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1. Introduction

Slam m ing w ave im pact on cylindrical structures is a frequently  occurring event in the ocean and offshore 
environm ent. This can range from  slam m ing on pipelines of vessels to cylindrical structural m em bers of offshore 
platform s and m onopiles of offshore w ind turbines. Sometimes, w ave im pact can be so violent that they cause 
dam age to these cylindrical members, hence indicating the underestim ation of the slam m ing loads during 
design. Therefore, it is of great im portance to  have precise inform ation about the m axim um  loads which could 
occur on these structures during their lifetime. Hereby, a distinction has to be m ade between the im pact on a 
rigid and deform able body. The loads acting on a flexible structure are sm aller than these acting on a rig id  one, 
since a part of the im pact energy will be absorbed by the deform ation. However, the degree of this decrease w ith 
respect to rigid bodies is not know n so far.

Various analytical studies already exist which describe w ater im pact of rigid (Faitinsen, 1977; W ienke, 2001; 
Sun and Faitinsen, 2006) and deform able cylindrical objects (Sun and Faitinsen, 2006). In  contrast, little 
experim ental inform ation has been gathered in  the m eantim e to validate these theoretical models.

This research in tends to give extended experim ental data on the local pressures and  loads acting on a rigid 
and deform able cylinder during  w ater im pact, as function of im pact velocity. The results from the rigid and 
deform able cylindrical m odels will be com pared m utually, and w ith the available literature.

2. Methods

Two cylindrical objects are used in the experim ents. A quasi-rigid cylinder is constructed as a PVC tube w ith 
steel fram ew orks inserted inside to guarantee the rigidity of this object. Further on, a clearly deform able cylinder 
is fabricated as a com posite shell of glass fibers em bedded in an epoxy matrix. Both cylinders have the same 
dimensions.

Slamm ing of the cylinders on the w ater is achieved by dropping  them from  a certain height into a w ater 
basin. A vertical d rop test rig (see Figure 1) w as therefore designed w hich contains a w heeled im pactor to guide 
the test object along tw o vertical rails.
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Figure 1: The experim ental drop test rig

The cylinders are tested using drop heights ranging from  0.1 m  to 1.2 m  are tested. These drop heights 
correspond w ith  im pact velocities w hich are slightly different from  the theoretical expected ones, due to the
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friction between the im pactor wheels and the vertical rails. The actual impact velocities are m easured w ith a high 
speed cam era using the Digital Im age Correlation technique.

The loads are m easured during  the experim ents in  tw o w ays. Pressure sensors m ounted  at the surface of the 
cylinders at the bottom  m easure the local loads while the global forces are recorded by  using three force sensors 
w hich are m ounted above the cylindrical objects.

3. Results and conclusions

W hen the loads acting on the cylinders are considered in  the time dom ain, it can be observed that local and 
global loads act on  a com plete different tim e basis (see Figure 2). W hile the local p ressures pulses at the 
bottom  of the cylinders occur only for a  few h undred  microseconds, the global force pulses last for 10 or 20 ms. 
Furtherm ore, the tim e at w hich the global forces reach their m axim um  value is relatively m uch  later then the 
m axim um  of the local pressure at the bottom  of the cylinders: these pressure pu lses are already past w hen the 
global force is at its m axim um .
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Figure 2: Force and pressure acting o n  the 
rigid cylinder

When considering the peak values of the bottom  pressures and forces, it can be observed that for both 
cylinder types these peaks rise non-linearly w ith im pact velocity (see Figure 3). The relationship m ight be of 
second order o r even higher, This explains w hy in heavy storm s, w here the waves reach velocities up  to  more 
than 10 m /s , im pact loads can become so h igh that they induce dam age.

Furtherm ore, it can be noticed in F igure 3 that for both pressures and forces, the m easured values for the 
flexible cylinder are sm aller than these obtained for the rigid one. This indicates th a t part of the energy has been 
converted into deform ation energy. For the forces, the reduction rate is even higher than 50%. This observation 
illustrates the ability of flexible com posite m arine constructions to elim inate high stress peaks during  slam m ing 
w ave impact.
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Figure 3: im pact force and pressure as function of im pact velocity  for the rigid and deform able cylinder
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