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ABSTRACT
Offshore platforms under construction are normallymoored along the quayside during the outfitting stage.
The safety of the platforms must be guaranteed during the entire process of outfitting which may last for
several months. In this study, the hydrodynamic performance of a quay moored jackup is investigated by
using a set of wave basin model tests. In the seakeepingmodel tests, the dynamic responses of the system,
including the six degrees of freedom motions of the jackup and the barge, tensions on the mooring lines
and the collision forces on the fenders, were measured in various sea states, and statistical analyses were
conducted. Meanwhile, the dynamic responses in current-and-wind-only sea states were analysed for com-
parison with those in the wave conditions to assess the influence of the wind and the current. It is observed
that the offshore wind plays an important role in quay mooring systems and the mooring line tensions are
found to exceed the strength of the lines in offshore wind conditions. The possible reasons are discussed in
detail and suggestions are proposed for optimising the mooring system performance.

1. Introduction
Jackup is one of the most popular drilling rig types used in shal-
low waters (Williams et al. 1999; Kaiser and Snyder 2013; Ren
and Bai 2013; Dong et al. 2014). A modern mobile jackup is
normally supported by three vertically retractable legs during
operation. However, in the outfitting stage before delivery, it is
usually moored along the quayside in shipyard. As the dura-
tion of the outfitting will last for several months, the jackupmay
be exposed to severe weather. The safety of the jackup must be
guaranteed during the entire process of outfitting. Therefore, it
is necessary to investigate the performance of quaymooring sys-
tem under various sea conditions.

To the best of our knowledge, studies on the quay moored
jackups have not been reported in open literatures. However,
similar studies regarding a ship or a semi-submersible moored
alongside the quay have been carried out in recent years (Natara-
jan and Ganapathy 1995; Lee et al. 2006; Fang et al. 2010; Wu
2010;Mostofi and Bargi 2012). Special attentions have been paid
to the motions of the ship/semi-submersible, the mooring line
tensions and the fender forces in between the ship/submersible
and the quay.

Van Oortmerssen (1976) simulated the behaviours of a
moored ship in waves by introducing the impulse response
function, and Vantorre (1992) calculated the contact forces on
the fenders between the ship hull and constructions. Bingham
(2000) used a hybrid Boussinesq-panel method for predicting
the motions of a moored ship. Neşer and Ünsalan (2006) stud-
ied the dynamics of ships and fenders during berthing in time
domain with Cummins equations taking various factors related
to the instantaneous values of forces,moments and shipmotions
into account. Van der Molen (2006), and Van der Molen and

CONTACT Xinliang Tian tianxinliang@sjtu.edu.cn

Wenneker (2008) developed a combination of a Boussinesq-type
wave model with a time-domain panel model to determine the
wave forces on a moored ship including the contributions of
second-orderwaves, harbour oscillations and second-order drift
forces. Rosa-Santos et al. (2014) analysed the influence of the
type of fender facing on the efficacy of tensionmooring in terms
of reduction of the moored ship motions and improvement of
the operational and security conditions at berth.

In addition, many software packages, such as MOOR-
SIM, SHIPMOOR and OPTIMOOR, have been developed for
analysing the hydrodynamic characteristics of the vessels, the
fenders and the mooring lines (Van Oortmerssen et al. 1986;
Natarajan andGanapathy 1995; Flory et al. 1998).More recently,
studies on quay moored semi-submersible drilling platforms
were also presented (Wu 2010).Wang et al. (2010) examined the
external loads of a semi-submersible through numerical simula-
tions andmodel tests. Results of simulations and tests were com-
pared for validation. The authors reported that it was essential
to predict the motions of the semi-submersible and the tensions
on the mooring lines by model tests.

It should be noted that there are big differences between
the quay moored jackup and other floating offshore structures.
During outfitting stage, all of the legs of the jackup are lifted
to the topmost, which leads to a very high gravity centre and
a large projected area for wind, resulting in a more signifi-
cant influence of the wind loads. The fenders along the quay-
side are usually designed for ships, and their positions are not
appropriate for a jackup. Therefore, a small barge is sometimes
used between the quayside and the jackup as a force trans-
mission, resulting in a more complicated mooring system. On
the other hand, some quays around the Pacific Ocean may be

©  Informa UK Limited, trading as Taylor & Francis Group

D
ow

nl
oa

de
d 

by
 [

Sh
an

gh
ai

 J
ia

ot
on

g 
U

ni
ve

rs
ity

] 
at

 1
7:

56
 0

6 
O

ct
ob

er
 2

01
7 

http://www.tandfonline.com
http://dx.doi.org/10.1080/17445302.2016.1200451
mailto:tianxinliang@sjtu.edu.cn


680 L. LIU ET AL.

subjected to typhoon in summer. Additional means are adopted
in the case of the extreme sea states. Therefore, in the present
study, we are going to study the hydrodynamic performance of
the quay mooring systems of a jackup, and we mainly focus on
the mooring line tensions and the fender forces.

In this paper, one jackup moored along the quayside of
Shanghai Waigaoqiao Shipbuilding Co. Ltd is considered. The
quay was designed for mooring ships. The hydrodynamic per-
formances of the mooring systems designed for a jackup are not
clear yet. Therefore, we carried out an experiment on the hydro-
dynamic performance of the quay mooring systems of a jackup
in both normal and extreme sea states. Based on the results in
different sea states, the main cause of the large mooring line ten-
sions is discussed and analysed along with the influence of the
wind directions. The additional mooring lines in extreme sea
states can obviously reduce the mooring line tensions and the
contact forces on fenders. Furthermore, the correlation of yaw
motions of the jackup and the mooring line tensions is analysed
in detail. Later on, suggestions for optimising the mooring sys-
tems are proposed.

2. Description of the floating system
The quay mooring systems of the jackup designed by Shang-
hai Waigaoqiao Shipbuilding Co. Ltd consist of the jackup, the
quay, the barge, the fenders and the mooring lines. The jackup
is moored with 13 mooring lines in normal sea states and addi-
tional 4 mooring lines are used in the case of the extreme sea
states.

2.1. Jackup
The jackup is moored alongside the quay in a water depth of
10 m with all of the three legs lifted to the topmost. The jackup
hull is 70.36m in length and 76m in breadth, and themean draft
of the jackup during the outfitting stage is 5.205m. The centre of
gravity (COG) of the vessel is locatedmidwaywith respect to the
breadth, 30.354 m from the stern and 27.895 m above the base
line of the jackup. More details of the essential characteristics of
the jackup in both prototype and model scale are summarised
in Table 1. The blueprint of the jackup is illustrated in Figure 1.

Table . Particulars of the jackup.

Particulars Unit Prototype Model

Displacement ton ,. .
Overall length m . .
Overall breadth m  .
Depth m . .
Draft m . .
Pitch gyradius m . .
Roll gyradius m . .

Figure . Blueprint of the jackup. (This figure is available in colour online.)

2.2. Mooring system
Two configurations of mooring systems are utilised in the
present study, as shown in Figure 2. Each configuration con-
sists of mooring lines, fenders, a barge and a quay. The barge,
which has a length of 60 m, a breadth of 15 m and a draft of
1.2 m, is placed between the jackup and the quay to avoid the
direct collisions of the jackup and the quay. There are four fend-
ers between the quay and the barge, and two fenders between
the jackup and the barge. The stiffness of the former and latter
fenders is simplified as a linear stiffness of 2400 and 1060 kN/m,

Figure . Two sets of mooring systems (a) in normal sea states and (b) in extreme sea states. (This figure is available in colour online.)
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SHIPS AND OFFSHORE STRUCTURES 681

Table . Particulars of the mooring lines.

Steel Polyamide Additional
Particulars Unit wire wire wire

Diameter mm   
Mass per unit (in air) kg/m . . .
Axial stiffness kN , – ,
Minimum breaking load ton   

Figure . Stiffness characteristic of polyamide wires. (This figure is available in
colour online.)

respectively. In normal sea states, 11 steel wires and 2 polyamide
wires (No. 7 and 8) are used in total. Four additional steel wires
with larger diameter are adopted in extreme sea states. Table 2
shows the main properties of the mooring lines. The non-linear
strain–tension relation of the polyamide wires is illustrated in
Figure 3. The pretension acting on each mooring line is 10 tons
in both normal and extreme sea states.

2.3. Environmental condition
In order to investigate the hydrodynamic performance of the
jackup, model tests were carried out with the jackup subjected
to white noise waves and irregular waves combined with steady
wind and current, respectively.

The white noise wave tests of the jackup were carried out in
three wave directions, i.e. head sea (0°), beam sea (90°) and the

30° wave. A white noise wave spectrum with significant wave
height of 2.5 m and periods ranging from 5 to 20 s in prototype
was selected for the tests.

Two irregular waves were modelled by the two-parameter
ITTC (International Towing Tank Conference) wave spectrum
with significant wave heights of 1.55 and 1.87 m, respectively.
The steady wind was assumed in the model tests and the
one-hour-averaged wind speed at the reference height of 10
m was utilised. Three wind speeds were simulated at 22.6
(Force 9 wind), 28.4 (Force 10 wind) and 30.87 m/s (Force 12
wind/typhoon), respectively. The specified current velocity near
water surface was 1.54 m/s in prototype. And a set of combina-
tions of wave, wind and current was designed to simulate the
various sea states. The details of environmental conditions are
listed in Table 3.

3. Experimental setup
A series of model tests were conducted at State Key Laboratory
of Ocean Engineering (SKLOE), Shanghai Jiao Tong University
in China. The linear scale ratio between the prototype and the
model is chosen as λ = 50 according to the main particulars of
the jackup, the scales of the wave basin and the capabilities of
the test facilities.

Two coordinate systems were selected in the present model
tests: the earth-fixed system O-XYZ and the rotated earth-fixed

Figure . The coordinate systems of the model test.

Table . Environmental conditions of various sea states.

Hs Tp Wave dir. Current dir. Wind velocity Wind dir.
No. (m) (s) (deg) (deg) (m/s) (deg) Wind scale

 .    . − Force /offshore
 .    . − Force /offshore
 . .   . − Force /offshore
 . .   . − Force /offshore
 . .   .  Force 
 . .   .  Force 
 . .   .  Force 
 . .   .  Force 
 . .   .  Force 
 . .   .  Force 

Notes: Hs, significant wave height; Tp, zero crossing period.
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682 L. LIU ET AL.

Figure . Model set-up for the quay mooring system. (a) The whole system; (b) barge model; (c) quay model; (d) fender model; (e) mooring line models. (This figure is
available in colour online.)

Figure . Jackupmoored by three horizontally spreadmooring lines in white noise
wave tests.

system o-xyz. Figure 4 shows the details of the coordinate sys-
tems as well as the incident wave directions. The motions of
heave and yaw are presented in the earth-fixed coordinate sys-
tem, while the motions of surge, sway, roll and pitch are pre-
sented in the rotated earth-fixed coordinate system.

Themodel set-up for the whole system, including the jackup,
the barge, the quay, mooring lines and fenders, is shown in
Figure 5. The characteristics of the structures and the environ-
mental conditions were all calibrated carefully before the formal
model tests.

The particulars of the jackup model, such as weight in air,
COG and radius of gyration were adjusted to the target by
adding and shifting lead weights. It is worth noting that the top-
sides of the jackup were scaled directly to keep the equivalent
area that exposed to the wind. In order to simulate the mechan-
ical properties of the fenders, spring sections were placed inside
small plastics boxes, which were inserted into the barge and the

quay. The mooring line models were composed of spring sec-
tions and steel wire sections, with the length and stiffness equiv-
alent to the full-length mooring system. The wave spectra were
calibrated carefully with the current existing before the model
tests.

Four types of tests, including decay tests, white noise wave
tests, current-and-wind-only tests and seakeeping tests, were
carried out to get an in-depth understanding of the hydrody-
namic performance of the quay moored jackup.

Roll and pitch decay tests for the determination of natural
periods and damping coefficients of the jackup in calm water
were conducted at first. The model of the jackup was excited
by an initial heel angle in calm water during the decay tests,
and neither the mooring system nor the other models were
included.

White noise wave tests were carried out in head sea, in 30°
incident wave direction and in beam sea to derive the motion
Response Amplitude Operators (RAOs). During the white noise
wave tests, the jackupwasmooredwith three horizontally spread
mooring lines, which were made of spring sections and wires,
allowing the jackup to move freely in roll and pitch, as shown
in Figure 6. In addition, the results of white noise wave tests are
compared with those of the numerical simulations to verify the
set-up of model COG and rotational inertia.

During the seakeeping tests and current-and-wind-only
tests, all structures were included, and the jackup was located at
the centre of the wave basin. Figure 2 shows the general configu-
rations of the quay mooring systems in these tests. The dynamic
responses, including the six degrees of freedom motions of the
jackup and the barge, themooring line tensions and the collision
forces on the fenders, weremeasured directly. And the statistical
analyses were conducted. Furthermore, the mooring line ten-
sions in current-and-wind-only tests were compared with those
in seakeeping tests to assess the influence of the current and the
wind.
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Figure . Results of decay tests in calm water. (a) Roll decay; (b) pitch decay.

4. Results and discussion

4.1. Decay tests
The natural period and non-dimensional damping coefficient of
each degree of freedom motion have been derived from each

measured decay test curve. Figure 7 shows the roll and pitch
decay test results.

The natural period of roll motion is 12.374 s while that of
pitchmotion is 12.346 s. And the damping coefficients of the roll

Figure . RAO results of the jackup. (a) Roll; (b) pitch; (c) heave. (This figure is available in colour online.)
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684 L. LIU ET AL.

Table . Analysis of the maximum tensions of the mooring lines in seakeeping tests.

Top three maximum tensions (ton)

Case no. Maximum Second maximum Third maximum Mean value Standard deviation of yaw Wind dir. (deg) Wind scale

 #(.) #(.) #(.) . . − Force /offshore
 #(.) #(.) #(.) . . − Force /offshore
 #(.) #(.) #(.) . . − Force /offshore
 #(.) #(.) #(.) . . − Force /offshore
 #(.) #(.) #(.) . .  Force  wind
 #(.) #(.) #(.) . .  Force  wind
 #(.) #(.) #(.) . .  Force  wind
 #(.) #(.) #(.) . .  Force  wind
 #(.) #(.) #(.) . .  Force  wind
 #(.) #(.) #(.) . .  Force  wind

Figure . Variations of the standard deviation of yawmotions versusmean value of
top three maximal tensions.

motion and the pitchmotion are 0.1132 and 0.0981, respectively.
Compared with the periods of the waves, the natural periods of
the motions are so large that no resonant responses would hap-
pen during the whole quay mooring stage.

4.2. Frequency domain analysis
Byusing awhite noisewave test, the hydrodynamic performance
of the jackup has been examined. The corresponding RAOs are
obtained from the response spectrum divided by the white noise
wave spectrum in the model tests. Figure 8 presents the RAO
results as the function of wave period where the response ampli-
tudes are normalised by the first harmonic of the wave ampli-
tude, and the rotational variables by the same wave amplitude
multiplied by the characteristic length of 1 m.

The results of roll and pitch motions are of great concern
for us due to the extreme responses to the wave excitation. The
extreme value for the RAO of roll motion has reached 5.0 in
beam sea condition while the one for the RAO of pitch motion
has reached 5.2 in head sea condition. Both of these two peaks
appear at the period of 13 s which is close to the natural peri-
ods obtained from the decay tests. Actually the wave periods
in the sea conditions near the quay are about 5 s which is
much smaller than the natural periods of roll and pitch motions
of the jackup and no resonant responses would happen. For
the heave motion, the RAO results in all the three incident
wave angles are very close and tend to equal 1.0 in larger wave
periods.

Figure . Time series in offshore wind Case . (This figure is available in colour online.)
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SHIPS AND OFFSHORE STRUCTURES 685

Figure . Cross-correlation sequence of mooring line tensions and yawmotions in Case . (This figure is available in colour online.)

Figure . Maximummooring line tensions in different wind directions in seakeep-
ing tests. (This figure is available in colour online.)

Furthermore, the RAOs obtained fromwhite noise wave tests
are also compared with those of numerical simulations to verify
the set-up ofmodel rotational inertia of roll and pitch. Generally,
good agreement is observed in roll, pitch and heave motions,
which indicates that the rotational inertia of jackup model had
been accurately modelled.

4.3. Statistical analysis ofmooring line tensions and
fender contact forces
... Statistical analysis of mooring line tensions
In seakeeping tests and current-and-wind-only tests, the max-
imum tension of each mooring line was recorded. Table 4
presents the three largest values among all the mooring lines’

maximum tensions and the corresponding line numbers (indi-
cated with “#”) in each case in seakeeping tests. The mean val-
ues of the top three maximum tensions are calculated. Mean-
while, the wind directions along with the descriptions of the
wind scale are also listed for reference. To obtain the relations
between themooring line tensions and the jackup’s motions, the
standard deviations of jackup’s yaw motions are also listed in
Table 4.

As shown in Table 4, some of the mooring tensions are more
than 400 tons in seakeeping tests, and the largest one is even
554.8 tons. These tensions have already exceeded the strength
of the mooring lines (118 tons). Moreover, it is also difficult to
install the land anchors of the capacity above 400 tons SWL (Safe
Working Load) on the quay. Therefore, the line tensions should
be carefully examined to avoid the accidents of line breaking.

It is worth noting that the large tensions in the first four cases
always occur with the large standard deviations of the jackup’s
yawmotionswhich indicate the large yawmotions in these cases.
To provide a better description of the relevance between the
yaw motions and the line tensions, variations of the standard
deviations of yaw motions versus the mean values of top three
maximal tensions are plotted in Figure 9. In general, larger yaw
motion corresponds to larger mooring line tension. A possible
explanation for the large mooring line tensions may be related
to the deduction of the yaw motion stiffness in the offshore sea
state, which means a decreased restriction of the jackup’s yaw
motion, leading to an increase of the tensions.

In addition, time series of yaw motions and line tensions in
seakeeping tests are plotted together in Figure 10 to provide a
better understanding of the relation between the jackup’s yaw
motions and the mooring line tensions. For the sake of clear
description, we take Case 1 as an example and No. 9 line is
selected due to its large tensions in all the offshore wind con-
ditions. As shown in Figure 10, it is found that the time series
curves of yaw motions and line tensions are almost coincident,
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686 L. LIU ET AL.

Figure . Maximummooring line tensions in seakeeping tests and current-and-wind-only tests in (a) offshore wind conditions; (b) Force  wind conditions. (This figure is
available in colour online.)

Figure . Maximummooring lines tensions in different wind scales. (This figure is
available in colour online.)

which implies that there is a close relation between these two
quantities.

To quantify the correlation of yawmotions and mooring line
tensions,more detailed correlation analyses ofmooring line ten-
sions and yawmotions of jackup are conducted with mathemat-
ical methods such as cross-correlation function and correlation
coefficients. The cross-correlation sequence of yawmotions and
mooring line tensions is estimated by cross-correlation function,
and the results are normalised so that the autocorrelations at
zero lag are identically 1.0. As shown in Figure 11, themaximum
value of the cross-correlation sequence is 0.906 and it appears
at zero lag. The consequences indicate that yaw motions and
mooring line tensions are in-phase and prove a high correlation
between yaw motions and mooring line tensions. In addition,
correlation coefficient of yawmotions andmooring line tensions
is calculated and the result is 0.8587, which is larger than the crit-
ical value of 0.8. This once again demonstrates thatmooring line
tensions are closely related to yaw motions.

It is obvious that wind direction plays an important role in
the dynamic performances of mooring lines. It is worth noting
that the number of the mooring lines which sustain the largest
tension varies as the wind changes. In seakeeping tests, the main
load-carrying mooring lines are No. 4, No. 5, No. 6 and No. 9 in
the offshore wind conditions, while they become No. 6, No. 11
and No. 12 in 0° and 45° wind conditions.

Figure 12 shows the comparison of the mean values of top
three maximummooring lines tensions in different wind direc-
tions in seakeeping tests. It can be seen that the maximum
mooring line tensions are sensitive to the wind directions, and
the mean values of the maximum tensions in cases of the off-
shore wind are much larger than those in other conditions. As
described before, this is due to the smaller yaw motion stiffness,
or the decrease of the restriction of yawmotion in offshore wind
conditions. The offshore wind can push the jackup away from
the quay, which may greatly increase the jackup’s yaw motions
in waves. As a result, the mooring lines are pulled extensively,
resulting large tensions.

In order to have a further investigation on the influence of
the current and the wind, the maximum mooring line tensions
in current-and-wind-only tests have been compared with those
in seakeeping tests. Typically, Figure 13 shows the results of these
two types of tests in offshore wind conditions and in Force 9
wind conditions.

It is found that the tensions on the mooring lines caused by
the wind and the current are no more than 1/3 of the total loads
in most cases. This indicates that the current and wind loads are
not themain causes of the large tensions. On the other hand, the
large tensions mainly come from the wave loads. Furthermore,
as shown in Figure 13b, the maximum tension in current-and-
wind-only tests is about 1/6 of the total tension in seakeeping
tests in cases of offshore wind, and the proportion changes to
1/3 and 1/2 in cases of 0° and 45° wind directions, respectively.
This proves that the influence of the wind and current changes
greatly with the wind directions.

As described in Section 2, four additional mooring lines
are utilised in extreme sea states (Force 12 wind/typhoon
conditions). As shown in Figure 14, mooring lines ten-
sions in typhoon conditions are much smaller than those
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SHIPS AND OFFSHORE STRUCTURES 687

Figure . Maximum fender forces in different wind directions in (a) current-and-wind-only tests; (b) seakeeping tests. (This figure is available in colour online.)

in other conditions. It is illustrated that the additional
mooring lines contribute to the deduction of the mooring line
tensions and themooring system designed for extreme sea states
is efficient.

... Statistical analysis of contact forces on fenders
between jackup and barge
In quay mooring systems designed for the jackup, the interac-
tion of the jackup and the barge would be very important. Two
fenders are utilised between the jackup and the barge to avoid
the direct collisions of the two floaters. In the model tests, the
contact forces on the fenders are recorded and analysed in detail.

Figure 15 shows the maximum contact forces on fenders in
different wind directions. It can be seen that fender forces in
offshore wind conditions are much smaller than those in other
conditions in both seakeeping tests and current-and-wind-only
tests. The explanation for the smaller fender forces may be
related to the larger relativemotions of the jackup and the barge.
To provide a better description of the interaction of the jackup

and the barge, the significant double amplitude values of the rel-
ative sway, roll and yaw motions between jackup and barge in
seakeeping tests are shown in Figure 16. It can be seen obviously
that the relative motions are much larger in offshore wind con-
ditions, which means that the restriction of the motions of the
jackup and the barge is reduced, and the structures can move
more freely, leading to the smaller contact forces.

Figure 17 shows the comparison of the fender forces in sea-
keeping tests and current-and-wind-only tests. Generally, the
fender forces in seakeeping tests are much larger than those in
current-and-wind-only tests, especially in offshore wind con-
ditions. As analysed earlier, the waves are very important and
would be the main cause of the large fender forces. In addition,
it can be observed that the fender forces are sensitive to wind
directions, and the influence of the wind depends on the wind
direction.

Themaximum fender forces in different wind scales are sum-
marised in Figure 18 to assess the effect of the additional four
mooring lines in extreme sea states. As shown in Figure 18, the
fender forces in typhoon conditions aremuch smaller than those

Figure . Relative motions between jackup and barge. (a) Sway; (b) roll; (c) yaw. (This figure is available in colour online.)
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Figure . Maximum fender forces in seakeeping tests and current-and-wind-only tests in (a) offshore wind conditions; (b) Force  wind conditions. (This figure is available
in colour online.)

Figure . Maximum fender forces in different wind scales. (This figure is available
in colour online.)

in Force 9 and Force 10 wind conditions, which proves that the
additional mooring lines contribute dramatically to the deduc-
tion of the fender forces.

4.4. Error analysis
In general, experiments can provide the relatively accurate
results of the hydrodynamic performance of the quay moored
jackup. However, the error will inevitably exist during themodel
tests.

First, the error of COG position and the rotational inertia
was controlled within 3%, which may have a slight influence on
the hydrodynamic performance of the jackup. In addition, the
simplification of the non-linearmechanical characteristics of the
fenders will contribute to the error of the whole system. Because

the jackup is moored alongside the quay, the water is very shal-
low, leading to a relatively large error (within 5%) in the calibra-
tion of wave and current. Measuring error of the instruments is
another source of the system error. However, the error has been
controlled within a certain level by calibration and data analysis,
so that the data presented in this paper are reliable.

5. Conclusions
This paper presents themethodology and results of a wave basin
model test for a jackup moored alongside the quay in Shanghai
Waigaoqiao shipyard in China. The natural period and damping
coefficient have been derived in decay tests. White noise wave
tests were carried out to obtain the hydrodynamic performance
of jackup in frequency domain, and to verify the rotational iner-
tia of the jackup model. The motions of the jackup, the moor-
ing line tensions, the contact forces of fenders and the relative
motions between jackup and barge have been experimentally
investigated in the seakeeping tests and the current-and-wind-
only tests. Main conclusions drawn through the experimental
results can be summarised as follows:

(1) Wave is the most important environmental factor, and is
the main cause of large mooring line tensions and fender
forces.

(2) Wind direction plays a dominant role in the hydrody-
namic performance of the quay mooring systems of a
jackup. The offshore wind blows the jackup away from
the quay, which may cause the deduction of the jackup’s
yaw motion stiffness. As a result, the jackup oscillates
dramatically in waves, leading to large line tensions.
On the other hand, the offshore wind contributes to
the increase of the relative motions between jackup and
barge, resulting in the smaller fender forces.

(3) The additional mooring lines designed for the extreme
sea states can reduce the mooring line tensions and
fender forces efficiently.
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Based on the experimental study presented earlier, a basic
understanding of the hydrodynamic performance of the quay
moored jackup has been obtained. Some suggestions are pro-
posed for optimising the quay mooring systems to avoid large
tensions experienced in the tests as follows:

(1) An increase of the pretensions of the mooring lines can
restrict the yaw motion of the jackup.

(2) The distribution area of the fenders can be enlarged to
enhance the yaw motion stiffness.

(3) To avoid line breaking accidents, a larger mooring line
strength is required. In addition, the quayside mooring
bits and land anchors with larger holding capacities are
needed.
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