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7 Freeboard evaluation 

The following concerns exceedance of the freeboard of pontoons due to combined bridge motions 

and wave action. A simplified model to account for the dynamic loading induced by negative 

freeboard was described in Enclosure 1, where also an extended discussion of the problem physics 

and relevant studies in the literature were given. Here, we give a short review of the key aspects of 

the model, before presenting a sensitivity study for a single pontoon in OrcaFlex. 

 

7.1 Review of freeboard-exceedance model for OrcaFlex 

As explained in Enclosure 1, a simplified model for OcraFlex is proposed in order to account for the 

loads induced on each pontoon due to freeboard exceedance. In general, it is found that the 

freeboard is only likely to be exceeded due to the combined effect of floater motions and wave 

elevations. The basis of the model lies in recognizing that the problem is physically similar to that of 

the wave-on-deck problem experienced by ship-shaped units in waves. The flow of water on deck is 

thus approximated using shallow-wave theory, where the pressure under the wave is essentially 

hydrostatic because the vertical fluid-particle motion is negligible. As found in the literature, the 

pressure is corrected to include the vertical acceleration of the deck. Each pontoon is divided into 𝑁 

strips, and the vertical force and roll moment on the pontoon are expressed as 

𝐹𝑧 = ∑ 𝐹𝑧(𝑦𝑖)

𝑁

𝑖=1

, 

𝑀𝑥 = ∑ 𝑦𝑖𝐹𝑧(𝑦𝑖)

𝑁

𝑖=1

, 

where the vertical force on strip 𝑖 is expressed as 

𝐹𝑧(𝑦𝑖) ≡ 𝐹𝑧,𝑖 = 𝜌𝐻𝑖 (𝑔 + 𝑧̈𝑝(𝑦𝑖)) 𝐴𝑖 . 

Here 𝜌 is the water density, 𝑔 is the acceleration of gravity, 𝑧̈𝑝(𝑦𝑖) is the vertical acceleration of the 

pontoon and 𝐴𝑖 is the deck area of the pontoon at strip 𝑖. 𝑧̈𝑝(𝑦𝑖) can be estimated as 

𝑧̈𝑝(𝑦𝑖) = 𝜂̈3 + 𝑦𝑖𝜂̈4, 

where 𝜂̈3 and 𝜂̈4 are the heave and roll accelerations, respectively. A sketch showing the principle 

behind the strip model is seen in Figure 7-1. 

 

Figure 7-1 Principal sketch for simplified water-on-deck model seen from the side. In general, the pontoon is 
moving, but is here shown in its mean position for simplicity. The pontoon is divided into 𝑁 evenly spaced strips. 
𝜁𝑖 is the total wave elevation at the middle of strip 𝑖. Each strip has a deck area 𝐴𝑖, which is here assumed to be 
equal for all strips. 𝑠0 is the freeboard in still water. 

The height of water on deck on each strip, 𝐻𝑖, is determined based on the relative vertical motion 

between the midpoint of the deck and the incident wave 𝜁(𝑦𝑖) ≡ 𝜁𝑖 at the same location. The 
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Figure 7-18 Strong-axis bending moment from global analysis simulation for the bridge model K11_06 with and 
without freeboard exceedance model. 

 

 

Figure 7-19 Weak-axis bending moment from global analysis simulation for the bridge model K11_06 with and 
without freeboard exceedance model. 

7.4 Conclusive remarks on freeboard exceedance  

The proposed freeboard exceedance model has been tested for a single pontoon in 100 and 10000 

year irregular waves, varying the natural period in heave in order to examine the effect on different 

modes corresponding to the global response of the bridge. Several events where freeboard is 

exceeded are observed both in the 100 and 10000 year condition. As expected, the magnitude of 

water-on-deck loads, and their frequency of occurrence, are largest for the 10000 year condition. In 

general, it is found that imposed loads due to excess of a pontoon freeboard may 
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1. reduce responses with long natural periods 

2. amplify responses with short natural periods. 

In practice, it seems that adverse effects at the 100 year return period level are only likely to be seen 

for the shortest mode included in the present study, i.e. the case where the heave natural period is 

set equal to 3.7 s. Moreover, the effect of short-crested waves does not significantly affect the 

water-on-deck loads and induced motions relative to the simulations with long-crested waves. 

For the 10000 year condition, a particularly large heave response is observed with wave spreading 

included, exciting heave motion with natural period 5 s. Thus, one may not formally conclude that 

the influence of wave spreading is insignificant with respect to water-on-deck loading. However, it is 

deemed more likely that the observation is due to short-term variability and a particularly 

unfavorable combination of floater motions and wave elevation. 

The present study is meant to verify that the model works as intended, and to understand the nature 

of the induced loading and its ability to induce motions that may influence the global response of the 

bridge. The boundary conditions and the behavior of the modelled single pontoon are inevitably less 

complex than when the pontoon is actually included in the global bridge model. Although it seems 

reasonable that the induced responses will be less for a pontoon that is part of the global model than 

for the single pontoon studied here, this should be verified by including the proposed model for all 

pontoons in the global model and run some relevant scenarios in time domain. This is in order to 

complete the understanding of the loading process, where the following issues are relevant: 

1. Is there a risk that the water-on-deck loading induces adverse responses through global 

coupling effects? 

2. It is reasonable to assume that the loads induced on individual pontoons are relatively 

uncorrelated i.e. statistically independent. However, what is the effect if negative freeboard 

is detected at numerous pontoons simultaneously? 

The simplified assessment indicates that exceedance of the freeboard is not a cause of great concern 

for the considered scenarios but may be provoked in extreme sea states outside of the 10 000 year 

contour.  

For future work, it is recommended that the proposed freeboard model is verified by performing 

model tests and/or CFD analysis prior to drawing any conclusions from a more comprehensive global 

simulation scheme.   
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9 Enclosures 

Enclosure 1 F.-C. W. Hanssen, “10205546-09-NOT-067 AMC status 2 - A simplified model to 

implement freeboard exceedance scenarios in OrcaFlex”, rev. 1, 29.03.2019 

Enclosure 2 CFD analysis report for viscous forces on pontoon, CMA-19-008-MCO-RT-001 

PONTOON CFD, Rev. B3.  
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