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ABSTRACT: Long-driven steel piles are widely used in the foundation of fixed offshore oil and gas
extraction platforms due to the existence of physical limitations, heavy loads and weak shallow seabed
soil layers. There are different methods to determine the pile bearing capacity, including static analysis,
using the results of in-situ tests, as well as static and dynamic pile loading tests. In recent years, the in-
situ cone penetration test has considerably been developed in the design of offshore piles owing to its
high accuracy, continuous recoding across the depth, and similarity to pile. Additionally, the application

of in-situ tests for pile design is of great interest due to difficulties in obtaining undisturbed soil samples  Keywords:

at sea. The dynamic pile load test is also considered as an alternative and economical way to the static e pile

pile load test, particularly in offshore environments. In this paper, for the first time, a comprehensive ) ) ) )
. . . . . . .. Axial compressive bearing capacity
data bank, including soil engineering parameters derived from laboratory and in-situ tests as well as

field measurements obtained from dynamic pile tests in short, medium, and long-term conditions, is Cone penetration test (CPT)
developed for the Persian Gulf - South Pars field. Afterward, fourteen methods, including four oftshore

static analysis methods and ten direct methods based on cone penetration test results, are selected and

Dynamic pile test, Persian Gulf

applied to estimate the axial compressive bearing capacity of steel pipe piles driven in the studied area.
The results obtained from different methods are compared with the results of dynamic pile tests at three
mentioned times and evaluated using the statistical criteria. According to the findings of the conducted
statistical analyses, the lowest precision and prediction quality are provided in the four static analysis
methods compared to the CPT-based methods for the developed data bank. The values of pile total
ultimate bearing capacity obtained from the static analysis methods are on average 70%, 63%, and 35%
higher than the corresponding values measured by the dynamic pile tests in short, medium, and long-
term conditions, respectively.

1- Introduction

Over the past years, the pile foundation of offshore
platforms installed in the Persian Gulf has usually been
designed based on the American Petroleum Institute (API)

determine the bearing capacity of offshore piles in Iran.
Hence, the authors have decided to take a step towards
evaluating the different offshore static analyses as well as
CPT-based methods for predicting the bearing capacity of

method as an available and common standard procedure.
According to the data recorded from the piling process of
the offshore projects in the Persian Gulf region and the
experiences gained from the installation of these platforms,
it is generally found that the results of the API method
do not match the field measurements resulted from the
pile dynamic tests conducted in this area. In some cases,
significant differences are observed between the predicted
and measured values [1]. This mismatch can cause numerous
difficulties during the piling process and installation of
offshore platforms. It can even pose risks to these structures
against applied loads in the long term condition and during
operation.

By reviewing the literature, it is revealed that so far, no
comprehensive research works have been carried out to
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offshore piles in the Persian Gulf region. For this purpose,
the results obtained from the different methods are compared
to those of pile dynamic tests and subsequently, the methods
with better predictive quality and higher reliability are
selected.

2- Methodology

In this research, for the first time, a comprehensive data
bank including soil engineering parameters, CPTu results at
the vicinity of piles, and the results of pile dynamic loading
tests at different time intervals is developed for the Persian
Gulf region - South Pars field [2, 3]. This data bank contains
more than 5000 geotechnical data derived from laboratory and
in-situ tests, the information of 8 CPTu performed adjacent to
22 piles, along with the measurements of 28 dynamic pile tests
at short, medium and long term conditions. In this study, two
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Fig. 1. Soil classification using (a) Rabertson (1990), and (b)
Eslami & Fellenius (2004) charts.

methods, Robertson (1990) and Eslami & Fellenius (2004),
have been used for soil classification using CPTu results
[4, 5]. As shown in Figure 1, more than 94% of the marine
sediments in the studied area are fine-grained soils. According
to the consolidation curves obtained from the oedometer
tests, reaching on average 50 and 90% consolidation degrees
takes about 3.5 and 83.5 days, respectively. It is worth
noting that the short-term bearing capacity of a pile is the
value measured immediately after the pile driving. At the
same time, the medium-term bearing capacity corresponds
to the consolidation degree of 40 to 50%. Finally, the long-
term bearing capacity of a pile is realized when 90% of the
consolidation process is completed. Accordingly, out of 28
dynamic tests performed on the piles, the bearing capacity of
22 cases has been measured immediately after driving (short
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term), 5 cases from a few hours to 10 days (medium-term),
and one case after 263 days (long term).

In the present study, 4 offshore static analysis methods,
including American Petroleum Institute (1993), Kolk and
Velde (1996), Jardine et al. (2005) and Karlsrud et al. (2005),
8 direct methods based on CPT results comprising Aoki &
Velloso (1975), Clisby et al. (1978), Schmertmann (1978),
de Ruiter & Beringen (1979), Philliponat (1980), Tumay &
Fakhroo (1982), Bustamante & Gianeselli (1982), and Price
& Wardle (1982), as well as 2 direct methods using CPTu
results, consisting of Eslami & Fellenius (1997) and Niazi &
Mayne (2016) are employed [6].

Seven statistical criteria are used to evaluate the bearing
capacity of piles based on the model parameter (Qp/Qm)
in short, medium and long term conditions. Statistical
criteria include arithmetic mean (), Square Root of Sum of
Squares (SRSS), Coefficient of Variation (CV), coefficient of
determination (R2), 50% and 90% cumulative probabilities,
and 20% accuracy level obtained from normal logarithmic
and histogram distribution diagrams for corresponding ratio.
Finally, the radar charts are utilized to score the methods and
select the superior one. The better performance of the method
leads to a higher Area Ratio (AR) which is closer to 100.

3- Results and Discussion

According to the statistical criteria, the best prediction of
the shaft, base, and total ultimate resistances in long-term
conditions are obtained in Eslami & Fellenius (1997), Price &
Wardle (1982) and again Eslami & Fellenius (1997) methods,
respectively. Additionally, the lowest scattering and, therefore
the best performance is observed in Schmertmann (1978)
and Tumay & Fakhroo (1982) methods for shaft resistance
prediction, Price & Wardle (1982) and Clisby et al. (1978)
methods for base resistance prediction, and Bustamante &
Gianeselli (1982) method for total ultimate resistance prediction
in short and medium-term conditions, respectively. In this
respect, the radar charts related to each method for estimating
the short and medium-term total ultimate bearing capacities are
presented in Figures 2 and 3, respectively.

4- Conclusion

According to the performed statistical analyses, the following
conclusions can be drawn:

. Comparing to the results of the dynamic pile tests,
the shaft resistance values obtained from the offshore static
analysis methods are largely over-predicted in short, medium
and long-term conditions. In this respect, the magnitudes of
shaft resistance derived from these methods are on average 87%,
71%, and 38% higher than the corresponding values measured
by the dynamic pile tests in short, medium, and long-term
conditions, respectively. Therefore, assuming the “conservative
performance” of the static analysis methods, which is common
in the technical literature, is not correct at least for clayey soils.
Consequently, it is recommended to apply the term “uncertainty”
for the performance of these methods. However, the values of
base resistance are accurately estimated by the offshore static
analysis methods, particularly in the long-term condition.
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Fig. 2. Radar chart related to each method for estimating the
short term total ultimate bearing capacity of piles.

. The CPT- and CPTu-based methods predict the
shaft resistance with less scattering and higher accuracy than
the static analysis methods. The precision level as well as the
prediction quality of the direct methods based on the mechanical
CPT equipment in estimating the long-term bearing capacity
of piles are lower than those of direct methods based on the
electrical CPTu device. The main reason is attributed to the fact
that, unlike the electrical CPTu device, the mechanical CPT
equipment is not able to measure the pore water pressure during
cone penetration and applies the total stresses to determine the
pile bearing capacity.

. So far, no comprehensive study has been conducted on
determining the bearing capacity of offshore piles in Iran. The
results of the current investigation can be used by researchers
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Fig. 3. Radar chart related to each method for estimating the
medium term total ultimate bearing capacity of piles.

and specialists involved in the field of geotechnical engineering
to minimize the potential risks of Iran’s offshore projects,
especially in the Persian Gulf region.
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Fig. .1 . Geographical location of the studied area.
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Table 1. Characteristics of the studied boreholes
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Table 2. Geometrical characteristics of the studied driven piles.
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Fig. 2. Results of cone penetration test related to borehole BH-07 in the vicinity of piles
TP-16 to TP-20.
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Fig. 3. Soil classification based on: (a) Robertson (1990), and (b) Eslami & Fellenius (2004) charts..
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Table 3. Specifications of dynamic pile tests performed in the studied area
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Fig. 4. Semi-logarithmic consolidation curves of soil samples in boreholes BH-01 to BH-08.

ﬂ’ 9 D'z M&?{S lg,.‘él&o (t‘. 9 to.) M&’(} OLO} ﬂal&# -f Je.}?

Table 4. Specifications of dynamic pile tests performed in the studied area
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Table 5. Summary of equations for determining the pile bearing Capacity in clayey soil.

=l ool [ »
b S 55 a5y Ceoglio s o> 0oty caoglic &l )
S T o s s
g =as, .y=—7- el S b
q,=NS Ty, [¥a] (0aay)
N =9 a=05y" <10 <l b o, sLSB sl
a=05y"" <10 . y>1 L o, Sl gl (API (%))
(1945) Wg g SIS
q,=as, [1]
g, =95, L-z\"(s "
=09 =1 <10 ci -
¢ D o b 9,595 09))
(FBV
q, =0, @nd;, . o, =K o, RULS I LS
K =[2.2+0.0160CR~-0.87log, ()] [YF] (Yee0)
=9s N L-
B=7% OCR’ Max|:( fj,s}
R (ICP b))
R =(R,-R)
W0.25 L il 0556 sole ow, oS 4y
qj _ aNC Su
020<a™ =032 (7,-10)" <1.00
l//Z] bc\..sb W"S"L’ w&.’ ) L;LQJL& Lgl).)
g.=aS,F, . a=05y™" <10 Ohffen 9 355yl
[fe] (Y+e0)
qb = 9Su ‘F;ip(upen) = 1.0
1.00< F =0.8+02p™ <1.
<F e =08+02y" <125 (NGI o))
b 2bos LO2S<Y<I L ) oS sl
.J..L.J‘so Cawd a3 YU polae O
q.v Zﬂ]\/ﬂ G;n
0.05< 3, =0.06(1,-12)"" <0.20
. C
q, = G 15 31py q = et = 190 kpy .
F, F gl 9 S9!
S o Sl gy a4 Fo g el gy 5 S iz 4 o 4 Fy 5 Gy sla 93516 [¥a] 0ave)
SN 5l (S s

£+Y9



Fepe BFY doio Ve Jlo A o)l OF 093 ¢S ol (lpos i 4y

.(M‘D‘) .0 Jg.\?

=l ool [ |
. 1,52
OhSe® g (crmls

q,=C,

b q(‘,avg(rip)

s Koy S iz 4, Cp 25l

(1541447 )
-5 demlme JEalSe o s s 5 f ol

[yv] 0ava)
(Penpile _q,)

9, =C, 4 i S15MPa

q,=C f <120kPa

S S OCR polie ,Cy Sl o ‘ [FA] (1AVA) cpod ool
s ’ Dy n iy 23 i 3l nl bl 5 G 558
=)
g, =C S, <120kPa j
g,=N.S,,, <15MPa a. 0AY) 55 2 g Jug o
S =—2 [ 15<N <25 [¥Al
N =9 N,
9. (i) C =1 il o Soo sole sl sl )
S, =7 15EN, <25 ’ e (e b 2bg)l bs))
k CYZO.S :wp@&w)sujuslﬁ

qb = Cb ' qc,avg(lip)

_ qc,avg(side) ' Cs

F

S
5 ot szl ey 4 o § aFs 5 G sla g5
Al (K S i

qs S qs max

[P¥] (19A) Sbgankis

q,=C, 9. i) <15MPa

L;&.MQJGOCR polie 4 Cp L9518

Sl

q,=C f. <T2kPa
C =05+9.5¢7""

s

OAY) g8 g slog
[¥#]

(Cone-m yiq,)

9 = C, eoneiin
szl B3y 5 S iz 4 Cp 256
Sl (S zeds

S qsmax

Sl Gty g iz «SB i 4 G 351

il g aslobwgs
[v#] 0aAY)

L gl 9 h9))

Syl Ky pads LCPC
=C g <15MP
B & ‘b?“ aC . q =C f <120kPa 0RAY) J,l9 g el
S o s> :Tj) s ks Gy 38 s s gt el g g5 C g5 F¥]
=)
q,=C q, (138Y) g 9 (codlu!
9 =C, 4 gy 5 o sl by 4 e i aF G sla s [vy]

Wl Koy S i

(EF i Unicone _»g,)

q,=C,

be qE,{lvg(rip)

qs:Csqu ¢ Cyezylgzesc

se(mean)

[PY] (Y418) (plo 9 30

£



FoFe LYY dorio VY e Jlo A opladd dY 0593 cpuS puol (lyes (codine @ puis

ol 05 Vee dae & g yidy b

R, los 5Sibe ) -

F S 6l (Q/Q,) Jae el YY il ool jlno ol o
5 e s 4 oS S gl ol cud )l SSE 4 iy,
Ol s Sloj el 3 (398 slayiel)ly (M) (oo ke s
Dgdue duole ABls Gyso a4 by ey 51 Sy gl Gde A
Cad )b lp Joo lapel)l (olus (SSle 8 S 5 (Jlte lgie &
5 Obe 0liss b aw o g, 5l G 2l s S gl b
elasgy 5l o ol (Kb ol 4 as g5 b sl as ool iules e Al
sl el (1 515) Jomo b 31 5V Lo (sl Q Q) ) e 48
QQ, )i 45 oo gy bl el 55 5 Yo Caod (a5
At Gl Casd (038 gL il Jlne 13 51 5 8k Wl (gl
slog (VAVA) lSen 5 ormrlS slo (B9 13 s)lel Jlne ol ile
Sl ) Bulal op pi (VAAY) (uaaild 5 (oMl 5 (VIAY) 9,55
o9l g (Ml (VAVA) LlSen g (condS slo (295 5 i )l
S b Cadbs > Gelad (it (VAY) Jo)lg 9 ualp 9 (122Y)
(VAAY) (il 5 asloliog: (VAVA) ()l g (oS’ slagsbgy 5 9
@ @l @b ced)b ) Bk (e (VAAY) peseild 5 (oMl
Hgd e Jols e il g (e 0bS ) oy

R O O e I e
2 9o dssloes (F) dlasly Billas (SRSS) layyo gg0e )i 2
3 8o Jlai 3)90 (g bl 25035 b & Clor )38 o (@b ol ol
Sl Cadyb 5035 3 5 Sles (i olire (nl L Gellae )l (e
9 ol g (VAAY) 558 9 (clogi (VAVA) (yaijed] (glosg) & sl
9 ol slagiey 4 Sy b bl (e 1 VAAY) gl
(VOAY) Uslg 5 smalys 15450 5 (VAVA) o), g (osuadS ((VAAY) U,y
(VAAY) Josls g pmaln sleedsy & aled ol Cudsl (3 1
2 ey & (VAAY) Gusl o (oMl 5 (VAAY) (lusls 5 aslobins,

.)y»go bﬁ‘f)‘" [GER VS J.JJ 9 uLuO ‘ob’ﬁf

£+8)

Cadyb (i iliso o b9 5l Jol> s (2U 5! -F
& s )b

P osd ahlsls gy 1S o b ged )b )b s il
S 6yl b o b o drasle y3lie b sl Y cpgms ik
bl gy ol 3l g aulie o (Seelid slaggefl 5l Jol> o
Copmd Sl Canl O)lie o 2980 (Byme Jao el plgie cov g
cabyl 4 (Q)) il sl by, Jl Jol> 0ud iy syl byl
Q) o (Sealiad slogygasl jl osal s 4y 00 (Sl (60
»(QJQ,) Jre sielly ol 2 e syl cudile o)l sl
D9 o o3l (g)lal Hhre cin Jl wre wil g e 0ligS als po dw
@l 9 Sy ol b Cd )b wl Cuns S 4 glate il sl
Qi ) oad o3y ol slo gy 51 o ol ol ond iy
o1 &y S0ilul led 9 S olix sl el @l L Q5 Q)
aed YV 3 (Qu 9 Qy, Qi @) god (Seelies slastalesl o
&bl sl les WWigs o 2yl &bl 09 4y g duglie 0l odwgS
cord {SRSS) Clupe g Yo b (W) s Sle Joli
P, 5P, 3 xeos eVl liee (R) s o8 (C) Slyts
P st o505 5 (o)S) Jloy @i Joges o TV > o
ws)S 54 )bl slajlns 1SS o il oo S5 3y50 Cond sl
Ol 2 )l 558 P (slaosly aogs I ol dxg Sy (g9 2 0
(o ko) 50 @ G5 Gpadls | Glasgoome (ingh
9 (0 cupd g Ol copd Wl ggeime ylo @) (SaSTy
&iF 5 el Jloy @ig (o SVLl) ol w95 oy
o 030zl (p]5 gtuued

ot ot 4 (Ry=1) 515 00508 aulio 2 3 polsl 51
Sl ) ot ©83 (e Slee 2 G 250 03B ol
S (1) gl il o polasI R =V LR =Y clajl5 cosile Ly
& el sloglos S5 R, RR R R R R)canb
5 B () 4 2l (ojlitel jslaie 4y aiBl (oo YU )3 0nd S5 i S
& Ojgo cnl 4 D9 okl ()b glaylyges ey gy )
hges IS Calue 4 Cumd gy S bawgs i Jkil Colue o)y
ol 33 Jued pglate 4 950 (Byxe (AR) 'colus Cons lsis &
sl (AR) aws s o )15 (600 3, Shos & gl b cdunslie

1 Area Ratio (AR)



Fese BFYA asmio OF e Jlo @ ojlods DY 055 e puol lyas usige dypii

2
®
+ =] +
1.5 &
B g 2
3 s A <
o 1 p—————- g e F----1
\.-. s Y
T os
0 o oli g W ol e ooy
(@)
O/YR) Koy g yugps =+ (VAAY) 1S el i duwie O
VA clguls @ (V299) Wy g SIS A
VAAY) 5,58 5 sy = (Y 0) o ) San g o)k
VAAY) sl g asilebing (Vo) )5 5 09,5 [
QW) JoJls s ol X OaY0) sds 5 Sl [
(V29Y) ogeils 5 Sl QO VAVA) ) 5as 5 oS A
Y V8) plesgils == VAVA) i el O

@,/ @) yiean

)

A
]
g : .
) S— - - S— -
0.5
0 e oligS Wae yles W oy
(1))
2
(m]
R R
1.5 % g ﬁ
[ Ammmmmmm e o
a Q8
A
0.5
0 Oue oligs Wao yles S oy
@

wligS Jloj o3k aw 13 ki (&) 9 S (&) sl (W) 16, L Cudyb 1w Qp/Qm)mean) Juo ol yl s uilbo O S0
Sae aly g le

Fig. 5. Arithmetic mean of model parameter (Qp/Qm)mean for: (a) shaft, (b) base, and (c) total ultimate
bearing capacities in short, medium and long term conditions.

OwS > (VAAY) 3l 9 il 9 (08AY) (gl o (oMl o)
5 il 9 (VAY) il g aslobisgy sla bg) ol o)l <yl
959 g slog Glo by, 9 Sg b cudyls s ) (Y4)F) cple
P @ @l b Cadyb e )3 (VAAY) U3)lg 9 el 9 (VAAY)

ool Gde ylo g 06gS )

g
U )

R, s qups ¥ ¥
oxd Sily ks e 5N (RY) et copd b o oy
Gl eyl 4 s (Q)) 0nd by o)l Cudyb Jged sl
Gapd dgiee iy (7) dal) Gillae & ol Q) 03 (55505l
g &S Canl )] osimd (LiS o dae ol @Bly ) g 0w o)lgen s
525,05 )18 s (ol s g5y 2 (QJQ,) Jae bl jolie 51 Sy

ki 69y 2 Joo gl polie (ol & canl 5890 cnl )l ) 2ae

SRSS = \/Z(Qm -0,) (%)

i=1

RV‘Ql)...ww)w =Y -¥
Ee70 i @l 9 Silo L) 35 p0 42 S5 5L (slo a3 i 5
Gy g 0 &l Gliasser o bedly SuiSTy 0950 5 SleMbl (Slayye
Dga odlatwl (SuisTy sl adli 5l da odly (SaiSTy 0900 eMb
Sy o i (IS la adls p Pere )l (o OVlaas] g bl )
e Bl s 31 (0) alaily Ballas (C)) Slyess ey .l (C)
(Sl S5y e S 39550 bl (1) (e (5n 2 (0)
a5 Ohle 4098 e Gl (ke jlasly S il 4 ol
3 ooplpls sl Jlaye8 1 (608 Sl atals I yuite o 9 1S ue
o S & pasidie gy S sl (C) Sl capd polio o
bl jieS b odly (SusSTy o 501 onsl gy o) @l w8 o

oae (SASly o yieS g cdilhe oyt (bl el 4 ar g

L&Y



FoFe LYY dorio VY e Jlo A opladd dY 0593 cpuS puol (lyes (codine @ puis

[ A | R 10 R
0 ! ! 0 oo ‘ 0 N 0 Lo
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Q,, (MN) Q,, (MN) g, (MN) g, OMN)
(V++0) §l)en g 95,05 (Ve 0) e 5 o)k (1437) Wy 5 SIS (VAAY) 5 ol ki Ao
60 - ' 60 — . 60 — — 60 —T T
50 P B ok S 50 f---io--- 50
7 4 g | BB pw
% 30 2 30 5 ;ﬂﬁﬁ@: 5 = 30
§200 - 320 e de 8520
10 10 3 10 e ;
0 0 | i 0
0 10 20 30 40 50 60 0 10 20 30 40 50 o0 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Q,, (MN) 0, MN) Q,, (MN) Q,, (MN)
60 — 60 — . 60 — T 60 — T
A S ST N R I s V-
” Z 40 . rﬁﬁﬂ: z 40 TTTToRg T T
3 230 [T | 230 feopt
5 520 T%iiﬁzogi%ii
I
0 — 0 —
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Qm (I\[N) Qm (I\IN) Qm (}]N ) Qm (BIN)
60
50
= 40
Z 30
S 20
10
0 Lo
0 10 20 30 40 50 60 0 10 20 30 40 50 60
2, MN) Q, (MN)

a0 0ligS )3 2ld g5k Cudsb (51 (QP/QM) Juo yialyly 51 o il b oy i 5 JSCud

Fig. 6. Best fit line of model parameter (Qp/Qm) for total ultimate bearing capacity in
short term condition.

o555 > i 4y s gl o s il b b Seliinn s coupd b s (geeS) e S el 4,5 5 el il
lodd Jols e yle b e i S jebate 4wl S a4 K055 9 YU (RY) ppans

2l b cudyls gy pa clp Jae eyl Sl ends ol

. 2 wsylol aasls ol slae .l ond oaygl £ IS5 jd e oligS o

- Sle-o) 46 5 e
R =1-S— *) (VAVA) Ghlen g (oS 5 (VAAY) ugls 5 (oMl sl (g,
= (0n~0.1) Oeiyedl 5 (VAY) I3)ly 5 Gl sleedyy b sl el

(VAQY) wguld 9 oMol (sl (59, 9 S s p)b cud)bo sl (VAVA)

e (i« 2ld S )b byl (gl (VAVR) 50 g Yo 9

L&Y



¥efe ¥V dxbo Yoo Jl.u) A b)l.e..o LY 0,93 ‘)....S).ml ul)o.c L;“’*\*@(" 4:)..“5

35
3 4
25 |
2 -4
:\37“ 1.5
1 4

0.5 |

0 0
0% 10% 20% 30% 40% 350% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

P; (%) P, (%)

(@) (&
VAY) R g s pd cogee (VAAY) 1S o] il Ao 35
(VAA) Slgdd ane. (V245) Wy 5 SIS 37
(VAAY) 9,58 5 sbogi g (Ve ) oS 5 (sl o 251

Q.

f ¥

44

VY)Y il g ailboling .cgen (Yo+0) Ql)ls,wjaj,.“J)ls_ - S 27 .__4;::_-?—_;*: & =_*'|
O Jols s ol eme- OV0) gy g (Sl -0-- o 131 r_‘:z'.‘.!-l!'ff't: ”
(VA9Y) gl g oMl - g (AYA) o5 5 cnelS @ (e e
V) nbos 63k - am OAYA) (i el g 0.5
0

0% 10% 20% 30% 40% 50% 00% 70% 80% 90% 100%
P, (%)

O 8UsS 45 g (2) 9 S99 (00) ey () 25 p0)b Capd b (61 omoos Jloin @ jo5 @b yl905 Y IS0l

Fig. 7. Distribution function of cumulative probability for: (a) shaft, (b) base, and (c) total ultimate bearing capaci-
ties in short term conditionm

o 1)) e s

b (sB9) J1 S o sl oad Al o slayiall olise cnl 3o

F o o lp Sodee 0Nl DL 5l g c5e ($39m0 iy 4
D9 (o dpwlboxs (V) datly I e Jlanl )96 da copnd ()]

(n+l)

P(%)= x100 v)

Ablao 3)lee JS s N g ress Jleis]

R, maiss Jloio) i o 0 -
2 sly Jae sl oo Jloisl i lages cdls )
Jlial (50 g ) ©do il g oo 0BsS b aw 3 Lo g, 5l S
e ol 2 45 by o loas LI (P, 5P ) soppde 500 gsdy
Jin! Joles e g 56005 S5 dds @ oy B 2008 Jless]
plo & Cund gy 2)Slos il ieS Mo pd Ar 5 doyd B mesd
PSS (o8 @5 @ Joges V USS (Jle plgis 4 0) b o)
3 sylel Jlae ol slue g dmd o Lioled e oligS 3 ) n i,
Cadylo sl (VY sl 5 aisleliwg: 5 (VAVA) oy ol (sl b,
9 Ml 5 (VAVA) Sen 5 (el sla (B9 ) ¢ ol ol
bl g anlobiog: () 3 5 S8 sk byl sl (VAAY) (ogeild

90U ) oy 3 Sles e 2l b cudsl sl (VAAY)

£4£¢



¥o5e B ¥V i F-

L)

e R
3 1.5 1 |
N 1
2 05
0
0 0.4 0.8 12 1.6 2
0,70,
(<)

(VA3Y) 1S o] s dunno
(139%) Wy 5 SIS
(Vo) o) g (o)l

OV 55 S g =
-

(Ve 0) oS 5 39 5
--
-
.._

(VA Slgeald oonen

QAAY) 5,58 5 sk -@--
OAAY) il 5 asiboligy o=
(VAAY) 3 ls 5 il oeree
(V88Y) ogeil 5 oMl - 4=
(VP nles il - =

(VAV0) sudg g L,’55;51 .
OAVA) ), 4 S

OAYA) Cyod poil

Jlo A o)leus DY 053 ¢ S yal ()l pas (cwline 4y i

8
. 6
£
Y
X 4
)
0
0 0.4
48
. 36
=2
2
%34
2 ag
0
0 0.4 1.2
2,/0,
@)

o oo 32 2 (2) 5« S9 (@) o (W) 1552k Cad B (51 Jlain] S &b A JSC

Fig.8 . Probability density function for: (a) shaft, (b) base, and (c) total ultimate bearing capacities in
medium term condition.

i odel s & lis & dagi b g el i 55 U3y of 2 (Q,)
g 45lobiwgs g (VAVA) olSan g malS (sla by, (sylal alals o]
Ohen 5 (oomalS sy 9y ol s )l byl (sl (VIAY) sl
Al s Ssaml cudls sl (VY) Lugels 5 (Ml 5 (VAVA)
(YY) il 5 asbeling: 5 (VAVA) o )Sen 5 (oS slo (9,
e Jsl caggl o bl (e cnpiin b 28 )l <)o Gl
Slhr Jlinl (JBs Jloges s oo 033 515 Cte o 5 obsS sliile;
2o gl 3 2l 9 S gl gl cudil > e gl g,
ol ol 03 ygl A IS5
D9d e iy ) daly Bilas (Jlon! apuily) Jlasl (JBs U

£+%0

R Jlas! J&s ab -5 -F
by Sk S Cond oS Bl e GlisT Sloj I el s
Sarizs el 1 (Q,) 03 65 o3l sl o 4 (Q) o0
o & o & Sas J5 3531 s Jso sy e e &1L gad
3l o5 o] cllo g8y Jlais) «KS3g5 39> (slocank pac
55 5 558 Con e ol 5 VL 95l Sy 4 425 s
03935t 'yl 10 b 031> meod (l5a0 do 2 S Oy Cpl Ay Mg o 85
Gl sl 5 JTonl g a8 SaSTy (s gy of il yids Lasuie
odd 4ib)S 5l 3 RY L B i slin B cpl > pslite
sl () ey 3 (QJQ,) Jie sl el Jlozal IS 5 Lzl
Jel JBe @b Jloged (w9 3980 e adllae 3)90 g VY
IA<QJQ VY 03940 )3 3905 25 Corluns 5 s o sbgy sl
dde 4 398 03945 53 0l Db (gl lses Colis dx yB Dgudiue duwlxe
Gl Jlisl § canl iy <> gl ol by il 505 )

odd (635 ojlul o)l cud)bo b (Qp) ol by 5k bl



¥efe ¥V dxbo Yoo Jl.u) A b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

Jol okl slxe 4 plgie s @de 2l 3 0l 9 Sp gl b
Joi Billae 8 ot (Sl je goze > @) 92 5 (ol (L)
Iaoe 5 (VAY) I ly 5 by {DA2Y) gt 5 o3l slac; 3
Py a3 Sles Cpyig g Bk (it (VAAY) ogld 5 (ol
Hgd e Jola Gte il 3 2l 9 S ol b Cud)b pesT
sesS glaged e il gk Cud bl o)Ll Sy & 5k plea
15 Canglio il 5 S5 3,8 oty ) ko bdas sy, elacSBs
s Mo BBl jla> Cengliio )3 oy ol Sl Bk el ploj (b
Oy cnlple [YY] wib e i yo BB S Cuoglin )3 Sy
it sl oo sl Cuaglie IS ol 4y oS Ll dg08 (g S 4
o il (65 Cad)b e W 255 00 Jald |y gad s )l cud b
SxSojlul 4l L‘”O] 2 aS (S sl <LCPTu ;I oslizwl b b o
P83 e )3 3929 Bes ) gy ok 4 (W) Gsloyis O HLas
Sz 3ol o (Soliad Slise (slagygeil @l b Jol b 5 ol
e ains (5L B9) 5yl SRy il Su diee cpl )l (g
Caolbgad Gae Al 6yl Cudyls eess 3 (S pSIl sCPTU
loyas O Hlis 6 Sojlil Ul s (Swilke CPT ( puSe )y
oLl W s (gl (qc) by So JS cunglin joolio 3l 4 05yl |,
o il b b )b lp ) Poml Grote CedS WS
Aioled oo &3] bs xad
slogs 5 (VAVA) ool sloedyy 2 VOBV sl S (pull
5 omli e ) ol ol cadil ot ln (VIAY) 9,56
Sk cadsl it Sl (VAVA) OSen 5 (sl 9 (VAAY) J)s
b cdsl nptn slp (AAY) il 5 asbbing (b 5 Sy
90055 5> iy 4y 3 ySlas (g o 3 9 (SWSTy (2 yeS (2l
2 Zooly cpyitg b o odalie a5 job led LWload &Iyl s e
CPT 1 o pakices (slo g 3 Bos Se ploo 9 06gS (sla (Lo
o3litl 4y g3 oo £odge ol U3 Slodds Lol ((Spilse) otiw S0
pis g JS U5 s p (e () by e S 5 cungliie polia |l

29 bgiye lasbg) onl )3 sloyin ol Jlad b i

W B B Jo

R, S gisn i -V ¥

Cuolrodly mi595 (S5 @)l ol Gioles plS giud ldges
S Sppo & Slib el n JllE s b Sl ol 5 oS
v Jas! JEs b wlen (gylol 39y ol )3 d9d 0 03> LS
plie a8 oo Bey camline (s ol ool 00 QL £V s
3 8as gl wils VY= b /A 03l )3 g yitn (Q/Q, ) Jse el
plIS g Jaged it b (g plo & Cannd (52 (b SS9
g O ol 2l b Cud)bo e > il slahyy sl
Joges 5l ond 381 EYZ By lul ol old gy A JSS 5
ol sl cedil lp (VAVA) (peiyedl Bg) 53 pl Sstunn @y
)b slp (V) cnle g 5l 5 (VRAY) (guidd 5 (oMl (slacdy,
(ko b cd )b (sl (VAVA) ()0 5 (ool 29y 5 S o)l
o (e g 0B 53 i 4 e 3)90 039axe )3 CES aw oy i
Lol 0l Juol>

b zad 5k Cud )b (0055 )3 ledgy 3, 8os () —A =¥

P9y 4 2l (2liel jghaie dy il o)Ll 5 gy oS 5k lea
bl e gy rpicelie (0035 gl bl lalages I e
Colue o pd &S o (ply Dl oo 03wl oles 9 S'e ol )b
Cans lgie &y jldges JS Colue 4y Comd hgy S lamwgy 0l Jlads]
ol i sy 3 Sles & ola gy Sgdie (B (AR)
03,90 sy 2 3590 Slogloj ) b o) 1 Sy 5o (gl 5, (sl loges
Slods

P el s Sy ol b cdl ogad 3 ey JB LS
Sid) ol ol ylej po 0old G add ily L 4 &S sl ol ke Ay

bl (s B9y (e OmeS pegad 5D Sglad gl (oplply ges

£+€7



¥efFe ¥V dxin NFe o Jl.u: A b)l@nﬁ HY 0,9 <)=.4§)¢.n| ul)o.c L?"W 4.3‘)4.;)

[0- [0.4-[0.8-(12-[L6- More
0.4) 08 12] 16 2

Q,/ 0,
(Y' ~(§) Q‘)&a& 9 »)9)-.4.])[5

[0- [04-[08-(12-[16-More
04) 08 12] 16 2

0,/0,
(Vo) o )Sar 5 o)

[0- [04-[0.8-(12-[16-More
04) 08 12] 1.6 2

0,/ 0.,
(V235) oy 5 SIS

[0- [04-[0.8-(1.2-[16- More
04) 08) 1.2] 1.6) 2

0,70,

(V33Y) IS 0] it dnnyo

16 16 16
13
12 12 12
Los L8 7 .8 i
S Al Al Al
4 4 5 4 3 5 .
0 0 0 0 0
0 0 0
[0- [04-[0.8-(1.2-[L6- More [0- [04-[08-(12-[1.6- More [0- [04-[0.8-(12-[L6-More [0- [04-[08-(12-[16-More
04) 08) 12] 1.6 ) 04) 08 1.2] 16 2 04) 08) 12] 16 2) 04) 08 12] 16 2)
QP/QJH QP/QIII QP/QM QP/QM
16 16 1 16
13
12 12 12 11
8
Los 6 L og R
-~ hl 5 =
4 3 4 2 4 2 .
0 0 0 0 (U] 0 o 0 0
[0- [04-[08-(12-[16- More [0- [04-[08-(1.2-[L6- More [0- [04-[08&-(12-[16-More [0- [04-[08-(12-[16- More
04) 08) 12] 16 2 04) 08 12] 16 2) 04) 08 12] 16 04) 08) 12] 16 2)
Q,/0, Q,/0, Q,/ 0, 2,0,
12
5
3
0 0 0
[0- [04-[08-(1.2-[16-More [0- [0.4-[08-(1.2-[L.6- More
04) 08 12] 16 2) 04) 08 12] 16 2)
0,/ 9y Q,/0,

(V) ole g 5L

(VAQY) Ggaidd 5 oDl

a0 8058 13 goud g 513l Sy (055 (50 oy 1 K 53 (5Tt e sl sl lglyd 1S gt fagad A S

Fig. 9. Histogram frequency graph of model parameter values for each method in estimating total ultimate
bearing capacity of piles in short term condition
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Table 6. Final scoring of shaft, base and total ultimate bearing capacity values in long term condition based
on statistical criteria.
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Fig. 10. Radar chart for each method in estimating pile shaft bearing capacity in short term condition based
on statistical criteria.m
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Fig. 11. Radar chart for each method in estimating pile base bearing capacity in short term condition based on
statistical criteria.
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Fig. 12. Radar chart for each method in estimating pile total ultimate bearing capacity in short term condition
based on statistical criteria.
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Fig. 13. Radar chart for each method in estimating pile shaft bearing capacity in medium term condition based on
statistical criteria..
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statistical criteria.

geoy



Fefe UFeYA dan NFe e JLu: A D)l@w“d oY 0,9 ‘):.o.{).:nl U‘)“c (swdigeo d..i’fﬁu

a

R1 Rl
R7, R R7 R
R6 R6 R3
D -] 4 R D 4

(Vavo) 51 3o 5 048 (5 ol s Ao
s 9 59 Oben 599, (1995) oy 5 oS5
--0) (ya4ay)
R1 Rl Rl Rl
R7 R2 R7 R R7 R2 R7, R2
R6 B3 R6 R3 R6 B3 BR6 R3
R 4 . 4 R 4 4
(YAYA)
R1 Rl
R7 R2 R7 R2
Ro FE3 Ro E3
R4 R4 4 4
\aay) (VAAY)

©ao gl 53 5ol (S )lre s ) gowd (2led S0yl Cad b (eSS (S (g, 51 S B 12 (5,151 (518 15909 1O S

Fig. 15. Radar chart for each method in estimating pile total ultimate bearing capacity in medium term condition
based on statistical criteri.

g£e0¢



FoFe LYY dorio VY e Jlo A opladd dY 0593 cpuS puol (lyes (codine @ puis

("_UL.: ilods @I)b (API) &;)A Cads Awwdo (159 u»lwl » LJ»Q.C
b gy cnl il ol o)l b )b polie oS dad oo (L5 (35 (]
0ligS o) dw jd meud (Seolisd dtﬁ’g)i;’“l‘)'] ol (s puSoill slaedls
gl @l & (gyb 4 )by (sladas Mo LB cgles coso il 5 ybio
Ol bl adly ol ped 4y (Jslulyd o5l gl 1y Slbbe wus s
wl.«.o adllao d)90 dilaio dbco.u: ‘_§>1)Jo LgI)J API L)“’9) )l osliil
EMasl 53,8 g0 o] s 5 SbMol lats gl 5 A5k e
355 0,llS aalllas 3,0 adlato gl )

b ol he gl cad )b e oty b)) g alde @
sy CPTu 3 CPT mls e sla g,y (ooles &S dimde LS
Jod sla gy G (gt 3Shes doxS )3 g S (SaSTy

L}.@JLL»‘JAx"dLmuS”AfM)@QLﬁJd)MQW L
s €33 5l oy (5lo S 3 1o g S5 5k by s sl
uﬁ)b)}5)ngJA Adg)) qk9 4€L;}$ Lk&

PG e S (Do) (moln CelS 9 C8 Gl @
SRCPTU e puiine (sla b9y 4 Cuns (Sl SCPT
Gl 308 Hlan brgadd i Ay (o)l Cud)bs o (S S
wlly (Sl dLmCPT 2 we gy &S Cuwl pl Juol o
O Jlow &5 Jlo )3 298 e oolitel baged 6k Sl (eSS
) gy 4 bgye (slayis O Lad s Bl 5 S5 a8 S5
Al o odims S 3 059 4 e iy ) pmesds

O3S o (o) dawgi dipe) 3 3l glo Coplin piple @
2 el 35 olpl > s > elul g gla aed b cud)l
bl oyl 4 b (oLl e i sl S el popat
ol 045 4By wro ol 4 b gl (sl Bains ol )0 el a3
oj » Jlb laasce o liie by Wlie pob adlhs gl
Olrl (bl slaojsp 3 (Jlonl (Sl (1ol car SS9
235 1,8 oolainl 5y50 yo)yld puls dilais 3 oot 4

2 2 b )b e il glabyy ol SWST, @
b el 035 0yl 5 i dlaly Sy 1) &l ol

Sote ) oo s dilate > (Joluld cldg (518 (glaged (5l

£+00

G dis —0
2 Jetdie (SuSS55 slaoaly pels S Sl cgaiss oyl 4o
9y 2 o pll (Sealiys (slagygeil @l S wine sla ol
Pl ol @ jlxe 3 00 1isl CPTU (laiolojl g (Jolul s clages
0313 S5y ) el A58y Ay gt sl Me = yoylé el atlaie
aStlofl otto slagygoil jl Jols (SuiSGgg5 oo 00w+ Sl G Jols
olyor olulyp 2l VY Sygle )3 CPTU (yg0jl A cleMbl sy 4
Al e caliste sla loj 3 b ol gy p (Swelud Liolesl 3550 YA L
Ploj dhols olusl  (Sealtos sla talojl 31 0 (5yglaen los 3,150
o il g ole 0bgS 09,5 ¥ 4 S @So8 42)d 5 gl (S ]
WSlodds (oA pamnd
Jold sl byl gy W o)l g el 4y Gty a0 5

oialejl g2 (e e (39) A (Sl Jibs (Lol g, ¥
o ol 035 18I CPTU ool (ine diians 39, Y 9 CPT
Cad s s ) gy VF 2 )Shee b)) 0 (o lel (slaJlos ) eslial L
(EOD) cso oliss o o3l s 13 2o 5 S i SS& 4y )k
ol anlyy (jay YY) e aidy 9 (5 Ve U cels i ) e le
bl b sle Jof (oiagS sbgadd 59y p LS objlay ool
(292 ok Olee = ()b S ojgn (o) A SleSE 53 o 12
S8y g > s lal Jlano cim ] o3liol b il 1) 45 o plos
B> 45 yohate & Coleg 3 WlAB S I8 () 3)90 SN (Sl
Ol ol oads edlasl (gl (ol lages 5l e golpiins sl hoy ol
Sl slaylsges o Consd )l (g 3o & 2l gy )50
Ol 3 ) @l cegerme )3 sl SSOIE N1 due 4 g 5SS ol
Wloads ol g}

Cud b gy oYL sy o pess e oy IS oy j0 o
Lol gy ) Gde il g Gl 0ligS Sl aw )3 e )b
g 5 SIS 1ARY) 1S, pol s dusizo (sl gy Jols (Seilial oo
(Y 0) ghlSen g 39yl )5 (V4 +0) (lKen 5 cn3)k (VA7)
Sl 3 aS o gy ol sl " alS dladlre 5 Slae (5,8 11 395 0
2oy ol 3l bl e s oy S Bl ] pawye (B
3 Meaalad pae" o3ly 5l aS dguine Slpdin b pbul Clidss sl
9 o3l (Silinl LS slo g 3)Mes (ogad

o s o )3 005 i ool b sloged oyl b @



Fepe BFY doio Ve Jlo A o)l OF 093 ¢S ol (lpos i 4y

MN (S o ,0 JoSias clls 0 ot Sgi Canglie
et 099 05 B S Uy b 3 gt S gl
MN

MN (pos S'g (a2 o) 0 (6 S0 3luil Canglin

MN (pods Sgi 0 033 peads Canglie

IS GBS by 50 Sk 956

MPa CPTu bg,5ee S il

(& 0l odguza ;o CPTu by S oS polde u.:izL.a
MPa

gy Sgi 00game 10 CPTU bg e Sg5 25 polie (5uSleo
MPa

MPa CPTu bgee Sg jhe il

Sz WL:)-] Ly aeds (g y0) 0o S o3Il Caaglin
MN By

MN (2 GL“’UZB) g o 00D 03] (pradt Canglie
Joe sl

MPa (pos jlax ly Cwglie

MN &y ‘5'>)L$ JJ.; CAAguA

MPa oy jlaz axly Slre Cuslio oyt

MN (pois 31> jlaz Cowglis

MN By )Lx? (c.>).n) [ W 5;50}\..\5] C/.asl.ii.c

MN aeds Sz o0l 00 (yaedt Canglite

MPa CPTu bg,5ee Sg oads gdlal il

Sgi Cenglie Comd

MN Eas S'LQ‘ (cp).n) oA L_gﬁfo)‘l..\}] C/.asl.ii.c

MN o (2led o0l 033 (e Canglie

m ead #lol glad

% S Klao! Cons

m o Sg Sl glass

m e Sg 2> glad

Slay o ggomme i

oy S cpnles

kPa ( , S oo iS50 o5y Casglie

kPa R ‘59" 039350 HO S oois (5‘&‘3) =3 wsLa.c
day 70+ pSou e oo

day /8¢ Sou e oo

ol rd

NC eSS

MPa CPTu b 5 iy ,o (glo,i> ol HLid

i) JIS 5 Jas sl o

M Ceny gl 2 o 3585 (5

G, g 4 aily o oz 9y Ceaglie Dol )5S

Ob.plug
Qb, soil

Qbm
Obp

Sy e

a

qc
qc.avg(sid
e
qc,avg(tip)
qE
Om

Op
Op/Om

Rin
Rout
SRSS
S
Su
Sutip)
50
t90
Ty
U

uz

0:

ojp> (pl pliie 4>95 350 Wl o gaoge (pl Dilu oo (Lled L
25 )l

S0y g Sl -F

9135 ISl & s Canioo g 8 15 (S ] Alrgipy
Do o S)08 dged el Baiing gy ) Giss cpl CleMbl
pyizwe lyeld g yud g el 5 date llas a1 BN g e
Ailed oo ()13 ol losons b Alis CotsS Sons g0 45

Y Canw 3.5 Y

eSS @iMle
M’ el S5 2 ghio g A
% .ol comi AR
et Sy s coglio Mol 55
le 5 35 gy 50 Eed S axly Canglie (Dol 5B Ce
o iz axls Coglie Mol LS Gy

Oele 5 65l gy 40 g Hlaz axly Cueglie SOl 521 Cse
m¥day v Sos o o cv

Ol pds o po Cr

mged )l b D

AJ?AJ‘JJLlJL‘ evr

YIVAA Jobes o(5) (grembe o ) s e

et Sy axly Coglie Mol 5B F
kPa CPTu by bus oo StShaol 25 fi
Eod oz axly Cueglie (Mol 5 Fs
g S5 (Mol o Fp
M oSBT g5 5 (5505 s (rFolsS culs Hy
o Jloizl 555 aulone 590 0,led i
%0 c oy S (5 pues ailis Ir
kPa (o0 )l2d o0 K.
meed Jsbo L
e Jainl 555G 5 sog)s slaesls JS sl
S¥ez re N
byie 355 Gulojl bgye cgps Nk
(ST e e OCR
o Jlozolislé P
kPa iges 52 3)ly i5e )l P’
Mgl Sgi ) bume Py
MPa (zois S5 axly Caaglio qb
MN (pos Sgi Cunglio O
MN (slalg) glaio gl b ol S5 Cuaglie Opann

£+01



FoFe LYY dorio VY e Jlo A opladd dY 0593 cpuS puol (lyes (codine @ puis

Penetration Test Methods for Predicting the Ultimate
Capacity of Friction Driven Piles, Journal of Geotechnical
and Geoenvironmental Engineering - J GEOTECH
GEOENVIRON ENG, 130 (2004).

[12] K. Tand, E. Funegard, Pile capacity in stiff clays: CPT
method, Congres international de mécanique des sols et

des travaux de fondations. 12, (1989) 349-352.

[13] Z. Wang, N. Zhang, G. Cai, Q. Li, J. Wang, Assessment
of CPTU and static load test methods for predicting
ultimate bearing capacity of pile, Marine Georesources

& Geotechnology, 35(5) (2017) 738-745.

[14] B. Ebrahimian, A.H. Shamshirgaran, Axial Compression
Bearing Capacity of Driven Offshore Piles in the Persian
Gulf — A Case Study, 13th International Conference on
Coasts, Ports and marine structures, (2018) 249-250.

[15] J.-L. Briaud, L.M. Tucker, Measured and predicted
axial response of 98 piles, Journal of Geotechnical

Engineering, 114(9) (1988) 984-1001.
[16] H.H. Titi, M.Y. Abu-Farsakh, Evaluation of bearing

capacity of piles from cone penetration test data, (1999)
296-308.

[17] M.S.S. Almeida, F.A.B. Danziger, T. Lunne, Use of
the piezocone test to predict the axial capacity of driven
and jacked piles in clay, Canadian Geotechnical Journal,
33(1) (1996) 23-41.

[18]R. Salgado, J. Lee, Pile design based on cone penetration
test results, (1999).

[19] R.M. Semple, W.J. Rigden, Shaft capacity of driven pipe
piles in clay, Analysis and design of pile foundations,
(1984) 59-79.

[20] A.H. Augustesen, The effects of time on soil behaviour
and pile capacity, Aalborg University, Department of
Civil Engineering, 2006.

[21] G. Cai, S. Liu, A.J. Puppala, Reliability assessment
of CPTU-based pile capacity predictions in soft clay
deposits, Engineering Geology, 141-142 (2012) 84-91.

[22] A. Eslami, B.H. Fellenius, Pile capacity by direct
CPT and CPTu methods applied to 102 case histories,
Canadian Geotechnical Journal, 34(6) (1997) 886-904.

geoy

&le

[1] B. Ebrahimian, A. Nazari, A.Y. Pasha, Evaluating €50
for lateral load—displacement behavior of piles in clay,

Ocean Engineering, 96 (2015) 149-160.
[2] B. Ebrahimian, V. Movahed, Application of an

evolutionary-based approach in evaluating pile bearing
capacity using CPT results, Ships and Offshore
Structures, 12(7) (2017) 937-953.

[3] A. Eslami, E. Aflaki, B. Hosseini, Evaluating CPT and
CPTu based pile bearing capacity estimation methods
using Urmiyeh Lake Causeway piling records, Scientia

Tranica, 18(5) (2011) 1009-1019.

[4] H. Titi, M. Abu-Farsakh, M. Tumay, Evaluation of pile
load tests in soft cohesive Louisiana soils, Analysis,
Design, Construction, and Testing of Deep Foundations,
(1999) 296-308.

[5] T. Lunne, J.J. Powell, P.K. Robertson, Cone penetration

testing in geotechnical practice, CRC Press, 2002.

[6] 1. Haustorfer, S. Plesiotis, Instrumented dynamic and
static pile load testing at two bridge sites, Fifth Australia-
New Zealand conference on geomechanics: prediction

versus performance; preprints of Papers, (1988) 514.

[7] F. Rausche, G.G. Goble, G.E. Likins, Dynamic
Determination of Pile Capacity, Journal of Geotechnical

Engineering, 111(3) (1985) 367-383.
[8] K. Fakharian, T. Bahrami, F. Esmaili, I. Hosseinzadeh

Attar, Dynamic and Static Tests for Optimization of Spun
Piles of a Utility Plant near Persian Gulf-Case Study,
The 9th International Conference on Testing and Design

Methods for Deep Foundations, (2012) 18-20.

[9] E.S. Niazi, Static axial pile foundation response using

seismic piezocone data, Georgia Institute of Technology,
2014.

[10] F.S. Niazi, P.W. Mayne, Cone Penetration Test Based
Direct Methods for Evaluating Static Axial Capacity of

Single Piles, Geotechnical and Geological Engineering,
31(4) (2013) 979-10009.

[11] M. Abu-Farsakh, H. Titi, Assessment of Direct Cone



¥efe ¥V dxbo Yoo Jl.u) A b)lo..m LY 0,93 ‘)“S)ml ul)a.c L;“’“\-‘-@(" d:)uu

Consolidation Properties of Saturated Cohesive Soils

Using Controlled-Strained Loading, in:  Standard

D-4186, United States, 2012.
[34] Cathie-Associates, OPILE Instruction Manual, 2015.

[35] N. Aoki, D.A. Velloso, An approximate method to
estimate the bearing capacity of piles, Proc., 5th Pan-
American Conf. of Soil Mechanics and Foundation

Engineering, 1 (1975) 367-376.

[36] M. Bustamante, L. Gianeselli, Pile bearing capacity
prediction by means of static penctrometer CPT,
Proceedings of the 2-nd European symposium on

penetration testing, (1982) 493-500.
[37] M. Clisby, R. Scholtes, M. Corey, H. Cole, P. Teng, J.

Webb, An evaluation of pile bearing capacities, Volume
I, Final Report, Mississippi State Highway Department,
(1978).

[38] J. de Ruiter, F.L. Beringen, Pile foundations for large
North Sea structures, Marine Geotechnology, 3(3) (1979)
267-314.

[39] API, Recommended practice for planning, designing,

API-

RP2A, American Petroleum Institute, Washington, USA,
1993.

and constructing fixed offshore platforms, in:

[40] K. Karlsrud, C.J.F. Clausen, P.M. Aas, Bearing capacity
of driven piles in clay, the NGI approach, (2005) 775-
782.

[411H.J. Kolk, E. der Velde, A Reliable Method to Determine
Friction Capacity of Piles Driven into Clays, Offshore
Technology Conference, (1996) 10.

[42] F.S. Niazi, P.W. Mayne, CPTu-based enhanced UniCone
method for pile capacity, Engineering Geology, (2016)
21-34.

[43] G. Philipponnat, Méthode pratique de calcul d’un pieu
isolé, a I’aide du pénétrometre statique, Revue Francaise

de Geotechnique, (10) (1980) 55-64.

[44] G. Price, I. Wardle, A comparison between cone
penetration test results and the performance of small
diameter instrumented piles in stiff clay, Proceedings,
the 2nd European Symposium on Penetration Testing, 2

(1982) 775-780.

£+0A

[23] S. Lacasse, F. Nadim, S. Knudsen, U.K. Eidsvig, Z.
Liu, G. Yetginer, T.R. Guttormsen, Reliability of axial
pile capacity calculation methods, in: GéoMontréal 67th

Canadian Geotechnical Conference. Paper, 2013.

[24] R. Jardine, F. Chow, R. Overy, J. Standing, ICP design
methods for driven piles in sands and clays, Thomas

Telford Publishing, 2005.
[25] R. Aggarwal, R. Litton, C. Cornell, W. Tang, J. Chen,

J. Murff, Development of pile foundation bias factors
using observed behavior of platforms during hurricane
Andrew, in: Offshore Technology Conference, Offshore
Technology Conference, 1996.

[26]
characterisation of South Pars field, Persian Gulf,

Environmental Geotechnics, 1(2) (2014) 96-107.

B. Ebrahimian, V. Movahed, A. Nazari, Soil

[27] B. Ebrahimian, V. Movahed, A.Y. Pasha, Evaluation
of undrained shear strength of marine clay using cone
penetration resistance at South Pars field in Iran, Ocean

engineering, 54 (2012) 182-195.
[28] A. Eslami, B.H. Fellenius, CPT and CPTu data for soil

profile interpretation: review of methods and a proposed
new approach, Iranian Journal of Science and Technology

Transactions of Civil Engineering, 28(1) (2004) 69-86.

[29] PK. Robertson, Soil classification using the cone

penetration test, Canadian geotechnical journal, 27(1)
(1990) 151-158.

[30] A.H. Augustesen, L. Andersen, C.S. Serensen,
Assessment of time functions for piles driven in clay,
Aalborg University, Department of Civil Engineering,
2006.

[31] K. Karlsrud, Prediction of load-displacement behaviour
and capacity ofaxially loaded piles in clay based on
analyses and interpretation of pile load test results,
(2012).

[32]

modelling of pile installation and set-up effects on pile

M. Khanmohammadi, K. Fakharian, Numerical

shaft capacity, International Journal of Geotechnical

Engineering, 13(5) (2019) 484-498.

[33] ASTM, Standard Test Method for One-Dimensional



FoFe LYY dorio VY e Jlo A opladd dY 0593 cpuS puol (lyes (codine @ puis

tests, Interim Research Rep, 1 (1982) 44. [45] J.H. Schmertmann, Guidelines for cone penetration test:
[47] A.H. Shamshirgaran, B. Ebrahimian, Time Effects on performance and design, No. FHWA-TS-78-209, United

the Axial Compression Bearing Capacity of Piles Driven States. Federal Highway Administration, Washington,

in Offshore Clays of Persian Gulf — A Case Study, The USA, 1978.

3rd Iranian Conference on Geotechnical Engineering, [46] M. Tumay, M. Fakhroo, Friction pile capacity prediction

(2018).

in cohesive soils using electric quasi-static penetration

ek gl )l Ao ol 4y aigSer
A. H. Shamshirgaran, B. Ebrahimian , Evaluation of Compressive Bearing Capacity of Long
Offshore Steel Piles Driven in the Persian Gulf, Amirkabir J. Civil Eng., 53(9) (2021) 4029-
4060.

DOI: 10.22060/cee].2020.18158.6795

£+09






