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model. The force-time-history includes external and internal mechanics, plastic energy dissipation in
local deformation and viscous energy dissipation. Figure 5-21 shows the force-time-history, showing
that the main collision is over in about 8 seconds, but due to bridge vibrations contact forces arise in
shorter time periods after this. After around 18 seconds the ship is pushed away from the bridge.

Figure 5-21 Force-time-history from LS-DYNA for deckhouse collision between axis A13 and A14, 0 deg.

Figure 5-22 compares the transverse deflection of pontoon A13 from the two simulations. It is seen
that the Orcaflex simulations yields a somewhat larger deflection than the LS-DYNA model.
Investigations of the Orcaflex results revealed that this is partly related to the amount of viscous
damping on mooring lines and partly to the vertical force component in the mooring lines (a
horizontal spring is assumed in LS-DYNA). The vertical force component in the mooring line results in
increased roll motion of the pontoon (not captured in LS-DYNA).

Figure 5-22 Resulting displacement of pontoon A13 for the force-time-history in Figure 5-21.

Figure 5-23 shows the corresponding dynamic mooring line forces. The peak forces are somewhat
above those from the quasi-static approach in Table 5-3. Pontoon displacements (as discussed
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7.2

Figure 7-2 Bridge girder strong-axis bending moment for pontoon-ship collision with energy as pr. design basis
(top) and 50% of the energy (bottom).

Increase of energy

Figure 7-3 and Figure 7-4 shows the axial force and strong-axis bending moment for pontoon
collisions with 50% more energy than wat’s in the design basis. Only minor changes are seen to both
response variables at either end, but some increase can be observed in the middle of the bridge. This
corresponds well with the finding that the bridge is stiffness-dominated on either end and inertia-
dominated towards the center. Increased energy only affects the inertia-dominated area.

Note that the local collision forces are not correctly represented for increased energies as the local
simulations were stopped at around 200 MJ. If the energy increases significantly above those in the
design basis the local simulations has to be updated in order to get reliable global results.

SBJ-33-C5-AMC-27-RE-110 15.08.2019 /0 Page 122 of 126



Concept development, floating bridge E39 Bjgrnafjorden

Appendix J — Ship collision — K12 7 Sensitivity checks

Figure 7-3 Bridge girder axial force for pontoon-ship collision with 50% increase of energy as pr. design basis.

Figure 7-4 Bridge girder strong-axis bending moment for pontoon-ship collision with 50% increase of energy as
pr. design basis.
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8 Discussion and recommendations

The only damping sources that gives a significant contribution to the bridge response following an
impact are viscous damping on pontoons and mooring lines, causing an improved response with
more mooring. The effect of mooring damping is significant on the simulations and serves both to
dissipate energy (and thereby stopping vibrations over some time) and to limit the peak deflections
of the bridge girder directly after the impact. Comparison of global behavior in OrcaFlex and LS-DYNA
reveal similar but not identical responses.

Local response was evaluated based on nonlinear finite element models with verified state-of-the-art
material models following recommended guidelines for local response simulations. The resistance
and resulting damage were verified for pontoon, column and bridge girder. The most severe damage
to the bridge occurs in the pontoons and columns. Pontoon damage is acceptable in the sense of
flooded volume whereas column damage is more challenging. Deckhouse collisions to the bridge
girder was found to cause limited damage to the bridge girder itself, but high loads in the bridge
abutments.

Pontoon collision and deckhouse collision cause a somewhat different response, with pontoon
collisions giving higher torsional response in the bridge girder and deckhouse collisions a larger
strong-axis bending moment response towards either end. For pontoon collisions the strong-axis
bending moment is stiffness-dominated close to either end of the bridge, and there are only minor
concept differences. For deckhouse collisions the southern scenarios are further out on the bridge,
and the mooring stiffness contributes significantly to reduce peak loads towards the southern end. In
the north high loads are observed for all concepts.

The bridge girder capacity is sufficient to avoid severe consequences of damage and shown to be
robust in the post-damage phase (see [1]). However, the torsional resistance of the columns (for all
pontoons, all concepts) will be dimensioned by ship collisions and should be a point of focus in
further design development. If the ship impact energy is reduced compared to the current level in
the upcoming risk analysis a column with stiffness equal to the narrow column geometry with 40 mm
plate thickness is enough to have a reasonable but high plastic utilization of the column. However, if
the impact energy is not reduced it is recommended to introduce a slight increase in the torsional
resistance and to include stiffening members that behave well in a scenario with torsional
deformation.
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