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Evaluation of Soil Disturbance Due to Bucket Installation in Sand

EAR Kim, Jae-Hyun

o] & Lee, Seung-Tae
AR Kim, Dong-Soo
Abstract

Bucket foundations are widely used in offshore areas due to their various benefits such as easy and fast installations.
A bucket is installed using self-weight and the hydraulic pressure difference across the lid generated by pumping out
water from inside the bucket. When buckets are installed in high permeable soil such as sands, upward seepage flow
occurs around the bucket tip and interior, leading to a decrease in the effective stress in the soil inside the buckets.
This process reduces the penetration resistance of buckets. However, the soil inside and outside the bucket can be
disturbed due to the upward seepage flow and this can change the soil properties around the bucket. Moreover, upward
seepage flow can create significant soil plug heave, thereby hindering the penetration of the bucket to the target depth.
Despite of these problems, soil disturbance and soil plug heave created by suction installation are not well understood.
This study aims to investigate the behavior of soil during suction installation. To comprehend the phenomena of soil
plug heave during installation, a series of small-scale model tests were conducted with different testing conditions. From
a series of tests, the effects of tip thickness of bucket, penetration rate, and self-weight were identified. Finally, soil

properties inside the bucket after installation were approximated from the measured soil plug heave.
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H7A1 7] Z(bucket foundation)= S-A ol A AFEE|= o
ol ula} Y7ol AW Ao} BE 2R AT
A @ AAA o] ol 1980 o] % g TLrEe] 7%
2 gde] 852 ek HAZ|2E= H(cup)e TR
=0 FAo g ALK O Z X AH(D)L 4~6m, A H]
ZolH|(L/D)+= 3~69] F&2 &85 11 QIthAndersen et

al., 2005). A 7|29 714 & EA-L 4143 Z(suction
pump)E ol g3k Ao olek. B BHE WAL A
o AF05 AU F el S8 B2 olgd

QIF-E HiEAI7|HEA S &
oz AAshs FHoz fAlof Aloke] glaL, Al F
Ago] M| fferhs o] 9l B3, shEa
oM Hgol Feiste] Yo TEET glov], A
= w72 42 82X Brlel Bt A7k A%
62 ®%a QtiCotter, 2010; Erbrich and Tjelta, 1999;
Houlsby and Byrne, 2005; Iskander et al., 2002; Larsen et
al., 2013; Tjelta et al., 1986; Tran and Randolph, 2008).
Fido] w2 majAuk] HAV| 25 AT 41
Wi peiate] ofsf 712 Wi-o sirt FE viE
g B9k ofy et A2 v Z|Rtof A YR AHES.
2 A ESF(seepage flow)7} EAASHKKim et al., 2017;
Tran et al., 2005). 3], H#A Aoz &3} A}EFo]
FFH(upward seepage flow)= X] He] fasdS A
2AA 7|20 AFHelo] SOty F= Jge 7t
o} SRR ] ARERRE 7% YA st
A $71402 7FsAe] glom 7127 BE Zol7iA
Q)7 ok Aol WA 4= gt o)k 7|27} =
3 A A WA 5P| SR e elo] P
ofet &8 % 8
o7 7|z FH
‘e AdtAI7]= Helo] Elﬂ(Tran and Randolph, 2008).
AA= A7 2 AA o o3 At §7]= AdAR ol
A= A &A 02 HE T QI Senpere and Auvergne,
1982; Tjelta, 1995).

9] QHnegative pressure)

A AFATAAE HA7IZ X o3 waysh
= ANk 7 7120) A%, wAl ARk 57, 7l

EEe
o] 5ol FFE W= AR RISt Allersma et al,
1997; Bang et al., 1999; Tran, 2005). 3}-X|qk, o]&st
T AR R Y FR T BS Aase] s
DAY A SAH Anke BE Pk 9lo
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A3 % Aure] WRE AHAOR BESH) Ha B

o] 9lek.

Houlsby and Byrne(2005)-2 Rz X|Hto]| HA7|2E
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A = ko) S QIR BHE10] A447]
Al RS Ahehs 7l e o2 vhedsa glom ¥
A Aot lmstel k= 20~30 A& Aahech

Houlsby and Byme(2005)-2 ©]23t F=<A14= ¥
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2 AAATE Ao WA, 44 5 A
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2. DER|EO] MX|EE HAT|E BQUAHS M3
0471
Sado] e mAXNOl HA7120] TIL(V)E

2] (1) 720] AI5hE Agta) ek wialelA Ws
ulzbAE)e o] §1o & A=t Houlsby and Byrne, 2005).
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K = B4
5 = A} Auigre] npkz}
Ny Ny = A48 A%

b Ak
s L AN, A Seto] B o
Zolol wek AP Fow Zrheka, F7kEle e ol
A= &go] dAsithar 7He A, WA 29 By
g2 2 2 x99 4 9o
V=22 |exp = 1 — 2| |(Ktand) (=D, )
out me Zmlt out
2 exp( ) 1—( Z )](zrmm)(wi,,,)
+ 0', end (WD(M qt) (2)
D, [1+@2f2/D,)]*—1
A7, 7., = WA 14272/ D,,) P~ 1}
o 4 Ktand
Z m{ [17 QfZ/ LVL)] }
in 4 Ktand

U,end =d z,'o]vq +7ltN

Y — o A [e]
o\, = AR 528

4 @)9) iz A7) 2 Telo] ofs) Auke] gelo]
71El W97} Zolo] wet AgHow Srbwck 7}
B 9 18] B £ A S0 )

FA /A7 2 AR #1Zlo) S oju|Fitt 7]
E x};} T AT o83 BT Aol AT
ABs7o| ofat x|uke] §a S WS w5t
dFe P 4= Qlrk ofufl, WA= W7ol A|utoj
A e JAFETFE Aol Ay, HAl 9
B AAE W72 WRE Sgvh AR &
#-%go] Z7}E ) Houlsby and Byme(2005)-& A1 A9}
T} ARSRe] ot 5 wsle Tejste] TS 4

(Ktand)(nD ) i )

z
Zout ) 1 ( Z()uf )

+[V" (1—a)p an{exp(; )—1—(; )

n

(Ktand) (ﬂ'Di n)

avg’

)

) 1]]\{1+*y't]\C/} X (7D, ,t)

@N w

7] A, p = B Acko] A&t ALY
a = B7 Ao vlR) Avke 7o) 7he) 7¢
a,k
O2A0HH] | = 1vf
ST (1 a1)+akf)
a; = AHkwelo] EREEIR] QIR A0 0] wlo)

7F=2=¢14](0.45-0.36(1-exp(-z/0.48D)
g tju] Axzjo ofsf W3kE x|yt
A 5] (=kin/Kour)

2l gl o H &
argfskar Qlof ghelAel wydE abgHolet & 4= Jle
u, Al ot AP (U=, nhEz, 7] 2-ARE 2E
Ry, B9l S)oll iRt et E4dgte] Bashy
ol A8 A9 B 7 AFdol 85 A
of At 53] AMtu HrE Hrgsh= FAlerlke
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, Laser sensor i

Guide bar

1<

For jacking installation

Linear bearing\ |
1
RN
— y
a-- Target plate
250 mm Camera Valve
v n E-
1 Differential
pressure sensor D L
=
400 mm Bucket
vy For suction installation f.¥

A
Head difference
(8 kPa ~ 20 kPa)

900 mm

e

Flow meter Valve

Fig. 1. Experimental setup of suction bucket installation test

], Hlj4= WH o] 9 ]g XX—!O]_O:] /\HX]—— = *8]—91
1= E?_h %L?J % 7120 3| A7} ZHo = o] o]ES ul

<

of 7}o]E FE(guide rod)E X[}l

A% vl (linear bearing)<r 53

k! fod & qlES qEsteth 4% 3
WGl = A S 2 A|(differential pressuremeter) S

W2 elRol] AAele] ZHalsich Aol Fol=
of AAE FeprE BAL AolANAR AsThe
P an and Randolph(2008)2 Ex 77|

wo] A A% n] Ak Qe Arsigon
AR 25 A Duse Do) 4 015 7
wo] AX|AF] x| Ggo] nlu|sich
o 2 A7ol4E H7o] 200mmel v
o Ex FUolA AE(Doucke/Deontainer = 4.5)0
omg 4x A AAY Eaks vjua Ao

BN
I o, B

<
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o
32 oL xR N

>

r
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l
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Ae= A12]7} Rafi(silica sand)
£ ARSI # Alme dAE AL Y=t F

Table 1. Geotechnical properties of tested soils (after Kim et al., 2016)
ltems Properties
Specific gravity, Gs 2.65
Fine contents passing #200 (%) 0.9
Max. dry density * (t/m?) 1.64
Min. dry density " (t/m?) 1.24
d10=0.148
Grain size (mm) dso=0.237
deo:O.257
Soil classification, USCS' SP
Critical friction angle, o'c 36.6
Permeability, k (m/s) 5.1x107* ~ 6.0x107* for D, = 60 ~ 75%
Uniformity coefficient, C, 1.60
Plastic index, PI NP

"ASTM D 4253—14 (2014)
“ASTM D 4254—00 (2006)
'ASTM D 2478—11 (2011)
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Sl HARYUYe] Ay B ARE olgste]  yZL 2247 200mm, Po] 200mmz 2 Fru] 7
AP ST AT NS 265 Ha LAY A o(LD)7} 19 BYYIRS BESRAck ERh Ak
2uEst 242k 1240’ 1.650m’ 0 2 shels] ik Ay AV RUAS A ST S| Sisied e
‘?E‘E(Dr) 60~75% =] of| A E—’T—Zﬂf,\—(k)% 5.1x10™*~ B =4S 717 3, 5, 7Tmm(t/D = 0.015, 0.025, 0.05)=
6.0x10"m/s = gFol =] QI tHKim, 2016). T3t 2 A 25 AZslaT) ESE QAR = WAV =] s HY
ApE3to] S0~400kPa W9I0] TLEQUEANA MISAIEA & 9HAY MsA0] Qlo] BT A0 BEWAL
ACD)S AT A AR HEIFEZ @) 3660 LFu]d(aluminium) &2 A|2k5to] Ade] Bttt
2 YeEPttHKim et al., 2016). AHA|3E A HHEA]S- Table (Table 2). 7]Z A}Z(self-weight)o] A XA %ol n]2]+=
1ol gelstsic G TS| S8l 712 Aol AR slol= £=
R AR A 2SAPir pluviation method) S 01§ §loll ThRt BAC) BELS SE A AFS AAlatol
sfof ekt AxAbde AR RololH Az AT skt
H s BEx YRR YoAA FRUEY ANk & T 5 s WRANE §75E #5517 f6l
Aok oz FAMEA|(sand rainer)E ©]-&5to] o of=Y ool Ex5 Bglo] Wk g Fabslal, v
AREol, o]FEE, Mgt A7E 2SI s 24 FHog & o] ApetE tixd 7| 2l(digital camera)
o 4= QUok & Aol Dy = 60%0]3L 1207} 400mm £ olgsto] WY F sk ANt 5719 SollA
A AT RS Z’“ﬁ}@“:}. ‘*A} TEZXY R HYJsIct o] FFEAS B Bzolo TE H
AEEY] WS FerEkelr] Qs e Hav|er BEx A7 % FEANE} WRAEEE] =olAHB7HE AlZ
Ao =RE wo| 24| 73 EE o8 ¥ Aoz AZsH3ct
= 127 speleh 2% HefANRS AR FA I} Fu
£ o83 dreE A=A & AHHFH =2 HH9] 3.4 MSZTAH gl g
S| BYPA|Rto] EZILEEE okt T o= R
M 92 250mm7} HEE 22 Yk A7 2 Ao M2 #oje 9 x|RkwehS st
7] f1ste] Z 939 nPAAS AASHITE T-13} T-2
33 RE7|% oM = dUAR e} AHEA] Al TIPS H|wstr] 9
o dFuEo= AZtE HYPHIE o8] AP
2 AFelAs WA 27 A EE 53¢ WRARE ARt g AR FAGNHT-3, T4, T-5), ¥
o HEgS S4sh] Hl8ll 7%= %Tﬂ rog HEe & JIHT-6, T-7), A FIHT-8, T9)= &5t <
T Sl o ¥(acrylic) = 7|25 A|4elelch WAl 3l LTt W=o] ARk XD, = 60%) HA7| = HX|A
Table 2. Testing conditions
Bucket dimension” Soil condition™ . Applied head
Installation ) )
Test ID D L t mass D Ya difference Material
method
(mm) (mm) (mm) (kg) (%) (t/m?) (kPa)
T-1 200 200 2 - 60 1.45 Jacking - Aluminum
T-2 2 - - Aluminum
T-3 3 1.2 8 Acrylic
T-4 5 1.2 8 Acrylic
T-5 10 1.2 } 8 Acrylic
200 200 60 1.45 Suction -
T-6 3 1.2 3 Acrylic
T=7 3 1.2 8 Acrylic
T-8 3 1.2 >20 Acrylic
T-9 3 1.8 8 Acrylic
" D = bucket diameter, L = skirt length, t = skirt wall thickness
" D, = soil relative density, v¢ = soil dry unit density
" total weight of suction bucket model in air condition
SeNXIBIA HAD = X0 28t Xigtugt It 25
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) 8.0 I - - -Houlsby & Byrne (2005) - suction T
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Normalized penetration depth, z/D

Fig. 2. Comparison of jacking and suction installation
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Soll BAgo] Z/DipiyD-1:152 AL}, o]
AN H2 2 AURIARL F) HH A
I} §AFSFEHTran, 2005; Kim et al.,, 2017).

Figure 3(b)= ®A7|2 A4 5 viEEe= AAGE o
H] 2Hke 25 E ujEE = 570 FdH(Quecpaee/ Quotal)
£ Yehdth o7|4, AA-EA] F ddFem IR A

B4 G Qe A A)F 014310] 5T 5 e,

Qseepage = Qtotal'Qdisplaced water by the penetration of the bucket

= Qual — r(nD)/4 4)

AZIA, Qua = AFH 249 HH%%‘%"(Cm3/S)
Quisplaced water by the penctration of the bucket = 7
weloll o] WiEEE 29 G2 em’s)
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Fig. 3. Installations with different wall thickness: (a) suction pressure
with depth; (b) seepage flow with depth
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