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uplift and motion after intense wave impacts. The importance of the lighthouse network to the safety of naviga-

tion, in combination with the heritage value of these iconic lighthouses, provided the motivation for this struc-

tural analysis. 

The uplift and rocking behaviour of slender structures was first introduced by Housner [1]. His work evidenced 

that the structural behaviour of bodies capable of uplift



3 

   

Figure 1. Fastnet lighthouse: (a) aerial photograph, (b) original section drawing and (c) details of dovetailing and keying for a course 
of stones. 

3 Limit analysis 

The limit analysis method calculates the magnitude of lateral force that is necessary for triggering a failure 

mechanism such as 
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failure mechanism are presented in Figure 3. This graph illustrates the importance of the impact height to the 

structural stability. The combination of bigger diameter and greater weight near the bottom makes the lighthouse 

able to resist significantly bigger forces if the impact area is near the bottom. Moreover, the huge importance of 

the vertical keying to the stability of the lighthouse is revealed. Excluding the non-realistic 180° and 60° mech-

anisms, the dotted line shows that without vertical keying, the lighthouse would fail in sliding rather t
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the wave time-history for a specific rock mounted lighthouse are provided from a pilot study on the Eddystone 

lighthouse [8]. The reader can refer to this for more details about the analytical formulations which include a 

knowledge of the site bathymetry. 
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Table 1: Numerical material properties and FE model features 

 Elastic  model      
(#1) 

Nonlinear model    
(#2) 

Interface  model    
(#3) 

Typology Homogeneous Homogeneous Discontinuous 
Number of user defined elements 152331 67842 76017 

Modulus of elasticity (E) 30 GPa 30 GPa 30 GPa 
Material density (d) 2643 kg/m3 2643 kg/m3 2643 kg/m3 

Compressive strength (fc) - 146 MPa - 
Tensile strength (ft) - 0.1 MPa - 

Interface type - - Friction only 
Friction coefficient (��) - - 10 

4.3 FEM results 

The FE models were tested for various impact intensities by scaling thegeneric wave time-history. The results 

are compared qualitatively and also quantitatively for the response measures recorded on the control points 

distributed along the height of the model (Figure 5b).  Rayleigh damping with 1% damping at 5 Hz (a = 0.31416, 

�����  0.000318) was used for all analyses. After sensitivity analysis, a maximum time-step of 0.002 s was adopted 

for the time-history analyses.  
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Figure 5. FE model of Fastnet lighthouse: (a) red lines indicating area of application of impulsive forces; (b) control points: (c) homo-
geneous nonlinear model deformed shape (scaled exaggerated); (d) vertical stresses for interface model; (e) joint opening 



7 

Model #3, with discontinuous material properties and interface contacts that allow detachment, had the best 




