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ABSTRACT

Offshore engineering commonly utilizes cone penetration tests (CPT) to obtain
soil parameters. Therefore, data from the Cone Penetration Test (CPT) are often used
as research parameters for soil classification or pile bearing capacity assessment in
offshore engineering. However, the CPT-based soil classification results vary with
different classification versions, and the corresponding pile bearing capacity also
changes significantly. This article analyzes the axial bearing capacity of driven piles
using the Design Code and Specifications of Building Foundations (DCSBF-SM
method and DCSBF-CPT method), the ICP method, the UWA method, and the Unified
CPT method (UCM method), with CPT test and design data of the second phase of
Taiwan Power Company's offshore wind power project. Using the SBTn method to
classify the soils in the western Taiwan offshore region, compared with the results from
SBT method, the overall trend moves from clay zone to sand zone before the depth of
15m, but the opposite trend is shown after 15m. The results of the bearing capacity
show that both the DCSBF-SM method and the DCSBF-CPT method exhibit relatively
less conservative tendencies, while the ICP method is more conservative. Additionally,
the UWA and UCM methods show similar trends. Compared to soil layers classified
by SBTn, the ultimate bearing capacity (ICP method, UWA method and UCM method)
of the design soil layer based on the SBT method is amplified in the shallow layer but
tends to be conservative as the depth increases, and bearing capacity of design soil

layer is even only half of that of the former.

Keyword: Offshore engineering, Cone Penetration Test (CPT), Soil classification

methods, Axial bearing capacity of foundation piles
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penetration test, CPT) JE 1§ 2 3 ¥ (& B’éﬁ%i A 52022) o d 3 CPT AL R 1238 *
X HGRE i F e~ #1538 49 02 (Lehane et al., 2022a) 5 F]gt f74 4 33 CPT
Befhend A B0 2 8 AP KP4 3EE S E 0 KA o 3 kAR A 5 CPT-based
SRR R n BB R K Rk o S AR TS
RE)I AL SR TR SEARKA 22 YR AR R 2 BALL PR
o B A STAR AR 2 VRS B B TR S B2 N AEL A 4T o d VR
SRR YIS RN A B N R SR S IR NS I R R P
AT Y KRR AP e CPT #icdp ™ 7 Fe ok & i1 CPT-based # 3~ s $>0 2 %2 4
ARANE R (AR E) (N redn g & F 0 2023) 72 2 B¢ CPT-based
P AP FER S RO E R BT SP AR BT HEe (7
ARG W) HCPT Hcdhs 1 AE3k3 (SR 4 0 L2 752018) @ f

IR

2.1 3 aups ik

% % ¢ CPT-based 2 3 4 #f > ;2 5 Robertson #% 112 3 7 5 25 7] (soil
behavior type, SBT) (Robertson et al., 1986) 2 4% it 1 3 {7 % 57 3| (normalized
soil behavior type, SBTn) (Robertson, 1990 and 2009) -
SBT szt & 2 3V 4T

gt = qc tux(1—a) 1
Rr = (fs/4.) %X 100% 2

B ooqea R fis RIBAEE U 5 3 HoRE g s BRAR SRS
Bt o m SBTn et 5 25V R 4
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F- = fs/(qs — 040) X 100% i3
n=1(qt — 0v0)/Pa X Cy o4

Cn = (Ba/0po)™ S

n = 0.3811, + 0.05(0.,/P,) — 0.15 < 1.0 &6
= J[(3.47 — l0gQ)? + (logF, + 1.22)2] &7

B ooy T2 B2 vopen FAREE R BA R - 2 F RS (100 kP
TR BIERA Qi BRI Cys B B4 B Gl NEG
4%11«@3@ 03 QI3 SR B TR Bl p et 3350 TR
F@E ~ Q1. > % 1% SBT 22 SBTn eh2 3 A %4 it o d £ 1 ¥ LT SBT
-3 o= 1248 ~SBTn PIH#-2 3 4 = 948> ¥ 4pfss SBT 2 3 4 45 » SBTn &
BRI ELT PRI EZ TG PSR .
#. 1 SBT 2 SBTn * 3 &~ 44y it

Zone SBT: Soil Description Zone SBTn: Soil Description
1 Sensitive fine grained 1 Sensitive fine-grained
2 Organic material 2 Clay-organic soil
3 Clay 3 Clays: clay to silty clay
4 Silty clay to Clay 4 Silt mixtures: clayey silt & sandy silt
5 Clayey silt to Silty clay 5 Sand mixtures: silty sand to sandy silt
6 Sandy silt to Clayey silt 6 Sands: clean sands to silty sands
7 Silty sand to Sandy silt 7 Dense sand to gravelly sand
8 Sand to Silty sand 8 Stiff sand to clayey sand*
9 Sand 9 Stiff fine-grained*
10 Gravelly sand to Sand
11 Very stiff fine gramed*
12 Sand to Clayey sand*

*Overconsolidated or cemented
2.2 phro A R
AFA R M KA ICP 2 - UWA 2 &7 UCM 23 7 ARl 4 amm
IR AR AL ¥ ol

1 ~ Design Code and Specifications of Building Foundations (DCSBF)
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ARG AR R RS P8 e g4 B2 (Static Method, SM) £ CPT 2 -
FAF AR R A LA PORT S RS, A 4T 2 RIEERERE A AR
A2 EERAREE FREET b it ke Afhar 2 vk 4 pIEA
WD GRS FR T A AR (B HE CBRAR, Y T RTRRFR
L] o CPT 2 I A4 1L dg ™ » 2 CPT iz * >0 v jS it k) 2
KA AT

2 ~ Imperial College Pile (ICP)

ICP i# H# R 430 P8 Fas B 4L A S R 4 amiksh = k0 0t % 4 B
A% P11 & a7 =% (Jardineetal., 2005) o ICP j# #) + & 4R o
qﬁaﬁaﬁ?ﬁﬁimﬁ%jﬁ’%zahﬁE&@%@Jﬁmz§&@¥%Kﬂ
FOM oottt ICP 240 T B o Ak ALY (O E X T E o

3 ~ University of Western Australia (UWA)

g8 Jld& <~ & Lehane ¥ X FI& £ W % # > € (American Petroleum
Institute, APT) =& 4 > %t API ~ Fugro ~ ICP 2 NGI = #& i & (7 7 fi > ¥
aiEAz " F28 1 UWA ;2 (Lehane etal., 2005a,2005b, 2013, and 2022b) - UWA %

IR 5 g et [FR ~ B ¥ et FFR 12 304 £ R 5 PLR o
A CIFR 27 B oY 2 ~ BN E A2 A% EAE 90t & ~FFR 4 7 &
KX JFR>PLR B 2 2R3 AR v AP 4 3EHE L2 2R o

4 ~ Unified CPT Method (UCM)

UWA ¢ & AFT Lehane -~ Bitter #2 #% 28 3+ 1 ¥ [ (Norwegian Geotechnical
Institute, NGI) Lacasse ~ Liu ~ Nadim % A - F # ) &9 CPT-based fh+ 3\? 4P
%o P nE B - 5% 9 CPT /2 (Lehaneatal.,,2022a)° > /% % 7 UWA

end £ 3 ATROB 4 At E 2 o ¥ 7 50 % SBTn 4 3 A 40

—_—

=z~ IHELSK

3.1 SBTn % §
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AP Y kg ¢ T = ) BH-04 0 CPT #cdpz- & 2 3 (7 & dpdkl T 2 {7 SBTn
Ao 2P IR 2 A S E 2977 - Bl 1 2 BH-04 I.%7% &2 SBTn
L 3EM o B 1 Ao < f#icd 3E /3 Zone 3(AE2 )R Zone 6(F) 2 )2 B o B AT
Robertson ¥7 Wride(1998):& &£k 327 2 -k d 2 BFenf A 51, =26
Flpt 2T U =265 F) 2 2 B gEL 2 KB K4 o Zone 6(F) 2 )&
Zone5(F) 2 R EF)up; 2 2 47 0 Zoned(k 2 R & F )& Zone 3(AE 2 )1 ARD E
450 @ UCM 2 & Zone S Bt 3 & & 47 o

7 2 I ¥tz 2 EFE5 (Robertson, 2009)

Zone SBTn I
7 Dense sand to Gravelly sand I, <1.31
6 Sands: Clean sands to Silty sands 1.31 < I < 2.05
5 Sand mixtures: Silty sand to Sandy silt 2.05 <[ < 2.60
4 Silt mixtures: Clayey silt and Silty clay 2.60 <[ <295
3 Clays: Clay to Silt clay 295 <[ < 3.60
2 Clay-Organic Soil I. > 3.60
BH-D2

Dapiivm)

Bl 1 BH-04 I.#7% /2. SBTn 4 47 ¥
3.2 ;%32 K
K A A I ARFFAE CPT & 3 P %k Skt 22 k> 235 0%
BaoFFHBH-04 2 K2 A o PRI RIRIANSBT A ag> 20 ¥
PHALE Y A ERI IR AT L e AR A 2
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FLF 4 2 B3R A& B4 SBT -1 Zone 6 ~ Zone 5 ~ Zone 4 &2 Zone 3 > x#) 2 &1
Fpfde 3 mpypd iz a7 A E A 2 AR AR A4 UCM 2 g 4 2 2
VR A 4 o
% 3 BH-04 sk 34 4 K

Depth(m) Soil Description
0-12 S e L

12-19.6 PERR IR A .,a, P ER R Tk
19.6-24.9 2o 4
24.9-27.7 o A oy
27.7-35.5 PER R AR Rkt 2 4
35.5-38.2 R I F A
38.2-39.7 PR LR

39.7-42.9 e
42.9-45 P E R R

45-50.1 R IR A
50.1-57.7 PR Ry

57.7-60.4 29 T 5d A
60.4-63.2 PERRE
63.2-67.7 o e B
67.7-85.5 PER R
85.5-88.2 B F 5 T 4D
88.2-100 P E R R

33 %32 A= SBTnt A2 A8

B2 2@ 3 4% 5 BH-04 SBT 22 SBTn A f& 4 A sk A2 2% o o B 2
FRRD S HEIEI L zoned (R ) @ B3 F 2 A L HTh zone 5 (F)
LR EF) I ozone3(8p2) 2 o FEAE k5 o APt SBT 2 A #7n% % > SBTn
BEHTAFE ISmwIETRAS RAH S BB HES > 7 FA 15m {8 R

RERFF RAEZES BSOS o
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100
| 0~15m
15~30m
30~45m
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60~75m
75~90m

90~100m

a*x0qomp

Cone bearing, q, (MPa)

0.1
0 1 2 3 4 5 6 7 8

Friction ratio, R, (%)

@ 2 BH-04 SBT 2 3 » #p % %

1000 Robertson(2009) cmcdon

0~15m
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#*x04qOE D

100

10

Normalized Cone Resistance, Qm
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A E 5T 2 ¥ BH-04 ch CPT #2447 2 ¢ 3V Aty (D=4m-
Di=3.9m £ L=80m) &7 4 47~ 2 2 A fhhhe K4 hL Lo a pho KP4 &
53 i Bl4k * DCSBF-SM ;# ~ DCSBF-CPT i - ICP ;# ~ UWA ;# &2 UCM 2 1
f&> % o d > DCSBF-CPT ;2 & A ~ 47 &k b4 > Flot 2 2 47 4E 4 pF s
DCSBF-SM 2 3+ & -

Bl 4 53582 B anfh b B Qs > AR 4 QpE BV Q » @

4 ¥ g% 3] DCSBF-CPT i ih% % # % ~ICP 2 chid % 5] » @ UCM i &2 UWA

ERIACYZRE o s T 2R T QR B ERQ, DI E R AR L
A ] Qe g 5 R4 1 B S RIS SBTn 2 & 59Qs ~ QpQy - B 5
%5 77 DCSBF-CPT 2 DCSBF-SM ;2 #icig i< ~ ICP ;2 #2-] » ¥ UWA ;4 & UCM
E AR R 2 o B2 UWA 2 22 UCM i 2Q, 2 QP48 7 — R » 2 &
QuPF A ¥ B % B iR 60m (5 B 4nFit o gt b T 87 3 ¥ B AR K AL R
Qp¥e] o @ B A R B R Qe deQp % AR EL 0 AT N K QR i S
oo a AR AR A Qo ik kA o

B 6 5332 &2 SBTn 3 K @ 4&"TR{4 214 & - §] 6 & w1 DCSBF-SM
27 DCSBF-CPT j2 fi¥ B $ o+ e & e SE ¥ 7 B 8 4o B brikid o ac 2 10 ICP
%~ UWA 282 UCM 2 fis k& PF R IR 8 5 30 | el g > REVF AR 3 4o iz il
FoHd 3 UCM i A&k Aulil 2 5 0.5 B o d 303030 SBT 2 3 4 $g ek 3+ 2
Feripyd KB 5o Apgt SBTn 2 A enii ' U4 k3t 3 R i LR 4
FHMERAFERA A d LR A% B L e R 4 (2024) RO AKRER DK
Q0 WA AL K QKT -
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HABRe R A 2 LR RS NT B
1. 2EAFHINA > SBT che g2k R RAAS I @EHR L AL - &
SBTn eria g2 % R R IEMALITAM I R EF T AR 22 - BFRE&

v 4>t SBT end % »SBTn 2. B % 8ot /F & 15m = 48 & IAL 2

‘m\ﬂ

FAF S BT ARE > L AER 15m SR ERE) D B AL BB
AR o

2.tk b A4 gana > DCSBF-SM j# ¢ DCSBF-CPT i % & M3
:M%ﬁﬁﬁﬁ\mPgﬁﬁﬁuﬁ?%m@g@ﬁ,aUWA%&LEM%
Aov b af= k2 B> T UWA 2 & UCM 2 i Uk 4 i g 249
iF e b oh o AR g SBTn 2 A ek fs 4 0 o ¥t vt SBT 2 4 A 4 ik
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R S ¥ Bk f H K 1 dag),
12 4
;\3% DCSBF-SM  |f; = as,, =9 XS,
fs =4q./60 (ge < 500)
DCSBF-CPT [~ <
fs = q./100 (500 < g, = 1200) qp = O-SQC,DCSBF—avg
(tfm2)
f. =q./150 < 15 (qe > 1200)
e . _ ; . Acavg H DS
£, = 0lytanse, = (ol + Aotg)tanse #(1)D; < 0.02(D, — 30) £ (2)D; < 0.083 - ) Depe # = 3 2 3% &
ICP =a x (0.029 X b X q.(050/Pa)*** x [max(h/R*,8)]7°3% + Aoyy) tan &, 2o AREELRE R dbpluggead = 0.15Gcang ©
» 4 < — s H oA 5 p —
7 Rrid i a O'f PR RS R a=1 Ab,plugged = [0.5— O-ZSIOQ(D/DCPT)]Qc,avg
3 4 3 J» — . S ’;} =
2| CPT B g b=10 2t fobi " b=038 9p,unplugged = Yc,avg
o1
= =0, stan by, = (0} + Ad,g) tan S, » & 4 ¥4 =1 34 # =0.75
UWA f:? rf cv ( rc rd) cv O? ﬁ;ft/ﬁ: o ﬁ‘vft/{cc Qbor = (015 + 0.45Am)qc,avg
= (f¢/£)(0.03 X g X (Ar5)°* X [max(h/D,2)]7°> + Ag/4) tan &,
#3ir  |Aoyy =4GAr/D ~ G = qc X 185 qii° ~ G = (9¢/Pu)/(0"v0/Fa) °°
. fs = fi(oc + Aoyq) tande, > B4 Hhfy =1~ % ’;:3{%% =0.75~q¢ = qc Gbor = (0.12 + 0.384,,)q, (plugged)
UCM q _ e, (Ac\ CPT o
-1 {(ﬁ) A, max(h/D, DI+ G0 () 5 )} tan29 Gho1 = Aredy (unplugeed) - G = Geang
» Silts: Zone 5 of the SBT chart (Robertson, 2009)
2
' Apply equations as for Zone 6 using corrected qc value determined as: q. = [3.931.% — 14.78I, + 14.78]q,
T B RBERY S e Vot g
< 4
;* DCSBF-SM  |f; = as,, Q=9 XS,
=
%D;/Dept +045q,/P, <36 23822 o AREF A REE-
cp  |f =080l tand, = 0.8(Keoy,) tan e, ” Jcm=04QJ“ ’ Bl LR
. K, = (2.2 + 0.016YSR — 0.87A1,,)YSR**2 x max(h/R*,8) "2 bpiugged = V*cavg
Ak dbunplugged = Yc,avg
4 q?‘ UWA fi = 0.23q:(q:/000) " [max(h/R*,1)]°2 X tané,, qb = Geavg(0.2+ 0.6 X Ay erp)
fs = 0.07Fseqe[max(h/D*, 1)]~02°
UCM Fg: = 1 for clays with I,; > 0, in Zones 2, 3 and 4 (I, = 2.6) qpoa = (0.2 + 0.6A:¢)qp ~ dp = Geavg
Fst = 0.5+ 0.2 clays with I,; <0, in Zone 1
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