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Numerical analysis of bucket resistance of new bucket foundation breakwater
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Abstract: The resistance including the frictional resistance on the bucket wall and the partition wall and the end resistance at
the bottom of the bucket is an important factor to maintain the stability of the bucket. The frictional resistance on the outside
bucket wall is connected with the relative displacement and the contact status between the bucket and the soil. The frictional
resistance on the inside bucket wall and the partition wall relates with the relative displacement between the bucket and the soil,
while the end resistance at the bottom of the bucket is connected with the contact status between the bucket and the soil. Under
wave loads, the upper outside bucket wall breaks away from the soil, and the lower bucket wall generate upward displacement
against the soil at the sea side, while the bucket wall at the land side is opposite. At the same time, the inside bucket wall and
the partition wall generates upward displacement at the sea side against the soil, and the situation is opposite at the land side,
while the bottom breaks away from the soil at the sea side and it compresses the soil at the land side. At the head side of the
waves where an upward displacement is generated around the rotating center of the bucket, the frictional resistance on the
bucket wall and the partition wall changes from the positive frictional resistance under self-weight to the negative one, and the
end resistance at the bottom of the bucket reduces until to zero. At the same time, at the reverse side of the waves where a
downward displacement is generated around the rotating center of the bucket, the resistance of the bucket increases based on its
self-weight.

Key words: new bucket foundation breakwater; frictional resistance; end resistance
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Fig.1 Embedded new bucket foundation breakwater
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Table 1 Properties of soil layers
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Fig. 2 Finite element model for bucket foundation breakwater

WHRLWE: LEVIRE, B 9.5 m, FFEE
6.8 kN/m’, IR¥#E Ko=1-sing’, ##1LE 77 R HHL
0.885; NEAMBF L, JF 24.5 m, FFESE 9.2 kN/m’,
R S 77 R HOH 0.7

AR L3RR, BRI 12 m, AR 11 m.
BA TS ST AR, A AR B B
+E 1.5 m, EAEMEE LTI E, EHRIRIEM.
BRI, ASSCR A (AR A B 46 A A4 BEL 7

H R A 3R T 55 S BB VR A5 R 50 @ — 38 17
BOREE T8 12048 kN, {FFH7E_EAmAfBE, 5 R
AT 6 m.

WA 5 LAk 8 RH Coulomb FEHE, HRAE B4
IR, R R 0.115, o BT iR A 8 /E H
T A RIS XA AR B 7T R, AR TS
AT R A AT D ¥ B R AT 0 A

2 TESERERSHTERER
2.1 HELER

1 50 a —iBMEIRETR A EAER T, M2t
B RwE 3 fon. B TERIRMERIER T, Mithkk



% 4 3]

WLy, S5 B R QIR RGBT A 1A BE 7 3 749

PR PR RCTRUL, HE I AU AR EE L S A A
B, MRS AR R, AMIREE R RS A
HBE K B s AL AR T AR A 1A B s FEREI, A
BE B S A i 2 AN IR B b I A

3 MBI EER
Fig. 3 Results of bucket displacement

2.2 SrHTRHYIEER

N AR RE /g, BUMUHG EE S5 44 T O1~05.
PRI ARG B 25 AL THT ) T ~15. Fads g AT L) Wi~
W6. A BI~B11 #4704, Wil 4 fis.
ArBE K% B B VR REAE AT B 6 ST o, RIEAA
TARTGHE LA R 0.40~9.50 m (FARJE 0.4 m) &k
1.82 m HU—A> s AT 704 o B TARAKR B A BB DU R,
RAE— i A e B #r s

4 BIFEN DR
Fig. 4 Analysis points of bucket resistance

3 SMUHREEEEFRE N3 4R

INEKHT, AR B R MUAREE EE B 75 sl 5 s

FEMIIA B AR R, AEEEERE I BEIREERG I, (5
P IR L JEE BH 7S N R LA . AR EE LR ik
FEMIIR B E T, BEARIAR U0 A A AR,
AFREE JEE BHL 7T BE R LG K0 e T 38 AR A A B
AT, PR LR, AR R BOR,
BEEELH 7 BEIR B bR

BERH F1/kPa
0 2 4 6 8
T T T 1
—=—01
ol ——02
——03
—— 04
5 -4+ ——05
2 6
J53
-8 F
-10

[l 5 P/Pep=0 FHHBEE EEFR N2 53 10
Fig. 5 Distribution of vertical resistance on bucket wall when
P/Ppp=0

50 a —IBPARFT BT SN Pep, MEANFEALA E
(KIfiTE P, 2 PIPpp=1 I, AHEEEERE T30 A5 & 6 it
o FEBLRATE Pop fEFH T, HEMU AR BEEEBH J7 30150 T
HAEMREED 30, A EERH I REVR EEAE N, FEMREE T
P, AR I B AR, AREE R A A s, A
BERERH I BEER LI/, 40 01, 02 fiaR. fEREMiA
TRPESE I A, [0 A7 B EERH D BEVR FERG N, Hh FAEDL
IRGFEAE T, MR AR S e sl hiEE T &1
ARSI, AR EERE ) AR, G 04,
O5 IR o FERRAA IO ) ELEE B rh 8, A BE EE FH I BB VR
FERIH K U 2t 0 O3 Fios

EEBH S1/kPa
-6 -4 2 0 2 4 6 8 10
T T T T T T 1

—a— 01
——02
——03
—— 04
——05

[ 6 P/Pep=1 FHHBEE EEFR N2 53 10
Fig. 6 Distribution of vertical resistance on bucket wall when
P/Ppp=1

AR 3K TR, A B JEE R g i R 2 AR A ]
8~12 . £E O1 &b, FrfK P AN IL T, BEAT
BRI, A AT A T YO AR, AR
JEERH A3 80/ 2 S G, 1 3K BRI CP/Ppp
>0.6~0.8), AR ERLMN, BT AN,
HRBEEERH e/, sl 8 s, MK 8 T LLE
t, BFFHIKE PIPpp>0.4 I, O1 BT _ETHE 0.4 m
VWA, fREEEEFL I CONE, MitkE RO, )
SR BT F0.4m PREALIIE T A, 153
Mt AZAZ QA 7 s

5T O1 #HfbL, 7EEIINELK) O2 A, HBEEELH /)



750 s + I B % #® 2016 4F

A5 A A3 B ff 2K T 38, H SRS T O IEBERH
F1B kN AT AR BERR g, TE PIPpp>1.0 N}, AEE
B EE B A3k, i 9 Fios .

051 _a -fhfig
—— FRNIE

041
gg 03
E
% 0.2

0.1

0 0‘.4 018 1‘.2 1j6 2.‘0

PIRy,

7 78 0.40 m ALEE S LK T
Fig. 7 Horizontal displacements of bucket and soil at sea side

0.40 m in depth

—a— =040 m
—o— /=222 m
—&— h=4.04 m
—»— /=586 m
—— h=7.68 m
—%— /=950 m

0 04 038 12 16 2.0
PIB,

El 8 AREIHKFT Ol {HEEERENEmS T
Fig. 8 Distribution of vertical resistance on O1 under different
values of P/Ppp

—a— 1=040m
—— /=222m
—— 7=4.04m
—¥— /=5.86 m
—— 1=7.68 m
—*— /©=9.50 m

0 04 0.8 12 1.6 20
Pl Ry,

B9 FREEHKFT O2 {HEERENEm ST
Fig. 9 Distribution of vertical resistance on O2 under different

values of P/Ppp

FEMITH ELBEBLH) O3 &b, ARFF KT, PlPp<
0.6, HHEEEERLAAZMARAS, 24 PIPpp>0.6 B, AifiEEAE
BH 0N, 4 PIPpp>1.4 B, FHEERERH J) e 0m), Gl
10 Jrom o ELEE BUAHBE EE B 7 ) A2 (L A S5 A A O e 3
LA R, FEIRGTECE T, s O e ST
LR RN e T S N SR N P F = S L P

PRI By AR AT TTE R 7588l 1R mfar #oK-T
T, G LR, R BUREE N AR

hits.

81 —a— /1=040m
6 —— /=222m
—— h=4.04m
4] —¥— 7=5.86m
« —— h=7.68 m
£ 5] —%— 7=9.50 m
R4
E OI
#
-2
4
-6

0 0.4 03 12 16 20
Piy

10 FEIETEVKFET O3 1HEEEE N E @S H

Fig. 10 Distribution of vertical resistance on O3 under different
values of P/Ppp

FEREMI BB O4. O5 Ak, HBE BE BH 7y Bl s 27K
SPHEITTHE A0, AEAR AT P B I Ay AT 1
INMEEERR, Wk 11, 12 fis. B 13 "TRE H,
A A AN A, RS ARR AR ROR, b
P ARG AR R B A RO, R AR
XN, Wi 13 s, B, FiEE T #EE R 77 %
FERLTE T, WREEEERH 7 B A 3K T~ (K938 T i 3 Jn P A
A .

—— ;=040 m ——/=7.68 m
—— /=222 m —%—1=9.50 m
—4—h=4.04 m
—¥—/=5.86m

PIR

Bl 1 FREHKFT O4 {HEERENEE ST
Fig. 11 Distribution of vertical resistance on O4 under different
values of P/Ppp
12 - —#—h=040 m——/=7.68 m
——/1=2.22 m—*—=9.50 m

10 L —*—/=4.04 m
—¥—/=5.86 m

0 04 08 12 16 20
PIR,

12 REGHAFET 05 HEEE N E RS 7
Fig. 12 Distribution of vertical resistance on O5 under different

values of P/Ppp



WLy, S5 B R QIR RGBT A 1A BE 7 3 751

F 4
030 —=— /=040m
g ——=222m
R OB ——n=404m
= —¥— =5.86 m
® 020 —— /=7.68m
z —%— 7=9.50m
f 0.15
|
% 0.10
E
0.05

0 04 08 12 16 20
PIR,

13 BB TR AR - TR EEX S
Fig. 13 Relative vertical displacement between bucket and soil at

top end of landside bucket

4 RNBEMEEEER 1574
4.1 RIEEEEERR D4R

INECHT, AR B AREE L k14 PR . {E
R EEAERT, PR EERH /7 5 MR B EERH /)
BEIR LA IRALL,  (ELRBE T &S EERE 7042 fh b 1 50
BOYRIZL, X EER TN SRS ALR, WL
AR IR, WA T, —T7
I AR AR AR, 53— 07 T d T AR R 45 AR
AR A AR B, MR EEEERH ) R K.

BEBH S1/kPa
0 05 10 15 20 25 30 35 40
T T T T T T T 1
—a—11
2 —o—12
——1I3
—¥—14

-4 ——1I5

[l 14 P/Ppp=0 FYHEEE EEPE 1122 8153 15
Fig. 14 Distribution of vertical resistance on bucket wall when
P/Ppp=0
P/Ppp=1 I, A3 8% A BEBH 73 70 AT 4 B 15 BT

EEBH S1/kPa
-6 -4 -2 0 2 4 6 8
0 T T T T T 1

—a—11
2+ —o—12
—— 13
-4
\5—4- ——1I5
i
¥ 6l
-8F
-10L

15 P/Ppp=1 B1EEE L E R[5
Fig. 15 Distribution of vertical resistance on bucket wall when

P/Ppp:1

1 50 a — B IRIRATECT WO P AR
FEXT AR AR 0] A2, P ARG B A7 B BH 7 353 Bl 52 184
(1 R 1 R N 77 O P 1 N T S o
PR B L JBE L7 i o8 PR 398 0 38 s E 0] T LR B
W, T AR AR B T U0, ARRE LE BERH ) BETR
8 i 3 0

ANFERT KR, PR AR EERH 7 Wil 16~20
Fio. EHEM, i 16 17 Fias, BT,
AR A PR DR B - 7 R IE R . 78 B SR T ) 11
Ib, MFFEIKE PIPep=0.4 I, FEEEEFH /7 B,
HATTEIKT PIPpp>1.2 B, FHEEEERH 128 LAR /N
FERGNEB ], A 2K P/Ppp=0.6 IF, Hifi 5 EERH
JTHIER AR, HAAGEOKT PIPpp>1.4 I, FifiBEEERH
JIBAAR N

—a— /=040m —»— /=5.86m
—— /=222m —— /=7.68m
—4— h=404m —* =9.50m

0 04 0.8 12 1.6 2.0
Pl Ry,

Bl 16 RRRHKTET 11 B AN R 575
Fig. 16 Distribution of vertical resistance on I1 under different
values of P/Ppp
—— 71=040m —¥— /=586 m

—— /=222m —— /=7.68m
—— =4.04m —*— /=9.50m

0
£
5 -2
i —4
-6
-8 1 1 1 1 J
0 04 0.8 12 1.6 20
Pig,

B 17 REREHKET 2 BEEENERS 6
Fig. 17 Distribution of vertical resistance on 12 under different
values of P/Ppp
FEMIT ELREBLA) 13 AL, ARG, PIPp<
1.0, FEEEERL T AARAR/N, 24 PIPpp>1.0 I, Al
BE 0N, 4 PIPpp>1.4 B, HEERERH J) e 0m), Gl
18 P
iR = N ) P 1 D e 3 7, 0 SO R U
L m wl N ) i = N D VTV P 0 ol | P n N



752 H O+ T OB % M

2016 £

SARRLIRAME VLR AR, AREE N ES, RS R AR BT
Ao FREARRA RS AR, A EE R [ 7 R HSE s
P, i 19, 20 s,

e ) P [ o I B N3 77 S e [
BE A+ K B fr K8 s in . 7EARAE B, bk
SARRL R AME LUR AR, AREE N ES, RS R AR BT
Ao R AR RS AOR, A EE R [ 7 AR HAE s
P, i 19, 20 s

4
2+
<r-—**'—"—*_—‘\\‘
] ) M b
a 0 -
= ~_=u
R
2,0
#
—a— /1=040m —¥— /=5.86m
—— /=222m —— /;=7.68m
—4F —— }=404m —*—h=9.50m
-6 1 1 1 1 1
0 04 0.8 1.2 1.6 2.0

Pl
B 18 RRRHKTET B B HEIE N R 575
Fig. 18 Distribution of vertical resistance on I3 under different

values of P/Ppp

8 _—8— =040m —¥— /=5.86m
—— /1=222m —— /=768 m
—4— =4.04m —*— 1=9.50m

0 04 038 12 1.6 20
PIB,

19 REIFHAET 14 iR 12 4 7
Fig. 19 Distribution of vertical resistance on 14 under different

values of P/Ppp

[ —=— h=040m —¥—/h=5.86m
—— h=222m —— /;=7.68m
—— /=404m —*— /=9.50m

0 04 038 12 16 20
PR,

B 20 RERHKET 15 B AN N R 4575
Fig. 20 Distribution of vertical resistance on IS under different

values of P/Ppp

4.2 FRIBEEME NS

(1) = b

AR EKT N, B R bgskEERE A i 21, 22
Fim. (ESEITHEMIRESE W1, KbEEEERH 766 f 7K T
N R ], SRIG AR IR, A K AR i, P/ Pep
>1.4, AR AR, AN SRR KRR,
BEREPERH J3ET R B, Wil 21 Fros.

457

—a— /1=040m —¥— H=5.86m
—— /=222m —— /;=7.68m
—4— h=4.0dm —*— /=9.50m

EEBH J1/kPa

08 12 16 20
PIB,
21 FEfEEKET W1 FBESERE D% E 57

Fig. 21 Distribution of vertical resistance on W1 under different

0 04

values of P/Ppp
FESEERERESS W2, Wil 22 fos, ffk Bt
AT/, Al LA AR N, BB B BH g LUK F%
FERRA N, AP R SIS, BT
MRS O ERRSL, FE AR A, RE B
JERR 1 BT, A oK FAR EN, A4 Bl bt [m A
R ERAE RGN T Al A T ER A AR A
A L TA) = A AR, Rt W2 b s B [ 980/ o
8 —=— /=040m
—— /=222m
—A— =404 m
—%— /=5.86m

|~ ——1=7.68m
—*— /=9.50 m

=)

PIRy,
Bl 22 FREFHATT W2 BEEEAZ 057

Fig. 22 Distribution of vertical resistance on W2 under different

values of P/Ppp

(2) Yhml b
AN FEEOKT R, Shim b ks BEE i 23~26
fliok. St 16, 17, 19 K 20 nLLEH, A b
JEERH 73 53 A 55 A AR B JBE BEL g o3 AT iR B o 3% 2 A
N, AR —TEE TR RHIH E, AN Ak 54
A TA) PR RS AEARAR /N, T ARG P LA S5 A 1 oAy



% 4 3]

WLy, S5 B R QIR RGBT A 1A BE 7 3 753

L BRREAN 2 i 15

6

—a— /=040m —¥— /=5.86m
—— /=222m —— /;=7.68m
—A— h=4.04m —*— /=9.50m

0 04 08 12 16 20
Pity
23 AEFEI/KET W3 FBtEER N2 E 5%

Fig. 23 Distribution of vertical resistance on W3 under different

values of P/Ppp

6r —=— /=040m —¥— /=5.86m
N —— /=222m —— /=768 m
4t —— }=4.04m —%— /=9.50m
4
s 27
&
R 04
&
2L
4|
6 . L L ) )
0 0.4 0.8 12 1.6 20

R
24 REHATT W4 WA D E @5
Fig. 24 Distribution of vertical resistance on W4 under different
values of P/Ppp

107 & $-040m —v—/=586m
—e— /=222m —— h=7.68m

g A h=4.04m —*—)}=9.50m

=)}
T

FERH J1/kPa
o

(=
=)
~

N

0.8 12 16 2.0
PIR,

25 FEEHIKFET WS [RigER D E @S5
Fig. 25 Distribution of vertical resistance on W5 under different
values of P/Ppp s

127 e /-040m —v—h=586m
—— /1=222m —— /;=7.68m

10— j=404m —*— #=9.50m

I

N

i

'\

.

0 04

=
oo
—
(N
=
=
N
S

PIR,
26 REGEHKET W6 FRHEEE I E M 5%

Fig. 26 Distribution of vertical resistance on W6 under different

values of P/Ppp

5 iR umbE I

A MR B JES 8 it BEL D 1 B 27 B T I AR B Je 30
Uity B 7 B f 2K 3G N PR, B A P/Ppp>0.8 i,
AT BE SR AR I B, arBH g B 9 25 ot (A B vty L
FIE T BRI 0 PIPpp<<1.2 B, AAAMITH
TR EE RS B3 BB AR N, 2 PIPpp>1.2 B,
WL O BN AR AR R S SERE O, B3 Ak BH )T 46
TE.

0 04 08 12 16 20
PIB,

27 RNETTEKF T BI~BS #@RMHME S
Fig. 27 Resistance at end of bucket on B1~BS5 under different
values of P/Ppp
HAA A FR R A i PR 1 28 B, SR
B10. BI1 Ak 7 Bt KP4 i ¥ in, B6~B9
KEBERTEKPEE N, 24 PIPep>0.8 I, RIS LAK
R VAR ] N

YigBH F1/kPa
= 58 88 8 8

0 04 0.3 12 1.6 20
PlBy
28 A[EITrHEIKFET Bo~Bl11 ixfE S
Fig. 28 Resistances at end of bucket on B6~B11 under different

values of P/Ppp

6 & i

ORI BEL 7548 - (0 B AR 45 % A7 - HE X
5. RO, BRI, BEREOK
ST, B PP 0.4 B, AMURERE F 385 g 55,
WORERERE A, R AN T A i ) R,
FEREL 7 E IE G5, A DN AR % K 72 A AR T A



754 H O+ T OB % M

2016 4F

o) EALRS, BEEEEERH I HIER A 24 P/Pp>0.8 I,
RIS AR B, I fH % . fER A I,
HVFEUTRt N —14, BEATEOKT-HEI, MEE. FRs XA
A% e 3 BEL 1 41480

C2OWIRAT AT, SMUA EE JEE BH )32 AL ek
PN 0 B 5 0 1] G 5k P BEL 0 38 A A /i EL 731 2R AL,
)RR 38 R P 03B A e /N o AT K- AN 502 —
I PRI AT BT, A R B BE P ) A EAE 0~3 kPa
¥ A A2 AL

(3) XTIV Bt I AR, MR, RRESEEIH
TVEEEA K, KEME-10~10 kPa 7 B 9 8 4k; 1T
& AR BRI X LS DL AN, e Ak H
FEANFIT B TR K .

SE -

(11 Eulk, Eigl, MEE. FINKREAR R @ LR E T
THEITET ). A TRE2EH, 2002, 24(4): 417 - 420.
(WANG Yuan-zhan, WANG Hai-long, FU Rui-qing. Method
of stability analysis of embedded large-diameter cylinder
quay[J]. Chinese Journal of Geotechnical Engineering, 2002,
24(4): 417 - 420. (in Chinese))

[2] WANG Y Z, ZHU Z Y. An approach to stability analysis of
embedded large-diameter cylinder quay[J]. China Ocean
Engineering, 2002, 16(3): 383 - 393.

3] £k, EXR. KEEEMTHELTENHM]. b5
N IR AE 3@ R 41, 2008. (WANG  Yuan-zhan, WANG
Wen-liang. The computational method and engineering
application of large-diameter cylindrical structure[M].
Beijing: China Communications Press, 2008. (in Chinese))

(4] YEPR. bk LRI O R 45 i R e PR T [D]. K
. KR T K%, 2005. (FAN Qing-lai. A study of
stability deeply embedded large-diameter cylindrical
structure in soft ground[D]. Dalian: Dalian University of
Technology, 2005. (in Chinese))

[5] REE. B PR ORI R 454 i AR L) 5 7 e
PESHIHE[CY) HIUm 15 hoE TR AR SRS

£ Jbnt FHE DR, 2003: 593 - 598. (WU Meng-xi.
The bearing mechanism and stability analysis method of
embedded large- diameter in soft ground[C]/ Academic
Collected Papers of Soil Mechanics and Geotechnical
Engineering of the Ninth Session. Beijing: Tsinghua
University Press, 2003: 593 - 598. (in Chinese))

(61 ¥ &, Ejohl, AT T RERFHTE A 5
Bk SRR E VE M HTI]. A L TR AR, 2013, 35(5): 828 -
833. (XIAO Zhong, WANG Yuan-zhan, JI Chun-ning.
Stability analysis of bucket foundation breakwaters based on
limit equilibrium method[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(5): 828 - 833. (in Chinese))

(71 #5068, BNk, BUb . PINKORIE & 415k TAEHL
R OBALRIR BT FE[T]. A TRE, 2001, 19(1): 38 - 43.
(XU Guang-ming, ZHANG Wei-min, LAI Zhong -zhong.
Centrifuge modeling of quay walls composed of
large-diameter cylinders embedded below mud line[J]. Ocean
Engineering, 2001, 19(1): 38 - 43. (in Chinese))

(8] FJudk, BT, 5 h& A e ) BY) I K BLAR A 45
WA ST7IRD). Kis TR, 1996, 12: 1-5. (WANG
Yuan-zhan, CHI Li-hua. Method of displacement calculation
of large-diameter cylinder considering soil vertical shear
stiffness[J]. Port & Waterway Engineering, 1996, 12: 1 - 5.
(in Chinese))

(9] Euhk, BNt YON R f 454 5 A B T s &
PR T TR0 R TRE 4k, 1997, 30(2): 68 - 73.
(WANG Yuan-zhan, CHI Li-hua. Mode of interaction
between embedded large-diameter cylinder and soil and

of displacement China Civil
Engineering Journal, 1997, 30(2): 68 - 73. (in Chinese))

[10] IBENHE, EFRLL. —Fid) By T oK IE & 4544 R0 kAR
BRI, REEKZEZAR, 1998, 31(1): 85 - 89. (CHI Li-hua,
WANG Yu-hong. An iterative approach to the displacements

method calculation[J].

of large cylinder based on a vertical shear model [J]. Journal

of Tianjin University, 1998, 31(1): 85 - 89. (in Chinese))



