
�14
01

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
�|W

ywSB
�'1

1�3
"X

'4/
1|

xQ=t
W'

38
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
leCUWv w s�=k |Q@ Q=@ C}iQ_ |@=} RQ=

`=@W= |xU=t Q@ QkDUt Cm =@ |=y|B
�OWQ= T=vWQ� � |W=O=O=k; O}aU

�Q=}Wv=O� � O=OL u}ULr=O@a
u=vtU x=oWv=O '|UOvyt w |vi |xOmWv=O

�|@ Qt� |tD=N u}ULOtLt O}U
u=QyD '|}xiQL w |vi x=oWv=O 'u=Qta |UOvyt xwQo

x]@=Q u}= QO R=}v OQwt |=yR=UwCN=U VQDUo w u=yH QO wv |=y|SQv= x@ uwRi=RwQ R=}v
R= |Q=}U@ xHwD 'O=@ |SQv= Ovv=t 'wv |=y|SQv= x@ |@=}CUO Qw_vt x@ |rL=U=Qi j]=vt QO
|=yxR=U E=OL= |=Q@ xm |}=y|B `=wv= R= |m} "CU= xOQm hw]at OwN x@ =Q u=QoWywSB
|wQ}v u}@ \=@DQ= |UQQ@ w xar=]t "CU= |r]U =} Cm =@ |B 'OwW|t xO=iDU= |rL=U=Qi
'Q[=L Q=DWwv QO "CU= |QwQ[ |B w l =N VvmQOv= QO s�=k |}=Hx@=H w |B Q@ OQ=w s�=k
w Cm =@ |B Q=DiQ |wQ Q@ xar=]t =@ "Ov=xDiQo Q=Qk `=@W= l =N QO s�=k |Q=PoQ=@ CLD =y|B
p@=k |L]U |B Q@=Q@ wO R= V}@ =D Cm =@ |B |Q@ Q=@ C}iQ_ xm OW XNWt |L]U |B
Q@ uwRi= "Ovm|t =O}B V}=Ri= |Q@ Q=@ C}iQ_ 'Cm =@ |B |xvt=O V}=Ri= =@ "CU= |@=}CUO
Vy=m C@Uv l} x@ |L]U w Cm =@ |B |Q@ Q=@ C}iQ_ |Pivt ?; Q=Wi V}=Ri= =@ 'u;
|}=Qou=wQ \}=QW QO l =N Q@ QkDUt Cm =@ |B OQmrta xm CU= xO=O u=Wv G}=Dv "O@=}|t

"CU= QDy@ |L]U |B =@ xU}=kt QO

sdaghadadashi@semnan.ac.ir
ahadad@semnan.ac.ir
mkhatami@tvu.ac.ir

|=yxR=U '`=@W= |xU=t 'Cm =@ |=y|B 's�=k |Q@ Q=@ C}iQ_ %|O}rm u=oS=w
"|rL=U=Qi

xtOkt "1
|iQYt Kr=Yt QO xm xHwD p@=k |} wHxiQY p}rO x@ =y`tW x@ C@Uv w OQm ?Yv
Q=}U@ Ca}@] =@ u}vJty =yv; "OwW|t xO=O K}HQD 'OQ=O =QH= |=Q@ sRq u=tR w
p=ta= =@ |rw &OvwW|t ?Yv VwQ u=ty x@=Wt |}xw}W x@ w OvDUy QDQ=oR=U
|xkwOvY u}vJty "O}JQ@ =Q =yv; u=wD|t 'x}rw= Vmt Tma CyH QO Q=Wi
=QH= �x=wNrO Vv}J w O=OaD� |@}mQD Qy =@ w |O=a@= Qy =@ u=wD|t =Q |Wmt
x@ "OQm O}rwD =Q Q_v OQwt |WJ}B C}iQ_ w |DNU u=wD|t xH}Dv QO xm 'OQm
[1]"Ov=xOQm RmQtD |Wmt |=yxkwOvY |xar=]t Q@ |Q=}U@ u=QoWywSB 'QwmPt p}qO
xOy=Wt 1 pmW QO |rL=U=Qi |=iQSsm |B |=ysDU}U OQ@ Q=m OQ=wt R= |NQ@

"OwW|t
u=wva x@ R=o w Civ |=ywmU |=Q@ |a}Uw Qw] x@ |Wmt |=yxkwOvY '=OD@= QO
pw] QO "OvOW|t xO=iDU= =yCm =S |=Q@ |y=ox}mD =} w Qw=vW |=ywmU |xOvQ=Oxov
|}=} QO |=yu}@ QwD |=Q@?U=vt |B u=wva x@ x}=BlD |Dm =@ |=y|B x@ 'xDWPo |xyO
|O=@ u}@ QwD QO xO=iDU= |=Q@ |Dm =@ |B u}rw= '2002 Q@t=wv QO "CU= xOW xHwD
lQ=tv=O |r=tW VN@ QO 1uw=Wm} QOQi QO |rL=U=Qi |W}=tR; C=U}U-=D l} QO
Q]k =@ lR=v Q=OH |xv=wDU= l} pt=W '|Wmt |Dm =@ |B [2]"CU= xOW ?Yv
'CU= R=@ |=yDv= w xDU@ |x} wQ =@ t |xQ=OH Ct=N[ w L |xvt=O |=iQS 'D
VN@ "Ovvm|t Pwiv =} QO QDU@ pN=O x@ |r=ta= Vmt w OwN uRw QF= CLD xm

xHwD p@=k |Q@ Q=@ C}iQ_ p}rO x@ |rL=U=Qi w |rL=U |=yxR=U QO Cm =@ |B
OQwt |L]U |=y|B `=wv= Q}=U x@ C@Uv |@v=H |=yQ=@ Q@=Q@ QO VQ=DiQ w u;
`tW 'u; O=a@= w OQ@ Q=m x@ xDU@ xm 'Cm =@ |B "CU= u=QoWywSB R= |Q=}U@ xHwD
'OwW|t xOv=wN R}v |}x}W=L |xOwr=W =} w |Wmt Q=yt '|r]U |xOwr=W '|Wmt
QN=w= x@ u; swyit |x}rw= V}=O}B xmu}= =@ xm 'CU= |L]U |=y|B R= xvwtv l}
Cm =@ |B x@ u=tR u; QO xm |tm R=}v p}rO x@ 'OOQo|t Q@ |Oq}t 1960 |xyO
CQwY |Oq}t 1980 |xyO \U=w= R= =yv; R= xO=iDU= w xar=]t ,qta 'CU= xOw@
C@Uv xm |}=}=Rt p}rO x@ Cm =@ |=y|B R= xO=iDU= "CU= xDiQo OwN x@ |OH
|=y`tW |=H x@ w xOw@ V}=Ri= p=L QO CaQU x@ 'OvQ=O =y|B `=wv= Q}=U x@
xm 'CU= O=} R Q]k =@ |r=NwD |Rri |xv=wDU= 'Cm =@ |B "Ov=xOW xO=iDU= |rwtat
u=ty "CU= xDU@ 'pmW|O@vo =} w K]Ut |}xkQw \UwD q=@ R= w R=@ u}}=B R=
?; AtB w =yv; uwQO R= |QYDNt Vmt p=ta= =@ 'CU=O}B u=Ws=v R= xm xvwo
?Yv 'OvW=@ xOW |Ov@?; |i=m |xR=Ov= x@ xm |r=L QO 'uwQ}@ x@ =yv; uwQO
RwQ l} R= QDtm QO u=wD|t =Q |}=} QO |=yxR=U |B *O}OH sDU}U u}= "OvwW|t

pw�Ut xOvU} wv �
"1401 6 20 VQ}PB '1401 6 13 x}LqY= '1400 5 23 Ci=} QO %M} Q=D

DOI:10.24200/J30.2022.58608.2986



"""|
=y|

BC
UW

vw
s�=k

|Q@
Q=@C

}iQ_
|@=}

RQ=&OvyO|tv VWwB =Q |@v=H |Q=PoQ=@ CLD |Dm =@ |=yuw}U=Ovwi '�API� =m} Qt;
|OOa |R=Uwor= R= xO=iDU= =@ O}=@ =yv; Q=DiQ w xR=U � l =N VvmQOv= 'u}=Q@=v@
ZQi 's�=k |Q=PoQ=@ Cr=L QO [7]"��2011� u=Q=mty w u=tLQr=O@a� OwW |@=} RQ=
"Ovm|t pta xDiQ wQi |}xQ}=O uw}U=Ovwi =@ x@=Wt |Dm =@ uw}U=Ovwi xm OwW|t
l} x@ l}ORv =} x@=Wt Cm =@ pN=O xOW QwYLt l =N xm OwQ|t Q=_Dv= u}=Q@=v@
l =N |@v=H Qw] x@ xm '|Dm =@ uw}U=Ovwi |xvt=O "Ovm pta ?rY |xOQWi |xOwD
|Q}owrH Cm =@ Q} R nQR@ |=ypmWQ}}eD O=H}= R= 'Ovm|t x]=L= =Q uw}U=Ovwi Q} R

"Ovm|t
�2007� |O}Um w �2002� |O}Um w |@Urwy '�2002� u=Q=mty w |O}Um
|wQ ?rY |}xQ}=O |=y|B Q=DiQ |=Q@ xOvwWCNU |Q}tN |Q=DiQ pOt l}
Qovr 's�=k |=ywQ}v Ov};Q@ |Q=DiQ pOt u}= "Ov=xOQm x�=Q= CU )U |D=v@ Qm |xU=t
|=Q@ xOW O=H}= MU=B w OQm|t ?}mQD =Q |B Q_=vDt |=y|}=Hx@=H w |ki= w
'�2006� u=Q=mty w 5|rm [10�8]"OQm|t |v}@V}B =Q |}=Hx@=H w Q=@ ?}mQD Qy
Q=Qk |Wmt |=yxkwOvY x@ Qovr w s�=k |=yQ=@ p=ta= =@ |y=oW}=tR; |=yV}=tR;
|v=O}t |=yV}=tR; pO=at |=yxawtHt |R=Ux}@W |=Q@ 'TQ w xU=t QO xDiQo
w 0/2 '0/15 |=yQ]k x=oW}=tR; QO xOW xO=iDU= |=yxkwOvY "Ov=xO=O s=Hv=
[11]"CU= xOW x�=Q= Oa)@|@ |=yxO=O pmW x@ =yV}=tR; G}=Dv w xDW=O QDt 0/3
xO=iDU= |=Q@ =Q |Dm =@ |=y|B |Q@ Q=@ C}iQ_ R}v [12]'�2017� u=Q=mty w 6|Q=Q@
T=U= Q@ w |UQQ@ |OOa w |m} R}i CQwY x@ |rL=U |O=@ |=yu}@ QwD QO
w OvOQm x�=Q= |Q@ Q=@ C}iQ_ |v}@V}B |=Q@ |]@=wQ 'xOW |R=Ux}@W |=ypOt
w |Q@ Q=@ C}iQ_ u}@ |x]@=Q QO |}=RUx@ Q}F-=D 'pmW Q}}eD Q=Okt xm OvDi=} QO
|QDtm |Q=Po =H jta xm |}=y|B QO |Q@ Q=@ C}iQ_ u}vJty "OQ=O |@Uv |r=oJ
'Ov=xOW pOt CN=wvm} Ctw=kt =@ l =N |wQ Q@ ?rY |B CQwY x@ w xDW=O
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OOa 1 R= 'Q[=L |xar=]t QO "CU= xOW xO=iDU= |}xQiL ?; Q=Wi w |}=Hx@=H
CyH 9 LVDT OOa 2 's�=k |wQ}v |Q}oxR=Ov= CyH �uRw QoUL =}� 8pUOwr
|}xQiL ?; Q=Wi |Q}oxR=Ov= CyH QDtwR}B OOa 5 w |B QU wO CUWv |Q}oxR=Ov=

"CU= xOW xO=iDU= |B Q} R hrDNt |=y`=iDQ= QO

5



"""|
=y|

BC
UW

vw
s�=k

|Q@
Q=@C

}iQ_
|@=}

RQ=|DQ=@a x@ 'l =N |}=Qou=wQ =@ x@=Wt |]}=QW |R=Ux}@W |OwOL =D QwmPt VwQ
R= |NQ@ "Ow@ Oy=wN QwOkt xrRrR \}=QW |R=Ux}@W w |Pivt ?; Q=Wi uOQ@ q=@
|=yl =N Q@ QkDUt |}=Qou=wQ R= TB Q=DiQ |UQQ@ |=Q@ Q}N= VwQ R= u=QoWywSB

[21 w 20]"Ov=xOQm xO=iDU= `=@W=
w OwW|t l}ORv |}=Qou=wQ \}=QW x@ l =N 'CU= 1 =@ Q@=Q@ ru xm |Dr=L QO
w |UQQ@ =Q |}=Qov=wQ R= TB l =N C}a[w u=wD|t 'u; Q=Okt uDW=Oxov C@=F =@
|=yl =N QO |Q@ Q=@ C}iQ_ u}}aD 'u; R= hOy xm &OQm |R=Ux}@W =Q u; \}=QW
|Pivt ?; Q=Wi V}=Ri= w q=@ x@ wQ Vw=QD O=H}= j} Q] R= Qt= u}= "CU=Qou=wQ
j} Q] R= xm CU= CQwY u}= x@ Q=m |x} wQ 'QwmPt sDU}U QO "CU= xDiQo CQwY
QO q=@ x@ wQ |m}rwQO}y u=}O=Qo 'hm Pi=vt j} Q] R= C@=F |@O l} =@ ?; AtB
Ct=N[ x@ xHwD =@ xOW QmP \}=QW x@ |@=}CUO CyH "OwW|t O=H}= x_iLt

"OwW|t s}_vD |OwQw ?; Q=Wi w CaQU '|}xU=t |x}q

V}=tR; s=Hv= pL=Qt "4"2
C@=F w |Q}PB Q=QmD C}r@=k =@ xvwtv CN=U x@ G=}DL= '\@DQt |=yV}=tR; s=Hv= |=Q@
'V}=tR; |x@aH =@ Q=m w |R=Uxvwtv OvwQ '=Hu}= QO "CU= |twta C=YNWt uOv=t

%CU= xOW xO=O K}[wD s=ox@s=o
\UwD =D 'OW VNB u}tR h=Y w R}tD K]U l} Q@ pL=U R= xOW x}yD |xU=t �

"OwW lWN =wy
O=wt Q}_v |i=[= O=wt =D 'OW xOv=QPo 16 |xQ=tW lr= R= xOW lWN |xU=t �
|xU=t xmu}= =D 'OwW =OH xU=t R= =yhOY u}vJty w pL=U QO OwHwt O�=R

"OwW pY=L R}tD
|=yp=YD=\UwD|m}rwQO}ylH wCiQo Q=Qk |Oqwi ?=k Q} RV}=tR; |x@aH �
x@ lH p=YD= s=ovy QO "OW smLDUt |ki= |Oqwi Q}D |wQ Q@ xOW x}@aD
Q_=vDt |=yxQ=w}O R= lH RmQt |xrY=i xm OwW xHwD xDmv u}= x@ '|Oqwi Q}D
p=ta= l =N K]U \Uw QO |r=ta= Q=@ =D 'OW=@ xR=Ov= l} x@ V}=tR; |x@aH

"CU= Q}PBs=Hv= QDt w pwk=W \UwD Qt= u}= "OwW
xm '=v@t K]U x@ C@Uv u; `=iDQ= w ?Yv ?U=vt pLt QO QDtwR}B |x@aH �
u}@ |]=@DQ= h=iW |=ynvrW 'TBU &OW s}_vD 'CU= V}=tR; |x@aH hm

"OvOW pYDt Tm =@ |xvO@ |wQ |=y|HwQN w =yQDtwR}B
|Q}o =wy pYDt |=yQDtwR}B w Q)B ?; R= QDt|Dv=U 50 `=iDQ= =D V}=tR; |x@aH �
VmyR R= ?; |OwQw Q}W w R} QQU |xrwr xm OwW xHwD O}=@ CtUk u}= QO "OvOW

"OW=@ xDU@
CQwY x@ ?; K]U QiY `=iDQ= R= TBU w uRw xOW lWN =wy QO |xU=t �

"OW VNB CN=wvm} CQwY x@ V}=tR; |x@aH pN=O QO |WW=B
"OUQ@ QDt|Dv=U 10 x@ l =N |x}q `=iDQ= =DCi=} xt=O= |QOk x@ |R} QxU=t OvwQ �
|x}q w pYw V}=tR; |x@aH pN=O R= |B Q} R =D QDtwR}B u}@ |]=@DQ= |xrwr

"OW xDN} Q xU=t |Oa@
50 w 40 '30 '20 '10 pY=wi QO O}=@ |]=@DQ= |=yxrwr 'xU=t uDN} Q u=tR QO �
hm R= QDt|Dv=U 60 `=iDQ= =D xU=t "OvwW pYDt V}=tR; x@aH hm R= QDt|Dv=U
sm =QD =@ |}xU=t \}Lt w OW x}rND R} QQU R= ?; O=R=t w xDN} Q V}=tR; |x@aH
xOW xDN} Q |xU=t uRw |Q}oxR=Ov= =@ xU=t |r=oJ Q=Okt "Ot; O}OB �30 OwOL

"=y|B Q@ xDiQo s=Hv= |=yV}=tR; w O=a@= "2 pwOH
ru L=D D(cm) xQ=tW
0 0 5 1
0 0/5 5 2
0 1 5 3

0/1 0 10 4
0/1 0/5 10 5
0/1 1 10 6

0 0 15 7
0 0/5 15 8
0 1 15 9

0/1 0 20 10
0/1 0/5 20 11
0/1 1 20 12

=yV}=tR; |xt=vQ@ "3"2
xQ}=O `]kt K]U =@ |L]U w Cm =@ |=ypmW x@ |B ẁv wO R= Q[=L |xar=]t QO
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O=H}= w |Q=PoQ=@ |xt=O= =@ ẁ[wt u}= "CU= |L]U |B ?}W R= QDtm |QOk
"�11 |r= 7 |=ypmW =@ j@=]t� CU= xOW `iDQt l =N =@ |B hm pt=m T=tD
|r=ta= VvD K]U l} <=R= x@ 'OwW|t xOy=Wt xm Qw]u=ty |Q=PoQ=@ |xt=O= QO
CU= |r=L QO u}= "CU= xOW O=H}= |QDW}@ CUWv |L]U |B QO 'XNWt
V}=Ri= =@ 'Ck}kL QO "CU= xOW CUWv Vy=m ?Hwt L/D C@Uv V}=Ri= xm
x@ C@Uv CUWv Vy=m '|B |=yxvt=O QO |vwt=Q}B |wQ}v G}U@ w Cm =@ |B jta
x@ C@Uv 'CUWv pt=a xm |r�=Ut QO u}=Q@=v@ "OwW|t xOy=Wt |L]U |=y|B
Ov=wD|t Cm =@ |=y|B R= xO=iDU= 'OvDUy Q=PoQ}F-=D |Q@ Q=@ C}iQ_ QO '|oDN}Uo
u; R= QDtm Q=}U@ CUWv w |L]U |B =@ x@=Wt C}iQ_ x@ |@=}CUO ?Hwt

"OwW

QDU@ ptar=Tma pwOt "3"3
'OR=U|t \@DQt =Q =yxOwr=W QO CUWv � Q=Wi |x]@=Q xm |}=yQDt=Q=B R= |m}
CUWv Q@ Q_v OQwt K]U Q@ Q=Wi s}UkD R= xm 'CU= QDU@ ptar=Tma pwOt
QO QDU@ ptar=Tma pwOt 'Q[=L VywSB QO "O};|t CUO x@ u; =@ Q_=vDt
xOy=Wt 14 pmW QO 'V}=tR; hrDNt |=yCr=L |=Q@ Cm =@ |B |oDN}Uo u=tR
�ksB� Cm =@ |B QDU@ ptar=Tma pwOt C@Uv 'Q}N= pmW QO u}vJty "OwW|t
(kR = ksB=ksS) CQwY x@ '�ksS� |L]U |B QDU@ ptar=Tma pwOt x@
V}=Ri= xm OR=U|t XNWt xOt; CUO x@ G}=Dv |UQQ@ "CU= xOW x�=Q= R}v
w QDU@ ptar=Tma pwOt V}=Ri= ?Hwt L/D C@Uv u}vJty w |B Q]k
QDU@ ptar=Tma pwOt Ow@y@ Q=Okt "CU= xOW ksB=ksS C@Uv u}vJty
uwt=Q}B "Ovm|t Q}}eD 3 =D 1 |xOwOLt QO L/D C@Uv w |B Q]k x@ xDU@=w
x@ Cm =@ |B jta V}=Ri= �1 %OQm xQ=W= pt=a wO x@ u=wD|t Q=DiQ u}= u}}@D
l =m]Y= |wQ}v V}=Ri= xH}Dv QO w l =N =@ |B T=tD K]U uOW QDW}@ p}rO
� Q=@ Q=Owtv j@=]t �2 "OwW|t |Q@ Q=@ C}iQ_ V}=Ri= ?Hwt xOW G}U@
|xU=t QO QDW}@ |oOWQwYLt O=H}= w |B |xvt=O V}=Ri= p}rO x@ 'CUWv
jta x@ |B Pwiv 'Qo}O CQ=@a x@ "CU= xOW QDW}@ |DNU 'Cm =@ |B Q} R
"OwW|t XNWt K]U l} <=R= x@ xOW O=H}= CUWv Vy=m ?Hwt QDW}@
|k]vt L/D C@Uv V}=Ri= =@ |Q@ Q=@ C}iQ_ V}=Ri= 'xOW QmP pt=a wO Q@=v@

"CU=
xU=t GwQN '|WQ@ |=yVvD R= |W=v |=ypmWQ}}eD uwJ |irDNt pt=wa

10



4/
1|

xQ=t
W'

38
�2

|xQ
wO'

�14
01

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt

=yCWwv=B
1. Frederikshavn
2. Gourvenec & Randolph
3. Wang
4. Yan
5. Kelly
6. Barari
7. Ding
8. Loadcell
9. linear variable di�erential transformer
10. Ishihara
11. Castro
12. Terzaghi
13. Hansen
14. Meyerhof
15. Eid
16. Al-Aghbari & Mohamedzein
17. Sawwaf & Nazer

�References� `@=vt
1. Hammar, L., Andersson, S., Rosenberg, R. and et al.

\Adapting o�shore wind power foundations to local en-
vironment", Naturvardsverket (2010).

2. Larsen, K.A. \Static behaviour of bucket foundations",
DCE Thesis, Dep. Civ. Eng. Aalborg Univ. Denmark
(2008).

3. Gourvenec, S. and Randolph, M. \E�ect of strength non-
homogeneity on the bearing capacity of circular skirted
foundations subjected to combined loading", In: 12th
Int. O�shore Polar Eng. Conf., International Society of
O�shore and Polar Engineers (2002).

4. Wang, X., Zeng, X. and Li, J. \Vertical performance of
suction bucket foundation for o�shore wind turbines in
sand", Ocean Eng. 180, pp. 40-48 (2019).

5. Yan, Z., Fu, D.F., Zhang, B.H. and et al. \Large-scale
laboratory tests of a new type of bucket foundation in
sand subjected to vertical loading", Appl. Ocean Res.,
97, 102072 (2020).

6. Li, Y., Yang, S. and Zou, X. \Advanced concept design
and numerical study of suction bucket foundation in deep
ocean," Ocean Eng, 54, pp. 142 -149 (2012).

7. Abdel-Rahman, K. and Achmus, M. \Behaviour of
monopile and suction bucket foundation systems for o�-
shore wind energy plants," in Proceedings of 5th Inter-
national Engineering Conference, 12(July), pp. 317 -321
(2006).

8. Cassidy, M.J., Byrne, B.W. and Houlsby, G.T. \Mod-
elling the behaviour of circular footings under combined
loading on loose carbonate sand," Gotechnique, 52(10),
pp. 705 -712 (2002).

9. Houlsby, G.T. and Cassidy, G.T. \A plasticity model
for the behaviour of footings on sand under combined
loading," Gotechnique, 52(2), pp. 117 -129, (2002).

10. Cassidy, M.J. \Experimental observations of the com-
bined loading behaviour of circular footings on loose sil-
ica sand," Gotechnique, 57(4), pp. 397 -401 (2007).

11. Kelly, R.B., Houlsby, G.T. and Byrne, B.W. \A compar-
ison of �eld and laboratory tests of caisson foundations
in sand and clay" G�otechnique, 56, pp. 617-626 (2006).

12. Barari, A., Ibsen, L.B., Taghavi Ghalesari, A. and et
al. \Embedment e�ects on vertical bearing capacity of
o�shore bucket foundations on cohesionless soil", Int. J.
Geomech., 17, 4016110 (2017).

13. Ding, H., Hu, R., Zhang, P. and et al. \Load bearing
behaviors of composite bucket foundations for o�shore
wind turbines on layered soil under combined loading",
Ocean Eng., 198, 106997 (2020).

14. Ibsen, L.B., Larsen, K.A. and Barari, A. \Calibration of
Failure Criteria for Bucket Foundations on Drained Sand
under General Loading", J. Geotech. Geoenvironmental
Eng, 140(7), p. 4014033, Jul. (2014).

15. Park, J.-S., Park, D. and Yoo, J.-K. \Vertical bearing
capacity of bucket foundations in sand", Ocean Eng.,
121, pp. 453-461 (2016).

16. Lian, J., Zhao, Y., Dong, X. and et al. \An experi-
mental investigation on long-term performance of the
wide-shallow bucket foundation model for o�shore wind
turbine in saturated sand", Ocean Eng., 228, 108921
(2021).

17. Ishihara, K., Verdugo R. and Acacio, A.A. \Character-
ization of cyclic behavior of sand and postseismic sta-
bility analysis", Proc., 9th Asian Regional Conf. on Soil
Mechanics and Foundation Engineering, 2, London, pp.
45-70 (1991).

18. Ishihara, K. \Liquefaction and ow failure during earth-
quakes", Geotechnique, 43(3), pp. 349-415 (1993).

19. Castro, G. \Liquefaction of sand", PhD thesis, Division
of Engineering and appliedPhysics, Harvard University
(1969).

20. Calvetti, F., Prisco, C. and Nova, R. \Experimental and
numerical analysis of soil{pipe interaction", J. Geotech.
Geoenviron. Eng., 130, pp. 1292-1299 (2004).

21. Jafarian Y., Haddad, A. and Mehrzad, B. \Load-
settlement mechanism of shallow foundations rested
on saturated sand with upward seepage", International
Journal of Geomechanics, 17(3), 04016076 (2017).

22. Meyerhof, G.G. \Some recent research on the bearing
capacity of foundations", Can. Geotech. J., 1, pp. 16-26
(1963).

23. Vesic, A.S. \Analysis of Ultimate Loads of Shallow Foun-
dations,"J. Soil Mech. Found. Div, 99(1), pp. 45 -73
(1973).

24. Eid, H.T., Alansari, O.A., Odeh, A.M. and et al. \Com-
parative study on the behavior of square foundations
resting on con�ned sand", Can. Geotech. J., 46, pp. 438-
453 (2009).

25. Al-Aghbari, M.Y. and Mohamedzein, Y.E.A. \Bearing
capacity of strip foundations with structural skirts",
Geotech. Geol. Eng., 22, pp. 43-57 (2004).

26. El Sawwaf, M. and Nazer, A. \Behavior of circular
footings resting on con�ned granular soil", J. Geotech.
Geoenvironmental Eng., 131, pp. 359-366 (2005).

27. El Sawwaf, M. and Nazer, A. \Behavior of circular oot-
ings resting on con�ned granular soil," J. Geotech Geoen-
vironmental Eng., bf 131, pp.359-366 (2005).

11




