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I. Background
The problem

Structure’s destruction because of seabed liquefaction
A. M. Puzrin, E. E. Alonso and N. M. Pinyol, Caisson Failure Induced by Liquefaction: Barcelona Harbour, Spain,
Geomechanics of Failures , 2010, Part 2, 85-148, DOI: 10.1007/978-90-481-3531-8_5 .
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I. Background
Literature review
Ø Oscillatory response
Theory: Yamamoto (1978); Jeng and Hsu
(1996)
Simulation: Jeng et al. (2013) (2D); Li et al.
(2016) (2D); Sui et al. (2016, 2017) (3D)
Experiment: Qi and Gao (2014); Mizutani et al.
(1998)

Ø Residual response
Oscillatory
response

Residual
response

Mainly happens in coarse sandy
seabed with relative large
permeability
Mainly happens in fine sandy
seabed (silt) with relative low
permeability

Theory: Seed and Rahman (1978); Jeng and
Zhao (2014)
Simulation: Zhao et al. (2016); Liao et al. (2015)
Experiment: Sumer et al. (2014)
They focused on the breakwater or pipeline (2D).
So how is that for pile foundation? (3D)
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I. Background
Previous studies of our group: Winbed 1.0 model
The development
of the WINBED
model:
waveseabed-structure
interaction

The nonhomogenous seabed
properties are
considered.

科学问题

Titi Sui , Chi Zhang, Yakun Guo, Jinhai Zheng, Jisheng Zhang,
Dongsheng Jeng and Wei Zhang. (2016). Three-dimensional Numerical
Model for Wave Induced Seabed Response around Mono-pile. Ships and
Offshore Structures, 11(6), 667-678.

Chi Zhang, Titi Sui* , Jinhai Zheng, Mingxiao Xie, Xie ， Viet Thanh Nguyen
(2016). Modelling wave-induced 3D non-homogeneous seabed response.
Applied Ocean Research, 61 101-104.

Oscillatory response
The initial
consolidation state
of seabed due to the
structure gravity are
considered.
Titi Sui , Jinhai Zheng, Chi Zhang, Dongsheng Jeng, Jisheng Zhang,
Yakun Guo, Rui He. (2017). Consolidation of unsaturated seabed around
an inserted pile foundation and its effects on the wave-induced momentary
liquefaction. Ocean Engineering, 131, 308-321

Effects of pile
displacement on the
seabed oscillatory
response
Titi Sui , Chi Zhang, Chi Zhang (2016). Effects of Pile Displacements on Its
Surrounding Seabed Response Under 3D Wave Loading. 35th International
Conference on Coastal Engineering (ICCE)，Antalya, Turkey.
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I. Background
Focus of this study

•

The new Winbed 2.0 model is developed,
which can deal with the residual response of
seabed.

•

Effects of wave reflection and diffraction on
the residual response of seabed around a
mono-pile foundation are studied.

•

Effects of the pile inserted depth on the
residual liquefaction are studied.

5/25

II. Numerical model
General description

Ø Seabed mode (Oscillatory response) (Zienkiewicz, 1980)
Governing Equations, based on the Biot’s Equations
Fully dynamic model (FD model)

inertial term of soil skeleton

inertial term of pore fluid

Partially dynamic model (PD model): neglect the inertial term of pore fluid
Quasi-static Model (QS model) : neglect both the inertial terms of pore fluid
and soil skeleton
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II. Numerical model
Scalar form (Zhang and Sui, 2016)

ü 8 Non-homogeneous seabed
properties were considered.
(ρs(x,y,z), ρw(x,y,z), k(x,y,z),
kf(x,y,z), E(x,y,z), μvh(x,y,z),
μhh(x,y,z), n(x,y,z))
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II. Numerical model
General description

Ø Seabed mode (Residual response) (Jeng and Zhao, 2014)
Connecting with oscillatory
mechanism
Consolidation part

Source part

2D study on residual response of seabed with non-homogeneous properties can be seen in (Sui et al. 2018)
Titi Sui, Chi Zhang, Jinhai Zheng, Yakun Guo, Mingxiao Xie (2018). Numerical study of standing wave-induced
seabed residual response with the non-homogeneous soil property. Journal of Coastal Research (in press)
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II. Numerical model
General description

Ø Wave mode.
FUNWAVE 2D Open Source Code.
(Delaware University Kirby (2003), Shi (2001))

ü Fully nonlinear boussinesq wave model on curvilinear coordinates
ü Provides wave dynamic pressure at seabed-water, structure-water
interface.
ü Wave reflection and diffraction around marine structure could be well
considered.
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II. Numerical model
Running Procedure

ü One-way coupling at
water-seabed, waterpile interface

ü Two-way coupling at
pile-seabed interface
(the displacement of
the pile can be
considered)
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II. Numerical model
Main features of WINBED 2.0

Ø 3D “WINBED 2.0” program (Wave Induced Seabed Response)
ü 3D seabed response including both oscillatory and residual mechanism.
ü Based on the Fully-dynamic seabed model (FD model).
ü Two-way coupling between structure and soil.
ü Based on Fortran language.
ü A staggered non-uniform mesh grid.
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II. Numerical model
Model validation

Linear Wave
Nonlinear Wave

Lu, H. B., 2005. The research on pore water pressure response to waves in sandy seabed Master's thesis, Changsha
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University of Science & Technology, Changsha Hunan China.

II. Numerical model
Model validation

Homogeneous Seabed

Liu, B., Jeng DS, Ye GL.. 2015. Laboratory study for pore pressures in sandy deposit under wave loading. Ocean
Engineering, 106:207-219.
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II. Numerical model
Model validation
Residual response

Sumer, B. M., Kirca, V. S. O., and Fredsøe, J., 2012. Experimental Validation of a Mathematical Model For
Seabed Liquefaction Under Waves. International Journal of Offshore & Polar Engineering, 22(2), 133-141.
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II. Numerical model
Model validation

Seabed response
around mono-pile

Qi WG, Gao FP. 2014. Physical modelling of local scour development around a large diameter monopole in
combined waves and current. coastal Engineering, 83:72-81.
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III. Seabed residual response (Sui et al., 2018, Ocean Engineering, Under review)
3. Wave
induced seabed response around mono-pile
Wave height
distribution

•

Obvious wave reflection and diffraction around mono-pile.

•

Wave height is larger at the front/back sides of the pile
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III. Seabed residual response
3. Wave
induced seabed response around mono-pile
Pore pressure
distribution

•

Pore pressure increases with the increase of time.

•

Residual pore pressure is much larger in front of the pile.
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III. Seabed residual response
. Wave
induced seabed response around mono-pile
Effects of3wave
period

•

The residual pore pressure increases with the increase of wave period (T)

•

The distribution of residual pore pressure is more symmetric around the pile with relative
large wave period.
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III. Seabed residual response
3. Wave
Parametric
study induced seabed response around mono-pile

•

The amplitude of residual pore pressure increases with the decrease of soil peameability (k)
and soil saturation degree (Sr)
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III. Seabed residual response
. Wave
induced
seabed
response
around
mono-pile
Effects of3the
inertial
terms of
pore fluid
and soil
skeleton

•

Around 4% p max is found between the Qusai-static (QS) model and Partially-Dynamic (PD)
model, and there is almost no difference between PD model and Fully-dynamic (FD) model

•

This indicates the PD model is sufficient in the residual response of seabed under wave loading.
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IV. Liquefaction analysis
3. Wave
induced seabed response around mono-pile
3D liquefaction
zone
Liquefaction criteria:

•

Pore pressure and liquefaction depth increases with the propagated wave loading
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IV. Liquefaction analysis
. Wave
induced
seabed response around mono-pile
Temporal3and
spatial
distribution

•

Liquefaction depth is
larger near mono-pile

•

Liquefaction depth is
larger at the rear of mono
-pile

•

The zone that is affected
by the presence of monopile is approximately 3
times of pile diameter.
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IV. Liquefaction analysis
3. Wave
seabed
around mono-pile
Fluidization
degreeinduced
and cyclic
shear response
stress
•

The ratio of pore pressure to
initial effective stress
(fluidization degree)
increases at the upper
seabed, then decreases at
the deep seabed

•

The cyclic shear stress ratio
(CSR) (τc/σ'v0) is larger at
the rear of the mono-pile.

23/25

IV. Liquefaction analysis
. Wave
induceddepth
seabed response around mono-pile
Effects of3the
pile inserted

•

The liquefaction depth would
increase with the increase of
the pile inserted depth.

•

In this process, soil effective
stress is more sensitive to the
change of pile inserted depth,
which is a more important than
excess pore pressure for seabed
liquefaction.

Point A
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V. Conclusion remarks

• The present numerical model adopting the definition of the 3D source term f 3 can
provide reliable results with regard to pore pressure accumulation around a marine
structure.
• Wave diffraction and reflection increase and decrease the residual pore pressure in
front and at the rear of a mono-pile, respectively.
• The wave-induced residual response would be underestimated if the inertial terms
of pore fluid and soil skeleton are neglected. The PD model is sufficient to deal
with the residual response of seabed.
• The presence of pile restrains the residual liquefaction adjacent to the pile surface,
and the maximum liquefaction depth increases with an increase in the inserted
depth of the pile.
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THANK YOU.
Expecting your
comments !
ttsui@hhu.edu.cn
tisuich@mek.dtu.dk
27

