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Undrained and Drained Behaviors of Laterally-loaded Offshore Piles
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I I Jeong, Sang-Seom

79 Kim, Young-Ho
Abstract

Offshore pile foundations are prone to lateral soil pressures resulting from embankment construction for the reclamation
on deepwater soft clay. Since the 1990s, offshore reclamation has actively progressed in Korea, connecting with the
development of Songdo newtown, Incheon newport, and Busan newport representatively. Special attention has been given
to lateral soil-structure interaction problems related to passively-loaded offshore pile foundations. Based on a plane strain
large deformation finite element (LDFE) approach, this paper presents the results of investigation into undrained
(short-term) and drained (long-term) behavior of passively-loaded offshore pile foundations. This study examines the
effects of major factors, such as soil profile, pile head boundary condition, magnitude of embankment load, and average
degree of consolidation. The results allowed quantification of differences in the magnitude of lateral soil pressure acting

on the piles between undrained and drained phases.
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Material 7t ysat (kN/m%) k (m/day) E (kPa) v c (kPa) ¢ (deg.)
Sand mat 15.5, 19.6 1.0 3.00E+04 0.3 0.2 32
Soft clay 18.0, 18.0 1.30E~04 5.00E+03 0.3 5.0 23
Stiff sand 16.2, 20.0 1.0 5.00E+04 0.3 0.2 36
Material EA {kN/m) Bl (kN-m?/m) Interface Rirter
Pite 6.797E+06 4.051E+05 Pile—Clay 0.7
Pile cap 8.400E+07 1.008E+07 Pile—Sand 1.0
Notes: Ciner = Rinter X Ceoil, tafginter = Rinter X tangsan (Brinkgreve et al., 2004)
E 3. RAME MUTo) thE R8eaM WREYR
Material v ysat (KN/m®) k (m/day) E {(kPa) v ¢ {kPa) ¢ (deg.)
Clayey silt 1 15.5 2.4E-05 0.3 5 24.5
Clayey silt 2 15.4 2.4E-05 0.3 5 24.5
Clayey silt 3 154 5.0E~05 0.3 5 24.5
Clayey silt 4 17.2 5.0E-05 0.3 5 24.5
. 17.2 5.0E—-05 1.0E+04 0.3 5 24.5
Lower clayey silt - P
« Lower clayey siltE2 XEPEAZITL O|ROIXK| Qo & oM Al FHBIUS.
Sand fill 18, 20 1 1.4E+04 0.35 0.5 30
Crushed stone 18, 20 10 5.0E+04 0.3 20 35
TP 18, 20 10 5.0E+04 0.3 20 35
Conc stab 25 - 2.32E+07 0.15 - -
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{p) BMMT SHjW
% 4. HEHASAR DT
H 4. BAME MO st R A HREYR
Material i, ysat KN/MY) k {m/day) E (kPa) v ¢ (kPa) ¢ {deg.)
Dredged soil 14.5 1.0E-03 3000 0.3 2 15
Filter stone 18, 20 10 5.0E+04 0.3 0.5 35
QRR 18, 20 10 5.0E404 0.3 20 35
SCP 18, 20 1 1.4E+04 0.35 0.5 33
Upper clay 15.5 2.37E~05 1060 0.3 21
Lower clay 16.5 513E-05 1160 0.3 21
Sand 18, 20 1 2.0E4+04 0.35 0.5 35
Material EA (kN/m) El {kN-m?/m) v
Pile 1.104E+06 1.553E+05 0.2
Pile cap 1.914E+07 1.436E+07 0.15
77 BPEHIREE AFSick B guasHiold 3. D4R
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LA FRra LA 7o) SRS RS2 A M 8% U572 7 588 %S AE
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Soil profile Pile head condition a/cy Case
ot MAE X4 Unrotated 2,5 Ccuz, CUs
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(TRt AHE A, AGE-AE ARL AP E-HAE
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o] 7| EE 2e AA84E st 121
2 =R R4 2R fRIEta Qe Bt A
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Depth (m)

gt 7|A, AFst AAGE ANrE ASASAIF AT Ki°=1-sin¢’ (6)
25 e e JrEYAR ARG, g% A
00 5 TP O glIE 2 R -
ZEL 1.0m 77 FAELES TEISHTZ] 3.4 OH7HEAEHA 2T 3 2
EAS 30l 28 FUEOR TG00 WK
NERFe ndee AHste 95 JFol Qs Fo opE gaeA getassiA sl st S
2 7HRstglth aEa 27)SeAakEs AUAE Y 5 SALE7| 2o it vipESATE S 3
HAE NS mA| ASA Taky(1944)9] T4 4 HARE 39 8o ack- et A xR 2
©° 4% FAERAGSE BASHATH EO] SPUS) BIPYIY 8@)E AR, WA
AR Ak APE A EAPLE AJurel 97}
I 6. INHSHTE 2I8 FEQAMAM HEEHA|
Material vty ysar (KN/m®) k (m/day) E (kPa) ¢ (kPa) (deg.)
Soft clay 16.5, 16.5 3.50E-05 2000 0.3 15 22
Upper sand 18.5, 20.0 1 3000 0.3 0.2 30
Lower sand 18.5, 20.0 1 2.5E+04 0.3 0.2 35
Embankment 20.0, 20.0 1 2.5E+04 0.3 15 25
Material (kN/m°) d, L (m) E (kPa) I (m*) A (m?) v
Pile 25 1.0, 30 8.25E+07 4.91E-02 7.85E-01 0.2
Material v {kN/m®) E (xPa) v
Pile cap 25 2.32E+07 0.15
0 = 0 .
%O < Only soft clay layer, Front pile +* OoO Only soft clay layer, Rear pile
) e CUS: Short-term £ ®  CUS: Short-term
P <] CUS: Long-term l': S o CUS: Long-term
7 2 CHS: Short-term 7 138 CHS: Short-term
CHS: Long-term - cHS: Long-term |
- 10 10 — \ :::,
& E E
5 5 1 -E | o e
g g A
a = A
20 — 20 —
30 . I ley 30— S
] 0.2 0.4 0.6 -400 0 4060 800 1200 -200 0 200 400 600 800 1000
Lateral pile displacement (m) Pile shear force (kN/m) Pile shear force (kKN/m)
(a) LHO| SHM FZUM (b) sso| Mela 2EokAH(Notes: Short-term = MEZZ, Long-term = 2 years)
0 3 0 'y T 0 T
: Ouly soft clay layer, g/c,=5 2 [} Clay-sand layer, g/c,=5 ¥ .,-'1 Sand-clay-sand layer, g/c,=5
s ®  Unrotated (CUS) s ! w  Unrotated (CSU5) ¥ +  Unrotated (SCUS)
] p 5 Hinged (CH5) | Max a P e Hinged (CSHS5) | :‘ s ---- Hinged (SCHS)
Max. \i L] ' H :"
° ! \ I
H LT Ea] er sand
10 < :. 10 - l.. \\ 10 - Max. \E := Upp! d
... E l... 5 E 1'-
p I3 = | TN . Softeay | o | KA Soft clay
.o. § .l. “ Lower sand § ++:‘..‘
= Y a
20 20 h 20 - C Ny
g | ‘,,l Lower sand
] i i
J b 1
! kY
" %
30 17— T 30—
-4000 2000 O 2000 4000 6000 8000 -4000 2000 0 2000 4000 6000 8000 4000 2000 0 2000 4000 6000 8000
Pile bending moment (kNm/m) Pile bending moment (KNm/m) Pile bending moment (kNm/m)
(c) U=l HTHUE ZEUY
T3 8. O] sz
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