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ABSTRACT: School buildings are important ezamopkdshbuse construction. New house desigiageirmountain
areas are stimulated by intelligent school thedliding. Using local building materials ambirsdigchniques, which
can be replicated with local skills and materiaiportant for remote mountain areas wheoastrostion is self-help.
Application of these designs is in the Nortagrof Rakistan (Gilgit, Chitral, Skardu anddgrargas). These are
very high altitude region with long wintersabloocat scarce during the short summers.

Lack of flat land requires schools to be ttdestieteys (ground floor plus one). Schottsbeesdfe and highly
earthquake resistant. Strong, lightweight teamstrathods are recommended using a minimabfanemfotced
concrete. Bringing sand and cement to remati& sx@ast is very costly; donkey transporttieaitéyn option.

Lightweight bowstring short-span constructiong-apdn composite beams using timber, Glrghgatganised
sheet metal are used for roof supports. Ligitwejglaof and staircase constructions areitinddieled metal and
galvanised corrugated iron constructions. Resblgrgiows facing the rising sun warm thenclaksiog the
morning. The design includes thermal insuddadsio substantially increased comforstisdehts. Thermal wall
and roof insulation uses local techniques aiatsmater
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1. Introduction Therefore, heavy cement blocks and reinforced
concrete was chosen, combining durability wiah ease
Formerly, traditional schools have been kyiilt usiconstruction and low maintenance.

solid cement blocks and heavy reinforced doncsete f For the new school design, BACIP first looked at
materials relatively new to the region and lanfswitab reducing the weight or mass of the building; thereb
cold climates or earthquake-prone areas. reducing the possible earthquake forces on the
Three primary user criteria for the new BA&IP primconstruction (the size of the earthquake fireetlys d
school designs were: related to the mass of the construction). dhghtwei
Increased thermal comfort floors/roofs and support structures were ndedkavwit
Improved earthquake safety failure characteristics, meaning that in theofement

Improved efficiency in the use of the building massive earthquake, the construction will notysudde
The thermal issues include solar heat intakal] and collapse, but will first deform (and with thibt thbso
and roof insulation. Earthquake engineeronssai@ti  earthquake forces) and fail slowly.
being developed that include lightweight camstructi _
Especially in remote mountain villages witHairdited [
availability, two-storey schools are being eucourag
Schools must be useable for other communéy.activit |

2. User Criteria for New Schools

2.1 User Criteria 1 — Increased Thermal Comfort .

The so-called "modern” reinforced concref
constructions and the use of solid cement blecks ha
large heat transmission coefficient and heatoi@agd) et T ' \
capacity. In the cold periods of autumn, wispeimay T - -
such buildings are too uncomfortable for thes &igien IR gl A4 g LT3
in for long periods. During the winter, thte caioel (Fig. 2) Collapsed government school in Balatat, kiisiy
buildings were so cold inside that invariabiydtee c 52 students under the masshegecroof.
were grouped outside in the sun (see photo on co
page). In the summer, the classrooms becamm too w,
causing an overall inefficient use.

The new design focused on increasing the com
level inside the school building by using iaéiinsu
techniques and sun orientation as major impsovement

.eé User Criteria 3 — Avoiding Incremental Cost

The new school designs need to be more flgxible an
fgw'table for construction in more remote (ofddhe r
areas than was earlier the case. Educatiooes servi
must be extended to the children living in vilagpesr
where there is limited or no direct access byaniuck
The cement block and concrete design is sljpstantial
more expensive for the higher mountain villages bec
sand and cement has to be brought up from the lower
valleys. This often means carrying all they buildin
materials (30-50 kg) on the backs of donkeys and/or
villagers (both men and women).

Most schools are built as a community participatio
project with the collection of locally avaitehkdsrend
unskilled labour (carrying loads) as part ofrthetiom
by the villagers. Therefore, the use of lodalstete
[ — 4 N priority over heavy reinforced concrete camstructio
(Fig. 1) Students in the new Ghulkin schatassthem is The higher the village, the shorter is they buildin

now the warmest place in tleeduitlag winter. season (page 3), in particular when buildimgnerth c
o o mortar. Cement requires a minimum temperdture of a
2.2 User Criteria 2 — Maintaining Earthquake Safety |east +5 degrees Celsius for the hardening process.

Most of the schools built prior to 2000 wetkifocat Because the temperature at high altitudes dkbpatqui
the larger villages along the main tracks aedsigre pight, the construction cannot maintain itsrhéanya
accessible for light trucks and the supply iof buildi,e day. In addition, once the sun becomes strong
materials. The earthquake resistance of the sch@@lugh and the soil thaws, all building astijties
building was given high priority. Resistazesli®si pecause the villagers need to attend to theuraricul
earthquakes (grade 7-8 on the Richter scalejlovould fig|gs — their means of livelihood in the reamte ar
the buildings to serve as post-disaster stwiigedpr The following table is an approximation based on
road access remained open. information obtained from local builders. abiethert

-




indicates the weeks that cement can be used and
indicates when it is too cold (less than 5°ateigibg.
Evaporation of water will also contribute wlittgeato

- Improved orientation with regard to strong winds.
Improved classroom layout and space organisation:
- Improved light and illumination conditions.

fresh masonry. A minimum of four hours onstaie su - Larger school board area and better visibility.
on the work is needed. Shaded building sitesehave - Possibility to create smaller spaces for smaller
additional winter month. school groups.

- Low classroom height to reduce heating

Attitude | U Dec. April requirements. _ _ o
in Feet | Aug. | Oct. Nov| Jan. | March | May - Reduced sound reverberation to improve audibility
Sept Feb. June and understanding of the teacher. The current
1| 5000 Il s D e R L = hard cement surfaces cause a noisy classroom.
2| 6000 sl B, S I ) L S s - Multi-purpose storage for books and other
31 7500 | 4t ] Adby oo oy -opddd community users of the school.
4] 8000 +++ ++ - --- -1- --}- 44+
5| 8500 it | +-- S e -
(Fig. 3) 1=Gilgit 2 =Hunza 3= Ghtiloperd 5= Gartenz 3.2 Cost of the School Building

A cheap building that is unused is very expensive.

The choice of technical and architectural aresigns The actual cost of the construction of a sclyol des
building materials must therefore try to accentineodat depends on several factors, such as:
above complexities and not solely the very rdadh nee  The actual size of the planned constructiont Do no
earthquake resistance or maintenance aspects of theconstruct more spaces than can be used in the
building. coming five-year period. The use of sound end spac
separators in large classrooms should be considered
Support columns can be used.
Limited outside wall surface. As the winteld are c
and long, the number of exterior walls needs to be
kept to a minimum and smooth.
Roofs should function as future floors. Asidand is
great shortage, two- and three-storey buildings mus
be considered.

3. Design Criteria for New Schools

3.1 Research for New Design Options
Traditional building methods were not a viable opt
as most houses were cold in the winter andll{echnica
unsound in resisting large earthquakes. Tlieg follow
objectives were formulated: The materials used and the local availab#ite of th
Earthquake resistance: materials. The reduction of the thickness anfl mass
- Lighter construction to reduce the weight of the the walls is important for both saving building
building and potential earthquake forces. materials and reducing the weight. Insulatiog wall
- Increased  coherence  between the inside can be made from local materials.
components to prevent sudden collapse. The participation of the local population in the
- Increased lateral stability for long wall sections. construction by supplying local building nzatérials
Ability to construct on irregular or smallisetiool s unskilled labour.
- Avoid the need for large and/or flat areas of land  The land requirements should be minimal. tLarge fla
- Allow building on terrain with gradients. land area, including areas for sports, is not the
- Build minimal two-storey schools (ground plus requirement for small village schools. The school
one) to conserve agricultural/flat land. design needs to be small and flexible so thheit ca
- Incorporate the option for building in stages. constructed on a variety of sites. The riskadf nat
Use of local materials as much as possible because: hazards (such as rock falls) must be analysed and
- People’s participation should be maximised. prevented to ensure safety.
- Transport from outside the area is difficult due to
limited road access for trucks. 3.3 Prefabrication
- The cost of the construction must be low and In the colder upper mountain areas, most cement-
simple techniques used. based construction will only be possible during the
- Cement is one of the most costly materials for higtimmer period. However, the villagers will teave mo
altitude construction and must be limited. time available for construction during the excistse b
- Replication of the applied techniques must hareparation of agricultural soil and tendialyishis &
possible for domestic housing. summer activity requiring intensive labour.
Better insulating properties than existing schools: Prefabrication should therefore consider thtdizing
- Improved wall/window (double glass) angre-winter period for manufacturing the conipdhents
ceiling/roof insulation to prevent heat loss. main towns at lower altitudes. Improving resdtiaece
- Use of passive solar energy from the wintdransport of components and assembling canibe done
eastern morning sun for heating up thghe winter period. The construction of thediousoit
classrooms.

building



stabilisation and retaining walls is part @f/itye same - Notbe built on land that was under legal discussion
of which can also be realised during the vigtder per between owners or related to heritage problems.

For donkey and human transport, building Notbe built in a geological hazard area. Historical
components should not be larger than 10-1Riér or w  information from the oldest villagers provided an
than 3-4 ft., with a maximum weight of 50 kg. When indication on where and what hazards have existed

prefabricated lightweight galvanised steel fesinide a during the last century.

used, small sections need to be assembled idirtlge bu . Should be in an area where it is possiblelazéiring
site. Connectors or infill girders that areesstinefor materials to the site, such as rock (from a higher
the strength of the construction can be madedfom | terrain) or sand and gravel (from the river below).

timber, if such is available (reference 3).
It pays to make intelligent lightweight ddisigimg a 4.2 The Decision-Making Process in Hoper-Ratl
for strong and thermally well-insulated buiddhegs, The classroom units were all oriented towamls the
than trying to minimise costs. The overall eisonomyeastern 09:00 hr. sun and staggered in pdsisiafsoT
found in easy transport, assembly and replcdt®on b allowed for the creation of outside sitting aneas.
villagers in building their own houses. addition, the school units were staggeredyvéticall
match the slight slope.
The school layout was pegged out (in the snow) on

4. Site Selection the proposed site. The layout was explainedvih-sit
_ _ drawings and a scale model. These were thettbstudie
4.1 Site Selection of Hoper-Ratl School the representatives and responsible personslaf¢he

A site study was made for a school in Hoper-Ratl,
being well off the road at an altitude of GO fm).

(Fig. 4) Cross-section of three HoptrsRatbm units
from SSW to NNE, ovepithg t&rrain.

4.3 Site Selection of the Ghulkin School

(e | 7 The Ghulkin community had only one location

TMeE) 1 4 40 SHQAMATING viLLAGE ~p available — on the top of a (windy) hill. Bvémual
( )\%/ /:ms = . community wanted to develop a complete 12-classroom

school, but currently only had finances fay paitdafi
this school along with a boarding facility.lloWiagfo
(Fig. 3) First layout of the HopahBailthgth points were considered:
classrooms of different lay-outs and suppogt.column . A steep drop existed on all sides of the @mrtie.
northwestern side, along the peninsular tok, a tru
Several sites were viewed and the advantages and access road would eventually be developed.
disadvantages discussed with the villagershodhe sc . A number of large boulders existed on the site that
Should be situated somewhere between the two could be used for shielding the buildings hgainst t
villages and the nearest truck road. The walking strong winter wind coming from the southeast.
distance from the villages should be limited. . The building blocks could have a toilet or store on
Notbe built next to the village pond as often boys each end to enhance stability.
swim (half naked) there in the summer; thiewould.b The southeastern facades should have flat &urfaces

a distraction (inappropriate) for the femates studen minimise wind chill and double-glass windows.
Notbe built on the border of the glacier deposits as The school units should be staggered on the site to
the glacier erodes 5-10 meters of land penyear. | allow winter sun intake in all the ground floors.

Not be built in the winter shade projection of the plocks should be two storeys (ground floor)plus one
mountain, eliminating the possible use of solar

light/heat intake.



consumes a large amount of oxygen; good thermal
insulation of the walls and ceiling is ess¥ithaolar
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 mitivénter,
firewood stove was not being used at all becaaks th
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
(Fig. 5) Narrow hilltop of the Ghulkin stheahadt blocks. beams crossing the 16-ft. span between twontdassroo
being 3-ft. in height. Such a beam weighs 6@0 kg/m
about 3000 kg. The roof of the traditionalvadss&in

5. Classroom Design thick with a total weight of roof and beam @fg3,00
) excluding the live load (e.g. snow).
5.1 Size of the Classrooms The BACIP-designed roof beams can span 5 m and

The maximum number of students per classroom Wage an own weigh of only 50 kg/m. The commete-ce
given at 40. Based on the surface requirentéets for 5¢ the new folded-metal floor construction4isconly
furniture, the minimum classroom size was @e&ImMiNe tpick with an own weight for 16 ft. x 40 fi0 &ig530
follows: , Together with the beams, this is about 600(hég or o

Stlﬁentzs 14 years and older — 1.1 m? per studeflfarter the weight of the traditional concrete roof

or 44 m2,

Students younger than 14 years (talzles 100 cms% Reduce Reinforced Concrete Constructions

50 cm) — 0.87 m? per person or 35 m?. The following observations support why reinforced
The classrooms can be occupied by two separgigncrete is not suitable for remote areas.

groups of young students, separated with calnets. . \yith heavy reinforced concrete, the earthqaake forc

the current population growth did not merit larger pocome very large, thus requiing more
classrooms, one or two smaller size classrodrbse coul reinforcement and again adding more weight.

i 2 2 i . .
congldersd, 24trr]n tob18 m respectlvelyi th .- Without adequate quality control on the amount of
ased on e above measurements €_maximum reinforcement, cement, quality of aggregatgs, mixin

classroom size of 22 ft. x 22 ft. was chosdingiricé - : ;

. . and curing, these constructions (once copied by the
space for the supporting walls (24 ft. x Zhistvas villagers) will become dangerous death traps.
g;\r/lljdc?l?r;e'\jv?ttﬁwalxsne éf'ftto ;hr:ne ;?J alf&gorbmmng sslen d Reinforced concrete constructions have very poor
(steel) columns. The '8-f'? Span FEJB.F|)|O od ftglv ighgh thermal characteristics for high altitude schools,
metal/congrete floor ina rriodF:JIar S s\{\ém %9 causing cold rooms and misery for the occupants.

The site plan of the Hoper-RatIyschO(.)I (Fogvst) sh When massive earthquakes occur, reinforced concrete
: : : buildings always cause the greatest damage and
the different shapes of the classroom usinggaiu.8-ft highes?death tglls (Kashmir egrthquake 2005?_

The most convenient size was 16 ft. x 24 ft. L
For remote mountain villages where the season for
5.2 Height of the Classroom working with reinforced concrete is very #hort, it

The height of the classroom was kept at dfly 6 ft. time-wise pot a go-od constr.uctlon material.
under the long cross beams. Reducing the physii:al'n mountain locations having no road access or
classroom height is important for several reasons: access to sand aggregate, concrete becomes very
To limit the heating requirement in the winter. expensive in terms of transport costs.

To keep the height of the walls low and with that
reduce earthquake forces. 6.3 Short Span and Slender Columns

To keep the height of the walls low to reduce Short-_span construction_s are ch_eaper thandong-spa
material use and labour. constructions. However, intermediate suppar$ colum

To create a psychologically more confined ar%guould_not obstruct thg students’ view. Tkujbiwqxja
that is more appealing to small children. y having columns with very slender midsedhiens at
Sufficient windows were incorporated intogihe desfYe level of the students. The columns haveta conc

to comply with illumination and ventilationmesgsire °ase up to table height. The middle section of the

during the summer and winter. A burning woodst&®UMNS is maximum 5 ft. long and made fromevo wel
2" x 2" steel angle irons or heavy gauge 2; tAugipe




causing only minimum visual obstruction. Tihg bucktegular plan. This floor is only useful for house
length is kept short by making a moment-resistamtnstruction having a regular plan, fitting spa®-f
anchoring in/on the reinforced concrete basenvithiumn
four bolts (2000 kg load/post with buckle leBgth <

(Fig. 8) Detail of folded metal fleorsiniction with
(Fig. 6)  Slender columns provide mininwlarbstru 8 ft. span and suspended ceiling.
In Fig. 7, the steel column section hgth aféess After field-testing this floor, it showed tktgethe

than 5 ft. (1.5m). Although the 2" pipes caase somoofsattracted condensation due to the differelages in d

obstruction in the line of vision, this is mMinihdsethe and night temperatures. Inside classroomstitiee rel

blackboard covers the entire width of the clagsdkoom humidity is high and condensation against thi# roof
cause corrosion of the steel. Therefore, corrosion

6.4 Short-Span Construction protection is needed for roof constructions.

To keep the span of the roof structure short, the

intermediate columns have been positionedied ohe-th 6.6 GI-Cement Floor Construction

the span. This creates only one-ninth of thé fmomen  As it is almost impossible to cut the 18-gauga (1.

the dead and live loads, thus reducing the requiredld steel plate) on the site, a variatiorofetierfetal

strength for the beam and floor. The lightamight f floor has been created using a 24-gauge cofsligated

construction has one-third the weight of 6&.ccfieget  roof sheet as a basis (0.6 mm). An expandegbhwire-m

combined effect is that the construction regsiitiesn (20 mm holes) is fixed onto all the support &iegms u

one-fifteenth of the strength of a full spaonatadit butterfly-shaped washers to enhance the bonding

concrete floor, thus reducing considerable smateribetween the concrete and the floor. The sw@ppsrt be

and/or labour and increasing earthquake safety. are placed at 2-ft. intervals and span 8 ft.

(Fig. 7) Cross section over traditional Hoaséuwins.

The use of intermediate columns exists in the
traditional house design. The roof of theolar§@4rdt.
X 24 ft.) is supported by four columns, dieidingath
into nine quarters, making the maximum span 8 ft. (Fig. 9) Floor constructiG aliget.

6.5 Folded Metal Floor Construction 6
For the Hoper-Ratl school, an 18-gauge (1.2 mm
folded metal (1.5" x 1.5" = 4 x 4 cm) floortechbytes
BACIP and found to be less than one-third thef\seigh
traditional concrete floor, whilst the constragtibnot
require any formwork for casting. The fre8dpan is
The floor has a "slow failure characteristiigmea

7 Testing and Demonstration

) Because the design was unknown in the area, it was
not only necessary to demonstrate it to thieatlege

but to the local municipality authorities amthable s
building inspectors as well. The demonstration als
included the composite main beam.

L o The Gl-cement floor is again lighter thanetthe fold
that when it is overloaded, it will not suddenty sn  ea) floor. An insulating %uspe?]ded ceiling can b
break, but slowly deform. This gives the odimgants ,yached onto the wooden supports and between the

to evacuate the building. composite support beams. When this flooringssystem

The above-mentioned flooring system is gdod for gloporeq to all the outside walls, it becomes a flo
types of modular building complexes built ateading



diaphragm and holds the walls together. lisadso ha6.9 Bowstring Beams

"slow failure characteristic". To reduce the use of timber in the roof comstructi
further, 8-ft. long bowstring beams have begpedevel
with a carrying strength for 1000 kg load. r@othisari
with a wooden beam, less than ortd-flithamount of
wood is necessary to obtain the same bearitiyg streng
The 4 x 2.3 mm galvanised wires twisted in® a cabl
takes the stress force. The lower side of thedows
beam can be used to fit a suspended ceilingpaunder t
cables, thus creating an air cushion of thetatadrnns

(Fig. 10) Testing and demonstration of thecdrbé i floor
construction on 16 ftsiterfipor beams.

] (Fig. 13) Sketch of bowstring beam waménxGL wire.
6.8 Composite Floor Beams

Two types of 16-ft. long composite floor beams hav
been designed for the above schools; onedior @le li 7. Thermal Insulation
cemented roof construction (12" high) and bee for t
stronger Gl floor construction (14" high). 7.1 Wall Insulation

The composite beams have timber lengths of a|l inside faces of the extevidls of the BACIP-

maximum 10 ft. These are connected with 18-gaugissigned school buildings have good thermininsulat
(1.2 mm) connectors having sufficient galvatsised na properties.

transmit the maximum stress from one planiexd. the N The wall insulation is on the facemof the wall and

Long beams are made in sections. consists of a lightweight cavity wall fitted'-tomtg 8
wooden pegs protruding 2" from the wall (Fign 14)
cavity of minimum of 2" is recommended fdudttev alti
regions (up to 7000 ft. or 2100 m) and a 3focavity
higher altitudes. In areas subject to sevéoe looig
periods, the cavity should be 4". All caviliés hee
filled with straw, Polypropylene foam or enpit|BET
to reduce internal air circulation. Ediblel nffateria
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.

(Fig. 11)  Sketch of connector plate in edveposit (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 amthe w
side of the wall has an important functiomiee tkd
humidity transport from the classroom onto the cold
surface of the stone outside wall and avoidsatmmden
It also assists in the curing of the cement Ppleester
expanded metal needs to be primed with stromg cemen
slurry before plastering.

Different types of plasters have differentncbsts a
maintenance requirements. For classrooms, 3472" t
(Fig. 12)  40-ft. Composite beams in the AllAGdgH). cement plaster has been used. To avoid dafmage at t

lower section of the walls, the expanded matsdtand




have been doubled up to a height of three fibet. At
height of the school tables and the backs afrthech
plank has been fitted into the plaster.

(Fig. 14) Insulation — pegsyvity filled with straw,

plastic foil, expandedntepdhster.

Any air circulation in the 2" cavity must bd bjock
placing a horizontal roll of plastic over ezmftdidime
of pegs. Waste/excess plastic from the follsath be

7.2 Double Windows

The intake of the eastern morning solar liggg requ
large windows. A number of conditions determine
design of the window frames or sashes:
- In classrooms, a large glass surface is required

take maximum advantage of the early mormrg
t

sunlight. Large windows, however, will c@ol off

room during non-sun hours, unless they are A

double glass.

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

Glass sheets larger than 1.5 ft. allow moraksun int
but are vulnerable to breakage, costly to meglace a
difficult to transport. For this reason, sech larg
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 dther bal
sports must be avoided near the windows.

For windows not facing the morning sun in the winte
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 protectish again
damage and burglary.

7.3 Roofs

th

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 agains

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 willrmatduc
afd cold at a very high rate, negatively affecting

Bternal climate of the school.
plied. Zinc-aluminium is durable and hasieathigh
flection.

Insulation mdseds t

To enhance the insulation effect of the wirglows, $ 4 Tochnical Design of Roof Insulation
distance between the glass sheets need to be 1he following is realised for making the katigrinsu

minimal 1", requiring two sashes or glass frames.
To allow maximum sunlight intake, cleaglasgyle

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

(@) 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
Gl sheets is minimal 4".

must be opened (to the inside) and closed as sopn
as the sun is gone. An inner sash that can Qe
opened will make regular cleaning easier.

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

be

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

V'&. 15) Roof insulation (right) and dexzbsgaton

(left) over bowstring supporteddmsite beams.



(b) An expanded metal mesh (1/4") is placed over Rainwater should be well drained away froesthe sid
the wires. This is attached to all sides of thef the roof and walls to keep the walls drgrdoytes
beams so animals, such as mice, cannot gshould extend 3 ft. away from the wall and ffe@rdrop
through the mesh. should be lined with rocks, avoiding splashisigtiagai

(c) Plastic foil (0.15 mm) is placed on the expandedhlls and/or eroding the foundation.
metal. The foil reduces humidity transmission,
condensation and dust from the insulation.

(d) A 4"-thick layer of insulation material (such & Conclusion
loose straw, PP foam, agricultural PP fibre bags
filled with empty PET bottles or wood shavings) is Old government schools on large sites hadw very |
placed on the plastic foil. user utility because they were very cold inethandin

(e) The GI roof sheets are placed (or replacedhot in the summer; children often were getting thei
making sure that the wind cannot blow theducation outside.
insulating filling out from the borders of.the roof A new school design for remote mountain aeeas in t

() The Ilower side can be finished withPakistan Himalayas was developed, which included
board/plywood. lightweight construction methods to reduce | potentia

earthquake forces. For remote mountain anesk no t

transport would be available, while during the shor

summer periods little labour would be available.

Site planning with the population focussedein smal
plots with good solar orientation. The budédiags h
excellent thermal insulation through cavityroolls,
insulation and double glass. Solar heat imakee fro
low morning sun avoided the need for classrimgn heat
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 timbapasedo
to solid beams. The Gl-sheet cement floorsavere al
one-fifth the weight of common 6" reinforcete concre
floors, thus substantially reducing any eattrepiake
(Fig. 16) ~ Thermal insulation — empty PEIh lagftiesltural The thermal insulation and lightweight camstructio
PP fibre bag. 20 cm thick bags are placed &igerbyhe  technologies are now being replicated in prisate ho
roof, providing an excellent insulation anglestice/aste. constructions.

Local architects further improved on the désign an
constructed additional school blocks.

7.5 Waterproofing GI-Cement Roofs

Flat roofs will be strongly influenced by dhefeffe
the sun’s radiation. The temperature in tisesd|roef
high in the summer, causing lateral expansieatand hREFERENCES
radiation downwards. External thermal inssilation |

therefore also required. The roofs of houseﬂ)ehould[l] In 2005, the BACIP programme received tiz Canad
walk Irlestﬁtant if it is used for other puthisses; Alcan Award for Sustainable Architecture aGdtlie 200
normaly the case. . . World Habitat Award.

The exterior insulation will unfortunately tlaeld to http://www.akdn.ora/news/2005Dec05 Pakistan2.htm
weight of the construction. The design isvas follo mtp://www.akdn.orq/news/20063ept4 bacip.htm '

(a) Over the Gl-cement floor, compact a moist 1-2* : : '

:cay%r O.f _straw-_clay SO'Ilm.'X Sﬁ? creating a SIO?Z] Other BACIP publications can be obtained from
b I;)Ir raTrl]ng r?ln\é\_/atefzr_$ In815 t). ith | bacipl@glt.comsats.net.akpbsp.k@akpbsp.oemnd
(b) Place the plastic foils (0. mm) wi A'9fom the author. These include such topicseas hous

g\llerlaps, dfa'?“”ﬂ tthe water cfiownwar;js. q i improvements, wire-mesh wall reinforcemente furnitu
(c) Place a one-inch topping of cement an Im%Pd sanitation.

stabilised soil over the plastic. The amount

Iime-wa}[te:_ is 1{(3|_the votlum_e ;(; Iihedsmll'. W With the Kashmir earthquake on 25 October 2005,
concentration of fime-water IS g dry ime Pifost traditionally built concrete governmens school

Thi barrefl of 200 “t.rlf \r/]vat((jar; cement : scl)(il =~ 1:10. d collapsed. New schools were proposed from Goframes
is roof cover will harden in a week time an Ifahtweight and fast assembly.

suitable for light use only. The topping shreaid\ex
if the roof is converted to a floor for a seceyd st




