Da= |UQQ@
w l =N Q=DiQ |R=UpOt QO |OOa |xt=vQ@ OQmrta CLY R= u=v}t]= pwYL |=Q@
xwQo w 'l =N =@ T=tD uwO@ `tWQU =@ `tW xwQo 'OQivt `tW %R= |}=ypOt '`tW xwQo
p}rLD R= pY=L G}=Dv x@ xHwD =@ "OW |R=UpOt l =N =@ T=tD QO `tWQU =@ `tW
s=Hv= |=y|R=UpOt xm OW XNWt 'C=k}kLD Q}=U G}=Dv =@ =yv; |xU}=kt w |OOa
OL QO |atW |=yxOwr=W w `tW xwQo Q=DiQ |v}@V}B C}r@=k R= xt=vQ@ \UwD xOW
'=HQO OQivt |vD@ `tW l} CUWv�Q=@ MU=B p=Ft u=wvax@ "CU= Q=OQwNQ@ ?wr]t
|QwLt hrDNt |=yQ=@ CLD 'QDt 20 pw] w QDt 0 5 `r[x@ |a@ Qt `]kt =@
x�=Q= 1 pwOH QO `tW w l =N Kr=Yt |=yxYNWt "OQ}o|t Q=Qk |UQQ@ OQwt
Q}O=kt =@ G}=Dv u}= |xU}=kt w FLAC3D Q=Ri=sQv R= pY=L G}=Dv "CU= xOW
xO=O u=Wv 2 pmW QO [5 w 4]|r@k |=yj}kLD QO xOWx�=Q= \@=wQ R= xOt; CUO x@

"`tW w l =N Kr=Yt |=yxYNWt "1 pwOH
l =N |vD@ `tW Q}eDt

1900kg=m3 2500kg=m3 lWN |r=oJ
30MPa 25000MPa nv=} pwOt

0 35 0 2 uwU=wB ?} Q[
33 33MPa 13900MPa |tHL pwOt
11 11MPa 10400MPa |WQ@ pwOt

50kPa � |oOv@UJ
xHQO 5 � |rN=O l =m]Y= x} w=R

"`tW xwQo |L=Q] hrDNt |=yxiUri �CUWv � Q=@� |vLvt "1 pmW

l =N QO xOW O=H}= CUWv u}vJty "CU= `tW xwQo p}rLD Qw_vtx@ VvmQOv=
'Q}PBsm =QD w ?rY `tW Cr=L wO QO �`tW R= r |xrY=i QO� OQivt `tW h=Q]=
xDiQo Q=Qk xar=]t OQwt `tW |xQ=OH w �x}=B� lwv \UwD xDi=} p=kDv= Q=@ R= |W=v
VvmQOv= ?}=Q[ Q}F-=D R= xO=iDU= =@ `tW xwQo p}rLD Qw_vtx@ xt=O= QO u=v; '[5]CU=
|=yQ=@ CLD =Q `tW xwQo CUWv '`tW xwQo |DNU QO lwv w xQ=OH x@ \w@ Qt

"Ov=xOQm x@U=Lt OQ=w
|w u=Q=mty w OvrQ@ \UwD Q=@ u}rw= |=Q@ `tW xwQo |L=Q] O}OH x=oO}O |xO}=
|OwOLt O=OaD uOwRi= w xOQDUo |B l} uDiQo Q_v QO =@ =yv; "OW KQ]t �1977�
|}xU=m hPL x@ w xDU=m CN=wvm} Q}e |=yCUWv R= 'xOQDUo |B RmQt Q} R QO `tW
|B \UwD pm Q=@ R= |WN@ |L=Q] Q_v R= [6]"OvDi=} CUO xOQDUo |B RmQt uOW
Q=@ CLD =y`tW pw] QO xQ=OH C}iQ_ |t=tD w OwW|t ptLD �`tWQU� xOQDUo
|L=Q] |=Q@ hrDNt |xiUri wO 'x}rw= |=yxO}= \U@ =@ "OvwW|t G}U@ |Q=OQ@xQy@

[7]%OW u=}@ `tW xwQo
|L=Q] OQ=w |=yQ=@ |xv}W}@ ptLD |=Q@ |ywQo CQwYx@ =y`tW xm |DvU VwQ �

"Ovm|t ptLD =Q OQ=w Q=@ R= |tm Q=Okt `tWQU xm |r=L QO 'OvwW|t
`tWQU R= |Y=N \=kv QO =y`tW u; QO xm CUWv |xOvy=m |=y`tW VwQ �
|rY= hOy "OvQ}o|t Q=Qk 'OvQ=O =Q CUWv u} QDW}@ xm �`tWQU RmQt ,qwtat�
"CU= |rm CUWv Vy=m |=H x@ CN=wvm} Q}e |=yCUWv Vy=m VwQ u}=
|=Q@ 'CU= `tW xwQo �CUWv � Q=@� Q=DiQ xOvyOu=Wv xm 1 pmW =Hv}= QO
|B Q=DiQ 1 |vLvt "OwW|t K} QWD |L=Q] QO hrDNt |=yxiUri |xU}=kt
QO xOt; OwHwx@ CUWv 'Cr=L u}= QO "OyO|t u=Wv =Q �`tW uwO@� =yvD |xOQDUo
xOt; OwHwx@ |=yCUWv Vy=m |=Q@ u}=Q@=v@ "CU= R=Ht OL R= V}@ |L=Q] Q=@

"OwW|t xO=iDU= `tW R=
VwQ u}= QO "OyO|t u=Wv =Q `tW xwQo |L=Q] QO |DvU |xiUri 2 |vLvt
\UwD Q=@ R= |O=} R VN@ xm u}= ZQi =@ w 'l =N =@ T=tD QO `tWQU =@ `tW xwQo
'OwW|t xOy=Wt 2|vLvt QO xm Qw]u=ty "OwW|t|L=Q] 'OvwW|t ptLD =y`tW
Q=@ QO 'OvwW|t |L=Q] xiUri u}= R= xO=iDU= =@ xm |}=y`tW CUWv �Q=@ |x]@=Q
|xOvy=m u=wvax@ =y`tW OQ@ Q=m 3 |vLvt "CU= �u=UWm � |]N CQwYx@ |L=Q]
"OyO|t u=Wv =Q |L=Q] Q=@ QO =y`tW |Q@ Q=@ C}iQ_ s=tD R= xO=iDU= w CUWv

Q[=L j}kLD QO |R=UpOt
|D=@U=Lt Q=R@= 'O}OH |=yxiUri QO XwYNx@ '|L=Q] |=yx=oO}O R= l} Qy QO
T=tD uDiQo Q_v QO =@ `tW xwQo |Oa@xU p}rLD |rm Qw]x@ "CU= R=}v OQwt ?U=vt

sQ=yJ w pyJ |xQ=tW �h} QW 30



|v}
kQU

u=U
L=

wwr
v}O=@

xQ=y
@'QN

=i|
ra

=@ T=tD uwO@ w l =N =@ T=tD QO `tWQU Cr=L wO QO `tW xwQo l}D=tW "3 pmW
"l =N

QO `tWQU =@ `tW xwQo Cr=L wO |=Q@ |v=}t w |Q=vm |=y`tW QO VvD "4 pmW
"l =N =@ T=tD uwO@ w l =N =@ T=tD

`tW xwQo |Q}oQ=mx@ QO xv}y@ |UOvy \}=QW x@ |@=}DUO Qw_vtx@ 'C=ar=]t ẁv u}=
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1. settlement reducing piles
2. piled raft
3. freestanding pile group

`@=vt
1. Yahyazade, F. and Fakher, A. \A simple method to es-

timate the bearing capacity of driven piles", 3rd Int.
conf. Coastal, Ports and Marine Structures, Tehran, 12-
14 Dec.1998, 2, pp. 181-194 (1998).

2. Khodaparast, M. and Fakher, A. \Determination of ulti-
mate load of piles from loading test results", Geotechnic
and Material, 16, (80), pp.12-27 (1998).

3. Hosseini, M. and Fakher, A. \Change of the bearing
capacity of driven piles in �ne grains soils", 16, (61),
pp.132-145, (2005).

4. Poulos, H.G and Davis, E.H. \Pile foundation analysis
and design", John Wiley & Sons, p. 250, (1980).

5. Randolph, M.F.; Feleming, W.G.K.; and Weltman, A.J.
\Piling engineering", John Wiley & Sons, p. 120, (1985)

6. Burland, J.B.; Broms, B.B.; and de Mello, V.F.B. \Be-
havior of foundations and structures", Proc. 9 ICSMFE,
Tokyo, 2, pp. 495-546 (1977).

7. Randolph, M.F. \Design methods for pile groups and
piled rafts", S.O.A. Report, 13 ICSMFE, New Delhi, pp.
61-82 (1994).

8. Itasca., FLAC3D, \Fast lagrangian analysis of continua
in three dimensions, user's. manual", Version 2.10-224,
Itasca Consulting Group, Inc. (2002).

9. Badinlou, B. \Analysis of pile and soil supported raft and
the comparison of conventional and new design methods
for piles group", MSC Thesis, Civil Engineering Depart-
ment, Tehran University (1385).

10. Das, Braja M. \Principal of foundation engineering",
John Wiley & Sons, (1941).

sQ=yJ w pyJ |xQ=tW �h} QW 38


