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Relative Density and Stress-Dependent Failure Criteria
of Marine Silty Sand Subjected to Cyclic Loading
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Abstract

An experimental study has been conducted by using the Cyclic Direct Simple Shear apparatus to evaluate the influence
of average and cyclic shear stresses on the undrained shear failure behavior of marine silty sand considering various
relative densities. The obtained results show that despite using different relative densities, similar trends were gained
in the cyclic shear deformation. Moreover, the cyclic shear deformation is affected mainly by the average and cyclic
shear stresses. The number of cyclic loads for failure is significantly affected by the cyclic shear stress ratio and relative
density, and is less affected by the average shear stress ratio. The proposed three-dimensional stress-dependent failure
contour can be used effectively to assess the soil shear strength considering various relative densities in the design of

foundation used for offshore structures.
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Stress Ratio, ASR)o|| T3t 1ej= = vJebd AL AA
12} = (Design graph)2}al & FC) o] 7] A HEEA

2ujo} BRadguls A (N2 Folgt

T(’T T(l
CSR= U—J ASR=—15

Fig. 2(a)= RHESHEo] <]

7&91 of, 2 JJH’%‘%" oS Kozt HluH)

5= Aol A Almel REESESo] ZFsiAH 1e4gto]
J§‘E‘+~tﬂ =g 7k AT E(y,)2 B
EATHEE(y, )S PAAIZICH Andersen, 2009). Fig. 2(b)
= HEaksel 93t SH-HEEL] A UEhH, ¥
EHHSE(r, )= THEATHE E(y, ) S TAA7| L ué
FHAESE(r,)S T ATHG E(y,)S TAYAIA, ol
e} SH- AP E] A FEpich o 7|4 Hadth
S F 7 fEoR AEY, 27T ()
HLNA] RRES] e 25 e Lef AL, Pt ¥

o Afa(fa—m% ?}—%94 A3} 22 27149l At

Fe wRE Ao, o7

B

o] WhEElE Bk H2 Aol AHE 271

(E

Fgoltt,

l

Ishihara(1985)= A3} %7] BHAJo] 2.5~3.5%9] W

FE Wl 922 WSk,
%

27 st WS e

i

AENE S 3% 2 xﬂ o}5l itk De Alba et al.(1976)<

ThA .
Cyclicand average
shear stresses Wl 7T\ ""/]1
oy __-— v __

Pore-pressure
generation

Cyclic and permanent
shear strains

Time

(a)

DRERL ERFROR ER S P B
Nielsen et al.(2012)2 3|F=2=2] AAE el ng?_
AR oz RE FAZHYE 15%S v3)7]E0 = 4o
Foich. Randolph et al.(2011)-& HHECHEATA|E LS o]
HEYE STAEE Aotsta, AU dE Drammen
] o o3k H]]:Hxl H]—Eo]._go] AL 5 HrE oL AT
Al Aot dojAls GHAEHIE(,) Ev dFH
AL E2r,)0] 15%7F 2 19 a18152 1)
2 sttt ol & AldolA = sd2E2
ejslo] GLANRYE EE FUAZAHAY
15%2 w5)7]202 gelatgich

Nielsen et al.(2012)-& A L Zof| AFEE= uhE
9 G AT Hol| et 4413} wtebu] E(Normalizing
parameter)?} A3}t WY 52 H|u5FSIch Andersen et
al.(1999)0] A¢tet U¥HAQl AA e T = 2 FaS
goz X*?rsi} AL et AA T Z= 271
Faqre TejR v ARER A5t olo] 9
H& sty 1 7:‘4 il el A=zl A
9& Atst stetule R ARG H9- 7} g
Hall= e A zA0M = 271715
ARgol7] wiol wlulsr M %‘E
AA TN Z7E agAoletal KA
= ulig 2o)7 st mAE
A& afste] £ARFESH(, ) W

o thet A5tsh Hehule e Argalgen 47

ol

n>4 oo
L

L —1>
e

m[o
i N

o |
ST
o0 E
o[o ﬂJ

&N ol

o
(/)

o]

kT
i
{ru
ox E$
=

22
lo &

3

Hu ol fob ofN X rr
rﬁ:iﬁrﬂi

24

2t

o oo
o, o
Jo

oo
1%

= OHYAER ool 20 e S=50IE MPDIE 81



&} o]& == Mohr-Coulomb #}3]7|&2
& sy HEe] o) o)z B
F3c} o]#fst EAIES Bstr] §lsl 1960
Cambridge tjj &t 9—] Roscoe 1! Q} :L_J U‘-/‘E

].

S o &
)
B

J-';_L
e
2
o
I il
it
g

Jo
]:)11
olo
FE
Lo
__>|'I_‘4‘
)
rE
Lo

o)

HA
&t o1o1urh A am . o] vige
TL}ELVIL ] Cam-clay Model°]™, p’, q, v 57F2]
Holl= AU Al(Normal consolidation line),

Roscoe™, Hvorslev™, 3HAAFE] Al (Critical state line)

ol
ol
)
F—Vl

o
o

£
ol
i

0¢W4ﬂrﬁﬁrﬂrﬂmiﬂ
o
i)
mlo S
o[u
011
)
HU
O
!
ofr
5&
filo
nx
ﬁ
30
rr
o
)

CVR line

* Drained
A
A Y

O -
Dense Undrained

Drained

(a)

o] Yepdt]. AV AL vl vlul= Al o)A T}
o] o] F= A T, AR mti= SHASE T}
SHAAFE Ao ket o) 2HAEHA] Et}. Critical state

line( %= $HA| 74 A, Critical void ratio line)S
2 gx2o %‘j‘&/\] Z(contraction) 7332 Holm,

FHE2 AT A (dilation) P Ho|ER L&

ekl

of
&3t

JEot =T ] 7o B8 = SlthFig. 3).
A

B ATl AE Fig. 4ok 22 BHETHEATAY
£ A3kl ARG SASIGT WEGEATEA R

Undrained Loose
i i - - O

Y

+ Drained

Y

O o o o P
Dense Undrained

Drained + CVRline

P
-

log 65

(b)

es EEsHs W
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Table 1. Properties of west coast marine silty sand

Max. voids ratio Min. voids ratio Uniformity coefficient Coefficient of curvature USCS Specific gravity
0.74 1.18 1.80 0.15 SP—SM 2.62
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Table 2. Relationship between SPT ‘N’ value, ¢', and Dr after peak (Peck et al., 1974)

N Value Friction angle, ¢' (Deg) Relative density, Dr (%) Description
Less than 4 25 — 28 Less than 15 Very loose
4 -10 29 — 32 15 - 60 Loose
10 = 30 33 - 35 60 - 75 Medium
30 - 50 36 — 40 75 — 90 Dence
Over 50 41 — 45 Over 90 Very dense
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Table 3. Summary of the CDSS tests (Ryu, 2016)

Test ID RelatiE\)/;a (dof)nsity, Confini(nkg']:ap)ressure (?,«i:s)
CDSS_1 18.01 121.71 0.3
CDSS.2 28.78 177.21 0.3
CDSS_3 40 258 0.3
CDSS_4 52 375.64 0.3
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Table 4. Summary of the CDSS tests with corresponding CSR and ASR values (Dense)

ko] WEtE Mol 3

Test ID Cyclic stres/s ratio Average stre/ss ratio Numbgr of cycle Permaneﬂt shear strains Cyclicvshear strains
(r,/o,.) (r,/o,,)) at failure (V) at failure (v,,%) at failure (v,,,%)

CDSS_1 0.2 0 6,800 0 15
CDSS_2 0.2 0.2 >10,000 3 0.3
CDSS_3 0.2 0.3 5,229 5.84 0.33
CDSS_4 0.2 0.5 >10,000 9.72 0.29
CDSS_5 0.3 0 386 0 15
CDSS_6 0.3 0.2 301 15 0.47
CDSS_7 0.3 0.3 6,420 15 4.75
CDSS_8 0.3 0.5 24 15 0.94
CDSS_9 0.4 0 35 0 15
CDSS_10 0.4 0.2 68 15 1.07
CDSS_11 0.4 0.3 38 15 1.15
CDSS_12 0.4 0.5 8 15 1.76
CDSS_13 0.5 0 5 0 15
CDSS_14 0.5 0.2 11 15 3.35
CDSS_15 0.5 0.3 12 15 1.78
CDSS_16 0.5 0.5 1 15 7.87
CDSS_17 0.6 0 4 0 15
CDSS_18 0.6 0.2 4 15 5
CDSS_19 0.6 0.3 2 15 4.82
CDSS_20 0.7 0 2 0 15
CDSS_21 0.7 0.2 1 15 8.95

Table 5. Summary of the CDSS tests with corresponding CSR and ASR values (Loose)

Test ID Cyclic stres/s ratio Average stre/ss ratio Numbgr of cycle Permaneﬂt shear strains Cyclicvshear strains
(r,/0,) (r./o,)) at failure (V) at failure (v,,%) at failure (v,,,%)
CDSS_1 0.1 0 >10,000 0 0.65
CDSS_2 0.1 0.2 >10,000 9.51 0.17
CDSS_3 0.1 0.3 >10,000 10.85 0.14
CDSS_4 0.1 0.4 2,862 15 0.19
CDSS_5 0.2 0 54 0 1.53
CDSS_6 0.2 0.2 59 15 0.69
CDSS_7 0.2 0.3 140 15 0.45
CDSS_8 0.2 0.4 52 15 0.43
CDSS_9 0.3 0 12 0 1.88
CDSS_10 0.3 0.2 23 15 1.37
CDSS_11 0.3 0.3 10 15 117
CDSS_12 0.3 0.4 7 15 1.10
CDSS_13 0.4 0 3 0 3.92
CDSS_14 0.4 0.2 9 15 2.60
CDSS_15 0.4 0.3 5 15 2.21
CDSS_16 0.5 0 1 0 5.13
CDSS_17 0.5 0.2 2 6.23 4.90
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