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w"""'qc3 'qc2 'qc1 '\wQNt lwv Ctw=kt Q}O=kt |@=UL u}ov=}t qca 'u; QO xm
pm O=OaD n w QF-wt |xOwOLt QO xOW|Q}oxR=Ov= \wQNt lwv |=yCtw=kt qcn

"CU= QF-wt |xOwOLt QO \wQNt lwv Ctw=kt |=yxO=O
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QO �|oDN}Uo � QF-wt |xOwOLt w |oDN}Uo |wor=
lwv Ctw=kt p}rLD
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CUOx@ 6 |x]@=Q T=U=Q@ ŷi |=y|HwQN Q}O=kt 'xm@W VRwt; |xrLQt QO
%Ov};|t
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=@ |HwQN x@ ,=t}kDUt |iNt |x}q u}rw= QO ad uwQv xm OwW|t xOy=Wt
s=v '|HwQN uwQv |Q=Pos=v |=Q@ u}=Q@=v@ "CU= xOW ?}mQD |iNt |x}q u}twO
"CU= abbcadad CQwYx@ xm s}vm|t Q=QmD Q=@ 2 =Q �ad� xDi=}VyH uwQv
QO xm 'Ovm VyH |QDW}@ |=yx}q O=OaD R= uwQv xm CU= umtt OQ=wt |NQ@ QO
|xOvyOu=Wv n xm 'CU= 2n Q@=Q@ QDlJwm pw] =@ uwQv Q=QmD O=OaD CQwYu;
X}NWD p@=k |oO=Ux@ "CU= xOQm VyH =yu; R= uwQv xm CU= |}=yx}q O=OaD
Ov=pw@k p@=kQ}e ababacbc hqNQ@ acacadad Ovv=ty |}=yswRwtwQm xm CU=

"O=O V}=tv acad CQwYx@ =Q =yu; u=wD|t |DL=Qx@ w
s=tD 'CrwQ MQJ |@=NDv= Q=}at w |@Ya |xm@W |=yQopta |Q}oQ=mx@ =@
uwQv pw] pwtQi |rmQw]x@ "OvwW|t xv}y@ G} QODx@ x}rw= |}xDWQ |=yC}atH
|=yx}q O=OaD w uwQv pw] u}@ \=@DQ= '�CU= |iNt |=yx}q O=OaD Hl� 2Hl+1

=@ |vwQv 'CU= |iNt |x}q 2 |=Q=O xm |}xm@W u}=Q@=v@ &OyO|t u=Wv =Q |iNt
"CU= 22+1 = 8 pw]

|D=aq]= lv=@
|Q=PoQ=@ uwtR; 29 x@ \w@ Qt C=aq]= '`tW lwv |Q@ Q=@C}iQ_ |x]@=Q\U@ |=Q@
xOW|Qw;`tH C=aq]= R= |}xYqN '2 pwOH QO "OW |Qw;`tH `tW T=}kt s=tD
|a@ Qt 'QwOt� |vD@ w �pmW H '|}xrwr� |Rri TvH R= =y`tW "Ov=xOW xO=O u=Wv
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rt s=Hv= VwQ ?Yv ẁv 'pmW `tW uwiOt pw] `tW Q]k `HQt |rta OQwt h}OQ
(Mpa) V}=tR; `tW TvH w �QDt� �QDt|r}t�
0 39 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 15 2 450w9 5 [28] NWUP 1
1 767 |m}D=DU= |vD@ '=HQO 'QwOt 6 600 [29] T1 2
1 767 |m}D=DU= |vD@ '=HQO 'QwOt 6 600 [29] E9 3
1 767 |m}D=DU= |vD@ '=HQO 'QwOt 11 5 600 [30] Grimsby 4
2 195 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 31 1 324w11 5 [31] UBC5 5
2 237 |m}t=v}O |vD@ '=HQO 'QwOt 6 600 [29] T2 6
2 46 |m}D=DU= |vD@ '=HQO 'QwOt 9 4 400 [32] USPB2 7
3 381 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 16 8 324w9 5 [31] UBC3 8
4 068 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 13 273w9 [33] UHUC1 9
4 153 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 13 273 [33] UHUC11 10
4 444 |m}D=DU= |vD@ '|vO}@ wm '|a@ Qt 11 285 [25w24] BGHD1 11
5 67 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 34 25 609w12 [34] TWNTP6 12
5 926 |m}D=DU= |vD@ '|vO}@ wm '|a@ Qt 15 285 [25w24] BGHD2 13
6 017 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 9 2 273w9 1 [35] FHWASF 14
6 171 |m}t=v}O |vD@ '|vO}@ wm '|a@ Qt 6 350 [29] C0 15
8 239 |m}t=v}O |vD@ '|vO}@ wm '|a@ Qt 19 235 [36] Axelsson 16
9 36 |m}D=DU= |vD@ '|vO}@ wm '|a@ Qt 13 75 450 [35] A&N2 17
13 15 |m}D=DU= |vD@ '|vO}@ wm '|ar[CWy 25 8 600 [37] POLA1 18
29 268 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 8 2�L�11� 800w12 1 [38] JPNOT1 19
0 391 |m}D=DU= |Rri '|vO}@ wm 'H pmW 15 2 371� 346 [28] NWUH 20
2 184 |m}t=v}O |vD@ '=HQO'QwOt 6 600 [29] E2 21
2 5 |m}D=DU= |vD@ '=HQO 'QwOt 9 4 350 [32] USPB1 22

4 348 |m}D=DU= |Rri '|vO}@ wm 'H pmW 14 368� 400 [39] MP1 23
5 498 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 34 25 609w12 [34] TWNTP4 24
5 691 |m}t=v}O |vD@ '|vO}@ wm '|a@ Qt 6 350 [29] C1 25
7 389 |m}t=v}O |vD@ '|vO}@ wm '|a@ Qt 14 450 [40] A&N1 26
9 051 |m}D=DU= |Rri '|vO}@ wm '|}xrwr 12 2 273w5 6 [41] MUM8 27
11 558 |m}D=DU= |vD@ '|vO}@ wm '|ar[ CWy 32 6 600 [42] POLA2 28
21 739 |m}D=DU= |Rri '|vO}@ wm 'H pmW 14 368� 400 [39] KP1 29

'xOt;CUOx@ G}=Dv "Ov=xOW xU}=kt |ak=w Q}O=kt =@ 18 |O=yvW}B |=yx]@=Q R=
"CU= uwtR; w VRwt; |xrLQt 2 Qy |=Q@ ?U=vt Q=}U@ |Q=oR=U |xOvyOu=Wv
=Q |}=y`tW |Q@ Q=@ C}iQ_ Q}O=kt Ov=wD|t |O=yvW}B |x]@=Q xm OwW|t xOy=Wt
Q=Okt "Ovm |v}@V}B |tm ,=D@Uv |=]N =@ 'OvDW=Ov OwHw VRwt; |xrLQt QO xm
"CU= 0 87 uwtR; |=Q@ w 0 98 VRwt; |xDUO |=Q@ �r2� |oDU@ty ?} Q[

rt = (�0 422700001526625) + (�0 374501172124272)

�(qE) + (1 56766812172072)� (Y2)

+(0 318459625583241)�(qE)2 + (0 390577741311377)

�(Y2)2 + (�0 716257770173448)� (qE)� (Y2) (G18)
xO=iDU= =@ `tW lwv OL=w |Q@ Q=@ C}iQ_ |xOWx@U=Lt Q}O=kt 6 pmW QO

76



"""w
|tq

U=
p[

ir=w@
='|

v=@Qk
|ra |=Q@ \wQNt lwv Ctw=kt R= =yVwQ QDW}@ QO 'OW xQ=W= ,q@k xm xvwou=ty

OyO|t u=Wv xOWs=Hv= C}U=UL R}r=v; "OwW|t xO=iDU= `tW lwv Ctw=kt u}}aD
Q}F-=D fs Q=Okt C=Q}}eD "O@=}|t V}=Ri= lwv Ctw=kt OL=w qE Q=Okt V}=Ri= =@ xm
QDW}@ qE |q=@ Q}O=kt QO Q}F-=D u}= xm OQ=Ov lwv Ctw=kt OL=w Q=Okt QO |O=} R
fs w qE Q}O=kt C=Q}F-=D QDW}@ |@=} RQ= |=Q@ xm CU= QmP p@=k "OwW|t XNWt
QO 'OvQ}o|t Q@ QO =Q =yQDt=Q=B u}= R= QDW}@ |}=yxOwOLt xm |QDW}@ |=yxO=O R= O}=@

"OQm xO=iDU= |R=UpOt

xrY=L G}=Dv |@=} RQ=
xDWPo s}kDUt VwQ 5 =@ |}xU}=kt '|O=yvW}B VwQ CkO QDW}@ |UQQ@ |=Q@
[15�13]'hwyQ}=t [12]'|rUv=}H w xDv=t=DUw@ [11]'uov} Q@ w QD} wQ |O |=yVwQ pt=W

"CU= xOW s=Hv= [18]uwm}vw} w [17w16]'s=yov}D=v w utDQtW=
xm CU= K[=w "CU= xOW xO=O u=Wv 8 pmW QO xOWs=Hv= |=yxU}=kt G}=Dv
OQ=Ov=DU= h=QLv= "OvQ=O |QDtm |oOvm =QB 'OvW=@ QDl}ORv 1:1 \N x@ Q}O=kt xJ Qy

"CU= xOW QmP =ypmW |wQ Q@ hrDNt |=yVwQ |@=} RQ= |=Q@ R}v u}ov=}t w
VwQ w |O=yvW}B pOt =@ xOW|v}@V}B Q}O=kt |t=tD ,=@} QkD xm OwW|t xOy=Wt
xm|r=L QO &OvQ}o|t Q=Qk ��20 |xOwOLt l}ORv =} w pN=O QO UniCone

?} Q[ Q}O=kt 3 pwOH QO "OvDUy jwi |xOwOLt GQ=N ,=@r=e =yVwQ Q}=U G}=Dv
|=yVwQ u}ov=}t w '�RMSE� =]N C=a@ Qt u}ov=}t QPH '�r2� |oDU@ty
w [18]uwm}vw} |x]@=Q |QDQ@ Qou=}@ G}=Dv "CU= xOW xU}=kt Qo}Om} =@ hrDNt
u}ov=}t QPH w |oDU@ty ?} Q[ Q}O=kt "OvDUy \@=wQ Q}=U x@ C@Uv |O=yvW}B
Q}O=kt u}= "CU= 2 197 w 0 938 ?}DQDx@ |O=yvW}B |x]@=Q |=Q@ =]N C=a@ Qt
|QDy@ G}=Dv |mOv= xm 'OvDUy 2 099 w 0 943 ?}DQDx@ UniCone |x]@=Q |=Q@
|oDU@ty ?} Q[ Q}O=kt |xU}=kt QO "OvyO|t u=Wv |O=yvW}B VwQ x@ C@Uv =Q
,=D@Uv G}=Dv VwQ 2 u}= R= Oa@ [15�13]hwyQ}=t VwQ '=]N C=a@ Qt u}ov=}t QPH w

"OyO|t x�=Q= =Q |@ wN
[12]|rUv=}H w xDv=t=DUw@ VwQ QO 'OwW|t xOy=Wt 8 pmW QO xm xvwou=ty
=y|v}@V}B QDW}@ OyO|t u=Wv xm 'Ov=xDiQo Q=Qk 1:1\N Q} R QO \=kv |t=tD ,=@} QkD
CU= 0 69 VwQ u}= |=Q@ u}ov=}t Q=Okt "CU= xDiQo CQwY |ak=w Q=Okt R= QDtm

"CU= QwmPt VwQ |=Q@ |ak=w Q}O=kt R= QDtm u}tND O} -wt xm
C@Uv p=tQv sD} Q=or Q=Owtv 'CU= xOW x�=Q= xU}=kt CyH xm |Qo}O VwQ
|atHD p=tDL= p@=kt QO xOW|Q}oxR=Ov= x@ xOWxORu}tND lwv Ctw=kt OL=w Q}O=kt
'jwi |Q=t; p}rLD R= xO=iDU= 1995 p=U QO xOW s=Hv= VywSB T=U=Q@ "CU=yu;
x�=Q= =t x@ |@ QHD |oDU@ty w |v}@V}B |}=v=wD R= =Q |D}i}m =@ w OvtWRQ= C=aq]=

[43]"OyO|t

"`tW lwv OL=w Ctw=kt |=Q@ GMDH xOW xv}y@ Q=DN=U "5 pmW

�p=mU=B=ot?UL Q@�`tWlwv|wQ}v OL=w xOW|Q}oxR=Ov= Q}O=kt|xU}=kt "6pmW
"GMDH pOt \UwD xOW|v}@V}B Q}O=kt =@

|O=yvW}B pOt C}U=UL R}r=v;
|xO}J}B |xrO=at l} CQwYx@ |O=yvW}B |Q@ Q=@ C}iQ_ |x]@=Q xm |}=Hv; R=
�rt� pOt |HwQN |wQ �fs w qE� |OwQw |=yQDt=Q=B C=Q}F-=D 'CU= |}xrtHOvJ
C=Q}F-=D uO=Ou=Wv Qw_vtx@ pOt C}U=UL R}r=v; "CU}v XNWt w K[=w |@ wNx@
"CU= xOW xO=O u=Wv 7 pmW QO xOWs=Hv= C}U=UL |=yp}rLD G}=Dv "CU= jwi

Ctw=kt OL=w |=Q@ xOWxDN=U pOt C}U=UL R}r=v; R= xOt;CUOx@ G}=Dv "7 pmW
"lwv

"hrDNt |=yVwQ QO =]N C=a@ Qt u}ov=}t |xW} Q w |oDU@ty ?} Q[ |xU}=kt "3 pwOH
Schmertmann & Mayerhof, Bustamante & De Ruiter & Eslami & VwQ

Nottingham, �1978� �1983� Gianeselli, �1982� Beringen, �1979� Fellenius, �1997� |O=yvW}B
0 848 0 927 0 764 0 809 0 943 0 938 r2

3 438 2 38 4 282 3 857 2 099 2 197 RMSE

1 026 1 066 0 69 1 067 0 969 1 14 u}ov=}t

77



"""C
=aq

]=|
=v@t

Q@`
tW

lwv
|Q@

Q=@C
}iQ_

u}t
ND

"xOW|Q}oxR=Ov= p@=kt QO xOWxOR u}tND lwv OL=w Ctw=kt "8 pmW

"hrDNt |=yVwQ |=Q@ rt;e=rt;m |atHD p=tDL= Q=Owtv "9 pmW

|DL� QDO=} R u}tND x@ OQ=wt |[a@ QO [11]uov} Q@ w QD} wQ |O VwQ w |ak=w Q=Okt
"OQ=O p}=tD �OQ=wt |[a@ QO Q@=Q@ 3 =D

w [18]uwm}vw} VwQ \UwD QDtm |oOvm =QB u}vJty w QDtm ?}W =@ \N |x�=Q=
"CU=yVwQ Q}=U R= QDj}kO|v}@V}B w QDy@ |xH}Dv |=} wo [15�13]hwyQ}=t u}vJty

|Q}oxH}Dv
|=Q@ l}DvS sD} Qwor= =@ xOWxv}y@ GMDH ẁv |@Ya |xm@W R= j}kLD u}= QO
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Abstract
Piles have been used for many years as a type of struc-
tural foundation. The design of pile foundations and es-
timation of static pile bearing capacities, based on mea-
sured soil properties, have been improved considerably
over the years. However, due to inherent soil uncer-
tainities and disturbances, there is always an element of
uncertainty about the design capacity. Therefore, most
theoretical approaches have been mainly based on sim-
pli�cations and assumptions. The cone penetration test
(CPT) is considered as one of the most useful in situ tests
for the characterization of soil. Due to the similarity be-
tween the cone and the pile, determination of the pile
capacity from CPT data is among its earliest applica-
tions. The measured cone resistance (qc) and sleeve fric-
tion (fs) usually are employed for estimation of the pile
Tip and shaft resistances, respectively. Over the last few
years or so, the use of arti�cial neural networks (ANNs)
has increased in many areas of engineering. In particu-
lar, ANNs have been applied to many geotechnical en-
gineering problems and have demonstrated some degree
of success. Group method of data handling (GMDH)
type neural networks optimized using genetic algorithms
(GAs), are used to model the e�ects of e�ective cone Tip
resistance (qE) and cone sleeve friction (fs) as input pa-
rameters on pile Tip resistance, by applying some exper-
imentally obtained training and test data. 29 pile case
histories have been compiled, including static and dy-
namic loading tests, performed at sites, including CPT

sounding. The pile embedment lengths range from 9 m
through 31 m. The pile Tip resistances range from 0.4
MPa through 29.4 MPa. A sensitivity analysis of the ob-
tained model has been carried out to study the in
uence
of input parameters on model output. According to the
sensitivity analysis results, the pile Tip resistance (rt) is
considerably in
uenced by the e�ective cone Tip resis-
tance (qE), and the value rises by increasing qE values.
Also, for a constant value of e�ective cone Tip resistance
(qE), by decreasing the cone sleeve friction (fs), the pile
Tip resistance increases. Pile toe capacities calculated
by the proposed method are compared Tip capacities
calculated by �ve other direct methods. The proposed
method gives values that are more consistent and closer
to measured ones than current methods. The results
demonstrate that the proposed method gives values that
are consistent and close to the measured ones.

Key Words: Pile bearing capacity, cone penetration test,
arti�cial neural networks.
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