
of the well. Residents have to look for alternative water sources in the inter-cropping 
season and often revert to surface water. 
 
A rehabilitation program is currently underway to concrete line the canal to reduce 
seepage and increase the canal conveyance efficiencies. If canals are proven to be the 
source for groundwater recharge, this rehabilitation will be highly effective from an 
irrigation point of view. For the residents however, other water uses may be more 
important, be it indirect from shallow wells, and the effects of canal lining may be 
undesirable to them. 
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The application of single layered concrete armour units in breakwater design 
 
Recent developments in concrete armour units been strongly influenced by the lessons 
learnt from a series of major breakwater failures which took place in the late seventies 
and the early eighties. It was widely accepted that breakwater designers have been 
engaged in excessive extrapolation without ecognizing the limets of the prevalent state 
of the art of breakwater design. Research on the design and construction of breakwaters 
has led to the development of new concepts and further examination of alternative 
design practices. One such alternative is the use of single layered concrete armored 
breakwaters. The results of detailed hydraulic model investigations (at scales of 1:20 and 
1:36) relating to the hydraulic performance of rubble mound breakwaters armoured 
with two types of single layered concrete units are presented. The investigations were 
designed to obtain a complete profile of the energy dissipation characteristics of the 
structures for a range of incident wave conditions. The results ae discussed in the 
context of the importance of the geometry of the armour units, the porosity and the 
permeability of the structures and their application in practice. 
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Artificial muscles based on conducting polymer polypyrrole 
 
Systems which are capable of converting electrical energy into mechanical energy can be 
defined as actuators, or more specifically in the case of softer materials, artificial muscles 
(AM). In this study we have characterized using deflection and force measurements. 
Fabrication of bilayer muscles was done on a strip of polyimide film. To get the electrical 
contacts, the polymer strip was coated with a gold layer. Deposition of PPy on the strip 
was done electrochemically using sodium dedeylbenzenesulfonate electrolyte. Defection 
measurements ere done by applying a potential in an electrochemical cell containing 
sodium perchlorate. To measure the force, the free end of the muscle was connected to a 
microbalance. Force variation with respect to the applied potential (-0.85 to 0.30 V) and 
the cyclic voltammogram were simultaneously recorded. Deflection measurements 
showed that during the oxidation of the PPy film, (lower potentials) deflection increased 
and at higher potentials deflection decreased. This increment may due to contraction of 
PPy film as a result of release of cations and the decrement due to expansion of the film 
as a result of insertion of anions. Force measurements on bilayer muscles showed that 




