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Models based on the theoretical framework of soil mechanics are presented to evaluate storm wave-
induced silty seabed instability and geo-hazards through a case study in the Yellow River delta. First, the
transient and residual mechanisms of wave-induced pore pressure are analyzed. Three typical models
(i.e., elastic model, pore pressure development mode and elasto-plastic model) are proposed to calcu-
late wave-induced stresses in the seabed. Next, mechanisms and calculation methods of wave-induced
seabed instability modes such as scour, liquefaction, seepage instability and shear slide are proposed.

ls(g’lv:r?:ci;lanics Typical results of storm wave-induced excess pore pressure and seabed instability are given and relevant
Storm wave discussions are made. At last, the formation mechanism of geo-hazards in the Yellow River delta is ana-

Silt lyzed based on the proposed mechanism and calculated results. Results and analysis indicate that both
Seabed instability transient and residual mechanisms are important to storm wave-induced response of silty seabed and
Geo-hazards hence the elasto-plastic model is more appropriate. Complete liquefaction does not happen, while other
Yellow River delta types of instability occur mostly within 2-6 m under the seabed surface. Wave-induced scour, seepage
instability and shear slide are all possible instability modes under the 1-year storm waves, and scour is
predominant for the 50-year storm waves. The formation mechanism of geo-hazards such as shallow
slide and storm wave reactivation, pockmarks, silt flow and gully, disturbed stratum and hard crust in
the Yellow River are well explained based on the proposed mechanisms and calculated results of storm

wave-induced silty seabed instability.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Wave-induced seabed instability such as scour, liquefaction and
shear slide may cause large amount of sediment mass transport,
strongly affects the sedimentary dynamic process in coastal areas,
and threaten the security of offshore structures [1,2]. Submarine
geo-hazards and hazardous landforms such as landslide, silt flow,
pockmarks and disturbed layers [3-6] are just the processes and
results of seabed instabilities. The failure of coastal structures may
also be caused by the instability of seabed foundations [7,8]. Thus,
the evaluation of wave-induced seabed instability is important for
both geologic and engineering problems.

The seabed covered with seawater is a typical saturated soil
consisting of soil particles and pore water, which is suitable to
be analyzed by the principle of effective stress in soil mechan-
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ics. Thus, the wave-induced pore pressure, especially the excess
pore pressure (EPP), is critical for analyzing seabed instability.
The wave-induced EPP is divided into the transient and the resid-
ual mechanisms, and the models to calculate wave-induced EPP
include the elastic model (EM), the pore pressure development
mode (PPDM) and the elasto-plastic model (EPM) [1,2,9]. Com-
plete liquefaction occurs with an EPP large enough to reduce the
effective stress to zero [7]. Shear failure can be promoted as the
effective shear strength of seabed soil is reduced by EPP [10]. Scour
and transport of seabed soil may also be enhanced by the EPP-
induced upward seepage force [11]. The wave-induced scour, in
the field of sediment dynamics, focuses on the incipient motion
and re-suspension of sediments near the seabed surface [12,13].
On the other hand, the wave induced liquefaction and shear fail-
ure emphasize more on the internal response of seabed [10,14],
which are within the scope of soil mechanics. Most existing stud-
ies focus on individual pore pressure mechanism, or on individual
instability mode, however, systematic comparison of pore pressure
mechanisms and seabed instability modes through a case study is
rarely reported. Moreover, most previous works of wave-induced
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Fig. 1. (a) Location of study area; (b) schematic representation of seabed instability features (Modified from Ref. [3]). (For interpretation of the references to colour in the

text, the reader is referred to the web version of this article.)

seabed instability are concerned with sand or clay, while the
systematic study of wave-induced instability of silty seabed is rela-
tively fewer. Silt is a kind of soil in between sand and clay, with
relatively special physical properties and mechanical behaviors,
defined as the amount of particles with sizes greater than 0.075 mm
below 15% of the total weight and the plasticity index less than 10
[15]. Silt is widely distributed in coastal areas, and the response
of silty seabed due to wave loads differs from that of sand or clay
seabed [16-18].

The modern Yellow River delta, which is formed by the rapidly-
deposited sediments since 1855, is mainly composed of silt [19,20].
The Yellow River delta, which is located in the north of Shandong
Province (Fig. 1a), is abundant of wetlands, oil and gas, and off-
shore wind power. The silty seabed in the Yellow River delta has
been revealed with special properties such as high water content,
high compressibility, thixotropy, liquefaction and inhomogeneous
consolidation [19-23]. Furthermore, submarine geo-hazards and

hazardous landforms such as shallow landslide, pockmark, silt
flow, disturbed stratum and hard crust are widely developed there
[24-29], a typical profile of these geo-hazards is shown in Fig. 1b.
The seabed where geo-hazards developed has a short history (since
1855), a flat slope (less than 0.4°) and a shallow water depth
(4-15m, particularly 8-12 m). On-site investigations show no evi-
dence of hydrate decomposition or natural gas leakage, and hardly
reveal any fault activities since 1855. However, the Yellow River
delta suffers from frequent storm surges [30] and the seabed with
water depth of 8-12 m can certainly be affected by storm waves,
which are believed to be important external loads causing seabed
instability and geo-hazards there [3-6,24,27-29]. Therefore, the
Yellow River delta, with storm wave and silty seabed as the external
and internal factors respectively, and with geo-hazards as typical
seabed instability phenomena, is an ideal background to study the
problem of storm wave-induced silty seabed instability. The Cheng-
dao area (red box in Fig. 1a), where typical geo-hazards develop
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