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INTRODUCTION

This document has been designed to illustrate the principal concerns in the construction of a small house to resist the natural hazards of high winds, floods and moderate earthquakes. The main regulatory documents - the Building Code and Building Guidelines - must be followed and the concepts shown in this document are in keeping with those in the Building Guidelines.

The illustrations used have been taken principally from the “Draft Diagrams for the OECS Building Code Guidelines” developed by Consulting Engineers Partnership for the Organisation of American States and from the Building Guidelines developed for the Pan Caribbean Disaster Preparedness and Prevention Project by Addison Workman, Consulting Engineer.

It is intended that the information in this document be presented to the meetings of home builders and owners of St. Kitts and Nevis and Antigua and Barbuda.  The illustrations will be shown and discussed so that the home builders and owners can understand the primary steps to be taken to provide a safe and yet affordable house. 

1
How to Site Your House

Where the house is placed is important.  Do not begin construction until your plans have been approved by the Authority/Ministry.

-
Make sure that your house is being constructed on the plot approved by the Authority/Ministry . Check with the Authority/Ministry for the correct distance the house should be from the plot boundaries.

-
If your house is in a gully or watercourse it may be washed away in a flood.

-
Avoid placing the house on top of a hill, or in the bottom of a valley.  These areas tend to have the highest winds.

-
Be careful about placing your house on the side of a hill. It is better to level out a piece of the ground and place your house firmly on the platform. This will prevent the wind from overturning your house.

-
On a hillside or on sloping ground make sure that the floor is at least 18 inches above the ground.

-
Pin the house securely to the ground to prevent overturning.

-
Pin the house frame securely to the foundation.

-
Place the foundation at least 2 feet below ground level to prevent the foundation from being undermined by flood waters.

-
Check to see how high the water came in past floods and try to construct the floor above this level.

-
Do not allow flood water to run under the house unless the house is very securely attached to a deep foundation. 

-
You must try to place your house so that it will be sheltered from the wind by a wind break such as a grove of trees or a large building.

2
How to Plan And Layout The House
Your house should be a square, or, if a rectangle, try to make the long side no longer than one and a half times the short side.  A long house is more vulnerable to high winds than a square house. (Figure A-1)
You must make sure that all angles are right angles and that the base of the foundation is level.


To do this you need to


1.
make a right angle gauge.  Take 3 pieces of 2"x4" material and nail them in a triangle as shown in Figure 2:1.  The angle formed by the 3ft and 4ft pieces is a right angle.


2.
make sure that foundation lines follow the edges of the 3ft and 4ft sides of the triangle.


3.
hammer in wooden pegs of 2"x2" timber along the lines of the foundation.  Use an ordinary carpenters level and a strong string to mark the top of the foundation on the pegs.

-
If the foundation wall is level, it is easier to build the walls level.  However, each course must be levelled carefully as the blocks are laid.

-
Batter boards, which are horizontal boards nailed to two upright pegs, are generally used for the layout of larger houses, as you can put both level and line on the boards.

-
For smaller houses pegs driven into the ground will allow you to layout the foundation and then use a mason square and carpenters level to keep the construction square and level.

3
FOUNDATIONS

-
All exterior walls and interior load bearing walls should be supported on reinforced concrete strip footings. (Figure B-3) Interior walls may be supported by thicken​ing the slab under the wall and suitably reinforcing it.  The founda​tions should generally be located on a layer of soil or rock.  Such soils would include dense sands, marl, other granular materials and stiff clays. 

-
Except on rock, the foundation should be cast not less than 18" to 24" below ground, its thick​ness not less than 9" and its width not less than 24" or a minimum of three times the width of the wall immediately supported by it. 

-
On rock, the foundation should be keyed 3" to 4" into the rock base to ensure that the building is firmly placed and to prevent any possibility of scouring under the foundation base. 

-
Where the building is being placed on clay, the width of the foot​ing should be increased to a minimum of 2'‑ 6".

-
For a timber building with a concrete floor, the foundation can be constructed as shown (Figure B-4)
Reinforcement 

-
Reinforcement in the foundation is needed to ensure the continuity of the structure and it is especially useful in cases of bad ground or where the building may be subjected to earthquake forces.

-
For strip footings, the minium reinforcement should consist of 2 No.4 (½") bars placed longi​tudinally and 1/2" diameter bars placed transversely at 16" centres. (Figure B-3). Note that 3 -1/2" bars at 16" centres preferred)/
-
For columns footings, the minimum reinforcement should be ½" diameter bars at 6" centres in both directions forming a 6" mesh. (Figure B-2).

4
Concrete Block Walls
-
All walls should be tied together strongly to resist wind and other forces.

-
In concrete block walls, the walls must be strong enough to resist the wind forces and avoid being sucked out. (Figure B-6)
 Exterior walls should not be less than 6" thick and reinforced concrete columns built at every corner and door opening. 

 The columns should be 8"x 6" with 4-1/2" dia bars, or corners and junctions can be constructed by filling the cores and placing reinforcement as shown. (Figures A-3 and A- 4)  

 The top of the wall must be capped by a ring beam no less than 8" deep and 6" wide, and this beam must be tied into the columns.

 The walls themselves must be reinforced with 1/2" dia. vertical steel placed in the cores of every other block or every 32" and with 3/8" dia. horizontal steel (or brickforce) every two courses. 

-
The cores must be filled with concrete of 1 part cement, 2 parts sand and 4 parts concrete stone, properly rammed.  Be sure that the steel is tied into the foundation and not loose.

  All horizontal steel should be properly tied into the columns at corners or doors and window openings.

-
Lintels constructed over door and window openings should be at least 8" deep and the width of the wall and must be at least ½ block on eithe side of the opening.

5
Timber walls
-
The wind is resisted by the sheathing - and by the frame in a timber building.  

-
The joints of all walls should be made using metal hurricane clips. (Figure A-12). Toe nailing should not be done. Jointing using glued mortice and tenon joints if properly made may resist pulling out, but this is time consuming and expensive. 

-
Cross bracing improved the resistance of the wall to wind forces. Use hurricane clips at the plate and cill to prevent the frame from pulling apart. (Figure A-13)
6
The Roof
Hurricanes destroy the roof by sucking the roof sheets off or by sucking the whole roof off from the wall plate. If the plate is not properly bolted to the wall, the plate is loosened and allows the whole roof to be sucked off.

-
The roof must be strongly built and firmly tied to the walls to resist the uplift forces of high winds.  Neglecting to tie all parts properly may lead to the loss of the complete roof and to destruction of the house. (Figure A-8 )
 -
Toe nailing is very often used but is not recommended as the nails do not go in far enough to prevent being pulled out.

-
Hurricane clips must be used.  

-
If galvanised roof sheets are used, be sure to ask for 24 gauge.  If this is not available and only the standard 26 gauge is, then you must take special precautions to increase the connections at the ridge, eaves and gable ends. 

 Use proper drive screws with large washers for corrugated galvanised roof sheets.  Be sure that the screws go into the purlins at least 2". 

-
Always attach a verandah separately.  An open verandah encourages the wind to lift off the roof. 

-
Do not have large eave overhangs.  Keep the overhang as small as convenient to allow rain water to drop away from the walls. 

-
The rafters must be connected to the plate by hurricane clips.(Figure A-9)  

-
Build a hipped roof

-
Have little or no overhangs

-
Make the roof pitch about 25 to 30 degrees

7
The Concrete Floor

Floors can be made of wood or of concrete. Concrete floors generally require less maintenance than wood floors but may be more expensive.

To construct a concrete floor do the following:

-
 Make sure that the floor is level

-
Ensure that the topsoil has been removed completely, and excavate a further 3 inches.

-
The filling material must be good marl or small stones and should not contain any dirt or clay.

-
Ram the filling with a little water until it is solid.

-
Place a layer of sand about 2" thick over the filling, wetting the sand so it is compact.

-
Make sure that the floor will be level by chalking level marks on the surrounding walls, or by placing 2"x4" timber at the desired level.

-
Mix the concrete using one bag of cement, 2 bags of sand and 4 bags of small stones.  The cement bag should be used as a measure.

-
Place the concrete carefully, and vibrate the concrete by rodding it with a piece of reinforcing rod or by using a mechanical vibrator.

-
Place a layer of A142 welded wire mesh on the concrete after about 3" of concrete has been poured and levelled roughly.

-
Complete by placing another one inch of concrete over the mesh, making sure that the mesh does not sink further down in the concrete. 

-
The floor is finished over by applying screed 3/4" thick made of one bag of cement to three bags of sand. 

-
If the floor is to be tiled with a vinyl tile then you must 'damp proof' the floor by placing a polythene sheet on the compacted fill before you place the concrete. 

-
Only about 120 square feet should be cast at a time.

-
The second half should not be cast at least until the next day when the concrete has set.  This will reduce the cracking which occurs when concrete shrinks.  Be sure not to use too much water as this leads to lower strength and greater cracking.

8
The Timber Floor
Timber floors are easier to construct, and can be built by persons without the skills needed for a concrete floor.

Construction

-
They can be built of 1"x6" groove and tongue pitch pine over 2"x6" pitch pine  joists placed 16" apart, or a 3/4" thick plywood sheet over the pitch pine joists placed about 14" apart.

-
Again  the floor must be level.  The easiest way of doing this is to level the sill beams, usually of 4"x 4" pine, and then attach the joist to the sill using hurricane clips.

-
As the joist material may not all be exactly of the same size, you need to level each joist by stretching a line between the two outside joists and checking to see that each joist just touches the line.  A bumpy floor is very awkward and uncomfortable.

9
Electricity

The installation of electricity wiring is usually governed by an Act of Parliament in which the electricity supplier is responsible for ensuring that the system installed is safe. The house owner is advised to discuss the electricity wiring with the electricity supplier before finalizing plans.

-
The sizes of wire to be used and type of wire are given in the Building Guidelines and the house owner should discuss the wiring needs with the electrician.

-
Lighting fixtures should be simple and may be wall mounted or hung from the ceiling.  

-
All fixtures should be mounted at least 7 feet above the floor and receptacles at least 12" above the floor and 6" above counters. (Figure G-2) 

 -
Wall switches which would control the lighting fixtures should be mounted on the wall near the door opening about 4' 6" above the floor.

-
Light fixtures generate heat and can cause fires.  Do not put a surface type light fixture in any location, such as a closet shelf, where burnable goods can come in contact with the fixture.

-
Fixtures for outdoor use must be marked as being suitable for the location.  "Damp" location fixtures can be mounted in exposed areas. 

-
Fluorescent light fixtures produce more light for less power and are recommended for lighting large areas. 

-
Many fires result from poor wiring or overloaded circuits.  Do not overload a circuit with appliances before checking with the electrical inspector.

10
Plumbing
Guttering

All houses must be fitted with gutters which would lead the rain water into a water tank or cistern.  The Building Code requires that each house be supplied with a water cistern holding 10 gallons for every square foot of roof area.  This means that a house of 600 square feet must have a cistern of about 6000 gallons, or a cistern of 12 ft x 15 ft x 6 ft deep.

The guttering should be PVC, as galvanised steel guttering rusts very quickly.  Secure the guttering to the face boards firmly using the hangers supplied with the guttering and be sure that the roof water falls into the gutter - the edge of the roof sheets should overhang the inside edge of the gutter by about 1/2 inch.

Examine the guttering frequently as the gutter collects dust and debris very quickly, so that when the rains come the gutter will not be able to carry as much water as it should.

11

Pipes and Fixtures (Figure F-1)
-
Waste water from the sink must not run into the toilet and the waste water pipe must not be connected to the toilet discharge pipe.

-
There must be no connection between the water pipes and the clean water pipes from the cistern.

-
Make sure that the plumber installs an inspection chamber just outside of the house so that the toilet pipe can be rodded if needed.  The inspection chamber should also be constructed at every change in direction of the waste pipe, and should be about 18 inches square with a tight fitting cover which can be removed for cleaning of the receptacle and rodding the waste pipe.

-
The following pipe sizes should be used:



Water closet waste:


3 inch PVC



Sink waste:



1-1/4 inch PVC



Sink inlet water:



1/2 inch PVC



Shower inlet water:


1/2 inch PVC



Shower waste:



1-1/2 inch PVC

The use of copper pipes is desirable if this can be afforded.

-
Where there are two fixtures to be connected the waste pipes should be 1-1/2 inches in dia.

-
All sinks and water closets must be fitted with traps.  The traps to be used in each case are stated in the Building Code and the plumber should discuss this with the Authority/Ministry for guidance on the size and type of traps to be used and on the connections to the septic tank or disposal pit.

-
All water closets must have a vent pipe of not less than 2 inches in diameter.  The vent pipe must be at least one foot above the roof so as to be sure that odours from the toilet will not be blown io the neighbours yard.

12
Water Cistern

The illustration (Figure F-4) gives the construction details of a cistern 18'x12'x8' deep.  

Note that 

a)
there is a cover about 18" square so that the tank can be cleaned.

b)
a sump is built at the bottom of the tank to collect the mud and other material that would enter the tank from the roof.

c)
the bottom of the cistern should slope towards the sump.  A 2" slope would be adequate.

d)
the tank can be built partly below and partly above ground depending on how hard the soil is.  Even if you are on rock, the cistern should be at one foot in the ground.

e)
the reinforcement in the bottom and sides of the cistern can be welded wire mesh. 

f)
it is better to use reinforcement steel (rebars) for the top, as you can never be sure that the top would not have to carry a heavy load at some time or other.  Trucks should not be allowed to run over the cistern.

You will also have to clean out the sump every year before the rains.  It would be better therefore to have a division in the tank so that you can clean half of the cistern and still have some water in the other half.

13
Septic Tanks (Figure F-5), Tile Fields and Soakaways (Fig F-8)

The minimum capacity of a septic tank for a single family house must be 750 gallons and the design of the tank must be approved by the Ministry of Health.

The septic tank, if working properly, produces a reasonably clear effluent which can be used for gardens (but not for drinking or cooking).  The septic tank is to connected to a soakaway or tile field made up of 3 inch or 4 inch PVC pipes with open joints or holes in the pipe which would allow the effluent to leak into the ground and soak away.

This system depends on the type of soil in which the pipes are laid and the length of the pipes.

The construction of tile fields is described in the Building Guidelines.  In general tile fields shall not be less than 100 feet from an underground water supply or from the coastline.  The field must also be more than 10 feet from the house or from the property line.

Tile fields shall be located away from tree roots. 

Tile fields are constructed by digging trenches, placing gravel at the bottom of the trenches, laying the perforated pipe or open joint tile in a gentle gradient from the distribution box, covering with tarpaper, and backfilling.  The trenches are generally 18" wide by 24" deep with 6" of gravel on the bottom.  Bends and other fittings should be kept to a minimum in the drain field.

Soakaways (Figure F-8) can be about 6 ft square by 8 ft deep lined with stones.  The waste from the septic tank is lead into the pit and soaks away.  This depends on the ability of the soil to accept the waste water, and in an area of heavy clay the soak away would have to be larger or it may not function. The Authority/Ministry may require a percolation test to determine whether the soakaway will function adequately.

The home owner is advised to discuss this with the Authority/Ministry officer who will advise on the proper method of disposal of the waste.

14.



Fire Protection

Residents of a house must be able to escape from a fire starting in any part of the house. The fire resistance of the material and of the construction is therefore important. The layout of the building also has an important part to play in the ability of persons to escape from fires. 

The following steps be taken to prevent and to limit the spread of fires in a small building:

-
Interior partitions constructed of either timber or concrete block should be carried to the underside of the roof.

-
Ceilings should not be made of flam​mable material.

-
Drapes, curtains, cushion coverings etc. made of synthetic materials should not be in kitchen areas.

-
All exterior doors of the house should open outw​ards, but interior doors may open inwards. 

-
All windows should be capable of being opened from inside the house.  Hurri​cane shut​ters should be removed as soon as possible after an emerg​ency is over.

-
Stairways should be at least 3 feet wide to make it possible for injured persons to be carried down the stairs to safety.

-
Kitchen floors should be concrete and if of timber, should be covered with a fire resistant material. 

-
Inspection of all electrical installations should be rigorously pursued in accordance with the relevant electricity regulations.

-
Steel frames should be encased in concrete at least 1‑½ inch thick, as steel structures fail sud​den​ly under extreme heat. 

15.       How to Make Your Existing House Hurricane Resistant

1.
There may be certain features in your house which may make it vulnerable to hurricane winds:

-
the roof may have a gently sloping pitch

-
you may have large unprotected windows

- 
the house may be a long rectangle or it may have two or more wings

-
the house may be sited on the crest of a hill or the house may be sited in a valley

-
the roof sheets may be galvanised iron or aluminium.

-
the house may be old and in need of maintenance.

-
the house may have large overhanging eaves.

-
the verandah roof may not be separate from the main roof.

2.
There are some corrective measures that you can take to make the house less vulnerable without spending too much on a complete renovation:

-
Examine the roof sheets. All corroded roof sheets should be replaced

-
Replace the drive screws with new screws with large washers

-
Examine the purlins and rafters and replace the rotten ones. Make sure that the drive screws are driven into solid material and cannot be pulled out easily.

-
Along the eaves and ridge, increase the number of  drive screws in the roof sheets by at least 50 percent as the pressures are greatest in these areas.

-
Make sure that the ridge cap is solidly fixed to the roof sheet and that the wind cannot peel the ridge cap off.

-
Check the wall plate to be sure that it is not rotten. If so, replace it and secure the plate to the wall by bolts as described in the manual.

-
Examine the timber walls and replace or patch the bad boards. Be sure that the wall studs can take the nails. If not, replace or patch the bad studs.       

-
You should be able to install hurricane clips to connect the studs to the plate and to connect the roof rafters to the studs. Try to install a clip on each rafter and use metal plates made of cut galvanised sheet to connect the members of the roof rafters together. Metal or wooden straps are necessary.

-
Look at the doors and windows. They must close tightly. If you have large glass sliding doors or glass windows without hurricane shutters, you must have sheets of plywood on hand for protecting the glass when a hurricane warning is announced. Permanent hurricane shutters built of timber would be useful; or you can buy aluminum hoods which close to become a hurricane shutter.

-
Overhanging eaves should be sealed, but this may be expensive. However, ceiling is necessary to reduce vulnerability. It may be carried out in stages, but this operation should not be forgotten.   

-


-
If the verandah roof is not separate from the main roof, you will have to strengthen the verandah by pinning the verandah supports firmly to the foundation, and the roof to the plate. The roof sheets will have to be secured by installing drive screws on every flute at the eave and at the connection with the main roof. The intention is to hold the verandah roof down as firmly as possible. If is possible, board in the verandah so as to prevent upward pressures on the roof.

-
If the house is elevated above the ground and the wind can get under the house, close this space by boarding or by laying concrete blocks. This will prevent the wind forces from adding to the uplifting forces acting on the house during the hurricane.

-
The floor of your house may just be a foot or so above ground level. Check to see how high the water reached in previous storms as flooding may follow the hurricane. You should try to dig trenches around the house so as to lead water away from the house especially if the floor is below flood level.

1

