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Introduction

This manual is written for you, the fieldworker and the project professional who work in SHIPO’s projects. With project professionals we mean: masons, brick machine supervisors, site supervisors, painters and carpenters; the people who are hired by SHIPO to do specific professional jobs in the projects.

This manual will explain a number of technical principles according to which the projects need to be executed. Other manuals specifically made for your tasks in the different types of projects do refer to this manual regularly. So make sure that you always carry this manual with you. Regularly read through the subjects in this manual of importance for the project you are working in. Your feedback regarding the use and usefulness of this manual is very much appreciated. We will use it to further improve the manual. You can discuss your feedback with the quality manager of SHIPO and the fieldworkers who are on site. They should make notes of your remarks so that the information can be used effectively.

Good communication between SHIPO, the community and you is very important. If you have any problems or complaints you can discuss these with the SHIPO field worker. You are supposed to be supported by the community in your work, so in case the participation is not good, please let the project committee (the community committee that is responsible for this project) know as well as SHIPO. Also SHIPO takes care of deliveries of required materials such as cement, roofing sheets and so on. Please order materials in time (through the SHIPO fieldworker) if you need more materials.

We wish you good luck with your important work!

1 Site selection and preparation

To ensure that every day there are enough people to do the work, every involved village should provide a number of persons every day. You will give guidance together with others, such as the project committee members. Each end of the week, the village leaders and project committee members will decide together with you and involved fieldworkers how many people each village will have to provide during the next week. Discuss also what will happen when a village fails to deliver its share of workers.

It is necessary to select a proper site for your building and to prepare it for the construction as well as for other possible infrastructure.

1.1 Selecting the site for a building
The sites for the different facilities should be near each other. An area should be found where all buildings (and other facilities included in the project) can be constructed near each other. Often, it should also be possible to construct latrines near the buildings (see the specific criteria in section 9.2).
· The area should be flat. If the terrain is slightly sloping, the ground should be dug away to make it flat (section … describes how this can be done), but try to find an area as flat as possible. If no such area can be found you will have to work according to the guidelines in Annex .. that describes the required activities for site preparation and trench digging on sloping areas.
· The area should be on high grounds. This means that flooding by a river or excessive rainfall should be as unlikely as possible. If this can’t be avoided make sure that either a hill is formed with ground brought form somewhere else to raise the terrain (although in this compaction of the earth will be needed for a long time before construction can start) or a dike is made around the buildings.
· The underground should be stable. In principle all hard soils are sufficiently stable for simple buildings. Soft soils, especially those that become very soft and turn into mud when wet are not suitable. If the underground is not stable and you have to build there, it will be necessary to work with reinforced concrete foundations with much larger width.
· The groundwater table should be deep. Preferably the groundwater table should be more than 10 m (because of latrine construction) but not less than 3 m below ground level (for the stability of the buildings and danger of flooring etc.). If a more shallow groundwater table can’t be avoided the construction area will have to be raised by bringing soil on the site from somewhere else unless the soil is sufficiently stable. For more details on criteria for site selection for latrines see Part III of this manual.
· The soil should preferably be termite free. The area should be free of termites or, if this is not possible, it should be possible to kill off the termite colonies that are present.

· Soil for production of bricks should be found nearby. There should be ground preferably nearby (within 100 m) that is suitable for production of bricks if these are to be constructed as part of the project and where there is space to excavate this ground. This is especially the case if bricks will be made with a Stabilised Soil Brick machine (see chapter 3 for the specific criteria for ground that can be used for these bricks). 
· Owners and village leaders should agree. The owners of all the involved areas (also the excavation area) and the involved community should be ready to officially agree that these sites will be publicly owned by the community (they will have to sign an agreement for this purpose).

· The area should be accessible by truck. The area should be accessible preferably by small trucks but at least by a Hilux car.

· A suitable water source should be nearby. During construction a lot of water is needed for the construction works (making mortar, concrete mixes etc.) but also for drinking for the people working on the sites. The water should be of sufficient quality for the construction purposes (it should be reasonably clean and not salty). If a water source is far or the water quality is insufficient and another more suitable site can’t be found it may be necessary to dig a well, drill a borehole, or construct a rainwater catchment. Otherwise transport of water over large distances may be necessary, which is very costly. If the water is of insufficient quality for drinking it will be necessary to bring to the site clean enough water that can be used for drinking by the people working on site.
1.2 Selecting the site for a pit latrine
Often latrines will be needed near the buildings. Therefore, when selecting a proper site for the buildings one should also try to find proper sites for latrines nearby. The criteria for proper latrine sites are:

· Not in low areas. Pit latrines should not be constructed in any kind of low areas or in the lower parts of areas where there may be a risk of flooding of the pit latrines during rains.
· Distance to groundwater sources. The distance from any pit latrine to a well, borehole or any other drinking water source using groundwater, must be at least 100 m to avoid any possible contamination of the groundwater by the pit latrine contents.

· Distance to the buildings. The distance from the pit latrine to a building must not be too far; somewhere between 10 and 40 meters. It should not be less than 10 meters because of hygiene and smell. It should not be more than 40 meters because of the long walking distance for people and the temptation that may then come up to ease themselves in the bushes.

· Wind direction. Also the general wind direction is important for the site selection of latrines. It’s best to build the latrine on the lee site of the buildings.

· Groundwater table. The groundwater table should preferably be more than 10 m below ground level. If it is not possible to find such a location within the vicinity of the buildings, the pit should be less deep and another design for the VIP latrine should be used. An alternative design for latrines in areas with shallow groundwater, including instructions for its construction, is presented in Annex ….
· Soil conditions. The soil should not be too hard for digging (often the case with rocky soils). If latrine pits can’t be dug due to hard underground, an alternative design for the latrines will need to be implemented. See Annex … for such an alternative design plus instructions for how to construct such latrines.
1.3 Site clearing

The following activities need to be carried out to clear the construction sites:

· Remove trees and tree roots, bushes, grass and stones. Make sure to especially remove all tree roots. If they remain in the ground they may in some cases grow again and then later damage the building.

· Kill off termite colonies. If possible choose sites where there are no termites. If this is not possible the termite colonies on the construction sites should be killed off by a suitable poison onto a distance from at least 3 m’ from the buildings.
· Level the ground. This should be done by hand shovels and wheel barrows. Dig out the parts which are to high and don’t fill up the parts which are to low! After all if you build on loose earth the building can easily get cracks later on.
1.4 Access to the site
· If the access is insufficient for trucks it should be improved to such an extent that the vehicles that need to reach the sites can do so without too much difficulty.

· If the activities continue during the rainy season one should prepare roads and bridges to such an extent that vehicles can also reach the sites without too much difficulty during the rainy season.

1.5 Storage of materials, equipment and tools

· Space will be needed to store the local materials on site. Sand, bricks, gravel, etc. will need to be placed somewhere near the construction activities.

· Also purchased materials (e.g. cement), tools and equipment will need to be stored in a room, well protected against rain, sun, cold, wind and thieves.

· The sites for storage should preferably be within 30 to 150 m from the construction site.

1.6 Setting out the lines

· Make sure that the lines for the foundations are set out exactly according to the design! If the community has started already with digging and they have not exactly followed the design then be tough and tell them to start over again.
· [image: image4.bmp]The first line to be set out is mostly the front line of the “carcass”. The carcass is the building when it is structurally complete but otherwise unfinished. In this case we mean that the front line marks the position of the outside face of the (future) unplastered wall. The lines of all other walls are measured from this front line. 

· The second line to be set out is the line of one of the side walls of the carcass. This line intersects the front line at the corner of the future building. To make sure that this corner is a right angle, we use the 3-4-5 method as follows:

· [image: image5.jpg]


Measure a distance of 4 m. along the front line, starting from point A, and mark this on the line: point B.

· Measure a distance of 3 m along the second line, starting from corner A. Estimate the squareness of this line and mark this distance: point C.

· Now take a line which is marked with a distance of 5 m. and stretch it taut from point B towards the line with point C. Keeping the end points of both lines steady (points A & B) and the lines taut; move the free ends of the side line and the 5 m line until the 5 m. mark and the mark at point C meet each other. This is best done with two man, one at the end of each line.

· [image: image6.bmp]The corner angle A must now be an exact right angle.

· Now measure the required length of the side line and insert a peg at the end. Set out the opposite side line in the same way.

· If the setting out has been done accurately, the length of the back line between the two pegs should be equal to that of the front line.

· Now make a last check by measuring the diagonals x and y: they must be equal. If not: the angle at A is not right!
· Now the positions of the corners of the buildings are known and you can mark the positions and widths of the trenches, foundations and plinth walls as indicated in the next figure: wooden planks are nailed at two wooden pegs. These “building planks” should be placed near each corner of the building, about 1 m from the outside edges of the future trenches, at a height of about 60 cm. On the planks the width of the trenches, foundations and plinth walls are indicated by saw cuts or small nails, so that lines can easily be fixed to them as they are needed.

· If you make all planks at the same level, you can use later on the lines for measuring the exact depth of the digging work. If you use nails to fix the lines on the planks, you prevent that other persons use the planks as seats and disturb the level!
· The positions of the trenches, foundations and plinth walls can then be marked on the ground by plumbing down from the lines stretched between the building planks.

[image: image7.jpg]



· [image: image8.bmp]To set out and mark the positions of the inside walls you can use a large square. If you don’t have one: make it yourself, using the 3-4-5 method!
· See the picture aside of a large square of 90 x 120 x 150 cm.

· Of course you can make the square as big as you wish, provided that you use the proportion 3-4-5 between the 3 legs.
2 Foundations and Footings

2.1 Depth lay out
· Depth lay out depends on the depth on which you find a good firm soil. This is very important, because the carrying capacity of the soil is fixing for an important part the durability of the whole building you are going to construct!

· Of course the site is already stripped of all obstacles on and in the ground in conformity with section 9.3.

· If not done already, clean up the building surface: remove the black earth with grass and roots and equalize the surface.

· Now we can decide the depth lay out. This is at least 30 cm below the fixed building surface, but if the soil is not firm on that depth, we have to lay out deeper. On this moment you have also to agree about  the final floor level!
· If at 60 cm deep no firm and organic matter free soil is reached yet, a new site for the building will need to be found.

· If the underground is rocky not allowing to dig down to 30 cm depth, the trenches should be made as deep as possible and the bottom of the trench be roughed to provide a good grip for the foundation. Also clean the bottom properly before start the construction of the foundation.

· If the terrain is not sloping for more than 30 cm, the bottom of the trenches must be totally horizontal and in one level.

· If there are differences more than 30 cm. in the highness of the building area and/or the depth of the firm layer we can make a “stepped” foundation.

· Also levelling the terrain half /half can than be considered (excavating half the terrain and infill the other half with surplus soil but never build on compacted soil!

· On a sloping site, take never a course parallel to the slope of the ground by making the foundation, but make it in steps.
· In case of a sloping site take the highest point as reference and after finalising the building the site around the building should receive an infill with surplus soil
· [image: image9.bmp]Every step has to have the same height as one or more layers of the brickwork you are going to make later on.

· Insert wooden or iron pegs in the steps of the trench floor.

· The heads of the pegs have to be at the future surface of the foundation. Use a triangular pattern for the pegs. This is necessary to obtain a level surface not only in the length of the trench but also in the width. Make sure that the heads of the pegs form perfect horizontal lines. Use the water level and a straight board to get the pegs exactly horizontal.
· Connect the pegs with a rope.

· Now from the rope you can measure downward to the trench floor to control weather at all points the floor is at exactly the required depth below the lines. At points where the distance is smaller you have to excavate the trench deeper (skim off the ground carefully with a shovel) to make it the required depth. At points where the distance is larger you don’t do anything!! These depressions will be filled up with concrete or bricks when you construct the foundation.
2.2 Width lay out
· The width lay out depends on two items: the carrying force of the ground and the weight of the building you are going to construct.

· For a normal building, with no more than a ground floor, is a width lay out of 2 or 3 times the wall thickness sufficient. So, if the walls are going to be 23 cm thick, we make the foundation for instance 50 cm width. See the pictures at 10.3.
2.3 [image: image10.bmp]Material choice
The choice of material we are going to use for the foundation depends on the materials that are present in the vicinity. Of course are the costs very important, but also the solidness plays an important part. We prefer a little bit more costs and a foundation we can trust, than a cheap but dubious one!
· Concrete is the most reliable choice. Of course only if well made! See chapter 1. If there is gravel available, you should always choose this solution.
[image: image11.bmp]
· If there are large stones, boulders or rocks available, you can construct a good foundation with that material. Although it is very important to pile up the stones very careful and tight and to cover the outside by a good plaster.
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· If there are no naturally materials available the foundation can be composed of burned or stabilised soil bricks.
2.4 Dig the trenches
Digging of the trenches should be done by the involved villagers if it concerns a village based project. The involved project professionals and fieldworkers should supervise the villagers to execute this work correctly.
· Dig the trenches along the lines set out in section 9.6.
· The bottom of the trenches should reach firm soil that contains no content of organic matters 

· The bottom of the trenches should be horizontal in all directions. This should not only be in the length of the trench but also across in the width. Make the trench floor roughly level by using a water level.

· Don’t dig to deep and if you do so by accident: don’t fill up! The filled up positions will have less carrying strength as the surroundings, the foundation will go down local which can cause cracks in the structure or even a complete collapse.
· Avoid at all times putting loose soil at the bottom of the trenches! Even if you compact it carefully, loose soil will later, when the building is ready, start to further compact. This may then lead to unequal settling and possibly cracking or collapse of the walls. If the trench has some limited depressions after digging this is no problem. Just cover the bottom with plastic. When you pour the concrete on top of this plastic later on, the depressions will fill up (in case of using a working floor: make this floor local a little bit more thick) As long as the top of the concrete in the trench becomes completely horizontal there is no problem.

· If the depressions are more important you have to bridge them over as shown in section 10.8.
2.5 Concrete foundation

2.5.1 [image: image13.jpg]O
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Concrete foundation with forms

· If possible, make your foundation with forms, it saves cement and gravel.

· Insert wooden pegs in the trench floor. The heads of the pegs have to be at the future surface of the foundation. Make sure that the heads of the pegs form perfect horizontal lines.

· Wooden planks of 20 cm high should be put in the trench and fixed onto the pegs. They form the cast work for the concrete.

· On the inside the planks should be smeared with a bit of old engine oil to avoid the concrete to stick to the planks and to make the take away more easier.

· To keep the exact distance between both sides make laths on the topside of the planks.

· The top of the planks should be perfectly horizontal so that the concrete can be poured exactly to the brim of the planks.
· When the planks are placed, make the floor of the trench on the correct depth with a shaping plank (see left above the trench) Where necessary remove the surplus of soil but never fill up! These small depressions will be filled up with concrete when you construct the foundation. However big depressions have to be repaired, see section 10.5.4.
· If you can get plastic sheeting, cover the trench floor with it, to prevent leaking the cement out of the concrete mortar.

· If you could not get plastic sheeting, make a 4 cm layer working floor of a mixture of 1 part cement to 3 parts sand and 5 parts gravel. Use very little water and stamp the layer fest and as smooth as possible. In that case the planks have to be 4 cm more high of course!
2.5.2 [image: image14.jpg]==— MOVE ~==




Concrete foundation without forms
· Make sure that the corners between the trench floor and the trench walls are sharp.
· If you can get plastic sheeting, cover the trench floor and the sides of the future foundation with this sheeting to prevent leaking the cement out of the concrete mortar.

· Insert wooden or iron pegs in the trench floor. The heads of the pegs have to be at the future surface of the foundation. Use a regular triangular pattern for the pegs. This is necessary to obtain a level surface not only in the length of the trench but also in the width. Make sure that the heads of the pegs form perfect horizontal lines. Use the water level and a straight board to get the pegs exactly horizontal.
· Now from the board you can measure downward to the trench floor to control weather at all points the floor is at exactly the required depth below the board. At points where the distance is smaller you have to excavate the trench deeper (skim off the ground carefully with a shovel) to make it the required depth. At points where the distance is larger you don’t do anything!! These small depressions will be filled up with concrete when you construct the foundation. However big depressions have to be repaired, see section 10.5.4.
· If you could not get plastic sheeting to prevent leaking out the cement, make a 4 cm layer working floor of a mixture of 1 part cement to 3 parts sand and 5 parts gravel. Use very little water and stamp the layer fest and as smooth as possible. In that case the pegs have to put out 4 cm more of course!

· If you use neither plastic sheeting nor a working floor at least make the bottom and sides of the trenches thoroughly wet before pouring the concrete mortar to prevent that the soil underneath the foundation extracts moist, together with the important cementparticles, from the foundation just after its construction. This would result in a diminished strength of the concrete construction!
2.5.3 Concrete foundation with reinforcement

· Reinforcement will be required in case of:
· Unstable/loose soils where you will have to use reinforcement throughout the foundation.

· Parts of the trench consist of loose or unstable soil you will have to use reinforcement in those parts (see the figure in section 10.5.4).
· [image: image15.jpg]LINE X

LINE Y

Fig. 3

LINES X AND Y ARE EQUAL IN LENGTH



Unequal pressures on the foundation, for instance caused by big openings in the wall above the foundation.
· Reinforcement consists of 4 bars in the length of the foundation and every 20 cm a bar of 55 cm in the width of the foundation.

· The bars should always be about 2½ cm away from the bottom and from the edge of the foundation (that is why the width bars should be 55 cm long when the foundation width is 60 cm.)
· The bars are to be tied to each other with wire, see chapter 1.10.
2.5.4 Repair depressions
· If there[image: image16.jpg]


 are big depressions at the location of the footings, don’t fill them up with soil: later on, when the building is finished and has become so heavy that the soil is being compacted, the foundation will locally go down a bit. Although not much, but enough to cause cracks in your brand new building.

· The best solution is to remove all the soft material and to fill up the hole with stones and concrete like the picture aside.
· If you cannot remove the soil, or if the depression is very large, you can over bridge it with reinforced concrete. Apply a local reinforcement in the concrete like the picture below.

[image: image17.jpg]



2.5.5 Pouring and curing the concrete
The production of a good foundation is a hard job, but only hard work will result in a good quality foundation!

· In case reinforcement is required you should prepare in advance a reinforcement mat to fit into the foundation, see section 1.10
· [image: image18.jpg]


Make the concrete mix. Prepare a 1:2:3 concrete mixture (see section 1).
· Pour the concrete. Always start from the far end of the trench and work your way closer to the mixing area. Two groups of workers can cast foundations on different sides of the building at the same time. If you plan to use wheelbarrows for the pouring of the concrete in the trench you could make a wheel stop. This helps to ensure that the concrete is emptied right in the middle of the trench and does not take along dust and dirt from the sides of the trench. A board can be used to protect the opposite side of the trench. This is not necessary when the concrete is picked up with a shovel from the wheelbarrow.

· In case reinforcement is used: start with pouring a basic layer of 3 cm concrete on top of the plastic (or the working floor) at the bottom of the trench. See the picture in section 10.5.3. Vibrate the freshly poured concrete very good and put the reinforcement bars in the trench on top of this first concrete layer directly after pouring this layer. Make sure that the width bars are at about 2½ cm from the sides. Pour the remaining concrete on top of the reinforcement and finalize the concrete pouring work as described above.
· Make the foundation in one go. Don’t leave spaces open in between because this can lead to disturbances of the hardening process when the gap is filled up later. But, if you have to stop on behalf of extern reasons before the foundation is ready, make a connection as described in the next point.
· However, when your foundation is very long, say more than 25 m, you have to make it in parts. That is on behalf of its property of shrinking. Make a part of 25 m. and one week later most of the shrinking is finished. Than you can make the next part. An extra advantage by doing so is you can use the same formwork twice. Make the connection as shown in the next figure.
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· Compact the concrete as described in section 1.8.
· Level the foundation. When the concrete has been poured over a certain stretch of the foundation and it has been compacted, the top has to be levelled flush with the formwork or the lines set out indicating the top of the foundation. For this purpose a strike board is used. If the compaction has been carried out correctly the levelling should be fairly easy as there is not much concrete left to strike off. In case wooden pegs were used to hold the lines, these need to be removed and the holes filled with concrete. If iron pins were used these may remain in the concrete.

· Roughen the connection site for the footing. As soon as the hardening process starts, as can be seen by the dull and dry looking surface (usually after about some hours) the area where the footing course will be set must be slightly roughened with the blade of a trowel, to provide a good grip for the mortar for the first layer of the plinth wall.

· Cure the concrete as described in section 1.9, so with plastic sheeting and/or wetting.
· Take away the forms, if you used them for the sides. If you do so with prudence, you may remove these already 2 or 3 days after the pouring. So you can use the planks another time for the next part of the foundation!
· Be careful in the environment of the just poured foundation. Any vibration near the hardening concrete could cause cracks and destroy the internal structure of the concrete. Therefore don’t continue with any excavation or other activities near the just-completed foundation, just leave it at least 2 weeks to cure without any disturbance!

2.6 Stone foundation

· If there are large stones, boulders or rocks available, you can construct a good foundation with that material. See the second picture in section 10.3
· To save cement and sand, and to get a proper straight surface use a formwork from planks at least at the outside.
· It is important to pile up the stones very careful and tight, using a mortar from 1 part cement and 5 parts sand.

· Cover the outside up to 30 cm. above ground level by a good plaster to keep rain water outside the footing and to prevent roots growing into the foundation and destroy your building.
2.7 Brick foundation

· If you are going to use bricks for the foundation, be sure they are water-resistant that will mean, they are that hard that they can’t suck up water out of the soil onto the floor. See the third  picture in section 10.3
· The first layer needs no mortar: lay it on the soil with small joints (1 cm) between,  and start bricklaying with mortar as described in part 2 of this manual
· Cover the outside up to 30 cm. above ground level by a good plaster to keep rain water outside the footing and to prevent roots growing into the foundation and destroy your building. Or, if all the bricks are quite straight, “wash” the brickwork with a rough brush and cement pulp. 
2.8 Pillars
· If any pillars are needed in the buildings the holes for the foundations of these pillars will need to be dug in the same way and at the same depth as the trenches have been dug.

· Also the foundation has to be made on the same way like the foundations for the walls. If you expect an extreme load from the pillar on the foundation: make it larger to diminish the pressure /cm² on the soil.
2.9 Footings

· The footing is the part of the wall from the foundation up to the level where you later want to have the top of the sub floor filling. This is usually approximately 50 cm above ground level. It can be higher in case of wet areas.

· Sometimes there is no specific footing. This is the case when the foundation is made of bricks or stones that are built up to the top of the sub floor filling level (see the pictures in section 10.3)
· Functions of the footings are:

· Provide a solid, level base for the rising walls.
· Receive loads from the structure above and distribute these on the foundations.
· Raise the floor level high enough above ground level to prevent moisture from rising through the floor, and to keep the bricks of the rising wall dry (see figure at chapter 11)
· Make sure to only start building the footings when the foundation has been cured sufficiently. Normally one should wait about 10  days after the foundation has been poured or laid.

· The bricks of the footing are laid flat wise in a half-brick bond. The courses are laid in the center of the foundation strip.
3 Put sub floor fillings

When the footings are hard enough ///after … days??/// the sub floor fillings will need to be put in place. Sub floor fillings consist of several layers of different material. The functions of the sub floor filings are:

· To support the concrete floors, including all loads imposed on the floors.

· To raise the floors high enough above ground level to prevent dampness from penetrating.

Sub floor fillings are put to the same level as the top of the footings. Usually this is approximately 50 cm above ground level. The sub floor fillings consist of a number of layers starting with very rough aggregates, usually rocks and stones, with each subsequent higher layer becoming finer in structure. See the figure below.
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The steps to be taken to construct the sub floor fillings are:

· Clean the topsoil. If not yet done all topsoil needs to be removed until firm soil is reached.

· Back filling of the foundation trenches. If the inside part of the foundation trenches needs back filling this should best be done with hard core. The outside part of the trench has to be back-filled with gravel, to prevent erosion around the foundations. Compact the hardcore well with rammers but do this carefully in order not to damage foundation or footings (especially if they have not cured completely yet which should be avoided as much as possible)!

· Don’t put any soil underneath the sub floor layers. Even if such soil would be compacted very thoroughly, it will settle and cause later that the floor above will settle and crack. Even if the site is sloping you should not put soil underneath the sub floor layers!

· Put course hardcore. Put course hardcore stones and rocks (larger than fist-size and smaller than 15 cm in diameter) directly on top of the cleaned ground until it reaches to about 15 cm above this cleaned ground level. The stones and rocks are preferably set into place by hand, according to their shape, in order to fit them together. Compact the hardcore very well with heavy rammers.

· Put fine hardcore. Put fine hardcore (usually these are broken stones; they should be about half the size of a fist). The layer of fine hardcore is also approximately 15 cm high. Compact the hardcore very well with heavy rammers.

· Put gravels. Put gravels, if possible in two layers, starting with a course gravel layer and then a fine gravel layer. The gravel layers should be put up to about 6 cm below the top of the footings. Normally the gravel layers together will also comprise a height of approximately 15 cm. Wet the gravels and compact the layers very well with heavy rammers.

· Put fine sand. The last layer of approximately 6 cm will consist of fine sand. Wet the sand and compact it heavily. Make sure the top of the sand layer is level with the top of the footings and horizontal in all directions.

Important notes:

· Compact the layers well. Each of the sub floor layers should each be compacted heavily by hand with heavy rammers. Wet down the gravel and the sand layer as they are filled in. This not only reduces the dust in the air but also makes compaction easier and ensures a dense layer. Compaction is heavy work but it should be done very well otherwise later the floor may sink in at certain places and break! If there are rains during construction for the sub floor layers this is good: they will even compact further. After the rain then you need to control weather there are places where the layers have sunk in. If so you need to refill these layers up to the required level.

· Use hardcore that draws no moisture. The hard core should not be of laterite because laterite acts as a sponge to draw moisture up from the subsoil into the building. The hardcore should therefore be of a rocky type that draws no moisture! //I am not 100% sure of this. See page 60 volume 3 of the rural building course: do they mean laterite soil or laterite blocks that should not be used, or both?///
· The concrete floor itself should be constructed only after the roof has been constructed (see chapter ...).

Make the plinth wall. The plinth wall is the first part of the rising wall built on top of the footings.
The function of a plinth wall is to provide a hard layer in the lowest part of the wall that is relatively resistant to moisture and other weather influences (because the weather always affect the lowest parts of a wall most). The plinth wall therefore usually consists of one or more courses of bricks on top of the footings. If the plinth wall course is made of Hydraform bricks, the bricks should be made with a soil/cement mixture that contains at least 10% cement (see further chapter …). If the plinth course is made of burned bricks, the bricks should be of the best possible quality.

The bricks (both burned and Hydraform bricks) are cemented to each other with a 1:4 (1 part cement to 4 parts sand) mortar. The plinth wall can be positioned in the middle or at one of the sides of the footings.

Note: Before the plinth wall is laid, the positions of the door frames (their outside measurements!!!) should be marked on the footings. At these parts of course no plinth wall should be constructed. Make sure to leave 1 cm extra space between the outer part of the door frame and the brick of the plinth wall (see the figure below).
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Figure:
Foundation and plinth wall in a building with or without a raised floor

4 Roofing

4.1 Roofing with corrugated iron sheets
For information about corrugated iron sheets and related roofing materials see the chapter on roofing materials in Part I.
4.2 Making the roofing timbers

4.3 Nailing

· When you nail corrugated roofing sheets to purlins, always nail through the top of the corrugation. This is so that the rain will tend to run away from the nail.

· Each nail should be driven in until the roofing felt just touches the sheet. If it is driven further, the nail will flatten the corrugation and distort the sheet. This can cause the roof to leak.

· The sheets should be nailed to all the purlins. Nail every second corrugation in the sheets along the eave purlin and along the ridge purlin and also on the end sheets at the gables. Over the rest of the roof nail every third corrugation over the purlins.

· Use a long, slim and pointed punch to pierce holes through in places where the nail must pass through 4 sheets, see figure aside. Without piercing the hole for the nail first, there is a danger of flattening the corrugation and distorting the overlap while nailing it.

· If you work with loose washers put all nails into the washers before starting with laying the sheets to prevent delays.

· Use soap to make driving nails easier in hard wood.

· If a nail begins to bend and should be pulled out, use a round piece of timber or metal as shown in the figure above.

· If a corrugation has been badly damaged through pulling out a nail, try to restore the area around the nail hole to as near as possible the original shape by putting a round piece of timber or metal between the corrugation and the purlin.

4.4 Laying sheets

· Be careful in handling the sheets, they have sharp edges which can cut you deeply!

· Be sure, especially in seasons where there is a danger of storms, that no sheets are left loosely nailed  to the roof, or left on the ground without being weighted down or otherwise secured. A sheet blown around by the wind can easily kill someone!

· Do not leave sheets lying where people might step on them and flatten the corrugations.

· Before the sheets can be laid, the gables must be up to the correct height. Make sure that all the nail heads of the wooden construction are punched well below the surface.

· Fix a line on the eave to indicate the desired projection of the sheets. If necessary, when the eave is very long,  make supports beyond that line. Note that the sheets should project about 2 cm. over the fascia board in order to provide a drip overhang.

· It helps to station a helper at eave level to observe if the general line of the sheets is straight and that they project uniformly.

· Another helper can check that the sheets are straight along the corrugations from the eave to the ridge.

· The helpers can also check from both sides of the roof to see if the corrugations match at the ridge line. Also they can hand up the sheets. 

· Always start from the end of the roof which is in the direction where the strongest winds are coming from so that the free ends of the sheets face away from the direction of the wind. This reduces the danger of the sheets being blown away as they are being installed.

· As a new sheet is laid, lift the edge of the previous one so that it overlaps the new sheet by two corrugations. Each sheet is thus held in position by the one previously fixed, so they are more easily aligned in the correct position.

· Exact side laps (2 corrugations) and end laps (15 or 20 cm.) are essential to make the roof waterproof.

· Looking at the figure aside, start placing the sheets 1 and 2 loosely along the gable end, with sheet 2 overlapping sheet 1 by 15 or 20 cm. in the length.

· Align them with the help of the two observers on the ground

· Secure the sheets with one nail in the middle. One man should do the securing, or the sheets might shift because of the shocks of the hammer blows.

· Have the observers check that the sheets are still straight in both directions.

· Nail the sheets home with all the required nails except the nails at the edges where the next sheet will be fixed under.

· Make marks on the sheets 1 and 2 to show where the purlin is for nailing the next sheets.

· Place sheet 3, lifting up the edge of sheet 1 until it overlaps sheet 3 by two corrugations.

· Place sheet 4, lifting sheet 2 until it overlaps sheet 4 by two corrugations. Sheet 4 should overlap sheet 3 in the length by the required length.

· Align sheets 3 and 4 with the help of the two observers on the ground.

· Secure the sheets with one nail each at the centre.

· Recheck the straightness in two directions.

· Nail the sheets home with all the required nails except the ones at the edge where the next sheet fits.

· Continue with this sequence until the whole roof is covered.

· The last corrugation at the gable ends can be lapped over the fascia board, turned down and nailed onto the face of the fascia. Place the nails at intervals of about 10 cm.

· Since corrugations often get distorted or flattened, it can sometimes be difficult to get an exact and watertight side lap between the sheets. To straighten the sheet and get a good side lap, fix all the required nails  in the middle corrugation after first securing the sheet with one nail and checking the straightness. Then press the sheet to the correct position and nail the rest of the sheet.
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Raised floor





Footing





Mortar layers of 1 part cement to 4 parts sand





No mortar if Hydraform bricks





Floor at ground level





Appr. 50 cm





Layer of plastic (if not available the cleaned ground should be wetted before pouring the concrete floor on top of it)





No mortar if Hydraform bricks





Mortar layer of 1 part cement to 4 parts sand

















Layer of plastic (if not available the top of the sub floor layers should be wetted before pouring the concrete floor on top of it)








Footing





Foundation (20 cm thick, 60 cm wide 1:2:4 concrete)





Wall brick





Gravel/hardcore backfilling of trench + sub-layer of floor











Plinth wall brick. The number of brick courses required depends on the type of bricks used, the depth of the trench and the choice to have a raised floor or not
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Sand sub-layer 





Concrete floor slab, 12 cm thick, 1:2:4 concrete





Topsoil



























































Space in between floor slabs filled with paper or plastic
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