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ABSTRACT

Offshore engineering commonly utilizes cone penetration tests (CPT) to obtain
soil parameters, but various CPT-based methods have been developed abroad for
assessing the bearing capacity of large marine piles. In contrast, Design Code and
Specifications of Building Foundations are typically applied to smaller-sized onshore
piles. Given this context, this study focuses on common pile types in the offshore and
nearshore areas of western Taiwan, exploring the differences and trends in axial bearing
capacity between Design Code and Specifications of Building Foundations and foreign
methods under varying strengths of sandy soil. The research findings on pile bearing
capacity indicate that the ICP and UWA methods generally exhibit a conservative trend,
while Design Code and Specifications of Building Foundations show higher
assessment values.

Keyword: Offshore engineering, Cone Penetration Test (CPT), Design Code and

Specifications of Building Foundations (DCSBF), Pile axial capacity
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zi\ 4 (ultimate bearing capacity) 7% G & 1 #2217 Medea3tie o A A
A o d WITERE S TERT oLyl &0 RILER R4 » Fm kB2
K % (2 Pe402022) CPT @ * B APhT FHMEER S NG ~ 13>
W e s R E UL IERUq) ~ AP BB (f)frdat BORE (up) e @ 3 CPT %
FORARNEAF I AoT Jdt o 37 5 P A2 2 AT CPT Ap M 42 (Kuo et
al., 2021) -

S AR AR g (DCSBF) it 3h i ¥ b * 2t ] arg
BRAH FIMAE T HAE BT AR EET LOARAN (A riEER 2
BRI B SR R ARIES GG (0T 1 ALARRE  Design Code
and Specifications of Building Foundations, DCSBF) fe® "% ¥ * gt g~ A #53K 3+
=+ ;# (DNVGL-RP-C212, 2017) » B % - % it chp % 42 3;% (Chao Geotechnical
Anchor Program, C.GAP) » i&m BLZ 37 2t 3 R R et g™ » &
e A4 SRR

g v‘/%%?);éﬁ
RERPETRE S (Q) 2 RAREY (Q) ZHE AR (Q) Pt
(* 1) - HHEAKAFNFT L 5 P (Close-Ended Pile) 2 B v #5 (Open-Ended
Pile) - Bl 1(a) 5 # F iR BFI T B HPHRI > 2 EFF L EYROLIEE
4R NFRTGE S RERE DR AR S o BE AR TRAET R
B A4 R A FRAREZ A RORSD B S v 1 Bl A A

>

AP SEYRBR OB U220, EY B2 ERE (SOl plug) R AR 1 3E
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BEAGIIDNAKRLETZ ABFLE - ABREEFRELRETOEE R
1(b)&2 B 1(c)4 & & 227 % #5 (Unplugged Pile) £ FF % #5 (Plugged Pile) & {14
HALE FARN SRABEC KR AT EERY 2 mF L ABRN
MR ER RQ A BERAT Y (Qpannuns) &M EEE? (Qsinterna) 7
BAe(GY 2) o F 2o g 2 EF O AP AL ) RS <O AR B
STEEE 3N TN TN S TR R R TN Y E
FEEG) oSN TEN 2 EBREBEERY qpr B ARR A
AR A e AR Ags R F D BRME DN IE AL H
TAATIRR o
AREIURT S (Q) THET R RRART A (Q) frhd BEHA (Q)
3 e GV D)o ¥ AT A 5 B (Close-Ended Pile) ¥ B v #5 (Open-
Ended Pile) B 1287 7 35 fhevik i 4] » & B fh47» 2 g 5 4 3l
ALK B2 E AR A EERE ORAKT S o Ra ook AR AR
ST BRI RRE Y R EARIE b R 4 K S A
Flpt o RAEAIARY AT B U iR B U R AR (Qp) TRERF R
+ et ERE (soilplug) 2 IEPRFE DXL FIAKRT L2 A
A ABREEFRECE BT ORE B L(b)feRl L(c)x W BT 7 LR Ry
(Unplugged Pile) f= & % #5 (Plugged Pile) mi\;\ WAT LB o F AR SR
SRR AT RERY EHFEHE I AR AT ER B BA
A4 (Qp) LHEAT A (Qpannuius) £ P BEES (Qsinterna) 5T
FO2)o ARk g 2B RN IR A 2 i BRSO AR S B
AL E N BT S F RS ERBRAKTA (Q)) MEMF T
Bt A EGN2) e AN 12N 209 fATHE CREBRERY vquioT E
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Qu =05+ Qs = s + apy =D ) [0Z+ 1
Qp = min(Qp, Qpq + Os;) = min(qp4p, gpAa + wD; Zfs AZ) 72
l Qu = Qs + Qb l Q'u = Q.\‘f + Qse +QD:| l Qu = Qy + Q.[?
TR S T
R
= fA.
Qb fh * ¥ Qs,ertenm! y
s
Qs.mternat
.......... _f"T“\_
I the, M

T I T Qp = qpAy Qb,annutus
()3 Bt (b)) &t ©F &t

B 1AL SR L

A < %L DCSBF ~ API ~ ICP ~ UWA « NGI ~ Fugro % = f63 i chi ¥
AP A RS ek T8 20 fifideT
2.1 Design Code and Specifications of Building Foundations (DCSBF)
PEIRYEF (2023) AAKKE S A B2 CPT #afh-#4 4§
DGR R ER B A2 KPS TR AT R LTS RRAS,
Ao B f IR iR KRB EIRE THEITR Glca F o R 2 K

R ok FEEAHT 2 Bf g RTRAFR DU R RA

N

e

i~ IFRRATHE 20 BRI ~ qpAE»T TE o CPT 2 A M40 % [E g 3R PIF)
ENF'S -2 R
2.2 American Petroleum Institute (API)
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FRE R g APL&* #4 &2 2 7 Afhdhe K4 445 (APL, 2014) >
Bjd R sER R skt i 0 AR KPS R E Y B 2
2.3 Imperial College Pile (ICP)
ICP iz £ & Mig3c+ WE gt B &+ Fidhe KL d gk 2032
HEAGR M2 Frearr 7 =% (Jardine et al., 2005) - ICP /2 3% 21 %) ~ 3k 4

S

B N B P A LAm e AR 4 K e AR TG AP R
¥ o
2.4 University of Western Australia (UWA)

72~ 4L~ § Lehane ¥ A T £ W 7 ¥ % ¢ APl en& o API-Fugro-
ICP 2 NGI w3 287 v i r ¥ igfe? #7g 0 UWA 2 o 27 2R
Lehane et al. (2005) % ~ }’}‘L c UWA B v Hifts i 4 i £ Lt [FR - B ¥ 5
et FFR 1 2 38 £ B W F PLR e 4L P IFR A2 7B v #5° 2 3EE > HP £ B
B A Y ER v B FFR £ 77 ¥ (R IFRPPLR B £ 402 A B r 2
BoLZARR e
2.5 Norwegian Geotechnical Institute (NGI)

NGI #_d ¥ = # 1 & 1w (Norwegian Geotechnical Institute, NGI) & 45 H i3
gy B g ot &) (Clausen et al. ,2005) © #) 2 4 477 38 < &2 AP 4pfe >
PRt ARt H i BB fEH e BERRA f,en3 % (Clausen et al.,
2005) -

2.6 Fugro

@ FUGRO = @ 2 3|2 W% ¢ APl £ 32ex:8 A3k 3 > Fugro & 9%
APl ~ ICP sk - i 2 i B 55 % 4 ) A fdhe RV 0372 2 o 27 2R
Kolk et al.(2005) = }I% °
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2T L =
Rt

2r 2L N\
op 2k o 0

# 4| DCSBF-SM [f; = Bogg = (k tan 8e,)o5

5 i3 API ki le 2 R4 Gl 8,5t B o BEL So)0s 2R RS
fs = qc/60 (qc = 500)

DCSBF-CPT |f; = q./150 (500 < g, < 1200)
(tf/m?) fs = q./100 (qc > 1200)
<15
fs = oy tan 8¢, = (07 + Aoyy) tan &,
=a X (0.029 X b X q.(0,0/P)°* X [max (%, 8)]_0'38 + Ag;4) tan 8,
BofdaHEra=09; 28K HEY a=1
B4 T b=1; 4 HBEHE* b=0.8
ar'f » PRl ELT e 5 2Tk 4 (radial effective stress at point of shaft failure) o
Orc » ¥24§7/E % 3 /4 (equalised radial effective stress) e
ICP h=L—z>his L $iER s LithE s 25 2 MIER o

P, % - ~ # /& 100kPa

op1 R (%»XE)=(R*—R})™ > REfPEZIE R 5 HM LT o

4 Ao)y b At i\'- WEARY B IRjEe 3 snfs 4 gk §  (dilatant increase in local

" radial effective stress during pile loading) Ag,; = 2GAr/R ;
G = q./(0.0203 + 0.001257 — 1.216 X 107°n?) ; n = q.(P,0,0)7%° ;
Ari #2 F e %k € > ICP &3P~ 0.02mm
fs = o/p tan 8., = (07c + Aoyg) tan .,
f, h -0.5
= —6(0.03 X e X (Arepr)®3 X [max(ﬁ, 2)] + Aa,y) tan 8,
BT =15 e L2075
O » BRI jS % 22 ik 4 (radial effective stress at failure)
UWA Ofc » % EIOHTSjiw 5 24 (radial effective stress after installation and

equalization) °

Ay ote =1 — IFR(D;/D)? ; IFR = min[1, (D;/1.5)°?]

Di¥ath B/ i D Fap E /S o

Aopg = FIE# Se il i (W9 ) @ H3kehfim 5+ %1 (change in radial stress

due to loading stress path (dilation)) Agy,; = 2GAr/R ;

8
UL FH 4R ePaper(2024 #)



Ll & SR VERES A

G =185 qein "% 5 qein = (qe/Pa)/(050/Pa)®
Ari 32 R e e > 235 0.02mm
fe =2 Pa* For  Fsig " Feip * Fioaa * Frat
ZE I IER LA HRE o
Fp, 5 et % B %15 (Fp, = 2.1(D, — 0.1)°17)
g |PresEA 0 =04 In{qc/[22(050Pa)*°1})
Fsig 5 B3 s %15 (Fsig = (049/P2)*%°) ©
Frp s A %15 » B ok 1.0 B v 16 -
Floqa T € F1F > Fafdr 1.0 3R 1.3 ¢
Frpae 5 HALF]S > 48 $adk 1.0 R f3R 120
f; =0.08 (O.v0>0-05 L0 - n >4 (Compression Loading)
9\p, (R*) R*
f. = 0.08q (%0)0'05 (4)~09 (L) n <4 (Compression Loading)
\ 2, - R
Furgo - RE -
f; = 0.045¢q, <1;;0> X [max (R*,4)]‘0-85 (tension Loading)
h=L—z haBxpEdEr Litht rz5 2 HIER -
R* (%222 j2) = (R*=RY*® > RE R 2/ Ris thp 2 /2 -
2 2H BRI BRI Y 22
R ESaE
# 4 | DCSBF-SM |qy = Ng0y
L S API Opo s F 2R3 RS PNg RS S AZE 2 K ER
DCSBE CPT| 0-5 X deavg
Qeavg = Rt T 15 BHREFFIN cdis Rt g
#(1)D; < 0.02(Dy — 30)# (2)D; < 0.083(Gcavg/FPa) *Depe £ - 50 = = > A thw 2
CPT fEe o (1) #F4 kel ARK{d 37 [0 A48 3 g onbz AL
A 37 7 (2) 32D > 09meRA ¥ &kqy * 7] 370.15¢q,
# | ICP |Gppig = (0.5 = 0.2510g(D/Depr)) X deavg
dpunpiug = 9c,avg
Qeavg » AL T 15 BHISHF BN cdi LT 30 E
Di¥a B2 Dih ¥af B2 5 Depe 5 CPT4REEE /2 2 ICP % 0.036 = ¢ ;
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dp = (0-15 + 0.45 X Ar,eff) X dc,avg
Qoavg 5 oAt 1.5 BiLEH TN S gt i

UWA |[DAate* 2/ Dis il 255
Ayepsr =1—FFR(D;/D)? ; FFR = min[1,(D;/1.5)%?]
Ar 5 256 fi (4, = 1 - (Di/D)?)

Qb,plug = 07 ' qC,ayg/(l + 3D72.)

punplug = Yc,avg

NGI Qeavg » Tok t T 1.5 BT HE TN i Lt 155
DAthM 2121 Di5 th BT

D :Apt % B (D, = 0.4-In{q./[22(0yoP)*51})

qp =85 %P, /—qc’a"gilw x 4,025
a

Qeavg » TR} T 15 B R PFIP s s it 3o
P, % - * # & (100kPa) ;
Di#? 25 s Dy ¥ 4% 3 Dope 3 CPT £S5 E 42 » ICP 4% * 0.036 2 ¢

Furgo

Ay i F 2% 0t (A = 1 — (Dy/D)?)

ERE L 7RSS S AR
AEEERBHETF - BIHL AR 100m o kI 4R T I0E TR
SR 2 K Sl AL 23 A4 Slichod 3 9a » ¥ CPT 444 FLfdi ¥ &5
% o538 (tang = [log(q:/o,0) +0.29]/2.68) oG w) 2 #1182 q,"TFR - ¥ R

4ol 2 4T 0 IR P ER T &S A B AR

%3 B3 o S8tk

UB BE LB
ye(kN/m?) 19 19 19
¢ () 35 30 25
NG 30 25 20
N, 40 20 12
ko 0.426 0.5 0.577
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qt(MF’a)
0 8 16 24 32

e | B(Sand)
BE(Sand) | |
UB(Sand)

Bl 2 q; profile

31 2 3 EHBA

AABLT Y EHBRE=60m- #5HiE=4Am - P E=39m @ F ER R I D
Fm™ o KR 3V BRI E R EERES femirw LB ZAPI=CT > CT —
CPT > NGI > ICP > UWA > FUGRO > #.iT #5/% B £ FURGO > CT > CT — CPT >
NGI > ICP > UWA; ¢ % Bf Brjm L E R CT-CPT &+ » 2 i 2p) 483 - %
??P/'a‘ Lggrd Bf %R AR% - % o 1T # % B £ FUGRO > ICP > CT —
CPT>CT>NGI>UWA>APl- F¢hs ¥ UBERF| I MB A E MY ERARL &
Bl figdrs > P A B2ABRARE AL > N2 CPT 2 = fEs A

A Rk — Fk o

P

Bl 45222072k HEBAESY BE - CT -~ ICP fgrfie &
Bef 1t APL A FIRAZ HARAS H §RT AP 23 &R HEFCT §
AT APLARE G 6 £ 2T - REBEES - REEFLEBRZBEF
Bec® o ¥ ICP fs b § RANE | g E o
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60m ~ 80m )T & 3 ARKP A g B 5 5 E2 AT RiRE T E

Y
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