Construction Details - Cettia
Version 11, dated 29th May 2015
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Calculating Curve of Deck
The curve of the deck, and therefore the curve on the top edge of the bulkheads which support the
deck, is calculated assuming it is part of a large circle whose circumference passes through both the
apex and the edges of the deck. A horizontal chord connecting the edges of the deck, of length ‘2c’, is
the width of Cettia – 12ft in our case. This maximum chord depth is ‘x’ inches below the apex of the roof
– in our case 6 inches. The radius of the circle, ‘r’, is unknown, but can easily be calculated. See Figure 1
for a diagram.

Figure 1: Circle Containing Deck Curve

The radius, ‘r’, can be calculated from the equation:
𝑟 2 = 𝑐 2 + (𝑟 − 𝑥)2
Rearranging for ‘r’:
𝑐 2 +𝑥 2
2𝑥
For our case, we know the maximum values for ‘c’ and ‘x’ so can calculate ‘r’. Once we have the radius
we can calculate the depth of the chord, ‘x’, all the way from the edge, where it is at its maximum, ‘xmax’,
in our case 6 inches, to the centre of the roof, where it is 0 inches – see Figure 2.
𝑟=

Figure 2: How Chord Depth, ‘x’, varies along the Chord as ‘c’ Varies
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From the same geometry, x can be found as a root of a quadratic equation:
𝑥 2 − 2𝑟𝑥 + 𝑐 2 = 0
Where the roots are:
2𝑟 ± √4𝑟 2 − 4𝑐 2
2
However, what is really required is the chord depth every 6 inches along the chord from the edge, from
0 to 6 ft – as can be seen in Figure 3. This is a simple matter or mapping the values of ‘x’ and ‘c’ onto
‘chord depth’ and ‘distance from edge’. This has been done in the spreadsheet shown in Table 1.
𝑥=

Figure 3: Chord Depth Along Deck From Edge

The chord depths are, of course, symmetrical about the centre line.
width radius
(feet) (feet)
6
36.25
distance from edge (feet)
chord depth (inches)
chord depth (mm)

0
0.0
0

0.5
1.0
24

1
1.8
47

1" =
1.5
2.6
67

2
3.3
85

2.5
4.0
101

25.4 mm
3
4.5
114

3.5
5.0
126

4
5.3
136

4.5
5.6
143

5
5.8
148

5.5
6.0
151

Table 1: Spreadsheet Showing Chord Depth (inches or mm) as a Function of Distance from the Deck Edge (ft.)
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6
6.0
152

Atrium
The atrium is constructed over the main cabin and consists of fixed double glazed panels in a plywood
frame – see Figure 4. Each glazed panel is exactly the same size but their apertures vary slightly in size
according to the plywood construction.
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Figure 4: Plan View of Atrium

The plywood frame has three different cross sections:




the fore and aft edges which are fixed to a 50mm flat bar welded to the deck (see Figure 5);
the side edges which are fixed to a small-section angle iron welded to the deck (see Figure 6);
the ridge and glazing bars, which span the area enclosed by the 4 sides (see Figure 7).
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Figure 5: Fore and Aft Cross Sections of Plywood Frame
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Figure 7: Ridge and Glazing Bar Cross Sections of Plywood Frame

The atrium is fitted close to, and parallel to, the deck. The deck has a curve which ensures that rain
water will run off the atrium. The plywood fore and aft plywood sections will protrude into the cabin by
75mm to allow for the thickness of the internal insulation. The bottom edge of the plywood frame will
follow the curve of the deck, the upper edge will be straight – as will the glazed panels be, of course.
A section from the edge of the hull to the centreline of the boat is shown in Figure 8. The heights of the
deck in mm above a horizontal is shown at 6” intervals.
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Figure 8: Fitting of Atrium to Deck
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Position and Size of Atrium Aperture
The outside dimensions of the Atrium aperture are 1905mm (75”) by 1905mm (75”); this is the size of
the hole to be cut in the deck, when measured horizontally (see Figure 4). Because the deck is curved
across its width, the actual cut line on the steel will be longer than this across the deck. For this reason,
the aperture itself will be used as a template to mark-up the steel for cutting.
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Figure 9: Position of Atrium and Doors in Cettia

The position of the Atrium in the boat is shown in Figure 9.

Cutting Plan
All plywood strips can be cut from two sheets of 12mm plywood, each sheet: 2500mm x 1220mm. Each
strip is 1905mm long. The strips are epoxied together to give the sections shown above. The total
width of all strips is about 1700mm, allowing for wastage. The cutting list is given in Table 2.
Width
173
143
102
90
60
90
60

Number
2
2
4
2
4
1
2

Strip
Comment
outer fore and aft edges lower edge needs to be shaped to curve of deck
inner fore and aft edges lower edge needs to be shaped to curve of deck
side edges
glazing bars
glazing bars
ridge bar
ridge bar
Table 2: Cutting List
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Doors
Double doors give access to the main cabin from the aft deck and give access to the foredeck from the
bedroom cabin. The doors open outwards. They are weather-proofed by sitting in a rebate, by an
overhang from the deck of about 100mm and by a weatherproof flange. The doors and frames are to
made out of Iroko.
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Figure 10: Doors Leading from Aft Deck to Main Cabin (Showing Flange)
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The doors to the Main cabin are shown in Figure 10. Details of the rebates can be seen in the crosssections provided in Figure 11 and Figure 12.
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Figure 11: Horizontal Cross-Section Through Doors and Frame
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Figure 12: Vertical Cross-Section Through Doors and Frame

The doors to the Bedroom cabin are shown in Figure 13, minus the flange. The position of the doors in
the boat is shown in Figure 9.
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Figure 13: Doors Leading from Fore Deck to Bedroom Cabin (Not Showing Flange)
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Position and Size of Apertures for Doors
The doors sit in rectangular frames which have the outside dimensions of:



1830mm (6’) by 1220mm (4’) - this is the size of the aperture which needs to be cut into the aft
bulkhead;
1753mm (5’ 9”) by 1220mm (4’) - this is the size of the aperture which needs to be cut into the
forward bulkhead.

Note: the doors have been shortened by 3”, compared with version v6, so that they fit within the
steelwork – see Figure 14.

Figure 14: Forward Doors Leading Out onto Foredeck
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Internal Bulkheads
The position of the bulkheads are shown in Figure 15.

External Bulkheads
There are two external bulkheads:
1. the bulkhead between the aft deck and the main cabin;
2. the bulkhead between the fore deck and the bedroom cabin;
These bulkheads contain external double doors. The size of the apertures which contain these doors,
and the requirements for the steel construction around these apertures are given in the section on
Doors – in particular Figure 10, Figure 11, Figure 12 and Figure 13. The doors in Bulkhead 2 are 3”
shorter than those in Bulkhead 1.
The door frames are fixed to a steel lip, about 50mm wide, at right angles to the bulkhead, which is
welded to the edge of the aperture, all the way around. The lip should be on the inside of bulkhead –
i.e. protruding into the interior.
Like the “lip”, the reinforcing steel should be on the inside. The inside of both bulkheads will be
sheathed on 6mm plywood.
The doors of Bulkhead 1 will extend well above the aft deck level, necessitating the construction of a
companionway – see Figure 16. The doors of Bulkhead 2 will fit below the deck level – see Figure 14.

Internal Bulkheads
There are three internal bulkheads – constructed out of steel plate, reinforced with 40mm box sections:
3. the bulkhead between the galley/heads and the bedroom- this goes all the way across the hull;
4. the bulkhead between the main cabin and the bathroom – this goes halfway across the hull;
5. the bulkhead in between the heads and the bathroom – this goes halfway across the hull.
Bulkhead 3 has a 2’ 6” wide by 6’ 3” opening it, which will contain a door. This opening is slightly offcentre as shown in Figure 15. The other bulkheads have no openings.
The box sections reinforcing Bulkhead 3 should be on the bedroom cabin side; for Bulkhead 4 they
should be on the main cabin side and for Bulkhead 5, they should be on the bathroom side.
For Bulkheads 4 & 5, the steel should stop 50mm before the positions shown (i.e. they should be 6’ long
minus 50mm) and battened on the box section side. This allows space to add timber when fitting out.
For Bulkhead 3, the steel should stop 50mm before the opening for the same reason.
The bulkheads will be sheathed in 6mm plywood, both sides.
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Figure 15: Position of Bulkheads

14

Figure 16: Stern Elevation
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Mechanical Ventilation & Heat Recovery
The MVHR system is to be installed by ADM Systems, http://www.admsystems.co.uk/ . The unit to be
installed is to be the Sentinel Kinetic. Taken from a typical website,
http://www.barnrenovation.co.uk/the-benefits-of-living-with-a-mvhr-mechanical-ventilation-heatrecovery-system , the benefits and drawbacks of MVHR seem to be:

Benefits of MVHR













Most of the time unaware of it's operation
The MVHR is very cost effective to run having a 40watt dc motor
The air in the barn is much cleaner with less general dust
Kitchen smells and steam are quickly removed
Moisture is quickly removed from the shower and bathrooms
Reduced condensation in wet rooms
Low humidity in wet rooms makes them ideal for drying clothes and towels
Significantly better air quality
Reduced frequency of asthma attacks
Waste heat from the wet rooms heated the upstairs bedrooms extending the time before it was
necessary to turn on the central heating
Increases the barn energy efficiency
Maintenance is minimal, every 3 months the filters are replaced or cleaned

Drawbacks of MVHR



Despite the filtering of the incoming fresh air and supplied air small circles of dust are visible
around the supply vents. These are easily cleaned
Regular cleaning of the mvhr unit's filters makes you aware of how dirty is the fresh air

MVHR Impact – For the Rest of the Construction
The impact of installing MVHR on the rest of the build is as follows:




a 3 amp, or 5 amp, fused, 240V AC, supply is required;
a 22mm, or 32mm, condensate drain is required to an internal waste (by gravity);
2 x 125mm external vents are required.

The external vents are just under the aft deck – see Figure 17. They should be positioned as high as
possible under the deck and close to the MVHR unit itself. The vents must be 500mm apart. The
diameter of the spigot (or flange) should be 125mm, from outside edge to outside edge.
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Figure 17: Position of External MVHR Vents (Grid is 1’ x 1’)
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Figure 18: MVHR Vent Details
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Window Surrounds
There are 11 external windows as listed in Table 3. Of these, 4 are going into the fore and aft sets of
double doors. This leaves 7 windows which are to be “clipped” into openings cut into the steel hull. The
positions of these windows are shown in Figure 9; the sizes shown refer to the openings which need to
be cut into the hull. The rectangular windows have 4” radiussed corners.
Type
Rectangular - radiussed corners
Rectangular - radiussed corners
Portholes
Portholes
Portholes

Glazing
Double
Double
Double
Double
Double

Size
36"x24"
24"x18"
18"
18"
18"

Opening
Yes
No
Yes
No
Yes

Frosted
No
No
No
No
Yes

Where?
External
External
External
External
External

Quantity
4
2
1
2
2

Position
starboard hull
doors leading onto fore deck
port hull - bedroom
doors leading onto aft deck
port hull - toilet & bathroom

Table 3: External Double-Glazed Windows

The 7 windows in the hull will need wooden window surrounds which frame the window and allow for
the 75mm of insulation all around the window as well as the internal sheathing of the hull in 6mm
plywood; a total of 82mm (allowing for 1mm extra).
dimension of opening
window frame

28

16

23

10x10x10 wooden cleat
fixed to steel bracket
and surround

5

23

wooden surround
– 5mm bendy ply

16

82

Iroko capping
6
this corner rounded
Figure 19: Cross-Section Through Window, Window Frame and Window Surround

As stated above, the dimensions of the opening are given in Table 3 (and Figure 9). The dimensions of
the window frames relative to these openings are given in Figure 19.
Figure 19 also shows the construction of the window surrounds, viz.:


5mm bendy plywood will be bent and glued round a former constructed for the purpose;
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for the rectangular windows the radiussed corners of the former should be traced from the
sample provided by the manufacturing company (Caldwells Windows);
a capping of Iroko will be added to the internal edge of this plywood to finish off the Surround;
this Capping will have rebates to hide the edges of the 5mm bendy ply and the 6mm ply used for
sheathing the cabin interior;
the “free” edge of the Capping will be rounded;
four steel brackets and wooden cleats will keep the Surround in place until (and after) the
insulation and sheathing are applied.

Figure 20 shows the view of a rectangular window from inside Cettia. The Iroko Capping sits on top of
the bendy plywood; 4 steel brackets and wooden blocks hold the Surround in place. Not shown are the
lugs and bolts provided by Caldwells Windows to hold the windows themselves in place, up against the
steel hull.

Iroko capping

bendy ply

steel brackets and wooden
cleats holding wooden
surround in place

Figure 20: Internal Elevation of a Rectangular Window
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Waterline Calculation
The waterline calculation is subject to a lot of approximation. To make the calculation easy, the
following simplifications have been made:





Cettia has been approximated to a rectangular box made out of steel;
the weight of the grounding bars, internal ribs and all fittings has been approximated as 25% of
the overall weight of the “box”;
the weight of ballast has been estimated as 3 tonnes;
the weight of the water displaced is calculated using the same box shape.
Density of Rolled Steel
Density of Water
length of Widebeam
width of widebeam

7850
1000
45
12

kg/m^3
kg/m^3
ft
ft

length
width
thickness weight
m
m
mm
kg
bottom plate
13.7
3.7
10.0
3938
side plate
34.7
3.7
6.0
5986
deck
13.7
3.7
4.0
1575
sub-total
11499
allowance for all steel ribs and contents (@25%)
2875
allowance for ballast
6000
Approximate weight of widebeam
20374
draft
equals

0.4 m
16.0 in

Figure 21: Spreadsheet Calculating Draft

The spreadsheet shown in Figure 21 equates the weight of the steel box, plus 25%, plus weight of the
ballast, to the weight of the volume of water displaced. From the volume, the approximate draft can be
calculated – 16”.
Actual Draft and Weight
During a float test, Cettia was craned into the water. At this time, the steelwork had been completed
but there were no windows, doors or ballast. It weighed 12½ tonnes and had a draft of about 12”.
The stern was 12”, the bow 11½”, port 11” and starboard 11½”. The slight difference between port and
starboard could be explained by the fact that one 65kg concrete slab had been left in the boat, just off
centre.
Since Cettia was evenly balanced, it was decided not to add ballast. It will probably be necessary to add
some to the bow to get the balance right later on.
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Through Hulls
There are a few holes that have to be cut in the hull – all of them above the water line:






air intake for MVHR (see Section: MVHR Impact – For the Rest of the Construction);
exhaust for MVHR (see Section: MVHR Impact – For the Rest of the Construction);
exit pipe for grey water (combines bathwater, urine and MVHR condensate) - through holes for
19mm/25mm reinforced hose, 36mm in diameter, 18” to 24” above the waterline, just under
the rubbing strake;
bilge pump outlet (x2) - through holes for 19mm/25mm reinforced hose, 36mm in diameter, 18”
to 24” above the waterline, just under the rubbing strake;
sink drains (bathroom, toilet and galley) - through holes for 19mm/25mm ordinary hose, 36mm
in diameter, 18” to 24” above the waterline, just under the rubbing strake;
mains water;
hole cut in aft bulkhead for 12V LED light illuminating the aft deck;
hole cut in forward bulkhead for 12V LED light illuminating the foredeck;
240V AC shore power.






The through hull fitting for all drains and pumps is this one:
http://www.norfolkmarine.co.uk/shop-online/skin-fittings-10mm-38mm-hose-p-9798.html .

Outboard Motor
The outboard motor chosen is the Yamaha 9.9hp, high thrust, long shaft. People do fit other makes of
outboard motor to large, heavy, craft but the consensus appears to be that this Yamaha model is the
best for such craft. It appears to have more thrust than many bigger outboards and its thrust in reverse
is particularly impressive.
It should be mounted as shown in Figure 23. Ideally the prop should be in free water so the cavitation
plate needs to be level with the base plate. When the motor is not in use it has to lifted using a bracket
like the one shown in Figure 22. The distance between the transom and the cavitation plate is 24.4”. If
we are correct that the waterline is 1’ above the base plate then the Yamaha will still work OK –
obviously the engine is deeper than normal, but this should not cause a problem; it may result in
rougher running at very low engine speeds, but once the engine RPM have increased and the exhaust
gases are able to vent normally through the centre of the propeller, it would be the almost the same as
if the engine were mounted with just a couple of inches of water over the cavitation plate.
If the waterline is more than a foot above the baseplate, we would have to raise the Yamaha a bit.
Because, then, the prop is not totally in free water, the engine may try to draw the water down from
above, which will result in a vortex sucking air from the surface. However, a few inches higher should be
OK. We could raise the Yamaha by having an alternative mounting position for the outboard motor
bracket and/or just raise the bracket to a higher position on its existing mounting.
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Figure 22: Outboard Motor Bracket

Figure 23: Outboard Motor Position on Cettia
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Electrical and Plumbing Installations
I have grouped these two installations together since some of the plumbing components need electrical
controls (e.g. hot water cylinder) and some of the electrical components need plumbing (e.g. the bilge
pumps).
The electrical installation on Cettia is simpler than on most boats. The power supply to most appliances
are 240V, although pumps and lights are driven off a 12V supply. There will be a 7kVA isolation
transformer fitted to stop stray current corrosion
(http://www.victronenergy.com/upload/documents/Datasheet-Isolation-Transformers-EN.pdf). The
appliance using the most power is the induction hob at 3kW.
A 12V circuit is required to power the 2 bilge pumps, the grey water pump, the compost toilet fan and
the LED lighting circuits. This could be powered directly from a transformed and regulated output but
there is then no power for the bilge pumps in case of a power cut; a small battery charger and deep
cycle, sealed, 12V battery is preferred, even though this makes the installation a little more complicated.
The 240V electricity supply is from an Economy 7 meter so off-peak electricity can be used for space and
water heating.
Hot and cold water is required at a bath/shower mixer tap and at 3 sinks. There is no requirement for
hot water for space heating.

Pumps
The grey water pump is required to pump overboard the urine waste from the compost lavatory the
distillate from the MVHR system and the grey water waste from the bath and shower. A pump is
needed for this since the drains for both bath and lavatory are below water level. The drains from all
three sinks are above the water level and can drain by gravity to a through-hull fitting at least 12”
(305mm) above the waterline.
The best technology for these pumps are the Whale Gulper IC range which contain built-in sensors and
are completely automatic.
The grey water pump is:
http://www.whalepumps.com/marine/product.aspx?Category_ID=10020&Product_ID=10040&FriendlyI
D=Grey-IC
The bilge pump is:
http://www.whalepumps.com/marine/product.aspx?Category_ID=10007&Product_ID=10045&FriendlyI
D=NEW-Orca-Auto-1300
The bilge pumps are in a well on the floor, resting on the bottom plate and therefore at the lowest point
in the boat. The wells are easily accessible, just inside the bulkheads dividing the fore and aft decks
23

from the accommodation. The hose run should be as short as possible but should exit the hull at least
12” (305mm) above the waterline.
A manual pump is to be fitted in case of failure of the grey water pump
Skin fittings for 19mm (waste) and 25mm (bilge:
http://www.norfolkmarine.co.uk/shop-online/skin-fittings-10mm-38mm-hose-p-9798.html
We need reinforced, smooth bore, hose: 19mm for waste pump and 25mm for bilge pump.

Grey Water Disposal
The grey water circuit using the grey water pump is shown in Figure 24.
shower tray
BSP fitting – connects to
pipe with an external
diameter of 38mm

MVHR

compost
loo
automatic
pump

hose connector,
38mm to 25mm

22mm
condensate
drain

hose connector,
19mm to 25mm

2-way
manifold

T connector, 25mm

IC control
cable

hand
T connector, pump
25mm

Kanaflex hose (25mm internal
diameter unless otherwise stated)

Figure 24: Grey Water Waste Disposal Using Pump

Grey water disposal from sinks is achieved using gravity as can be seen in Figure 25.
sink
BSP fitting – connects to
pipe with an external
diameter of 32mm

Kanaflex hose (25mm internal diameter)
hose connector,
32mm to 25mm

through
hull

Figure 25: Gray Water Waste Disposal from Sinks

12V Power Components
The 12V power supply should be a sealed, maintenance-free, battery such as:
http://midsummerenergy.co.uk/buy/Sealed-Batteries/PM-85.html
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through
hull

The battery should be kept fully charged using a small 3-stage IUoU charger such as:
http://midsummerenergy.co.uk/buy/mastervolt-battery-chargers/mastervolt-1210-ivo-batterycharger.html
A simple battery monitor panel is also required, e.g.:
http://midsummerenergy.co.uk/buy/mastervolt-battery-chargers/mastervolt-c4rb-charge-monitorpanel.html .

Hot Water
Cold water comes onto Cettia at mains pressure. The intention is to use this water directly and not via a
water tank and pump system. This runs the risk, in a boat, of a burst pipe resulting in the boat sinking;
to avoid this there are two safeguards:




the use of an automatic stop cock to turn off the water if a leak is detected – see:
http://www.autostopcock.co.uk/HomePage.aspx ; the automatic stopcock is battery operated
so will still work if there is a power cut.
the insurance policy of having 2 automatic bilge pumps, also battery operated.

Hot water is heated by an unvented hot water cylinder containing two immersion heaters:



the lower one is on a time switch to make the most of night-time electricity;
the higher one can be switched on manually to give a boost if needed.

The cylinder has to fit under the aft deck so must be less than 1m high. About 120L is a sufficient
capacity. The temperature of the hot water should be under programmable thermostatic control.
Because the water in the cylinder will weigh 120kgs, the cylinder should be fitted near the water line so
its effect on the trim of the boat is minimised.

MVHR
The Mechanical Ventilation and Heat Recovery System requires a 5amp fuse and a condensate drain in
22mm pipe – see Section: Mechanical Ventilation & Heat Recovery. The drain should connect with the
grey water waste from the compost toilet and bath and be pumped out using the grey water pump – see
Section: Pumps.

Compost Toilet
Cettia has a compost toilet, Separett Villa 9000, from ( http://www.eco-toilets.co.uk/ ). This seperates
the liquids from the solids; the former has to be pumped overboard and the latter is composted firstly
aboard and then ashore. The liquids are pumped out with the bath water by the grey water waste
pump.
Normally, a fan is used to draw air from inside the boat over the solids to an external vent. However,
this results in an energy loss as the heat energy in the air extracted is lost. This inefficiency can be
avoided by connecting the Separett air vent to the MVHR system.
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The MVHR system runs even in summer, using the Summer Bypass Mode, so no electrical connection is
required for the compost toilet’s fan. However, in case of MVHR malfunction, connecting the fan to a
switched 12V supply is a prudent thing to do, although it will be rarely used.

Heating
Heating is by automatic night storage heaters. The storage heaters should have the following features:






automatic charge control – i.e. thermostatic control of energy input during the charging cycle
(this saves energy compared to the old manual types);
fan assisted – heat stored more efficiently until required when it is delivered using a fan from
the bottom, rather than by convection from the top (this also saves energy compared to the old
manual types since the fan-assisted types are better insulated and hold their heat charge for
longer);
they should be on a timer to ensure they charge during the night;
they must have wall switches so they can be switched off.

For more information on this type of heating see:
http://www.energysavingtrust.org.uk/domestic/content/electric-heating-systems
The most sophisticated storage heater, but not necessarily the cheapest, seems to be:
http://www.dimplex.co.uk/products/domestic_heating/installed_heating/quantum/index.htm
http://www.jcelectrics.com/shopp/Heating/q100_dimplex_quantum_heaters.html. This heater weighs
115kgs, but a bigger one in the same range might be chosen so the weight could go up to 165kgs. It is
therefore important, for the sake of trim, that the two heaters required (one for the aft cabin and one
for the forecabin) should be placed on opposite sides of the boat.
All AC cable should be multi-strand (i.e. flexible).

LED Lighting
All lighting is 12V LED rather than 240V on account of the reduced fire risk from 12V bulbs which mean
low profile light fittings can be used. This is essential if the lights are to be recessed into the ceiling since
Cettia only has about 80mm or insulation between the underside of the ceiling and the steel of the deck.
MR16-G4P-21L SMD bulbs from
http://www.bedazzled.uk.com/12v_LED_Bulb_Replacement.htm#MR16type are used. The bulbs are
low profile and EMI-free; they fit in slim line fittings such as the MR16 Steel Fittings, from
http://www.bedazzled.uk.com/Light_Fittings.htm . See photographs in Figure 26 and Figure 27.
The warm white version of this bulb gives off 270lm and consumes 3.1W.
There are a lot of acronyms above, what do they mean?



lm – lumen, a measure of the total amount of visible light emitted by a bulb.
W – power in watts. Different bulbs have different efficiencies as measured in lm/W. For
example incandescent bulbs produce about 15lm/W, halogen bulbs 20lm/W and LED 60lm/W.
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MR – Multifaceted Reflector. The number that follows refers to the bulb’s diameter 1/8th’s of an
inch: MR16 has a diameter of 16/8=2in.
LED – Light Emitting Diode, i.e. a semiconductor device.
SMD - Surface Mount Diode, i.e. the LEDs are all mounted on a flat surface. The “21L” in MR16G4P-21L means there are 21 LEDs mounted on the surface.
G – stands for Glass, for historical reasons (i.e. G4 bulbs may not have glass in now). The
number that follows refers to the distance between the 2 pins of the bulb. For more detail see:
http://en.wikipedia.org/wiki/Bi-pin_connector . G4P means the pins are 4mm apart and
perpendicular to the surface.

Figure 26: MR16-G5P-21L LED – Front View

The bulbs chosen are internally fused for safety and suppress voltage spikes for long life.
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Figure 27: MR16-G5P-21L LED – Front View

The number of bulbs needed is calculated according to: http://www.the-house-plansguide.com/lighting-calculation.html .

Connecting Electrical Circuits Safely
Electrical wiring in houses is regulated by the IEE Wiring Regulations. This is not the case in boats.
Indeed boats present an environment more hostile than found in houses, so extra precautions are
required. A list of common good practices, mainly relevant for 12V systems, follows:
1. a short circuit anywhere should not result in wires melting or the insulation catching fire;
2. fuses or circuit breakers (CBs) protect the smallest diameter wire in a circuit, not the equipment
being powered by the circuit, and should trip at a current less than the maximum current rating
of the smallest diameter wire;
3. all wires need protecting by a fuse or CB;
4. CBs are preferred to fuses and magnetic CBs are preferred to thermal CBs;
5. if only one piece of equipment is being powered by the circuit it can be protected by a CB
(provided, of course, the rating is less than the max rating for the wire);
6. all DC cable should be marine-grade multi-strand and tinned, even battery cables;
7. all AC cable should be multi-strand (i.e. flexible);
8. ring terminals should be used if possible– sometimes push-on ones are required by the
equipment being installed;
9. adhesive-lined heat shrink should be used to seal the ends of the cables.
Suitable marine-grade cable, and its current ratings, can be found at
http://kojaycat.co.uk/epages/950000457.sf/en_GB/?ObjectPath=/Shops/950000457/Categories/Cable_
Tinned_Marine .

28

Each LED bulb is internally fused so only the wiring to the bulbs needs to be CB-protected.

Sizing DC Cables for Current
High current carrying cables, e.g. to pumps, need to be sized according to volt drops, not the maximum
current carrying capability of the cable:
a. if a 1sq mm cable carries 1A, it drops approx. 20mV over 1 m;
b. therefore, for a current of I amps in L metres of cabling with a desired voltage drop of V
millivolts, the formula to give the required cross-sectional area of A sq mm is:
𝐴 = 20 × 𝐿 × 𝐼 ÷ 𝑉
note that L is the total length of cable, to and from the appliance;
We should aim for a 1-3% volt drop – i.e. for a 12V system, 𝑉 < 360𝑚𝑉.
Bilge Pump
If the battery is placed on the port side, the maximum run to a bilge pump is 32’ (~ 10m). The bilge
pump takes 5A. 𝐴 > 20 × 20 × 5 ÷ 350 ≅ 5.7 𝑚𝑚2. So 6mm2, or above, cable is fine.
Grey Water Pump
If the battery is placed on the port side, the run to the grey water pump is 16’ (~ 5m). The bilge pump
takes 7.5A. 𝐴 > 20 × 10 × 7.5 ÷ 350 ≅ 4.2 𝑚𝑚2. So 6mm2 cable is, again, fine.
Lighting
The worst case is a load of 6 lights in the bedroom supplied by about 60’ (18.3m) of cable. Distances can
be estimated from Figure 28. Each light is 3.1W and therefore draws about 0.25A. So, 𝐴 > 20 × 18.3 ×
1.5 ÷ 350 ≅ 1.6 𝑚𝑚2 . To supply the bedroom and also the galley (also 6 lights) let’s go for 2.5mm2
cable. The rest of the lighting cable can be minimum size - 1.5mm2.

Lighting Circuits
There are the following lighting circuits, which can be independently switched:










main cabin;
galley;
bedroom cabin;
bedside lights;
lavatory;
bathroom;
space under aft deck;
outside light (aft deck);
outside light (foredeck).

The main cabin and galley circuits can be switched from two positions and therefore require SPDT
switches and wiring.
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Unfortunately, the LED bulbs cannot be dimmed. There are three “banks” of lights in the aft cabin. Each
bank can be turned off independently. A 12V circuit diagram is shown in Figure 29.

Cooking
To make things simple, both hob and oven/grill can each be powered from 13A supplies.
A 3kW induction hob is required such as:
http://www.johnlewis.com/bosch-pia611b68b-induction-hob-black-glass/p562279
A built-in oven/grill such as:
http://www.currys.co.uk/gbuk/built-in-appliances/built-in-cooking/ovens/single-ovens/boschhbn331e2b-electric-oven-stainless-steel-21405981-pdt.html#cat-0
All AC cable should be multi-strand (i.e. flexible).

Plumbing Tasks
The following tasks need to be carried out by the plumber during the first and second fixes. There is
some scope to move tasks between the two fixes.
First Fix
 install hot water cylinder and two immersion heaters;
 add pipework to one bath/shower and 3 sinks;
 add MVHR condensate drain and connect to grey water waste;
 connect hot water cylinder to pipework;
 add through-hulls for all three pumps and add hose between through-hulls and pump positions;
 add through holes for all three sinks and add hose between through-hulls and drains.
Second Fix
 plumb-in bath, shower and sinks;
 connect pumps;
 test hot and cold water circuits and all pumps.

30

Electrical Tasks
The following tasks need to be carried out by the electrician during the first and second fixes. There is
some scope to move tasks between the two fixes.
First Fix
 add ring main for all power points;
 add spur for induction hob;
 add spur for built-in oven;
 add spurs for two storage heaters;
 add 12V lighting circuits;
 add 12V circuits (for pumps and compost toilet);
 add battery and battery charger;
 add hot water cylinder controls and power to immersion heaters;
 add commando socket, isolation transformer and circuit breakers;
 add fuse for MVHR system;
 route mains input to circuit breakers via a Commando socket.

Second Fix
 add sockets, light fittings and switches;
 add battery monitor;
 install induction hob and built-in oven;
 install storage heaters and switches;
 test all systems.

Location of Fittings and Appliances
A plan showing the location of all the items talked about above can be seen in Figure 28. The grid on the
plan is 1’ square.
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Figure 28: Cettia Layout Showing the Position of Electrical and Plumbing Fittings, Fixtures and Appliances
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Foredeck light
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Notes:
1. All wiring sizes are Ф1.5 sq mm unless otherwise specified
2. All wiring is multi-strand, tinned marine grade cable (except for 240V
wiring which is just multi-strand)
3. Three gang switches are shown with this background colour
4. Two gang switches are shown with this background colour
5. SPST – Single Pole Single Throw (lights operated from 1 position)
6. SPDT – Single Pole Double Throw (lights operated from 2 positions)
7. For the Aft Deck Switch, if both of the 2 gang switches are in the up
position, the light is on the PIR switch, if in the down position, the
light is on. If one of the switches is up and the other down, the light is off.

shower pump
compost toilet
Bilge pump
fan
Bilge pump
(fwd)
Ф 6 sq mm
(aft)

SPST

Bathroom lights

Figure 29: Circuit Diagrams for 12V System
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Lavatory lights

