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Strong earthquakes, heavy rains, changes in reservoir water levels, and other external factors destabilize large rock masses causing
them to fall into the water at high speed, thereby destroying the original ecological balance in the region. +ese occurrences cause
fluctuations in water levels and form landslide-induced waves, which behave similar to tsunamis upon reaching the shore, a dam
structure, or ships. +e impact invariably threatens residents’ lives and properties in the upper and lower reaches of the reservoir
area. In the current study, we conducted orthogonal experiments of landslide-induced impulse waves to assess their related
hazards. To explore the effects of a landslide-generated wave on the roll characteristics of a ship, experimental model tests were
performed using different speed vessels, landslide bodies, and navigation positions. Accordingly, a reasonable optimization
strategy was proposed to provide technical support for ship navigation safety in regions of landslide-generated waves.

1. Introduction

External factors such as earthquakes, heavy rain, and
changes in reservoir water levels can cause rapid and violent
sliding of slope rock and soil masses [1]. Numerous landslide
bodies interact with water to excite waves, which have an
inestimable direct impact on rivers, lakes, and passing
vessels (i.e., ship)—even when a ship is suspended or pro-
hibited from navigation. Other effects include damage to
hydraulic structures in the reservoir, causing dams to burst;
destruction of downstream farmland, houses, railways, and
roads; and threatening the safety of life and property of
urban residents [2, 3].

Recent research efforts investigating landslide-generated
waves have been productive. +e formation, propagation,
and run-up of landslide-generated waves have been studied
through simple physical experiments [1, 4–6], analytical
formulae [7, 8], scale-model physical experiments [9–11],
and numerical simulations [12–16]. Furthermore, wave

types, water body geometry effects, block model parameters,
and wave kinematics have been systematically studied by
Heller and others [17–21].

Extensive research has been conducted on the behavior
of ships using theoretical analysis [22–26], the method of
simulation [27–30], the strip theory [31], the novel technique
[32], physical experiments [33, 34], and comparative analysis
of numerical and experimental results [35].

Based on the literature review, little work has been
reported on the motion characteristics of sailing ships in
relation to impulse waves. +e current study is based on
the +ree Gorges Reservoir region. We focused on the
interaction between the landslide-generated wave and
ship, investigated the propagation characteristics of the
landslide-generated wave, and explored the effect of a
landslide impulse wave on the roll characteristics of a ship,
which can provide reasonable speed and position refer-
ences for navigation of ships with the results of a model
test.
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2. Model Experiment Design

Before the test, all rock-soil was placed above water. +e
defining characteristic of a landslide into water was the
rock-soil mass being completely submerged after de-
position during the test, which was accounted for during
our experimental design. Experimental landslide blocks
were made of concrete, with 2300–2400 kg/m3 density,
similar to that of a rock-soil mass. +e ratio of these
dimensional geometric parameters was determined based
on the geometric parameter ratio of landslides in the
+ree Gorges Reservoir. +e limiting criteria for scale
models of impulse waves generated by subaerial landslides
including solid, air, and water are discussed based on the
literature review and detailed two-dimensional experi-
mentation. Scale effects were primarily attributed to
impact crater formation, in addition to air entrainment
and detrainment. +e reasonable Froude similitude was
conducted, including intermediate-water wave spectrum,
before the experiment was performed.

Five experiments were performed for each group: the
first experiment was to determine the initial impulse wave’s
position and to affix the wave gauges, the second experiment
was to determine the position of the container ship and to
improve measurement accuracy, and the others were to
acquire the initial wave’s height and the ship’s motion values
regarding the roll and pitch. Subsequently, average data
values were calculated and were considered to be the group’s
experimental result values.

2.1. Sliding Body Experiment Design. In the model test, the
landslide rock was generalized into a rectangular parallel-
epiped shape, with a 1m set length. +is was combined with
aspect ratio statistics of the landslide body in the reservoir
area by controlling sliding body volume using different
aspect ratios. +is allowed us to investigate different impulse
wave characteristics produced by the same volume at varying
sliding body aspect ratios. +e sliding blocks were generated
according to the actual landslide situation, composed of
different granular sizes (Figure 1). A net was placed above
the slope in the model test process to ensure that the
landslides reach the specified angle and prevent landslides
sliding prior to the model test. Net properties were adjusted
to keep the friction angle at 40 degrees.

2.2. Slip Angle Design. According to numerous statistics on
the sliding surface gradient of landslides in a reservoir area,
the landslide sliding surface slope was distributed between
20° and 60°, with an average of 40°. At the same time,
considering the test’s operability factor and energy con-
version efficiency, a 40° inclination angle was chosen for the
sliding surface during this test. Water-level collectors were
used to detect water-level changes in the channel river. Seven
water-level collectors were placed at designated spots.
Pressure sensors were installed on water-level collectors, and
pressure values were captured and converted into water-
level values.

2.3. River Channel Model Design. +e reservoir’s geometry
scale was 1 : 70. During the +ree Gorges Reservoir opera-
tion, three water levels of 145, 155, and 175m were mainly
present. Considering the reservoir’s actual water level and
the river’s water depth, according to the geometric scale
model, water depths were 0.74, 0.88, and 1.16m. In this
paper, a 0.74m water depth was selected as the research
subject. +e river model width was 8m, and the ship’s
navigation position distance was 0.5m from the navigation
center line. +e distance between monitoring points 1 and 3
was 8.94m from the landslide entry point, and the landslide
point distance was 3.3m. Monitoring point 1 was located at
the straight end of the river, monitoring point 2 at the
landslide section, and monitoring point 3 at the bend of the
river. Figure 2 shows the river channel model layout, and
Figure 3 shows the river channel model.

2.4. Ship Model Design. +e ship model—designed to the
scale of 1 : 70—was based on the Froude similarity [6]. +e
3500 Tcontainer ship was selected as the model type for this
study. During the model test, (1) the ship’s drive was
controlled by a servo motor; (2) its speed was accurately
controlled at 0.3, 0.5, and 0.7m/s; (3) the ship was fully
loaded; (4) its draught was controlled by adding various
types of weights; and (5) the ship’s motion amplitude and
roll acceleration were independently designed and de-
veloped. Parameters of the ship model are listed in Table 1.
Disk ratio is the ratio of the average height to the critical
length of a rudder.

Figure 4 shows photographs of the ship’s plan and ex-
perimental models.

3. Experimental Verification

3.1. Experimental Verification of Landslide-Generated Wave.
In order to verify the correctness of the model test, the
experimental model was similar to Heinrich’s model [36]—
known in the field for its high accuracy and representati-
veness—with the same model test parameters. +e landslide
body size was 0.5m× 0.5m. Slope angle was 45 degrees,
water depth was 0.4m, and the landslide body slid under
gravity. Our experimental results concurred with Heinrich’s
results, as shown in Figure 5. Our experimental results have
increasing phase at the beginning while Heinrich’s do not.
+is is due to two main reasons. One reason is that landslide

Figure 1: Arrangement of sliding blocks.
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body slides into the channel, the wave peak of the landslide-
generated wave is steep, and it has a large amount of
splashing liquid; hence, it is hard to monitor the water level.
+e other reason is that the number of water-level collectors
is closely arranged, which can accurately monitor the change
in the water level. +ese data show that the experimental

model can be accurately applied to the case of landslide-
generated waves.

3.2. Free Attenuation Test. Roll decay tests in calm water
were performed, which mainly verified the ship’s loading
conditions. Damping present in a ship’s roll motion is
assessed via a free decay experiment. In the absence of waves,
the ship is given initial roll amplitude and then released. By
processing the resulting decaying oscillatory trace, it is
possible to estimate quantitatively the degree of damping,
even when this is nonlinear.+e ship’s freedom degree in the
vertical plane exhibits the recovery characteristic. +e ship
model deviates from the position of equilibrium under
external loading. When the external force disappears, the
ship returns to its original position, depending on its own
recovery characteristic. In a free roll decay test, the model is
heeled in calm water to an initial heel angle and released.+e
model starts to perform free decaying oscillations at a fre-
quency depending on the amplitude. Subsequently, the
accuracy of the model test can be verified. +e roll motion’s
decay curve is shown in Figure 6. +e test results demon-
strate that the ship’s decay meets loading condition re-
quirements, and the experimental data were used to tune the
ship’s hydrodynamic inertia properties, the natural roll
period, the roll damping, and the inertia.

4. Study of Landslide-Generated Wave
Propagation Characteristics

Experimental observation of the landslide-generated wave
during the initial wave formation revealed that the landslide
body interacts nonlinearly with the water body—the land-
slide body completely enters the water and the water surface
rises rapidly. Once the energy is fully exchanged, two types
of waves are generated: the oscillating wave, which is the
reciprocating movement of the induced water quality point
around its original position, and the passing wave, which

4m 3.
5m 8.3m#1 #2

#3

Navigation track

Navigation center line

Landslide point

Figure 2: Layout of the river channel model.

Figure 3: River channel model.

Table 1: Primary parameters of the ship.

Parameter Real ship Ship model
Length (m) 94.5 1.350
Beam (m) 15.1 0.216
Moulded depth (m) 9.0 0.129
Draught (m) 5.6 0.08
Cb 0.7 0.7
Cp 0.69 0.69
Displacement (t/g) 3500 t 10,150 g
Area of rudder (m2/cm2) 14.3 2.9
Rudder height (m/cm) 4.1 5.9
Aspect ratio of the propeller 1.72 1.72
Number of blades, Z 4 4
Propeller diameter (m/cm) 3.1 4.4
Screw pitch (m/cm) 2.6 3.7
Disk ratio of rudder 0.67 0.67
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originates from the forward movement of the landslide
body, causing the water quality point to move forward and
generate a ridge height and hence spreading the water
particles in different directions.

4.1. Landslide-Generated Wave Condition Design for Rock
Mass. +ere were 45 cases in the physical model test. +e
volume of the landslide, navigational position of the ship,
and speed of the ship were single-factor variables. +e
specific working conditions are listed in Table 2.

4.2. Study on the Height of the Landslide’s First Wave.
Impulse waves are formed by a rapid or impulsive transfer of
momentum from a mass flow to a water body. +e wave

generator is the landslide, which may be considered as a
moving object disturbing the water. Not all landslide
energy is transferred onto the water body. In the exper-
iments, frictional losses are due to the bed friction be-
tween the landslide and the slope. +erefore, part of the
landslide energy is taken out of the system or lost in the
slide’s internal deformation. Water displacement result-
ing in an uplift or hump at the free surface forms the
potential energy.

In this work, we studied different height trends of the
first wave generated by the landslide caused by the same
volume at different width-thickness ratios. +e first wave
height-monitoring point of the landslide body was located at
1.5m from the water inlet point of the landslide body. Flow
separation on the rockslide shoulder, due to fast slide
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Figure 4: (a) Plan of the ship model; (b) experimental model.
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penetration into the water body, creates a large air cavity on
the back of the slide.

Figure 7 shows that before the landslide body enters the
water, the water level of each monitoring point in the river
channel is zero, which was in a static state. +e landslide
body slides along the trough section and acts on the water
body, causing fluctuations in water particles. Water particles
were implicated on each other, causing water-level changes
at the monitoring point. Changes in water-level values of the
initial surge indicate that the initial wave of the rock
landslide is random, and its shape is asymmetrical. +e

initial height under working case 2 was twice that of the
initial height under working case 1. Case 1 produced the
peak value earlier than the working case 2. +e maximum
wave crest amplitude was 4.082 cm, and the maximum wave
trough was 1.212 cm. According to the scale ratio conver-
sion, the actual wave crest height of the landslide-generated
wave was 2.86m and the actual wave trough height was
0.85m. Furthermore, working conditions 1 and 2 were af-
fected by river topography, propagation distance, and river
channel bending shape after maximum peak and trough
occurrence. +e monitoring point’s wave energy and water-
level value gradually decreased. +e landslide body with the
same landslide volume and different aspect ratios produced
different characteristics of the landslide-generated wave. A
larger width-to-thickness ratio resulted in a higher first wave
of the landslide-generated wave, a larger wave energy, and a
bigger impact on the hydraulic structure. Increase in the
time and attenuation of the wave led to a gradual decrease in
the landslide-generated wave’s asymmetry, and the water
surface became calm.

5. Impact of Landslide and Surge on theMotion
Characteristics of a Sailing Ship

Ship stability prediction during the early stages of design was
very important from the perspective of a vessel’s safety. Of
the six ship motions, the roll motion is a critical factor in
ship capsizing. +is section focuses on the roll motion
characteristics of a ship in various cases.

5.1. Interaction between the Ship and Landslide-Generated
Wave. Landslide-generated waves were classified into
weakly nonlinear oscillatory and nonlinear transition. +ese
classifications were based on the landslide Froude number
and thickness at impact. It was found that nonlinear os-
cillation appeared at the Froude number� 1.6 and nonlinear
transition appeared at the Froude number� 2.9. In this
paper, we studied the interaction between the ship and
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Table 2: Table of cases.

Case Entry
angle (°) Depth (m) Speed

(m/s) Location Volume

Case 1 40 0.74 0.3 1 1× 1.5× 0.2
Case 2 40 0.74 0.3 2 1× 1.5× 0.2
Case 3 40 0.74 0.3 3 1× 1.5× 0.2
Case 4 40 0.74 0.5 2 1× 1.5× 0.2
Case 5 40 0.74 0.7 2 1× 1.5× 0.2
Case 6 40 0.74 0.3 2 1× 0.5× 0.6

0 2 4 6 8 10 12 14 16 18 20

–1.5
–1.0
–0.5

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

W
at

er
 le

ve
l (

cm
)

Time (s)

1m ∗ 0.5m ∗ 0.6m (length ∗ width ∗ height)
1m ∗ 1.5m ∗ 0.2m (length ∗ width ∗ height)

Figure 7: First landslide-generated wave height at different width-
to-thickness ratios.

Advances in Civil Engineering 5



landslide-induced wave. +e main stages are shown in
Figure 8.

+e whole process can be subdivided into three main
stages: (a) +e formation of a landslide-generated wave: all
the landslide bodies submerge in the model test, which
reflects real-world situations. (b) +e propagation of the
landslide-generated wave: the crater collapses outward,
resulting in the secondary wave. (c) Interaction between the
ship and landslide-generated wave: a relative motion be-
tween a ship and fluid is a common occurrence.

5.2. Effect of Ship’s Roll Performance at Different Locations.
+is section mainly studies the effect of ship’s roll perfor-
mance on monitoring point 1, monitoring point 2, and
monitoring point 3 in the region of landslide-generated
wave, making the comparative analysis of ship’s roll and roll
angular velocity at different locations.

Roll motion is a major response of a ship in waves, which
can be determined by analyzing various kinds of moments
acting on the ship: virtual and actual mass moments of
inertia, the roll damping moment, the restoring moment,
wave excitation, and other moments caused by other modes
of ship motion.

In this study, the ship sailed straight along the scheduled
route at 0.3m/s. +e three tests followed the landslide at No.
1, No. 2, and No. 3 positions of focusing on the ship’s roll.
+e landslide volume was 1m× 1.5m × 0.2m. Our focus was
to study the variation law in the ship’s roll angle and roll
angular velocity.

According to the model test, the model ship in a
landslide-generated wave moved with forward speed. As
shown in Figure 9, in the three test condition locations, the
ship’s roll motion amplitude variation was within a rea-
sonable range. +e ship passed position No. 1, and the
landslide body entered the water and exchanged energy with
the water body. +e ship’s navigation direction was opposite
to the wave propagation direction, and the landslide body
entered the water. After 7 s, the landslide-generated wave
propagated to the navigation position and interacted with
the ship, causing a large roll motion with 5.4° maximum
amplitude. +e ship passed through position No. 3, and the
landslide occurred.+e ship’s sailing direction was similar to
the wave’s propagation direction, i.e., in a state of landslide
spur chasing the sailing ship. After the landslide body
interacted with the water body for 10 s, the landslide-gen-
erated wave propagated to the ship’s navigation position,
interacted with it, and acted on its tail, causing a smaller roll
motion amplitude. +e ship passed through position No. 2,
which is close to the landslide point. After a landslide oc-
curred for 3 s, the ship’s roll motion amplitude changed
significantly. After passing through position No. 1, No. 2,
and No. 3, the ship encountered a landslide-generated wave
at different moments. +e ship relies on its own restoring
torque and slowly reaches equilibrium.

Figure 10 shows three cases of the physical test as the
ship passes via position No. 1, No. 2, and No. 3. +e am-
plitude of change in the ship’s roll angular velocity at po-
sition No. 1 was the largest, followed by that of navigation

position No. 2, whereas navigation position No. 3 was the
smallest. +e maximum wave amplitude was 35.37 deg/s at
position No. 1. +e moment of the initial change in the roll
angular velocity was the same as that for the initial change in
the roll angle, which occurred at the moment of interaction
between the landslide-generated wave and ship. When the
ship is sailing, higher roll angle speed causes worse comfort
and less stable loading cargo. From this Figure 10, it can be
observed that the ship’s roll motion was affected at low-
frequency wave excitation. When the ship is sailing, sudden
landslides occur, and the position of the landslide site is
critical to the ship’s safety. When the landslide point is in
front of the ship, the speed of the ship should be controlled
to increase the distance between the ship and landslide point.
When the landslide point is located in the opposite direction
of the ship’s navigation, it should increase the speed of the
ship to subjoin the distance between the ship and landslide
point. +is reduces the landslide’s impact and surge on the
sailing ship, improves the ship’s navigation safety, enhances
passenger comfort, and stabilizes the loading cargo.

5.3. Effect of Ship’s Rolling Characteristics at Different Navi-
gation Speeds. A landslide occurred when the ship passed
through landslide location No. 2. +e landslide volume was
1m× 1.5m× 0.2m, and the ship sailed in a straight line at
0.3, 0.5, and 0.7m/s, respectively, guided by the variation law
of the ship’s roll angle and roll angle speed.

As shown in Figure 11, ships passing position No. 2 at
different speeds experienced the same volume of landslides,
but their roll motion amplitudes were different, with the
largest reaching 15° at a speed of 0.3m/s. +e landslide body
position under the three cases was similar to the ship’s
navigation position. It can be noted here that the slight
increase of drag in the high-speed range was due to the
nonlinear lifting effect. Owing to the ships’ different sailing
speeds, the landslide-generated wave and time of the ship’s
action were slightly different. +e roll motion curves of the
ship under the three working conditions first increased
nonlinearly, and then the nonlinearity was reduced. +is is
related to the ship sailing at different forward speeds,
generated travelling waves, and landslide-generated wave.
As time proceeded, the ship gradually returned to the short-
range fluctuation state by relying on its own recovery torque.
When the ship moved at 0.3m/s, the roll amplitude was
large, which is cause for concern.

+e experimental data were combined with the ship’s
construction—optimizing keel size and increasing ship
damping were considered in the landslide-generated wave
region. Changing the external load’s influence on the hull
pressure distribution and water depth in the ballast tank
prevented water movement from hitting the top of the
antirolling tank when the ship’s roll motion amplitude
became larger, which also reduced the antishake effects of
the system.

Figure 12 indicates that a ship passing track line position
No. 2 at 0.3, 0.5, and 0.7m/s had different time-history
curves of ship’s roll angular velocity. +e roll speed corre-
sponding to the forward speed of 0.3m/s was most affected
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by the landslide-generated wave. +e maximum value
reached 95°/s. Concurrently, when the ship’s sailing speed
was slow, the impulse load of the landslide-generated wave
acted on the hull, the roll angular velocity curve of the hull
first changed, and the roll angular velocity curve of the ship
began to change at 0.8 s. Under the landslide’s influence, the
roll angle reached its maximum value in 3 s, showing a very
strong transient nature. Furthermore, the action process
was accompanied by a high roll angle velocity, which
adversely affected passenger comfort and the loaded cargo’s
stability.

5.4. Influence of the Rolling Characteristics of a Ship at Dif-
ferent Ratios. +e landslide occurred when the ship passed
through location No. 2. +e landslide body dimensions were
1m× 1.5m × 0.2m and 1m× 0.5m× 0.6m, and the ship

sailed at a fixed speed of 0.3m/s in a straight line, with
emphasis on the ship’s roll angle and variation in its angular
velocity.

Figure 13 demonstrates that when the landslide body
entered the water at a high speed, it was accompanied by a
high-pressure peak. However, when a landslide body with
the same volume and different ratios entered the water, the
impact load size was different. A large difference in roll was
also observed. Wave height contributes significantly to roll
movement; when the landslide-generated wave propagates
in the channel, the roll motion is dramatically reduced. +e
width-thickness ratio under working condition 6 was small;
hence, the ship’s roll motion peak appeared earlier. +e load
between the landslide and water body was small, and the
amplitude of the roll motion was small. +e aspect ratio
under working condition 3 was large, and the peak of the

(a) (b)

(c)

Figure 8: Main stages of interaction between a ship and a landslide-generated wave. (a)+e formation of a landslide-generated wave; (b) the
propagation of a landslide-generated wave; (c) the interaction between a ship and a landslide-generated wave.
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ship’s roll motion had a certain delay. Furthermore, the roll
motion’s amplitude was large, reaching 15°, which was close
to the ultimate roll angle of the navigation in the reservoir
area. A larger aspect ratio with the same landslide body
amount has a larger impact on the ship’s roll characteristics,
leading to worse ship navigation safety. In actual disaster
prevention projects, to reduce the effect of a landslide-
generated wave on the hydraulic structures, the width-to-
thickness ratio of the smaller rock mass is reduced and
treated in stages to prevent large-scale mountain landslides.

Figure 14 shows that the fixed speed of the ship was
0.3m/s straight ahead, and landslides with different ratios
occurred through landslide No. 2. +e landslide bodies with
the same volume and different aspect ratios had different
effects on the ship’s roll angular velocity, and the asymmetry
of the landslide-generated wave led to angular velocity

asymmetry of the ship. +e landslide body with a significant
thickness had a major effect on the ship’s roll angular ve-
locity. +e maximum value was 90°/s. From this Figure 14,
the motions of both roll movement and roll angular velocity
were in good agreement with the landslide-generated wave.
A landslide body of relatively less thickness had little in-
fluence on the ship’s roll angular velocity. Two types of
landslide bodies enter the water to produce a landslide-
generated wave. +e action process of the landslides is
consistent with the ship. +e roll angular velocity of the ship
increases instantaneously in a short period. After some time,
the landslide-generated wave energy is attenuated. +e ship
relies on its own restoring force to reduce the roll angle and
roll angular speeds, allowing it to reach a relatively stable
state.

5.5. Influence of Ship’s Rolling Characteristics at Stationary
and Travelling States. When the ship is stationary or sailing
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at 0.6m/s through the waters of a landslide section, land-
slides occur (Figure 15). +ese landslides present adverse
effects on stationary and sailing ships. Landslide impacts on
ships sailing at 0.6m/s are divided into two stages: +e first
stage occurs within 1–5 s. When the landslide body enters
the water, the impact generates a landslide wave and the
liquid splashes significantly, accompanied by the waves on
the deck. As the ship has been sailing straight, the landslide-
generated wave acts on the middle and rear parts of the ship.
+us, a large amplitude of swaying motion is easily pro-
duced, and the motion amplitude change rate is steep. +e
second stage occurs at 11–18 s, caused by the landslide-
generated wave. +e direction is transmitted, finally
reaching the end of the river, thereby impacting the bank
slope, forming reflection, reflow, and superimposing the
impact of the synthetic wave on the sailing ship. +e first
stage’s maximum roll motion amplitude was 10°. +e maxi-
mum roll motion of the second-stage ship was 9°. When the
ship encounters a landslide during the actual navigation
process, it should focus on controlling the navigation speed and
water field instability to prevent the landslide-generated wave
from causing a “secondary damage” to the ship. +e ship is
stationary in the waters of the landslide section, and the
landslide body generates a landslide-generated wave after
entering the water. +e ship’s roll motion amplitude appeared
at 1–14 s, showing a single peak state, with the landslide’s wave
energy gradually decreasing along the landslide. +e ship relies
on its own recovery torque and recovery damping. +e am-
plitude of the roll motion gradually decreased, and eventually
stabilized. +e ship was stationary in the sluice waters. It is
necessary to focus on the landslide starting moment and
prevent the landslide. +e impact of the first wave on the ship,
reasonable and effective disaster prevention, and mitigation
procedures should be considered.

6. Discussion and Conclusions

In this paper, we discussed the design of a landslide surge
model in rivers based on a physical test model. We mainly
focused on the influence of the pulse surge generated by
landslides, having the same volume but different aspect
ratios, on a ship’s rolling characteristics. We further studied
the effects of the same landslide on the ship’s rolling
characteristics at different cruising speeds. +e rolling
characteristics of the landslide-generated wave were ex-
amined before the ship reached different positions.+emain
conclusions are as follows:

(1) After the diffraction and superimposition of the
reflected waves, a large wave momentum implies a
greater influence on the hydraulic structure. For the
same 0.6m3 volume of landslide bodies, a larger
width-to-thickness ratio implies a greater height of
the first landslide wave, the width-to-thickness ratio
is 1 : 9; the maximum value ratio is about 1 : 2, and
maximum value is 2.86m.

(2) When the ship sails and sudden landslides occur, the
position of the landslide site is critical to the ship’s
safety. When ship’s navigation direction was

opposite to the wave propagation direction, the
frequency of ship motion is more violent, the
maximum value is 5.4 deg, and the maximum roll
angular velocity is 35.37 deg/s.

(3) During a voyage, a ship suddenly encounters a
landslide-generated wave. +e impulse surge gen-
erated by the same volume of landslides has different
effects on the ships at different voyage speeds. +e
maximum roll angle and roll angular velocity are
15.39 deg and 86.72 deg/s, respectively, at a speed of
0.3m/s. In order to increase passenger comfort and
cargo-loading safety, the sailors should take the
initiative to reduce the ship’s speed by reducing the
acceleration itself.

(4) +e roll motion characteristic curve of stationary and
travelling ships is totally different. A travelling ship
generates waves, which lead to other overlapping
complicated waves; thus, the period of wave and roll
motion appears twice. +e first roll motion curve of
travelling ships has two large crests: the first peak
value is 8.34 deg and the second peak value is
6.62 deg; both are in the reasonable portion. While
the other has one large crest, the maximum value is
18.02 deg.
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