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Abstract
Coupled dynamic analyses of a deep-water Semi-submersible platform, in the South China Sea region, is carried out under 
postulated damage of the restraining system for both 10 and 100-years return period events. Under the combined action of 
wind, wave, and current loads, motion responses of Semi-submersible at 1500 and 2000 m water depths are analyzed in time-
domain. Dynamic tension variations in the mooring lines are investigated for a fatigue failure using the S–N curve approach. 
Inclusion of a submerged buoy in the mooring system resulted in a marginal increase of the response due to a reduction in 
the restoration force of the mooring lines; submerged buoy also resulted in additional damping. The results of numerical 
studies showed an increase in tension in the mooring lines, which are adjacent to the damaged ones, causing reduced fatigue 
life. With the inclusion of submerged buoy in the mooring system, there is a considerable decrease in tension variation in 
mooring lines, increasing fatigue life. Failure of a mooring line causes an increase in tension of the adjacent mooring line, 
but not valid under all circumstances. It is seen from the studies that despite the postulated failure induced in a mooring, the 
adjoining line remains unaffected due to a steady coupling motion of the platform.
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1  Introduction

Floating offshore platforms are designed and constructed 
to withstand harsh dynamic environmental loads. Semi-
submersible is one of the floating offshore platforms, pre-
dominantly preferred over other alternatives because of its 
advantages, namely: better stability in harsh environments, 
larger deck area, superior constructional and installation 
features, and higher mobility. Preliminary studies showed 
that natural frequencies of Semi-submersible inversely vary 
with that of the draft and length of the platform. Therefore, 
the effects of change in length are dominant in comparison 

to their weight (Sunil and Mukhopadhyay 1995; Stansberg 
2008). Researchers showed that the contribution of viscous 
forces in the splash zone is dominant, and affects the mean 
horizontal drift of the Semisubmersible (Dev and Pinkster 
1995; Berthelsen et al. 2009). The Numerical studies car-
ried out by Mavrakos et al. (1996) confirmed that there is a 
maximum reduction in the tension of mooring lines at the 
location of the buoy, contributing to maximum buoyancy.

Further, Mavrakos and Chatjigeorgiou (1997) reported 
that there is a decrease in the tension in mooring lines due to 
submerged buoys. Coupled dynamic analysis is essential to 
capture the effect of damping in the mooring lines that arise 
due to low-frequency motion (Ormberg and Larsen 1998; 
Clauss et al. 2002; Qiao and Ou 2013). The preliminary 
design of the GVA 4000 semi-submersible, as reported by 
Lee et al. (2005) confirmed that pontoon and column mem-
bers are found to be safe even under harsh environmental 
loads. Chen et al. (2011) highlighted the influence of various 
parameters, namely tension-dip angle, pre-tension, configu-
ration, and the number of mooring lines on the response of 
Semi-submersible.

Alternatively, hybrid mooring lines with a spread-
mooring leads to loss of stability due to dynamic tension 
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variations (Garza et  al. 2000; Odijie et  al. 2017). They 
showed that lesser inclination of mooring lines leads to the 
better dynamic behavior of the platform in the horizontal 
plane. It also results in more inferior strains and reduced 
stiffness of the mooring lines. Stability charts, along with the 
appropriate probabilistic tools, can be used to estimate the 
stability of the platform (Mao and Yang 2016). Hussain et al. 
(2009) showed that the presence of a second-tier pontoon 
reduces the heave motion of a deep-draft semi-submersible. 
Steel catenary risers (SCR) are recommended for semi-sub-
mersibles in the Gulf of Mexico (GoM) region to achieve a 
lesser offset. SCRs also showed increased damping under the 
combined action of waves and currents (Kim et al. 2011). 
Better motion characteristics of floating structures can be 
achieved by isolating the deck response (Chandrasekaran 
2015, 2017a). However, a congested layout of topside mod-
ules shall also make the platform highly vulnerable to fire 
accidents (Chandrasekaran and Gaurav 2017). The design 
of the mooring system can influence the motion character-
istics of semi-submersibles; however, damping offered by 
a spread-catenary mooring, with and without a buoy, does 
not change slow-drift motion (Hassan et al. 2009; Jang et al. 
2019). In the case of compliant offshore platforms whose 
deck is partially isolated, deck response remains independ-
ent of the tension variations (Chandarsekaran and Vinothini 
2019). Different sag-to-span ratios and the inclined angle 
of the mooring lines, under various current velocities also 
significantly affect the motion response of the floater and the 
tension in the mooring lines (Wang et al. 2018). On the other 
hand, deploying buoys in the mooring system reduces stress 
in the mooring lines and found to be effective in deep-water 
deployment (Xu et al. 2018).

Buoys, if provided at various sections along the moor-
ing line, found to be further use as it increases fatigue life 
of steel mooring lines (Yan et al. 2018). (Xue et al. 2018) 
investigated a chain-fiber-chain mooring system for a 
Semi-submersible platform in the Gulf of Mexico region 
using the S–N curve, T–N curve, and fracture mechanics 
approach. For the safety factors recommended by the code, 
they showed that the results from the T–N curve and S–N 
curve are comparable while the former is marginally con-
servative. The fatigue life of the mooring chain is found to 
be sensitive towards the stress concentration factor for weld 
sections in mooring lines. Fatigue life anticipated by the 
fracture mechanics approach is ineffective with the depth of 
the crack. Gottlieb and Yim (1992) used the Liapunov func-
tion for analyzing the response under small excitations. The 
stability analysis for the response of lower-order systems 
is carried out by the harmonic balance method, leading to 
stability curves defining the loss of symmetry and period-
doubling. The stability analysis of slack-mooring under the 
excitation of periodic waves using the harmonic balance 
method (HBM) is capable of handling system nonlinearity 

that arises from restoring forces of the mooring lines (Umar 
et al. 2004). A critical review, as reviewed above, showed 
the necessity of investigating Semi-submersible under a new 
mooring layout. A Semi-submersible, pegged with a new 
configuration of spread mooring system with a submerged 
buoy is numerically investigated in the present study. The 
motion of the platform induces dynamic tensions in the 
steel moorings, leading to fatigue damage. The fatigue life 
is estimated using the S–N curve approach for the postulated 
failure of the mooring lines.

2 � Description of the Semi‑submersible 
Model

A Semi-submersible platform chosen for the current study 
is shown in Fig. 1. It consists of two large rectangular hori-
zontal pontoons, submerged to provide sufficient buoyancy. 
Four-column members equidistantly placed both in the lon-
gitudinal and transverse directions connecting the pontoon 
members and support the deck. Four horizontal braces attach 
the column members and provide lateral stability. The deck 
houses drilling activities, storage of accessories, living quar-
ters, production housing, and a helipad. The description of 
Semisubmersible is shown in Table 1.

A sixteen-point, symmetric spread catenary mooring 
in the form of chain-wire-chain configuration is employed 
for position-restraining the Semisubmersible. The angle 
between mooring lines within a group is 5˚ while between 
each group is 75°, as shown in Fig. 2. Configuration and 
properties of the spread mooring system are shown in 
Tables 2 and 3. Steel moorings used in the present study pos-
sess a yield strength higher than 350 MPa (Chandrasekaran 
and Jain. 2016). A submerged buoy is attached at the end of 
middle-wire in the spread mooring system, whose details 
are given in Table 4.

The Semisubmersible is subjected to environmental loads 
that arise in the sea state prevailing in the South China Sea; 
wave heading angles considered for the study are (0, 45, 
90°). API wind spectrum is used for delineating the effects 
of the wind, while the JONSWAP (Joint Offshore Sea Wave 
Project) spectrum is used for characterizing wave loads. 
The current force is considered as non-linearly varying for a 
water depth of 1500 m. The return periods of various events 
discussed in the analysis are summarized in Table 5 (Qiao 
and Ou 2013).

3 � Numerical Analyses

The first step of the analysis is to obtain hydrodynamic 
coefficients, including damping and added mass, diffrac-
tion forces, Froude–Krylov forces, mean drift-forces, 
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response amplitude operators by diffraction analysis. 
The second step is to determine the motion response of 
the Semi-submersible coupled with mooring lines under 
the action of wind loads, current loads, first and second-
order wave loads along with drag and inertia loads on the 
mooring lines. The hull of Semi-submersible is consid-
ered to be rigid, having six-degrees-of-freedom (d-o-f), 
while three d-o-f being translational, i.e., Surge, Sway and 
Heave and other three being rotational, i.e., Roll, Pitch 

and Yaw. Submerged section (wetted surface) of the Semi-
submersible is discretized into many elements, and hydro-
dynamic coefficients are obtained by Greens function over 
the wetted surface.

In the present study, a time-domain analysis proce-
dure is used and where step-wise time integration is per-
formed for both the semi-submersible and mooring lines 
to account for the coupling action between them.

where [M]6×6 is a mass matrix including an added mass 
matrix 

[
Ma

]
 , [C]6×6 indicates damping matrix, [K]6×6 

is the stiffness matrix including hydrostatic stiffness, {
FEnviromental

}
6×1

 is the external load vector including effects 
of wind, wave, and current, 

{
FMooring

}
6×1

 is the load vector 
due to spread catenary mooring, {x, ẋ and ẍ } is the displace-
ment, velocity, and acceleration vectors of Semisubmersible, 
FWF is the wave frequency forces, FWDF is the wave drift 
forces.

The effect of wave loading on the platform is evaluated 
using the diffraction theory with the boundary element 
method. JONSWAP spectrum is employed to include the 
impact of an irregular wave with slow drift on the plat-
form. The spectral ordinate is given by:

(1)

[
M +Ma

]
ẍ(t) + [C]ẋ + [K]x

= FEnvironmental(t) + FWF(t) + FWDF(t) + FMooring(t)

Fig. 1   Model of the semi-submersible

Table 1   Description of the semi-submersible

Description Value Units

Water depth 1500 m, 2000 m m
Deck size 74.42 × 74.42 × 8.60 m
Displacement 48,206,800 kg
Pontoon members 114.07 × 20.12 × 8.54 m
Column members 17.385 × 17.385 × 21.46 m
Draft  − 19.00 m
Freeboard 19.60 m
Metacentric height 16.03 m
Centre of gravity  − 8.90 m
The radius of gyration (Rx) 32.40 m
The radius of gyration (Ry) 34.10 m
The radius of gyration (Rz) 34.40 m
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where ω = wave frequency (rad/s); �p = peak frequency 
(rad/s); g = acceleration due to gravity (m2/s); ϒ = Peaked-
ness parameter or peak enhancement factor; a = spectral 
parameter (Eq. 3); α = spectral energy constant (Eq. 5); 
σ = spectral parameter (Eq. 4).

(2)S(�) =
�g2�a

�5
× e

(
−

5

4
×
(

�p
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)4
)

(3)
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(
−
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)

(4)𝜎 =

{
0.09 for 𝜔 > 𝜔p

0.07 for 𝜔 ≤ 𝜔p

Fig. 2   Arrangement of the 
mooring (Plan view)

Table 2   Configuration of the mooring system

Water depth Length of the spread catenary mooring

Upper chain Middle wire Lower chain

1500 m 300 2000 1500
2000 m 500 3000 1500

Table 3   Properties of the spread mooring system

Description Upper chain Middle wire Lower chain

Mass per unit length 
(kg/m)

163.7 36.38 163.7

Stiffness, AE (N) 676,810,000 833,910,000 676,810,000
Equivalent diameter (m) 0.095 0.095 0.095
Longitudinal drag coef-

ficient
1.15 0.025 1.15

Transverse drag coef-
ficient

2.4 1.6 2.4

Added mass coefficient 1.0 1.0 1.0

Table 4   Description of the submerged buoy

Description Value Units

Diameter 5 m
Structural mass 5.861.6 kg
Displaced mass of water 6.7086 kg
Added mass 3.3543 kg
Coefficient of drag (Cd) 0.3 –
Coefficient of inertia (Cm) 0.5 –

Table 5   Environmental conditions of loads

‘–’ Indicates not applicable

Description Return period Units

Ten years 100 years

Significant wave height 11.1 13.3 m
Peak spectral period 13.6 15.5 sec
Peakedness parameter (ϒ) 5 7 –
Wind speed 48.3 55 m/s
Current speed 1.7 1.97 m/s



122	 International Journal of Steel Structures (2021) 21(1):118–131

1 3

API wind spectrum used to characterize the dynamic 
effects of wind loads is given by:

where f̃  is non-dimensional frequency; f  and fp are fre-
quencies (Hz); Vz is the mean 1-h wind speed (m/s). The 
hydrodynamic loads acting on the Semi-submersible can be 
calculated by:

Time-history responses of the semi-submersible, con-
nected with mooring lines under the combined action of 
wind, wave, and current, are generated using the solver 
Ansys Aqwa. Second-order wave drift forces consisting of 
the slow-varying, low frequency (LF) effects, and mean drift 
forces are included in the analysis. Newman’s approxima-
tion estimates the low-frequency forces. Wave-frequency 
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(WF) forces consist of Froude–Krylov forces, diffraction 
wave forces, and radiation wave forces. The displacement 
and velocity of the motion of the platform are determined at 
each time-step, by integrating the acceleration in the time-
domain, using the predictor–corrector integration scheme.

The natural periods and damping ratios for the Semi-sub-
mersible at 1500 m and 2000 m water depths, with and with-
out a submerged buoy, are obtained from free-oscillation 
tests; results are shown in Table 6. It is seen from Table 6 
that considerable periods in the surge, sway indicate higher 
flexibility about the horizontal plane. In contrast, small 
periods in roll, pitch, and heave show that they are stiff in 
the vertical plane. The natural periods in sway and yaw are 
found to be increased, along with a significant increase in 
the damping ratios for the surge, pitch, and yaw in the pres-
ence of a submerged buoy. It is interesting to note that a 
Semi-submersible platform is usually characterized by pos-
sessing free modes, indicating that the natural periods in all 
degrees-of-freedom are above the wave periods (DNV-RP-
F205 2010).

4 � Results and Discussion

4.1 � Motion Responses Under the Postulated Failure 
of Mooring Lines

Coupled dynamic response of the platform in 1500 m water 
depth, obtained from the numerical analyses are plotted. Fig-
ures 3, 4, 5 shows the time-history of response in the surge, 
heave, and pitch under a ten year return period for (0°, 45°), 
respectively. It is seen from the figures that surge response 
is significantly higher in the case of postulated failure of 
mooring lines. Also, it could be observed that among all 
cases, mostly, the intact mooring without buoy has the low-
est response.

Further, the presence of submerged buoy marginally 
increases the response for 0° wave heading. Surge response 
with intact mooring pegged with a submerged buoy is found 

Table 6   Dynamic 
characteristics of moored 
semisubmersible

Description Surge Sway Heave Roll Pitch Yaw

Without buoy
 1500 m  water depth Tn (s) 209 165 21 24 25 49

ξn (%) 6.15 6.92 2.47 2.97 0.93 6.51
 2000 m  water depth Tn (s) 193 184 25 25 25 54

ξn (%) 5.84 6.38 4.15 4.75 1.91 7.98
With buoy
 1500 m  water depth Tn (s) 195 183 21 23 24 54

ξn (%) 6.56 6.77 1.20 1.44 1.32 10.36
 2000 m  water depth Tn (s) 213 199 21 23 24 53

ξn (%) 6.87 6.21 1.45 1.06 0.83 4.61
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Fig. 3   Surge response under ten 
year return period (0°, 1500 m)

Fig. 4   Heave response under ten 
year return period (45°, 1500 m)

Fig. 5   Pitch response under ten 
years return period (0°, 1500 m)
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to be higher, while during damage condition, surge response 
without buoy is significant. It can be due to additional damp-
ing of the buoy and higher added mass during the mooring 
failure condition.

The heave response showed in Fig. 4 has a quite similar 
variation among all the four cases. The standard deviation 
of heave responses is observed to be the highest among all 
the degrees-of-freedom during the failure condition, for 
the mooring lines pegged with a submerged buoy. Mean-
while, there is no significant difference in the heave response 
under both the intact and postulated failure conditions in 
the absence of a buoy; it is attributed to the symmetry of 
the incident wave to the chosen mooring configuration. 
The maximum pitch response is about 7° under the pos-
tulated failure condition (Fig. 5), which shows a marginal 
increase in the presence of buoy. However, this response is 
well below the permitted limits recommended by the code 
DNV-OS-E301 (2008).

4.2 � Coupled Responses Under the Postulated 
Failure of the Mooring Lines

The power spectral density plots are obtained for the cou-
pled response of the platform under the postulated failure 
condition. Figures 6, 7, 8 show the power spectral density 
plots of the surge, heave, and pitch responses, respectively. 
It is seen from the figures that natural frequencies of heave 
and pitch are tightly coupled but well placed away from that 
of the wave frequency. The other peaks, seen in the closer 
proximity to that of the surge (Fig. 6), are deduced from 

the irregular waves with slow-drift response. For 45° wave 
direction, as seen in Fig. 7, smaller peaks appearing near the 
wave frequency are due to the second-order effects of com-
bined wind, wave, and current loading; as such, this effect 
is more for 0° pitch response, as seen in Fig. 8.

4.3 � Tension Variation in Mooring Lines Under 
Postulated Failure

The platform is investigated under the postulated failure con-
dition of the selected set of mooring under different wave 
heading angles. All mooring lines are pegged with a buoy 
to envisage reduced response (Mavrakos and Chatjigeorgiou 
1997). Figures 9, 10, 11 show the tension variation time his-
tory of a different set of mooring under the ten year return 
period and 1500 m water depth; Figs. 12,13,14 shows the 
variation for 2000 m water depth. It can be seen from Fig. 9 
that the tension variation in the mooring line #11 under the 
postulated failure of (#10, #12) is found to be increased 
by about three times its original tension. It arises from the 
additional loads transferred from the failed moorings (Chan-
drasekaran and Uddin 2020). As seen in Fig. 10, for a 45° 
wave heading, mooring lines #9 and #10 are failed condi-
tions under ten years return period. It causes an increase 
in the tension of the mooring lines (#11, #12), which are 
adjacent to the damaged mooring lines (#9, #10), as seen in 
Figs. 9 and 13.

As seen in Fig. 11, for a 90° wave heading under ten 
years return period, the tension in mooring lines #1 & #15 
is observed to have marginally increased due to load transfer 

Fig. 6   Power spectral density for the surge for a ten year return period (0°, 1500 m)
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from the failed mooring lines #2 and #14. Figure 12 shows 
that the tension variation in the mooring line #2, under the 
influence of damaged mooring line #1, is found to be sig-
nificant in comparison to that of mooring line #13; it is due 
to the effect of coupled responses. Due to the effect of cou-
pling responses at 45° direction of wave loading, the ten-
sion in the mooring lines #12 & #15 is slightly increased 

(Fig. 13). Under increased water depth of 2000 m, as seen in 
Fig. 14, the tension in mooring lines #1 and # 14 has rapidly 
increased, due to the failure of the adjacent mooring lines 
#15 and #16. But, this increase is not significant due to the 
un-symmetric transfer of failure mooring loads to the adja-
cent mooring lines and direction of environmental loadings 
(Chandrasekaran and Uddin 2020).

Fig. 7   Power spectral density for the heave for a ten year return period (45°, 1500 m)

Fig. 8   Power spectral density for the pitch for a ten year return period (0°, 1500 m)
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Fig. 9   Tension variation in 
mooring (9, 11) for ten years 
return period (0°, 1500 m)

Fig. 10   Tension variation in 
mooring (11, 12) for ten years 
return period (45°, 1500 m)

Fig. 11   Tension variation in 
mooring (1, 15) for ten years 
return period (90°, 1500 m)
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Fig. 12   Tension variation in 
mooring (2, 13) for ten years 
return period (0°, 2000 m)

Fig. 13   Tension variation in 
mooring (12, 15) for ten years 
return period (45°, 2000 m)

Fig. 14   Tension variation in 
mooring (1, 14) for ten years 
return period (90°, 2000 m) 
water depth
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5 � Fatigue Analysis

The fatigue life of mooring lines, both under intact 
and postulated failure conditions are estimated using 
Palmgren–Miners rule. The dynamic tension variation 
in the moorings, under the motion of Semi-submersible, 
induces a large number of stress cycles, resulting in fatigue 
damage. The S–N curve approach is used to estimate the 
number of cycles required to cause fatigue damage. The 
pre-tension of the mooring causes stress response of the 
mooring lines to be a non-zero mean process. After deduc-
ing the stress ranges and averages of the cycles, each cycle 
is subsequently converted into an equivalent stress range 
of a zero-mean process using the Goodman diagram. 
According to the Palmgren-Miners rule, fatigue failure 
of the mooring line will occur when the strain energy 

of variable amplitude (n) is equal to that of the constant 
amplitude cycle (N); it is given as below:

where ‘ni’ is the number of cycles per year for a given ten-
sion range interval, and ‘Ni’ is the cycles to failure under 
tension range ‘i’ according to the S–N curve. The param-
eters for the S–N curve are chosen according to the stand-
ards (DNV-RP-C203 2005), and fatigue life is then calcu-
lated from the estimated damage and then extrapolated for 
10,000 s to obtain fatigue life of the mooring lines. Fig-
ures 15, 16, 17 show the fatigue life expected for mooring 
lines, both under intact and failed condition, respectively 
under 1500 and 2000 m water depths; both are estimated 
in the presence of buoy. It is seen from the figures that the 

(12)D =

m∑

i=1

ni

Ni

Fig. 15   The fatigue life of the 
mooring lines (10 years return 
period, 1500 m) under intact 
conditions

Fig. 16   The fatigue life of the 
mooring lines (10 years return 
period, 1500 m) under postu-
lated failure conditions
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inclusion of submerged buoys increased fatigue life signifi-
cantly (Mavrakos and Chatjigeorgiou 1997; Chandrasekaran 
and Uddin 2020). It is also important to note that the fatigue 
life of intact lines without buoy showed lesser fatigue life in 
comparison to those with a submerged buoy.

6 � Conclusions

Coupled dynamic analysis of a semi-submersible with sym-
metric spread mooring is carried out under a postulated fail-
ure condition for different wave heading angles. The mean 
responses of the platform are found to marginally increase 
with the inclusion of buoy in the mooring system. It is due 
to the decrease in the restoration force, but the responses are 
within the permissible limits. Dynamic tension variations 

caused in the mooring under the postulated failure condition 
resulted in fatigue failure. With the inclusion of the sub-
merged buoy in the mooring system, there is a considerable 
decrease in tension variation in the mooring lines, increasing 
fatigue life. Failure of a mooring line causes an increase in 
tension of the adjacent mooring line, but not valid under all 
circumstances. It is seen from the studies that despite the 
postulated failure induced in a mooring, the adjacent line 
remains unaffected due to a strong coupling motion of the 
platform.

Appendix

See Table7

Fig. 17   The fatigue life of 
mooring lines (10 years return 
period, 2000 m)

Table 7   Statistics of Semi-submersible under postulated failure conditions for various positions of the buoy in the mooring system

S.D indicates the standard deviation
Case 1, Mooring lines without the buoy; Case 2, Mooring lines with buoys at the end of the upper chain section; Case 3, Mooring lines with 
buoys at the end of the middle wire section; Case 4, Mooring lines with buoys at the end of the upper chain and middle wire sections

D-o-f Statistics Case-1 Case-2 Case-3 Case-4

0° 45° 90° 0° 45° 90° 0° 45° 90° 0° 45° 90°

Surge Min 49.39 3.1  − 39.18 18.73 5.37  − 0.02 16.51 8.92  − 0.01 12.2  − 28.7  − 39.92
Max 102.7 27.42  − 0.01 103.22 32.12  − 0.006 78.66 40.66 39.79 76.97 12.34  − 0.01
Mean 72.41 14.07  − 36.35 69.53 17.16  − 0.01 43.77 24.68 34.17 40.5  − 15.42  − 32.54
S.D 8.11 3.36 1.98 9.43 3.68 0.003 9.6 3.93 1.87 9.97 4.21 1.87

Heave Min  − 15.42  − 12.83  − 12.13  − 14.96 -13.6  − 11.82  − 14.25  − 13.74  − 11.8  − 14.08  − 12.78  − 11.76
Max  − 0.3  − 2.1  − 3 0.98 0.13  − 2.02 1.45 0.19  − 1.98 1.76 0.46  − 1.64
Mean  − 8.4  − 8.37  − 8.4  − 7.58  − 7.55  − 7.57  − 7.56  − 7.55  − 7.58  − 7.44  − 7.42  − 7.45
S.D 1.21 1.18 1.05 1.38 1.39 1.11 1.36 1.44 1.12 1.43 1.46 1.16

Pitch Min  − 8.64  − 6.81  − 2.32  − 8.15  − 5.25  − 0.005  − 9.67  − 5.29  − 0.12  − 9.63  − 6.37  − 1.91
Max 6.9 5.06 0.08 7.41 4.58 0.004 6.11 4.67 2.0 6.2 3.48 0.13
Mean 0.61  − 0.1  − 0.84 0.36  − 0.12  − 7.30E–05  − 0.26 − 0.07 0.69  − 0.29  − 0.78  − 6.70E–

01
S.D 1.55 1.07 0.08 1.67 1.14 0.001 1.66 1.16 0.07 1.7 1.21 0.09
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