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ABSTRACT: School buildings are important examples for local house construction.  New house designs in remote mountain 
areas are stimulated by intelligent school building designs.  Using local building materials and indigenous techniques, which 
can be replicated with local skills and materials, are important for remote mountain areas where most construction is self-help.  
Application of these designs is in the Northern Areas of Pakistan (Gilgit, Chitral, Skardu and surrounding areas).  These are 
very high altitude region with long winters.  Local labour is scarce during the short summers. 
 Lack of flat land requires schools to be at least two storeys (ground floor plus one).  Schools need to be safe and highly 
earthquake resistant.  Strong, lightweight construction methods are recommended using a minimal amount of reinforced 
concrete.  Bringing sand and cement to remote mountain areas is very costly; donkey transport is often the only option.  
 Lightweight bowstring short-span constructions and long-span composite beams using timber, GI sheets and galvanised 
sheet metal are used for roof supports. Lightweight floor, roof and staircase constructions are made with folded metal and 
galvanised corrugated iron constructions.  Double-glass windows facing the rising sun warm the classroom during the 
morning.  The design includes thermal insulation and leads to substantially increased comfort for the students.  Thermal wall 
and roof insulation uses local techniques and materials.   
 
Keywords: School, Mountain, Thermal Insulation, Earthquake 
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1. Introduction 
 
 Formerly, traditional schools have been built using 
solid cement blocks and heavy reinforced concrete floors, 
materials relatively new to the region and unsuitable for 
cold climates or earthquake-prone areas. 
 Three primary user criteria for the new BACIP primary 
school designs were: 

�  Increased thermal comfort 
�  Improved earthquake safety 
�  Improved efficiency in the use of the building 

 The thermal issues include solar heat intake, and wall 
and roof insulation.  Earthquake engineering solutions are 
being developed that include lightweight constructions.  
Especially in remote mountain villages with limited land 
availability, two-storey schools are being encouraged. 
Schools must be useable for other community activities.  
 
 
2. User Criteria for New Schools 
 
2.1 User Criteria 1 – Increased Thermal Comfort 
 The so-called "modern" reinforced concrete 
constructions and the use of solid cement blocks have a 
large heat transmission coefficient and heat (cold) storage 
capacity.  In the cold periods of autumn, winter and spring, 
such buildings are too uncomfortable for the students to sit 
in for long periods.  During the winter, the concrete school 
buildings were so cold inside that invariably the children 
were grouped outside in the sun (see photo on cover 
page).  In the summer, the classrooms became too warm, 
causing an overall inefficient use. 
 The new design focused on increasing the comfort 
level inside the school building by using wall-insulation 
techniques and sun orientation as major improvements.  
 

 
 (Fig. 1)  Students in the new Ghulkin school – the classroom is 
                now the warmest place in the village during winter. 
 
2.2 User Criteria 2 – Maintaining Earthquake Safety 
 Most of the schools built prior to 2000 were located in 
the larger villages along the main tracks and were easily 
accessible for light trucks and the supply of building 
materials.  The earthquake resistance of the school 
building was given high priority.  Resistance to sizeable 
earthquakes (grade 7-8 on the Richter scale) would allow 
the buildings to serve as post-disaster shelter, provided 
road access remained open.   

 Therefore, heavy cement blocks and reinforced 
concrete was chosen, combining durability with ease of 
construction and low maintenance.   
 For the new school design, BACIP first looked at 
reducing the weight or mass of the building; thereby 
reducing the possible earthquake forces on the 
construction (the size of the earthquake force is directly 
related to the mass of the construction).  Lightweight 
floors/roofs and support structures were needed with slow 
failure characteristics, meaning that in the event of a 
massive earthquake, the construction will not suddenly 
collapse, but will first deform (and with that absorb the 
earthquake forces) and fail slowly. 
 

 
(Fig. 2) Collapsed government school in Balakot, Kashmir, killing 
                    52 students under the massive concrete roof. 
 
2.3 User Criteria 3 – Avoiding Incremental Cost 
 The new school designs need to be more flexible and 
suitable for construction in more remote (off the road) 
areas than was earlier the case.  Educational services 
must be extended to the children living in remoter villages 
where there is limited or no direct access by truck road.  
The cement block and concrete design is substantially 
more expensive for the higher mountain villages because 
sand and cement has to be brought up from the lower 
valleys.  This often means carrying all the building 
materials (30-50 kg) on the backs of donkeys and/or 
villagers (both men and women).   
 Most schools are built as a community participation 
project with the collection of locally available materials and 
unskilled labour (carrying loads) as part of the contribution 
by the villagers.  Therefore, the use of local materials has 
priority over heavy reinforced concrete constructions.   
 The higher the village, the shorter is the building 
season (page 3), in particular when building with cement 
mortar.  Cement requires a minimum temperature of at 
least +5 degrees Celsius for the hardening process.  
Because the temperature at high altitudes drops quickly at 
night, the construction cannot maintain its heat gain from 
the day.  In addition, once the sun becomes strong 
enough and the soil thaws, all building activities stop 
because the villagers need to attend to the agricultural 
fields – their means of livelihood in the remote areas. 
 The following table is an approximation based on 
information obtained from local builders.  In the table, "+" 
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indicates the weeks that cement can be used and "-" 
indicates when it is too cold (less than 5° Celsius at night).  
Evaporation of water will also contribute to the cooling of 
fresh masonry.  A minimum of four hours of daily sunshine 
on the work is needed.  Shaded building sites have one 
additional winter month.  
 

 Altitude 
in Feet 

July 
Aug. 
Sept 

Oct. Nov. 
Dec. 
Jan. 
Feb. 

March 
April 
May 
June 

1 5000  +++ ++++ + + -  - - -  - ++ + +++ 
2 6000  +++ ++++ + - -  - - -  - - + + +++ 
3 7500  +++ +++ - - - - - - -  - - - + +++ 
4 8000  +++ ++ - - - - - - - -  - - - - +++ 
5 8500  +++ + - - - - - - - - -  - - - - +++ 

(Fig. 3)      1= Gilgit   2 =Hunza   3= Ghulkin   4=Hoper   5= Gartenz 
 
 The choice of technical and architectural designs and 
building materials must therefore try to accommodate the 
above complexities and not solely the very much needed 
earthquake resistance or maintenance aspects of the 
building. 
 
 
3. Design Criteria for New Schools 
 
3.1 Research for New Design Options 
 Traditional building methods were not a viable option 
as most houses were cold in the winter and technically 
unsound in resisting large earthquakes.  The following 
objectives were formulated: 
¨  Earthquake resistance: 

- Lighter construction to reduce the weight of the 
building and potential earthquake forces. 

- Increased coherence between building 
components to prevent sudden collapse. 

- Increased lateral stability for long wall sections. 
¨  Ability to construct on irregular or small school sites: 

- Avoid the need for large and/or flat areas of land 
- Allow building on terrain with gradients. 
- Build minimal two-storey schools (ground plus 

one) to conserve agricultural/flat land. 
- Incorporate the option for building in stages. 

¨  Use of local materials as much as possible because: 
- People’s participation should be maximised. 
- Transport from outside the area is difficult due to 

limited road access for trucks. 
- The cost of the construction must be low and 

simple techniques used. 
- Cement is one of the most costly materials for high 

altitude construction and must be limited. 
- Replication of the applied techniques must be 

possible for domestic housing. 
¨  Better insulating properties than existing schools: 

- Improved wall/window (double glass) and 
ceiling/roof insulation to prevent heat loss. 

- Use of passive solar energy from the winter 
eastern morning sun for heating up the 
classrooms. 

- Improved orientation with regard to strong winds. 
¨  Improved classroom layout and space organisation: 

- Improved light and illumination conditions. 
- Larger school board area and better visibility. 
- Possibility to create smaller spaces for smaller 

school groups. 
- Low classroom height to reduce heating 

requirements. 
- Reduced sound reverberation to improve audibility 

and understanding of the teacher.  The current 
hard cement surfaces cause a noisy classroom. 

- Multi-purpose storage for books and other 
community users of the school. 

 
3.2 Cost of the School Building 
 A cheap building that is unused is very expensive.  
The actual cost of the construction of a school design 
depends on several factors, such as: 
�  The actual size of the planned construction.  Do not 

construct more spaces than can be used in the 
coming five-year period.  The use of sound and space 
separators in large classrooms should be considered.  
Support columns can be used. 

�  Limited outside wall surface.  As the winters are cold 
and long, the number of exterior walls needs to be 
kept to a minimum and smooth.   

�  Roofs should function as future floors.  As land is in 
great shortage, two- and three-storey buildings must 
be considered.   

�  The materials used and the local availability of these 
materials.  The reduction of the thickness and mass of 
the walls is important for both saving building 
materials and reducing the weight.  Insulating walls on 
the inside can be made from local materials.   

�  The participation of the local population in the 
construction by supplying local building materials and 
unskilled labour.   

�  The land requirements should be minimal.  Large flat 
land area, including areas for sports, is not the 
requirement for small village schools.  The school 
design needs to be small and flexible so that it can be 
constructed on a variety of sites.  The risk of natural 
hazards (such as rock falls) must be analysed and 
prevented to ensure safety.  

 
3.3 Prefabrication 
 In the colder upper mountain areas, most cement-
based construction will only be possible during the 
summer period.  However, the villagers will have more 
time available for construction during the winter because 
preparation of agricultural soil and tending the fields is a 
summer activity requiring intensive labour. 
 Prefabrication should therefore consider utilizing the 
pre-winter period for manufacturing the components in the 
main towns at lower altitudes.  Improving road access, the 
transport of components and assembling can be done in 
the winter period.  The construction of the foundation, soil 
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stabilisation and retaining walls is part of the activity, some 
of which can also be realised during the winter period.  
 For donkey and human transport, building 
components should not be larger than 10-12 ft. or wider 
than 3-4 ft., with a maximum weight of 50 kg.  When 
prefabricated lightweight galvanised steel frames are to be 
used, small sections need to be assembled on the building 
site.  Connectors or infill girders that are not necessary for 
the strength of the construction can be made from local 
timber, if such is available (reference 3).  
 It pays to make intelligent lightweight designs, allowing 
for strong and thermally well-insulated buildings, rather 
than trying to minimise costs.  The overall economy is 
found in easy transport, assembly and replication by the 
villagers in building their own houses.   
 
 
4. Site Selection 
 
4.1 Site Selection of Hoper-Ratl School 
 A site study was made for a school in Hoper-Ratl, 
being well off the road at an altitude of 8000 ft. (2400 m). 
       

 
 

(Fig. 3)           First layout of the Hoper-Ratl school with 
classrooms of different lay-outs and support columns. 

 
 Several sites were viewed and the advantages and 
disadvantages discussed with the villagers.  The school:  
·  Should be situated somewhere between the two 

villages and the nearest truck road. The walking 
distance from the villages should be limited. 

·  Not be built next to the village pond as often boys 
swim (half naked) there in the summer; this would be 
a distraction (inappropriate) for the female students. 

·  Not be built on the border of the glacier deposits as 
the glacier erodes 5-10 meters of land per year.  In 
15 years, the school would fall onto the glacier. 

·  Not be built in the winter shade projection of the 
mountain, eliminating the possible use of solar 
light/heat intake. 

·  Not be built on land that was under legal discussion 
between owners or related to heritage problems. 

·  Not be built in a geological hazard area.  Historical 
information from the oldest villagers provided an 
indication on where and what hazards have existed 
during the last century. 

·  Should be in an area where it is possible to bring local 
materials to the site, such as rock (from a higher 
terrain) or sand and gravel (from the river below). 

 
4.2 The Decision-Making Process in Hoper-Ratl 
 The classroom units were all oriented towards the low, 
eastern 09:00 hr. sun and staggered in position.  This also 
allowed for the creation of outside sitting areas.  In 
addition, the school units were staggered vertically to 
match the slight slope. 
 The school layout was pegged out (in the snow) on 
the proposed site.  The layout was explained on-site with 
drawings and a scale model.  These were then studied by 
the representatives and responsible persons of the village. 
 

 
(Fig. 4)          Cross-section of three Hoper-Ratl classroom units 
                         from SSW to NNE, over the sloping terrain. 
 
4.3 Site Selection of the Ghulkin School 
 The Ghulkin community had only one location 
available – on the top of a (windy) hill.  Eventually the 
community wanted to develop a complete 12-classroom 
school, but currently only had finances for building part of 
this school along with a boarding facility.  The following 
points were considered: 
·  A steep drop existed on all sides of the terrain.  On the 

northwestern side, along the peninsular hill, a truck 
access road would eventually be developed. 

·  A number of large boulders existed on the site that 
could be used for shielding the buildings against the 
strong winter wind coming from the southeast. 

·  The building blocks could have a toilet or store on 
each end to enhance stability. 

·  The southeastern façades should have flat surfaces to 
minimise wind chill and double-glass windows. 

·  The school units should be staggered on the site to 
allow winter sun intake in all the ground floors. 

·  To allow sufficient area for the playground, the school 
blocks should be two storeys (ground floor plus one).  
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(Fig. 5)   Narrow hilltop of the Ghulkin school with school blocks. 
 
 
5. Classroom Design 
 
5.1 Size of the Classrooms 
 The maximum number of students per classroom was 
given at 40.  Based on the surface requirements for the 
furniture, the minimum classroom size was determined as 
follows: 

�  Students 14 years and older – 1.1 m² per student 
or 44 m². 

�  Students younger than 14 years (tables 100 cm x 
50 cm) – 0.87 m² per person or 35 m².  

 The classrooms can be occupied by two separate 
groups of young students, separated with cabinets.  As 
the current population growth did not merit larger 
classrooms, one or two smaller size classrooms could be 
considered, 24 m² to 18 m² respectively. 
 Based on the above measurements, the maximum 
classroom size of 22 ft. x 22 ft. was chosen, including the 
space for the supporting walls (24 ft. x 24 ft.).  This was 
divided lengthwise into three to allow for a roof support 
structure with an 8-ft. span supported by two slender 
(steel) columns.  The 8-ft. span allowed for a lightweight 
metal/concrete floor in a modular system. 
 The site plan of the Hoper-Ratl school (Fig. 4) shows 
the different shapes of the classroom using an 8-ft. grid.  
The most convenient size was 16 ft. x 24 ft. 
 
5.2 Height of the Classroom 
 The height of the classroom was kept at only 6 ft. 8". 
under the long cross beams.  Reducing the physical 
classroom height is important for several reasons: 

�  To limit the heating requirement in the winter. 
�  To keep the height of the walls low and with that 

reduce earthquake forces. 
�  To keep the height of the walls low to reduce 

material use and labour. 
�  To create a psychologically more confined area 

that is more appealing to small children. 
 Sufficient windows were incorporated into the design 
to comply with illumination and ventilation requirements 
during the summer and winter.  A burning woodstove 

consumes a large amount of oxygen; good thermal 
insulation of the walls and ceiling is essential.  With solar 
heat intake and good thermal insulation, heating 
requirements were minimal and with that less oxygen 
being drawn out of the room for the burning of fuel. 
     When the school was visited during midwinter, the 
firewood stove was not being used at all because the solar 
heat intake was sufficient (see Fig. 1). 
 
 
6. Lightweight Constructions 
 
6.1 Lightweight Construction of Floors and Roofs 
 Many old reinforced concrete schools had wooden 
beams crossing the 16-ft. span between two classrooms, 
being 3-ft. in height.  Such a beam weighs 600 kg/m1 or 
about 3000 kg.  The roof of the traditional design was 6" 
thick with a total weight of roof and beam of 23,000 kg, 
excluding the live load (e.g. snow). 
 The BACIP-designed roof beams can span 5 m and 
have an own weigh of only 50 kg/m.  The concrete-cement 
of the new folded-metal floor construction is only 4 cm 
thick with an own weight for 16 ft. x 40 ft. of 5300 kg.  
Together with the beams, this is about 6000 kg or one- 
quarter the weight of the traditional concrete roof.   
 
6.2 Reduce Reinforced Concrete Constructions 
 The following observations support why reinforced 
concrete is not suitable for remote areas. 
·  With heavy reinforced concrete, the earthquake forces 

become very large, thus requiring more 
reinforcement and again adding more weight. 

·  Without adequate quality control on the amount of 
reinforcement, cement, quality of aggregates, mixing 
and curing, these constructions (once copied by the 
villagers) will become dangerous death traps. 

·  Reinforced concrete constructions have very poor 
thermal characteristics for high altitude schools, 
causing cold rooms and misery for the occupants. 

·  When massive earthquakes occur, reinforced concrete 
buildings always cause the greatest damage and 
highest death tolls (Kashmir earthquake 2005). 

·  For remote mountain villages where the season for 
working with reinforced concrete is very short, it is 
time-wise not a good construction material. 

·  In mountain locations having no road access or 
access to sand aggregate, concrete becomes very 
expensive in terms of transport costs. 

 
6.3 Short Span and Slender Columns 
 Short-span constructions are cheaper than long-span 
constructions.  However, intermediate support columns 
should not obstruct the students’ view.  This was achieved 
by having columns with very slender midsections at the 
eye level of the students.  The columns have a concrete 
base up to table height.  The middle section of the 
columns is maximum 5 ft. long and made from two welded 
2" x 2" steel angle irons or heavy gauge 2" GI pipe, thus 
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causing only minimum visual obstruction.  The buckling 
length is kept short by making a moment-resistant 
anchoring in/on the reinforced concrete base column with 
four bolts (2000 kg load/post with buckle length < 1.2m). 
 

 
(Fig. 6)      Slender columns provide minimal obstruction. 
 
      In Fig. 7, the steel column section has a length of less 
than 5 ft. (1.5m).  Although the 2" pipes cause some 
obstruction in the line of vision, this is minimised when the 
blackboard covers the entire width of the classroom wall. 
 
6.4 Short-Span Construction 
 To keep the span of the roof structure short, the 
intermediate columns have been positioned at one-third of 
the span.  This creates only one-ninth of the moment for 
the dead and live loads, thus reducing the required 
strength for the beam and floor.  The lightweight floor 
construction has one-third the weight of 6" concrete.  The 
combined effect is that the construction requires less than 
one-fifteenth of the strength of a full span traditional 
concrete floor, thus reducing considerable materials 
and/or labour and increasing earthquake safety.  

 

(Fig. 7)   Cross section over traditional house with columns. 
 
 The use of intermediate columns exists in the 
traditional house design.  The roof of the large room (24 ft. 
x 24 ft.) is supported by four columns, dividing the area 
into nine quarters, making the maximum span 8 ft. 
 
6.5 Folded Metal Floor Construction 
 For the Hoper-Ratl school, an 18-gauge (1.2 mm) 
folded metal (1.5" x 1.5" = 4 x 4 cm) floor was tested by 
BACIP and found to be less than one-third the weight of a 
traditional concrete floor, whilst the construction would not 
require any formwork for casting.  The free span is 8 ft. 
 The floor has a "slow failure characteristic", meaning 
that when it is overloaded, it will not suddenly snap or 
break, but slowly deform.  This gives the occupants time 
to evacuate the building. 
 The above-mentioned flooring system is good for all 
types of modular building complexes built according to a 

regular plan. This floor is only useful for house 
construction having a regular plan, fitting the 8-ft. span. 
 

 
(Fig. 8)           Detail of folded metal floor/roof construction with  

8 ft. span and suspended ceiling. 
 
 After field-testing this floor, it showed that the steel 
roofs attracted condensation due to the differences in day 
and night temperatures.  Inside classrooms, the relative 
humidity is high and condensation against the roof will 
cause corrosion of the steel.  Therefore, corrosion 
protection is needed for roof constructions. 
 
6.6 GI-Cement Floor Construction  
 As it is almost impossible to cut the 18-gauge (1.2 mm 
mild steel plate) on the site, a variation of the folded metal 
floor has been created using a 24-gauge corrugated GI 
roof sheet as a basis (0.6 mm).  An expanded wire-mesh 
(20 mm holes) is fixed onto all the support beams using 
butterfly-shaped washers to enhance the bonding 
between the concrete and the floor.  The support beams 
are placed at 2-ft. intervals and span 8 ft. 
 

 
(Fig. 9)                   Floor construction with GI sheet. 
 
6.7 Testing and Demonstration 
 Because the design was unknown in the area, it was 
not only necessary to demonstrate it to the village leaders, 
but to the local municipality authorities and the school 
building inspectors as well.  The demonstration also 
included the composite main beam. 
 The GI-cement floor is again lighter than the folded 
metal floor.  An insulating suspended ceiling can be 
attached onto the wooden supports and between the 
composite support beams.  When this flooring system is 
anchored to all the outside walls, it becomes a floor 
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diaphragm and holds the walls together.  It also has a 
"slow failure characteristic".  
  

 
(Fig. 10)  Testing and demonstration of the 1.5" GI-cement floor 
                       construction on 16 ft. composite floor beams. 
 
6.8 Composite Floor Beams 
 Two types of 16-ft. long composite floor beams have 
been designed for the above schools; one for the light GI-
cemented roof construction (12" high) and one for the 
stronger GI floor construction (14" high). 
 The composite beams have timber lengths of 
maximum 10 ft.  These are connected with 18-gauge 
(1.2 mm) connectors having sufficient galvanised nails to 
transmit the maximum stress from one plank to the next.  
Long beams are made in sections. 
 

 
(Fig. 11)      Sketch of connector plate in composite beam.  
 

 
(Fig. 12)     40-ft. Composite beams in the Al Azar Hall (Gilgit).   
 

6.9 Bowstring Beams 
 To reduce the use of timber in the roof construction 
further, 8-ft. long bowstring beams have been developed 
with a carrying strength for 1000 kg load.  Comparing this 
with a wooden beam, less than one-fifth of the amount of 
wood is necessary to obtain the same bearing strength.  
The 4 x 2.3 mm galvanised wires twisted into a cable 
takes the stress force.  The lower side of the bowstring 
beam can be used to fit a suspended ceiling under the 
cables, thus creating an air cushion of thermal insulation. 
 

 
(Fig. 13)       Sketch of bowstring beam with 4 x 2.3 mm GI wire. 
 
 
7. Thermal Insulation 
 
7.1 Wall Insulation 
 All inside faces of the exterior walls of the BACIP-
designed school buildings have good thermal insulation 
properties.   
 The wall insulation is on the inner face of the wall and 
consists of a lightweight cavity wall fitted onto 8"-long 
wooden pegs protruding 2" from the wall (Fig. 14).  A 
cavity of minimum of 2" is recommended for low altitude 
regions (up to 7000 ft. or 2100 m) and a 3" cavity for 
higher altitudes.  In areas subject to severe cold for long 
periods, the cavity should be 4".  All cavities need to be 
filled with straw, Polypropylene foam or empty PET bottles 
to reduce internal air circulation.  Edible material (for 
insects) should be stripped from the straw. 
 The following stone-wall designs have been tested 
with a variety of plasters: 

(a) Pegs, 2" cavity, plastic foil, 1-2" horizontal 
wooden strips, expanded metal and plaster. 

(b) Pegs, 2" cavity, insulation material, plastic foil, 
expanded metal 1/4" hole, cement plaster. 

(c) 2" wooden strips (preserved) nailed on the wall, 
plastic foil, plywood or hardboard. 

(d) Pegs, 3" cavity, plastic foil with straw, large 
wattle wall panels and plaster from stabilised 
clay or lime cement. 

(e) Pegs, 2" cavity, plastic foil, 1-2" wooden strips, 
fibre-cement panels (non-asbestos Eternit). 

 The plastic foil (0.15 mm recycled) fixed on the warm 
side of the wall has an important function – it reduces the 
humidity transport from the classroom onto the cold 
surface of the stone outside wall and avoids condensation.  
It also assists in the curing of the cement plaster. The 
expanded metal needs to be primed with strong cement 
slurry before plastering. 
 Different types of plasters have different costs and 
maintenance requirements.  For classrooms, a 1/2" to 3/4" 
cement plaster has been used.  To avoid damage at the 
lower section of the walls, the expanded metal and plaster 
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have been doubled up to a height of three feet.  At the 
height of the school tables and the backs of the chairs, a 
plank has been fitted into the plaster. 
 

 
(Fig. 14)     Insulation – pegs, 2" cavity filled with straw, 
                       plastic foil, expanded metal and plaster. 
 
 Any air circulation in the 2" cavity must be blocked by 
placing a horizontal roll of plastic over each horizontal line 
of pegs.  Waste/excess plastic from the foil can be used.  
 
7.2 Double Windows 
 The intake of the eastern morning solar light requires 
large windows.  A number of conditions determine the 
design of the window frames or sashes: 
·  In classrooms, a large glass surface is required to 

take maximum advantage of the early morning 
sunlight.  Large windows, however, will cool off the 
room during non-sun hours, unless they are of 
double glass. 

·  To enhance the insulation effect of the windows, the 
distance between the glass sheets need to be 
minimal 1", requiring two sashes or glass frames. 

·  To allow maximum sunlight intake, clean single glass 
is most effective, as every glass sheet reduces the 
amount of light by about 2% per mm thickness.  This 
reduction increases rapidly when the glass is dirty. 
This means that during sun hours the inside window 
must be opened (to the inside) and closed as soon 
as the sun is gone.  An inner sash that can be 
opened will make regular cleaning easier. 

·  For optimum sun intake, the glass sheets must be 
regularly cleaned.  Easy access to both sides of each 
window is essential.  For the second and higher 
floors, this means that both windows must open to 
the inside and interior sashes should be fitted on top 
of the window frame. 

·  It is not necessary for all windows to be opened for 
ventilation during the summer.  Most external glass 

panes can be fitted directly in the frame and remain 
permanently closed. 

·  Glass sheets larger than 1.5 ft. allow more sun intake 
but are vulnerable to breakage, costly to replace and 
difficult to transport.  For this reason, such large 
glass sheets are not recommended for remote 
mountain areas. 

·  Windows opening to the outside are vulnerable to 
sudden strong summer thermals that can easily 
smash them when not well secured.  

·  Stone throwing, bird shooting, cricket or other ball 
sports must be avoided near the windows. 

·  For windows not facing the morning sun in the winter, 
wire-mesh protection or fly screens can be fixed 
permanently. 

·  Shutters made from GI sheet will provide added 
insulation at night.  They are recommended for the 
ground floor to provide additional protection against 
damage and burglary. 

 
7.3 Roofs 
 Three types of roofs are considered: 

�  Lightweight folded metal floors/roofs with a 1.5" 
concrete topping and a span of 8 ft.  These need 
to be well treated with anti-corrosion paint against 
condensation when used as a roof. 

�  Lightweight GI-Cement roofs.  These can be 
locally cut to size but require more support timber 
than the above roof. 

�  Pitched corrugated or profiled zinc-aluminium 
roofs for areas with high snow loads.  

 The flat roofs can be made waterproof with a well-
draining cemented layer.  However, they will conduct heat 
and cold at a very high rate, negatively affecting the 
internal climate of the school.  Insulation needs to be 
applied.  Zinc-aluminium is durable and has a high heat 
reflection. 
 
7.4 Technical Design of Roof Insulation 
 The following is realised for making the roof insulation: 

(a) Under the wooden roof purling, a series of 
galvanised wires is stretched by winding them 
around each purling, making a 3 ft. square 
pattern.  The distance between the wires and the 
GI sheets is minimal 4".  

 

 
(Fig. 15)      Roof insulation (right) and a completed section 
              (left) over bowstring  supported by composite beams. 
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(b) An expanded metal mesh (1/4") is placed over 
the wires.  This is attached to all sides of the 
beams so animals, such as mice, cannot go 
through the mesh. 

(c) Plastic foil (0.15 mm) is placed on the expanded 
metal.  The foil reduces humidity transmission, 
condensation and dust from the insulation. 

(d) A 4"-thick layer of insulation material (such as 
loose straw, PP foam, agricultural PP fibre bags 
filled with empty PET bottles or wood shavings) is 
placed on the plastic foil. 

(e) The GI roof sheets are placed (or replaced), 
making sure that the wind cannot blow the 
insulating filling out from the borders of the roof. 

(f) The lower side can be finished with 
board/plywood. 

 

(Fig. 16)     Thermal insulation – empty PET bottles in agricultural 
PP fibre bag.  20 cm thick bags are placed side by side in the 
roof, providing an excellent insulation and reduce plastic waste. 
 
7.5 Waterproofing GI-Cement Roofs 
 Flat roofs will be strongly influenced by the effect of 
the sun’s radiation.  The temperature in these roofs will be 
high in the summer, causing lateral expansion and heat 
radiation downwards.  External thermal insulation is 
therefore also required. The roofs of houses should be 
“walk resistant” if it is used for other purposes; this is 
normally the case. 
 The exterior insulation will unfortunately  add to the 
weight of the construction.  The design is as follows: 

(a) Over the GI-cement floor, compact a moist 1-2" 
layer of straw-clay soil mix (1:1), creating a slope 
for draining rainwater (1 inch/4 ft.). 

(b) Place the plastic foils (0.15 mm) with large 
overlaps, draining the water downwards. 

(c) Place a one-inch topping of cement and lime-
stabilised soil over the plastic.  The amount of 
lime-water is 1/3 the volume of the soil.  The 
concentration of lime-water is 40 kg dry lime per 
barrel of 200 litre water; cement : soil = 1:10. 

 This roof cover will harden in a week time and is 
suitable for light use only. The topping should be removed 
if the roof is converted to a floor for a second storey.   

 Rainwater should be well drained away from the sides 
of the roof and walls to keep the walls dry; long gargoyles 
should extend 3 ft. away from the wall and the drop point 
should be lined with rocks, avoiding splashing against the 
walls and/or eroding the foundation. 
 
 
8. Conclusion 
 
 Old government schools on large sites had a very low 
user utility because they were very cold in the winter and 
hot in the summer; children often were getting their 
education outside.  
 A new school design for remote mountain areas in the 
Pakistan Himalayas was developed, which included 
lightweight construction methods to reduce potential 
earthquake forces.  For remote mountain areas, no truck 
transport would be available, while during the short 
summer periods little labour would be available.  
 Site planning with the population focussed on smaller 
plots with good solar orientation.  The buildings have 
excellent thermal insulation through cavity walls, roof 
insulation and double glass.  Solar heat intake from the 
low morning sun avoided the need for classroom heating, 
making them comfortable for the students.  
 Lightweight floor constructions are supported by 
strong 16-ft. composite beams and bowstring beams, 
requiring only one-fifth the amount of timber as compared 
to solid beams.  The GI-sheet cement floors were also 
one-fifth the weight of common 6" reinforced concrete 
floors, thus substantially reducing any earthquake load. 
 The thermal insulation and lightweight construction 
technologies are now being replicated in private house 
constructions. 
 Local architects further improved on the design and 
constructed additional school blocks. 
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