The ‘Ultimate’ Spar. 
The first use of the word ‘spar’ originated from Holland. For centuries gone by Dutch sailors used the trunks of tall pine trees (called spars) for masts. Because the Dutch were leading seafarers that name (spar) stuck worldwide. Those naturally tapered spars were perfect and need not to be changed into parallel poles like to-days aluminium masts. Makes one think doesn’t it? 
Aluminium oval tubes are now replacing the solid wooden spars. They are lighter and conceal the halyards for even less windage but they do not look like a spar and are not ‘ultimate’ either, for reasons we will let follow.
Let us look at a typical mast setup as shown on page 2. To prevent the mast bending or break off at the root just a relative small horizontal force at the top is needed but since there are no horizontal attachment points one has to go skew downwards. This skew downward force is many times greater in order to give that needed horizontal component.

Now there is also a considerable vertical (useless) compression force, which puts the mast under a buckling load. When one observes the direction of the skew wire rope, it is clear it would end outside the yacht and has to change direction by means of a short horizontal spreader. This spreader is pushed against the mast, trying to bend it, which has to be prevented by means of a second wire at (or near) the root of the spreader. 
That second wire is parallel to the first one, so the tensions are equal. It shows clearly that the panel below that first spreader now carries a double buckling load. If the yacht is equipped with two sets of spreaders than the lowest panel has to take the brunt of a triple buckling load and it thus this area where a mast will break by buckling if constructed ‘to the limit’.
If the mast is designed near its limit (racing yachts) or has a considerable safety margin (cruiser) the fact is that the middle panel is 1,5x stronger than the bottom panel and the top panel 3 xs. To make a structural construction at one place just strong enough and at all other places 2 or 3x too strong is utterly stupid IF it can be avoided It is the weakest link in a chain syndrome but only in reverse. The way mast extrusions are made and the material tempered it indeed could not be avoided until now.
A pseudo solution, often done, is cutting a V out of the mast top until the top spreader, closes it by folding and welding the seam. This saves a few ounces on top, which is, according to many sailing books, already worth saving in weight. This V-cutting/welding is done mainly for racers but since aluminium looses 35% of its strength during welding it makes full length tapered masts by means of welding: a definite: no go!
Fortunately, we found a way to save kilograms instead of just a few ounces by making the taper from head to heel by means of tongue and groove slotting tapered panels and secure the connections by glue and mechanical means and thus maintaining the material’s optimal strength. 
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!Heeling: As example we compare now the changed behavior of a 34 foot yacht. Displacement=3600 kG; Bulb keel=1600 kG (45% ballast ratio). Center of gravity (cG) of the keel =1.1 mtr below the waterline. The keel-stepped mast weighs 100 kG and its cG is 7.34 mtr above the wl. When heeled the mast gives an overhang moment of  

100 kG x 7.34 mtr = 734 kgm. This moment is counter acted by 734:1.1 =667 kG of the keel weight. For counteracting the wind pressure is thus only 1600-667=933 kG left. 
When we now use a tapered mast weighing only 80 kG with its centre of gravity on 44% instead of 50% than its overhang moment is .8x.44:.50=.704 or 70.4% of the previous case.. Now the keel weight portion for counter balancing the mast is only .704 x 667=470 kG. For wind pressure is now 1130 Kg left which is 1130: 933=1.21or 21% more stability! It is as if the ballast ratio increased from 45% to 55%  without adding more lead to the keel, but nibbling a mere 20 kG from the mast manly at the top portion.
Above simplified calculations doubtless prove the merits of tapered masts special for yachts equipped with shallow keels but also for more gentler seagoing cruiser or the ability to carry more sail  or able to reef later. 

The calculations for reduced pitching and thus more speed in a seaway can be found in:

‘Calculation of Sailing Resistance by Prof, Ir J.Gerritsma (University Delft Holland) 
The mathematics involved goes beyond this article.  R 35,-/ copy each incl. postage
The speed gain can be as high as 7%. also due to reduced windage (See also Sailing Theory and Practice from Prof C.A.Marchaj).  
The changes of ‘broaching’ are drastically reduced. Complicated reasoning but true!
If you don’t understand above importance you should not be at sea anyhow and certainly not if you have children with you. You better thank heaven that we are prepared to give you a fighting chance to survive in today’s changing climate (Read John’s Revelations).
Tapered masts can (should) successfully replace the existing masts of those older yachts and revive those floating ‘bricks’ to greater performance and new vigour!
Tapered masts are manufactured in our Mosselbay premises complete with the latest rigging methods available.

Tel/Fax 044- 695 1881 for appointment to visit us.
E-mail goulooozeyachts@ absamail.co.za

Ps: Writer and inventor of above used to be lecturer math, science with a cum laude in mechanics at B Sc level in Holland (diplomas to prove claims) and winner of the 1977 design awards given by The Design Institute of S.A for his invention of Rapid Yielding Pit props for Stope supports in the Gold mines.

