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ABSTRACT

This paper is divided into two parts.
Pirst a prefabricated concrete system of building
is described which requires no heavy equlment and
whicih has been under continuous development since

it was first produced as a response to the flood
of 1973,

This structural skeleton includes
foundatlons, columns, beams and roofing and is
adaptable to many uses.

iowever d building is much more than
its structural frame and there follows a considera-
tion of some of the constituent parts of a building
Techniques that have been used at the Christian
Technical Training Centre with a view toward
economy or building improvement are described.

Principal, Christian Technical Training (entre,

Gujranwala.
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L. INTRODIICTION

We should face the probleﬁ of inexpensive
housing and other accommoda tion at its problem area: the
roof. Walls are rarely a problem and are capable of solutio;
in many ways. They can be built of mud, brick in mud
mortar, brick in lime, surkl or cement mortar, sun dried
brick, soil cement block, concrete block, precast concrete
wall sections depending on clrcumstances.

The qualities that a roof is to provide are:

Protection against rain
Protection against heat
Protection against dust
Protection against wind
Protection against Iintruders
Durability and ridigity
Minimal maintenance

Maximum economy

2.  ROOFS NORMAL PRACTICE

The usual solutions that have been tried for
roofs, apart from kacha temporary roofs, are:

12" brock tiles on timber ballas on timber chat
12" brick tiles on 2" teg liron:

Reinforced brick(normally %" bars at 9" centres
Small brick jack arches using RS5J longitudinal
member ;

Absbestos or GGI sheets on steel or timber
trusses and purlin and

Reinforced concrete slabs or beams and slabs.

Most of these solutions have disadvantages, the
major one is the extreme difficulty of quality control of
work in country areas. The proposal that follows meets
the need for quality control and provides a roof to meet
the requirements outlined.



MATERIALS

In Pakistan there is a plentiful supply

of certain building materials. Others, of a manufactured
nature, are often in short supply. These materials are:

CLAY:
SAND:

CEMENT :

STONE :

STEEI.:

A.C.SHEETS:

TIMBER :

BRICKS:

It is available in abundance;

Sand of high concrete guality is in limited
supply and location i.e. Lawrencepur ir Pun-
and Bolari in Sindh. There is abundant

pit and river sand which 1s poorly graded,
being very fine grains.

Cement, although subject to shortage in
distribution, is the principal high quality
indigenous building product which can

be made available in adeguate gquantity if
priorities are arranged. The price moved
up rapidly from 1974-1977.

Limestone of high quality is available in
the Punjab from certain areas of the Potwar
Plateau and, in Sindh, from areas around
Hyderabad.

Steel is available. It is originally
all imported. Much locally available steel
is made from scrap. The price has stabilis

Asbestos cement sheets, flat and corrugatec
are locally manufactured in Hyderabad. (Thr
nalidar beam, approximately 16' x 3', is
gvallable from Karachi ).

The country's supplies of timber are steadi
diminishing. Prices continue to rise.

Bricks and burnt clay tiles are manufacture
throughout the country in small kilns of
2 to 8 lacs capacity. Supply is adequate.

THE ARGUMENT

The structure that probably offers the mos

cconomical solution with maximum use of local materials
and minimum imported material is some form of high
guality concrete that utilises the high strength of
concrote in compression. To ensure high guality and
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economy a central location is required for manufacture.
Members must be portable and minimum section of structural
members is essential. The basic design must be simple
and its different members must be a minimum number. The
design must be flexible to allow for changes in floor
plan to accommodate varying site conditions and user
requirements. It must be capable of construction by
relatively unskilled men. It must not collapse in flood
conditions and be robust. It should eliminate, as

far as possible, any reqguirement for quality work in
mortar or concrete at the erection site.

The proposed design ( Fig.l ) meets
these requirements. With the additicn of a cover of
polythene sheet under 2" of l:pai the roof meets
the criteria that have been set down for roofs.

5. THE PROPOSAL

The proposal is the manufacture of a
prefabricated framed reinforced concrete structure from
foundation to roof under careful quality contrel. For a
village dwelling, erection would be by a team of
two trained men and eight labourers, taking one to two
days. No mason would be needed. Walls would be of
village manufacture of the occupants choice. Initially
this would probably be mud. ( In urban areas a wall of
concrete slabs can be provided ). Manufacture of the
elements would be in a suitable geographic centre to
the areas of need and related to main road access and
rail! ( for cement deliveries }. Concrete members
would be constructed to close tolerance of measurement.
While those could be stabilised when erected by
horizontal and vertical diagonal steel ties, experience
has indicated this would rarely e necessary. Found-
ation pads would be precast ( Fig.2 ).

The structure is such that its parts can
be used separately if needed and the roof can be utilised
to rest on traditional walls of mud or brick.
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There has been a rapid swing in
comparative prices in recent years. Labour assumes
an Increasing proportion of costs ( and problems ).
Skilled labour is less readily available. Timber has
become relatively costly. Transportation costs
have risen sharply. The price of cement has trebled.

The argument in favour of factory
controlled quality concrete component and minimum
site erection costs has been reinforced “wy the
increasing difficulty in obtaining good site super-
vision as qualified and competent people go to the
oil countries. The prefabricated structure proposed
is already in use. Steel shuttering of simple and
sturdy design ensures reduced shuttering cost
per component. '

Modular dimensions have been governed
by the normal length of a truck body which is 14 feet.
Tiles are 1'6" x 4'6", rafters are 9' and 13'6".
Column heights are 10' and 13'6" with optional
extension to 15' if required ( Eigs 3-10 ).

The maximum weight of the beam is 550
pounds. Workmen prefer to manhandle these into position
rather than use a derrick post._and chain block. For
large scale use a fork lift truck would be desirable.

6. MANUFACTURE _

This design, which is easily adaptable
to both rural and urban use and which affords the basis of
a low cost permanent structure finds multiple use. It
1s preferable that manufacture and erection be separated.
Eventually the manufacture would handle and loan his
concrete item with fork lift equipment to a controlled
procedure in a carefully designed yard.
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One truck can carry about 280 square
set of frame structure. If rural areas are inaccessible
j truck the load can be broken down into bullock cart
ads for the final stage. Experience has shown that
)mponent breakage during transportation is negligible.

ERECTION

No particular difficulties have ariden
th site erection of frames. Erection routines have been
veloped. No mason is normally required since the system
intended to be demountable. It thus would have some
terest for the armed services or for construction
te or other buildings of a temporary nature

Erection can be by:
a) Specialist erection contractor who unde}take,

transportation and erection.

b) Public agencies which have their own
transportation and labour force.

c) Communities or cooperatives that undertake
their own erection using community labour
and the services of an erection adviser.

d) Individuals erect their own structures.
e) A manufacturer's own subsidiary erection
programme.

ITEM COSTS ( March 1978 )
( includes shuttering and supervision costs but not profit ).

Foundation underpad Rs. 42.50
Foundation pad ) Rs. 79.00
Column 15'0" ~ .Rs. 190.00
Column 13'6" Rs. 118.00
Column 10'0" Rs. 100.00
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Beam 13'6" Rs. 260.00

Beam rafter + rafter support blocks Rs. 230.00
Rafter 9'0" + rafter support blocks Rs. 122.00
Tile 4'6" "Rs. 30.00
Polythene sheet Rs. 0.55 per sq.ft.
Locking pins - Rs. 5.00
Rooflight edge beam 4'6" Rs. 40.00
Wall foundations 9" Rs. 10.00 per ft.
Wall foundations 4%" ' Rs. 6.80 per ft.
Lintels 4'6" x 9" Rs. 44.00
Lintels 4'6" x 45" Rs. 34.00
Lintels 3'6" x 45" _ Rs. 29.00
Seagull tile Rs. 6.00
- Door frame 3'6" x 6'6" nominal Rs. 100.00
Door frame 3'0" x 6'6" ; Rs. 96.00
Door frame 2'6" x 6'6" Rs. 92.00
Window frame 4'2" x 3'2" Rs. 80.00
Window frame 3'2" x 2'2" Rs. 68.00
Shelves 2'5" x 2'0" x 1%" Rs. 18.00
Shelves 1'9" Rs. 16.00
Shelves 1'6" Rs. 14.00
Shelves 1'3" Rs. 12.00
USES
a) Roofs A primary need 1s roofs to rest on
traditional solid walls. The regular beam
rafter spans 12'6". On mud walls a wall

beam laid flat and lightly reinforced spreads -
the roofing load and has p%oved effective. The
flexible joints between tiles allow wall movement
and settlement to occur without damage. The
length of the room is unlimited.

Roof insulation is: provided by 2" - 3" lepai
on a layer of polythene sheet with suitable
edge protection. The seaqull tile described
later in the paper may also be used. ( Fig.11 ).
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10.

practical.

b)

c)

d)

WALLS are not load bearing when the full frame
is utilised. Normally such walls are mud or
else brick laid in mud mortar. When urban use
requires pucca walls an outer skin of 2" pre-
fabricated wall panels or 3" brick prefakrica-
ted panels can be used and insulation is

then provided by an inner skin of brick or mud.
Where walls occur under beams or rafters the
latter can be omitted if desired and the roof
load is carried by the walls.

DWELLINGS: Many arrangéments of dwelling are
possible. The module is 13'6" sgquare or

13'6" x 9". This permits flexible arrangemcnt
of walls which can permit changes in house plan
whenever needed. Initially walls and floors
may be of mud but at any time they can be
replaced by more durable or suitable

construction.

GRAIN STORES: It is not difficult to see that
this form of structure can be readily adapted
to provide small house grain stores of one

or two tons capacity, village storage units

( one bay 13'6" square can hold 20 tons )

or even larger storage units by use of multiple
bays. '

SCHOOLS

The primary school layout is simple and

In the central room are kept floor mats,

blackboards and easels, stools and other school materials.

There are four open sided classrooms at the

four compass points. The covered area in each classroom
is 360 square feet but can be increased to 900 square
Blackboard are on all walls and this gives '
flexibility in classroom use.

feet.
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Extension of covered area can be prbvideqrbu adding
more structural elements.

Similarly the upgrading of the school to
a middle class school can be effected by the addition
of further sections and, if necessary, a rearrangement
of the non load bearing walls.

a) Traditional Schook
Various designs of schools utilising
exterior walls are available, including
a school to standard UNESCO dimension
with a classroom dimension of 14'3" x 25’
Many other building designs have been develeped.

11. THE CONSTITUENT PARTSOF A_BUILDING_

Let us now look at the constituent parts
of a building as they are met in the course of normal
construction.

1) Foundation: Exhaustive studies and practical
.perience on low cost housing in the West Indies has
shown that economies can be effected in foundations
by the usc of small short brick piers spanned by
lightly reinforced brick courses just below ground
level, as a substitute for traditional footings.
Similarly the use of a lightly reinforced concrete
ground beam spanning between column footings at
ground level can effect economy and obviate the

need for a damp proof course.

2 Damp roof Courses: Polythene sheet has
Lecome the universal vapour barrier and is now
replacing or supplementing the traditional course of
bitumen or bitumen/sand or concrete. Provided it

is protected from ultra violet light, it seems to
have an indefinice life. The polythese sheet

that is commercially available is relatively thin
and ea;ily punctured. A large market awaits the
plastic manufacturer who will produce and market a

polythene vapouf barrier of adequate thickness and
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