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notes the importance of conserving qualities of a model as its scale is increased [Raine et al. 1998]. 
The following requirements are necessary when increasing the scale of the prototype: 

 Maintain static and dynamic similitude with the prototype. 
 Conserve the appearance and acoustic properties of the metal strip in the “Sea Serpent” model. 

3.2.1 Material thickness for static similarity of a ruck 

The first scaling requirement implies that the shape of the ruck in the prototype “Sea Serpent” must be 
conserved when increasing the scale. Maintaining the non-dimensional parameter of end-to-end 
compression, ΔL, ensures the shape of the ruck in the model and large size strips are the same (5). 
Subscripts m and l refer to the model and large size scales respectively. A requirement for static 
similarity is that the ratio between the geometric dimensions ruck length, l, and end-to-end 
compression, Δl, is conserved (6). The scale factor, SF, is the ratio of ruck length of the large size and 
model strips (7). 
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Equation (8) is found by substituting (2) and (3) into (4). The bending stiffness term is expanded into 
elastic modulus, E, and thickness of the sheet, h. Equation (8) describes the effect on the thickness of 
the strip as the scale is increased. Equation (9) assumes the E/ρ ratio for the material is the same for 
the prototype and large scale strip. 
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3.2.2 Effect on bending stress of increasing the scale of a ruck 

Frisch-Fay derived that the local bending moment is proportional to the radius of curvature in a 
buckled flexible beam [Frisch-Fay 1962]. The local bending stress, σb, can be calculated from the 
bending moment, thickness and elastic modulus of the strip (10). 

ds
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As the scale increases the local radius of curvature along a ruck must increase by the scale factor to 
maintain static similarity with the prototype ruck shape (11).  
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6. Discussion 
Experiments have shown that the static ruck shapes observed in the “Sea Serpent” model are very 
close to the shape of the travelling waves in Len Lye’s drawings. Lye was not an engineer, his 
drawings were based on real observations of physical systems. It appears that the shape of the “Sea 
Serpents” in Lye’s drawing are based on his observation of a ruck in the “Sea Serpent” model. Lye 
used working scale models to capture aspects of the movement he desired in his large scale sculptures. 
The motion of a “Sea Serpent” shown in Lye’s drawing is depicted with varying levels of accuracy in 
his working “Sea Serpent” model. The method of creating a travelling ruck by inducing a moment in 
the end of a strip is observed in the working model, whereas, a ruck with linearly decreasing amplitude 
travelling down a flexible strip, as in Figure 5, is not observed in the working model. From Lye’s 
writings it is clear that his intention is to have a linearly decreasing ruck, therefore, the working model 
shall not be considered a precise depiction of the intended motion of a “Sea Serpent”. 
Lye intended for the audience of “Sun, Land and Sea” to “feel the might of the sea as it rolls into 
shore” when watching the performance of the “Sea Serpents”. At the sculpture’s full scale, it is 
expected that the audience could not discern between the two ruck shapes, shown in Figure 6, in a 
“Sea Serpent”. It is concluded that neither ruck shape is more correct and that either will sufficiently 
fulfil the artist’s intention of creating the described experience for an audience. This conclusion is 
advantageous from an engineering design perspective as it allows for leniency in the ruck shape that is 
to be produced. 
Equations (8) and (9) allow predictions of the thickness required in order to maintain static similitude 
when increasing the scale of ruck in a flexible strip. Equation (9) shows that the thickness of the strip 
must increase by (scaling ratio)3/2 when the materials are similar. The bending stress increases by 
(scaling ratio)1/2 for similar materials, as in Equation (13). The scaling equations developed for a ruck 
are the same as scaling equations for the vertical cantilever in Lye’s sculpture Blade [Raine et al. 
1998]. This result is expected as both cases involve the deflection of a flexible strip in which the shape 
is related to the ratio of the strip’s stiffness and density. Predictions of stress and static similarity of a 
ruck in a flexible strip will be verified by experimental observation of a large scale “Sea Serpent” 
prototype. 
The feasibility of the sculpture has been confirmed based on conclusions that the yield strength of each 
material considered is greater than the predicted maximum stress in a full scale “Sea Serpent”. Further 
work is required to verify assumptions made in determining that the ruck will induce a greater stress in 
a “Sea Serpent” than the lifting and vibration of the “God of the Sea”. Experimental observation of a 
prototype will allow verification of the similarity of the static and ‘slipping’ rucks to confirm the 
validity of the stress results presented in Section 4.1.2. The conclusion of adequate yield strength does 
not imply a material is suitable for use as a “Sea Serpent”. For a material to be suitable for a “Sea 
Serpent” factors such as its acoustic properties, aesthetic appearance and internal damping must be 
consistent with the artist’s intent. Consideration of the wider scope of material factors will be 
addressed in future work. 
In previously reproduced Len Lye sculptures the use of engineering polymers has been deemed 
unacceptable due to the acoustic requirements of the material [Raine et al. 2000]. Considering the 
scale and type of motion involved in “Sun, Land and Sea” the acoustic impact of the performance 
may be created by other means, therefore, plastics or composites such as CFRP may be suitable as the 
“Sea Serpent” material. 

7. Conclusions 
While engineering analysis is useful for predicting the performance of “Sun, Land and Sea”, the same 
analysis is also valuable in establishing the artistic integrity of the artwork. Observations and analysis 
in this study show that Len Lye intended the “series of harmonic waves” in the “Sea Serpents” to be 
travelling rucks created by an end moment. This paper has identified scaling rules that allow 
predictions of structural properties (e.g. thickness and induced stresses) to be made when changing the 
size of the ruck in a flexible strip. A brief review of material suitability found that high strength 
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engineering metals and composites are suitable for creating a 45m long “God of the Sea”. This paper 
has established that it is feasible to create a full size “Sun, Land and Sea”. 
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