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Model experiment on cyclic instability process of suction anchors in soft clays
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Abstract: Model tests of the suction anchors with taut mooring systems are conducted under combined average and cyclic loads at
the optimal loading point on the side wall of anchors. The deformation instability process of suction anchor subjected to constant and
variable amplitude cyclic loads are investigated. It is found that too large cyclic accumulative displacement is the main reason for the
failure of anchor. The cyclic accumulative displacement of anchor in the horizontal direction is larger than that in the vertical
direction due to application of the vertical additional loads, so the horizontal failure of suction anchors occurs for the constant
amplitude cyclic loading tests. The accumulative displacement increases faster with higher cyclic load level at a given average load
level, and the number of cycles to failure becomes less. The cyclic displacement does not change obviously with the increase of the
number of cycles, but increases with the increase of cyclic load level. The cyclic accumulative displacement and cyclic displacement
in each direction at the mooring point increase with the increase of cyclic load level for variable amplitude cyclic loading tests. The
accumulative displacements are larger in vertical than in horizontal under different cyclic loading time histories, so the moderate
preferring vertical failures of anchors occur. Besides, the previous cyclic loading histories have an obvious influence on the
accumulative deformation produced by subsequent loading. Compared with the static loading, the movement direction angle of the
anchor under cyclic loading increases, which may be due to the greater accumulation of pore pressure at the bottom of the anchor than
that at the side wall. From the view of effective stress, the decrease of effective stress at the bottom is relative obvious than that at the
side wall, thus vertical bearing capacity decreases more remarkably, and vertical movement of anchor is more obvious.

Keywords: suction anchors; model tests; cyclic loads; cyclic deformation; soft clays

Weka HIW: 2016-12-06

HETH: B ARRAIEEIH (No.51579174); RET w55 A RAEA RN 28 5 Wi H - (No.2016CJ04, No.2016CJO1).

This work was supported by the National Natural Science Foundation of China (51579174) and the Fundamental Research Funds for the Universities in Tianjin
City (2016CJ04, 2016CJO1).

WEEEA: BA, B, 1987 4F4, WL, RSB IR AR C R T TAE . E-mail: chengxingleil 10@163.com
Wil T, Y, 1955404, WL, Bu%, WA, FENF L EEEE L TR M T . E-mail: tdwjh@tju.edu.cn



3286 b +

b 2018 4F

1 51 5

TR RIS Ay v LT e s 119 O
o RS E ORI iR O & 1 —Fh
IR, LN kN s
gk B Ul R i A AR T e 1, A
W A T, — 7 s 7S VAl s i P 2
s R KR AT CPEIATED, 55— J7 it s
V2= D N SN T 2 A B 7 A PS b A oA B E (B2
E N P ) A 0 SR S Y s WAIE (VB N iR e N iR (2 E
BRGNS R, T R IR
e ABRAI LTINS W At B R e b A B S

KPR A ) A, [ N AR
ZOIT g — 2R BT 97 . DyvikP!. Andresen!™2%
I TR 1g 5000 N IR, BF 58 T W) 7
AR AE ] R &R 15 Clukey Z5PIE R+
BT T 10g 54T T B LBAGRLS, #1590 T R mfg
R far BCAE T W g Al Bk R 2 0) R
El-Gharbawy 7R T 1g 460 R (0= AR
B, BT T WG TOT0 A 52 1B ) (AR B i 48
YERII, Fr gz . HE K S AT S50 ) ik 380 2
TR 1 50 Allersma 250572103 5l 7 %+ A+
O JE T G ER A 280 A AT B8 ) N 441 1R ) A
BLOVEERES, WFC T KA. RS IE A
A ARSI Bl A A ) 1 5 o Chen 251 T
WA ARG AR [ S5 R T RO RS b kAT
TR 120g A4 T 1B OB, AT TR
ARSI B Ay ANIEE T 2 R B PTR R B
R LS AEBAT ) WY ) AR A, o

Zi LRk, DAEBEICTE 258 B TR AR PR A 2
DI RIAIGE MR F, WomEsg ., araimEss,
T A VP TS T 2 ¢ v R A 2, R D A
R g Ot 2R 1 R A T BURMIG R Air B AT 5T R I
) i ga P T et A UK R A AR 2R 3 sk Ak
Tl 52 Yo Aip 23 ORTAIE A 233 R FH 105K B8 X )
SRRt ek AR DGIREG AT, AR 1T 1 2 B i ) 15
PREIRF AT, ol T ng s 4 R0 45 14 1) PR
il RV ARAT R /N o ASCHURR AR R, 4k
ST W) B A B S5 A 2R 9 R AR T8 52~ 24 A 28T
PRI AL R T BERSS,  JfE EAF UL
WREEERE . 5ok, WP E IR E G 7R 32 1)
EENCTE: i | N7 SRR U S P Ml e = L
FEAE SR ) A ARk . PR, A SCHKEAIT ST
Y O 252 iy 2 RS 1 BT 1) 781 P AR IR A A A 28 1 FH IS
AR TE AR e, 3 R O 2 R FL s A SR 1T

FU T REAEAR AT A T Jo B L A S AR A
T, DA S el AR 1) R AR L o

2 B + 2 Sl s A

2.1 MR +E

PR ALK < B x5=1.5 mx1.0 mx1.2 m [
RIFTNTERE, R = A HR ) SR 3 v I L X 11
S YT T S ) = e 1) A 1 P =
B LR AL EE N 17.5 kKN/m®, IR A
27.01%, WA 44.44%, YEVEFRECH 17.43, i
N LZ T FRB VIS S UHA iR K, A
7t 3~15kPa 2 [i], Wkl 1 s,

B PR S,/ kPa
0 3 6 9 12 15

o Sl
201 aS2
| ©S3
g oss
W 40+ *

%0 0 S6

B1 ERENERES
Fig.1 Shear strength of soft clay along depth

2.2 BERER

BV R AN ARLEIVE, RIHDGI, A
INELE 122 Tl R R K, b it g L e g ik
77, AEREANEERIN— 2 AN 221, DL i O R
AR R R DN 2 AR T — AN,
DAl P L 98 5 LS B R . LR A
TENRERE LRI Rl A Pt oy - ZE AR Ak, /e TR
I B T AN B BTl A, 1
B REE T 5T RIS AL, DME T
BRI SO E » B E AN 15.2 cm, 2400
BT A CRIAJT ST 5 I ffD h 30° I,
BARRIA RS BASEREHETILL R 27 em b, el &
TR E 79 22 SCER[13] . Al B AR S 500
K1, 7N IR A LK 2,
2.3 AR B K NESE

R AR 56 SR FH AT e 2R 9 9 1 (R N AT 1 2
B, W 3. ZE BB, TR T e
ARl FHFRIEREE, T8-S mE R e
IR I SR LR B . BRI R A
TR Z DR e ah i iz 8l g, %



59

PR R AR AR R B 2R 1 3287

R1 BERKEASH

Table 1 Parameters of model anchors

Wit D/m  HiK L/m  KARL LD RS/ m o BRERH
0.152 0.456 3 0.002 0.26
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Fig.2 Model anchor covered with metal wire mesh
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Fig.3 Test apparatus and measuring transducers
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Fig.4 Layout of pore pressure sensors
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Fig.5 Additional weight applied to the top of anchor
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Fig.6 Normalized load-displacement curves
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Table 2 Programs for constant amplitude
cyclic loading tests
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Fig.7 Displacement-time curves of anchor under constant
amplitude cyclic loads
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Fig.8 Displacement-time curves of anchor along mooring
direction under different cyclic load levels
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Fig.9 Judgment of failure modes of anchors
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Fig.10 Movement direction angle versus displacement
along mooring direction in horizontal failure mode

B 11 KPR R

Fig.11 Anchor in horizontal failure mode

XA IR, R R R AL RS N
ReJe, AT DAY ) S i 28 6 49 2 A2 A A
1, AR R RIS W IE RS S0 2A RN RS
K RNZAL R WIAPRAE (0.5 £ 512D N EEHA
BB, 5 BRI 8 S A Ay 2802 A0 B DA A
IR BT IR 7T



3290 ESR S 2018 4F
Fﬂcy =k +Fcy (D 188 [ F,/F=015,F,,/F=025,F/F=038
A B R AR 2 AT i F ol R
AW TR S AT 3 F, AR RO A 7K §%_ 1
., S
30+
HRER AR 1 09/ o PR A S o s
B LA Fﬂcy/Ff S bk 0 - | 200 800 1200 1600 2000 2400 2800
I/ s
F. |F=F/|F+F_|F (2)
f,cy/ f a/ f cy/ f @ Wb T5
. . 4k .
e F O IR, | or F 031 05 E 00
4 2 4l T AR BT IR R 0 s
FIRNEH NP RE . AN [RIEIA fr 27K O
N NPEEUNN 60
VORI By JF 5 N 2T 12, 6RO S 50 i
Yo FEATIAY s RBLPIR EF RTHR A P 3 A =5l o
YR X y e L e
JELRHEIC R . R TT DU P05 T 44 1 o P 0 L st
R TRAFER A BT T R IBR BAR KK 0 40 800 1200 1600 2000 2400
I/ s
127 (b) % T6
10}
sk \ 100~ F,,/F,=032, F,,/F =023, F/F =038
e 90
3061 80
Kooal s wmgR g 0
O — #lask E 60r
02} & S0t
. . kX 40
M0 102 10° ol K B
Ne/ IR 10
0 p 1 1 1 1 ]
B 12 FEER RS AR TR AR s 0 400 8oowﬂ/sl 200 1600 1800
Fig.12 Cyclic bearing capacity versus the number of o
cycles to failure (©) B 17
_ 100 F /F,=033, F,,/F,=021,F,,/F=033
4.2 ZIBREIAHFR FHNER RRRE ol R FRTRS
113 4 HE T 450 54 TS~ T8 SR FR I AL = 1f
FRIJT 0] H 7 1) LA S KP 7 1] AL A IS R h 26 %%_ { T
HR R R R R LR R e T &, R *gww“ CF s
%7 LR ST B 5 AR (B ) L A 2 1
AKOERIE e BB 13(a) AT 40, £E 3 AR 0 400 800 1200 1600 2000 2400
, . 1 s e L Ik [/
IEI IR B, BT B AR, RN B ﬂ%“
(d) k% T8

FEAE G BB S IR RS AT K, AR
TR —AMEIR I B, BRI AE S 7 [ (R R
iR I AL, B T 2 SR I
SRR 2 AL KR ZEWER . 4k, ASFEnZk
FEF, RIS S AT WA B R =k,
H B 3 LeACE ) SRS K, U e B E 5 ]
FEE BB T /K . B 13(d)aT %0, REEE 1
B B IG5 58 3 B BekR],  (HAEAH R
WRECR, 26 3 B A 638 REUI B U BN T
551 B, XU EH AT RAE R g g s xS 4N gk
PR RV T AT B S R

B 13 ARIEEEAATE T AL I RR i 2k
Fig.13 Displacement-time curves of anchor under variable
amplitude cyclic loads
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