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TEXT 1 

INDUSTRIAL BUILDINGS 

The modern industrial building may be defined as any building designed and constructed for the 

purpose of housing a manufacturing process, or to store the raw materials or products of a 

manufacturing process. Such a definition would include manufacturing plants and warehouses of 

all kinds, ranging from a simple roof structure on an open frame to a highly complicated building 

housing a manufacturing process in spaces requiring specific and closely controlled conditions. 

In the proper design of an industrial building, function, more than any other factor, will be the 

predominant consideration. Therefore the designer must have exact knowledge of the industrial 

process or purpose for which the building is intended. Economy is a basic factor in designing 

industrial buildings.)Initial cost, maintenance, and operating costs of an industrial building 

substantially contribute to the cost of the manufactured goods. 

Architecture is another important element involved. The industrial building is seldom isolated 

from the community, and the building itself, even in the most automated type of manufacturing 

process, will always have some human population. Therefore internal design of the manufacturing 

plant must satisfy the needs of the occupants and thus becomes one of the primary factors. External 

design is a primary factor to the extent that the building must be properly related aesthetically to 

the adjoining site and its natural environment. 

The single-storey industrial building is a very popular design. This solution is the most 

economical from the point of view of both initial cost and maintenance. In most industrial 

manufacturing processes and for warehouses it is also the most economical from the point of view 

of operating costs. 

 

TEXT 2 

INDUSTRIALISED BUILDING 

During the past decades there has been an increasing demand for new and better houses 

which will grow in the years to come. This means that there must be an increase in building 

which cannot be achieved by traditional materials and methods of construction, but only by 

modern industrial techniques. 

Industrialised building may be described as a form of building in which as much as possible of 

the work is carried out in off-site factories under controlled conditions, so that work on the site is 

reduced to a minimum, both in time and the number of people employed. 

The early housing schemes built by this system were usually multistorey buildings, eleven to 

more than twenty storeys high. It was soon found that these high-rise structures were the most 

economical application of the new technique and that for this type of structure industrialised 



building has great cost advantages over any other method. After some time, however, the new 

system was adapted with great success to produce medium-rise houses of three to five storeys. 

Various techniques of industrialised building have been developed in recent years. In this 

country prefabricated concrete elements are most commonly used. One great advantage is that 

precast concrete panels have smoother surfaces than those made of in-situ concrete and do not 

need additional finishing treatment. They require less maintenance and have a more interesting 

appearance than the traditional type. They are available in various sizes and finishes, the latest 

development being plastic finishes. 

 

TEXT 3 

MATERIALS FOR INDUSTRIALISED BUILDING 

(1) Today there is no argument as to whether industrialised building is an efficient means of 

construction, the big problem being how to make it both satisfying aesthetically and economical. 

The selection of materials suitable for industrialized building is one of the main problems in this 

field and is discussed in this paper. 

Brickwork 

There is little evidence of any progress towards industrialisation in the use of brickwork and other 

clay products. Some attempts have been made to produce new bricks which aim at higher strength 

than can be obtained from standard brickwork, and there was some development work on methods 

of prefabricating brick panels either as load-bearing or as facing panels, but none of these develop-

ments has had any outstanding success. 

(2) In-situ concrete 

There is probably more progress being made in efficient' design for industrial production in in-situ 

concrete construction than in any other structural materials. This is mainly the result of the amount 

of development work being carried out by contractors and plant manufacturers into the 

improvement of equipment for the mixing and placing of concrete on site, the standardisation and 

improvement of formwork methods. The traditional methods employed earlier for the formwork of 

a reinforced concrete structure virtually meant that the building had to be built twice, once in 

timber and the second time in concrete. These methods have now given way to the standard forms 

which are rapidly removed and re-erected elsewhere when the concrete has gained enough strength 

to support itself. 

(3) Precast concrete 

When concrete was first precast the traditional techniques for the production of in-situ concrete 

structures were adapted to casting the elements away from the site, and then assembling them on 



site. From that time to the present there has been a large amount of development in techniques of 

design, manufacture, and construction in precast concrete. With modern methods emphasis is 

placed particularly on the rationalisation of elements to secure a maximum use of moulds. The 

advantage of complete repetition of elements is felt throughout the entire process, from the 

original casting through the stacking and handling (here: Transport), to the final fixing on site. 

(4) Steel 

Of modern building materials, structural steelwork can be considered as one of the earliest used in 

industrialised building. The members are prefabricated off site and connected rapidly on site to 

produce the completed structural steelwork. Their design requires careful consideration of all 

aspects of the work from the selection of steel sections and connections, fabrication in the 

workshop, transporting to the site, to the erection on site. 

Two problems which have attracted attention in the structural steelwork field are those of 

finishing treatment to improve the appearance and corrosion resistance of the steel, and fire 

protection. But even here solutions have been found and are available to the architect and 

engineer. 

 

TEXT 4 

LIGHTING IN OFFICE BUILDINGS   

One of the most notable features of post-war building has been the erection of enormous blocks 

with all-glass curtain walls designed with a view to admitting the maximum amount of daylight. 

Such buildings, the construction time of which could often be reduced by using prefabricated 

units, have become a common type of structure of the post-war rebuilding of our cities, and were 

originally welcomed with enthusiasm. But it has rapidly become evident that those who work in 

these wonderful buildings suffer serious disadvantages. The solar heat gain from the enormous 

windows can make the rooms they light very hot during the day, even in winter, while the heat 

losses at night can be even more serious. In fact such buildings put a great strain not only on their 

occupants but upon the air-conditioning systems which are introduced in an attempt to reduce 

adverse environmental effects. 

A return to low-rise office buildings with thick walls and restricted window areas was the logical 

result, and this trend is likely to continue. If you increase the floor area of an office and at the same 

time restrict the window area, you cannot hope to be able to use natural lighting anywhere but near 

the windows. A permanent artificial lighting system becomes a must. Such a system demands 

more light than would be required where artificial lighting was only used when natural daylight was 

not sufficient, for unless the lighting is comparable in colour and intensity with natural lighting, 

people working in the office will suffer from a feeling of being shut in. 



Obviously too, such large areas must be satisfactorily air-conditioned if people are to work in them 

comfortably during normal office hours. As light produces heat, the heating load of the lighting 

installation must consequently be taken into account in designing the air-conditioning system. 

 

TEXT 5 

BUILDING  MATERIALS (I) 

Corrugated Steel and Iron. On industrial buildings black or galvanized sheets of copper-

bearing steel or pure iron are sometimes used as a cheap covering. The sheets are usually 26 in. wide 

with 21/2-in. corrugations and are given an end lap of 6 in. and side laps of 2 corrugations. They may be 

fastened by nailing to wood roof boarding or by clips and straps directly to the steel purlins. Sheets 

not galvanized should be well painted with red lead and linseed oil.  Condensation of water on the 

underside of corrugated sheets may be prevented by stretching several layers of asbestos paper under 

the sheets supported on wire mesh stretched over purlins.. 

Glass. Flat glass is used for roofing greenhouses, and ribbed or prism glass may be inserted in 

domes or on the roofs of public buildings. Corrugated glass is often adapted to industrial buildings. 

When strength is required wire glass is employed. Glass inserts are often cast in cement slabs, and 

corrugated glass sheets may be used in connection with corrugated steel and asbestos. The ends are 

lapped, but the side joints are butted and covered with asbestos cushions and metal caps. 

Plastics. Sheets made of thermoplastic acrylic resin (Plexiglass and Lucite) are available in 

flat and corrugated sheets. They may be employed in conjunction with corrugated steel and cement-

asbestos board. Асгуliс plastic is obtainable in transparent, or opaque sheets and in a wide variety 

of colors. This material is readily formed into curved shapes and, therefore, is often used in place 

of glass. Compared with glass, its surface is more readily scratched; hence it should be installed in out-

of-reach locations. Polyester sheets reinforced with glass fibers are somewhat transparent and are 

selected when high impact strength is needed. These materials are available not only for roofing purposes 

but also for partitions and window glazing. 

 

Stucco. Stucco is a plaster applied to the exterior of buildings to form a finishing coat. It is a 

very old method and was brought to a high development during ancient times in Greece, Rome, 

and Egypt, where lime and volcanic ash were mixed to form the material and pigments introduced 

to give it color. Before the introduction of Portland cement lime was much used in the United 

States to make stucco, and because of the rigidity of the old masonry walls, the care taken in 

curing the lime, and the number of thin coats applied very enduring lime stucco was produced. 



Changed conditions and the apparent necessity for speed have now largely eliminated the use of 

lime in stucco, Portland cement having taken its place almost entirely. A great variety of colors 

and surface textures have been developed to lend warmth and interest. 

Bases for Stucco. Stucco is usually applied to walls of concrete, brick, hollow tile, concrete 

blocks, or wood frame. In all cases the wall must be stout and rigid and free from shrinkages and 

settlements, for any movement in the wall will cause cracks in the stucco. The bond between the 

stucco and the wall must likewise be assured; otherwise the coatings will not adhere, and cracks 

and loosened areas will result. Concrete walls often are brushed with wire before the surface is 

hard to produce a roughened face. Hollow tile, concrete blocks, and brick should be clean and have 

a rough texture. The tops of stucco walls should be properly protected by projecting eaves or by 

flashing to prevent water from penetrating behind the stucco. Stucco walls should never come in 

contact with the ground. Wood and gypsum lath should not be used for exterior stucco. Stucco 

should never be applied when the temperature is below 32° F. 

Pressed Wood. Sheets of felted wood fiber with smooth surface formed under heat and great 

pressure are now used in a variety of ways for wall covering, exterior and interior finish, 

framework, and backing. The oil and turpentine are removed from the wood in the process of 

manufacture, and the material is generally classed as slow burning. Its moisture absorption is low, 

and it may be cut and nailed in the same way as wood. Its thickness varies from 1/10 to 1/2 in., and 

its surface is usually 4 ft wide and 12 ft long. 

Plastics for Architectural Purposes. Plastics have been greatly developed for floors, wall 

coverings, wainscoting, table and counter tops, and for other architectural purposes. The finish 

may be in plain colors and textures, or thin wood veneers may be incorporated with the plastic 

bases under heat and pressure to provide a genuine wood finish. Simple weave and inlay designs of 

the same material or of metal are possible, and photographic murals may be pressed into the 

sheets. 

For wainscoting, the material, 1/16 in. thick, is glued a plywood of pressed-wood backing which is 

nailed to grounds; or it may be applied directly to plastered walls. The joints may be splined butt 

joints or covered with metal moldings. The sheets have a maximum size of 4x12ft. Styrene wall 

tile is available in a wide color range and often takes the place of ceramic glazed tile. Vinyl and 

Vinyledene sheets and fabric are used in the same manner and have a much longer life than 

wallpaper. This material may be mounted on plywood or other backing. 

Cinder blocks are sometimes coated with 1/4-in. fiber-reinforced, polyester resin facing. This 

surface is readily cleaned and is produced in a variety of colors. It is not recommended for exterior 

work. 



 Phenolic laminates have been developed for use as table and counter tops, wainscoting, and wall 

coverings. 

Prestressed Concrete. The theory of prestressed concrete was originated in Germany about 

1888, but, because of the poor quality of concrete, the tests were unsuccessful. In the USA it was 

first used in the 1920's in the construction of tanks and pipes. It was in Europe, however, that the 

development of its structural application received greatest attention. Here the costs of materials 

were relatively high and labor costs were low. Eugene Freyssinet of France is responsible for the 

first practical prestressing. This was about 1928. In 1939 he developed the cable-and-jack method 

of prestressing as applied to post tensioning. Gustave Magnel of Belgium introduced a similar 

method. Because of war demands metal was conserved for armaments and munitions, and the great 

savings of steel, made possible by prestressing concrete, served 

as an impetus in the development of this new type of construction in European countries. In the 

USA, because of vast quantities of lumber and the development of timber connectors, timber was 

substituted for steel. Thus, it was not until about 1950 that prestressed concrete was used for 

structural purposes. 

Reinforced Concrete. Plain concrete was used in ancient times by the Egyptians and the 

Romans and probably by the Mayas in Central America. Sewers, roads, aqueducts; water mains, 

and foundations were constructed of mass concrete by the Romans, who also employed it as a 

filling between the brick and stone fibs of their vaults and arches. The knowledge of the use of 

natural cement and, consequently, of concrete seems to have been lost during the Middle Ages, 

and it was not until the eighteenth century that its value was rediscovered. 

The reinforcing of concrete was first introduced in France in 1861 by Joseph Monier, who 

constructed flower pots, tubs, and tanks Francois Coignet, who published theories of reinforcing   

for   beam arches, and large pipes. Very little was actually accomplished in building construction 

until twenty-five years later when German and Austrian engineers developed formulas for design, 

and   Hennebique in France began the use of bent-up bars and stirrups. Between 1880 and 1890 

several reinforced concrete   buildings were erected in the United States, and since 1896 the 

increase in the amount of construction with this material has been remarkable. 

Until recent years there was a tendency among architects to consider reinforced concrete as a 

method of construction suited only to heavy and massive structures, to foundations, bridges, dams, 

factories, warehouses, and industrial buildings. This feeling was perhaps due to the apparent 

bulkiness of the material and to the fact that the wooden forms for plain flat surfaces, beams, and 

columns cast less than for curves arches, and domes. The characteristics of the architecture were 

limited by the economical restrictions of the centering. Much study and experiment have, however, 

led to vast improvements in the manufacture of the concrete, in the efficiency, and simplicity of 



formwork, and in the development of plastic molds and of self-centering reinforcement, such as 

ribbed fabrics. Indeed, at the present time unlimited possibilities in flexibility, slenderness, and 

aesthetic qualities of design appear to be in the hands of the creators of concrete buildings. The 

capacity of reinforced concrete is, in the opinion of many architects, not yet realized. The 

potentialities of a substance which can be poured into any form or shape from delicate ornament to 

huge cantilevers and parabolic arches and which is monolithic throughout its mass should indeed 

inspire methods of expression distinctive of its structure and quite different to those called forth by 

the disjointed elements of steel, wood, brick, and stone. 

 

TEXT 6 

ACOUSTICAL MATERIALS 

Acoustical Problems. The task of selecting the proper type, location, and amount of materials 

in the solution of acoustical problems requires the services of an expert. The use of materials alone 

is no panacea for faulty "acoustical design. Many different substances have been developed in an 

attempt to solve the problems of sound control. Among those encountered are: the achievement of 

good hearing conditions in auditoriums, concert halls, lecture rooms, etc.; the reduction of 

undesirable noises at their source (industrial operations, typewriter and computing machine noises, 

lunch room clatter, etc.); and in the reduction of sound transmission from one space to another. In 

general, the materials used are acoustical plasters, acoustical tiles, acoustical baffles, acoustical 

blankets, and sprayed-on materials. 

Mineral Tile. Mineral tile consists of rock lath, and a binder, the surface being either fissured or 

perforated. Its cost and, efficiency are somewhat higher than cellulose-fiber tile; it is incombustible 

and may be repainted. It should not be used in locations in which there is high humidity nor at the 

lower parts of walls where it may be damaged by abrasion or blows. It may be obtained in sizes 

12x12 and 12x24 in. and in thicknesses of 5/8, 3/4, 13/16, and 1 in. 

Glass-fiber Tile. Glass-fiber tile is composed of glass fibers held together with a binder. Its 

characteristics are similar to those of the mineral tile and, in addition, it is considerably more heat-

resistive and has fair moisture resistance. The tile sizes are 12x12 and 12x24 in • thicknesses are 

3/4 and 1 in. 

Perforated Asbestos Tile. The tile is made of cement-asbestos board with an inorganic wool 

backing and excellent moisture and abrasion resistance. It is available in 12x12, 12x24, 24x24, and 

24x48-in. sizes and in 3/16-and 23/16-in. thicknesses. 

Acoustical Blankets. Acoustical blankets are made of mineral wool, wood fibers, glass fibers, 

and hair felt. They are generally covered with a perforated covering of metal, plywood, fiberboard, 

or other material and may be obtained in thicknesses of 1/4 to 4 in. Their efficiency is high, 

http://may.be/


particularly in the low-frequency range, and they are used extensively in television, radio, and 

sound recording studios. 

Acoustical Plaster. Acoustical plaster is the least expensive of the various acoustical materials. 

It has relatively low sound-absorbing coefficients, it is difficult to clean, and repainting may result 

in a lowering of its acoustical efficiency. When using this material the final finish plaster coat is 

replaced with two coats of acoustical plaster. The material should be applied in strict adherence to 

the manufacturers' instructions. 

Applying Acoustical Materials. In addition to applying acoustical materials by plastering and 

spraying, tiles are held in place by adhesives, nails or screws. When an adhesive is used spots of a 

special adhesive are placed at the four corners of the tile. This work must be done carefully to 

prevent the tiles from becoming loose. The use of nails or screws avoids this danger. 

 

TEXT 7 

BUILDING MATERIALS (II) 

MORTAR 

The mortars used in bricklayers' work consist of an. admixture of lime, or Portland cement, and 

sand. A knowledge of the properties of these materials is very necessary to the craftsman, if he is to 

obtain the best results from his labours. 

Lime is manufactured by the calcination, or burning, of a carbonate of calcium, of which chalk 

is the commonest example. During calcination, decomposition occurs, and carbonic acid and water 

are driven off, an oxide of calcium (quicklime) remaining. 

If water be aided to lumps of quicklime, rapid combination ensues, great heat and volumes of 

steam being generated. The lumps disintegrate with a serios of small explosions, and are eventually 

reduced to a very fine powder. This process is termed slaking; and when making mortar it is highly 

necessary that it should be thoroughly carried out, as any unslaked particles subsequently expand 

and seriously damage the work. 

Lime may be divided into three distinct classes — 

1. Rich limes  

2. Poor limes. 

3. Hydraulic limes. 

Rich limes contain not more than 6 per cent of impurities, slake very rapidly, and are entirely 

dependent on external agents for setting power. They are chiefly used for interior plasterers' work. 



Poor limes contain from 15 per cent to 30 per cent of useless impurities, and possess the general 

properties of rich limes, only to a lesser degree. They are only fit for unimportant work. 

Hydraulic limes contain certain proportions of impurites, which, during calcination, combine 

with the lime, and endow it with the valuable property of setting under water, or without external 

agents. The proportions of these impurities determine whether a lime is eminently, moderately, or 

only feebly hydraulic. The principal limes used in making mortar for constructional work are of the 

Greystone variety. These have hydraulic properties, and will take a large proportion of sand, 

without weakening their setting powers. The usual proportions are from two to four parts of sand to 

one of lime. 

The setting of lime depends largely upon its absorption of carbonic acid from the atmosphere. 

The particles return to their original form of a carbonate, and crystallize. These crystals have a 

tendency to adhere to anything rough, such as sand or the surfaces of a brick. 

Pure lime mortars built into thick walls never harden in the interior. The crystallization of the 

exterior of the joint when set prevents access of carbon dioxide to the inside of the wall. For this 

reason, pure lime mortars should not be used for constructional work, only those which are not 

entirely dependent on external agents. For more important work, where great strength is required, 

Portland cement is used instead of lime. 

Portland Cement is artificial cement, manufactured by calcining chalk and clay, or river mud 

containing certain chemical constituents in definite proportions. The chalk and clay are ground and 

mixed into a slurry, which after being strained through very fine sieves, is pumped into an orifice in 

the top of an inclined revolving cylinder. A blast of intense flame is directed through this cylinder, 

which is lined with firebrick. As the slurry drops through the flame, it is burned into small clinkers, 

which are afterwards ground exceedingly fine in specially constructed mills, and then passed 

through sieves, having as many as 35,000 meshes to the square inch. The powder is aerated by 

being spread on wooden floors, with an occasional turning, to ensure the thorough slaking and 

cooling of all particles. It is then put up in sacks ready for use. 

This process of aeration has now been superseded, in many cement works by the addition of a 

small quantity of gypsum (plaster of Paris), which retards the otherwise rapid-setting tendency of a 

freshly-ground cement. 

Sand. — When used for mortar, sand should be angular in grain, free from clay or dirt, and 

moderately coarse. If too fine, the proportion of lime or cement will have to be considerably 

increased. 

Mixing. — This should be carried out on a close-boarded platform, or stage. In the case of lime 

mortar, sand is best measured when brought to the stage, and the heap opened out into the form of a 



ring. The correct proportion of lime is measured into the ring, clean water being added to start the 

slaking, and more as the process advances. When the generation of steam ceases, the mass should 

be stirred with a long-handled, hoe-shaped tool called a larry, until a thick, cream-like consistency 

is obtained. The sand may then be gradually drawn into and thoroughly mixed with the lime by 

means of the same tool. The mortar should be allowed to stand for some days before use it, and 

again well beaten up with shovel. 

For cement mortar, the sand is measured and heaped on the stage, and a bottomless box of 

definite capacity is placed on the top of the sand. This box is filled with cement, and then removed. 

The dry heap is turned over at least twice and opened out into a ring. Clean water is added in 

sufficient quantity to wet the whole mass, which is then thoroughly mixed in the same manner as 

lime mortar. 

Cement mortar should be used directly after being made, and should not be subjected to further 

mixing after setting has commenced. If this is done, the cement rapidly loses its strength, and 

further repetition would render it practically inert. 

The proportions of sand and cement or lime, are from two to four parts of sand to one part of 

either, according to the class of work for which the mortar is required. 

Another mortar mix which is becoming popular, and which some engineers have proved to be 

stronger for some classes of work such as reinforced brickwork, is 4 parts of sand to 1 part of 

Portland cement and 1/8th part of lime. 

On large works, mixing is usually performed in a mortar mill, which consists of a pair of heavy 

millstones and a pan, or container into which the measured ingredients are fed. The mill, by reason 

of its large and rapid output, has a distinct advantage over hand-mixing. It also has many 

disadvantages unless operated by a reliable man. Grinding may be carried on to such a stage that the 

sand is ground so fine as to render the original quantity of lime or cement inadequate. Cement 

mortars may be also ground long after the initial setting has commenced, and thus rendered useless 

for the required purpose. 

 

TEXT 8 

BUILDING STONES 

Classification. - Building stones are classified in a general way under the heading of igneous, 

sedimentary, and metamorphic rocks. 

Igneous rocks. – These are formed by fusion below the earth’s surface. 



Sedimentary rocks. – All sedimentary rocks, which include sandstones and limestones, come 

under this heading. They are formed in deposits by the agency of water or winds, and are known as 

stratified rocks. 

Metamorphic rocks. – These may be either of the above when changed in formation by heat 

and pressure. Marbles and slates come under this heading. 

Granites. – Granites are igneous rocks made up of granular particles, the latter being 

crystalline, and usually composed of quartz, feldspar, and mica. Granite has never flowed cut over 

the earth’s surface as lava, but became consolidated at a great depth under extreme pressure. 

Quartz. — The durability of granite depends largely upon the amount of quartz and its 

combination with other minerals, quartz being practically indestructible. Quartz, sand, and the 

chemical named silica may be said to be interchangeable terms. 

 Felspar is the most easily distinguished mineral and its colour varies considerably. The pink 

felspar is known as orthoclase, and is a potash felspar; this constituent is very characteristic in 

granite. Sometimes the white soda or lime felspar known as plagioclase is found. Felspars are 

commonly found with about equal quantities of quartz. 

Mica is of two kinds: muscovite, which is potash mica (light); and biotite, which is a dark 

brown, iron and other substances being present. The light micas are more stable. 

The proportions of mica should be small compared with quartz and felspar. Hornblende and 

augite sometimes occur and take the place of mica; the stone is then known as a syenite. 

Iron pyrites produce oxidation and hydration either in the form of local spots, or as a uniform 

tinge of brown, and should always be looked upon as a fault. 

The characteristics of a good granite are: fineness of grain, the disposition of the various 

minerals forming the mass, and the high percentage of quartz present. 

Sandstones.—Sandstones are formed by the disruption of preexisting rocks due to the action of 

winds or moving  water, the particles being deposited in beds, or strata. The chief constituents are 

the original quartz, crystals (or grains) and the cement that binds them together. The quality of 

sandstone depends upon the cementing material. The presence of an inferior cementing material is 

the enter cause of disintegration upon the exposed surfaces. The cementing materials are numerous, 

and may be silica, clay; iron oxides, calcite, or dolomite. Usually there is a combination of these 

substances, but one kind predominates. Sometimes the grains, or quartz crystals, are consolidated by 

heal and pressure as in quartzite. Sandstones vary from fine grain to coarse grit stone, whilst the 

colour depends chiefly upon the cementing material. Red, brown, and yellow are due to oxide of 

iron. White owes its colour to the combination of clear quartz with white argillaceous or clay-

containing matter free from iron stains. 



If the stone contains a high percentage of mica distributed along the planes of bedding it is 

known as micaceous sandstone. Great care should be exercised in placing sandstones in the building 

so that the laminae are horizontal. 

Limestones. — The chief characteristic of limestones is the presence of a large proportion of 

carbonate of lime. They were formed chiefly by the accumulation of shells or calcareous skeletons 

of marine or fresh water organisms, which were deposited as sediment in the waters of seas or lakes. 

The common or chalk limestones are more suited for the production of lime. The oolitic limestones 

are of marine origin; they are composed chiefly of carbonate of lime with other substances, such as 

carbonate of magnesia, silica, alumina, and iron. The oolite resembles the roe of a fish, and results 

from the accumulation of carbonate of lime around the small nuclei of fragmentary shells or grains 

of mud or sand. They are of spherical or oval shape and can easily be seen with the naked eye. They 

vary in hardness and texture; some are fairly fine, others coarse and porous. 

All limestones are soft when first quarried, but harden on exposure to the atmosphere. 

The stone should be uniform in colour throughout in the case of both sandstones and limestones. 

TEXT 9 

CEMENT 

The cement used today was first developed by Joseph Aspdin, a Leeds Builder, who took out a 

patent in 1824 for the manufacture of Portland Cement. Aspdin developed the material for the 

production of artificial stone and named it Portland Cement because, in its hardened state, it re-

sembled natural Portland limestone in texture and colour. The materials of Aspdin‘s cement, 

limestone and clay, were later burned at a high temperature by Isaac Johnson in 1845 to produce a 

clinker which, ground to a fine powder, is what we now term Portland cement. 

The characteristics of cement depend on the proportions of the compounds of the raw materials 

used and the fineness of grinding of the clinker, produced by burning the raw materials. A variety 

of Portland cements is produced each with characteristics suited to a particular use. The more 

commonly used Portland cements are: 

Ordinary Portland 

Rapid hardening Portland 

Extra rapid hardening Portland 

Low heat Portland 

Sulphate resisting Portland 

Portland blast furnace 

White Portland 

Portland pozzolana 

Ordinary Portland is the cheapest and most commonly used cement. This type of cement is 



affected by sulphates such as those present in ground water in some clay soils. The sulphates have 

a disintegrating effect on ordinary Portland cement. For this reason sulphate resisting cements are 

produced for use in concrete in sulphate bearing soils, marine works, sewage installations and 

manufacturing processes where soluble sulphates are present. 

Rapid hardening Portland is similar to ordinary Portland except that the cement powder is more 

finely ground. The effect of the finer grinding is that the constituents of the cement powder react 

more quickly with water and the cement develops strength more rapidly.  

Rapid hardening cement develops similar strength in three days that ordinary Portland does in 

seven days. The advantage of the early strength developed by this cement is the possibility of 

speeding up construction by, for example, early removal of formwork. Although rapid hardening is 

more expensive than ordinary Portland cement it is becoming more extensively used because of its 

early strength advantage. 

Extra rapid hardening Portland is produced by grinding up to 2 % of calcium chloride with 

ordinary Portland cement. Calcium chloride acts as an accelerator by increasing the rate of 

hydration of cement and developing early strength. The increase in strength at 2 days is of the 

order of 25 % as compared to rapid hardening Portland. This type of cement is used for concreting 

in cold weather when ordinary or rapid hardening cement concrete might be affected by frost and 

in the repair of surfaces, such as pavements, that cannot be closed for long periods. 

The development of early strength caused by the calcium chloride accelerator in turn causes drying 

shrinkage and cracking and this cement is highly vulnerable to attack by sulphates. 

Low heat Portland is used mainly for mass concrete works in dams and other large 

constructions where the heat developed by hydration of other cements would cause serious 

shrinkage cracking. The heat developed by the hydration of cement in concrete in construction 

works is dissipated to the surrounding air whereas in large mass concrete works it dissipates 

slowly. Control of the constituents of low heat Portland causes it to harden more slowly and 

therefore develop heat less rapidly than other cements. The slow rate of hardening does not affect 

the ultimate strength of the cement yet allows the low heat of hydration to dissipate through the 

mass of concrete to the surrounding air. 

Sulphate resisting Portland: The proportion of the constituents of the cement that are affected 

by sulphates that is aluminates is reduced to provide increased resistance to the effect of sulphates. 

The effect of sulphates on ordinary cement is to combine with the constituents of the cement and 

the consequent increase in volume on crystallisation causes cement and therefore concrete to 

disintegrate. This disintegration is severe where the concrete is alternately wet and dry as in marine 

works. 

Because it is necessary to control, with some care, the composition of the raw materials of this 



cement it is more expensive than ordinary cement. High Alumina cement described later is also a 

sulphate resisting cement. 

Portland blast furnace cement is manufactured by grinding Portland cement clinker with 

blast furnace slag, the proportion of slag being up to 65% by weight and the percentage of cement 

clinker not less than 35 %. This cement develops heat more slowly than ordinary cement and is 

used in mass concrete works as a low heat cement. It has good resistance to the destructive effects 

of sulphates and is commonly used in marine works. 

White Portland is manufactured from china clay and pure chalk or limestone and is used to 

produce white concrete finishes. Due to the comparatively expensive raw material used, that is 

china clay and the process of manufacture, it is considerably more expensive than ordinary cement 

and is used in the main for the surface of exposed concrete and for cement renderings. Pigments 

may be added to the cement to produce pastel colours. 

Portland pozzolana cement is manufactured by grinding a mixture of Portland cement and 

pozzolana, the proportions of pozzolana being from 15 to 50%. The name pozzolana originally 

described volcanic ash but in the production of this cement either pumice, diatomaceous earth, 

burnt clay or fly ash are used. Where supplies of the pozzolana or other material are readily 

available this type of cement is somewhat cheaper than ordinary cement. 

It has a low rate of heat development and strength and has good resistance to sulphate attack and is 

used as a low heat sulphate resisting cement. The two cements not of the Portland cement group, 

which arc used in building and engineering work are: supersulphated cement and high alumina 

cement.  

Supersulphated cement is manufactured by grinding a mixture of 80 to 85% of granulated 

blast furnace slag with 10 to 15% of calcium sulphate and 5% of Portland cement clinker. Calcium 

sulphate is used in the form of dead-burnt gypsum or anhydrite. This cement is highly resistant to 

the destructive effects of sea water and high concentrations of sulphates in ground water. It is used 

in the construction of marine works and sewers. 

It has a low heat of hydration and can be used as a low heat cement in mass concrete work. 

This cement requires more water to complete the chemical reaction than does Portland cement and 

water/cement ratios of less than 0-5 should not be used and the cement should be wet cured for at 

least 3 days after mixing. 

High alumina (Aluminous) cement is manufactured from bauxite and limestone or chalk in 

equal proportions. Bauxite is a mineral containing a higher proportion of alumina (aluminium 

oxide) than the clays used in the manufacture of Portland cements, hence the name given to this 

cement. 

The raw materials are crushed to lumps of about 100 and are then heated in a pulverised coal fired 



furnace to a temperature of about 1,600 C. when they fuse. The molten fused material is poured 

into steel pans in which it solidifies and is then crushed to a fine dark grey powder. This cement is 

generally known by the trade names "Ciment Fondu" or "Lightning Cement" in England. 

This cement is highly resistant to the destructive effects of sulphates and acids. It has a very high 

rate of strength development, about 80% of its ultimate strength being developed some 24 hours 

after mixing with water and it is an admirable refractory material being able to withstand 

temperatures of up to 1,300°C. without appreciable loss of strength. 

The high rate of strength development and rapid hydration of this cement is accompanied by the 

generation of considerable heat which accelerates evaporation of water from the concrete. Because 

of this rapid loss of water high alumina cement concretes must be cured by spraying with water for 

at least 24 hours if the cement is to develop its full strength. 

The heat evolved as this cement hardens makes it practical to mix and place high alumina cement 

concretes when the temperature is below freezing and limits the use of high alumina cement 

concretes to comparatively small sections from which heat can dissipate to the surrounding air. 

High alumina cement concrete is limited to use in thin structural members and slabs. 

Disadvantages of this cement are that there is a serious falling off in strength in hot moist 

atmospheres such as occur in tropical climates and this cement is attacked by alkalies. 

 

TEXT 10 
AGGREGATES 
 

Concrete comprises particles of hard material, the aggregate, bound with cement paste, at least 

three quarters of the volume of the concrete being occupied by the aggregate. Volume for volume 

cement is generally more costly than aggregate and it is advantageous, therefore, to employ as little 

cement as is consonant with a dense durable concrete. The characteristics of strength and durability 

of cement vary within narrow limits and to produce a sound concrete the characteristics of the 

selected aggregate should match those of the cement. 

The wet concrete mix is spread in the form of slabs or placed inside formwork and compacted into 

a dense mass. There is a direct relation between the density and strength of the finished concrete 

and the ease with which it can be compacted. The nature of the aggregate plays a considerable part 

in the ease with which a concrete can be compacted. The measure of the ease with which a 

concrete can be compacted is described as the workability of the mix. Workability is affected by 

the nature of the particles of aggregate and their grading and shape so that for a given mix 

workability can be improved by careful selection of the aggregate. 

Types of aggregate 

Natural aggregates: Sand and gravel are the cheapest and most commonly used aggregate in this 



country and consist of particles of broken stone deposited by the action of rivers and streams or 

from glacial action. Sand and gravel deposited by rivers and streams are generally more satis-

factory than glacial deposits because the former comprise rounded particles in a wide range of 

sizes and weaker materials have been eroded by the washing and abrasive action of moving water. 

Glacial deposits tend to have angular particles of a wide variety of sizes poorly graded, which 

adversely affects the workability of a concrete in which they are used. 

Crushed rock aggregates are generally more expensive than sand and gravel, owing to the cost of 

quarrying and crushing the stone. Providing the stone is hard, inert and well graded it serves as an 

admirable aggregate for concrete. The term "granite aggregate" is used commercially to describe a 

wide range of crushed natural stones some of which are not true igneous rocks. Natural granite is 

hard and dense and serves as an excellent aggregate. 

Hard sandstone and close grained crystalline limestones when crushed and graded are commonly 

used as aggregate in areas where sand and gravel are not readily available. 

Artificial aggregates: Blast furnace slag is the by-product of the conversion of iron ore to pig iron 

and consists of the non-ferrous constituents of iron ore. The molten slag is tapped from the blast 

furnace and is cooled and crushed. In areas where there is a plentiful supply of blast furnace slag it 

is an economical and satisfactory aggregate for concrete. 

Clean broken brick is used as an aggregate for concrete required to ave a good resistance to fire. 

The strength of the concrete produced with this aggregate depends on the strength and density of 

the bricks from which the aggregate is produced. Crushed engineering brick aggregate will pro-

duce a concrete of medium crushing strength. Porous brick aggregate should not be used for 

reinforced concrete work in exposed positions as the aggregate will absorb moisture and encourage 

corrosion of the reinforcement. 

Grading of aggregate: The word grading is used to describe the percentage of particles of a 

particular size in a given aggregate from fines (sand) to the largest particle size. A sound concrete 

is produced from a mix that can be readily placed and compacted in position, that is a mix that has 

good workability and after compaction is reasonably free of voids. This is affected by the grading 

of the aggregate and the water/cement ratio. The required degree of workability will clearly be 

affected by the position in which the concrete is to be placed and the means by which it is to be 

compacted. Concrete for a road surface to be compacted by heavy vibration may be stiffer, that is 

less workable, than concrete to be placed in formwork for narrow beams around reinforcement. 

There is no one ideal grading of aggregate for all concrete work. Engineers employ grading curves 

to determine the best grading of aggregate to produce a concrete mix of predetermined workability 

and lowest water content. 

Particle shape and surface texture: The shape and surface texture of the particles of an aggregate 



affect the workability of a concrete mix. An aggregate with angular articles is more difficult to 

compact than one with rounded particles and therefore, requires more water in the mix to act as a 

lubricant. This additional water, on evaporation, tends to leave void spaces in the hardened 

concrete which is less dense and strong than concrete made with rounded aggregate particles 

which requires less water for compaction. The nature of the surface of the particles of an aggregate 

will also affect workability. Gravel dredged from a river will have smooth surfaced particles which 

will afford little frictional resistance to the arrangement of particles that takes place during 

compaction. A crushed granite aggregate will have coarse-surfaced particles whose surface will 

offer some resistance during compaction. 

The shape of particles of aggregate is measured by an angularity index and the surface by a surface 

coefficient. Engineers use these to determine the true workability of a concrete mix which can not 

be judged solely from the grading of particles and the water/cement ratio. 

Water/cement ratio: The materials used in concrete are mixed with water for two reasons, firstly to 

enable the reaction with the cement which causes setting and hardening to take place and secondly 

to act as a lubricant to render the mix sufficiently plastic for placing and compaction. About a 

quarter part by weight of water to one part by weight of cement is required for the completion of 

the setting and hardening process. This proportion of water to cement would result in a concrete 

mix far too stiff (dry) to be adequately placed and compacted. About a half by weight of water to 

one part by weight of cement is required to make a concrete mix workable. 

It has been established that the greater the proportion of water to cement used in a concrete mix the 

weaker will be the ultimate strength of the concrete. The principal reason for this is that the water, 

in excess of that required to complete the hardening of the cement, evaporates and leaves voids in 

the concrete which reduces its strength. It is practice, therefore, to define a ratio of water to cement 

in concrete mixes to achieve a dense concrete. The water/cement ratio is expressed as the ratio of 

water to cement by weight and the limits of this ratio for most concrete lie between 0-4 and 0-65. 

Outside these limits there is a great loss of workability below the lower figure and a loss of 

strength of concrete above the upper figure. 

Designed concrete mixes: The position in which concrete is to be placed, the means used and ease 

of compacting it, the nature of the aggregate and the water/cement ratio all affect the ultimate 

strength of concrete. 

A designed concrete mix is one where the variable factors are adjusted by the Engineer to produce 

a concrete with desired minimum compressive strength at the lowest possible cost. If for example 

the cheapest available local aggregate in a particular district will not produce a very workable mix 

it would be necessary to use a wet mix to facilitate placing and compaction and this in turn would 

necessitate the use of a cement-rich mix to maintain a reasonable water/cement ratio. In this 



example it might be cheaper to import a different aggregate, more expensive than the local one, 

which would produce a comparatively dry but workable mix necessitating the use of less cement. 

These are the considerations the Engineer and the Contractor have in designing a concrete mix. 

Proportioning the materials of concrete: Concrete in the foundations, ground floor and lintels of 

houses and small buildings is not usually required to suffer any large stresses and it is usual to 

measure the proportion of materials for this concrete by volume. Measuring the materials of con-

crete by volume is not an accurate way of proportioning and cannot be relied on to produce 

concrete with a uniformly high strength. Cement powder cannot be accurately proportioned by 

volume because cement powder may be poured into and fill a container but can readily be 

compressed to occupy considerably less space. The most satisfactory way of proportioning cement 

is by reference to a standard bag or by actually weighing the cement. 

Proportioning aggregates by volume takes no account of the amount of water retained in them 

which may affect the water/cement ratio of the mix and affect the proportioning, as wet sand 

occupies a greater volume than does the same sand when dry. In proportioning the materials for a 

concrete mix for high compressive strength it is practice to take samples of the aggregate and dry 

them to ascertain the amount of retained water so to adjust the proportion of water added to the 

mix to allow for the water in the aggregate. It is usual, therefore, to proportion aggregate by 

weight. 

Water is incompressible and it is immaterial, therefore, whether it be proportioned by volume or 

weight. As the other constituents of concrete are proportioned by weight it is convenient to 

measure water by weight. Concrete mixes proportioned by volume are described, for example, as 

1:2:4, cement: fine: coarse aggregate. A range of nominal concrete mixes proportioned by weight 

is set out in CP114 Part 2. 1969, "The Structural use of Reinforced Concrete in Buildings" giving 

details of three mixes to produce three strengths of concrete within 28 days. 

Mixing concrete: Concrete may be mixed by hand when the volume to be used does not warrant 

the use of mechanical mixing plant. The materials are measured out by volume in timber gauge 

boxes, turned over on a clean surface several times dry and then water is added as the mix is turned 

over several times until it has a suitable consistency and uniform colour. It is obviously difficult to 

produce mixes of uniform quality by hand mixing. 

A small hand tilting mixer is often used. The mixing drum is rotated by a petrol motor the drum 

being tilted by hand to fill and empty it. This type of mixer takes over a deal of the back breaking 

work of mixing but docs not control the quality of mixes as materials are again measured out by 

volume in gauge boxes. A batch mixer mechanically feeds t the materials into the drum and mixes 

them. The filling skip provides a means of measuring the materials by volume and the amount of 

water added can be measured. A more sophisticated batch mixer is available that measures the 



materials by weight. 

For extensive concrete work, plant is installed on site which stores cement delivered in bulk, 

measures the materials by weight and mechanically mixes them. Concrete for high strength 

reinforced concrete work can only be produced from batches (mixes) of uniform quality such as 

are produced by a plant capable of accurately measuring and thoroughly mixing the materials. 

The materials of concrete should be thoroughly mixed and the best indication of this is uniformity 

of colour throughout the mix. 

Placing and compacting concrete: The initial set of Portland cement takes place from half an hour 

to one hour after it is mixed with water. If a concrete mix is disturbed after the initial set has 

occurred the strength of the concrete may be adversely affected. It is usual to specify that concrete 

be placed as soon after mixing as possible and not more than half an hour after mixing. The 

exception to this general rule is what is termed "ready mixed concrete". This is concrete which is 

mixed at some central plant and conveyed to site in a rotating drum mounted on a lorry. It appears 

that the agitation of the mix in the rotating drum delays the onset of the initial set and that so long 

as the mix is agitated it will not go off or set for some considerable time. A concrete mix consists 

of particles varying in size from powder to coarse aggregate graded to say 40. If a wet mix of 

concrete is poured from some height and allowed to fall freely the larger particles tend to separate 

from the smaller. This action is termed segregation. Concrete should not, therefore, be tipped or 

poured into place from too great a height. It is usual to specify that concrete be placed from a 

height not greater than 1-0. 

Once in place concrete should be thoroughly consolidated or compacted. The purpose of 

compaction is-to cause entrapped bubbles of air to rise to the surface in order to produce as dense 

and void free a concrete as possible. Consolidation may be effected by agitating the wet mix with a 

spade or heavy iron bar. If the mix is dry and stiff this is a very laborious process and not very 

effective. A more satisfactory method is to employ a pneumatically operated poker vibrator which 

is inserted into the concrete and by vibration liberates air bubbles and compacts the concrete. As an 

alternative the formwork of reinforced concrete may be vibrated by means of a motor attached to 

it. 

Curing concrete: Concrete gradually hardens and gains strength after its initial set. For this 

hardening process to proceed and the concrete to develop its maximum strength there must be 

water present in the mix. If, during the early days after the initial set, there is too rapid a loss of 

water the concrete will not develop its maximum strength. The process of preventing a rapid loss 

of water is termed curing concrete. Large exposed areas of concrete such as road surfaces are cured 

by covering the surface for at least a week after placing, with building paper, plastic sheets or wet 

sacks to retard evaporation of water. In very dry weather the surface of concrete may have to be 



sprayed with water in addition to covering it. 

The formwork around reinforced concrete is generally kept in position for several days after the 

concrete is placed in order to give support until the concrete has developed sufficient strength to be 

self supporting. This formwork also serves to prevent too rapid a loss of water and so helps to cure 

the concrete. In very dry weather it may be necessary to spray the formwork to compensate for too 

rapid a loss of water. 

 

TEXT 11 

REINFORCEMENT 

 

In 1867 a French gardener, Joseph Monier, took out a patent for the process of strengthening 

concrete flower pots by casting wire mesh into the concrete. Some few years later Francois 

Hennebique applied Monier's idea to building and engineering when he developed reinforced 

concrete piles and later reinforced concrete structures. Today reinforced concrete is the structural 

material most commonly used in engineering and building work. Concrete is strong in resisting 

compressive stress but comparatively weak in resisting tensile stress. The tensile strength of 

concrete is between one tenth to one twentieth of its compressive strength. Steel, which has good 

tensile strength, is cast into reinforced concrete members in the position or positions where 

maximum tensile stress occurs. To determine where tensile and compressive stresses occur in a 

structural member it is convenient to consider the behaviour of an elastic material such as india 

rubber under load. A bar of rubber laid across and not fixed to two supports, bends under load. The 

top surface shortens and becomes corrugated under compressive stress and the bottom surface 

lengthens or stretches under tensile stress. A member which is supported so that the supports do 

not restrain bending under load is said to be simply supported. If the bar were of concrete it would 

seem logical to cast steel reinforcement in the underside of the bar. In that position the steel 

reinforcement would be exposed to the surrounding air and it would rust and gradually lose 

strength. Further if a fire occurred in the building near the beam the steel might lose so much 

strength as to impair its reinforcing effect and the beam would collapse. It is practice, therefore, to 

cast the steel reinforcement into concrete so that there is at least 15 of cover of concrete between 

the reinforcement and the surface of the concrete. 

Concrete cover: A 15 cover of concrete is sufficient to protect steel from corrosion in most 

buildings except factories where corrosive gases are generated. In sea works concrete cover of 25 

or more is necessary to prevent corrosion. 

From laboratory tests and experience of damage caused by fires in buildings it has been established 

that various thicknesses of concrete cover will prevent an excessive loss of strength in steel 



reinforcement for particular periods of time. As a safeguard to occupants of buildings, building 

regulations lay down a minimum cover of concrete to give protection from fire damage for set 

periods of time. The presumption is that the concrete cover will protect the reinforcement for say 2 

hours which is the time required for all the occupants to escape from the particular building during 

a fire. The period of protection required varies with the size and type of building.  

Bond and anchorage of reinforcement: The cement in concrete cast around steel reinforcement 

adheres to the steel just as it does to the particles of aggregate and this adhesion plays its part in the 

transfer of tensile stress from the concrete to the steel. It is of importance, therefore, that the steel 

reinforcement be clean and free from scale, rust and oily or greasy coatings. 

Under load, tensile stress tends to cause the reinforcement to slip out of bond with the surrounding 

concrete due to the elongation of the member. This slip is partially resisted by the adhesion of the 

cement to the steel and partly by the frictional resistance between steel and concrete. To ensure a 

firm anchorage of reinforcement to concrete and assist in preventing slip it is usual practice to 

hook or bend the end of bars. 

Deformed bars offer a greater surface of frictional resistance than do plain bars and this can ob-

viate the need to use hooked or bent ends for anchorage to prevent slip. The reinforcement is cast 

in the underside of simply supported beams. 

Shear: Beams are subjected to shear stresses due to the shearing action of the supports and the self 

weight and imposed loads of beams. A pair of scissors does not cut paper, it shears it, the action of 

the blades, as they meet, is to force one side of the paper up and the other down and shear it into 

two pieces. The supports and the weight of the beam and its load act to shear a beam in the same 

way. Shear stress is greatest at the points of support and nil at mid span in uniformly loaded 

beams. Shear failure occurs at an angle of 45°. Due to its poor tensile strength concrete does not 

have great shear resistance and it is usual to introduce steel shear reinforcement in most beams of 

over. say. 2-5 span. The shear reinforcement may take the form of bars bent up at 45° near 

supports or as steel stirrups or links, the stirrups being more closely spaced near points of support 

where maximum shear stress is developed. 

To determine the stresses in a beam with fixed ends consider the behaviour of a bar of rubber 

whose ends are fixed and which carries a load. In the centre of the span the rubber is stretched on 

the lower face and corrugated on the top face as before but due to the ends being fixed the rubber 

is stretched on the top face, indicating tension and corrugated on the lower face, indicating 

compression, near the points of support. In a concrete beam it is not sufficient here to cast 

reinforcement into the lower face of the beam only, as the concrete will not have sufficient tensile 

strength to resist stresses at the top of the beam near points of support. Both top and bottom 

reinforcement is necessary. Similarly a loaded bar of rubber over several supports will bend 



indicating normal or positive bending between supports and reverse or negative bending over 

supports. This indicates the stresses in a beam spanning continuously over supports, the 

reinforcement in such a concrete beam being disposed. 

Cantilever beams: A bar of rubber with one end fixed will bend under load corrugation of the 

underside indicating compression and stretching of the top tensile stress. A comparable concrete 

beam will plainly require reinforcement in the top of the cantilever. 

Mild steel reinforcement: The cheapest and most commonly used reinforcement is round section 

mild steel rods of diameter from 6 to 40. These rods are manufactured in long lengths and can be 

quickly cut and easily bent without damage. The disadvantage of ordinary mild steel reinforcement 

is that if it is stressed up to its yield stress it suffers permanent elongation. In tension mild steel 

suffers elastic elongation which is proportional to stress up to the yield stress and it returns to its 

former length once stress is removed. At the yield stress point mild steel suffers permanent 

elongation and then with further increase in stress again suffers elastic elongation, which is a 

typical stress strain curve for mild steel. If the permanent elongation of mild steel which occurs at 

yield stress, were to occur in reinforcement in reinforced concrete, the loss of bond between the 

steel and the concrete and consequent cracking of concrete around reinforcement, would be so 

pronounced as to seriously affect the strength of the member. For this reason maximum likely 

stresses in mild steel reinforcement are kept to a figure some two thirds below yield stress. In 

consequence the mild steel reinforcement is working at the most at stresses well below its ultimate 

strength. 

Cold drawn steel reinforcement: If mild steel bars are stressed up to yield point and permanent 

plastic elongation takes place and then the stress is released, subsequent stressing up to and beyond 

the former yield stress will not '.. cause a repetition of the initial permanent elongation at yield 

stress. This change of behaviour is said to be due to a reorientation of the steel crystals during the 

initial stress at yield point. In the design of reinforced concrete members using this type of 

reinforcement maximum stress need not be limited to a figure below yield stress and the calculated 

design stresses may be considerably higher than with ordinary mild steel. 

In practice it is convenient to simultaneously stress cold drawn steel bars up to yield point and to 

twist them axially to produce cold drawn deformed bars with improved bond to concrete. 

Alternatively these bars may be cold drawn and indented to improve bond. 

Cold drawn deformed and indented bars are considerably more expensive than ordinary mild steel 

bars and are used in the main for heavily loaded members. 

 Medium and high tensile steel reinforcement: By careful control of the constituents of the steel 

these bars have improved tensile strength as compared to ordinary mild steel bars. This type of 

reinforcement is not much used in reinforced concrete in buildings. Its use is limited to narrow 



section members heavily reinforced where the somewhat smaller cross sectional area of this 

reinforcement as compared to mild steel is of advantage in facilitating the placing of concrete 

around closely packed reinforcing bars. Due to the smaller cross sectional area of steel there will 

be a decrease in adhesion and frictional bond to concrete which may outweigh the advantage of 

reduction in cross sectional area of reinforcement. 

 

TEXT12 

PRESTRESSED CONCRETE 

 

Concrete has poor tensile strength and steel reinforcement is cast into concrete members where 

maximum tensile stress occurs under load. The concrete around reinforcement is bonded to it and 

must, therefore, take some part in resisting tensile stress. Because the tensile strength of concrete is 

low it will crack around the reinforcement under load and when the load is removed the cracks 

may remain. The hair cracks on the surface of concrete are not only unsightly they also reduce the 

protection against fire and corrosion the concrete cover is intended to give. It is usual in designing 

reinforced concrete members to limit the anticipated tensile stress in order to limit deflection and 

the extent of cracking of concrete around reinforcement. This is a serious limitation in the most 

efficient use of reinforced concrete particularly in long span beams. 

If the reinforcement were stretched before or after the concrete were cast and the stretched 

reinforcement were anchored to the concrete it would cause a compressive pre-stress in the 

concrete as it resisted the tendency of the reinforcement to return to its original length. The 

stretching of reinforcement before it is cast into concrete is described as pre-tensioning and 

stretching after the concrete has been cast as post-tensioning. The advantage of the induced 

compressive pre-stress caused either by pre- or post-tensioning is that under load the tensile stress 

developed by bending is acting against the compressive stress induced in the concrete and in 

consequence cracking is minimised. If cracking of the concrete surface does occur and the load is 

reduced or removed then the cracks close up due to the compressive pre-stress. Another advantage 

of the pre-stress is that the compressive strength of the whole of the section of concrete is utilised 

and the resistance to shear is considerably improved, so obviating the necessity for shear 

reinforcement. 

Plainly if the pre-stress is to be maintained the steel reinforcement must not suffer permanent 

elongation or creep under load as does mild steel. High tensile wire is therefore used in pre-

stressed concrete to maintain the pre-stress under load. 

Under load a pre-stressed concrete member will bend or deflect and compressive and tensile 

stresses will be developed in opposite faces as previously explained. Concrete in parts of the 



member will therefore have to resist compressive stress induced by the pre-stress as well as 

compressive stress developed during bending. For this reason high compressive strength concrete 

is used in pre-stressed work to gain the maximum advantage from the pre-stress. A consequence of 

the need to use high strength concrete is that pre-stressed members are generally smaller in section 

than comparable reinforced concrete ones. 

Pre-tensioning: High tensile steel reinforcing wires are stretched between anchorages at each end 

of a casting bed and concrete is cast around the wires inside steel or timber moulds. The tension in 

the wires is maintained until the concrete around them has attained sufficient strength to take up 

the pre-stress caused by releasing the wires from the anchorages. The bond between the stretched 

wires and the concrete is maintained by the adhesion of the cement to the wires, by frictional 

resistance and the tendency of the wires to shorten on release and wedge into the concrete. To 

improve frictional resistance the wires are usually crimped or indented. When the stressing wires 

are cut and released from the anchorages in the stressing frame the wires tend to shorten and this 

shortening is accompanied by an increase in diameter of the wires which wedge into the ends of 

the member. 

Pre-tensioning of reinforcement is mainly confined to the manufacture of pre-cast members such 

as floor beams, slabs and piles. The stressing beds required for this work are too bulky for use on 

site. 

Post-tensioning: After the concrete has been cast inside moulds or formwork and has developed 

sufficient strength to resist the pre-stress, stressing wires are threaded through ducts or sheaths cast 

in along the length of the member. These pre-stressing wires are anchored at one end-of the 

member and are then stretched and anchored at the opposite end to induce the compressive pre-

stress. 

The advantage of post-tensioning is that the stressing wires or rod arc stressed against the concrete 

and there is no loss of stress as there is in pre-tensioning due to the shortening of the wires when 

they are cut from the stressing bed. The major part of the inevitable drying shrinkage of concrete 

will have taken place before it is post-tensioned and this minimises loss of stress due to shrinkage 

of concrete. 

The five systems of pre-tensioning in use are; the Freyssinet, Gifford Udall-CCL, Lee McCall, 

Magnel-Blaton and PSC one wire systems. 

The Freyssinet System: A number of high tensile steel wires, of diameter 7, approximately, are 

arranged around a core of fine coiled wire and arc threaded through a duct formed in the pre-cast 

member. The duct is formed by casting an inflatable rubber tube or a greased rod into the concrete 

and withdrawing it when the concrete has set. The wires are held between a concrete cone cast into 

the concrete and a loose cone. The wires are stressed by means of a jack and are then anchored by 



hammering the grooved cone into the cast in cone and the wires arc then released from the jack. 

Cement and water grout is then forced under pressure into the cable duct to protect the wires from 

corrosion. 

The Gifford-Udall-CCL system: High tensile wires, diameter 7 are threaded into a duct in the 

concrete member and are anchored to steel plates by means of barrels and wedges. This system is 

designed to use one to twelve wires and each wire is separately stressed and anchored cither at one 

or both ends of the member. When the wires have been stressed the duct through which they pass 

is filled with cement grout as before. The advantage of this system is that the precise stress in each 

wire is controlled whereas in the Freyssinet system all wires are jacked together and if one were to 

break the remaining wires would take up its share of the total stress and might be overstressed. 

The Lee-McCall system: An alloy bar is threaded through a duct in the concrete member and 

stressed by locking a nut on to one end and stressing the rod the other end with a jack and 

anchoring it with a nut. The simplicity of this system is self evident. 

The Magnel-Blaton system: High tensile wires are arranged in layers of four wires each and are 

held in position by metal spacers. The layers of wire are threaded through a duct in the concrete 

member. One end of the wires is fixed in metal sandwich plates against an anchor plate cast into 

the concrete. Pairs of wires are stressed in turn and wedged in position. The stressed wires are 

grouted in position in the duct by introducing cement grout through a hole in the top of the 

member leading to the duct. 

The P.S.C. One-wire system: One, two or four high tensile wires are cast inside a sheath in the 

concrete member. The wires are stressed one at a time and anchored in tapered sleeves which fit 

inside an anchor block. After stressing the duct is grouted as previously described. 
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LIGHTWEIGHT CONCRETE 

It is advantageous to employ lightweight concrete, such as no fines concrete, for the monolithic 

load bearing walls of buildings and aerated concrete for structural members, such as roof slabs, 

supporting comparatively light loads, to combine the advantage of reduced dead weight and im-

proved thermal insulation. The various methods of producing lightweight concrete depend on: the 

presence of voids in the aggregate air voids in the concrete omitting fine aggregate or the 

formation of air voids by the addition of a foaming agent to the concrete mix. 

The aggregates described for use in lightweight concrete building blocks are also used for mass 

concrete or reinforced concrete structural members where improved thermal insulation is necessary 

and where the members such as roofs do not sustain large loads. 

No fines concrete consists of concrete made from a mix containing only coarse aggregate cement 



and water. The coarse aggregate may be gravel, crushed brick or one of the lightweight aggregates. 

The coarse aggregate used in no fines concrete should be as near one size as is practicable to 

produce a uniform distribution of voids throughout the concrete. To ensure a uniform coating of 

the aggregate particles with the cement/water paste it is important that the aggregate be wetted 

before mixing and the maximum possible water/cement ratio, consistent with strength, used to 

prevent separation of the aggregate and the cement paste. 

Construction joints should be as few as possible and vertical construction joints are to be avoided 

if practicable because successive placings of no fines concrete do not bond together as firmly as do 

those in ordinary concrete. 

Because of the porous nature of this concrete it must be rendered externally or covered with some 

protective cladding material and the no fines concrete plastered or covered 

internally. A no fines concrete wall provides similar insulation to a sealed cavity brick wall of 

similar thickness. In Scandinavian countries no fines concrete walls, without reinforcement have 

been used for multi-storey blocks of flats. 

Aerated and foamed concretes: An addition of 1 part of powdered zinc or aluminium to every 1000 

parts of cement causes hydrogen to evolve when mixed with water. As the cement hardens a great 

number of small sealed voids form in the hardened cement to produce aerated concrete, which 

usually consists of a mix of sand, cement and water. Foamed concrete is produced by adding a 

foaming agent, such as resin soap, to the concrete mix. The foam is produced by mixing in a high 

speed mixer or by passing compressed air through the mix to encourage foaming. As the concrete 

hardens many sealed voids are entrained. 

Aerated and foamed concretes are used for building blocks and lightweight concrete roof slabs and 

the cladding panels. 

Surface finishes of concrete. 

It is only during the last 30 40 years that concrete has been accepted as a finish to buildings. Today 

a variety of concrete finishes is common-place. The principal finishes employed are surfaces left 

untreated and either smooth or textured by the formwork, finishes textured by hammering and 

surfaces with an aggregate exposed. 

Plain concrete finishes: Concrete is generally placed inside formwork in stages and when the 

formwork is removed variations in colour and texture and fine hair cracks usually clearly indicate 

different placings of concrete. On drying, concrete shrinks and fine irregular shrinkage cracks 

appear in the surface in addition to the cracks and variations due to successive placings. One 

school of thought is to accept the cracks and variations in texture and colour as a fundamental of 

the material and make no attempt to mask or control them. Another school of thought will be at 

pains to mask the cracks and variations by means of designed joints and profiles on the surface. 



Board marked concrete finishes are produced by compacting concrete by vibration against the 

surface of the timber formwork so that the finish is a mirror of the grain of the timber boards and 

the joints between them. This type of finish varies from the regular shallow profile of planed 

boards to the irregular marks of rough sawn boards and the deep profile of boards that have been 

sand blasted to pronounce the grain of the wood. A necessary requirement of this type of finish is 

that the formwork be absolutely rigid to allow compaction of concrete to it and that the boards be 

non-absorbent. 

One method of making construction joints is to form a horizontal indentation or protrusion in the 

surface of the concrete where construction joints occur, by nailing a fillet of wood to the inside 

face of the timber forms or making a groove in the boards as illustrated in Fig. 85. Various plain 

concrete finishes can be produced by casting against plywood, hardboard or sheet metal to produce 

a flat finish, or against corrugated sheets or crepe rubber to produce a profiled finish. 

Tooled surface finishes: One way of masking construction joints, surface crazing of concrete and 

variations in colour is to tool the surface with hand or power operated tools. The action of tooling 

the surface is to break up the particles of very fine material which find their way to the surface 

when wet concrete is compacted inside formwork and to expose the coarse texture of the 

aggregate. 

Bush hammering: A round-headed hammer with several hammer points on it is vibrated by a 

power driven tool which is held against the surface and moved successively over small areas of the 

concrete surface. The hammer crushes and breaks off the smooth cement film to expose a coarse 

surface. This coarse texture effectively masks the less obvious construction joints and shrinkage 

cracks. 

Point tooling: A sharp pointed power vibrated tool is held on the surface and causes an irregular 

indentation and at the same time spalls off the fine cement paste finish. By moving the tool over 

the surface a coarse pitted finish is obtained, the depth of the pitting and the pattern of the pits 

being controlled by the pressure exerted and the movement of the tool over the surface. For best 

effect with this finish as large an aggregate size as possible should be used to maintain an adequate 

cover of concrete to reinforcement. The depth of the pitting should be allowed for in determining 

the cover required. 

Dragged finish: A series of parallel furrows is tooled across the surface by means of a power or 

hand operated chisel pointed tool. The depth and spacing of the furrows depends on the type of 

aggregate used in the concrete and the size of the member to be treated. This highly skilled op-

eration should be performed by an experienced mason. 

Margins to tooled finishes: Bush hammered and point tooled finishes should not extend to the 

edges or arrises of members as the hammering operation required would cause irregular and 



unsightly spalling at angles. A margin of at least 50 should be left untreated at all angles. As an 

alternative a dragged margin may be used with the furrows of the dragging at right angles to the 

angle. 

Exposed aggregate finishes: This type of finish is produced by exposing the aggregate of the 

concrete used in the member or by exposing a specially selected aggregate applied to the face or 

faces of the member. In order to expose the aggregate it is necessary either to wash or brush away 

the cement paste on the face of the member or to ensure that the cement paste does not find its way 

to the face of the aggregate to be exposed. Because of the difficulties of achieving this with in situ-

cast concrete, exposed aggregate finishes are confined in the main to рrеcast concrete members 

and cladding panels. 

One method of exposing the aggregate in concrete is to spray the surface with water, while the 

concrete is still green, to remove cement paste on the surface. The same effect can be achieved by 

brushing and washing the surface of green concrete. The pattern and disposition of the aggregate 

exposed this way is dictated by the proportioning of the mix and the placing and compaction of the 

concrete and the finish cannot be closely controlled. 

To produce a distinct pattern or texture of exposed aggregate particles it is necessary to select and 

place the particles in the bed of a mould or alternatively to press them into the surface of green 

concrete. 

Members cast face down are prepared by covering the bed of the mould with the selected 

aggregate placed at random or in some pattern. Concrete is then carefully cast and compacted on 

top of the aggregate so as not to disturb the face aggregate in the bed of the mould. If the aggregate 

is to be exposed in some definite pattern it is necessary to bed it in water soluble glue in the bed of 

the mould on sheets of brown paper that are washed off later. Once the concrete member has 

gained sufficient strength it is lifted from the mould and the face is washed to remove cement paste 

from the face of the exposed aggregate. 

Large aggregate particles which are to be exposed are pressed into a bed of sand in the bed of the 

mould and the concrete is then cast on the large aggregate. When the member is removed from the 

mould after curing, the sand around the exposed aggregate particles is washed off. Alternatively 

large particles may be pressed into the surface of green concrete and rolled, to bed them firmly and 

evenly. 
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ALINIT 

Every year, approximately a thousand million tons of cement is produced around the world. 

For the natural raw material to be made into cement, it takes temperatures of 1,500°C. And as 



thousands of factories are involved thousands of millions of kWh of electricity and millions of tons 

of organic fuel are consumed in the process. Great amounts of energy could be saved if the 

roasting temperature could be lowered by even 200° but for years, this was simply a pipe dream, as 

reducing the roasting temperature would sharply affect cement quality. Now, scientists at the 

Research and Design Institute of Building Materials have come up with an answer. The   principal 

components of cement production are calcium oxide and silica in a mixture of limestone and clay. 

During the baking process, the calcium oxide and silica combine to form new crystalline 

compounds - alit and belit. The new compounds comprise the foundation of a granule of semi 

finished cement - cement clinker - which is then finely ground at special mills. Alit and belit are 

formed only at temperatures of 1,450 - 1,5OO°. Anything even slightly lower leads to changes in 

the internal structure, resulting in a reduced ability to react with water, and earlier ageing. 

Chlorine to the core. 

Russian scientists found that if a small amount of chlorine salts is added to the initial mixture, 

the clinker forms much quicker. Calcium chlorite proved to be the most promosing for mass 

cement production. It is not only cheap, but is easily available - many chemical factories dump it 

as a useless byproduct. When they were testing the amounts of calcium chloride needed, scientists 

discovered that clinker was formed at temperatures of 1,400°C and even at 1,300°C. So they 

deliberately lowered the temperature scale until they reached 1000°C. 

Finally, they got what they were after - the cement clinker’s baking temperature was cut by 

over 400°, making it possible to reduce fuel consumption by as much as 30 per cent. Furthermore, 

kiln productivity is 50 percent higher   than with conventional technology. And the quality of the 

cement is just as good. 

Innumerable merits. 

When the new cement (it was called low-temperature cement - LTC), was tested, many of its 

properties were found to be much better than those of most popular building cement -Portland-

cement.  

LTC is ground with about 33 to 50 per cent less effort than traditional grades of cement, saving 

time and energy at this stage as well. 

Once the cement has been mixed with water, sand and gravel and poured, it takes time until 

mixture solidifies and hardens. How long, depends on the cement LTC takes 30-40 per cent less 

time than portland-cement. Finally, concrete made with conventional cement has an average 

hardness of 400   kg/cm, but with LTC the hardness can be easily brought up to 600 -700 kg/cm.  



Obviously the new cement has many merits, but why since neither alit nor belit can be formed 

at temperatures of 1,000°6, some new compound must be formed in the kiln with the presence of 

chlorite. 

Alinit’s unique structure. 

To determine the structure of the new compound, it had to be isolated in pure form from 

everything else in the clinker, or best of all, a sufficiently large monocrystal grown. Finally, after a 

good deal of time and effort, a half-centimetre crystal sparkled among the gray mass of flakes, in 

the crystallizer. The new mineral was named alinit. The alinit crystals were flown to the Institute 

of Crystallography of the Russian Academy of Sciences in Moscow, where X-ray photos revealed 

the position of atoms of calcium, silicon, oxygen and chlorine in them. The structure of the crystal 

was found to be absolutely unique, and this property was due to the chlorine. The presence of 

chlorine atoms in alinit’s crystalline lattice increases its ability to react with water and heightens its 

solidity factor. A new high-basic silicate with a new picture of its crystalline structure is the 

concise formulation of the discovery, entered as No.210 by the state Committee of Inventions and 

Discoveries. 

Special mention should be made of the ecological importance of low-temperature technology. 

One of its many merits is that there is practically no waste whatsoever. Furthermore, it can be used 

to complete a large cycle of processes by consuming chlorine-containing waste of the chemical 

industry as the initial material. Just recently, a commercial line producing 100,000 tons of alinit 

cement annually went into operation in our country. Several cement factories will be overhauled to 

use the new technology, and new factories will be built. This technology has been patented in the 

United States, Britain, Italy, Japan, and other countries. 
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BEAMS 

Elastic Curve. When loads are applied to a beam it bends or changes shape.  The vertical  

distance moved  by a point  on  the neutral surface during the bending of a beam is the deflection 

of the beam at that point. The trace of the neutral surface on a vertical longitudinal plane is called 

the elastic curve of the beam. The resistance to deflection is called stiffness. Generally it is 

necessary that a beam be stiff enougft as well as strong enough. A floor beam may be sufficiently 

strong to carry the load on it, but its deflection may be so great that a plastered ceiling would crack 

or the floor would vibrate. The general requirement for the deflection of beams is that the 

deflection not exceed 1/360 of the span. For instance, the maximum deflection permitted in a beam 

having a span of 30 ft would be 1 in. It is necessary, therefore, that the deflection of beams be 



computed. Formulas used to find the deflection of beams are valid only when the stresses caused 

by bending are below the elastic limit of the material. 

Walls. Because of the greatly increased use of steel frame construction independent bearing walls 

of brick are now almost never built over two or three stories in height. Steel frame with enclosed 

walls supported at each story on the steel have proved a more economical type of construction for 

the taller buildings. The proper thicknesses for bearing walls depend on the loads and are 

consequently determined by the safe stress allowed per square inch on the brickwork. The building 

codes, however,   publish   tables which are required as safe for the various heights of walls. 

The minimum thickness for solid brick exterior bearing and party walls should be 12 in. for the 

uppermost 35 ft and should be increased 4 in. for each successive 35 ft or fraction thereof 

measured downward from the top of the wall. When solid brick exterior bearing and party walls 

are stiffened at distances not greater than 12 ft apart by cross walls or by internal or external 

offsets or returns, at least 2 ft deep, they may be 12 in. thick for the uppermost 70 ft measured 

downward from the top of the wall and should be increased 4 in. in thickness for each successive 

70 ft or fraction thereof. In the case of one-story buildings, or of three-story buildings not over 40 

ft high, 8-in. walls are permitted when having unsecured heights of not over 12 ft and horizontal 

roof beams with no outward thrust. 

Basement Walls and Footings. Common bricks are very little used at the present time below 

grade because they do not withstand the moisture and frost as well as stone or concrete. For light 

buildings in dry soil, basement walls of brick may still be built, but only the hardest and soundest 

bricks should be used, laid up in Portland cement mortar, and thoroughly slushed and grouted so 

that all joints are filled. 

Brick basement walls should be at least as thick as the walls above them and never less than 12 in. 

Many building codes require them to be 4 in. thicker than the wall above, .but this thickening is 

unnecessary, since fewer openings render the unit compressive stress less than in the superimposed 

walls. Also, as a retaining wall it owes its stability to the weight above, and the addition of 4 in., 

except in very thin walls, increases its resistance to side thrust very little. If, however, upon 

investigation it is found that the stresses due to earth pressure and superimposed building exceed 

the specified safe working stress, then the thickness of the basement wall must be increased to 

bring the stresses within the specified limit. 

Footings are now never made of brick, concrete being more satisfactory even under a brick 

basement wall. 
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WALL PANELS AND SLABS. 



Wall panels are subdivided into:  

1) extrior wall panels for non-heated buildings, made of heavy and light weight concretes and from 

large-pored concrete;  

2) exterior wall panels for heated buildings ,either of multi-layer designs from heavy concrete with 

a heat-insulating layer or of a single layer design from celular concrete or light-weight concrete 

prepared with porous aggregate and large-pored concrete;  

3) interior wall panels, manufactured of heavy or lightweight concrete with porous aggregetes or of 

cellular concrete;  

4) partition panels made of all kinds of concretes both reinforced and plain ones. Gypsum rolled 

partitions, in full-room width and heights, are widely used as load bearing partitions for separating 

rooms;  

5) heavy concrete exterior wall panels are available in heat-insulating and solid varieties. The 

former are composed of reinforced concrete shell which is filled with heat-insulating concrete; the 

panel faces are generally coated with ceramic tile,e.g.,panels composed of reinforced concrete 

shells interaid with quality heat-insulating materials, such as slag wool, cellular concretes, foam 

ceramite,etc. 

6) Single-layer panels from reinforced concrete with lightweight aggregate (slag, ceramsite) or 

from cellular reinforced concrete are given a decorative coat of coloured portland cement mortar. 

Ceramic tile is extensively used for facing panels. Exterior wall panels, depending on the kind of 

concrete and climatic conditions, are 16 to 40 cm thinck; faces of panels may be as large as 12 m. 

Most of the panels have openings fitted at reinfored concrete plants with window or balcony door 

units. Panels may weigh up to 5 t. 

Exterior wall panels should be adequately frost resistant and retain decorative properties when 

exposed to the action of extraneous agent. 

Faces of exterior wall panels may be protected by ceramic, glass or plastic tiles, coated with a 

textured layer from decorative concrete painted with coatings resistant to attack by atmospheric 

agent, etc. The facing should be strongly bonded to concrete and be free from chips, cracks, strains 

and other surface defects. Internal surfaces of panels and partitions should be fully prepared for 

patinting or hanging of wall paper. Surface roughness should not exceed 0.6 to 1.2 mm. 
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CONCRETE BUILDINGS. 

 Buildings of reinforced concrete may be constructed with load-bearing walls or with a 

skeleton frame. According to the first method, the exterior walls are designed of sufficient strength 

to carry the loads of the girders, beams, floors, and roofs which rest on them. The interior supports 



may consist also of load-bearing walls or of columns, but this method does not utilize the full 

potentialities of concrete. By the second method, the floors and roofs rest directly on exterior and 

interior columns or are carried on beams and girders which, In turn, rest on the columns. The walls 

and partitions are simple enclosures of brick or reinforced concrete supported by the beams ana 

girders. Most concrete buildings of any size are now designed according to this second or skeleton 

frame method. 

Beams. Concrete strongly resists compressive stresses but is weak against tension; therefore to 

render it a practical material for the construction of beams, columns, and other structural members, 

steel rods or bars are combined with the concrete, while it is still soft, to resist 

the tensile stresses; the concrete itself is depended on to take care of the compression. Upon 

hardening or setting, a fairly strong bond is formed between the concrete and the steel. The rods 

are, of course, very carefully placed in those Darts of the concrete member (beam, girder, or 

column) where the tensile stresses will occur. 

It is well known that when a beam supported at each end is loaded there is a tendency for the beam 

to bend; the fibers in the upper part are compressed together and those in the lower part elongated. 

The fibers at the extreme top and bottom of the beam are in the greatest stress, and the stress 

diminishes in the fibers as they become more remote from the top and bottom surface, until at a 

plane called the neutral surface there is no stress either compressive or tensile. In the cross section 

of a rectangular beam of homogeneous material the neutral surface is at the center, the fibers above 

the neutral surface being in compression and those below in tension. 

Bond. The resistance of the steel reinforcement to tension can function only through the adhesion 

between the concrete and the steel, called the bond. This perfect adhesion is one of the 

fundamental assumptions in the design of reinforced concrete. If the reinforcement slips through 

the concrete, its power of resistance is lost and tensile stresses are brought on the concrete, which 

has little ability to withstand them. The examination of the reinforcement for bond stress after it 

has been designed to resist tension and shear is therefore very important. The adhesion between the 

two materials is caused by the shrinkage of the concrete in setting and by the frictional resistance 

of the bar or rod. The steel should never be polished, since the friction is thereby reduced and a 

slight rust adds to the bond. Loose rust and scale should be cleaned off with wire brushes. In order 

to increase the anchorage deformed bars are rolled with closely spaced lugs or projections on their 

surfaces to engage the surrounding concrete; the ends of the bars may also be formed in a hook for 

situations in which sufficient longitudinal contact cannot be obtained.  

Cantilever Beams. Cantilevers have long been used for carrying the overhanging balconies in 

theatres. Also in modern design they are taking an important place in the support of exterior walls 



and projecting upper stories when the main columns of the building are set well back of the 

building line.                                                                

Beams of Limited Depth. Rectangular beams are economical when the ratio of depth to Width 

is from 1 1/2 to 2. Occasionally cases occur in which headroom is limited, thereby decreasing the 

available depth for the beam. This condition is sometimes found at stairways. In such instances it 

may be necessary to make the beam much wider than the economical proportions require.    .                                          

Concrete Floor Construction. Fireproof buildings demand fireproof floor construction, and 

the efforts to fulfill demand have led to the development of many types of floor Systems, some of 

which have 

proved to be of practical importance and some of which have vanished. Those which have 

persisted and are now in general use may be divided into six classes: 

1.  Structural hollow tile arches. 

2.  Precast gypsum slabs. 

3.  Stone concrete beam and slab.        

4.  Stone concrete joists and slab with tile fillers (combination).  

5. Cinder concrete and gypsum slabs cast in place. 

6. Flat reinforced concrete slabs (girderless). 

Structural hollow tile arches are not computed according to the principles of reinforced concrete; 

they are seldom used today. They are employed only with steel beams. 

Precast gypsum slabs are used only in steel construction. 

Stone concrete beam and slab construction consists of concrete cross beams running between 

girders and columns, and enclosing floor panels which are covered over with reinforced stone 

concrete slabs. An economical arrangement of beams is at the 1/3 points of the girder span giving a 

spacing of about 8 ft 0 in. center to center for the beams. Long-span slabs running between girders 

with beams omitted are also used when the loads are light. 

Joist of ribbed-slab construction, also called the combination system, consists of a concrete slab 

supported on concrete ribs running in either one or two directions cast between fillers of hollow 

terra cotta or gypsum blocks or of metal pans. The ribs are spaced 16 to 25 in. apart, depending on 

the size of the fillers. The system is light in weight and is adapted to the lesser floor loads. It 

should be used only with concrete beams for greatest efficiency. 

Cinder-concrete and gypsum slabs cast in place are slabs with oneway reinforcement. Their spans 

are usually limited to 8 ft 0 in. They are light in weight and are used in steel buildings with small 

live loads. The low values assigned to cinder concrete by building codes generally favor stone-

concrete slabs. 



Flat-slab construction, originally called the "mushroom system", consists of a slab only, supported 

by the columns without the introduction of beams and girders. The columns have wide flaring 

capitals, and the slab in the vicinity of the capitals is generally thickened into a dropped panel. This 

system is economically adapted to live loads of more than 100 psf and to column spacing up to 30 

ft 0 in. It is not used with steel construction. 

One-Way Slabs. A one-way slab is a concrete slab in which the longitudinal tensile 

reinforcement runs in one direction only. Such slabs are economical for spans of 6 1/2 to 8 ft, 

although, with light loads, the economic span length may be as great as 12 ft. Welded wire mesh is 

sometimes used because of the saving of labor in placing the reinforcement. The wire mesh is used 

only when the required steel area is comparatively small, under 0.2 sq in. per foot of width of slab. 

In preliminary designs the thickness of the slab) is often taken to be 3/8 to 1/2 in. per foot of span, 

depending, of course, on the magnitude of the load and the strength of the concrete to be used. 

Two-way Slabs. The two-way slab has two systems of longitudinal tensile reinforcement bars. It 

is used only when the ratio of length to width of panel does not exceed about 1.3. It is economical 

when the floor panel is square or nearly so and when the supporting beams (whip must be on four 

sides of the panel) coincide with walls and partitions. The supporting beams must be of reinforced 

concrete. When this condition occurs the system has certain advantages offered by the flat slab. 

For panels that are not square the greater percentage of the load is taken by the rods that extend in 

the shorter direction. 

Cinder Concrete Slabs. These slabs are light in weight and are easily and quickly constructed, 

the formwork being hung by wires from the structural beams. They are used with steel frame only 

and not with concrete. The slab cannot be less than 4 in. thick, according to most codes, and the 

unit compression stress is limited to 300 psi. A hung ceiling is generally necessary to cover the 

bottom flanges of the beams. The weight of cinder concrete is taken as 108 lb per cu ft, and the 

mixture should never be leaner than 1:2:5. Spans should not exceed 8 ft 0 in. Although cinder-

concrete slabs were once used extensively, the comparatively low allowable stresses assigned to 

cinder concrete by most building codes make the material uneconomical. 

Flat-Slab Construction. Flat-slab construction is also called girderless floors. The term refers to 

concrete slabs built monolithically with the supporting columns, without beams or girders to carry 

the loads, and having reinforcement bars extending in two or four directions. Normally, slabs 

extend in each direction over at least three panels and have approximately equal dimensions and a 

ratio of length to width of panel not exceeding 1.33. The advantages of the flat-slab type of floor 

over the beam and girder type are: 

1.  Greater load-carrying capacity for a given amount of concrete and steel. Generally more 

economical than other systems for heavy loads. 



2.  Flat ceiling with greater fire-resistive qualities because there are fewer sharp corners and better 

accommodations for sprinklers, piping, and wiring.                                 

3.  Cheaper formwork. 

4.  Floor height saving of 12 to l8 in. per story or a saving of one in nine stories. 

5.  The absence of beams permits more light from windows throughout the building. 

Flat slabs are best adapted for spans under 30 ft 0 in. and for live loads greater than 100 psf. They 

are most suitable for warehouses, factories, and garages, where the panels are regular and nearly 

square and where the large columns and flaring capitals are not objectionable. A development of 

the flat-slab system combines it with the two-way ribbed-slab system. It permits column spacings 

of 50 ft and more. 

Prestressing. A prestressed concrete beam is a combination of concrete and steel arranged and 

stressed so that the normal load or loads on the beam will produce no tensile stresses within the 

concrete. This is accomplished by placing the member in compression prior to applying the loads. 

The principle involved is illustrated by a row of books placed side by side. Taken as a unit the row 

of books has no structural strength. If, however, a compressive force is exerted against the ends of 

the books the row may be lifted as a unit, thus exhibiting the ability to support its own weight. If 

sufficient force is maintained at the ends, the row of books could act as a beam and support a 

superimposed load. 

Pretensioning. Prestressing is accomplished by one of two methods, pretensioning and 

posttensioning. In pretensioning, or bonded prestressing, the wires or cables are placed in the 

empty forms and pulled to their required tensile stress by means of hydraulic jacks. The concrete is 

then poured into the forms and allowed to cure. The jacks are released, and the stress in the wires 

is transferred to the concrete by the bond between the two materials. This process has been used 

extensively in Europe and is gaining favor in the USA. It does not require permanent anchorage at 

the ends of a beam and is particularly adapted to shop fabrication when many similar members are 

required. 

 

TEXT 18 

PREFABRICATION 

The word "prefabrication" is a misleading term. By derivation it means pre-made. But then a 

brick is pre-made, yet a brick house is not a prefabricated house. If, however, bricks were 

previously assembled into panels in a workshop and these panels then taken to the site and erected, 

this method would be an example of prefabrication. 

Thus prefabrication means pre-assembly in a workshop, so that the building can be more quickly 

erected on the site. This pre-assembly in the workshop can be either partial or complete: that is, a 



complete house could be built in a workshop; or it could be built in two or more large parts; or the 

walls and floors could be made complete; or only parts of the walls, etc., could be pre-assembled. 

All these different methods — these different degrees of prefabrication—have been adopted, and 

will be briefly described before explaining in detail the methods most suitable to British practice. 

Complete Houses. — In America, complete houses have been prefabricated. They are made in a 

large workshop, complete with kitchen and plumbing fitments, and then conveyed on special 

trailers to the site already prepared to receive them, and where it is only necessary to connect the 

drain and other services. This method is, however, only applicable to small houses built of timber. 

Cubic Sections. — Obviously instead of prefabricating the house complete in one unit, it could be 

made in two or more sections, each containing one or more rooms, and then fixing these large units 

together on the site. Such houses have been built in fairly large numbers in America and are often 

called demountable houses because the houses can be readily taken apart, that is, demounted, and, 

if desired, erected on another site. 

Sectional Systems. — By this is meant constructing the walls, floors and roof slopes in large 

pieces, and fixing these large plane sections together on the site. As far as possible each wall is in 

one section to obviate vertical joints. One of these methods is the Homasote. 

Homasote walls consist of 4-in. by 2-in. studding to which are nailed and glued back and front the 

Homasote sheets. The sheets are of special wood-fibre board made in long lengths. The electric 

wiring is fixed in position before the inside sheet is fixed. The external finish is either by spraying 

with a sand finish or by a layer of weather-boarding over the Homasote sheets though sometimes a 

half brick skin is built, leaving a 2-in. cavity between brick and Homasote sheets. 

Actually the construction is very similar to ordinary English timber house construction except 

that the sections are pre-built. 

Panel Systems. — In the sectional systems just described the units are large and therefore 

unwieldy and difficult to transport, and owing to their largeness they tend to lead to monotony in 

design. Consequently many systems of prefabrication have been evolved which employ small wall 

units, or "panels", as they are called. These panels are usually floor height (about 8 ft.) and 2 ft. to 

4 ft. wide, and may be made of any suitable materials, but they are usually of timber, steel, or 

asbestos cement. 

Stressed-skin Construction. — This is a special form of construction usually carried out on the 

panel system. These walls (and also floors and roof) are built of "panels" consisting of sheets of 

plywood glued to a framework of battens or studs. With modern synthetic-resin glues the adhesion 

is so perfect that the sheets are rigidly attached to the studs between them. Thus, when a force, say 

wind pressure, acts on a panel, the two sheets of plywood resist the bending in the same manner 

that the flanges of a steel beam resist bending. The same can be said of the floors and the roof. The 



two "skins" thus not only form the surfaces of the panels, but also resist the stresses due to loads. 

The joints between the panels call for special mention. Between tw'o adjacent vertical panels, the 

joint can be formed by a loose tongue, going half way into each end stud that abuts against 

another, and covered on the outside by a joint strip; sometimes the joints are made by mastic or 

glue. Joint strips can be dispensed with by keeping the studs back from the edges of the plywood, 

and fitting a loose stud, or spline, between the plywood skins at the joint, this spline being glued in 

position on the job. The plywood may be left painted, but this is usually considered suitable only 

for temporary work, and the outside is often covered by weather-boarding or shingles. 

Frame Systems.— So far the prefabrication systems dealt with are composed of sections or panels 

that are not only self-supporting, but also load bearing. There is, however, a large class of 

prefabrication systems which have a frame, of steel or timber, to carry the external cladding and to 

support the roof and wall loads. Thus in one type, the "Coventry" house, the frame is of tubular 

steel (similar to tubular scaffolding), and the external wall cladding is tile-faced concrete slabs to 

the ground storey and asbestos-cement sheets to the upper storey. Other types of steel frames are 

made of channel or other rectangular sections. 

A drawback to the steel frame is that bolts or various forms of clips have to be used to fix the 

external cladding. A laminated wood frame has therefore been devised, and this consists of posts 

and beams built up from narrow boards. Thus the posts can be made of three 4-in. by 1-in. boards, 

nailed and glued together with synthetic resin cement; short lengths of boards can be used so long 

as they break joint. This type of wooden frame also has the advantage that the defects in the boards 

are distributed and do not go through the entire section of the members, and that joints can be 

conveniently made by omitting parts of the laminations and forming tongues of the laminations on 

the connecting members. 

Braithwaite System. – This later method is known as the Unit Frame Construction System. It 

consists essentially of a steel frame, made up of units about 3 ft. wide and two storeys high, bolted 

together on the site. The steel is only about 1/16 in. thick and the vertical members are rolled to the 

section shown in the illustration. These vertical members of the units are fixed together by special 

joint clips bolted to them, and these clips also secure the jointing strips which hold the external 

sheeting, or cladding, in position. Various kinds of cladding can be used, but the usual material is 

asbestos-cement sheets. These are thicker than usual and have a corrugated face, the corrugations 

running vertically and about 1 in. apart from crest to crest. The jointing strips are made of zinc, and 

are wedge-shaped in section, so that when they are forced home1, the wings snap on to the clips, 

which then hold the joint strips tightly against the faces of the asbestos-cement sheets. The interior 

wall linings are fixed in a similar manner. 

                                                           
 



The floor consists of "squares", of about 3 ft. side, of batten-board fixed to wooden bearers, and 

these squares are supported on thin steel beams of inverted channel section. 

Concrete Houses. — Concrete, like brick and stone, is so heavy that large panels made from 

concrete are not easy to transport and erect. Many systems have, however, been devised which 

employ concrete slabs and blocks. Usually piers are first erected, the piers being either precast or 

cast in situ, and then the pre-cast blocks or slabs are fixed between them. Often the blocks are of 

hollow construction, but sometimes they are made in the form of thin slabs and fixed so that there 

is a cavity between them. These thin slabs can therefore be made of a fair size without being 

unduly heavy, and thus a degree of prefabrication is achieved. But the smaller the block, the nearer 

the method approaches traditional brick or stone construction. With sawdust, shavings, or wood-

wool concrete the slabs can be made larger without being too heavy to handle, but these types of 

concrete have not the same reliability as ordinary concrete because they expand and contract to a 

greater extent with atmospheric changes. 

Temporary and Permanent Prefabrication. — In Great Britain, prefabricated construction has been 

sharply divided into two classes: temporary and permanent. Thus we have two types of housing 

scheme: temporary houses and permanent houses. As all our temporary houses are prefabricated 

— the Seco, Arcon, and Aluminium houses, for example — it does not necessarily follow that all 

prefabricated houses are temporary. Thus, concrete prefabricated houses and also, for instance, the 

British Iron and Steel Federation steel house, are classed as permanent structures. 

Actually there is too much rigidity in this sharp division between temporary and permanent. By 

"temporary" house, the Government mean a life of ten years, yet all the "temporary" houses 

mentioned above would last much longer than this period. Even timber houses, if properly 

constructed of good seasoned timber, can be classed as permanent, as is proved by timber houses 

still standing after hundreds of years. It is, however, the intention to scrap the temporary houses 

after ten years, and the design, sizing, and siting have been made on this assumption. 

Plumbing Units.— It is often assumed that the carcase of a house — that is walls, floor, roof, and 

partitions — represents nearly all the cost of a house, but actually the domestic services, fitments, 

and finishes account for more than half the cost. Many attempts have therefore been made to 

prefabricate the services and fitments as far as possible. The Tarran house, or rather bungalow, has 

a kitchen unit, this unit also has the bathroom fitments on the other side. These various fitments are 

all assembled into one unit in the workshop, and the unit is conveyed to the site and placed in 

position, where it is only necessary to connect it to the drainage, water, and other pipes. 

In a house, the unit has, of course, to extend through the two storeys, or separate kitchen and 

bathroom units are pre-assembled. Units to hold the gas and electricity meters and connections are 

also prefabricated. 
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STRUCTURES 

Domes. Masonry domes have been constructed for centuries, but in modern times the masonry 

has been largely supplanted by steel and concrete. If the joints in the steel structure can be made 

rigid by welding or by the use of triangular shapes, the outward thrust from the arch form is 

resolved into the lower horizontal ring, thus placing this ring in tension; the upper ring is in 

compression. Diameters of over 300 ft have been spanned by this method of construction. 

Shells. Shells are similar to domes in that they transmit forces in three dimensions. This results in 

a great economy of material; in fact no other system of construction utilizes materials so 

efficiently. Shell construction for buildings is of concrete, although some experiments have been 

made with shells of plywood and transite. Shells have been made in a wide variety of forms. The 

almost unlimited latitude in design forms is one of the main advantages of shell construction. 

Purpose of Foundation. If the weight of any building exceeds the bearing resistance of the 

material, either soil or rock, on which it rests, tne material will give way and the building will sink. 

The amount of this sinkage may be the same under all walls and columns, in which case the 

building will settle uniformly. All foundations, with the exception of those on bedrock, may be 

expected to settle. If slight settlement is equal throughout all parts of the building, no serious 

consequences will result. When, however, the settlement is greater under some portions than under 

others, due to greater loads or to less resistance of the foundation bed, the building will settle 

unevenly. The walls will no longer be plumb nor the floors level, and more or less serious fractures 

may appear under the diverse stresses involved. The cracking of plaster and binding of doors are 

common results of uneven though perhaps slight settling of the structure. Differential settlements 

of more than 3/4 in. may result in serious consequences to reinforced concrete or other continuous 

structures. But not all cracks in buildings are caused by settlement. Shrinkage of concrete, wood 

and plaster and thermal expansion and contraction are also contributing causes. 

Those portions of a building resting on the soil or rock are known as the foundations or footings, 

and careful study must be given to their area and strength and also to the characteristics and 

resistance of the bed upon which they rest to avoid all settlement, if possible, but In any case to 

escape the perils of unequal settlement. 

Three general methods are in use to procure a firm foundation bed on which to erect the building: 

1.  The foundations are spread out to distribute the load over the bed so that the safe bearing power 

of the bed per square foot is not exceeded. 

2.  Excavations are made down through unstable materials until a stratum of soil or a bed of rock is 

reached which has bearing power sufficient to sustain the loads. The foundations as a whole or the 



footings under individual walls and columns are then built on this satisfactory base. Such footings 

may also be spread to distribute the load as in the first method. 

3.  Long shafts of wood, concrete, or steel, called piles, are drive into the ground until they are 

sufficiently embedded to carry the loads without further sinkage or until their lower ends rest on 

rock. The footings and column bases are then built on the tops of the piles. 

Depth of Footings. The bottoms of all footings should lie well below the level of the deepest 

frost penetration. This may vary from less than a foot in mild climates to 8 ft or more in the 

northern sections of the country. Local building codes often give the minimum depth of footings. 

Water in the soil expands on freezing, and, if this occurs below the footing, the resulting "frost 

heave" may crack foundations and throw walls out of line. Foundations should never be built on 

frozen ground. 

Sheet Piling. The chief difficulty connected with dry soil ехсаvation is the tendency of the earth 

sides to fall to the bottom of the pit. This tendency is greater in loose sand and gravel than in 

cohesive soil, such as hard clay, but in all cases, when the digging extends to any depth, protection 

should be maintained against possible cave-ins. The type of protection depends on the size and 

shape of the excavation. 

For spread footing which are generally rectangular or trapezoidal in plan and of some extent, sheet 

piling consisting of wood planks or steel sheets driven on end into the soil ahead of the digging is 

employed. The wood sheet piling is composed of 2- to 8-in. planks about 12 in. wide and may be 

used in single thicknesses side by side or bolted together in three layers so arranged that a tongue 

is formed on one side of the section and a groove on the other. This type is less likely to buckle 

than the single planks and provides a tight joint between sections. Steel sheet piling has come into 

general use. It consists of lengths of steel plate about 1/2 in. thick and 12 to 16 in. wide provided 

with interlocking joints along the sides. Two types of sections are made, the arched web and the 

straight web, the former being stiffer against buckling. Steel sheeting is higher in first cost but is 

easier to drive and can be reused more often. When the conditions are not too difficult and the 

piling is to remain in place wood sheeting is probably still the cheapest. 

In all cases borings should be made to determine the depth to which the sheet piling is to be driven. 

Wood and steel sheet piling is largely used for holding the banks of basement excavations. All 

such sheeting must be strongly braced to withstand the earth pressure, especially in crowded cities 

where any settlements or cave-ins would be most dangerous to adjoining buildings and streets. The 

bracing may be set horizontally between opposite banks or consist of sloped shoring with the heels 

of the braces held by temporary piles driven in the basement bottom. If the pressure is very great, 

two lines of sheeting are sometimes used or a trench is dug at the building line or the sidewalk curb 

line before excavation begins. This trench is then filled with concrete to form the wall and the 



basement is dug inside. Bracing must be introduced to hold the walls in place as the excavation 

proceeds and before the columns and girders are in place. 

Moderate amounts of water encountered in the excavation of basements and cellars may be drained 

to a sump pit from which it is pumped to the sewer. When the water occurs in large quantities that 

cannot be eliminated through sumps the excavation is enclosed with some type of cofferdam. 

 Excavation in Wet Ground. The presence of water in large quantities in the soil creates a very 

serious condition and special methods are used to control it. Water by its own presence not only 

renders the process of excavation difficult and often impossible for the workmen, but it also causes 

soil to flow, thereby converting it into a material most difficult to restrain or direct. In many cities 

on the seacoast or near lakes and rivers the soil constantly contains large amounts of water up to a 

level called the ground-water level. This level is often only a little below the surface, and the 

water-soaked soil must be penetrated to arrive at good rock or adequate bearing below. Springs 

and underground streams are also sometimes encountered in excavating. Consequently it may be 

necessary to take special precautions to eliminate the water from the area where the digging 

occurs. The following general methods are employed in conditions of this sort: 1. The entire area is 

surrounded with a watertight construction, known as a cofferdam, ahead of the excavation, and the 

digging is then carried on in the dry. 2.  Watertight compartments called caissons are sunk as the 

excavation proceeds, and the digging is done inside the compartment. 

Cofferdams. Any watertight construction, such as sheet piling is a cofferdam, but the term is 

usually applied to the more elaborate structures on a large scale. In building construction they are 

employed especialy to enclose the whole or an appreciable part of a building site in order to 

prevent the water from entering. The cofferdams may consul of wood piling when the depth below 

water level does not exceed about 10 ft. For greater depths sheet steel piling is employed. Careful 

bracing must be applied as the excavation proceeds to withstand the earth pressure on the outside. 

Cross bracing composed of the structural girders can sometimes be employed, the interior columns 

being introduced after their footings are completed. Cofferdams are used in the  excavation of 

basements or of large boiler and machinery pits below the basement floor level. 

Column piers, when sunk in the presence of water to greater depths than the basement floor, may 

be laid through steel cylinders, but special attention must be given to sealing the bottom of the 

cylinder with concrete to prevent the entrance of water. The soil inside the cylinder may be 

loosened with power-driven cutter heads on vertical shafts lowered into the tube. After the removal 

of the cutter head the soil is hoisted out with buckets. When the footings are of large size either 

open or pneumatic caissons are used. 

In sand sheet piling is often slow and difficult to drive, and the well-point method has proved more 

practicable. This is accomplished by laying a line of 6-in. pipe, or larger, around the building site 



and tapping into this line at regular intervals l/2 or 2-in. vertical pipes with well points at their 

lower ends. The sand is softened with water jets, and the vertical pipes and points are then easily 

sunk to the required depth. 

Waterproofing and Dampproofing. Unless some method of prevention is employed, moisture 

from the outside earth is liable to penetrate foundation wails and cause cellars and basements to be 

objectionably damp. Even in well-drained soils with no permanent moisture rainwater will often 

enter the walls with undesirable results. When there is a definite water content in the soil from 

nearby ocean, rivers, lakes, or springs pressure results which causes continual leakage into the 

substructure. The general conditions may then be classified as:  

1. Surface water only with little or no hydrostatic pressure; 2. Permanent water in the soil with a 

definite hydrostatic pressure; Different methods of preventing dampness in the substructure are 

employed in these two conditions. 

Surface Water. Drainage of the foundation wall is usually all that is necessary in the case of rain 

and snow from the surface of the ground with no landing water in the soil. The drainage may 

consist simply of a hack: filling of loose rock to collect water, which would otherwise 

follow along the wall, and to lead it away from the building; or a drain pipe with open joints may 

be laid in the bottom of a trench next to the wall. The water is carried to the sewer or, in the case of 

isolated buildings, to a dry well. A method sometimes used when the water might 

weaken the soil under the wall footing is to lay drain pipe and loose rock fill in a trench several 

feet away from the basement wall, thereby keeping the water entirely away from the building. 

When this method is used the surface of the ground, between the trench and the building, should be 

covered with an impervious material. If impervious clay is overlaid with porous gravel or sand, the 

drain need not be deeper in the clay than 12 in.; otherwise it should extend to the basement floor 

level. Hollow tiles are sometimes laid all over the earth bottom, especially when wood finished 

flooring is used in rooms with no basement under them. No actual waterproofing of the cellar walls 

and floor is usually necessary in the case of surface water only; dampproofing the walls and 

drainage of the foundations is sufficient. When a building is situated on sloping ground, however, 

waterproofing may be required on the 

wall toward the increased flow of surface water. 

Ground Water with Pressure. Now that the basements of large buildings often extend below 

ground-water and tide levels, the question of rendering the substructure watertight becomes very 

important. The systems of waterproofing may be classified as: 

1.  Absolute pressure waterproofing; 

2.  Waterproofing with drainage. In absolute pressure waterproofing the effort is to transform the 

basement walls and floor into an absolutely watertight basin which will withstand the water 



pressure or hydrostatic head. This pressure may be very powerful and necessitates heavy concrete 

floors and even reinforced slabs to withstand the head. Many cases have occurred in which the en-

tire basement floor has been raised in waves and sometimes has cracked and disintegrated under 

the pressure of the water in the soil beneath it. The amount of resistance required can be 

determined from the amount of hydrostatic head, which depends on the position of the ground- or 

tidewater level in relation to the cellar bottom, or from the flow of subterranean springs when they 

are present. The absolute pressure method is usually adopted when the water pressure is moderate 

and has been employed with success under great hydrostatic head. 
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FOOTINGS 

Classification of Footings. Footings may be divided into three classes depending on the type 

of consruction: simple footings, stepped footings and spread footings. 

Footings may be divided into wall footings and column footings depending on whether walls 

or columns are supported. 

Сolumn footings may be divided into classes, depending on the number of columns carried by 

each footing, and upon the method used in carrying the loads. These classes are: isolated or single 

footings, each supporting one column; combined footings, each supp rting two or more columns; 

continuous footings, each supporting several columns in a row; and raft footings, each supporting a 

group of columns, usually all of the columns of a building 

Simple Footings project only a few inches beyond the edge of a wall or column. Such 

footings are used only for light loads, and the stresses in the materials are low. They are usually 

made of plain concrete and stones although hard-burned brick has been used extensively in the 

past. 

S t e p p e d  Footings. Stepped footings may be used when the loads to be transferred to the 

soil are so great that wide footings are required. If simple footings were used for the wide 

projections required by the heavy loads they would have to be made quite thick on account of the 

tendency of the projection to break off. It is evident that material can be saved by using the 

stepped footing under these conditions, instead of the simple footing. Stepped footings may be 

built of concrete or stone. 

     Spread Footings  are wide shallow footings constructed of concrete reinforced with steel 

rods placed on the lower side to keep the projections from creaking off. The footings may have a 

rectangular vertical cross-section, or the top may be stepped or sloped to save material. 

Footings with sloping tops contain the least material but are difficult to construct. There is a 

tendency to pour each step or block of a stepped spread footing separately allowing the concrete 



to set at least partially between operations, but this practice must not be permitted because in 

design it is assumed that the whole footing acts as a unit. 

The spread footing which has been stepped to save material must not be confused with the 

stepped footing which has no reinforcement and must therefore be much deeper than the 

corresponding spread footing.  

The main reinforcement in a spread footing for a wall is perpendicular to the wall but light 

longitudinal reinforcement is also provided. The reinforcement in a spread footing for a column 

may be arranged in a  system which is called two-reinforcement. Two-way reinforcement requires 

few different lengths of rods and is strong, therefore it is to be preferred to four-way reinforcement. 

The bond stress in spread footings is usually so high that it is necessary to use small rods and to 

hook the ends of the main reinforcement to prevent slipping. 

Spread footings are more desirable than stepped footings, because stepped footings occupy 

more space in the basement or if they are kept below the basement floor level, a greater amount of 

excavation and material is required. The weight of stepped footing is greater than that of spread 

footings for the same conditions. 

Cantilever    or   Connected   Footings.  This arrangement gives uniform bearing 

pressures under each footing and the footings can be proportioned so that the bearing pressures  

will be the same under the two footings. As actually constructed, there is no block or fulcrum 

separating the wall footing and the beam running between the two columns. However, the 

principle remains the same and any tendency of  the wall footing to rotate, due to the eccentric 

position of the wall   column and thus produce unequal bearing   pressures,   is   resisted   by   the    

beam   which joints the two columns or footings. This type of footing may be constructed of steel 

grillage beams or reinforced concrete. The cantilever principle is not always evident but an 

analysis the footing may show that it exists. Cantilever footings are used for wall columns. A 

reinforced concrete cantilever footing may be used in conjunction with piles and in conjunction 

with concrete piers. 

Continuous Footings. A simple footing may be constructed to carry a row of columns. This 

is known as a continuous footing. Such footings are constructed of reinforced concrete. Concrete 

foundation walls are often constructed as beams to distribute column loads uniformly along a 

continuous footing. If the footing and the wall are to be poured separately, as is usually the case, 

the lower reinforcing should be placed near the bottom of the wall, but if they are to be poured in 

one operation, so that they will act as a unit, this reinforcing should be placed near the bottom of 

the footing. 

Raft Foundations or Mats. In some cases, reinforced concrete footings are made of continuous 

strips running at right   angles to each other and intersecting under the columns. These strips are 



designed as continuous beams. A more common type of construction consists of a reinforced 

concrete raft or mat under the entire building. These  mats  are reinforced with a  layer of closely-

spaced rods running at right angles to each other and about б in. below the top surface of the mat 

and another layer about 6 in. above the bottom. The thickness is sometimes as great as 6 or 8 ft., a 

common thickness being 5 ft ; Such mats are usually poured in one operation to avoid construction 

joints, even though several days and nights may be required to complete the work. 

Another common form of  raft or mat consists of  inverted T-beams of reinforced concrete with 

the slab covering the entire area The beams run in both directions and intersect under the columns. 

Before the basement floor is placed it is necessary to fill in the space between these beams with 

cinders or other material. 

 In order that the mat may serve as the basement floor, and to save excavation, the slab may be 

placed on top of the beams. This construction is suitable for a soil without caving so that the space 

required for the beams can be excavated and the whole mat poured without the use of forms. lf it is 

necessary to disturb any of the soil on which the foundation is to rest its   bearing power will be 

reduced. Under these conditions this type of foundation should not be used. Favorable conditions 

for this type do not usually exist  because if the soil is firm enough to stand the excavation  

required  in placing the foundation, its bearing power will be such that spread footing may be used. 

                 Raft or mat foundations are used when the bearing power of the soil is so low that 

spread footings cannot be used and where the use of piles is not possible or not necessary. Mat 

foundation are quite frequently used for power houses where the machinery requires massive 

foundations. 

  Piles are frequently used to support raft foundations, but piles are not always affective in 

increasing the bearing power of a mat. 
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FOUNDATIONS 

For the very moderate loads imposed by the foundations of  small buildings, definition of the safe 

bearing pressure for, clay, sand and gravel is sufficient because no appreciable 

 compaction of the subsoil occurs under these small loads and an appreciable intend of pressure 

does not extend to any great depth below the foundation.  

The foundations of large buildings impose considerable loads on subsoils so that consolidation of 

the subsoil may be appreciable either during me erection or for some years after the completion of the 

building. Owing to variations in the subsoil or to different intensities of pressure in the subsoil  at various 

points below the building or to both, unequal settlernent of the foundation could occur which may damage 

the structure. The intensity of pressure in the subsoil below the foundation of a large building may be con-



siderable some depth below the foundation so that a stratum of weak subsoil in this region may give way. 

If the  intensity of pressure below a foundation is sufficiently t it may cause the subsoil to collapse by 

shear failure, either by forcing a column of subsoil down placement of soil each side of the foundation. 

 To anticipate the likely behaviour of a subsoil under the  foundation of a large building the Engineer 

must know the nature of the subsoil for some depth below the surface and have a knowledge of its behaviour 

under load. The general  classification of soils as clay, sand and gravel is not sufficient for this purpose.  

Soil is defined as sediments and deposits of solid particles  produced by the disintegration of rock and it 

is the size of the particles of a particular soil and the degree to which the  particles bind together which is 

of interest to Engineers. Soils, therefore arc defined as : 

Non-cohesive or coarse grained soils , (sand and gravel)  

Cohesive or line grained soils (clay and silt) 

Organic soils (peat) 

This broad division of soils is by itself insufficient as many soils have the properties of both non-cohesive 

and cohesive soils and a more definitive classification of common soils is set out in the following table. 

 

 

  Coarse Grained Soils                                  

Type  Site Identification Value as 

Foundation 

Вoulders  Stones over 65 mm dia.                      Good. 

Gravels -Coarse 

 -Fine 

Contains stones over 20 mm. in dia.   Contains 

no stones over 20 mm. in dia. 

Fxcellent.  

Good. 

 Sands -Coarse 

-Medium 

-Fine 

Contains particles over 0-5 mm. in dia. 

Contains no particles over 0-5 mm. in dia. 

Contains no particles over 0-25 mm. in dia. 

Excellent. 

Good. 

Fair to good. 

                         Fine Grained Soils  

Silts —Sandy 

—Clayey 

Very gritty touch but grains not visible Slightly 

gritty touch                                    

Fair to poor.  

Fair to poor. 

Clays -Stiff -

Firm -

Soft 

Cannot be moulded by ringer pressure 

Can just be moulded by linger pressure 

Easily moulded by finger pressure 

Fair to poor.  

Fair to poor. 

 Fair to poor. 

Organic -Peat Brown or black fibrous nature Very poor. 

 



The characteristics of a soil that affect its behaviour as a foundation are compressibility, 

cohesion of particles, internal friction and permeability. It is convenient to com-pare the 

characteristics and behaviour of clean sand, which is a coarse grained non-cohesive soil, with clay 

which is a fine grained cohesive soil, as foundations to buildings. 

Compressibility: Under load sand is only slightly compressed due to the expulsion of water 

and some rearrangement of the particles. Because of its high permeability sand is rapidly 

compressed due to quick expulsion of water, and compression of sand subsoils keeps pace with the 

erection of buildings so that once the building is completed no further compression takes place. 

Clay is very compressible, but due to its impermeability compression takes place slowly because 

of the very gradual expulsion of water through the narrow capillary channels in the clay The 

compression of a clay subsoil under the foundations of a building may continue for some years 

after the building is completed, with consequent gradual settlement. 

Cohesion of particles (plasticity): There is negligible cohesion between the particles of 

sand and in consequence it is not plastic. There is marked cohesion between the particles of clay 

which is plastic and can be moulded, particularly when wet. The differing properties of 

compressibility and plasticity of sand and clay are commonly illustrated when walking over these 

soils. A foot makes a quick indent in sand with little disturbance of soil around the imprint, 

whereas a foot sinks gradually into clay with appreciable heaving of the soil around the imprint. In 

like manner the weight of a building on sand causes rapid compression with little disturbance of 

surrounding soil, whereas on clay compression is slow and often accompanied by surrounding 

surface heave, as illustrated in Fig.1. The surface heave may be pronounced if the shear resistance 

of the clay is overcome as explained later. 



 

Fig.1 

Internal friction: There is considerable friction between the coarse particles of sand which 

strongly resists displacement or rearrangement of the particles. When this internal friction is 

overcome, for example by too great a load from the foundations of a building, the soil shears and 

suddenly gives way causing sudden collapse of the building. There is little friction between the 

fine particles of clay. Owing to the plastic nature of clay, shear failure, under the load of a 

building may take place along several strata simultaneously with consequent heaving of  the soil 

as illustrated in Fig.2. The shaded wedge of soil below the building is pressed down and displaces 

soil at both sides which moves along the slip surfaces indicated. In practice the load on a 

foundation may not be uniform over its area, and the internal friction of the subsoil under the 

building may vary so that shear of the soil may occur on one side only as illustrated in Fig.3. 



 

Fig.2 

 

Fig.3 

Permeability: When water can pass rapidly through the pores of a soil the soil is said to be 

permeable. Coarse grained soils such as sand and gravel are permeable, and because water can 

drain rapidly through them they consolidate rapidly under load as previously mentioned. Fine 

grained soils such as clay have low permeability and because water passes very slowly through the 

pores they consolidate slowly. 

Frost heave: The expansion and consequent heaving of the soil occurs at the surface and for a 

depth of some 600 particularly in silty soils. The foundations of large buildings are generally some 

metres below the surface and frost heave has no effect on them in this country. 

The foregoing comparison of the characteristics of a coarse grained soil (sand) and a fine grained 

soil (clay) describes the limits of the characteristics of soils. In nature, clean sand or pure fine 

grained clay are rarities so that soils generally possess some of the characteristics of both in 



varying degrees. It is precisely this variability of natural soils that require an investigation of the 

subsoil where large buildings are to be erected so that the Engineer may predict the behaviour of 

the soil under load. 

Site investigation. The usual preliminary is for the Engineer or Architect to make an 

inspection of the building site. The natural vegetation will be a guide to the nature of the soil, and 

the conformation of the natural surface will be a guide to the nature оf the subsoil. Any adjacent 

earth workings such as quarries and railway or road cuttings will give some indication of subsoil. 

Geological maps of the area and information from Local Authority Surveyors will supply further 

intormation. This preliminary inspection will be a guide to the ргеferred siting of buildings on 

open land and the position of information in built up areas. Once the preliminary designs of the 

buildings are completed and the position of the buildings on the site established the engineer will 

require a knowledge of the subsoils under the proposed buildings for some depth below the 

surface. The depth to which exploration of the subsoil should be carried depends on the nature of 

the subsoil strata, the size of the structure and the type of foundation. As a general rule exploration 

should be carried down to a depth of at least one and a half times the width of the assumed 

foundation, where isolated foundations are used, or the width of the building where closely spaced 

foundations or a raft are used. Plainly this is an empirical rule as a foundation width has to be 

presumed without exact knowledge of the subsoil formation and later adjusted to the actual 

conditions of the soil. The usual method of obtaining samples of subsoil strata for field or 

laboratory tests is by means of trial pits or boreholes. 

Trial pits: Trial pits are excavated by hand over a sufficient area of the proposed foundation to 

give a complete section of all soil strata affected by the foundation. An inspection of the sides of 

the excavated pits will give the Engineer information about the soil strata in-situ and a sufficient 

indication of the variations in strata over the whole area of the building. 

The cost of excavating trial pits increases rapidly with increase in depth of more than two metres 

below the surface and in general it is not usual to excavate trial pits more than two metres deep. 

Boreholes: Where the pressure from a foundation extends   to depths of more than two metres 

it is usual to obtain. Holes samples of soil by means of boreholes. Holes a 100 in diameter are 

bored by hand or by means of power operated drills to the required depth and samples of soil are 

taken from the holes at regular intervals. The samples are collected, a note is made of the depth at 

which they were taken and sections of the subsoil strata are prepared. Selected samples of soil are 

then tested to determine grading of particle size, shear strength, moisture/density relationship, 

permeability and compressibility. From the information gained from the site exploration, soil 

sampling and testing, the Engineer will be able to determine the most economical foundation for 

the structure and to determine its dimension. 



Foundation design: Failure of the foundation of a structure is due either to collapse of the soil 

by failure in shear or to unequal settlement of different parts of the foundation or a combination of 

both. The type of failure that may occur in a cohesive soil when resistance to shear is overcome 

was described previously. 

A knowledge of the distribution of contact pressures between a foundation and the soil assists in 

determining the most suitable arrangement of foundations to avoid relative settlement. 

Relative settlement (differential settlement): Parts of the foundation of a building may suffer 

different magnitudes of settlement due to variations in load on the foundation or variations in the 

subsoil, and different rates of settlement due to variations in the subsoil. These variations may 

cause distortion of a rigid or semi-rigid frame and consequent damage to rigid in-fill panels and 

cracking of loadbearing walls, rigid floors and finishes. Some degree of relative settlement is 

inevitable in the foundation of most buildings but so long as this is not pronounced or can be 

accommodated in the design of the building the performance of the building will not suffer. 

       The degree to which relative settlement will adversely affect building depends on the structural 

system employed. Solid load bearing brick or masonry walls can accommodate small relative 

settlement through small hair cracks opening in mortar joints between the small units of brick or 

stone. These cracks which are not visible, do not weaken the structure nor encourage the penetration 

of rain. More pronounced relative settlement such as is common between the main wall of a house 

and the less heavily loaded bay window bonded to it may cause visible cracks in the brickwork at 

the junction of die bay window and the wall. Such cracks will allow rain to penetrate the thickness 

of the wall. To avoid this either the foundation should be strengthened or some form of slip joint 

be formed at the junction of the bay and the main wall. 

       High, framed buildings are generally designed as rigid or semi-rigid structures and any 

appreciable relative settlement should be avoided. Relative settlement of more than 25 between 

adjacent columns of a rigid or semi-rigid framed structure may cause such serious racking of the 

frame that local stress at the junction of vertical and horizontal members of frame may endanger 

the stability of the structure and also crack solid panels within the frame. An empirical rule 

employed by Engineers in the design of foundations is to limit relative settlement between adjacent 

columns to 1/500th of the distance between them.  

       A common settlement problem occurs in modern buildings where a tower or slab block is 

linked to а low podium. Plainly there will tend to be a nore pronounced settlement of the 

foundation of the tower or slab block than the podium and at the junction of the two structures 

there must be structural discontinuity and some form of flexible joint mat will accommodate the 

differences in settlement. Fig.4  illustrates two examples of this arrangement. 



 

Fig.4 
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FOUNDATIONS (II) 

Foundations may be classified as:  

Strip foundations  

Pad foundations  

Raft foundations 

and Piled foundations as illustrated in Fig.5. 



 

Fig.5 

Strip foundations: Strip foundations consist of a continuous strip of concrete designed to 

spread the load from uniformly loaded walls of brick, masonry or concrete to a sufficient area of 

subsoil. The spread of the strip depends on foundation loads and the bearing capacity and shear 

strength of the subsoil. The thickness of the foundation depends on the strength of the foundation 

material.  

 

Fig.6 



Pad foundations: The foundation to piers of brick, masonry and reinforced concrete and steel 

columns is often in the form of a square or rectangular pad of concrete. The area of this type of 

foundation depends on the load on the foundation and the bearing and shear strength of the subsoil 

and its thickness on the strength of the foundation material. The simplest form of pad foundation 

consists of a block of mass concrete. Heavily loaded pad foundations supporing columns of framed 

buildings are generally reinforced as illustrated in Fig.7. 

 

Fig.7 

 Where the spread of pad foundations to a framed building is such that the edge of adjacent 

separate foundations would be close together it is usual to form one continuous 

column foundation as illustrated in Fig.8. 



 

Fig.8 

Combined foundations: The foundations of adjacent columns are combined (1) when a 

column is so close to the boundary of the site that a separate foundation would be eccentrically 

loaded and (2) where foundations of adjacent columns are linked to resist uplift, overturning or 

opposing forces. 

Because the base of the column adjacent to the site boundary cannot spread uniformly around 

the column it is combined with the base of an adjacent column to form a combined or balanced 

base foundation as illustrated in Fig.9. 



 

Fig.9 

Where a framed building is to be erected alongside an existing building it is often necessary to 

use a cantilever or asymmetrical combined base foundation for columns next to the existing 

building so that pressure on the subsoil due to the base may not so heavily surcharge the subsoil 

under the foundation of the existing building as, to cause it to settle appreciably. Cantilever and 

asymmetrical combined foundations are illustrated in Figs. 10 and 11. 

 

Fig.10 and 11. 

Raft foundation: The foundation of a multistorey framed often requires to be spread over a 

large part of the area of the building. It is common, therefore, to form a raft foundation for the 

whole building rather than separate pad or strip foundations for columns. Relative settlement 

between the foundations of columns is avoided by use of a raft foundation. 



The three types of reinforced concrete raft foundation are: slab raft. 

Solid and slab raft. 

Beam and slab raft 

Cellular raft as illustrated in Fig 12. 

 

Fig.12 

 Solid slab raft foundations comprise a reinforced concrete slab of uniform thickness under 

the whole area of the building as illustrated in Fig 12. This type of foundation is used on loose 

subsoils for smaller buildings such as houses and small framed buildings. The loads from walls or 

columns are spread by the raft to the subsoil under the whole area of the building. The haunched 

foot of the columns illustrated in Fig 12 is designed to improve resistance to shear. 

      A reinforced concrete raft foundation supporting heavily loaded columns and walls would, if 

it were a solid slab, require considerable thickness to transmit loads to the subsoil. To make the 

most economical use of reinforced concrete a beam and slab raft is used. 

Beam and slab raft: The raft foundation is like an inverted reinforced concrete floor with 

upstand beams between the bases of columns. The beams collect the loads from columns and 

transmit these loads to the slab cast integrally with the beams and in turn the slab spreads the loads 



over the whole area of subsoil below the building. If the topsurface of the slab is to serve as a floor 

then obviously the upstand beams are inconvenient and a raft with downstand beams would be 

used as illustrated in Fig 13. 

 

Fig.13 

Cellular raft: In built up areas on low lying land around rivers the alluvial soil has poor bearing 

strength and foundations have to be formed some metres below the surface on some firmer strata. 

One or more basement floors  may be required for car parking or other uses. It is common 

therefore, to excavate for some metres below multistory framed buildings in towns and cities to 

accommodate basement floors and form a raft foundation on some comparatively firm strata of 

subsoil. An advantage of this arrangement is that the exposed subsoil stratum, relieved of the 

weight of the excavated material and being compressed by the weight of the surrounding soil, 

tends to heave up and in consequence resists the downward pressure of thefoudation of the 

building to some extent. Basement floors may be used to form a reinforced concrete cellular raft 

and the depth of the cellular raft gives it great strength and rigidity. 
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PILES 

The word pile is used to describe columns, usually of reinforced concrete, driven or cast into the 



ground in order to carry deep underlying firm stratum or to transmit loads to the soil by the friction 

of their surfaces in contact with the soil. 

Piles are classified by reference to the way in which they mainly transmit loads to the subsoil or by 

the way in which they are placed. End bearing piles are those that mainly transmit loads by the 

bearing of the toe of the pile on substratum and friction piles are those that mainly transmit bloods 

by the friction of their surfaces on the surrounding subsoil. Fig. 14 illustrates an example of the 

former and fig. 13 the latter.   

Driven piles are those formed by driving a pre-cast pile and those made by casting concrete in a hole 

formed by driving. Bored piles are those formed by casting concrete in a hole previously bored or 

drilled in the subsoil. 

Driven piles: Square, polygonal or round section reinforced concrete piles are cast in moulds in 

the manufacturers yard and are cured to develop maximum strength. 

The placing of the reinforcement and the mixing, placing, compaction and curing of the   concrete 

can be accurately controlled to produce piles of uniform strength and  cross section. The pies are lifted 

into position and driven into ground by means of a mechanically operated drop hammer attached to a 

mobile piling rig. Fig. 14 illustrates a typical pile.  



 

Fig.14 

The pile is driven in until a pre-determined "set" is reached. The word set is used to describe the 

distance that a pile is driven into the ground by the force of the hammer falling or being forced down 

a set fall. The set enables the Engineer to predict the load carrying capacity of the pile. To connect 



the top of the pre-cast driven pile to the reinforced concrete foundation the top 300 of the length of 

the pile is broken to expose reinforcement to which the reinforcement of the foundation is connected. 

Pre-cast driven piles are not in general used on sites in built up areas due firstly to difficulties in 

moving them through areas due firstly to difficulties in moving them through n arrow streets and 

secondly to the nuisance caused by the noise of driving and the vibration caused by driving which 

might damage adjacent buildings. Driven piles are used as and bearing piles in weak subsoils 

where they are driven to a firm underlying stratum. Driven piles give little strength in bearing due 

to friction of their sides in contact with soil particularly when the surrounding soil is clay. This is 

due to the fact that the operation of driving moulds the clay around the pile and so reduces 

frictional resistance between the pile and the surrounding clay. 

In coarse grained cohesionless soils where the piles do not reach a firm stratym, driven piles act as 

friction bearing piles due to the action of pile driving which compact the frictional resistance and 

in compacting the pile and so increases frictional resisrance and in compacting the sand increases 

its strength. This type of piled foundation is sometimes described as a floating foundation, as is a 

cast-in-place piled foundation, as bearing is mainly by friction and in effect the piles are floating in 

the subsoil rather than bearing on firm soil. 

Driven cast-in-place piles: Fig.15 illustrates a driven cast-in-place pile. Pre-cast reinforced 

concrete shells are threaded on a steel mandrel. Metal bands and bitumen seal joints between 

shells. The mandrel and shells are lifted on to the piling rig and the mandrel and shells are then 

driven into the ground. At the required depth the mandrel is removed, a reinforcing cage is lowered 

into the shells and the pile completed by casting concrete inside the shells. This type of pile is used 

principally in saturated soib 'where the concrete shells protect the green concrete cast inside them, 

from static or running water. 



 

Fig.15 

 Another form of driven cast-in-place reinforced concrete pile is illustrated in Fig 16. The base of a 

steel lining tube, supported on a piling rig, is filled with ballast. A drop hammer rams the ballast 

and the tube into the ground and at the required depth the tube is restrained and the ballast is 



hammered in to form an enlarged toe as shown. Concrete is placed by hammering it inside the 

lining tube which is gradually withdrawn. The effect of driving the tube and the ballast into the 

ground is to compact the soil around the pile and the subsequent hammering of the concrete con-

solidates it into pockets and weak strata. The enlarged toe provides additional bearing area at the 

base of the pile. This type of pile acts mainly as a friction pile. 



 

Fig.16 

Another type of driven cast-in-place reinforced concrete pile is formed by driving a lining tube 

with cast iron shoe into the ground with a piling hammer operating in a piling rig as illustrated in 

Fig 17. Concrete is placed by hammering the lining tube as it is withdrawn. The particular ap-



plication of this type of pile is for piles formed through a sub stratum so compact as to be 

incapable of being taken out by drilling. The purpose of the cast iron shoe, which is left in the 

ground, is to penetrate the compact stratum through which the pile is formed. 

 

Fig.17 

Bored piles: A hole is bored or drilled by means of earth drills or mechanically operated 

augers which withdraw soil from the hole into which the pile is to be cast. Usually steel lining 

tubes are lowered or knocked in, as the soil is taken out, to maintain the sides of the drilling. As 



the pile is cast the lining tubes are gradually withdrawn. The principal advantages of bored piles 

are that light, easily manipulated equipment may be used for the work and that a precise analysis 

of the subsoil strata is obtained from the soil withdrawn during drilling. Disadvantages are that it is 

not possible to check that the concrete is adequately compacted and that there is adequate cover of 

concrete to reinforcement. 

 Fig.18 illustrates the drilling and casting  of a bored cast-in-place pile. Soil is withdrawn from 

inside the lining tubes with a cylindrical clay cutter that is dropped into the hole, bites into the 

cohesive soils, is withdrawn and the soil knocked out of it. Coarse grained soil is withdrawn by 

dropping a shell cutter (or bucket) into the hole. Soil retained on the upward hinged flap is emptied 

when the cutter is withdrawn. The operation of boring the hole is more rapid than might be 

supposed and a pile can be bored and cast in a matter of hours. Concrete is cast under pressure 

through a steel helmet which is screwed to the top of the lining tubes. The application of air 

pressure at once compacts the concrete and simultaneously lifts the helmet and lining tubes as the 

concrete is compacted. As the lining tubes are withdrawn protruding sections are unscrewed and 

the helmet refuted until the pile is completed. 

As the concrete is cast under pressure it extends beyond the circumference of the original drilling to 

fill and compact weak strata and pockets in the subsoil as illustrated in Fig. 18. 



 

Fig.18 

Fig. 19 illustrates the formation and casting of a large diameter bored pile. A tracked crane 

supports hydraulic rams and a diesel engine which operates a Kelly bar and rotary bucket in the 

bottom of which angled blades excavate and fill the bucket with soil. The hydraulic rams force the 

bucket into the ground. The filled bucket is raised and emptied and drilling proceeds. In non 

cohesive soils the excavation is lined with steel lining tubes. To provide increased end bearing the 



drill can be belled out to twice the diameter of the pile. 

 

Fig.19 

Jacked piles:  Fig 20 illustartes a system of jacked piles that are designed for use in cramped 

working conditions as for example where an existing wall is to be underpinned and headroom is 

restricted by floors and in situations where the vibration caused by pile driving might damage 

existing buildings. 

Where the wall to be underpinned has a sound concrete base the pile sections are jacked into the 

ground under the base and a concrete cap is cast on top of the pile and up to the underside of the 

concrete base. When the wall to be underpinned has a poor base and the wall might be disturbed 

by jacking piles under it, then pairs of piles are jacked in each side of the wall to support steel or 

reinforced concrete needles that in turn support the weight of the wall. 

The pre-cast concrete sections are jacked into the ground as illustrated and lengths of tube are 



grouted inside the steel lined hole in each section to make a strong connection between sections. 

Piles formed both sides of the wall are jacked in against units loaded with kentledge. 

 

Fig.20 

Pile caps: Piles are used to support pad, strip or raft foundations. Commonly group of piles is 

used to support a column or wall base. The load from the column or wall is transmitted to the 

piles through a reinforced concrete pile cap which is cast over the piles. To provide structural 

continuity the reinforcement of the piles is linked to the reinforcement of the pile caps through 

starter bars protruding from the top of the cast-in –place piles or through reinforcement exposed 

by breaking off the top concrete from pre-cast piles. 

The usual spacing of piles is at least 1-1 centre to centre of piles or the perimeter of the pile 

whichever is greater in the case of friction piles and at least 800 centre to centre or twice the least 

width of the piles whichever is the greater in the case of driven piles. Fig. 21 illustrates typical 

arrangements of pile caps. 



 

Fig.21 
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BUILDINGS UNDERGROUND 

A solid slab, or beam and slab, or cellular raft foundation is often formed below ground as the 

slab capping to piled foundations or as a raft foundation for buildings for some reasons. The 

basement floor or floors below ground can conveniently house plant rooms for heating, ventilating, 

electrical and other mechanical services and as store rooms and underground car parking. 

Underground floors are generally formed in the less compact soils with poor bearing capacity. 

These soils are permeable and retain ground water which imposes pressure on both the walls and 

the floor underground. This, often considerable pressure of water readily penetrates bricks and 

mortar and the unavoidable shrinkage and construction cracks in concrete. To exclude ground water 

from buildings it is necessary to form an unbroken, impermeable membrane in all external walls 

and floors underground or to render construction joints in concrete watertight. 

Basement tanking: The traditional waterproof membrane to floors and walls subject to 

ground water pressure is a lining of asphalt, applied hot in three layers, either to the outside or the 

inside of wails and sandwiched in the basement floor slab. It is practice to line the outside of walls 

of brick or concrete, in new building work, with asphalt so that the ground water pressure against 

the outside face of the asphalt is resisted by the wall inside. An internal lining of asphalt to walls is 

subjected to ground water pressure acting through the wall and it is necessary to form an additional 

internal loading wall to resist this water pressure, and maintain the asphalt in position. This 

obviously adds to the overall thickness and cost of the basement wall. An internal lining of asphalt 



is used, in the main, in existing buildings and in new buildings where the necessary 600 of working 

space outside the walls cannot be provided for the asphaltters to work in. 

The horizontal lining of asphalt is laid in three coats to a finished thickness of 30 on the 

basement floor slab as illustrated in Fig.22 . Joints between each laying of asphalt in each coat 

should be staggered at least 150 with joints in succeeding coats. The horizontal asphalt is earned out 

150 beyond the line of vertical asphalt to allow for forming the reinforcing angle fillet at the 

junction of the horizontal and vertical asphalt linings. 

Immediately the horizontal asphalt has been completed it should be covered with a 50 

protective coat of cement screed to protect it from damage during subsequent building operations 

until the concrete loading coat is in place. 

A concrete loading coat is spread, consolidated and levelled on the 50 protective coat as 

illustrated in Fig.22. The thickness of this loading coat is determined by the ground water pressure it 

has to resist in order to sandwich the asphalt in the basement slab. It is good practice to reinforce the 

loading coat and to build brick walls off it as illustrated in Fig.22. The reinforced loading coat then 

tends to spread the load of the brick wall and so avoid the possibility of relative settlement which 

might cause the asphalt to crack and let in water. 

The vertical asphalt lining is applied in three coats to a finished thickness of 20 with joints 

staggered as previously described. The surface to which the vertical asphalt is applied must be 

sufficiently rough to provide a key for the asphalt to bond to, by raking out joints between smooth 

faced bricks and by roughening the surface of concrete cast against smooth forms. A reinforcing 

two coat asphalt angle fillet is formed in the junction of the vertical and horizontal linings as 

illustrated in Fig.22. The vertical asphalt lining should be taken up 150 above the natural surface of 

the ground or above paved areas. Vertical asphalt linings outside the main structural walls should be 

protected by a half brick thick skin built up against the asphalt as illustrated in Fig.22. The purpose 

of this protective skin is to protect the asphalt from damage during subsequent building operations 

and during the course of backfilling basement excavations around basement walls. 

Where an internal asphalt lining is used, the inner loading wall should be built as soon as 

possible, to reinforce the asphalt against ground water pressure. The inner loading wall is usually of 

brickwork sufficiently thick to resist water pressure. The loading wall is built with a 25 cavity 

between it and the asphalt and this cavity is solidly grouted with mortar as the wall is built. The 

purpose of the cavity and mortar grout filling is to ensure uniform contact with the asphalt to resist 

water pressure. Without the cavity and mortar filling there might be cavities between the brick wall 

and the asphalt and water pressure would force the asphalt into the cavities and so cause it to crack 

and let in water. 



Where a basement area is formed around basement windows and doors the horizontal and 

vertical asphalt linings should be extended around the area as illustrated in Fig.22. 

 

Fig.22 

 Where column or pier bases are to be cast in with the basement floor slab to bear directly on the 

subsoil or on a pile cap, й is necessary to continue the horizontal asphalt around the sides and base 

of the bases to form a continuous waterproof membrane. The excavations for the bases are first 

lined with concrete, usually 100 thick, or the base is lined with concrete and the sides with half 



brick thick skins. Asphalt is then spread around the lining and the column or pier bases are cast 

within the asphalt lining as illustrated in Fig.22. Where there is appreciable ground water pressure it 

is not satisfactory to allow columns or piers to penetrate the horizontal asphalt lining to a foundation 

at a lower level, as water will find its way through the cracks between the columns or piers and the 

asphalt. Where service pipes or ducts penetrate basement walls it is necessary to form a watertight 

joint. The pipe is cleaned and painted with bitumen and an asphalt collar is formed around it. The 

pipe is then passed through a hole in the basement wall, the vertical asphalt lining is applied and a 

reinforcing fillet is formed around the pipe as illustrated in Fig.22. The wall is then made up around 

the pipe. Where there is high ground water pressure a flanged pipe connection is used with a lead 

sheet collar fixed between the flanged pipe ends which are connected with bolts. The lead collar is 

then sandwiched between coats of the vertical asphalt lining as illustrated in Fig.22.  

For an asphalt lining to effectively resist the penetration of ground water it must be securely 

sandwiched between floor slabs and loading coats and wails and protective or inner loading walls. 

When firmly sandwiched i n  floors asphalt acts as a viscous plastic capable of sustaining 

considerable loads of the order of 1-OMN/m2 without appreciable displacement and capable of 

taking up slight relative movements without fracture. Any appreciable relative movement will 

inevitably cause a fracture in the lining through which water will penetrate. 

American practice is to line basements, subject to ground water pressure, with coats of 

bitumen reinforced with sheets of fabric such as canvas or felt, bonded between layers of bitumen. 

The fabric reinforces the bitumen and gives the lining sufficient resilience to accommodate slight 

relative settlement and structural movement without damaging the lining. A comparable system 

employed in this country consists of coats of bitumen reinforced with fabric and bitumised crepe 

paper. 

Concrete basement walls and floors: A thoroughly consolidated dense concrete is 

impermeable to all but high water pressures. The density and therefore the impermeability of 

concrete can be improved by the use of integral waterproofing additives which have the effect of 

filling the small pores in concrete. These integral waterproofing and hardening additives are added 

to the concrete mix in the form of fine powders or liquids as the materials are mixed. 

As concrete dries out after placing it shrinks and this inevitable drying shrinkage causes cracks 

particularly at construction joints, through which ground water will penetrate. Where there is 

appreciable ground water pressure on the floor and walls of a concrete structure it is necessary 

either to line with asphalt as previously described to take precautions to minimise drying shrinkage 

or to seal the cracks with impermeable rubber or water stops. 

One method of minimising shrinkage cracks is to cast adjacent bays or areas of concrete in 

floors and walls with a gap of 450 or 600 between them. When the bays have dried out for some 



days and most of the drying shrinkage in them has taken place, concrete is then cast into the spaces 

between the bays. Because of its narrow width this second placing of concrete will suffer only small 

drying shrinkage and cause only small shrinkage cracking. This method of constructing concrete 

floors and walls will, without an impermeable lining, provide a reasonably watertight structure in 

soils in which ground water pressure is low. Where there is appreciable water pressure it is 

necessary to use an asphalt lining or to cast in rubber or P.V.C. water stops into all construction 

joints in floors and into vertical construction joints in walls. The water stops have a dumbbell 

section and are cast into joints as illustrated in Fig.23. At junctions the strips are mitred and welded 

together to make a watertight joint. To maintain correct alignment between adjacent bays of the 

concrete floor it is usual form a joggle joint as illustrated in Fig.23. 

Horizontal construction joints at lifts in concrete wall are not generally sealed with a water stop 

as the weight of the concrete wall above the joint is sufficient to provide a watertight joint by 

compression. Some few hours after a lift of concrete wall has been cast, its top edge is sprayed with 

water to expose the aggregate to a depth of about 6 to provide a strong mechanical bond for the 

concrete subsequently cast on to it. These horizontal joints may also formed as a joggle joint as an 

added barrier to the entry of water. 



 

Fig. 23 

 

TEXT 25 

ROOFS 

Desirable Qualities. — For what qualities or characteristics should a designer look when he 

is planning a roof? Here lightness, strength, waterproofness, insulation, fire resistance, cost, 

durability, and low maintenance charges are of prime importance. Without a good, tight roof, the 



usefulness and value of a building may be greatly impaired. There is, however, considerable 

overlapping in practice so that one cannot draw absolute lines of demarcation between roofs to be 

used on this or that type of structure. 

A few comments regarding the desired qualities previously listed are the following:  

Lightness. — The desirability of light weight is especially great in the case of long-span roofs. 

For purlin spans under 15 or 16 ft. and for trusses less than 40 ft. long, the sizes of members may 

be controlled largely by advisable minimum sections, or, at least, the increase in the cost of the 

framework because of larger dead loads will be slight except in the case of timber framing. The 

designer must be careful to avoid letting his desire for lightweight roof construction make him 

negligent of the other characteristics that may be important, too. He should remember to fasten 

down such roofs as well as to hold them up, because suction during gales may lift them. 

Strength. — There is generally considerable uncertainty regarding the intensity of live loads 

for which roofs should be designed. Flat roofs in snowy climates may actually have to carry at 

least 40 lb. per sq. ft. of horizontal projection; when surrounded by parapets, they may be loaded 

even more heavily. Although unit weights vary greatly, one may assume that 1 ft. depth of hard, 

dry, wind-blown snow weighs 10 lb. per sq. ft.; if a cold rain falls upon such snow, the load may 

be increased from 25 to 50 per cent before there will be enough drainage action to take off the 

excess water, even when the roof has a moderate slope. If the inlets or scuppers are filled with ice, 

the load upon flat roofs with parapets may become relatively heavy. Sloping roofs having a pitch 

of 3:12 or greater may accumulate extensive snowdrifts on the leeward side, but water falling 

subsequently will drain off to a large extent. 

It seems desirable to design a roof for the following minimum live loads, stated in terms of pounds 

per square foot of horizontal projection: 

a. 40 for roofs having 4:12 slope or less in snowy climates; 50, if flat roofs are surrounded 

with parapets 3 ft. or more high. 

b. 30 for all roofs in regions where the winters are moderate. 

c. 20 for all roofs in the far South and Southwest. 

Besides uniformly distributed live loads, it is advisable to provide for the effect of a 200-lb. man 

walking around on a reasonably flat roof during construction and maintenance operations or for the 

purpose of removing snow. Therefore, this feature may need special consideration in case the roof 

is to be made of weak and brittle materials. 

The effect of wind loads on sloping roofs of industrial buildings should generally be computed on 

the basis of the following pressure, pounds per square foot, of vertical projection: 

a. 20 for buildings less than 50 ft. high. 

b. 30 for structures 50 ft. or more in height. 



c. 40 for structures in regions where tropical hurricanes and tornadoes are expected. 

On the other hand, in cases of combined dead, live, and wind loading, a designer may be justified 

in permitting the theoretically computed unit stresses in the materials to exceed by as much as 30 

per cent those ordinarily allowable for dead load and live load, or dead load and wind load alone. 

However, the combination should not result in members that are weaker than those for dead load 

plus live load, or dead load plus wind load. In fact, skimping the assumed live load to be used for 

design purposes may save relatively little money. The failure of a roof is practically inexcusable. 

Waterproofness. — The attainment of waterproofness of a roof is frequently dependent upon the 

common sense and good judgment used in working out the details of construction and drainage. 

Obviously, the roofing or covering itself must be watertight, or able to shed the water. The 

following five general types of roofing are used: 

1. Built-up Bituminous Membranes. — These are usually made of layers of roofing felt or fabric 

coated with asphalt or tar. A series of layers or plies is built up by lapping successive layers, thus 

obtaining a large, continuous, waterproof sheet of excellent durability. Frequently, this type of 

roofing is covered with small gravel while the bituminous material is soft. This is done to provide 

a surface that will resist wear and will not become too soft and sticky under a hot sun; the gravel 

does not add to the waterproofness. When such roofing’s are likely to be walked upon frequently, 

it is advisable to cover them with tiles laid in asphalt, or with some other suitable material. Such 

built-up roofing is especially advantageous for flat roofs. 

2. Prefabricated "Pilot" or Other Bituminous Roofing Papers. 

These are generally low-priced but relatively short-lived. As it is difficult to keep the joints tight, 

they are not used on flat roofs. These roofing’s are easily and cheaply applied, but the 

material is readily damaged by workmen walking on the roof, by wind, branches of trees, and ice. 

3. Metallic Sheets. — These may be no corrodible materials like copper and aluminum, or they 

may be "tin" or galvanized steel. In some cases, small sheets or strips may be soldered at lapped 

joints to form continuous membranes of large area; on sloped roofs, the batten type may be used. 

They should, however, be fastened down securely to prevent vibrating in the wind, or even being 

ripped off, arid they should be provided with frequent contraction joints so that they will not be 

ruptured by tensile stresses produced by low temperatures. For this, vertical ribs or soldered, 

upstanding joints are suitable if planned so as to avoid interference with drainage. Nails holding 

down copper roofing should be copper also in order to render long service. 

4. Shingles. These may be made of wood, slate, bituminous material, asbestos-cement, or even 

terra-cotta tile. Since they are laid with staggered joints and large laps that, of themselves, are not 

watertight, they are for use on sloping roofs only. Because of the sizes and types of industrial 

structures, shingles are not used extensively except for minor buildings. 



5. Corrugated Sheets. These may be copper, aluminum, galvanized iron or steel, asbestos-protected 

metal, or transite. Unlike the materials previously described, corrugated roofing’s need not be laid 

on some form of sheathing or supporting medium; they are designed to span from one purlin to 

another. Since the joints between adjacent sheets are lapped but seldom made watertight, these 

sheets are basically a sort of shingle, and hence should not be used on roofs having a slope of less 

than about 3:12 unless the laps are cemented. The fastenings must be firm and durable, and the 

structure should be so designed that workmen can get at the connections to install them properly.  

In the case of any of the preceding roofing’s, except corrugated sheets, it is important to provide a 

strong, stiff support (sheathing) so that deflections under load will not be harmful. For example, if 

woolen sheathing is used under a built-up bituminous roofing, or even under a sheet-metal one, the 

boards or planks should be tongued-and-grooved so that, when a man steps on one board, it will 

not 'deflect while its neighbor remains stationary,  thereby tending to rupture or loosen the roofing. 

It is also important to make sure that shrinkage of wooden sheathing, deflections of abutting 

beams, and movement of expansion joints will not cause the roofing to rip apart. 

Fire Resistance. The ability of a roof to resist fire from without and within the structure is so 

important that an engineer should consider the hazards very carefully before he uses combustible 

materials in the construction of roofs of important structures. Heavy timber framing with tight, 

thick sheathing and devoid of "kindling wood" is often so slow burning that it is suitable for 

various structures; wood may also be treated with chromated zinc chloride or other chemicals that 

retard its combustion greatly. 

The designer should remember that large, flat, tight, horizontal surfaces made of wood will not 

burn easily; similar surfaces in a vertical or steeply sloping plane will burn more readily. If the air 

cannot circulate easily so as to provide an adequate supply of oxygen, combustion will be retarded. 

Exposed platforms, open construction composed of small members with free circulation around 

them (such as stairways), wooden partitions and floors without fire stops to prevent the flow of air, 

vertical shafts, and hatchways — these are the kinds of construction that may endanger the safety 

of a wooden building. Therefore, wooden sheathing on a roof may not be too great a fire hazard if 

the supporting framework is incombustible, and if the contents of the building are not highly 

inflammable. 

On the other hand, bare steel, although incombustible, is not fireproof but may soften and yield 

when heated sufficiently. Concrete of adequate proportions will endure considerable heat unless it 

becomes badly spalled by the effects of heating and then chilling by cold water, or unless the 

heating effect lasts long enough to dehydrate the cementaceous compounds. Bricks, tiles, and even 

ordinary plaster on metal lath are, of themselves, fire-resistant to a considerable extent. Most of the 

ordinary roofings, except wooden shingles and bituminous coverings, will not burn easily, if at all. 



 

TEXT 26 

DIFFERENT METHODS OF HEATING AND VENTILATION 

Various methods of heating have been evolved and are in use at the present day, and knowledge of 

the characteristics and relative costs is necessary in making a selection of the most suitable type for 

any particular building. 

There are two main divisions of heating systems: direct and indirect. 

Direct systems are those in which the fuel is consumed in the room to be heated. 

Indirect systems are those in which the fuel is consumed outside the room, the heat being conveyed 

to the room by a medium such as steam or hot water. 

Direct system 

Direct systems are chiefly used for intermittent heating, or for heating isolated rooms. They may 

be summarized thus — 

 

System Advantages Disadvantages Efficiency 

Open fires, burn-

ing coal or coke 

Comfortable 

appearance in 

living rooms. 

Largely radiant 

heat, ventilation 

effect strong. 

Cheap in first cost. 

Require flues. Coal 

and ashes to be car-

ried about, causing 

dust and dirt. Heat 

localized. 

Unsatisfactory in 

large rooms. 

About 

25°/0 

Slow 

combustion 

stoves,      

burning coke or 

anthracite. 

Steady warmth, 

partly radiant, but 

chiefly convected. 

Suitable for 

hutments and 

temporary 

buildings. Cheap to 

install. 

Fumes sometimes 

given off. Coke and 

ashes to be carried 

about. 

Considerable 

labour involved for 

a large number. 

About 

50% 

Gas fires 

Easily lit, quick re-

sponse, heat largely 

radiant, ventilation 

effect. 

Small flue necessa-

ry. Intense 

radiation drying to 

skin. 

About 

50% 



Gas convectors 

Useful for back-

ground warming 

and for halls, small 

shops, etc. No flue 

needed provided 

room is ventilated. 

Fumes deleterious 

if installed in small 

rooms. 

100% 

Electric fires 

Immediate 

response. Portable. 

Require no flue. 

No fumes. Heat 

chiefly radiant. 

Ventilation not pro-

vided. Not suitable 

for large spaces. 

100% 

Electric convec-

tors 

Most suitable for 

heating large 

spaces where 

central system not 

possible. Automat-

ic temperature con-

trol easily applied. 

No disadvantages 

where this system 

is suitable. 

Installation cost 

comparable with 

central system. 

100% 

 

 

There are many other forms of Direct Heating, such as gas and electric overhead radiant heaters, in 

which a metallic plate is heated to a high temperature so as to emit strong heat radiation; and gas 

and electric unit heaters in which air is delivered to the room by a fan and is warmed in its passage 

through the unit by heated elements. There are also low-temperature gas and electric radiant panels 

for fixing to walls, ceilings, etc., also electric tubular heaters for fixing near skirting. These 

systems are generally more expensive in first cost than those enumerated above. 

Inderect systems. 

Indirect systems are chiefly used for the continuous heating of a number of rooms or large 

buildings from one central source, hence the name Central Heating. This does not necessarily 

imply that the heating source is strictly central, indeed it may be at a considerable distance from 

the building. 

This class of system finds its greatest application in large buildings of all types. 

The advantages of the Indirect System are — 

1. Fuel and ashes are kept outside the occupied spaces. 

2. Individual flues are not required. 



3. Cleanliness. 

4. Equable temperature maintained in all parts, easily controlled automatically. 

The disadvantages are — 

1. Heat is lost from main piping where this is outside the occupied rooms. This loss can be 

minimized by proper insulation of the pipes. 

2. Labour is required for stoking and removal of ashes. This applies only with solid fuel and can be 

greatly reduced with automatic firing. 

The medium employed for the transmission of heat is either steam, hot water, or heated air. 

Steam. — In this system steam is generated in a boiler partly filled ' with water, and the steam is 

conveyed through pipes to radiators, unit heaters, etc., in the rooms to be heated. The steam ist 

herein condensed into water which is preferably returned to the boiler through a system of return 

piping. The advantages of steam are — low heat capacity, hence quick heating up and cooling 

down; low cost due to high temperature of heating surfaces. 

The disadvantages are the burning effect on dust particles in the air due to the excessively hot 

surfaces, and the lack of regulation. To overcome the latter the Vacuum System has been 

developed which permits of temperatures in the radiators being maintained below the boiling point 

of water. 

The lack of regulation referred to means wastage of heat in mild weather, hence higher fuel 

consumption and running cost than with a carefully controlled hot water system. 

 

TEXT 27 

VENTILATION AND WATER HEATING 

Adequate ventilation of buildings has received increased attention during the last few years. Low 

ceilings, small window areas, back-to-back houses, and excessive densities are things' of the past, 

and now every endeavour is made to ensure a free circulation of air about buildings for the purpose 

of efficient ventilation. 

Building byelaws prescribe the minimum heights of rooms and amount of open space to be 

provided in the front and rear of every building. The size of windows is controlled by the floor area 

of each room, and usually windows in habitable rooms should be equal to at least one-tenth of 

floor area. Rooms without fireplaces are to be ventilated to take the place of the chimney flue, 

which is usually regarded as a good ventilator. Another important clause controls the minimum 

heights of rooms. 

It will be seen, however, that the building byelaws in this respect are useless unless some control is 

exercised over the grouping of building units. It is absurd to insist on suitable means of ventilation 

if it is permissible to construct buildings close to one another, thereby impeding the circulation of 



fresh air. It is now impossible to crowd dwellings together and consequently the byelaws with 

regard to ventilation have greater significance. 

The constituents are mainly nitrogen and oxygen and suitable means have to be adopted to ensure 

a constant supply of air of this composition for the maintenance of life. 

From experience is found that approximately 3,000 cu. ft. of air per person per hour is required in 

enclosed spaces in order to maintain healthy conditions. This figure forms a basis for calculating 

the size .of efficient mechanical ventilating schemes. 

Take a room 10 ft. wide by 10 ft. broad and 10 ft. in height. The air we breathe is at first taken 

from common stock. When the air is breathed back it contains gaseous impurities which 

contaminate the remaining air until the time arrives when the air becomes so foul as to be 

dangerous to health. The carbon-dioxide content is increased and 0.06 per cent. is about the 

maximum allowance. Therefore a room of 1,000 cu. ft. capacity really requires three air changes 

per hour in order to maintain the percentage of CO2 within reasonable limits. 

Natural Ventilation. 

Small domestic buildings, offices, hotels, and other places with small floor areas are 

ventilated by natural means depending largely upon the provision of suitable inlets and 

outlets. The fittings used are too well known to set down in detail, but briefly they 

comprise: windows, lantern lights with sides to open, fanlights, hopper sashes, revolving 

cowls, draught window boards, valves and air vents, "hit and miss" ventilators, tobin tube 

inlets, fireplaces, doors, electric fans, etc.  

With regard to the tobin care should be taken to see that this fitting receives attention, 

otherwise after a number of years the receptacle may be found full o f filth owing to 

misuse. It is not unusual for careless people to deposit cigarette -ends, waste paper, etc., 

into the open ends of the ventilator. The usual height of 5 ft. to 6 ft. is convenient for this 

misuse, particularly as few people realise their real purpose.  

This type of ventilator is used mostly in public buildings, church halls, billiard halls, 

etc., and can be quite efficient if given periodic attention.  

Natural ventilation has the advantage of being cheap to install, and provides healthy 

and stimulating conditions, provided the inlets and outlest have been designed with skill.  

Artificial Ventilation. 

In the case of large floor areas, such as we have in designs for theatres factories, large 

public halls, and other similar buildings, it is necessary to resort to artificial ventilation, 

which may be tabulated as follows: 



(1) Vacuum or exhaust ventilating schemes.  

(2) Plenum or propulsion ventilating schemes. 

(3) Some combination of the above system. These systems will be described in detail. 

Vacuum Ventilation. —This is a system of ventilation whereby the internal air is 

extracted by suitable fans. The ingoing air is induced through windows and other similar 

inlets already described for natural ventilation, and a steady flow of air is maintained by 

means of the extraction fans. 

Various types of fans may be used. They are generally made of metal of a rotary 

design and housed in a convenient part of the ductwork. Care must be taken to see that 

the ducts are fairly straight, and with easy bends i f  necessary. Avoid right-angled bends, 

which impair the efficiency of the system owing to friction.  

Fans are usually driven by electric motors, but other power may be utilised where 

electricity is not available.  

With the vacuum ventilating system there is no control of the incoming air; therefore 

this system can only be employed s u cce s s f u l l y  where the surroundings are not noisy 

and windows can be opened to admit clean air.  

 Plenum Ventilation.—Control over the incoming air is an important feature of this 

type of ventilation. Where the conditions are such that the surroundings are noisy and the 

air is fouled by smoke and dust, the plenum system can be contemplated to provide clean 

air at the correct temperature and humidity. The air is drawn into the building by a fan, 

and is discharged through ductwork: at suitable positions; conveniently placed outlets 

abstract the vitiated air through ducts controlled by an extraction fan of smaller power 

than the inlet fan. A slight pressure is created owing to a large rate of incoming air than 

that which is extracted, and consequently any leakage must be outwards.  

The plenum system of ventilation is costly to install, owing to the necessity for 

expensive apparatus consisting of propulsion and extraction fans, air heaters, washers and 

filters (these vary according to circumstances), and distributing ductwork for the 

incoming air and outgoing air.  

A typical arrangement of plenum heating suitable for a large auditorium is as follows: 

The air coming in is heated by a heater battery, fed from an independent boiler, feeding 

wrought-iron gilled tubes which have a good radiating surface. In summer, however, the 

air can be cooled by passing through the same battery fed by an ammonia refrigerating 

plant supplying cold water instead of hot water from the boiler. The ductwork is liable to 

convey sound unless special care is taken with the placing of the fans. These should be 



well away from the most important rooms, and even then the fan and motor should have 

an anti-vibration base of rubber or similar material to minimize noise. Another good 

precaution is to provide flexible connections of leather between the ductwork and the 

inlets and outlets of the fan casing.  

The ductwork may be of light galvanized-iron sheeting, circular in section, or formed 

in brickwork, or concrete. In new buildings it is possible to incorporate the various ducts 

in the general layout of the design, but where the ductwork has to be applied to an 

existing building, galvanized circular trunking is frequently used. Asbestos -cement 

conduits are also favoured. The main ductwork should have means of access for cleansing 

purposes.  

In the cases of the inlet and outlet grilles, it is usual to make them decorative in 

character and detachable.  

From the foregoing description it will be seen that the plenum system is rather 

complicated and needs skilled attention for maintenance. The system must be frequently 

examined, otherwise a breakdown has serious consequences. For this reason it is 

advisable to duplicate the fans. 

Hot Water Supply to Buildings. — For domestic purposes the water is generally heated 

by means of a boiler at the back of a fireplace or by an independent boiler in the kitchen, 

burning coke or other suitable fuel.  

Tank and Cylinder Systems. — A typical system installed in a small house with the 

well-known “boot boiler” is economical and thoroughly efficient. Sometimes two boilers 

are interconnected, one behind the kitchen range and the other in the living -room or 

elsewhere. This arrangement has the advantage of supplying hot water irrespective of 

which fire is in use. An independent boiler is nowadays frequently specified in place of 

the kitchen-range type. 

Distributing Mains. — The distributing mains generally extend along the streets, and 

are laid deep enough to avoid injury from frost and heavy traffic, usually at a depth of not 

less than 3 ft. 6 in. from the surface of the ground or pavement immediately above such 

pipe.  

The mains vary in size. They are usually of an internal diameter of 4 in. and upwards, 

and made of cast iron with caulked-lead joints or flanged joints. The caulked-lead socket 

and spigot joint is still extensively used for cast-iron mains of all descriptions. 

Occasionally, however, it is advantageous to use flexible joints which permit movement 



between adjacent pipes sufficient to enable bends to be negotiated without the use of 

specials.  

Asbestos-cement pressure pipes are also popular and are generally accepted for water 

mains and extensions. It is necessary in this case to bolt a saddle in position when tapping 

under pressure for the insertion of a ferrule.  

Circulation of mains should be aimed at, otherwise dead ends will become 

troublesome owing to stagnation. Where it is impossible to avoid dead ends, frequent 

flushing out is necessary. The pipes, when laid, are generally tested to twice the working 

pressure. 

Type of Supply. — The water supply may be intermittent or constant, usually the 

latter, whereby the mains are always full of water. By a constant system is meant a 

system whereby the mains are constantly under pressure. The drinking water is taken 

direct from the rising main, and consequently it is only necessary to provide a small 

storage system sufficient for the hot water supply. In cases where the water is turned off 

periodically, the system is known as the intermittent supply. In this system, large storage 

tanks are necessary for the water, which is supplied for a short period each day.  

The constant system has the following advantages over the intermittent supply: 

(a) The mains are always full and an adequate supply of water may be obtained at any 

time. 

(b) The danger of drinking water becoming contaminated is lessened owing to a direct 

supply from the main and the avoidance of large storage cisterns.  

(c) The pipes, constantly under pressure, are less liable to deteriorate. With the 

intermittent supply, a vacuum may be created causing a strain on the pipe joints which 

may lead to gradual leakage. 

(d) In order to maintain a good fire-fighting service, a constant supply is necessary for 

the fire hydrants. An abundant supply of water can be obtained in the case of fire.  

The chief advantage of the intermittent supply is the saving of wa ter, but the constant 

system is usually preferred.  

Service Pipes. — The service or supply pipe may be lead, copper, wrought iron, or 

steel. Lead pipes are extensively used, and the weight in proportion to the diameter will 

vary slightly in accordance with the regulations of the water authorities.  



Copper pipes are permitted for use inside premises subject to the gauge complying 

with water company's regulations. Such pipes are simple to fix and have a neat 

appearance. 

Galvanised wrought-iron pipes may or may not be permitted. Some authorities will 

only allow such pipes on the outlet side of a metered supply. Where the water is of a h ard 

nature they may be safely used, owing to the formation of an insoluble coating of 

carbonate of lime. Galvanised wrought-iron pipes, though cheap, are little used for 

domestic supplies, as they are subject to corrosion at the joints and elsewhere where the 

galvanising has been disturbed. 

There are three grades of iron pipes, known as "gas", "water" and "steam" strengths, 

and for water supplies the steam quality should be specified.  

Whatever type of service pipe is laid, it should be at a reasonable depth  below the 

surface of the ground, usually not less than 2 ft. 6 in., to guard against the effects of frost. 

In addition, any part of the pipe which may be in an exposed situation should be properly 

protected. 

Having excavated the ground to the required depth and exposed the water main, the 

next step is to apply to the water company, who will make the actual connection by 

supplying and fixing a ferrule for the connection.  

Mains are tapped under pressure by a special machine consisting of a watertight box 

which is attached to the main by means of a chain. The hole is drilled and tapped, and by 

revolving the cover it is possible to bring the ferrule directly over the hole, into which it 

is screwed down. 

This method allows the work of a connection to be made without shutting off the water 

in the main. In some cases, however, the connection may be such that a tee-piece has to 

be inserted for a large branch. Where this is so, it is necessary to isolate part of the main 

by shutting off the water by means of the valves in order to carry out the work. To cause 

a minimum of inconvenience, it is best to do the connection late at night.  

Where it is intended to use wrought-iron galvanised pipe for the service connection, it 

is usual to lay the pipe from the stop valve to within approximately 2 ft. 6 in. of the water 

main. The tapping of the water main is then made by the water company's workmen and a 

ferrule inserted. Next, about 2 ft. 6 in. of lead pipe is fixed be tween the ferrule and the 

iron service pipe, by means of wiped joints and a plumber's union. The provision of the 

short length of lead piping is necessary to allow for the pipe to give a little without 



causing trouble. Where the service pipe is in lead, the connection is made direct to the 

ferrule with the usual wiped joint.  

When laying the main service pipe from the main to the building, care should be taken 

to avoid laying the service pipe through any drain inspection chambers or through any 

place where, in the event of the pipe being or becoming unsound, the water would be 

liable to become fouled or to escape without observation.  

The natural tendency is to utilize the same trench as the drain occupies to save 

excavation, but the best method is to lay the service pipe in a separate trench altogether. 

In any case, where it may be impracticable to do so, the water company should be 

consulted. 

They may allow the pipe through foul soil, provided the pipe is sufficiently protected 

from contact with such soil, either by being carried through an exterior cast-iron tube or 

by some other approved means. 

 

TEXT 28 

ELECTRIC LIGHTING 

Lighting Systems. — For convenience, lighting systems (or types of lighting) may be classified 

into four groups: direct, indirect, semidirect and semi-indirect.  This grouping \s arbitrary because 

in practice the last two may merge into each Omer or closely approach either of the first two 

systems. Direct lighting may be defined as a system wherein practically all the light on a horizontal 

working plane — or at least that relied upon in the design — comes directly from the light sources, 

the lighting units. Generally the rays are at angles from vertically downward to practically 

horizontal, reflectors being used to off upward rays and deflect them down to the working area. 

Such a system is efficient as far as the use of power is concerned, but it is likely to cause glare. The 

use of lenses, shields, and louvers helps to direct the light downward and to avoid annoyance from 

direct glare, but light reflected from parts being worked upon and from surrounding objects is 

another matter, and it may be a serious one. This system of lighting tends to cause high brightness 

and sharp dark shadows. It may be the best for the general lighting of high-ceilinged plants such as 

those with lights above cranes and over tan equipment. 

Indirect lighting may be defined as a system in which practically all the light reaching a working 

plane is reflected from ceilings, walls, and other objects, none of the lighting units being visible to 

the workers eyes. It is characterized by diffused lighting of perhaps lower brightness but with no 

sharp shadows. There are many ways of securing these effects besides the two pictured in the 

sketch; e. g., coves may be installed along ceiling beams as well as side walls, shielded lights may 



be placed around the upper portions of columns, or luminaires similar to the home type of movable 

floor lamp, which throws the light upward, may be used. Such a system is especially adaptable for 

offices, drafting rooms, and plants for light manufacturing; and it is well suited for use in 

multistory buildings. It is obvious that the reflecting surfaces should be light in color and clean, 

and of a texture that will diffuse the light rather than reflect - it as smooth glass and polished metal 

surfaces do. Such a system would be wasteful in a mill building with roofs supported by exposed 

trusses and having side walls with projecting columns and crane girders, because of the 

interference caused by these obstructions. Furthermore, it would be wasteful when the interior 

surfaces cannot be kept clean. Much of the light would also be lost through large windows. 

A semidirect lighting system is one in which the greater part of  the light on a horizontal working 

plane comes directly from the lighting units, but nevertheless a substantial part comes by reflection 

from the inner surfaces of the room or from other objects. Although such luminaires produce a 

more diffused illumination than do direct-lighting units, yet they may be sufficiently bright to 

annoy workers when the globes are too near their working field of vision. 

The semi-indirect lighting system provides appreciable light directly from the luminaires to the 

working plane, but the greater part of the illumination is produced by light reflected from the 

intetior surfaces of the room and from its contents. 

If the direct lighting is not more than approximately 25 per cent of the total and if it is of moderate 

intensity, this system is well adapted to use in offices drafting rooms, and multistory buildings. It 

secures most of the advantages of the diffused lighting produced by the completely indirect system 

without being quite so extravagant in the cost of construction and power. 

General Lighting. — One purpose of electric lighting is to provide general illumination. 

Obviously, the central portion of the structure will be the first to need auxiliary lighting as the 

intensity of daylight dwindles; later the whole building will need it. Just as in the case of 

daylighting, the essential minimum foot-candles of illumination should be determined, and the 

lighting system designed accordingly. Obviously, it should have capacity enough to handle its full 

load during night operations, yet the wiring and switching should be so arranged as to give the 

desired flexibility in augmenting the daylight. 

Because spottiness is to be avoided, the light fixtures of a direct or semidirect system should be 

reasonably far above the working plane and close enough together so that the light on any one 

point of the working plane will come from different sources and different angles. 

When a structure is planned, it is desirable to know the type of lighting system to be used, the 

general layout of the fixtures, the location and size of the electrical control room or switchboards, 

and the approximate sizes and locations of conduits. The pattern made by the system should have 

some symmetry and uniformity, should be an obvious and harmonious part of the structure, and 



should fit in with the framing. 

When these plans are in the making, it is important to consider maintenance problems — the 

cleaning of luminaires and the replacing of bulbs. The fixtures in offices and multistory factories 

should be located so that they may be reached by means of stepladders, specially designed 

movable platforms, or ladders mounted on wheels. This is not so easy to accomplish in the case of 

high, single-story mill buildings in which the lights are attached to or near the roof trusses. Some-

times a workman may reach them by riding the crane bridges by going along catwalks, or by riding 

on wheeled towers pushed along the aisles between machines, provided the lights have been 

located with this in mind. It is foolish to waste power burning dirty lights in dusty fixtures, the 

combination perhaps being only 60 to 75 per cent efficient. Yet, if cleaning them is dangerous and 

difficult, they will be poorly maintained. Although overhead lights might be suspended on pulley 

systems so that they could be lowered within reach of the floor, this is not usually practicable, and 

the multitudinous ropes and loops of wire are unattractive. Lights should be held firmly in a sta-

tionary position. 
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DRAINAGE 

General principles applicable to any dranage scheme.  

1. The diameter of the drains should be 4 in. for domestic buildings, and this size is usually 

proportionate to the volume of liquid expected through the pipes. 

2. Where a number of houses are drained by a single pipe, or in cases of large buildings, then a 6-

in. pipe is generally required for part of the drainage system. 

3. Self-cleansing velocities are required, and this- means that the drains should be laid to gradients 

of 1 in 40 for 4-in. and 1 in 60 for 6-in. pipes, where practicable. It is harmful to lay pipes to an 

excessive gradient or a flat gradient, and care should be exercised to obtain the right fall. 

4. There should be means of inspection, usually obtained by the construction of inspection 

chambers suitably placed. 

Separete, partially separate, and combined drainage systems. 

The type of sewage in any given town determines the type of drainage required. If 

separate, two separate sets of drains are required — one to take off roof water and general 

paved drainage, usually known as surface water; the other to remove the sewage and 

wastes from sinks, baths, lavatory basins, etc., named foul water. Separate sewers 



increase the building costs a little, but the system is favoured, particularly where it is 

desirable to keep the volume of sewage at a minimum owing to the cost of pumping.  

The public surface-water sewers discharge into streams. Consequently there may be 

quite a number of independent long lengths of surface-water sewers with outlets at 

convenient positions on the route of a stream or river passing through the district. The 

foul-water sewers cannot be treated in a similar manner. The sewage must be treated 

before disposal. The partially separate system still requires two separate sets of drains, 

and is similar to the separate system, with the exception that part of the roof water may 

be drained to the foul sewer. Usually the rain from the rear of the roof is dealt with by the 

foul drain, while the rain from the front of the roof, pavements, and street surfaces is 

discharged to the nearest water course. If the system is combined, one set of drains must 

convey all soil and surface-water drainage. 

Where separate drainage systems are called for, the authorities exercise special care 

with regard to the supervision of the connections to the public sewers. It is most 

important that no mistake should be made with the identification of the sewers; otherwise 

a wrong connection causes endless trouble and danger to public health.  

If a foul-water drain is inadvertently connected to a surface-water sewer, the faulty 

discharge may be easily located at the outlet of the sewer to a stream; but the chief 

difficulty is locating the property wrongly connected once the work has been completed. 

The danger of wrong connections cannot be ignored; but there is little to fear if the 

builder makes an inspection before confirming the drain connection to the sewer. 

Each system has advantages according to local conditions. Where two sewers are used, 

the foul-water sewer can be reduced in size. The volume of foul water to be treated is 

considerably less than the combined system, and where pumping is essential there is a 

saving in the outlay and annual expense of the pumping installation.  

Natural water courses running through a district often effect a great saving on drainage 

costs, because it is quite reasonable to run surface-water drains to any convenient outlet 

on the course of stream and save excess piping.  

A separate drainage system almost doubles the cost of drainage as compared with the 

combined system. There is, however, less likelihood of flooding during times of abnormal 

rainfall. 
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DRAINS 

Drains and sewers must be formed of good sound pipes of glazed stoneware, heavy 

cast-iron or other equally suitable material. The size will vary according to the volume of 

drainage, but it is essential that the pipes should be of adequate size and laid to a proper 

gradient, with suitable watertight joints. The minimum internal diameter for a sewage 

drain is 4 in., and it is the usual practice to use this size for most work of a domestic 

nature where the work consists of separate units with separate sewer connections. House 

drains should be laid in a similar manner, as already described for sewers. The work, 

however, is usually less involved, owing to small sizes and shallow depths. It is best to 

use the sight-rail method for gradients, although frequently a tapered board is used for 

setting out the fall of the drain. This method, although not so accurate, is satisfactory for 

the construction of short lengths of drain. A suitable tapered board cut to the required fall 

is used with a spirit level for grading the trench bottom.  

The following are some general principles: 

(1) A good foundation is essential; therefore the best method is to lay a 6 -in. bed of 

concrete, even if the soil is firm. 

(2) Avoid, if possible, passing drains under a building. Where no other means are 

practicable, then surround the drain with 6 in. of concrete or lay in cast-iron pipes and 

provide suitable access at each end of any straight length which passes underneath a 

building. The access, of course, must be provided outside and convenient for rodding 

purposes. 

(3) Keep the drain about 4 ft. away at least from the external walls. Where 

circumstances will not permit this and the drain is adjoin ing the wall, make sure that 

concrete is carried up to underneath the footings of the wall.  

(4) Where a drain passes through a wall it must be protected against the weight of the 

wall by constructing a relieving arch or other similar support.  

(5) If the levels are such that part of the drain is to be above ground, then use cast -iron 

pipes and construct suitable pier supports adjoining the joints.  

COMBINED DRAINAGE 

Usually a number of houses may be connected to the drain, which in turn is connected 

to the sewer. This method saves tapping the sewer for each house, and is quite 

satisfactory. Not more than six houses should be on a combined drain, and the size of the 



pipes should be 6 in. after the first two houses. All sewer connections should be 6 in. 

from the last house inspection chamber to the sewer. The fall or gradient is designed to 

provide a self-cleansing velocity so as to keep the drain free from deposits. Where a 

sufficient fall cannot be obtained, the solids will accumulate and eventually choke the 

drain; on the other hand, if an excessive fall is provided, the effluent will run off quickly, 

leaving the solid matter behind to accumulate and putrefy. A satisfactory g radient is 

essential, and for a 4-in. pipe the fall should be 1 in 40; for a 6-in. pipe provide a fall of 1 

in 60; for a 9-in. pipe, 1 in 90, and so on; the rule being to multiply the internal diameter 

of the pipe in inches by ten.  

Stoneware pipes are usually jointed with cement mortar composed of one part of 

Portland cement to two of sand. A good method is to insert first a few strands of tarred 

gasket or hemp before finally completing the joint, as previously described. The gasket 

prevents the jointing material finding its way inside the pipe. Cast-iron pipes are jointed 

with gasket and metallic lead. The joints are not so numerous, owing to the longer 

length of such pipes. 
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