Primary School Design Review: May 1st 2008
A. Design of Facilities

1. Classrooms
The classrooms as designed are 6.7 x 8.9 metres internally giving a floor area of 59.63m² and an area per student (assuming 40 students per classroom) of 1.49m².  The Ministry of Education minimum area per student is 1.2m² and it can be seen therefore that the classrooms are comparatively large and while not recommending the minimum area, if it is necessary to make cost savings, the area of the standard classroom could be reduced.
The ceiling height at 3.05 metres is also high and savings could also be made by reducing this to approximately 2.8 metres.

Each classroom has two doors which are unnecessary and savings could probably be made by omitting a door and adding a window.

The roof overhang at the rear of the building is very small at 600mm and this (together with the high ceiling/roof height) will not give any protection to the windows from the sun or protect the walls from the rain.  It is recommended that the roof overhang is increased and the roof height is reduced.

The veranda width at 1.6 metres is very narrow and should probably be increased to 1.8 metres.

2. Laboratory
The laboratory as designed is 12.7 x 9.0 metres giving a floor area of 114.30m² and an area per student (assuming 40 students per classroom) of 2.86m².  This again is comparatively large and the width particularly could be reduced without adversely affecting the design.  The effect of reducing the width of the room would be to reduce the cost of the roof (and increase the pitch thus reducing the possibility of leaks) and increase light levels in the room.  
No water services or sinks are shown on the drawings (or in the bills of quantities) although a prep room is provided.  If sinks are to be provided it would be easier (and more cost-effective) to provide them along the side benches with the student benches adjacent to them, not placed in the benches in the centre of the room as indicated on the drawings.  It would also be possible then for all students to sit at benches facing the teacher and not, as indicated on the drawings with some students sitting at the side benches and facing outwards.

Similar comments about the ceiling height, the roof overhangs and the veranda width as made above apply to the laboratory.

More details of the laboratory are required before further comments can be made however science teaching at primary level is fairly simple and the laboratory should not be over-serviced.
Library
The library as designed is 10.0 x 9.0 metres giving a floor area of 90.00m² and an area per student (assuming 40 students) of 2.25m².  Again the width of the room could be reduced without if the length was increased, adversely affecting the design.  The effect of reducing the width of the room would again be to reduce the cost of the roof and increase light levels in the room.  

Similar comments about the ceiling height, the roof overhangs and the veranda width as made above apply to the library.

B. Construction of Facilities
General

Very few details of construction have been received and these comments are therefore limited to what can be seen or assumed from reviewing those documents that have been received.

The various facilities that are to be provided vary in size, length and width and no standard structural module seems to have been used.  Construction would be simplified (and costs probably reduced) if a structural module was used and if the widths of the various buildings were reduced to two: one for classrooms and the smaller rooms and one for the laboratory and library for instance.
Floors

Floor construction initially consisted of a terrazzo screed on a 150mm thick reinforced concrete slab.  The floor finish has now been changed to a sand/cement screed 50mm thick.

With the small loads that these floors will have to support there is no need for a 150mm thick reinforced slab and the cost of the floor construction could be reduced by either: 1) reducing the floor slab to 100mm while keeping the reinforcement or 2) omitting the reinforcement and keeping the slab 150mm thick.  A further saving could be made by omitting the floor screed and finishing the floor slab with a steel trowel.  The floor screeds seen in primary schools in Nigeria have been a source of problems because they are usually not constructed properly and soon crack and break up.
Walls and Windows
There appear to be no concrete columns in the walls and the strength of the walls depends therefore on the strength of the concrete blocks.  If these are well made this should not be a problem but it was noted that the window openings in the classrooms are not opposite each other which means that in some cases roof trusses will be supported on the lintels or on ring beams over the windows.  Again if these are properly constructed this should not be a problem but it might be more sensible to arrange the window openings so that roof trusses occur over sections of walls on both sides of the rooms.

Render to walls is shown as 15mm thick (in two coats?).  To save money this could be reduced to one coat 12mm thick with a wood float finish.

The sections received show windows in two sections vertically with a lintel between which is an expensive solution.  Only one window is shown on the window drawings however.
Roofs and Ceilings
Roofs are supported on steel trusses but there are no details on the drawings seen of the number or centre-line of the trusses.  It is also not clear whether the walls between classrooms go up to roof level and support the purlins (the cheapest solution) or whether there are trusses over the walls (which will allow sound transfer between rooms).  There are also no details of the purlins and it is not known whether they are steel or timber.
The trusses extend over the veranda and savings could be made by having the full truss over the classroom space only with steel rafters extending over the veranda.  The same solution could be used at the rear of the building with steel rafters only cantilevering out and supporting the last roof purlin.

From the bills of quantities it seems that there is a ring beam along the outside of the veranda supported on steel columns.  To save money this ring beam could be omitted and the trusses (or rafters) could be supported directly by the steel column.

Further savings could probably be made (and construction could be simplified) by using timber for the trusses and purlins rather than steel.

Ceilings were originally of sand/cement plaster on suspended steel mesh.  Internally these have been changed to softboard panels on a timber sub-frame.  To make further savings the ceilings could be fixed to the underside of the purlins following the roof pitch and exposing the roof trusses.  Externally the original plaster ceilings have been retained.  To save money these external ceilings should be omitted completely as they become stained because of roof leaks and cost money to maintain.
The roof finish is shown as aluminium sheets 0.55mm thick (should be at least 0.6mm); lengths of roof sheets are not indicated.  While aluminium does not rust it does have other problems.  It is soft and expands and contracts a lot as the temperature changes.  This means that if it is not fixed properly with the correct screws or hooks, slotted holes and extended washers it will undoubtedly leak.  To avoid these problems and to reduce costs it is probably better to use corrugated steel sheets of the correct gauge (0.5mm or 26 gauge) with a either a galvanised or a colour-coat finish.

Electrical Installations
Provisional sums have been allowed for electrical installations for all buildings.  This raises two questions: 1) if these are rural primary schools, do they have electrical supplies (and if so, a budget to pay for the electricity)?  If they do have electricity supplies are they used at night and therefore require electricity?  If there is an electricity supply (and a budget to pay for it) there might be a case for the laboratory and possibly the library having electricity but if the schools are only used in the morning for instance, do the classrooms require electricity?

External Works
No drains are shown around the buildings.  Instead there is a concrete kerb retaining a gravel bed beneath the edge of the roof.  This will mean that during the rains water will be retained around the building rather than being allowed to run away.  Concrete drains around the buildings to take the water away would be a better solution.

VIP Latrines
Both the teachers’ and students’ latrines are called VIP latrines but both seem to have flush toilets.  The teachers’ latrines have a soakaway behind the latrines and the students’ latrines have a pit below the latrines.  VIP latrines are ‘dry’ latrines and should not have water emptied into them.  If there is a water supply then they will need to drain to a septic tank and soakaway (not just a soakaway as in the present teachers’ latrines).  If they are to be dry latrines then the pits should be under the latrines and should be at least 3 metres deep or they will fill up very quickly.  The pits should not have concrete bases (as measured in the bills of quantities) or block walls as these will stop seepage of the effluent.  The vent pipes should also be higher than roofs and not terminate below the roof as shown on the students’ latrines drawing.  The vent pipes should also have mosquito mesh over the top end to trap flies and window openings should be omitted to keep the latrines dark.
It was noted that parapet walls are shown on three sides of the latrines’ roofs.  This is a very impractical detail and will cause a lot of maintenance problems and should be omitted.  The roof should overhang the walls on all sides to give them protection from the rain.

It was also noted that the toilets have electric lights.  Are these necessary; do the schools have electricity supplies and are they used at night in the rural areas?

C. Bills of Quantities: 2 Unit Classroom
General
The bills of quantities are not very detailed and much more information is required.  Presumably there will be a separate specification and preliminaries section?

Substructure
A. Top soil should be stacked on site for use later.

B and E. These seem to duplicate the work.

H. Nothing about jointing the DPM.

R. Should come before concrete; no hardcore measured.

Superstructure
B. Should be 12mm bars.
No mention of lintels over windows?

No mention of fixings for the roof trusses?

Should not the top course of blockwork under the ring beam be filled?

Vents in walls to roof area shown on drawings but not mentioned in bills.
Roofing
No description of the roof trusses; no mention of the number of trusses; no details of the fixing of the trusses; no mention of roof purlins or fascias or eaves boards. 

Aluminium roof sheets cannot be ‘nailed to steel trusses’!  They have to be fixed with roofing nails, screws or hooks (depending on the material used for the purlins) to the purlins.

No bird-proofing measured to stop birds and bats getting into the roof.

Metalwork
Pipe supports to ring beams (see notes above) have no mention of plates or bars at top or bottom for fixing.

Electrical Installation
Details are shown on the drawings of the electrical layouts but these have not been measured; why not?

See also notes above.

Windows and Doors
The windows as measured are different from the windows shown on the sections.

The windows and the window frames are measured separately; is the intention to build the frame in and weld the window to it on site?  If so, this seems to be an expensive solution.

No details are given of the construction of the doors.

Floor, Wall and Ceiling Finishings
See notes above.

Painting and Decoration
No painting allowed for any exposed steelwork; for internal ceilings and cover strips or for doors and windows.

Are there any skirtings?

Are there any chalkboards or pinboards?

Primary School Design Review

Further Comments: May 16th 2008
1. RC Columns

RC columns are now shown in the corners of classrooms and, in the one-classroom building, in the corners of the building.  There are no columns under the roof trusses and the distance between the columns means that the ring beams cannot span between them and it is therefore unclear what purpose these columns serve.  They could in fact be detrimental to the structural integrity of the buildings if the blockwork walls are not adequately tied into the columns.  The columns could therefore be omitted to save money.

2. Windows
Glazed windows are now shown over the steel shutters with a concrete lintel between the two.  It is not clear what purpose these glazed windows serve.  They are not large enough to properly light the classroom if the steel shutters are closed and they do not open for ventilation.  They are together with the concrete lintels, expensive items and could be omitted.  If the top of the steel shutters was raised to the underside of the ring beam this would save the cost of the lintel.

3. Roof Structure
As commented on previously, the cost of the roof is very high and if this was reduced it would greatly reduce the cost of the buildings.  Roof trusses are shown at 4565mm centres which mean that expensive steel, long-span purlins have to be used.  Roof purlins are shown at 1250mm centres which means that expensive long-span aluminium roof sheets have to be used.  If simple timber trusses at closer centres were used together timber purlins and .55mm corrugated steel roof sheets then the cost of the roof and the buildings could be substantially reduced.

The steel veranda columns supporting the roof trusses are shown as 200mm diameter.  These could be reduced to 74/100mm diameter to reduce costs.

4. Toilets and Latrines
The vent pipe to the VIP Latrines is shown as being cranked around the end of the roof sheets.  The vent pipes should be straight so that light is visible in the pit from the top of the pipes in order to attract any flies.  There should also mesh over the top of the pipe to trap and kill the flies attracted to the light.

It is still considered that the pits are too small.  When the pits are full, they should be left for a year before they are emptied (no access is shown to the pits so how are they to be empitied?).  This means that either there should be double pits so that one can be closed off while the other is in use or additional latrines are necessary.

The teachers’ toilets as shown are not VIP latrines but flush toilets.  The septic tank design as shown will not work properly (there should be two compartments) and the soakaway is too small and too close to the septic tank.
Primary School Classroom Design Review: June 1st 2008.

A. Design of Facilities

1. Classrooms
The classroom size has now been reduced to 6.4 x 8.77 metres internally giving a floor area of 56.13m² and an area per student (assuming 40 students per classroom) of 1.40m².  

The ceiling now follows the slope of the roof and the eaves height has been reduced to 2.8 metres.

The classrooms now have only one door and the veranda width has been increased to 1.8 metres.

Picture rails are shown at a height of 0.9 metres.  Is this a useful height?  Anything fixed to the rail will be obscured or damaged by the desks.  A height of 1.2 metres or the top of the chalkboard would seem to be more useful.

The roof overhang at the rear of the building has been increased but is still quite small and there is a discrepancy between the dimension shown on the architectural drawings (0.9 metres from the centre-line of the wall to the outside purlin) and that shown on the engineering drawings (0.7 metres from the outside face of the wall to the outside purlin).  Neither dimension will give much protection to the windows from the sun or protect the walls from the rain and it is recommended that the roof overhang is increased further to a minimum of 0.9 metres from the outside face of the wall to the outside purlin.  The roof overhang to the veranda could also be increased to stop rain blowing into the veranda.

B. Construction of Facilities
Floors

Floor construction now consists of a 50mm thick terrazzo screed on a 100mm thick nominally reinforced concrete slab.  The specification for the terrazzo in the BoQ is significantly different form the specification in the ‘Specifications’.  BoQ should be changed to match the latter specification.

No construction joints are shown in the floor slab and it is suggested that a joint be provided at the centreline of the classrooms and at the centreline of the walls between classrooms.  If construction joints are not provided then the slabs will crack anyway!

No construction joints are shown for the terrazzo and it is suggested that the terrazzo screed is divided into panels with joints between panels (with one joint over the central joint in the slab and each classroom being divided into four panels as described in the ‘Speciifcations’).  If this is not done then the terrazzo will crack!

Is a terrazzo screed really required on the verandas?

Walls and Windows
Render to walls has been reduced to 12mm thick.  

There should be a separating layer between the top of all walls and the aluminium roof sheets or the sheets will corrode.

No thicknesses are stated for the glass or steel for the windows and doors.

Roofs and Ceilings
Roof construction now consists of long-span aluminium roof sheets on steel ‘Z’ purlins supported on steel roof trusses at the centre of the classrooms and on cross walls between classrooms and on the end walls.  Steel cantilever brackets are provided to support the outside purlin at the rear of the building at cross and end walls and the trusses are extended over the veranda and supported on steel posts.  Further steel posts support steel beams over the veranda at cross and end walls.  These beams and the extensions to the roof trusses are shown as being welded to the steel posts.

The detailing of the joints between the steel members is at present not very logical.  To simplify construction and reduce costs construction should follow a logical sequence: 1) walls should be constructed; 2) ring beams to front and rear of the building and concrete pads to cross and end walls for fixing purlins to should be cast; 3) at the same time, fixing plates and bolts for the trusses and fixing angles for the purlins should be cast into the concrete ring beam and concrete pads to walls; 4) veranda posts are fixed; 5) roof trusses are placed in position and fixed; 6) steel purlins are fixed to trusses and brackets on top of the walls.

At present it would seem that the bottom cord of the steel trusses is welded to steel plates cast into the ring beam and the extensions of the trusses over the veranda is also welded to the veranda posts.  To simplify construction all joints should be bolted and tolerances should be allowed for in the bolted joints (probably by providing slotted holes) for any discrepancies in the setting out on site.

Fixing for the trusses could be as follows: trusses to have plates welded to the bottom cord and drilled (with slotted holes) for bolts and fixed to four bolts welded to steel plates cast into the ring beam.

The fixing of the purlins at cross and end walls is at present very unclear and it is suggested that the fixing could be as follows: a steel angle is fixed to the top of the wall (by steel rods or bolts cast into the concrete pad) and the purlins are bolted to these angles.  No sizes are given at present for the steel cleats to which the purlins are fixed.

Sizes and types of all bolts and washers should be specified.

Sag rods are shown on section but it is suggested that they are upside down: should they not be fixed at the bottom of the top purlin and the top of the lower purlin in order to stop the lower purlin sagging?

Ceilings are now of 12mm hardboard fixed to the underside of the purlins with timber battens.  No details are shown of the fixing and layout of the timber battens.

The roof finish is aluminium roof sheets 0.55mm thick and lengths of sheets are now indicated.  While ‘J’ bolts and washers are specified more details of the fixings should be given.  Holes in the roof sheets should be slotted to allow for movement and the washers should be large enough to allow for this movement.

No details are given for the steel veranda posts.

Electrical
No details are given of fixings for the lights and fans.

External Works
Paving is now shown at the rear of the buildings but there are no details of any drains. 

C. General Construction Notes
Under blockwork, reference is made to load-bearing and non-load-bearing walls but it is not clear from the drawings which walls these specifications refer to.  Which walls are load-bearing and which are not?  This also applies to the different specifications for concrete filling.

Under concrete, construction joints should be indicated on the drawings as stated above and under C.10, is ‘sloshed’ really an adequate description?

D. Bills of Quantities: 2 Unit Classroom
General
In the BoQ for the classroom building a provisional sum is allowed for the electrical installation but there is a separate electrical BoQ with items measured.  This provisional sum should therefore be omitted. 

Substructure
B. Excavated material should be stock-piled for later use.

Items under Concrete Work are not numbered.  Sand blinding and DPM should be in Substructure not Concrete Work.  Joints to DPM should be lapped for 300mm not 150mm.

Superstructure
Concrete Work.

Should indicate that fixings for trusses and purlins (measured elsewhere) are cast into concrete beams and pads.

Blockwork.

B. Which walls are filled with concrete? Is it the top course of blockwork under the ring beam?

No mention of any protection between tops of walls and aluminium roof sheets.

Structural Steel
The roof trusses are now described however the finish to the steel is not specified: is it galvanised (probably not).  The number of trusses is not specified and the purlins should be described separately to the roof trusses.  How are purlins joined; over walls and over trusses? Item K should be in the roofing section.  Red oxide is a primer (for un-galvanised steel) so a separate primer will not be required. Are trusses and purlins finished in red oxide paint?

Fixings need to be revised in light of comments above.

Painting should be in Painting section.

Roofing
Bird proofing is required under the ridge capping as well as under the eaves.  Note previous comments about protective layer between roof sheets and tops of walls.
Metalwork
More details are required of veranda posts and fixings.  Post should be 100mm diameter.

Item B should be in substructure.

Painting should be in Painting section.

Windows and Doors
Descriptions of both window and door construction are very unclear!  Is steel window really 20mm thick and door 50mm thick?

Should specify the type (not the make) of ironmongery required for both windows and doors.

Painting should be in Painting section.

Floor, Wall and Ceiling Finishings
Floor Finishes

Item B. Is terrazzo really needed on the veranda?  Could be concrete finished with a steel float.

Wall Finishes

Some external walls are to be rendered and some are to be finished with ‘Tyrolean’ render.  Not clear from drawings and BoQ which is where.

Item G: It is not clear what this means?

Ceiling Finishes

No description of fixings for hardwood framing for ceiling.  Note: framing is required.

Item L: Hardwood not celotex.

Painting and Decoration
No painting allowed for any exposed steelwork; or for internal ceilings and cover strips or for doors and windows.

Are there any skirtings?  If so what are they?

Paint to external walls should be external quality. 

External Works
Paving should be laid to falls away from the building.  Any storm drains?
