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Stone is a natural resource 
available in most parts of the 
world, often with low-cost 
extraction and usable without 
further processing other than 
cutting and simple surface 
treatment. 

Stone can be an inexpensive 
building material, depending, 
of course, on the quarry 
location. Another important 
economical consideration is that 
the stone preparation as 
building component does not 
require large, fuel-importing 
expense. Other advantages are: 
Ease of its maintenance and 
good durability. 

The management of stone 
resources, that includes granite, 
basalt, marble and other 
building stones, is a basic 
necessity for all countries in the 
world. The natural rocks used 
in masonry construction, are 
granite, limestone, sandstone 
and marble. 

Granite, is an igneous hard 
rock of crystalline structure 
made up of small pieces of mica 
quartz and felspar. There are 
many kinds of granite, they 
may be of several colours grey, 
white, green and red. This rock 
is widely used for building as it 
does stand up well to the 
weather and can be quarried in 
large slabs; it can be polished to 
smooth surface. 

Granite is found almost all 
over the world and forms part 
of mountain ranges. It is hard 
and difficult to work, but there 
are planes of weakness in both 
horizontal and vertical, that 
allow preparation of blocks of 
adequate size, using hand tool, 
without too much effort. Many 
countries in Europe produce 
paving blocks using mechanical 
as well as manual means. The 
Republic of Cape Verde is a 
good example of the logical use 
of granite paving blocks for 
roads and streets. Most blocks 
are made by using hand tools. 
Small use of capital and large 
use of individual labour makes 
sense in all w1der-paid 
countries. 

Basalt is an igneous rock that 
was formed by volcanoes. 
Basalts are the most abundar.t 
of the volcanic rocks and they 
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Photograph ~flimestone in the Cenu'al A.Fican Republic. 

Preparation of limestone blocks using 
hand tools. 

are plentiful in those regions of 
the world that have undergone 
volcanic action. Present-day 
volcanoes also produce basaltic 
material. 

When volcanic areas of any 
country are within easy access, 
by land or sea, they may be an 
interesting source oflow-cost 
building material. In some 
cases, it may be that 
transportation facilities are a 
good investment in order to 
promote the uses of raw 
materials found near volcanoes. 

There are several varieties of 
basalts and their colour is black, 
or nearly so. Basalt stones may 
contain glass, which has been 
formed by rapid cooling of the 
molten lava. Djibouti, Cape 
Verde, China, Indonesia, Italy, 
India, Hawaii, Libya, u.S.A. 
and Zaire are countries with 
important basalt deposits. 

Limestone is a sedimentary 
rock containing calcium 
carbonate. This stone is soft, 
easily quarried and milled to 
dimension. It hardens upon 
exposure to air. Limestones are 
fire-resistant up to a 
temperature of 600°centigrade. 

It is widely distributed 

Texture is gillen in some cases to 
limestone slabs. It is easy to keep their 
suiface clean by spraying with water in 
s~fficient quantity to soften dil,t deposits. 

throughout the world, but 
varies greatly in composition, 
colour and texture. Most of the 
limestones are firm and 
durable, but some varieties are 
loosely compact, such as chalk 
or marl, which is a mixture of 
limestone and clay. The harder 
grades of limestone are widely 
used as building material. The 
lower grades are commonly 
used in the production of 
portland cement and lime 
plaster. The chemical industry 
uses limestone in paper and 
glass production and in water 
purification, as well as on the 
neutralisation of acid soils and 
water sources. 

Sandstone was produced by a 
gradual consolidation of sand 
deposits into sandstone, it is 
another sedimentary rock. 
Most sandstones are resistant to 
erosion, and they form about 
25% of the sedimentary rocks 
of the earth's crust. They vary 
greatly in colour, durability, 
and hardness. Sandstone is fire 
resistant. 

Coral stones are organically 
formed in contact with 



The basic building material lAsed in the constmction of the pyramids in ancient 
Egypt was limestone, prodlAced in a nearby quarry. More than 2 million limestone 
blocks were needed for the pyramid shown here, each block weighed abolAt 2.5 tons . 

View ofDarilAs II's tomh, builtJi'om424 to 405 B.C. The material of the mO~lI1tain is 
grey limestone and it is located near Persepolis, Iran. 

T!. 

seavvater. In nature, seavvateris 
an important source of chemical 
building materials. Water is a 
solvent that can dissolve more 
solids than any other liquid 
knovvn. 

Self-help house construction 
starts by gathering materials 
The location of stones suitable 
for construction and their 
transportation to the building 
site are tvvo basic economical 
considerations that need to be 
taken into consideration from 
the beginning of a lovv-cost 
housing project. 

In many under-paid 
countries, limestone is found 
lying on the surface of 
surrounding hills and may be 
collected vvithout great 
expense. In order to reduce cost 
of transportation of building 
materials, altematives to the use 
of oil-operated trucks need to 
be demonstrated. To 
complement truck 
transportation needed for long 
distances, animal power should 
be used for short distances . 

In order to reduce expensive 
mortar, it is important to cut 
the stones and fit them as close 
as possible. The stone-cutting 
skills need to be revived, 
particularly in the under-paid 
countries suffering from a lack 
of employment opportunities 
for their labour force. 

Precast stone block 
masonry 
The large use of stone in 
building depends on the 
reduction of costs and in the 
increase in labour productivity 
in construction. 

The Building Research 
Institute in Roorkee, India did 
develop, some years ago, the 
concept of a precast stone 
block, to be used as load 
bearing vvall, 20 centimetres in 
thickness. The block vvas 
prepared using a vvooden or 
metal mould. The actual block 
dimensions are reduced by one 
centimetre in order to provide 
the mortar joint thickness, thus 
19 X 19 X 29 centimetres, given 
a modular component of 
2M-2M-3M. One basic 
recommendation is that the size 

of all building elements should 
be multiples of a 10 centimetres 
module. 

Stones are placed into 
moulds, and then cement or 
lime concrete is poured to fill 
the mould. After curing the 
blocks are used for the vvall 
construction. This precast 
stone, vvith rectangular shape, 
enables the use of irregular 
stones vvhich are easily 
obtained, and at the same time 
helps to increase the pace of 
construction, resulting in a 
reduction of costs. 

Most of the construction 
practices for building vvith 
stone blocks are similar to those 
conventionally used in brick 
laying: 
• Cutting blocks is not 

recommended. Houses 
should thus be planned to suit 
block dimensions. Alllertgths 
of vvalls, door and vvindovv 
openings should be multiples 
ofl0 centimetres. 

• A maximum content of stone 
should be used. 

• After casting blocks should be 
vvater cured. 

Advantages of Precast stone blocks 
• It is a labour-intensive 

technique using semi-skilled 
vvorkers. 

• It does not require large capita 
investment. 

• Cement consumption is 
reduced. 

• A better finished product is 
achieved. 

• Wall thickness is reduced to 2( 
centimetres, as compared to 
random rubble masonry of 
40 centimetres. 

• Productivity of block laying i ~ 
increased. The walls can be 
built at a faster rate. 

• Plaster finishing can be 
eliminated vvith proper care 
during production and laying 
operations. 

It is clear that there is a need 
to improve the construction 
techniques for building 
lovv-cost houses with stone, in 
order to make them earthquake 
resistent as vvell as to improve 
their thermal performances. 
Also, studies should be carried 
out on the use of portable 
cutting tools for stone-and 



View oJthe Qutab Minauomplex near New Delhi, India. Red sandstone, marble 
and white sandstone wae used to construct this 73 metre tower, begun in 1200 A.D. 

Stone has also been used in Latin America, starting with the Incas and continuing 
with the Spaniards. Religious buildings such as this ciJul'Ch in Ayacucho, Peru arc 
indicative of the high quality of some of these structures }i'om Peru as well as Mexico, 
Columbia, Ecuador and Guatemala. 
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Limestone is the basic building material in the Alberohello region of Ital)', where all 
boundall' fences , walls and vaults were laid dry, eliminating expfl1sive binding 
agfl1ts. Walls, composed ~fstonesfi'omfields cleared b)' thefarmm, were 
whitewashed; a lime plaster was used over the top of the conical vault. 

View of a house in the South ~f Irldia near Madras, where stone has bem used/a/' 
centuries. 



In order to reduce expensive mortar, it is impOJ1ant to cut the stones and to jit them as 
closely as possible. 

Fixed type steel mould 
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Split type mould 

6mm. ~ M.S. ,-od hal/die j 
weldedfi-oll1 outside 

Diagmm showing the types of moulds for making stone blocks. 

View of a portable cutting tool for block and slab jitting on site, deve/oped hy Mr. A. 
ShadmorI of the Stone Technology Centre, Haifa. 

slate-splitting and dressing. 
Fundamental stone 

techniques on cutting should be 
promoted by all local 
government authorities in order 
to increase the trained 
work-force. 

Minimum capital 
investment - maximum 
use oflocallabour and 
resources! 
Fundamental research on stone 
cutting and splitting techniques 
needs to be considered, and in 
addition to the use of diamond 
cutting system, other methods 
should be experimented with, 
such as: hydraulic, ultrasonic, 
and the gas burster. Thermic 
cutting and splitting may also 
be a fruitful field for 
investigation. It is known that 
the Incas in Peru, where 
temperatures were frigid, used 
to pour water between existing 
cracks, causing the ice to 
expand, thus breaking the 
granite rock into parts. The cut 
stones were then fitted together 
so perfectly that, for the most 
part, not even a knife blade can 
be slid between them. Since the 
cost of freezing, by artificial 
means, is not high, the 
preparation of stone using the 
thermic procedure may be of 
great interest. 

Hand tools used for working 
soft stones 
Hand tools used both in 
quarrying and dressing 
operations do vary fi·om 
country to country and depend 
very much on whether the 
mason works in a standing or a 
sitting position. It is important 
to select the right weight for 
hammers, as well as the length 
of its handle. The cutter's 
hammer can be obtained in 
graduation of100 grammes. 
The weight of the hammer 
used in dressing stones, ranges 
between one and seven 
kilogrammes also with frequent 
graduations. The width of 
chisels depends on the hardness 
of the stone. 

Tools needed for splitting granite: 
• 1.50 metres crowbar. 
• 60 centimetres wrecking bar. 

• Doubled-faced hammer 
weighing about 7 
kilogrammes and another of 
1.5 kilogrammes. 

• GrindinK chisel, 40 
centimetres long with its 
upper part 2 centimetres by 2 
centimetres with a flattened 
top to provide a good striking 
surface. The bottom half is 
narrowed like an arrow head, 
about 2 centimetres. 

• Hammer, 1.5 kilogrammes, 
with 30 centimetres handle. 

Limestone was transformed 
many centuries ago into marble 
by the effects of heat, or 
pressure, or of both combined. 
The important characteristics 01 
marble include the ease in 
obtaining a good polish, 
resistance to abrasion, and 
hardness. The hardness of 
marble is 3 on the Mohs scale; il 
has a specific gravity of about 
2.70, and a compression 
strength of700 kilogrammes 
per square centimetres. 

Marble has been preferred 
for decorative work in 
buildings and monuments for 
many centuries. However, hig] 
production costs, wastage, and 
difficulties in transportation did 
restrain its use. The use of 
explosives in the quarrying 
operation is limited because of 
the danger of shattering the 
rock. Even with the most 
careful quarrying and 
manufacturing methods, at 
least half of the total output of 
marble is waste. This is a reaSOI 
for the high cost of marble 
slabs. The use of this 
by-product, made into chips fc 
terrazzo flooring, may help in 
reducing the cost of the minin§ 
operation. Countries in the 
Middle East have large reserve: 
of good quality marble 
deposits. The photographs 
show a marble cutting 
operation in the Kingdom of 
Saudi Arabia. 

Determination of propertie 
The right selection of a stone 
and its adequate maintenance 
are two important actions for 
providing a long-lasting 
structure . 

The problem of weatherint 
is common to all building 



GO 

- =-I 

/ 

/ ,-

-~I 

\ 

[ 

IT--:J 

§ 

F~·-~;::~ 

~ 
F===-c====-='-------=-=CJ 

Drawin.~s o{hand loo/s«lr working soft ... and hard stones. 
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View of marble blocks to be cut, their weight vaJl'ing.fi'om 2to 10 tons. 

Cutting machinell' for marble in Saudi 
Arabia. 

materials. Moreover, during 
the last century, the increase in 
air pollutants is producing 
much faster decay in buildings. 
No stone can resist the action of 
atmospheric agencies 
indefinitely. 

Faulty stone handling, errors 
in design and construction or 
use of inappropriate cleaning 
methods increase the decay 
problem. 

The most important aspect 
in the selection of a building 
stone is the quality of 
weathering. Water is the main 
natural agent that creates decay 
on stone. Wind action is also an 
important factor involved in a 
decay action. 

Weathering in tropical areas 
is rather less severe than in 
countries suffering from cold 
weather, where frost action 

Polishing opfI'ation of a marble sla b zn 
Saudi Arabia. 

speeds up the disintegration ~f 
stone. 

In the determination of a 
stone's properties, the gatherir:lt.~ 
of the following informatio .---:IL i s 
important: 
• Density of the stone (relat e::-d 

to the strength of a 
loadbearing wall). 

• Porosity, water absorptio .---:IL 
and water saturation, 
(important for humid are :aL:S; 
that have freezing period s ~ach 
year). 

• Capillary properties, and 
volume change due to 
wetting, are also useful 
information for the 
improvement of the stOr:l.~' 5 

performance. 
Unfortunately, the stor:Jt..~ 

industry is not well repres e::-:w:-1ted 
by technical standards tha t 
could help in the selection <=.>:f 



The pendulum method for cutting stones. Employed during the last centuly, it is based 
upon the physical advantages of gravitational forces for increasing the cuttingforce. A 
long pendulum has a heavy lead ball hanging on its lower end in order to increase the 
working drille during the oscillation period. 

View of a stone-cutting machinefor the production of wall and palling blocks. 
Unfortunately, under-paid countries cannot afford the importing of expensive 
machinelY· 

stones of adequate quality for 
use in building construction. 
Product standards referring' to 
stone are rare, with the 
exception of the British 
Standards: BS 435, BS 2847, 
BS-CP 121, and BS-CP 298. 

The following standards 
dealing with stone construction 
in France are: NF B 10-503 
(Porosity), NF B 10-512 
(Capillary action), NF B 10-509 
(Compression), NF B 10-510 
(Traction), NF B 10-506 
(Resistance to friction) . 

International standards 

should be promoted for testing 
methods and classification of 
stones for loadbearing walls, 
exposure and traffic, based on 
simple standards of performance 
which could have wide 
application all over the world. 

Basic Questions 

Why the use of stone in 
building construction makes 
sense 
• The durability of stone 

construction is an established 
historical fact. 
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• Stone resources are available 
in most parts of the world and 
often its extraction could be a 
low-cost operation and the 
stone slabs are usable without 
further processing. 

• The stone production activity 
is dispersed regionally in small 
units, avoiding the problems 
of an overcentralised industry. 

• For fuel-importing countries, 
it makes sense to give priority 
to building materials that do 
not require large amounts of 
energy, as in the case of stone 
construction. 

• The production of building 
stone results in little 
environmental pollution. 

Which type of stone should 
be used to build a house? 
• The main building stones are: 

limestone, sandstone, 
granite, basalt and marble and 
their use is, of course, related 
to the local accessibility to 
stone resources and the 
cutting techniques of the area. 

Where can information on 
stone sources be obtained? 
• Most governments have 

geological maps that are 
available to the public at 
reasonable cost, so start by 
visiting your local geological 
office. 

• The geological map should be 
used in corti unction with a 
simple geology book and to 
learn to identify rocks in your 
immediate area. 

• Talk to the older people of 
your community, they may 
remember locations of an old 
stone quarry in your vicinity, 
one that is not at present 
exploited. The past 
experiences are sometimes 
underestimated as a source of 
practical information. 

Which are the basic concepts 
for consideration in stone 
construction? 
• A clear understanding of the 

laws of physics, as for 
example: gravity pulls stones 
down, so level-slabs stay put, 
avoiding the downward pull 
of gravity. This aspect is 
important when a stone wall 
is a mortarless one. 

• A practical knowledge of 
building techniques. 

• An awareness of the need for 
safety during the construction 
operation. (Do not attempt to 
carry stones that are too 
heavy; wear gloves as stones 
are abrasive. When working 
with dynamite, seek expert 
advice. Any stone is 
potentially dangerous while 
you are in process of moving 
it. ) 
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