
The influence of wave drift forces coefficients 
in the assessment of navigable areas of ports 
and harbours exposed to high waves.

Nowadays, operators and terminals 
want to increase operational limits and 
for that reason wave limits are increasing 
to significant wave heights over three 
and four meters in exposed approach 
channels, which increases the difficulty of 
the manoeuvres and therefore the design 
requirements of the navigable areas both 
in vertical and horizontal dimensions.

The assessment is based on simultaneous 
consideration of the vertical and horizontal 
requirements. Therefore, determining the 
appropriate wave drift forces coefficients 
at a specific depth is required, as wave drift 
forces vary with the UKC.

The numerical model AQWA is used to 
assess and obtain the wave drift forces 
of the vessels at different water depths. 
Results derived from the numerical model 

AQWA have been compared with model 
tests results for validation purposes 
(KVLCC2 deep water results from CEHIPAR), 
and therefore assess the applicability of 
the numerical model AQWA to obtain the 
wave drift forces to be used as input in the 
manoeuvring models.

The drift forces obtained from the 
numerical model are later converted to 
the wave drift coefficients required as 
input in the manoeuvring models of vessel 
to be used, either fast-time models or real-
time simulators.

WAVE DRIFT FORCES DETERMINATION
The determination of the wave drift forces 
produced over a vessel can be assessed both 
from numerical models and physical models. 

These wave drift forces, obtained as 
transfer functions, derive the mean wave 
drift forces coefficients required as input 
for manoeuvring models.

The numerical model AQWA from 
ANSYS has been used to assess and obtain 
the wave drift forces of the vessels. For the 
purpose of the paper, the KVLCC2 model 
has been used in loaded condition at zero 
speed.

In order to evaluate the influence 
of wave drift coefficients over vessels 
maneuverability and over the design of 
navigable areas and ports, several water 
depths have been considered. 

Therefore, it is possible to evaluate 
the importance of selecting the most 
appropriate wave force coefficients for 
maneuvering models. 1.5, 2.0 and 5.0 
water depth to draught ratios have been 
considered for this assessment.

VALIDATION OF WAVE DRIFT FORCES
In order to validate the results of 
the numerical model they have been 
compared with the results presented by 
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CEHIPAR within the SHOPERA framework, 
in which the wave drift forces transfer 
functions for the KVLCC2 at deep water 
were assessed (400 metre depth).

By comparing the wave forces transfer 
functions obtained from ANSYS AQWA 
and the results of the CEHIPAR physical 
model it can be seen that results show an 
adequate agreement, as tendencies and 
the order of magnitude of the forces and 
moments are the same.

The main difference occurs at high 
frequencies, where wave force values 
obtained in AQWA are in between the 
results of the physical model. 

For yaw moment the difference is 
slightly higher as tendencies start to differ 
more. 

Nevertheless, physical model requires 
the special system to maintain vessel 
heading, and small variations of the 
heading of the vessel slightly modify the 
results. 

Furthermore, uncertainties in this kind 
of model tests usually are higher for high 
frequencies.

With these results it can be stated that 
the numerical model AQWA is calibrated 
by the physical model results of the 
CEHIPAR. 

Therefore, the usage of AQWA to obtain 
wave drift forces is adequate.

Validation of wave drift forces in shallow 
waters has not been done yet. 

Nevertheless, preliminary reviews of the 
SHOPERA reports, where information on 
wave drift forces for the KVLCC at shallow 
waters is shown, seems to have similar 
trends with numerical model results.

DERIVING MEAN WAVE DRIFT FORCES
Mean wave drift forces are obtained 
by integrating the forces by the wave 
spectrum. Wave spectra filters the transfer 
functions leading to smoother curves.

The following image shows the 
comparison of the mean wave drift forces 
derived from both numerical and physical 
models for two different wave peak 
periods (8 seconds and 12 s). Results are 
per one meter of wave height.

As seen in the above figures, the 
comparison of mean wave drift forces 
from AQWA numerical model and CEHIPAR 
physical model assessment shows very 
good results. The filter properties of the 
wave spectra reduce the differences of the 
transfer functions, leading to ensure that 
the numerical model AQWA is adequate to 
derive mean wave forces coefficients for 
manoeuvring models.

Even though there is difference in the 
peak of the forces, which could be mainly 
due to the differences presented at high 
frequencies, the results are considered 
adequate.

Evaluation of mean wave drift forces
Prior to assessing the effects of 

different wave drift forces coefficients 
in manoeuvring models, an assessment 
based only on the mean wave forces 
curves is done. 

This assessment is done by comparing 
wave forces and moments at different 
wave periods and different water depths.

Wave drift forces and moments vary 
significantly with the wave period, leading 
to the importance of having the wave 
forces coefficients for the adequate wave 
peak periods in every case. 

It also increases the importance 
of assessing manoeuvring studies 
considering the adequate wave periods, as 
well as taking into account the frequency 
of presentation of those periods in the 
area.

The influence of the water depth in the 
wave mean drift forces and moments is 
highly important. 

For the assessed case forces increase on 
an average of 30% for water depths of 1.5 
compared to 2.0, meanwhile if compared 
to deep waters (h/T = 5.0) the result is an 
extra 70% force.

This is important in areas were high 
swells are present up to some 4/5 meters 
the resulting wave sway drift force can 
vary between 330 tonnes for h/T = 5 to 
575 tonnes for h/T = 1.5.

MEAN WAVE DRIFT FORCES
In this section the effects of considering 
different wave drift coefficients in the 
manoeuvrability of vessels in shallow 
areas is assessed. 

Several manoeuvres, with an autopilot 
fast time manoeuvring model (SHIPMA), 
were performed in order to assess vessel 
requirements to keep vessel course under 
control, as well as to determine the 
resources required.

A total of 216 manoeuvres were 

Figure 1: Mean transverse force and yaw moment
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performed combining different conditions 
in order to determine the differences in 
the limits due to the usage of different 
wave coefficients with respect to different 
ratios h/T. 

The following figure shows the table 
with the results obtained in each of the 
manoeuvres.

The above image indicates the 
manoeuvres that resulted feasible (vessel 
was able to follow the desired track 
maintaining the course and the deviation 
from the track at acceptable levels), in 
green, and the manoeuvres where the 
vessel was incapable of overcoming the 
external wave forces, in red.

As it was expected, as the ratio h/T of the 
wave coefficients decreases the feasibility 
of the manoeuvres decreases too, as wave 
forces and moments are higher. 

In those cases, were h/T ratios are 
reduced, the only way in which the vessel 
was capable to follow the predefined 
track was by increasing the engine rates, 
which directly increases rudder forces and 
therefore vessel controllability.

As an example, if wave coefficients of 
h/T = 2.0 are considered, the limiting wave 
for a maximum engine rate of 45% is 4 
metres, meanwhile when considering the 
coefficients for h/T = 1.5, which would be 
the actual depth at the fairway, that limit 
would be 3.0 metres, therefore not using 
the appropriate coefficients in this case 
could lead to optimistic results, which 
could lead to safety faults and risks in 
the operation. On the other way, if wave 
coefficients for h/T=1.5 are considered 
when actual ratio at the fairway is h/T = 
2.0, the result will be very conservative, 
affecting the operability of the port.

These test manoeuvres were only 
focussed on the effect of wave coefficients, 
therefore no wind nor current were 
considered. When considering all factors 
together, limits might get reduced.

When designing a harbour area or 

approach channel in areas exposed to 
high swell waves, in order to reduce the 
downtown of the harbour or terminal, 
these parameters are critical. 

Increasing engine rates and vessel 
speed to overcome the conditions also 
affect the design of the inner basins and 
stopping areas, which usually implies 
larger breakwater and basins, with an 
associated cost increase.

CONCLUSIONS
The results presented in this paper show 
how numerical model AQWA can be used 
to obtain the wave drift forces that can 
later be used in manoeuvring models. 

It has been verified that the results in 
deep waters are in good agreement with 
the results of physical models.

Shallow water wave drift forces 
comparison and verification has not been 
assessed yet. This item is still pending to 
be assessed and verified to confirm the 
complete usefulness of AQWA to derive 
wave forces at shallow water. 

Different scenarios should also be 
investigated further in detail, like for 
instance the influence of different 
theoretical and real wave spectra, as well 
as the modification of wave drift forces 
with vessel speed.

The influence of wave period and water 
depth is highly relevant. The manoeuvring 
assessment has shown and verified this 
behavior, confirming the importance of 
elaborating design port studies using 
the appropriate wave forces coefficients 
(peak periods and water depth to draught 
ratios).

If the wave coefficients considered 
in the studies are not adequate, results 
could lead either to optimistic results, 
which could lead to safety faults and risks 
in the operation, or conservative results, 
affecting the operability of the port.

In this direction, it is very important 
to think about creating matrix models of 

wave coefficients for the fast time and 
real time manoeuvre simulators so that 
wave period, wave direction, UKC and 
vessel speed are considered altogether in 
determining wave forces.
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Figure 2: Results of manoeuvres with SHIPMA Feasibility
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