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PREFACE
IN the present day the uses of concrete are so diversified

and so extensive that there is some justification for the

statement that this is the Concrete Age. To be perfectly

fair, however, we must admit that the Iron Age has not

yet passed away, and that iron and steel continue to

find employment in constructive work, sometimes in

competition with concrete, and sometimes in harmonious

co-operation with that material as exemplified in the

combination known as Reinforced Concrete.

The objects of this book are to set forth the essential

nature of concrete, to describe briefly the materials of

which it is composed, the manner in which these

materials are proportioned and mixed, the methods

adopted in practice for the application of the product ;

to state as clearly and concisely as possible the funda-

mental principles of reinforced concrete, and to illustrate

by references to typical examples of construction the

remarkable characteristics of that happy union of

concrete and steel.

Owing to the limited amount of space at his disposal,
the author has necessarily been compelled to abstain

from dealing with some ramifications of the subject,
and to touch lightly upon others. In the treatment

adopted he has endeavoured to give such particulars
as will not only be of interest to the general reader,

but also of service to those engaged in the practical

application of concrete to engineering and building
construction.

877835
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CONCRETE AND
REINFORCED CONCRETE

CHAPTER I

ORIGIN AND HISTORY OF CONCRETE

OLDER by countless ages than any of the manufactured

products commonly designated
"
materials of con-

struction," concrete was first produced by the hand of

Nature in the form of rock, many varieties of which have

been made familiar to us by their extensive use in

buildings, bridges, viaducts, piers, and other architectural

and engineering works.

Concrete was next produced by man, who in this, as

in other cases, has always been ready to copy the pro-
cesses of nature, the form of artificial rock, or stone,

described as
"
concrete

"
having been widely used

for many thousands of years, and being employed in

the present day more widely than ever before.

Derived from the Latin word concretus, meaning
grown together, compounded, hardened, the term con-

crete might be applied with equal appropriateness to

natural stone, and to its artificial equivalent. Speaking
in general terms, each of these classes of material,

which, as a matter of convenience may be distinguished
as stone and concrete, respectively, consists of an agglom-
eration of particles held together by some cementitious

substance and consolidated under more or less heavy
pressure.
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For instance, sandstone is formed by the cementation
and consolidation of sand, as shown in Fig. 1, which
has been reproduced from a microphotograph, and is

essentially akin to the fine concrete,technically designated
"
mortar," formed by binding together particles of

FIG. 1. SANDSTONE

sand by means of lime or cement. Again, the natural

rock known as conglomerate, or pudding-stone, consists

of pebbles cemented together in very much the

same way as the pebbles are held together in

concrete composed of gravel and lime, or gravel and
cement.

Comparison of Figs. 2 and 3 will suffice to show how

closely akin are natural rock and the artificial variety
of stone termed concrete, Fig. 2 representing a piece of
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pudding-stone, and Fig. 3 showing a piece of modern
concrete.

As there are

many varieties of

natural stone, so

also there are var-

ious kinds of con-

crete. In the latter,

the inert material,
or aggregate, may
consist of gravel,

fragments ofbroken

stone, or any hard
and durable sub-

stance, cemented

together with lime,

hydraulic lime,
Portland cement

FIG. 2. PUDDING STONE

or some other kind of cement,
water being added in every case to set up the chemical
action necessary for the setting of the cementitious

material. The sizes

of the particles

constituting the
aggregate may vary

considerably, and
so also may the

proportion of ce-

mentitious material

in a given volume
of concrete. In

ancient concrete,

large pieces of stone

were frequently
used as aggregate,

FIG. 3. CONCRETE and lime, or lime
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mixed with some other substance to produce a kind

of cement, was employed to bind the aggregate together,
so as to form a compact mass. In modern concrete the

aggregate consists of particles of comparatively small

sizes, which are varied so that the particles may fit

together as closely as possible, and so reduce to a min-

imum the vacant spaces, or voids, between the particles

of aggregate. With the object of reducing the voids

still further, sand is mixed with the coarser material,

the sand also comprising particles of graduated sizes.

Thus the amount of space to be filled by the cement is

greatly reduced, and the density of the resulting con-

crete is proportionately increased. Portland cement,
a product far superior to any kind of cement used in

ancient times, is now almost universally employed in

modern concrete, and is invariably employed in the

best classes of work.

The precise antiquity of concrete cannot be stated,

but it is interesting to know that portions of concrete

buildings have been discovered in Mexico and Peru,

dating back to prehistoric times. That the ancient

Egyptians were thoroughly familiar with the material

is proved by a fresco in'the Temple of Ammon at

Thebes, depicting hieroglyphically the making and use

of concrete in the year 1950 B.C.

The Frontispiece to this book is taken from a photo-

graph of the fresco where, commencing at the left-hand,

we have the drawing of water from a lake, the slaking

of lime in the first heap, and the digging of sand for

the preparation of mortar shown in the second heap.
The carrying of mortar and the making of bricks for

facing the concrete core should also be noted, as well

as the inspectors, two armed with rods, and one with a

whip, for the persuasion of backward workers. Another

feature showing how faithfully details are depicted
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in the fresco is the representation of mortar adhering
to the feet and hands of the workmen. The building
of a solid concrete wall faced with brickwork is illus-

trated in the lower part of the fresco, the story of which

is told by the hieroglyph birds in the background.
This illustration is reproduced from the American

journal Concrete, where it is described by Mr. Nathan C.

Johnson, who says that he possesses a piece of this very
concrete bearing the imprint of a man's hand, by which

it had evidently been slapped into place a truly
remarkable link between the present generation and
of men who lived nearly 4,000 years ago.

In later times, concrete was used on a large scale

by the ancient Grecians, and very widely by the ancient

Romans. As far back as 500 B.C. concrete was applied
as a material of construction by the Romans, and from

that date onwards was increasingly used, being usually
faced with brickwork or masonry. During the reign
of Julius Caesar, concrete became quite common in

foundation work and in the massive parts of masonry
buildings. In the time of Augustus, concrete construc-

tion became almost universal in building work and in

the construction of sewers, aqueducts and bridges.
The dome of the Pantheon, built A.D. 123, is the finest

example of ancient concrete work extant. The dome
is 142 ft. in diameter, with an opening of 30 ft. diameter

at the top, as illustrated in Fig. 4.

The examination of buildings erected by the Romans
shows that "a general custom was to employ concrete

as a core between interior and exterior facing walls,

or in building walls faced upon one side. From early

writings it appears that in cases where a facing was
considered unnecessary, the Romans made use of

shuttering in the form of boards laid edgewise and filled

the intervening space with cement and stones of various
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sizes mixed together. For this class of work, therefore,

Roman practice was very similar to that followed in

the present day.

Many remains of Roman and Norman structures in

this country furnish additional proof of the durability

of concrete made in by-gone times. Portions of the

FIG. 4. DOME OF THE PANTHEON, ROME

Roman walls which once surrounded the city of London
are to be found at various points in the modern city.

One interesting fragment in the basement of a building
near the Tower comprises rows of Kentish ragstone
alternate with tiles, both courses laid in cement which
is harder than either the stone or the tile. Another

section of the old wall unearthed when the General

Post Office was extended by the addition of two rein~

forced concrete buildings was found to be in an equally

satisfactory condition.

The wonderful manner in which the walls of castles
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and other buildings scattered throughout Great Britain

have endured centuries of exposure, is apparently due
to the fact that the species of hydraulic cement employed
in the concrete core was also run into the joints of the

facing walls, thus binding the whole together in a

monolithic mass. In structures of this kind, the practice
was to commence with the outer facing walls, and to

fill the intervening space with fragments of stone, not

large enough for the courses of exterior masonry, as

well as with stone chippings and dust. The whole of

the work was then consolidated by pouring in a semi-

liquid mass of mortar composed of lime and sand, so

as to fill up all voids and to form a central core of con-

crete effectively bonded with the exterior facing
walls. The lime was frequently treated by the addition

of some other substance rendering it capable of setting
in the presence of water, and of withstanding the effects

of the weather. In this way the lime was converted

into a species of hydraulic cement, which, although
inferior to the modern product, has sufficiently justified

its claim to permanent durability.

The relative endurance of concrete and stone masonry
is illustrated by the walls of the Benedictine Abbey
built about A.D. 1121 at Reading. The walls of this

structure are believed to have been faced on both sides

with squared blocks of stone, the core being of concrete

which remains to this day, although the masonry has

long since disappeared.
When we bear in mind the way in which the surface

of masonry is eaten away by long exposure, even when
the stone is of the hardest and most durable nature,

it is surprising to find that concrete surfaces maintain

their integrity for all time. The piece of early Egyptian
concrete already mentioned as bearing the imprint of

a man's hand, is a case in point, others being furnished

2 (1463D)
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by concrete work in ancient castles, where the surfaces

of the material still bear the marks caused by the boards

of the shuttering employed by the builders.

During the middle ages, concrete appears to have been

neglected in this country, although used to some extent

on the Continent. Smeaton was one of the engineers to

bring the material once more to the front about A.D.

1774, but the small progress made may be judged by
the fact that in his work on Limes and Cements, published
in 1847, General Pasley refers to concrete as "a recent

improvement
"

first adopted with success in the founda-

tions of the Penitentiary at Millbank. The same writer

accounts for this revival of concrete as a structural

material in the following words

"In excavating for one of the piers of Waterloo Bridge,
the workmen had a good deal of difficulty, owing to

the very compact state of the gravel forming the bed

of the river, which everywhere else had been found

perfectly loose. The effect had been produced by the

accidental sinking of a bargeload of lime over the spot
some time before, which had cemented the gravel into

a solid mass, resembling the calcareous conglomerates of

Nature which are gradually formed by a similar process."
General Pasley's apparent ignorance of what had

been done by the Romans and Normans is somewhat
unaccountable especially as his investigation into the

properties of limes and cements was being conducted

at Chatham, within a short distance of Rochester

Castle one of the best examples of Roman concrete

work extant.

Another curious statement in General Pasley's work
is to the effect that the use of lime concrete for the

formation of a sea wall at Brighton, some years before

1847, was, to the best of his belief, the first application
of concrete other than for foundations.
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In the second half of the nineteenth century, the

employment of concrete began to be revived on an

extensive scale in general building and engineering

construction, and in various public works of exceptional

magnitude. The progress of concrete was materially
aided by the invention of Portland cement, so called

because of the resemblance of the material when set,

or hardened, to the well known stone quarried in the

Isle of Portland. This product is immeasurably superior
to the crude forms of cement made by the ancient

Romans, and to the hydraulic limes and cements

produced in this country before the introduction of

Portland cement.

Experience gained in the use of concrete on a large

scale led to improved methods of proportioning the

constituents and of preparing them for use. Improve-
ments have been made concurrently in the manufacture

of cement, which is now prepared under conditions giving
assurances of the highest possible quality and unfailing

reliability.

Within the past quarter of a century, a further impetus
to concrete construction has been given by the develop-
ment of reinforced concrete. This is a combination of

concrete, prepared in the most scientific manner, with

steel rods disposed in such a way that the two materials

work together to the best possible advantage. The
result is the formation of a kind of elastic stone which

can be employed advantageously in structures of all

kinds, and in forms of design very much akin to those

adopted for structural steel.
'

--

Thanks to this development, the uses of concrete

have been very widely extended, and in addition to

massive structures, such as the Thames Embankment,
the National Harbour at Dover, and other monumental
works in ordinary concrete, we now have reinforced
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concrete in the form of water towers, long span

bridges of slender proportions, and even of ocean-going

steamships up to 7,500 tons capacity, to say nothing of

architectural and engineering structures of practically

every type.
The general principles of reinforced concrete are

discussed in another chapter, but it may be mentioned

here that the theory of the combination was by no
means unknown to the Romans, by whom iron and

copper were employed in many important works as

reinforcement for concrete. This is another instance

of the fact that despite the many advantages and the

accumulated knowledge enjoyed by those living in the

present century, the intellectual capacity of mankind
has not materially increased with the passing of the

ages.

The universal employment of concrete was aptly

expressed not very long ago in an address. delivered to

an American association of cement users as follows
" Our ancestors progressed from the Stone Age to

the Iron Age ;
we seem to be passing from the Steel

Age to the Cement Stone or Concrete Age. We tread

on concrete walks, travel in concrete subways, over

concrete bridges ; live and work in concrete buildings ;

store our grain in concrete elevators ; draw our water

from concrete reservoirs and cisterns
; sanitate our cities

with concrete sewers ; and are finally buried in concrete

vases deposited in concrete tombs, and our numerous

virtues are inscribed on concrete monuments."
This comprehensive summary might be supplemented

to-day by the inclusion of concrete bodies for motor and

railway vehicles, concrete roadways, concrete barges
and steamships, and the numerous adaptations of

concrete in offensive and defensive works which were

brought about by the great European War.
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An unexpected tribute to concrete was paid by
Andrew Carnegie in a conference at Washington on

the conservation of the natural resources of the United

States. This great steel maker then said
" The use of

concrete, simple and reinforced, is already reducing the

consumption of structural steel. The materials for

cement and concrete abound in every part of the country,
and while the arts of making and using them are still

in their infancy, the products promise to become

superior to steel and stone in strength, durability and

convenience, and economy and use."

If the conservation of iron and steel is necessary in

a country with the almost boundless resources of the

United States, it is still more so in Great Britain, where

large imports have to be made of ore and other material

for steel manufacture. On the other hand, we have
an abundance of chalk, limestone and clay for cement

making, and an equal abundance of stone, .gravel,

shingle and sand for use in preparing concrete. Con-

sequently, the adoption of this material, whether alone

or in combination with steel, may be commended as a

means of helping to conserve the wealth of the country

by utilizing natural resources, and reducing the need

for imports to a corresponding extent.



CHAPTER II

RAW MATERIALS

As stated in the preceding chapter, concrete is com-

posed of cement or lime, sand, aggregate and water.

In modern practice Portland cement is almost invariably
used as the cementitious material, ordinary lime,

hydraulic lime, and certain varieties of cement being

employed only in inferior classes of work.

In the following paragraphs the raw materials of

concrete are discussed under separate heads for

convenient reference.

Portland Cement. This variety of cement is essentially
a British invention, having been patented in 1824 by
Joseph Aspdin, a Leeds bricklayer. It was first used

on anything like an extensive scale by Brunei in the

construction of the Thames Tunnel in 1848. Since the

foundation of the industry in the early days of last

century, Portland cement has been greatly improved
in quality by the strict regulation of the proportions of

the materials under the constant supervision of scientific

chemists, the perfect clinkering of the mixture and
the fine grinding of the clinker.

As defined in the British Standard Specification,

Portland cement is
"
manufactured by intimately

mixing together calcareous and argillaceous materials,

burning them at a clinkering temperature, and grinding
the resulting clinker."

The three essential components of the
"
calcareous

and argillaceous materials
"

are lime, alumina and
silica. These may be obtained from limestone rock

12
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or chalk and clay, or from deposits such as those in the

Blue Lias formations of Warwickshire and elsewhere.

In either case, the proportions of the three components
must be carefully regulated so that the resulting cement

FIG. 5. SAXON CEMENT WORKS, CAMBRIDGE

shall comply with an established standard of chemical

composition.

Fig. 5 is a general view of the Saxon Portland Cement

Works, Cambridge ;
and Fig. 6 illustrates part of the

rotary kiln installation of Southam Cement Works, near

Rugby.
The finished cement is tested at the works for the

satisfaction of the makers, and before use on important
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contracts is also tested by or on behalf of the purchaser.

The tests prescribed in the British Standard Specifica-

tion relate to (a) Fineness, (b) Chemical composition,

(c) Tensile strength (neat cement), (d) Tensile strength

FIG. 6. ROTARY KILNS, SOUTHAM CEMENT

WORKS, RUGBY

(cement and sand), (e) Setting time, (/) Soundness. If

the product is capable of passing these tests in a satis-

factory manner it can be used without the slightest

hesitation.

Fineness of grinding is highly important, mainly for

the reason that finely ground clinker is far more active

and therefore more economical than cement containing
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an undue percentage of relatively coarse particles.

The fineness of cement is determined by means of sieves,

and the Standard specification provides that the

residue on a sieve having 32,400 meshes per square inch

shall not exceed 14 per cent, or on a sieve with 5,776
meshes per square inch shall not exceed 1 per cent.

Chemical composition is, of course, determined by
analysis, and, as a matter of fact, it is customary for

the composition of the cement to be tested analytically
at every stage of manufacture in the cement works
as well as by tests of the finished product by the maker,

apart from any test required by the purchaser. Tensile

strength is ascertained by testing briquettes, or specimens
of standard form and dimensions, in a suitable machine.

The Standard Specification requires that the breaking

strength of briquettes of neat cement at an age of 7 days
shall be not less than 450 Ib. per square inch, the required

breaking strength of briquettes made of cement and
sand in the proportion of 1 : 3 being not less than 200 Ib.

per square inch at the same age. The specification

provides further that the breaking strength in each case

at an age of 28 days shall be not less than that calculated

in the following formulae

Neat Cement

40,000
Breaking strength at 7 days

Cement and Sand

Breaking strength at 7 days

Breaking strength at 7 days

Cement and Sand

10,000

Breaking strength at 7 days.

Thanks to the introduction of a patented hydrating
process, the setting time of the finished cement can be

scientifically regulated during the operation of grinding
the clinker. Thus, it is possible to produce cement

complying with any practical requirements as to time
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of setting. In the Standard Specification, it is required
that unless a specially quick-setting cement is specified

the initial setting time shall be not less than 20 minutes,

and the final setting time not more than 10 hours.

In the case of quick-setting cement, the initial setting

time specified is not less than 2 minutes, and the final

setting time not more than 30 minutes Tests of setting

time are performed by means of the Vicat apparatus,
an appliance provided with a weighted needle for deter-

mining initial setting time, and another needle fitted

with a cup-like attachment for the determination of

final setting time. The initial setting time is the period
which elapses between the time when the cement is

filled into the mould and the time at which the needle

ceases to pierce the test block completely, and the cement

is considered as finally set when the special needle makes
an impression on the surface of the block, but the circular

attachment fails to do so.

In ordinary construction, slow-setting cement is

desirable for the reason that the transportation of

concrete from the mixer to the points where it is to be

used, and the operations of depositing and tamping
the material, necessarily occupy a certain space of time

during which concrete made with quick-setting cement

would commence to set. The undesirability of such a

contingency is shown by the fact that if concrete is

worked or handled while the process of setting is going

on, the crystallization of the cement is seriously dis-

turbed. The interlocking crystals are broken up, and

the strength and cohesion of the material are much
reduced.

The best qualities of Portland cement as manufac-

tured in the present day are quite sound, and free from

any tendency to expand when used in constructive

work. Purchasers can easily satisfy themselves as
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to the soundness of the cement supplied by the tests

described in the British Standard Specification.

These tests are in accordance with the
" Le Chatelier

"

method, in which a portion of neat cement paste is

placed in a small split metal cylinder with two pointers,

one attached at either side of the gap in the cylinder.

The cylinder, or mould, is placed upon a small glass

plate, and the cement filled in is covered by another

glass plate with a small weight on the top. The
whole is then submerged in water at a temperature
of from 58 to 64 Fahr., and left for 24 hours. The
distance between the indicator points is then measured,
and the apparatus with its contents again immersed

in water, which is boiled and kept boiling for 6 hours.

After removal and cooling, the distance between the

indicator points is again measured, the difference

between the two measurements representing the

expansion of the cement, which should not exceed

10 millimetres when the cement has been aerated for

24 hours, or 5 millimetres after it has been aerated

for 7 days.
Natural Cement. This variety of cement has been

made for many years in this country, and is produced
on a somewhat extensive scale on the Continent and

in America. Natural cement was first manufactured

in Great Britain from septaria or nodules of clay and
calcareous matter found at various places on the coasts

of Kent and Essex. Originally known as Parker's

cement, this product was afterwards designated Roman
cement, one variety being designated Medina cement after

the river in the Isle of Wight, where septaria also occur.

In other countries, natural cement is made from

mineral deposits containing varying proportions of

limestone and clay, and providing in a very rough and

ready way the principal raw materials for cement
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manufacture. Unfortunately, those engaged in this

branch of the cement industry use the material just as

it comes from the quarry or other source, without

making any attempt to regulate the proportions of the

constituents. The rock is placed in the kiln and burnt,

without any preliminary treatment, and is afterwards

ground in the usual manner.

Before the outbreak of war in 1914, large quantities
of natural cement were imported into the United

Kingdom, chiefly from Belgium, much of this variable

and unreliable material having been sold as
"
Portland

Cement
"

or as
"
Best Portland Cement."

Many serious failures have resulted from the use of

natural cement, which will never comply with all the

requirements of the British Standard Specification.

Slag Cement. This is another kind of inferior cement

made from blast furnace slag, and differing widely in

chemical composition from genuine Portland cement.

Although attractive owing to its relatively low cost,

slag cement deteriorates quickly when stored, and cannot

be relied upon to give durable results.

Hydraulic Lime. Made from deposits similar to

those furnishing the raw material for natural cements,

hydraulic lime is produced by calcining at moderate

temperature limestone or chalk containing clay, either

alone or in combination with alkalies and metallic

oxides, in proportions sufficient to render the resulting

material capable of setting under water.

If the proportion of clay happens to be large enough,
a variety of natural cement can be produced by con-

tinuing the process of calcination until the whole of

the lime has entered into chemical combination with

other constituents. The line of demarkation between

hydraulic lime and natural cement is most conveniently
drawn by classifying as lime those products which
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contain uncombined lime capable of slaking in the

presence of water, and as cement those in which all the

lime has entered into combination, thus permitting the

process of setting to take place without the slaking
characteristics of lime.

Common lime can be rendered hydraulic by the

addition of certain substances, either before or after

calcination. Thus, Scott's or selenitic cement consists

of lime containing a small proportion of an alkaline

sulphate, usually calcium sulphate, and the hydraulic

lime, or cement, used by the ancient Romans was

produced by the admixture of pozzuolana with ordinary
lime. Pozzuolana, trass and similar natural products
are varieties of argillaceous earth calcined by volcanic

heat, and it is interesting to note that they are used

to-day in- the manner and for the purpose originated
over 2,000 years ago by the Romans.

Rich or Fat Lime is produced by burning pure or

nearly pure limestone or chalk, the resulting quick lime

slaking rapidly when mixed with water, swelling up
and evolving great heat, the result being slaked or

hydrated lime.

Poor Lime is obtained by calcining limestone or

chalk containing inert matter, the product slaking more

slowly and less completely than rich lime.

Water. Apart from other considerations, water is

an all-important constituent of concrete in two respects

(1) that it has the effect of commencing the series of

reactions which result in the setting of the cement, and

(2) that it remains as a permanent constituent of the

concrete in the form of water of crystallization. For

the purpose of chemical combination, the proportion of

water in concrete should be equal to at least 8 per cent

of the weight of the cement, but in practice a much

greater proportion is requisite to provide for flowability,
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arrangements being made where practicable for the

surplus water to drain away.
Recent investigations by Professor Duff A. Abrams,

of the Lewis Institute, Chicago, have brought out the

extremely important part played by water in concrete

mixtures, and have led to the conclusion that water

is the most important ingredient in concrete. As

baldly stated in this way, the conclusion may appear
to be quite untenable at first sight. The importance
of water is, however, clearly denoted by the facts

ascertained by Professor Abrams, who shows that small

variations in the proportion used produce greater
variations in the strength and other properties of

concrete than similar variations due to the relative quan-
tities of other ingredients. This point is illustrated by
the following conclusions stated by Professor 'Abrams

(1) In a one-bag batch, the use of one pint more water

than is necessary to produce a plastic mixture has the

effect of reducing the strength of the concrete to the

same extent as would result from the omission of from

2 Ib. to 3 Ib. of cement from the batch.

(2) The mere use of richer mixtures generally en-

courages a feeling of security, whereas in many instances

nothing more is thereby accomplished than the waste of

cement consequent upon an excess of mixing water.

(3) As small variations in the amount of water cause

a much wider change in the strength than similar

variations in the proportion of cement or the size and

grading of the aggregate, it is important to use the

smallest proportion of water that will produce concrete

of a plastic or workable consistency.
Fresh water should always be used, and care should

be taken to see that it is free from earthy, vegetable,
and organic matter, acids and alkaline substances in

suspension or solution.
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Sand or Fine Material. The duty of sand, or other

fine material, in concrete is to fill up, as far as possible,

the spaces or voids between the particles of aggregate,
or coarse material. From the theoretical standpoint
there is obviously no objection to the employment, as

a substitute for sand, of small well graded particles of

hard stone. Wherever stone screenings are so used

they must be free from dust and foreign substances

generally. Sand for concrete should be composed of

grains of hard and durable stone free from impurities.

The sand, or stone screenings, if the latter are employed
instead of sand, should be of varying sizes from about

| in. gauge downwards. Fine sand and sand with

grains of approximately uniform size are equally unde-

sirable for the reason that for given mixtures of cement
and sand they produce mortars of less density and

strength than those obtained by the use of coarser and
well graded sands. This remark applies with equal
force to fine material consisting of small particles of

stone.

Aggregate or Coarse Material. The coarse material

in the best qualities of concrete consists of gravel,

shingle, or broken stone of hard, close-grained and
durable character. Limestone and other varieties of

rock containing large proportions of calcium carbonate

are undesirable in concrete for buildings owing to the

fact that they may be disintegrated at high temperatures
in case of fire ; coke and coal residues of combustible

nature are equally undesirable ; and broken brick is

generally inadvisable because it yields concrete of low

compressive strength.

Among materials which should not be employed as

aggregate for reinforced concrete are coal residues,

including ashes, cinders, clinkers, coke breeze, pan breeze,

blast furnace slag, copper slag, refuse destructor clinker,
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and forge breeze. During quite recent years, the

desirability of producing light-weight concrete for ship-

building purposes has led to the introduction, in the

United States, of a special variety of burnt clay as aggre-

gate. Concrete made with this material, which is so

light that it will float in water, has been favourably

reported upon by the United States Shipping Board,

by whom it has been found satisfactory in respect of

compressive strength and impermeability. Several large

steamships have been constructed of such concrete for

the American Government, and it is clear that if the

behaviour of these vessels confirms the claims made on

behalf of the material, a very wide field will be opened

up for the employment of light-weight concrete in

engineering and building construction.

Speaking generally, aggregates should be free from

sand, earth, clay, quarry refuse and other foreign matter.

Where sandy gravel, or Thames ballast, is employed,
the sand should be screened out, leaving as aggregate
all particles of about

|-
in. gauge and above. The sand,

if of suitable quality, can afterwards be mixed with the

cement and aggregate in the predetermined proportions.
The pebbles, or the fragments of broken stone, used

as aggregate, should be varied as much as possible in

size, and carefully graded so as to reduce the proportion
of voids to a minimum. In building construction and
in reinforced concrete work, the particles usually range
from | in. up to f in. gauge. For some classes of work
still finer concrete is necessary, and on the other hand,
in mass concrete work the aggregate may often be

graded up to 2J in. gauge or more with advantage,



CHAPTER III

PROPORTIONING CONCRETE

WHATEVER may be the nature of the raw materials,

or whatever the purpose to which concrete is to be

applied, it is always important that the constituents

should be employed in the most advantageous manner.

With this object in view, careful attention should be

directed to the influence exerted by the nature of the

aggregate and sand, the sizes of the particles, the pro-

portions in which particles of different sizes are used,

the proportion and quality of the cement, and the

consistency of the mixture.

As a general axiom, it may be said that the density
of concrete is the most reliable index to its strength,

impermeability and economy. The density of concrete

is represented by the ratio of the volume of solid matter

to the total volume of the concrete. Maximum density

corresponds with maximum efficiency, and is to be

obtained by using aggregate and sand, each with particles
of varied and well graded sizes, so that the voids or

spaces between the largest pieces of aggregate are

occupied, as far as practicable, by stones of the next

largest size, and thereafter by particles of progressively

decreasing dimensions until the spaces remaining to be

filled are small enough to give the sand or other fine

material the opportunity of continuing the process to

a stage where the cement and water come into play'
and occupy all the remaining spaces. Fig. 7 shows a

sample of gravel which has passed through a 1J in.

sieve and been held on a | in. sieve, and Fig. 8 shows

23
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sand after passing a J in. sieve. The particles in these

two illustrations are two-thirds full size.

FIG. 7, GRAVEL (TWO-THIRDS FULL SIZE)

FIG. 8. SAND (TWO-THIRDS FULL SIZE

It is quite evident that if in a given volume of concrete
k

the aggregate and sand are so graded and proportioned
that ihe concrete is composed principally of stone,

the amount of cement paste, consisting of cement and

water, necessary for binding the whole mass together
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will be very much less than the amount required in a

case where the same care has not been taken to reduce

the proportion of voids by proper grading and propor-

tioning of the coarse and fine material. As the latter

cost very much less than Portland cement, economy is

attained by packing them together as closely as possible,

to say nothing of the increased strength thereby secured.

The employment of cement for the purpose of making
up for the effects of badly proportioned aggregate and
sand is merely a waste of good and expensive material,

and should always be avoided.

The general principles governing the proportioning
of concrete may be thus stated

(1) For a given mixture of aggregate and sand, the

strongest concrete is one containing the largest

percentage of cement.

(2) For a given percentage of cement and given kinds

of aggregate and sand, the strongest concrete is one

obtained by combining the coarse and fine materials so

as to give concrete of maximum density.
Various methods are adopted -with the object of

obtaining concrete of maximum density, some of these

being described in the following paragraphs.

Proportioning by Voids. This method is based upon
the undeniably correct principle of measuring the voids,

that is to say the spaces between the particles, in the

aggregate and the sand, using enough cement paste,
or cement and water, to fill the voids in the sand, and

enough cement paste and sand to fill the voids in the

aggregate, care being taken to provide an excess of

cement paste sufficient to coat all the particles thoroughly.
The voids in aggregate and sand may be determined

approximately either by direct measurement or by
computations based upon the specific gravity of the

material and the weight of a unit volume of the particles.
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Proportioning concrete by the direct measurement of

voids can be carried out as described below, but for

various reasons which will be afterwards mentioned,
the method cannot be relied upon for accurate results.

The mode of procedure is as follows Take a vessel

of ascertained capacity ; fill it with the aggregate to be

used, shaking down and levelling the material at the

top of the vessel ; add water from a vessel containing
a known volume until it reaches the upper surface of

the aggregate in the vessel. Then by deducting the

volume of water remaining in the vessel from the

original volume therein, we can find the volume of water

used in filling the voids in the aggregate. Therefore,

an equal volume of sand should be added with the

object of filling the voids. The voids in the sand can

be ascertained in a similar manner, the volume of water

added being an index to the volume of cement paste

necessary to fill the voids in the sand.

A more accurate method of determinai ion is to weigh
a given volume of the material, whether aggregate or

sand, and from the weight so ascertained to calculate

the weight per cubic foot. Then if the specific gravity
of the material is known, it is easy to compute either

the volume or the percentage of voids.

In any event, the method of proportioning concrete

by voids gives results that are only approximately
correct. Thus, the percentage of voids in the aggregate
varies considerably with the compactness of the material

as affected by manipulation when it is being filled into

the measuring vessel, and the percentage of voids in

the sand is greatly affected by variations of moisture.

Moreover, it is impossible to drive out all the air when
water is poured into aggregate and sand, and so further

errors arise. Again, it does not follow that the actual

volume of voids in the aggregate will correspond with



PROPORTIONING CONCRETE 27

the quantity of sand required to fill the voids, principally
because the grains of sand tend to thrust apart the

particles of aggregate, while some proportion of the sand

is usually too coarse to fit into the spaces between the

particles of aggregate. Further complication arises

from the fact that the cement paste coverjng the grains
of sand virtually increases their dimensions, and thereby
tends to increase the voids, a similar tendency being
due to the superficial tension of the water used.

Bearing all these disturbing factors in mind, it is

necessary to provide an excess of at least 10 per cent

of cement paste in. the sand, and an excess of at least

10 per cent of cement paste and sand in the aggregate,
to provide for contingencies.

Proportioning by Trial Mixtures. A comparatively

simple and reliable method of proportioning concrete

is based upon the examination of trial mixtures. Briefly

described, the method consists in placing a defined

weight of several mixtures, one at a time, in a cylindrical

vessel, tamping the concrete, and noting the height of

the upper surface. After the first mixture has been

dealt with the cylinder is emptied, cleaned and used

in the same manner for the trial of any required number
of mixtures. In this way it is easy to find proportions

giving the lowest height of concrete in the cylinder,
the mixture giving the lowest height evidently possessing
the greatest density.
The materials employed in mixing the concrete should

be carefully weighed on an ordinary pair of scales,

and the cylindrical vessel can be formed by closing one

end of the piece of iron or steel tubing, a convenient

size being from 9 in. to 12 in. diameter, and from 12 in.

to 15 in. high. Tamping should be performed in as

uniform a manner as possible, in order to reduce to a

minimum any variations due to the human element.
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Proportioning by Arbitrary Standards. A method
often adopted for settling the proportions of concrete

to be used in different classes of work is to select one or

other of the mixtures recommended in some handbook
or code of regulations. This method is a very con-

venient one, although leading to wide discrepancies in

results owing to differences in measurement of the

materials. For instance, concrete ostensibly mixed

by one contractor in the proportions of 1 part of cement,
2 parts of sand, and 4 parts of aggregate by measure,

may be no better than a batch of concrete produced

by another contractor who has measured the materials

in the proportions of say, 1 : 3 : 6.

The reasons for so anomalous a result are due to

variations of packing and measurement of cement,
and to variations in the nature and grading of the sand

and aggregate. Experience shows that the actual

weight of cement placed in a gauge box of one cubic

foot capacity depends very much upon the ingenuity
of the man engaged in the operation of filling in the

cement. The weight of cement per cubic foot may
be reduced to less than 70 Ib. by ingenious filling,

and it is quite easy in this way for a clever man to

save a couple of hundredweights of cement a day.
On the other hand, cement may be packed so closely
in the gauge box as to bring the weight up to 120 Ib.

per cubic foot. These figures show a range of over

70 per cent in the quantity of cement instead of the

uniformity supposed to be given by the prescribed
method of measurement.

The influence of the sand and aggregate is clearly

indicated by variations in the quantities of material

required to produce one cubic yard of concrete of any
given mixture. Such variations depend upon the nature

of the materials selected and the percentages of voids
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in the sand and aggregate, and show that the adoption
of an arbitrary standard is not advisable in general

practice. The resulting concrete may happen to fulfil

requirements satisfactorily, but it may be of less than

the anticipated strength and dangerously porous, or,

on the other hand, may involve the use of a larger
amount of cement, and greater cost than would be

found necessary under a more scientific method of

proportioning concrete.

Proportioning by Mechanical Analysis. This is an

extremely scientific method devised by Mr. W. B.

Fuller and Mr. Sanford E. Thompson, two American

engineers who have devoted much study to the correct

proportioning of concrete.

Mechanical analysis is performed by separating the

particles of a sample of aggregate, sand or cement into

the various sizes of which it is composed, so that the

results can be plotted in a diagram to form a curve,

each ordinate of which is the percentage of the weight
of the total sample passing through a sieve having holes

of a diameter represented by the distance of the ordinate

from the origin in the diagram.
The objects of mechanical analysis curves, as applied

to sand and aggregate for making concrete are (1) To
show graphically the sizes and relative sizes of the

particles, (2) To indicate what sized particles are required
to make any given mixture of sand and aggregate
more nearly perfect, and so to enable the engineer to

improve the mixture by the addition or substitution

of other sizes of particles, and (3) To provide data for

determining the best proportions of different kinds of

sand and aggregate.
Practical experience shows that the best possible

mixture of cement, sand and aggregate is one giving a

mechanical analysis curve which is of parabolic form,
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and representing the combination of a curve approaching
an ellipse for the sand, and a tangential straight line

for the aggregate. The ellipse extends to a diameter

equal to one-tenth the diameter of the maximum size

of the particles of aggregate, and beyond this point
the aggregate is to be graded uniformly.

Mechanical analysis diagrams afford very precise

means of determining the best proportions of any
materials for concrete by sieving each of the

materials, plotting the analyses and combining the

curves, so that the result is a curve as nearly as possible
similar to a curve denoting maximum density. The

proportions of the different materials required to produce
the new curve will show the relative quantity of each

material which must be used for the concrete mixture.

The method is particularly valuable, not only as a

means of ascertaining the best proportions in which

the sand and aggregate should be mixed, but also for

the purpose of showing how a given kind of aggregate

may be improved by increasing or decreasing the

proportion of one or more particular sizes of particles.

Mechanical analysis of the materials can be made
from time to time during the progress of any work or

contract, so as to indicate whether or not the sizes of

the particles of the sand and aggregate have changed
to any appreciable extent, and in that event to give
an index to the manner in which the proportions should

be adjusted to maintain the most suitable conditions

for efficiency and economy.
In analysing any given sample of sand or aggregate,

the different sizes are separated by screening the material

through successive sieves of progressively increasing
fineness. After sieving, the residue on each sieve is

carefully weighed, and commencing with that which
has passed the finest sieve, the weights of the sifted
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material are successively added, so that each sum will

represent the total weight of the particles which have

passed through a certain sieve. The sums so obtained

are expressed as percentages of the total weight of the

sample, and plotted on a diagram with diameters of the

particles as abscissae and percentages as ordinates. As it

would not be appropriate in a book of this kind to discuss

at length the method of plotting and combining
mechanical analysis curves, those desiring further

information are referred to a paper in the Transactions

of the American Society of Civil Engineers, entitled
" The Laws of Proportioning Concrete," where Mr.

Fuller and Mr. Thompson discuss the subject at

considerable length, and in full detail.

The apparatus necessary for a mechanical analysis
consists of a special set of sieves, and a pair of balances

for weighing. The sieves are 8 in. in diameter by 2J in.

in height, the number and sizes used being dependent

upon the importance of the tests. In ordinary practice
the series of sieves of which particulars are given in

the subjoined table are recommended for average

laboratory work.

SIEVES FOR MECHANICAL ANALYSES
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While the mechanical analysis method may appear
to some of our readers as an unnecessary refinement,

it clearly deserves mention in this book. A convincing

proof of the practical value of the method is furnished

by the fact that it has been employed by Mr. Fuller

in important engineering construction for determining
the proportions of concrete used in the construction

of thin watertight walls, the proportions adopted having
been about 1:3:7, whereas for watertight concrete

where the materials are proportioned by ordinary
methods 1 : 2 : 4, or richer mixtures are always found

to be necessary.



CHAPTER IV

MIXING CONCRETE

THE operations coming under the general head of

concrete mixing, and including suitable and necessary

preparation of the constituents, are in every way as

important as the establishment of correct proportions.
In this chapter we will discuss preparation of the

materials, mixing by hand, and mixing by machine.

Preparations of Materials for Concrete. In former

times when cement manufacture had not fully attained

its present high standard, it was customary to aerate

cement before using it on important work, by spreading
out and turning over the material in order to assist

hydration of the free lime present. In the case of the

best qualities of modern Portland cement the process
of aeration is not only unnecessary, but causes a distinct

loss of strength. Where large stocks of cement have
to be held, they should be stored in bulk, rather than

in bags or other packages allowing the access of air.

The results of an investigation recently made at the

Lewis Institute, Chicago, show that cement stored in

bags for three months may lose 20 per cent of its original

strength, and that it continues to suffer loss, though in

a diminishing ratio, with continued storage. The tests

did not include any on bulk storage, which appears to

have no appreciable effect on the strength of cement.

Sand and aggregate frequently, if not always, contain

silt, clay, earthy matter, or stone dust, which can only
be removed by washing. Various methods of performing
this operation are in general use, among them being :

'

(1) washing the material down an inclined trough, having

stationary screens in the bottom, through which water

33
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and impurities are carried off
; (2) washing by throwing

the material on a vibrating screen, either suspended
in water or subjected to a constant stream of water ;

(3) washing in a rotatory drum, or a stationary drum
fitted with a screw conveyor, the material travelling

up a slight incline and meeting a downward stream

of water. A simple form of screw conveyor washing

apparatus is represented in Fig. 9, water being admitted

at the upper end, and the sand or aggregate shovelled

FlG. 9 . SAND WASHER

into a charging hopper near the lower end. By revolv-

ing the screw, the material is carried to the upper end

and ejected after having been thoroughly washed by
the water encountered in transit.

Sand and aggregate can be screened by hand, shovelling

the material against an inclined screen, by hoisting and

delivering the material by mechanical appliances upon
an inclined screen, or by placing the material in a revolv-

ing screen operated mechanically. In modern practice
the careful screening of the sand and aggregate into

various sizes is an essential preliminary to the production
of scientifically proportioned concrete.

From inscriptions on Egyptian monuments, supposed
to have been made about 4000 B.C., it seems probable
that sieving was practised long before the existence of
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human records. The screens used by the Greeks and

Romans about 150 B.C. had meshes of hide, reeds or

hair, and it was not until the fifteenth century that

wire screens were introduced. Fig. 10 is from a quaint
illustration in a work written by Agricola, and published
in 1556. The man in the foreground is working a

one-man sieving machine, while in the background

FIG. 10. EARLY SCREENING APPARATUS

two men are using a sieve suspended at the centre,
this being an early type of the modern shaking screen.

In order to avoid the wasteful rejection of pebbles,
or fragments of stone, which are of larger size than the

maximum permitted by specification, stone breaking
machines are generally employed, although breaking
is frequently done by hand, a method which is very

expensive in the present condition of the labour market,
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although the results are better than those given by a

machine because crushing effects are absent. The
best stone breakers are constructed so as to reproduce
hand breaking as closely as possible. Machines of this

class are provided with two jaws brought together so

as to strike a sharp blow upon the stone to be broken.

Other machines known as stone crushers, tend to fracture

and to pulverize the material, the dust produced being

prejudicial to the concrete unless removed by suitable

means.

In contracts where concrete is employed on an exten-

sive scale, more or less elaborate plant is laid down for

the preliminary treatment of sand and aggregate, so as

to make the most efficient and most economical use

of these materials.

Mixing by Hand. Being apparently an exceedingly

simple matter, the mixing of concrete often receives

much less attention in the way of supervision than is

desirable, and inefficiency sometimes passes unobserved

in consequence. Three points deserving special atten-

tion are the exact measurement of the materials, the

thorough mixture of the cement and sand, and the

addition of no more water than is necessary to produce
a plastic consistency.

The materials, after careful measurement, are mixed
on a timber

"
board

"
or platform, varying in size

from 10 ft. to 20 ft. square, according to the extent of

the contract, and if mixing has to be carried on for some

time, it is good policy to cover the platform by a thin

sheeting of iron or zinc, thus protecting the wood,

preventing leakage of cement grout through joints,

and providing a surface conducive to easy and thorough

shovelling. The platform should be situated close to

the place where materials are stored, and as near as

possible to the site where the concrete is to be used.
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A simple method of measuring sand and aggregate
is to fill them into bottomless boxes, one for each

material, and of the capacity for one batch of concrete.

An ordinary cement barrel with both heads removed
and fitted with handles, makes a convenient measure

for aggregate ;
and half or part of a similar barrel

can be used for measuring sand. The measure is placed
on the mixing platform, filled with sand or aggregate,
as the case may be, and then lifted off, leaving the

material behind. It is wise to proportion the cement

by weight, owing to variations in the actual quantity
of cement filled into a measure of any given volume.

Water should always be measured in a bucket or other

vessel, and not applied by a hose, as this method leads

to variable consistency, and tends to wash away the

cement and sand from the coarse material.

Sand should first be measured and spread out on
the board in a layer of even thickness, the measured
cement should next be distributed over the surface

of the sand, and the whole turned over dry until

thoroughly mixed. The measured aggregate should then
be thrown on, and all three materials turned over three

or four times dry, and for a sufficient number of times

after the addition of water, which can be added most

conveniently and suitably by a watering can with a

rose-head, filled from the measuring bucket or vessel.

Some contractors mix concrete by measuring the

aggregate on the board first, afterwards separately

adding the measured sand and cement. This method,
however, is not quite so economical as that first des-

cribed. Another method is to measure the aggregate
on the mixing board, then to measure and mix the

sand and cement, and finally to shovel on the resulting
mortar and mix it with the aggregate. This method
is still less economical than the second one.
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Whatever may be the details of the procedure adopted
in hand mixing, the most careful inspection is always

necessary to ensure thoroughly mixed concrete.

Mixing by Machine. When the work to be executed

is of sufficient magnitude to justify the cost, concrete

can be mixed far more economically by machine than

by hand. As previously stated, machine-mixed concrete

is nearly always stronger than that prepared by hand,

owing to the more thorough incorporation secured.

The economy of concrete mixing plant is due as much
to the auxiliaries employed for dealing with the raw
materials as to the saving of labour by the mixing
machine itself. The selection and arrangement of the

appliances for handling the materials, and to a limited

extent the selection of the type of mixer, depend upon
local conditions, the amount of concrete required

daily, and the magnitude and consequent duration of

operations.

Fig. 11 is a view of a concrete mixer as installed for

the construction of the Royal Liver Building, Liverpool.

The machine was one of the Ransome-ver-Mehr type
driven by an electric motor, and capable of turning
out 4,000 cubic feet of concrete per day of nine hours.

It was arranged with a staging at the back of the charg-

ing hopper, approached by two inclined barrow runs,

up which sand and aggregate were conveyed from storage

compartments, the cement being delivered on the staging
itself. An automatic tank connected with the city

mains provided for the correct supply of water for each

batch of concrete. With this compact plant there

was no difficulty in obtaining upwards of 200 mixings
of 20 cubic feet each in a day of nine hours, the concrete

produced having been most uniform .in consistency
and satisfactory in every way.

Jn the execution of important public works involving
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large quantities of concrete, the contractor will

find it remunerative to make free use of labour-

saving appliances, while in contracts of modest

dimensions the mechanical equipment should be of

the simplest proportions consistent with satisfactory

results.

Concrete mixers naturally fall into one of two general
classes continuous mixers and batch mixers. In

those of the former class, the materials are inserted

more or less continuously, either by shovelling or by
the aid of automatic measuring appliances, and the

concrete is discharged from the outlet in an ever-flowing
stream. In those of the latter case, the body of the

machine is of capacity suitable for the reception of the

materials required to produce one batch of concrete

at a time. Having been charged, the machine is set in

motion, and after thorough mixing the whole batch

of concrete is discharged. It should be mentioned

that some of the machines on the market are arranged
for use either as continuous or as batch mixers. There-

fore, the user has a choice of methods open in the case

of such machines.

Speaking generally, continuous mixing is not to be

recommended unless the materials are measured and
added by automatic mechanical auxiliaries. If the

materials are measured by hand, and shovelled into

the machine while mixing is in progress, variations

are almost certain to occur in the proportions, and

the concrete will not be of the required uniformity.
In the case of batch mixing, all the materials, first

definitely measured, are placed in the drum, or recep-

tacle, and there can be no mistake about the propoitions.
The uniformity of the concrete then depends upon
the efficiency of the machine used and the length of

time during which it is in operation.
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So far as design and construction are concerned,
concrete mixers are made in varied types. The rotary
mixer, a general type adopted by many leading makers,
consists essentially of a drum or receptacle in which
the materials are shaken together and turned over and

over, the process of mixing being aided by deflectors or

projecting blades attached to the sides of the recep-
tacle. The paddle type of mixer is one with a stationary
drum or trough fitted with one or two revolving shafts,

to which paddles are attached for churning up the

materials. The gravity type of mixer is one where the

materials are mixed by being thrown from successive

baffle plates as they descend from the top to the bottom
of the apparatus, or where they are mixed by flowing

through successive hoppers.
Concrete mixers are made in so many varieties,

for operation by hand or by power, that it would take

too much space to describe examples even of the best

known makes, and it would be a somewhat invidious

task to select one or two machines as examples. There-

fore, the reader who wishes to obtain detailed informa-

tion on the subject is referred to the fully descriptive

catalogues issued by all manufacturers of concrete

mixers and auxiliary appliances.
Precautions in Machine Mixing. The following are

some points of special importance (1) The materials

fed into the mixers must always be strictly in accordance

with the specified proportions ; (2) While sufficient

water should be used to produce the required consist-

ency an excess of water must be carefully avoided,
or the concrete will not attain the strength contemplated

by the designer ; (3) The process of mixing must be

continued long enough to make sure that the ingredients
are thoroughly incorporated. The time allowed in a

rotary mixer, measured from the completion of filling



42 CONCRETE AND REINFORCED CONCRETE

to the end of mixing, should be not less than one minute,
and experience shows that a longer period of mixing
will improve the quality of the concrete in respect of

strength, and at the same time result in a smoother
mixture even with less water ; (4) The entire contents

of the drum should be removed on the completion of

each batch in the case of a batch mixer, and the interior

of the mixer should be rinsed ou1 as may be necessary
to prevent any set or practically set concrete from

adhering to the sides.

Concrete Mixing Plants. In very small contracts,

particularly where hand mixing is adopted, the installa-

tion of plant for the preparation of concrete is of ex-

tremely simple character sometimes so simple, in fact,

that there is nothing meriting the name of plant to be

installed. Sand and aggregates are delivered in heaps
near the mixing platform, cement is stored in any
convenient shed or temporary shelter. The materials

are washed and screened, as necessary, and either

shovelled directly into the measuring boxes on the

mixing platform, or wheeled there in barrows ready for

shovelling into the boxes.

In large contracts, the arrangement and nature of

the plant for handling raw materials is quite as important
from the standpoint of economical production as the

concrete mixing machinery. The design of a concrete

making plant is governed by the nature of the work
to be executed, and by various local conditions.

Where large quantities of sand and aggregate have to

be received, stored, washed, screened, and graded before

conveyance to the mixers, a good deal of preliminary

outlay may be justifiable in the 'provision of storage

bunkers, runways, gangways, conveyors, hoists, trucks,

and the like. Everything possible should be done to

minimize hand labour, and to economize motive power
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by laying out the plant so that the materials, concur-

rently with their preparatory treatment, travel pro-

gressively by the shortest possible route from the point

FIG. 12. PLAN OF CONCRETING PLANT AT MASSACHUSETTS
INSTITUTE OF TECHNOLOGY

of reception to the mixing machine their ultimate

destination while in the form of raw materials. In

a word, the concrete-mixing department should be

planned and operated very much on the lines adopted
in a thoroughly up-to-date factory, and the now familiar
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methods of mass production should be followed as

closely as may be practicable and appropriate.
A typical installation is illustrated in Fig. 12, which

is a plan of the contractors' plant used in erecting the

new buildings of the Massachusetts Institute of Tech-

nology, Boston, U.S.A. Materials were delivered on

the site by the Boston and Albany Railroad, and con-

veyed direct to the various concrete mixing plants by
means of elevated contractors' lines carried on timber

viaducts. Sand and gravel were discharged into pits

with a capacity of 300 cubic yards for sand/ and 400

cubic yards for gravel, and cement was stored in sheds,

one for each section. The concrete mixers were in-

stalled in pits so that the materials.could be run in by
gravity. Mixed concrete discharged from the machines

was conveyed by trucks to hoist towers, and thence

distributed to the required points.



CHAPTER V

DEPOSITING MIXED CONCRETE

FRESHLY mixed concrete should be transported to

the point where it is to be used and deposited in place
without any avoidable loss of time. If the concrete

is not deposited promptly, the larger particles may
become separated from the sand and cement, and
if the cement begins to set before the concrete has been

put in place, there may be a considerable loss of strength.
Concrete in small quantities is usually transported

from the mixer in ordinary wheelbarrows or in two-

wheeled barrows of special design, now made for the

purpose by most manufacturers of concrete machinery.
In large works the concrete is very generally distributed

in trucks running on contractors' lines serving the various

points where operations are in progress. Cableways,

gantries, hoists, and derricks have been extensively

applied to the distribution of concrete, and the employ-
ment of hoisting towers in conjunction with gravity
shoots constituting what is known as the gravity

system of distribution has been widely adopted in the

United States, although only rarely applied in this

country. For use in connection with transportation

plant many ingenious types of cars and buckets are

available, being constructed so that the concrete can

be discharged expeditiously by opening at the bottom
or one side, or by means of discharge valves under

ready control.

A particularly interesting and novel form of concrete

construction plant was installed a few years ago in

London by the contractors for H.M. New Stationery

45
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Office (temporarily converted for use as the King George

Military Hospital). As the building consists entirely
of reinforced concrete, covers an island site about two
acres in extent, and rises to a height of 70 ft. above

pavement level, it will readily be understood that very

large quantities of concrete had to be dealt with, and
that the execution of the work offered ample scope for

the employment of distribution plant on an extensive

scale.

In this particular case, the contractors decided to make
use of steel gantries commanding the whole site. Similar

gantries are generally employed in modern shipbuilding

yards, but had not previously been adapted to the needs

of concrete building construction. One reason which

led to their evolution in the Stationery Office contract

was the small amount of open space on the site for

ordinary erection plant, and the virtual absence of

exterior space for hoisting appliances. The members
of the framework were made interchangeable, so that

after the completion of the work the gantries could be

taken down and re-erected in entirely different forms

to suit the requirements of subsequent building
contracts.

The gantries comprised a series of latticed towers

connected by longitudinal and transverse girders of

the same type. The towers were bolted down to

concrete foundation blocks, and rose to a height of

86 ft. 9 in. above foundation level. Rails were laid on

the longitudinal girders for the operation of overhead

electric travelling and traversing cranes by means of

which the whole area was commanded and supplied
with concrete and other materials. Thanks to these

gantries it was possible to transport materials over

freshly-laid concrete without the slightest risk, their

range of action was infinitely greater than that of
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derricks, the use of contractors' lines, barrows, and
trucks was entirely obviated, and building operations
were conducted both economically and expeditiously
The concrete mixing plant at ground floor level

Distributing
Hopper

y

Runway

FlG. 13. GRAVITY CONCRETING PLANT AT THE U.S.A.

BUREAU OF ENGRAVING AND PRINTING

comprised three Ransome electrically driven machines

and all necessary auxiliaries.

Engineers and contractors in this country do not

generally favour the practice of distributing mixed
concrete by means of gravity plant, their principal
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objection being due to a fear that the materials may
become separated, or unmixed, during transit. Amer-
ican engineers and contractors, on the other hand,
contend that if suitable proportions are adopted, and
if the concrete is properly mixed and of appropri-
ate consistency, thoroughly reliable work can be
secured by the employment of gravity plant for the

transportation and deposition of concrete.

Fig. 13 is a diagram of the concreting plant used in

building the U.S.A. Bureau of Engraving and Printing,
a block 505 ft. long by 300 ft. wide by five storeys high.
All concrete was prepared and handled by duplicate

plants in two courts of the building. Each plant com-

prised a concrete mixer, construction tower, hoist and

gravity shoots. The method of distribution is illus-

trated by the diagram. Sand and gravel were stored in

pit A, transferred by a conveyor to bin B, measured in

the hopper C, where cement was added, and the whole

discharged into the mixer D. Mixed concrete was
delivered into the bucket E, hoisted to the requisite

height, and automatically tipped into the hopper F,

passing thence into the shoot G for distribution by
secondary shoots or by barrows to the required

points.
The makers of such plant claim that its success

depends very largely upon the proper mixing of the

concrete before it is filled into the hoisting buckets.

The concrete should be a plastic, viscous, homogeneous
mass, not so dry as to prevent it from readily levelling

off on top, and a piece of stone placed on the upper
surface should neither stand out nor sink in much below

its own thickness, but should float freely. On no

account should the mixture be
"
sloppy wet," as such

a consistency allows the heavier particles to sink both

during transport and after deposition,
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It is better, in any case, to have the concrete rather

on the dry side than too wet. If too dry to flow readily,
the quality of the work will not suffer, but the shoots

will have to be at a greater angle with the horizontal,

and their radius of action will be proportionately reduced

with a distribution tower of given height.
A typical concrete gravity plant consists essentially

of a steel tower, up which the mixed concrete is hoisted

in buckets of special design; a receiving hopper, generally

placed near the top of the tower, or two or more

hoppers at different levels
;

and a series of gravity
shoots, fed by the hopper and employed in conveying
the concrete to the required points. The precise con-

stitution of the plant for any given work is varied so

as to comply with local conditions. The steel tower is

built up of interchangeable sections, usually 20 ft. in

length, and carried up to a suitable height. In average

practice 200 ft. is considered a maximum height, although
towers have been built higher in exceptional cases.

The hoist bucket is mounted on a frame and arranged
so that it automatically comes under the outlet from
the concrete mixer on arriving at the bottom of the

tower and is automatically emptied into the hopper at

a predetermined elevation, or automatically discharged
at any level in cases where two or more hoppers
are provided on the tower. The hopper into which
the concrete is discharged by the hoisting bucket is

strongly built of steel plate, it is provided with clamps
for attachment to the tower, and is fitted with a water-

tight discharge valve. If desired, the hopper can be
attached to a sliding frame, permitting the level of the

hopper to be quickly changed from one point to another
in the tower. The gravity shoot fed from the outlet

valve at the bottom of the hopper can easily be made
of any length permitted by the height of the tower
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and the slope necessary for the ready flow of the con-

crete. All horizontal shoot sections are egg-shaped,

open at the top, and vertical sections are circular. Two
standard types of horizontal shoot are made, (1) with

swivel-head connections, and (2) with continuous-line

connections. The swivel-head shoot has a round

hopper head at the upper end, and a projecting swivel

plate at the lower end. When assembled, the swivel

head of one section is suspended by a hook and
cross bolt from the swivel plate of the section above.

The continuous-line shoot has a sleeve connection

with chains and keys for engaging rings on the

sleeve. It will be understood that many variations

of these two standard types can be made to suit local

requirements.
It may be well to state that the success of gravity

plant depends not only upon the use of correctly pro-

portioned and well mixed concrete, but also upon the

proper design, arrangement and operation of the plant.
The slope of the shoots must be such that the concrete

will flow in a uniform, continuous stream, always under

perfect control. The shoots must be kept clean by
running water down them whenever operations cease,

even for a short time, and they should be thoroughly
wetted before work is resumed after a short stoppage.

Gravity plant is best suited to works where large quan-
tities of concrete are required in the immediate vicinity
of the mixing machines, and is not to be recommended
for small items of work scattered over relatively wide

areas.

A novel method of depositing fine concrete, cement

mortar, or cement grout is one in which the cement

gun is employed, this appliance being in reality a spray-

ing machine operated by compressed air. The materials

previously mixed dry are placed in the hopper provided,
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and the machine delivers the mixture, through an air-

locking device and hose, to a nozzle where water is

automatically added, the concrete or mortar being

sprayed upon the surface to be covered with force suffi-

cient to produce a dense, hard and durable coating of

any required thickness.

The procedure adopted in depositing concrete in

ordinary construction work is necessarily subject to

variations conformable to the consistency of the material.

For instance, in former times when concrete of dry

consistency was generally used, it was usually specified

that the material should be deposited in 6 in. or 8 in.

layers, well rammed, and each allowed to set before the

addition of the next layer. In the present day, with

slow-setting cement and moderately wet mixtures, it

is permissible to deposit concrete continuously to any
thickness so long as it is properly consolidated as the

work goes on.

Concrete of dry consistency should never be tipped
or thrown from a height, as there is a distinct tendency
for the larger particles to become separated from the

mass. Moderately wet mixtures exhibit the same

tendency when poured or dropped vertically but not to

the same extent as dry mixtures. In the case of thin

walls or parts requiring special care, the concrete

should be shovelled into the moulds and carefully

spaded next to the boards where the surface will

ultimately be exposed to view. The operation known
as spading consists in working a flat spade up and down
the inner face of the mould, thus pushing the aggregate

slightly back and allowing the cement and sand to flow

against the boards where they will form a good surface

to the finished work.

It is always desirable to make the concrete deposited
as compact as possible by forcing out bubbles of air.
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With this object in view the material is tamped or

rammed by suitable tools. For dry and medium mix-

tures a rammer very similar in shape to that employed
in street paving can be used for general purposes, while

for very wet mixtures, in which excessive ramming
may force the finer material and cement to the top, a

specially light form of tool is the most suitable.

In reinforced concrete work, it is very important that

the concrete deposited should find its way to every

part of the moulds, and between all the bars and
meshes of the rei iforcement. This end may be attained

by the aid of rods poked through the wet concrete after

deposition. An alternative method is to make use of

pneumatic hammers, applied to the outside of the

moulds or shuttering, the vibration set up 'having the

effect of liberating confined air and of promoting the

consolidation of the entire mass. This ingenious
device was adopted with perfect success in a concrete

shipyard at Shoreham, where the hulls of the vessels

under construction were reinforced with rods and sheets

of expanded steel, and the concrete was very thin.

Consequently, ordinary methods of tamping and

ramming would have been quite out of the question.

In^many classes of construction it is highly important
to make concrete work thoroughly monolithic. For

instance, in the case of water reservoirs, tanks, swimming
baths, ships and floating structures, there must be no
risk of percolation at joints or along lines where the

execution of work has been interrupted during meal

times or at the end of the day. Sometimes it is practic-

able to employ two or three shifts of men, in order to

make it possible for concreting to be continued without

interruption. Where such procedure is out of the

question, the old concrete, or that which has already

set, must be thoroughly cleaned, roughened where
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necessary, wetted and coated with cement grout before

the deposition of fresh concrete is resumed. Where
mass concrete, subject to compressive stress alone,

is in question, and the risk of percolation need not be

taken into account, the only precaution necessary is

the cleaning of the old concrete before the addition of

new material.

Mixed concrete frequently has to be deposited under

water, an operation demanding special precautions
because if the material were discharged above the

surface and allowed to sink to the bottom, most of the

cement would be washed away, and there would be

left only more or less separated sand and aggregate
with a quite insufficient remnant of the cement.

To obviate anything of the kind, concrete can be

lowered through water in a closed bucket with doors

opening automatically at the bottom, or in a skip arranged
to discharge its contents at one side. Concrete is

sometimes deposited under water by means of a long

tube, suspended by means of tackle, extending from

above the surface to the bottom of the water, the upper
end being provided with a hopper. The tube is filled

with concrete, and kept full by successive additions,

the concrete being allowed to flow out by hoisting the

tube slightly as the work proceeds. Another method

occasionally adopted is to deposit concrete in bags
which are left in position, a rough and ready expedient

rarely entering into modern practice.

In the execution of important subaqueous works in

concrete, various methods are available which do not

involve the deposition of fresh concrete below water.

One method is to construct a cofferdam around the

site, pumping out the water, and depositing the concrete

in moulds or shuttering exactly as would be done on

land. Another method adopted in the case of heavy
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pier construction is to mould large blocks of concrete on

land and to lower them by means of powerful cranes

upon a specially prepared bed, where the blocks are

set by divers. Then, by the addition of successive

FlG. 14. BATTERIE DES MAURES. A NOTEWORTHY
EXAMPLE OF CAISSON CONSTRUCTION

courses, all properly bonded together, the work is carried

up above the surface of the water. A more recent

method of executing subaqueous work is to construct

reinforced concrete caissons on land which can be
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launched, towed into position, and sunk upon a prepared

bed. Caissons have been employed in this way for

forming bridge piers, the substructure of wharves and

jetties, and in a few instances huge structures, intended

FIG. 15. CYLINDER PIERS WITH PRECAST BRACING

to be partially submerged in the sea, have been built

completely on land, a noteworthy example being the

torpedo testing station, known as the Batterie des

Maures, illustrated in Fig. 14. Of late years also, the

difficulty presented by the impossibility of bracing
reinforced concrete piles and piers by ordinary methods
of moulding and depositing concrete under water, has

5 (1463 D)
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led to the employment of hollow cylinder piers

prepared in advance on land, lowered into place,
section by section, and connected up by filling concrete

into the interior. The rigidity of piers so constructed

is generally sufficient to obviate the need for suba-

queous bracing. In cases, however, where such bracing
is essential, it can be provided under the ingenious system

patented by Messrs. Mouchel and Partners in the form

of precast frames monolithically connected with sections

of the cylinder piers (see Fig. 15), and the whole lowered

into place. This method of executing subaqueous

bracing work has been adopted in numerous marine

structures with every success.

Embankments of shingle or broken stone deposited
under water may be converted into mass concrete by
pumping liquid mortar, composed of Portland cement

and sand, into the interstices by means of pipes let

down from the surface of the water.



CHAPTER VI

MOULDS AND SHUTTERING

As concrete is deposited in a semi-liquid or plastic state

on the site of the work to be executed, some means
must be provided by which it can be formed and
maintained in place until the material has finally set

or hardened in the required shape.
The means necessary for this purpose vary widely,

according to circumstances. For example, if it is

desired merely to form a foundation bed in the ground,
the concrete can be filled and rammed into an excavation

the bottom and sides of which will suffice to retain the

material, and to constitute the most simple form of

mould. Again, where concrete has to be spread in the

form of a slab upon the ground, or deposited in a mass
above ground level, the surface of the earth can be

utilized to support the concrete, but timber or metal

shuttering, or some form of curb, must be provided along
the edges so as to confine the material within required
limits. Where the concrete has to be employed in

more complex forms, such as columns, arches, beams,

girders, trusses, framed structures and complete build-

ings, bridges, reservoirs or ships, the temporary false-

works or moulds for the reception and support of the

concrete, until such time as it has set hard enough to

carry its own weight, are of somewhat elaborate character

according to the nature of the work to be executed. This

point is exemplified by Fig. 16, which shows part of the

extensive timber work erected for the construction of

a long range of two-storey dock sheds at Manchester.

57
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The fundamental principle underlying the design
of a mould, or connected series of moulds, for any con-

crete structure is very simple, and merely involves the

formation of a matrix capable of imparting the required

shape to the concrete deposited therein, and of sustaining
the concrete so long as it remains moist and soft. The
realization of this elementary principle in everyday

practice may be quite an easy matter for the merest

beginner, or, on the other hand, a task calling for the

aid of a designer with scientific training and much

practical experience.
Two courses are open for adoption in dealing with the

design of moulds, shuttering, centring and other false-

works for concrete and reinforced concrete construction.

One is for the engineer or architect, as the case may
be, to design all details, and the other is to leave every-

thing in the hands of the contractor. The second of

these two alternatives is almost universally followed,

and there is certainly justification for the practice,

because the falseworks are in reality contractors' plant,
and after having been employed on one contract, should

be available for use on many succeeding contracts.

If the timbering is designed and constructed so that

it can be taken down with a minimum amount of inci-

dental damage, the cost of the falseworks can be spread
over several contracts, and the owner of the building or

structure benefits accordingly. Of course, a serious

responsibility falls upon the contractor in respect of

safety, and in the design of falseworks for important
works it is necessary that he should possess the necessary
technical qualifications, or act under the advice of a

qualified engineer.
Timber used in the construction of moulds and shutter-

ing should be properly seasoned, neither too dry nor

too green. Trouble may arise in the former case from
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excessive swelling under the influence of wet concrete,

and in the latter case leaky joints may give trouble,

especially if the timber is of a variety which is not

readily affected by moisture. All joints in facing
boards must be close enough to prevent leakage,
for if this takes place cavities may be left in the

concrete.

Moulds and centring must be carefully aligned, and
of rigidity sufficient to enable them to carry the wet
concrete without suffering distortion. Struts and

bracing must be applied to make the construction safe,

and in open-air work, wind bracing is an important
item. Considerable savings in timber and in the labour

required for the erection and subsequent demolition of

falseworks, can be effected by planning out all details

beforehand in accordance with a well-considered scheme.

As a rule, many of the moulds for beams, columns and

other structural elements can be used repeatedly in

different parts of the same contract, and if constructed

so that they can be taken down without injury they are

usually available, with suitable modifications, for

succeeding contracts.

Nails should be sparingly used. It may not be easy
to persuade an ordinary carpenter that wedges and

clamps will hold the sides of a mould together entirely

without nailing. But the effort deserves to be made,
and in places where nails are really necessary they should

not be driven quite home, but left with the head pro-

jecting slightly, so that the nails can be drawn without

the need for damaging the surrounding wood.

In buildings of several storeys, two or three sets

of moulds enable the contractor to carry out his work
with economy and despatch, as the timbering first used

can be taken down as soon as the concrete has hardened

sufficiently, and then erected at a higher level while
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intermediate sections of the concrete are setting in

duplicate sets of moulds.

In order to facilitate the removal of timber from

the surface of the concrete, the moulds are generally
treated inside with oil, soft soap, or a coat of white

wash, and before any concrete is deposited, care should

be taken to clear away all sawdust, chips or other debris.

Moulds for columns should be built with at least

Temporary

position
ofT7es

FIG. 17. MOULD FOR COLUMNS

one side open from bottom to top, as in Fig. 17, in order

that the concrete may be deposited in successive layers
and the opening filled in board by board, as successive

layers are added. An alternative method is to form

she moulds with corner posts, and to fill in the sides with

thort boards as the work advances. This method

permits the concrete to be rammed more effectively,

and enables one to remove all the side boards after
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the concrete has partially set, leaving the corner posts
in position for supporting the weight of the falseworks

and materials above. In this way the face of the

concrete is exposed all round at a comparatively early

period, and the process of hardening is correspondingly

expedited. Column moulds are sometimes made with

all sides fixed in place, a mode of construction which
involves the use of a very wet mixture of concrete.

Apart from the risk that shavings, pieces of wood and

FIG. 18. MOULD FOR BEAMS

refuse may be dropped into such moulds and escape

detection, there is always a tendency for concrete

poured in at the top of a long closed mould to become

disintegrated, the lower part containing an undue

proportion of large pieces of aggregate, and the top

part consisting chiefly of cement, sand, and the finer

particles of aggregate. Further, as nothing is possible
in the way of tamping, the concrete poured in at the

(op cannot be freed effectively from air bubbles, and

consequently is apt to be more or less porous.
Beam moulds, Fig. 18, are virtually open troughs

of predetermined dimensions, set up between column
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moulds where columns are employed as supports.
The sides of the moulds should be attached in such

manner that they can be taken away, when the concrete

has partially set, without disturbing the bottom of the

moulds. In this way the concrete can be exposed to

the air as soon as the cement has set sufficiently to hold

the mixture together, and the process of setting is

thereby hastened. The sides should be clamped at

intervals so that they may not be pushed outwards by
the moist concrete, and the bottom of the moulds must
be supported so as to guard against deflection under

the weight of the material contained. The posts or

struts placed under the moulds should be provided with

wedges are the top and bottom for convenience in

erecting and striking the supports, as well as for the

purpose of testing the ability of the construction to

bear its own weight without appreciable deflection

before the struts are finally taken away.
Floor centring consists of boards laid between the

beam moulds, stiffened by bearers, and properly sup-

ported by struts wedged in place, as in the case of

beam moulds.

Walls of various kinds including boundary walls,

the walls of buildings, retaining walls, sea walls, and

others, are moulded between shuttering, attached to

suitable framework and built up on both sides as the

work progresses ; or one side can be completed first

and the other side built up concurrently with the

deposition of the concrete. Walls are sometimes built

by the aid of movable moulds, having either bolts or

clamps permitting them to be secured to the upper part
of the last wall section completed, and moved upwards
after each section is concreted until the wall has reached

the desired height. Part of a wa]l mould of this type
is represented in Fig. 19,
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The timbering required for the construction of

concrete dams, domes, bridges, and other works of

monumental proportions is generally of complex nature,

and frequently has to support enormous loads for

FIG. 19. MOULD FOR WALLS

considerable periods, particularly in the case of

important highway and railway bridges.

Some idea of the work involved in the erection of a

staging and moulds for such structures may be gathered
from Fig. 20, which shows the falseworks for the

Risorgimento Bridge, Rome, with an arch span of 330 ft.

between the abutments.
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In concrete shipbuilding, again, the temporary frame-

work and shuttering, erected before any concrete is

put into place, virtually constitutes a full-size model
of the vessel to be built, so far as the outer skin of the

hull is concerned, as in Fig. 21, which shows the exterior

shuttering and the moulds for the transverse frames in

a 1,000 ton barge built at Greenock for the Admiralty.
The shuttering faithfully reproduces the external form
of the hull, and the inner sheath of shuttering is built

up simultaneously with the deposition of the concrete.

FlG. 21. SHUTTERING FOR 1000-TON BARGE

Timber is the material principally used in this country
for the construction of moulds and shuttering for

concrete. Steel moulds are largely employed in the

United States and elsewhere, one great advantage
secured being the superior nature of the surface finish,

and another the greater durability of the falseworks.

It is worthy of note that an entirely new system of metal

shuttering for reinforced concrete work has been intro-

duced, under the name of
"
Metaforms," into the United

Kingdom. In this system, the moulds are built up of

standard sized plates of graduated dimensions made
of a special non-corrosive iron, various special plates
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being supplied for inside and outside corners, also a

type of hinged corner connection so that offsets can be

made at any given angle. Iron clamps are rivetted at

one side of each plate and connection, so that firm,

immovable joints can be secured. Standard stay rods

are supplied to keep the inside and outside series of

plates at the required distance apart. These iron moulds
have been used extensively in America for several years
in the construction of large buildings, grain silos, water

reservoirs, circular tanks, boiler chimneys, and many
other classes of construction. Bearing in mind the high

price of timber and the relatively short life of that

material in the form of moulds for concrete, it is probable
that iron or steel moulds and shuttering would enable

contractors to effect considerable savings, even after

allowing for their higher initial cost.

While failures of concrete work, whether plain or

reinforced, are extremely rare after construction has

been completed, many collapses have occurred, chiefly

in America and on the Continent, owing to premature
and unskilful removal of moulds and falseworks generally.

Some batches of concrete occasionally require an abnor-

mal space, of time for setting, owing to special local

conditions, and in exceptional cases it has been found

unsafe to remove the moulds and strike the centring
for several months after the work of concreting has been

finished.

No fixed rules can be laid down concerning the length
of time that should be allowed to elapse after concrete

has been deposited for proper hardening of the material,

as so much depends upon the nature of the work and
the conditions under which it has been executed. If

the atmosphere is damp, and the weather is rainy and

cold, setting of the concrete will necessarily be a slow

process, and it will be still slower where thick masses of
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concrete are involved, because the heart of the material

is shielded from the seasoning action of the surrounding
air.

In summer time, the centring can generally be removed
from floors after a couple of weeks' time, providing
the beams are adequately strutted. So far as beams
are concerned, the side boards of the moulds should

be taken away as soon as the concrete has set sufficiently

to hold together, leaving the bottom boards and struts

in position for not less than three weeks, or longer if

the concrete sets more slowly than usual. In the case

of wall panels which have no weight to carry, the side

shuttering can usually be removed after the lapse of

four or five days in summer, and after about ten days
in winter, providing the setting of the concrete is not

delayed by weather conditions or other causes. The
sides of column moulds may be removed after seven

days in average circumstances, providing the corner

posts are capable of relieving the columns from any
superimposed loading.
The removal of moulds, shuttering and struts should

always be performed by a staff of specially trained men.

Care must be taken to conduct the work so as to avoid

shock or vibration calculated to injure the newly laid

concrete, and to make sure that the timber is not dam-

aged so as to render it unsuitable for employment on

subsequent contracts. Finally, no moulds, centring,

shuttering, or struts, should be removed without the

direct authority of the engineer-in-charge, or the clerk

of works, and the work of removal should be conducted

under competent supervision.
In concluding this chapter, it may be mentioned that

the high cost of constructing, erecting and demolish-

ing timber and other moulds and shuttering, has led

to various alternative methods of executing certain
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classes of concrete work. Several types of flooring have
been devised, consisting of hollow tubes, moulded in

advance, which can be readily and economically sup-

ported in position and connected by thin beams of rein-

forced concrete, the narrow boards supporting the

successive rows of tubes, and the sides of the tubes

themselves, forming moulds for the concrete. Another
method proposed with the object of simplifying false-

works in building construction consists in the use of

precast girders and beams, thoroughly seasoned before

being hoisted and adjusted in position. The only
drawback to this method is the great weight of the

members to be so handled. Another idea which has been

widely adopted in building construction, and to some
extent in concrete shipbuilding, is to make use of self-

centring reinforcement to which the concrete is applied

by plastering. Concrete blocks and slabs are also very

extensively used in wall and partition wall construction,
and several forms of reinforced concrete slab walls have
been introduced within recent years in order to avoid

the need for the customary timber or metal shuttering.



CHAPTER VII

SURFACE TREATMENT OF CONCRETE

FOR many years architects have been trying to evolve

a new style of architecture, and the search has certainly

been encouraged by the development of concrete

construction throughout the entire world.

Up to the present date, however, it may be said that,

with a few notable exceptions, the most successful

attempts in the way of appropriate architectural design
for concrete structures have been made by engineers,

who are sometimes characterized as a class paying very
little attention to, and unqualified by training for, the

production of artistic work. It is an undoubted fact,

however, that many fine buildings, bridges, water towers,

and other important concrete structures in all parts of

the world have been designed by engineers in such a

way as to comply satisfactorily with the canons of art

a result directly attributable to the absence of any
straining after effect, and to the simple revelation of

the actual construction and material employed.
On the other hand, most of the buildings in which

architects have made'use of concrete and reinforced

concrete are artistic failures, either because a monolithic

material is wrongly applied as an unconvincing imitation

of cut stone, or is covered by a veneer of other material

hiding the true nature of the construction and suggesting

something else which has no existence. A notable

exception for which much credit is due to the architects,

Messrs. Salmon Son & Gillespie, of Glasgow, is illustrated

in Fig. 22. The building in question is constructed

70



FIG. 22. LION CHAMBERS, GLASGOW
6 (1463o)
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throughout in reinforced concrete. No attempt was
made to hide the true meaning of the structural features

or the nature of the material either outside or inside.

No doubt the architectural shams which are so

widely used to hide concrete construction do not

differ essentially from those commonly used for many
generations to veil the ugliness of inferior brickwork.

Nevertheless, the antiquity of what is inherently bad
does not convert it into something good, although long

familiarity may perhaps lead to its acceptance without

protest. In any event, however, the common practice
of disguising concrete in a fancy dress of masonry is one

reason why modern architects have not hitherto felt

so strongly as could be desired the need of means for the

appropriate expression of concrete construction. An-
other reason may probably be found in the drab and

uninteresting appearance of concrete as ordinarily

produced. Therefore, it is highly desirable that im-

proved methods of surface treatment should be adopted
with the object of fitting concrete to take rank with

other structural materials in the exterior surfaces, as

well as in the interior economy of buildings.

The irregular surface, uneven texture, and discoloured

appearances of concrete may be due to one or more of

several causes. The boards entering into the construc-

tion of moulds and shuttering generally imprint knot

and grain marks with exaggerated fidelity on the face

of the concrete ; flaws, cracks, and the joints between

the boards being reproduced even more strongly by
ridges of cement or mortar. Careless or hurried depo-
sition and the lack of proper tamping or spading after

deposition may lead to cavities ; badly mixed concrete

may be evidenced by an outcrop of pebbles or fragments
of aggregate in conspicuous places. The use of dirty

moulds and shuttering may result in discoloration of
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the work, while efflorescence and surface cracks are

frequently in evidence. Even where blemishes and
defects of the kind enumerated do not occur, the general
tint of the finished concrete may be, and generally is,

of somewhat depressing character.

Taking the foregoing points seriatim, we will now
consider briefly the best means of effecting improvements.
Marks caused by the grain of the wood in the moulds
can be reduced to a minimum by a liberal interior

coating of thick oil against which fine sand is blown.

Joint marks and cracks in the wood are best guarded

against by clay or mortar filling, or by pasting strips

of paper or cloth over the gaps. Cavities in the finished

surface can obviously be avoided by careful workman-

ship, and concrete of irregular composition by greater
attention to the operation of mixing. Discoloured

surfaces should not occur where the moulds are properly
cleansed before use. Efflorescence is a purely super-
ficial blemish, due to the absorption of carbonic acid

gas from the air by calcium hydrate which sometimes

finds its way to the surface while the concrete is in pro-
cess of setting. Where efflorescence occurs, it can be

removed by washing with plain water, or by diluted

hydrochloric acid The fine hair cracks which some-

times appear on the surface of concrete, chiefly occur

in the case of wet mixtures, the reason being that in

wet concrete some of the finest particles of the cement
are carried to the surface, this very fine skin of cement

tending to crack on exposure. A similar result is often

found in finely trowelled surfaces. As such hair cracks

are only skin deep they can be removed by brushing
the surface or washing it with a weak solution of

hydrochloric acid. The depressing hue of concrete

can be modified by the use of coloured aggregate and

sand, by the addition of colouring material to a facing
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layer of fine concrete, or by the application of a suitable

wash or paint.
If concrete is correctly proportioned, thoroughly

mixed, and carefully deposited and tamped into well

made moulds, the exterior surface can be brought to a
fine and satisfactory finish by rubbing it down and

applying thick cement grout with a brush, or lightly

skimming the surface with cement mortar. This is

preferable to ordinary rendering, because the latter is

FIG. 23. STUCCO FINISHES

very apt to flake off in process of time owing to the

impossibility of obtaining a really effective bond

between the body of the concrete and the applied layer

of mortar. Apart from this practical disadvantage,
stucco finishes of very pleasing appearance can be

produced. White Portland cement, a variety rarely

employed in this country, can be used with beautiful

effects in conjunction with white sand, or crushed

marble. Various delicate tints are obtainable by the

aid of coloured sands, or by the admixture of pigments
with the cement. Stucco can be applied so as to give
a smooth surface by floats made of timber, a still smoother
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surface being obtained by the use of a steel trowel or a

wooden float covered with felt. One of the most

popular finishes is that known as rough-cast, the mortar

being applied by dipping a broom into the wet mixture,
and jerking the mortar against the wall. A good, and
somewhat unusual, effect can be obtained by using
white mortar instead of the ordinary mixture. A
variation of this finish is obtained by throwing the mortar

against the surface by means of a trowel an operation

FIG. 24. GRANITE OR MARBLE CHIP FINISH

requiring considerable skill for the attainment of

satisfactory results. Pebble-dash is another variety
of rough-cast, and as the description implies, it is

executed by throwing small stones into a soft coat

of mortar laid on the surface to be treated. Two
illustrations of stucco treatment are given in Fig. 23.

Concrete floor surfaces of agreeable appearance can

be obtained by rolling granite or marble chips, or such

fragments of any appropriate stone into the moist

concrete (see Fig. 24), the result being a form of mosaic

work capable of many variations, and lending itself

admirably to the realization of colour schemes.
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Where it is desired to impart a pleasing tint to concrete

surfaces, water paints can be used with satisfactory

results, even if the concrete is not perfectly dry. Oil

paint applied to concrete will be destroyed, unless

precautions are taken to prevent the oil from coming
into contact with free lime from the cement. With
this object in view, the surface of the concrete should

be neutralized by the application of diluted sulphuric
acid (1 part of acid to 100 parts of water). The acid
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FlG. 25. ETCHED FINISH WITH KEY BORDER

has the effect of converting any free lime present into

gypsum. After allowing time for the required chemical

reaction, the surface is washed and allowed to dry
before the application of paint. An alternative treat-

ment is to apply a wash of zinc sulphate, in the form

of a 1 : 5 solution, which produces a film of gypsum
and zinc white of harmless character in relation to oil

in the paint.
All the methods of treatment so far discussed relate

to improvement of the surface, either by special care in

the preparation and deposition of the concrete or by
coatings of one kind or another applied after the moulds
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or shuttering have been removed. We will next deal

briefly with methods of treatment involving removal
of the exterior skin of the concrete. The outer film

of cement or of cement and fine sand can be removed

mechanically or by means of chemicals, leaving bare

the particles of aggregate and the layer particles of

the sand. The colour of the sand will naturally influ-

ence the tone and texture of the finished work, and if

dark, it will give a pleasant tint, which may harmonize

FIG. 26. EXPOSED AGGREGATE

or contrast well with that of the aggregate If a uniform

tone is desired throughout crushed stone of the same

variety as that used for aggregate should be used

instead of sand Fig. 25 represents part of a panel with

moulded key border and treated by acid to remove the

outer film of cement.

A bold effect can be obtained by laying the aggregate

quite bare, and almost any required tone can then be
secured by the employment of selected varieties of

stone. An example of treatment in this way is repre-
sented in Fig. 26. Numerous kinds of hard stone are

available, possessing rich colours, capable of being used

with highly artistic effects either separately or in
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combination. If architects who at present regard
concrete as unworthy of use without a casing of brick,

terra-cotta or masonry, would try a few practical

experiments with concrete of natural rock surface, it

is probable that their views on the question of the

aesthetic possibilities of concrete would undergo radical

alteration.

One great incidental advantage of methods involving
removal of the cement film from the concrete is that the

customary and almost unavoidable imprint of joints

and grains from the timber moulds is completely swept

away. By the use of a hand pick with a series of points,
the outer surface of cement,and sand can readily be

removed, so as to expose the stone in the main body
of concrete, the resulting texture varying with the hard-

ness of the material and the direction of the blows given.

Thus, when the concrete has not fully hardened, the

thickness removed by the pick is relatively great, and

some pieces of aggregate are apt to be chipped out,

while harder concrete conduces to finer and more uniform

texture. Again, perpendicular blows leave no percep-
tible marks on the surface, and oblique blows cause

diagonal tool marks, the directions of which can be

varied at pleasure.
A more frequent and generally preferable method is

to wash off the outer film of cement or mortar by bristle

or wire brushes, while the material is still soft, using a

sufficient quantity of water. In this way the aggregates
come out clean and bright, the result being very effective

where coloured stone is employed.
The use of dilute hydrochloric acid and sulphuric

acid, either separately or mixed together, assists the

process of washing away the cement, but all traces

of acid must be washed away afterwards to prevent

permanent discolouration. It should be noted that
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concrete which has fully set cannot be treated econ-

omically or satisfactorily either by scrubbing or by
acid.

By rubbing down the surface with a piece of stone,

using sand and water also, the outer film can be removed,
and where the aggregate is of soft stone, the resultant

surface has a tenazzo finish.

On works of sufficient magnitude to justify the

installation of the necessary plant, the sand blast can

be employed more effectively than chipping, scrubbing,
or washing with acid for exposure of the aggregate.

In the design of large buildings and structures such

as grain silos, water reservoirs and others where large

unbroken surfaces would be dreary and monotonous,

dignified and pleasing effects can be obtained by the

introduction of pilasters, string courses, cornices, and

panels, as well as by variations in the surface finish of

the different architectural details.

Fig. 27 shows a factory building at Hartford, U.S.A.,

illustrating the artistic possibilities of concrete work.

The building was constructed entirely in reinforced

concrete, with the exception of the parapet and some
brick curtain walls. The wide pilasters at the corners

were tooled by hand picks, other exterior surfaces having
been rubbed down with wood floats to remove grain
and joint marks as soon as the shuttering was removed,
and afterwards rubbed with carborundum and water.

The entrance porch, at the right-hand of the view, and
the parapet, were built up of precast blocks, and the

window sills were moulded in place. Special aggregates
were not selected in this case to secure colour or texture,

the general excellence of the finished work being due to

uniform mixing of the concrete, expert moulding, and
careful rubbing down. The colour and texture of the

rubbed surfaces are described as closely resembling
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sawn and rubbed limestone, while the tooled surfaces

are of bluish tint owing to the exposure of the trap
rock used as aggregate. The treatment of this building
illustrates an entirely legitimate application of concrete

in architectural design, and shows that concrete is quite

worthy of consideration as a material for exterior

surfaces.

Concrete surfaces, both in exterior and in interior

work, can be appropriately decorated by carving, which

FIG. 28. A CONCRETE RESIDENCE

is best carried out before the material has thoroughly
set. As soon as the concrete has hardened sufficiently
to carry its own weight the shuttering is removed, and
the required design can be readily carved out with

steel tools. Decorative bands and panels of glazed
or unglazed tiles constitute a ready and particularly
effective means of relieving concrete surfaces in domestic

architecture. On the Continent and in America, tiles

have been extensively used for the enrichment of

concrete. The rough texture of the material blends

admirably with deeply coloured tiles, which can be

obtained in sizes, shapes and colours affording wide
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scope to the architect who is willing to experiment in

this comparatively unfamiliar and fascinating branch
of artistic work. The tiles can be employed for the

entirely legitimate purpose of emphasizing the lines of

the actual construction, while at the same time converting
the monotony of the concrete surface into an effective

base for almost any suitable colour scheme. Fig. 28

is an exterior view of a concrete residence erected in

Pennsylvania from the designs of Mr. Oliver R. Parry,
a New York architect. In this building, the colour

treatment of the exterior embodies pure white walls

relieved by tiles in different tones of reel ; copings,

chimneys, and other architectural features being

emphasized by bricks and tiles of
"
old time

"
finish.

The walls and floors of the interior are tastefully relieved

and decorated by vitrified tiles, the general effect of

the scheme being distinctly pleasing.
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CONCRETE BLOCKS AND MOULDED PRODUCTS

THE production of concrete blocks for building purposes
has been developed to an enormous extent during recent

years, such blocks forming an excellent substitute for

brick and stone, if carefully made and properly used.

As the penetration of moisture is the main disadvantage
of concrete blocks, the general aim in the present day
is to produce walls containing air chambers tending
to prevent moisture from reaching the interior face of

the construction. The air chambers, usually provided

by means of hollow blocks, also have the effect of

maintaining the interior of the building at an equable

temperature.

Building blocks are either composed of sand and

cement, or of concrete in which the aggregate is limited

to about in. gauge, owing to the narrowness of the

spaces in the moulds. Porous and otherwise unsat-

isfactory blocks made with unsuitable materials by
inexperienced persons have been responsible for many
complaints, the recurrence of which can only be avoided

by scrupulous attention to the preparation of the

concrete and its subsequent manipulation.

Building blocks can be made by the dry or the wet

process. In the former, only enough water is used to

give the concrete the consistency of damp earth, so

tha^ the mould of the block-making machine can be
removed directly the concrete has been tamped. In the

latter, sufficient water is used to produce a semi-fluid

mixture, which must be allowed to remain in the mould
until it has hardened.
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If the mixture is too dry, or insufficiently tamped, the

blocks will be weak, and apt to crumble, however well

they may be seasoned after the process of moulding.
A wet mixture produces stronger and denser blocks, but

causes delay and inconvenience. Therefore, the dry

process is almost universally adopted.
Concrete blocks are generally produced either as

one-piece blocks, each with one or more air spaces, and

extending from face to face of the wall to be built, or

as two-piece blocks, one half forming the face, and the

other half forming the back of the wall. The two
halves overlap so as to give a good bond, and provide
interior space for air. Both varieties are made in

different shapes and sizes, the standard dimensions being
32 in. long by 9 in. wide by 9 in. thick.

Block-making machines are produced in great variety,
and new types are constantly making their appearance,
each with some special claim to recognition. The four

principal classes comprise machines with vertical

face-plate, machines with horizontal face-plate, machines

for wet concrete, and machines for two-piece blocks.

Machines with vertical face-plates have removable

hinged sides, and upright cores. After being tamped,
the blocks, made under the dry process, are removed
on iron pallets. In some machines the mould is rotated

and the block turned out on a piece of board, in others

the mould is lifted bodily from the block. Other

machines are fitted with devices for raising and lowering
the cores, and in others, again, the cores are stationary
and the bottom and sides of the moulds are removable.

Machines of this class are not convenient for making
blocks with a facing of special concrete, as a vertical

partition has to be used, and great care must be taken

in bonding the two kinds of concrete.

Machines with horizontal face-plates are operated
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by filling in and tamping the facing mixture, sliding

in the cores, then continuing the filling and tamping

processes, and finally removing the block by rotating
the mould.

Machines for making blocks from wet concrete are

provided with a number of sheet metal moulds, which

can be removed so that the blocks may remain in them
until hardened.

Machines for the production of two-piece blocks are

generally provided with arrangements for the applica-
tion of mechanical or hydraulic pressure. The concrete

is deposited in the mould, tamped by pressure, and

immediately released. A facing layer can be formed

by forming a space of about f in. in front of the concrete

deposited, and filling this with special concrete, or mortar.

The whole is then pressed, giving a good bond between

the two kinds of material, and since the pressure is

applied to the face of the block an excellent surface

finish is obtained.

The seasoning of blocks is a most important matter.

Blocks should be protected from the sun and from dry
winds, and kept wet so that the cement may have the

amount of water necessary for the process of crystalliza-

tion which is essential to the proper setting of the

material. The blocks should be kept wet for at least

ten days, and not used for building work until they are

from 30 to 60 days of age.

Angle blocks for the corners of walls and all blocks

of special form can quite easily be produced by the aid

of suitable moulds. The surface finish of blocks is

capable of infinite variation. Among the finishes

generally adopted by makers of block machines are

corrugated, panelled, rock, and smooth faces. Any
desired colour can be given to the surface by mixing
suitable pigments with the cement, and a white surface
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can be obtained by using white Portland cement with

white marble screenings in place of ordinary sand.

Apart from defects such as result from inferior

concrete, poor workmanship in moulding and inadequate

seasoning, the greatest objections to concrete blocks

are the adoption of surface finishes constituting imita-

tions of natural stone, and the unpleasing appearance
of work executed with blocks pretending to be stones

of rigidly fixed dimensions with a dreary uniformity
of appearance throughout.

Brick manufacturers have never attempted to make
their product look like anything but brick which, in

consequence, has become a recognized building material

used freely without masquerading as something else.

Concrete blocks makers would do well to follow this

example, and to give up all attempts to produce more
or less feeble and objectionable imitations of dressed stone.

In addition to its use in the form of building blocks,

concrete is now employed very extensively in the pro-
duction of bricks, partition slabs, roofing tiles, drain

pipes, window sills, lintels, and miscellaneous architec-

tural details, most of these being moulded either in

machines of the kind used for making blocks or in

machines of similar character. .

Other moulded products include architectural details,

garden furniture, fountains, vases, pergolas, water

pipes, gate and fence posts, telegraph post, electric

light standards, and many others serving to illustrate

the artistic possibilities of concrete, as well as its

acknowledged utility.

A bold example of statuary is illustrated in Fig. 29,

this being reproduced from a photograph of the statute

of St. Joseph, at Espaly, a fine piece of moulded work
in reinforced concrete from the model of M. Besquet,
the well-known French sculptor.



FIG. 29. STATUE OF ST. JOSEPH, AT ESPALY
7 (1463D)



FlG. 30. MOULDED CONCRETE WORK

FIG. 31. MOULDED ENTRANCE FOR SCHOOL
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Fig. 30 shows the adaptability of moulded concrete

to ornamental work, the actual effects obtained having
been enhanced by different methods of colour treatment.

The main feature of the design is the Byzantine panel

FIG. 32. CHURCH OF THE BLESSED SACRAMENT,
NEW YORK

of white Portland cement and marble sand. The
surface film of cement was washed away by an acid

solution to show the sparkle of the marble, and the

panel was dipped into a solution of sulphate of iron to

give the warm tone of old Italian marble.

Fig. 31 shows the employment of moulded concrete
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for the delicate wrought details of the main entrance

to a school building in the United States, in accordance

with the design of Mr. W. E. Weeks, a San Francisco

architect.

Fig. 32 is from a photograph of the west front of the

church of the Blessed Sacrament, New York, an archi-

tectural masterpiece executed entirely in precast
concrete units.

In applying concrete to ornamental work, the greatest
care must be taken in the selection of the materials.

The cement must be of the best quality and thoroughly
sound, in order that sharp edges and details may be

permanent. The sand must be quite clean, particularly
if the concrete is to be coloured by the incorporation of

pigments. The aggregate should be chosen with the

desired effect in view. To obviate the dull and mono-
tonous appearance of cement surfaces, the exterior of

the objects moulded can be treated with advantage in

accordance with one or other of the methods discussed

in the preceding chapter



CHAPTER IX

PHYSICAL PROPERTIES OF CONCRETE

THE strength and other physical properties of concrete

are affected to a very important extent by various

factors chief among which are those in the following

groups (1) The quality and quantity of cement. (2)

The quality, proportions, and grading of the sand and

aggregate. (3) The consistency, density, mixing, depo-
sition and tamping of the material, and the conditions

under which the process of hardening or seasoning
takes place.

In view of the numerous factors involved, it is evident

that the strength of concrete is by no means a fixed

quantity, and that a definite standard of strength cannot

be laid down even for concretes of nominally equal

composition. Therefore, in these respects concrete

differs essentially from structural materials, such as

steel, for instance, which is prepared by manufacturing

processes so exactly regulated as to enable steel of any
particular grade to be produced of remarkably uniform

quality.

It is not fair, however, to compare concrete with steel

in this way. For one thing, concrete as employed in

achitectural and engineering practice only appears in

the finished structure, and has no previous existence as

a manufactured product, except where precast members
are used. The cement has such a previous existence,

and is turned out by processes which give results as

uniform as those employed in steel manufacture. The
other constituents of concrete water, sand and

aggregate are also obtainable in uniform qualities.

91
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Consequently the variations which occur in the strength
and other physical properties of concrete may properly
be regarded as the direct results of operations forming

part of the work of actual construction and of the

conditions prevailing while such work is in progress.
We cannot fairly compare concrete in any manufac-

tured form, such as a finished structure or part of a

structure, with steel bars or structural sections as turned

out from the rolling-mill. To make an equitable com-

parison steel must also be considered as it exists in the

form of steelwork, after the rolled bars or sections have

been cut, riveted, welded, or otherwise treated in the

workshop or on the site, and when the work of erection

and construction has been finally completed. It will

then be found that the practical strength of structural

steelwork is subject to variations which are probably
as far-reaching in their results as those occurring in

the application of concrete to structural work.

Having made these preliminary remarks with the

object of doing justice to concrete, we will now consider

briefly the effects of various factors on the strength and

properties of the material.

Effects of Proportion of Cement. In a general way
the compressive strength of concrete varies with the

proportion of cement per unit volume of the concrete.

In illustration of this point we may quote the results

of tests conducted by Messrs. W. B. Fuller and Sanford

E. Thompson, at Jerome Park, U.S.A., and expressed
for different percentages of cement as follows, the

compressive strength of the mixture containing 8 per
cent of cement being taken at unity.
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In these tests the density of the concrete was prac-

tically constant, and the samples of concrete were of

similar quality apart from the percentage of cement

employed.
Effects of Size and Quality of Aggregates. Providing

the aggregate is well graded, the -density and strength
of concrete generally increases with the size of the largest

fragments, and the percentage of cement required
decreases as the size of the largest fragments increases.

The advantages to be obtained thus are confined to

plain concrete work, because in reinforced concrete

construction the aggregate must be fine enough to allow

the concrete to pass between the bars or meshwork

employed as reinforcement.

Aggregates of low compressive strength, such as

soft varieties of stone, brick, cinder and some kinds

of slag, necessarily yield weak concrete. The hardest

and toughest qualities of rock generally produce con-

crete which is somewhat stronger than gravel concrete,

but in average practice the difference between stone

and gravel concrete is scarcely worth consideration.

Gravel concrete is frequently preferred because the

aggregate usually contains a smaller percentage of voids

than broken stone, because the rounded pebbles slide

better into place than angular fragments of stone, and

because the resulting concrete is generally more

impermeable than stone concrete.
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As an approximate guide to the relative strength of

concrete made with different kinds of aggregate the

table given on page 93 may be of interest, the strength
of granite and trap concrete being taken at unity.

Effects of Consistency. So far as compressive strength,

density and impermeability are concerned, the best

results are obtained by mixing concrete with just

sufficient water to make a mixture capable of flowing

slowly in the moulds or shuttering. Dry mixtures

develop greater strength than moderately wet mixtures

at the outset, but after some five or six months have

elapsed moderately wet mixtures attain superior

strength. In the case of dry mixtures, it is difficult

to obtain concrete of uniform consistency and to obviate

voids. On the other hand, in very wet mixtures the

cement and fine sand are apt to be carried away from

the coarser, sand and particles of aggregate, and the

resulting concrete is weaker than that given by dry or

moderately wet mixtures. Another disadvantage

attending the use of very wet mixtures is that some of

the cement is decomposed giving rise to a light coloured

substance termed
"
laitance," which comes to the

surface and, having no cementitious value, simply

represents a loss of cement and strength.
Effects of Mixing. The consistency, or at any rate

the workability, of concrete is affected by the thorough-
ness with which the materials are mixed, as well as by
the actual amount of water used. Thorough mixing
also has a very marked effect upon the strength of

concrete. While good results can be obtained either

by hand mixing or by mixing in a machine, it is difficult

to get the work done properly by hand. The materials

have to be turned over and over very thoroughly ;

the shovels must find their way down to the mixing
boards and the mixture must be picked up from the
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very bottom, so that all the ingredients shall have a

chance of being evenly distributed and mingled. This

is hard work, and the men engaged upon/ it are only too

ready to think their task is ended when in reality it

may be only about halfway through. Machine mixing
is always to be preferred for the reason that the work
is more thoroughly done, and the resulting concrete

is stronger than concrete of the same kind mixed by
hand. If the machine is properly designed, and there

is no difficulty in obtaining one that will comply with

this requirement, every part of the mixture gets its

proper share of treatment, whereas in hand mixing
it may easily happen that some proportion of the

ingredients may be missed by the workman's shovel.

Even if the machine is worked by hand, the whole

of the materials must come in for their share of treatment

and it is easy to ensure good results by seeing that the

operation is continued for a sufficient length of time.

The work of turning a handle or flywheel is obviously
less laborious than shovelling, and when the mixer is

operated by power there is not the slightest inducement
for the man in charge to shorten the mixing period.

Tests conducted some years ago at the Watertown

Arsenal, U.S.A., on hand and machine mixed concrete

showed an average advantage of 11 per cent in favour

of machine mixing, the basis of comparison being the

compressive strength of test specimens made from the

various batches of concrete mixed. Another series

of tests at Watertown Arsenal indicated an advantage
of more than 25 per cent in favour of machine mixing,
while tests carried out at the University of Illinois on
an extensive scale gave results showing that the average

compressive strength of machine-mixed concrete was

nearly 28 per cent greater than that of similar concrete

mixed by hand.
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On large contracts, machine mixing is adopted as a

matter of course owing to its convenience and economy.
On small contracts, hand mixing is generally more
economical. In some cases, where working space is of

very limited extent, the contractor has no choice in the

matter and must perforce adopt hand mixing. In order

to compensate for the lower strength of hand-mixed
concrete it is well to increase the proportion of cement

by from 10 to 15 per cent.

Effects of Handling. Unless concrete is used while

quite fresh, that is to say before the cement has begun
to set, and while the materials remain perfectly mixed,
the strength of the concrete may be seriously impaired.
The reasons are : (1) that the handling of concrete

which has commenced to set has the effect of breaking up
the crystals already formed and of reducing the inter-

locking of the crystalline structures, and (2) that if

the constituents of the concrete have begun to separate
before use, some portions will have an excess of aggregate
or sand and other portions will have an excess of cement.

Any such irregularity of distribution must involve the

formation of areas or planes of weakness which may
conceivably give rise either to excessive strain or to

failure of a structure in which the concrete is used.

The strength of concrete is also influenced by the

manner in which the material is deposited and tamped
in the shuttering or moulds, and by the conditions

prevailing while the process of hardening or seasoning
is going on. The strength of concrete is increased by
thorough consolidation in the intervals occurring
between the deposition of successive layers of material.

Concrete seasoned in air should be kept moist, espec-

ially in hot and dry weather, for the reason that moisture

is conducive to the process of crystallization,and therefore

tends to promote increased strength. An excess of
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water is to be avoided either during mixing or after

deposition of the concrete, because it reduces the strength
of the concrete and may give rise to the formation of

the inert substance known as
"
laitance." The latter is

often liberated from concrete deposited under water, and
wherever it is likely to occur the proportion of cement

should be increased to make up for loss of strength.
Effects of Age. Concrete is the only structural

material in existence which continues to increase in

strength with its age, all other materials slowly deter-

iorating with the efflux of time. As shown by number-

less experiments, the increase of strength in the case of

concrete is very rapid at the start and gradually becomes
slower until the increase either stops or becomes almost

imperceptible. The results of experimental records

exhibit considerable divergence, although all of them
establish the progressive increase of strength, the average
rate of which is given in the subjoined table.

Age Relative strength

Compressive Strength of Concrete. As the strength
of concrete in resistance to compression is the most

important characteristic from the standpoint of the user,

it may be useful here to give some figures as a general

guide. The reader will, of course, bear in mind the fact

that as the proportions of concrete can be varied to an

infinite extent, the compressive strength of the material

is necessarily subject to an infinite number of variations.

The same kind of thing happens in the case of stone,
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timber, and other materials, occurring in widely different

qualities. For the purposes of this book it will suffice

to state the conclusions of a few leading authorities

relative to the strength that may be expected of con-

crete mixed in proportions very frequently adopted
in practical work.

The London County Council Regulations give mini-

mum values for concrete composed of cement, sand

and aggregate consisting either of gravel or hard stone

and mixed in different proportions, as stated in the

following table.

COMPRESSIVE STRENGTH OF CONCRETE (L.C.C. Regulations)

The Regulations include an equation for calculating
the minimum compressive strength of concrete in inter-

mediate proportions, but do not provide for the economic

use of concrete possessing more than the minimum

strength specified for each mixture. Consequently
these minimum values are also the maximum values

permissible under the regulations.
The American Joint Committee on Concrete recom-

mend maximum values for adoption as shown on the

following page.
This table is far more useful than that of the London

County Council, because it states values for concrete

made from different kinds of aggregate, and it also gives
more latitude to designers who are desirous of making
the best use of high grade concretes.
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An excellent feature in the Report of the Joint
Committee of the Royal Institute of British Architects

is a recommendation to the effect that the actual strength
of the concrete to be employed on any important work

Proportions by Volume
Ultimate Compressive Strength (maximum)
In pounds per square inch. Age 1 month

should be ascertained by tests and that the figures so

obtained should be taken as the basis of calculations.

This provision is a direct encouragement to those who
desire to produce the best possible concrete.

To give some indication of what is possible in the way
of producing high-compression concrete we may refer

to the results of two series of tests. One of these series

was conducted by Messrs. Kirkaldy & Son on 6 in. cubes

of concrete as used in building H.M. New Stationery

Office, London. The tests conducted on concrete at

an age of 28 days gave the following results

Still higher results were obtained from the second

series of tests, made upon very superior concrete for

shipbuilding, a class of construction demanding concrete

of the finest possible quality. The test specimens were

in the form of 6 in. cubes prepared at Lake Shipyard,

Poole, under the direction of Major J. H. de W. Waller,
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D.S.O., R.E., and were tested by Messrs. Kirkaldy &
Son with the following results

Tensile Strength. It is sometimes thought that the

tensile strength of concrete is of little practical

importance because the material is chiefly used in

compression and because its tensile resistance is neglected
in the design of reinforced concrete beams. As a matter

of fact, however, the tensile resistance of concrete comes

usefully into play in withstanding tensile stresses of

moderate intensity in various classes of construction,

and notably in reinforced concrete beams and other

members where diagonal tension is developed as a

secondary result of flexure. Consequently this property
of concrete is one deserving more attention than it has

received up to the present.
The tensile strength of concrete is generally said to

be about one-tenth of the compressive strength of the

material. There is, however, no definite connection

between the two. The nature of the sand and aggregate

appear to produce more effect on the tensile than on

the compressive strength of concrete, and the same may
be said of the proportions of the ingredients and the

workmanship. Owing to practical difficulties in the

preparation and testing of specimens, the results hitherto

obtained are generally lower than the true values,

especially in the case of the superior qualities of concrete

produced during recent years.
So far as existing records go, it appears that stone or

gravel concrete made in the proportions of 1 : 2 : 4 are
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generally capable of developing a tensile strength of

between 200 Ib. and 300 Ib. per square inch at an age
of one month, richer concretes showing proportionately

higher results.

Shearing Strength. Until comparatively recent years,

the shearing strength of concrete was very generally
stated at little more than one-tenth the compressive

strength. The reasons for so low a value appear to

have been either (1) that the methods adopted for

the determination of shearing stress permitted the failure

of the test specimens by tension long before the ultimate

resistance to shear had been reached, or (2) that the term
"
shear

" was wrongly used to denote complex action

such as that taking place in the web of a beam, where

diagonal tension is a governing factor. In either case

the result would be the same, namely : the substitution

of the tensile resistance for the shearing resistance of

the concrete.

Improved methods of testing which provide for

elimination of the effects of diagonal tension and other

extraneous stresses have demonstrated the fact that the

strength of concrete in direct shear is actually from 60

to 80 per cent of its strength in direct compression, and
that in some cases the percentage is still higher.

Elastic Modulus. This coefficient is of much importance
in reinforced concrete design because it enters into the

formulae employed for the calculation of all classes of

structural members. The elastic modulus of concrete

is represented by the quotient of the stress per unit area

divided by the strain per unit length, and where pounds
and inches are adopted as the units of measurement the

modulus is expressed in pounds per square inch.

Values of the elastic modulus of concrete range from

300,000 Ib. to upwards of 7,000,000 Ib. per square inch

according to different investigators, these extremely
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varied results being due to the quality and age of the

concrete and the basis upon which the modulus is cal-

culated. Even if all existing data were of approxi-

mately uniform character, it would still be impossible
to state in advance a precise value for the modulus of

any given quality of concrete that might be used in

actual construction. The average value of 2,000,000

Ib. per square inch is one very generally adopted by
practical designers, and this value corresponds fairly

well with the results obtained in numerous tests of beams.

Elastic Limit. Strictly speaking, concrete has no true

elastic limit but there is a point in test diagrams beyond
which a marked change in behaviour is evidenced, and
this point may be regarded as denoting what is equivalent
to an elastic limit for practical purposes, the point in

question occurring where the stress has reached from

one-half to two-thirds the ultimate resistance of the

concrete.

Coefficient of Expansion and Contraction. It is well

known that all bodies expand under the influence of

heat and contract with a reduction of temperature.
These phenomena are sometimes forgotten, or have never

been known, by people who ought to know about them.

Others there are who erroneously believe the expansion
of concrete under heat is so much greater than that of

other structural materials as to render the use of concrete

inadvisable in some classes of work, and others again

appear to think that there is a considerable difference

between the expansive properties of concrete and steel

bars or rods embedded therein to act as reinforcement,

although it does not occur to the same persons to raise

any such objection to the employment of structural

steel sections in brick, masonry or concrete structures.

For these reasons it is just as well that we should

devote a little attention to the subject in the present
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book. The expansion and contraction exhibited by
all substances in consequence of temperature variations

are measurable in three directions : length, breadth, and

thickness, and may be measured as linear expansion
or contraction in one direction, superficial expansion
or contraction in two directions, and cubical expansion
or contraction in three directions. For our present

purpose linear expansion and contraction alone need
be considered.

Numerous investigations have been made by scientists

with the object of determining the expansion and con-

traction of solids, liquids and gases, with the result

that coefficients are available for use by engineers,

architects, and others in calculations affecting the

expansion or contraction of structural materials under

any given temperature conditions. As expressed in

British units of measurement, the coefficient of linear

expansion or contraction of any solid substance is the

extent by which a length of the substance originally

measuring one inch is increased or decreased by a

variation of temperature equal to one degree Fahrenheit.

In the case of concrete, the average value of the

coefficient may be taken at (X000006. To calculate the

total change of length in any part of a concrete structure

owing to temperature variation, it is only necessary to

multiply the coefficient by the product of the original

length in inches and the number of degrees Fahrenheit

above or below the original reading of the thermometer.

Thus, for a piece of concrete 1 in. long subjected to an
increase of temperature equal to 2,000 degrees F., the

expansion would be : O'OOOOOG X 1 X 2,000 = 0*012

in. (about T̂ in.), and for a piece of concrete 100 in. long

subjected to an increased temperature of 50 degrees F.,

the expansion would be : 0'000006 X 100 X 50 =
0'03 in. (about ^ in.).

8 (1463 D)
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Fortunately for engineers and architects employing
concrete in conjunction with steel the coefficients of

expansion and contraction for the two materials are

almost exactly of equal value. It may also be of interest

to mention that the expansion and contraction of con-

crete are considerably less than the corresponding

properties of most descriptions of stone employed for

structural purposes.

Expansion and Contraction During and After Setting.

If the setting of concrete takes place under water, the

concrete tends to expand, while if setting occurs in the

air the concrete shows a tendency to contract. In the

latter case, internal stresses will exist. It appears

probable that the expansion or contraction actually

occurring is approximately proportional to the amount
of cement per unit volume of the concrete, as the sand

and aggregate cannot be affected to any appreciable
extent.

Resistance to Heat and Fire. From an exhaustive

series of tests on various kinds of concrete at Columbia

University, Professor Woolson drew the conclusions

briefly summarized below

(1) All qualities of concrete possess very low thermal

conductivity, wherein lies their ability to resist fire.

(2) When the surface of concrete has been exposed
for hours to great heat, the temperature of the concrete

1 in. or less beneath the surface is several hundred

degrees below that of the outside.

(3) At a point 2 in. beneath a surface exposed to an

outside temperature of 1,500 deg. F. for two hours, the

concrete will not be raised in temperature by more than

500 deg. to 700 deg.; and at points 3 in. or more beneath

the surface it will not be heated above the boiling point
of water.

In a subsequent series of tests on steel bars embedded
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in concrete, Professor Woolson found that when the

temperature of the concrete and the projecting ends of

the bars was 1,700 deg. F., the temperatures of the

embedded steel were : 1,000 deg. at 2 in., 400 to 500

deg. at 5 in., and 212 deg. at 8 in.

As a general rule, the hardest and densest kinds of

concrete are best for withstanding heat, but cinder

concrete, if of non-combustible nature, offers consid-

erable resistance to the transmission of heat owing to

the low conductivity of air in the porous aggregate.
Gravel and stone concretes may be relied upon for good
results, but varieties of rock containing a large proportion
of quartz are apt to split, and others, such as limestone,

suffer disintegration when exposed to great heat.

Water-tightness. In some classes of work the imper-

meability of concrete is a matter of comparatively
minor importance, but in others it is highly important,
as in reservoirs,tanks, pipes, ships, underground chambers
and others which need not be mentioned in detail.

There is, fortunately, no serious difficulty in the way
of securing water-tightness, providing the constituent

materials are judiciously selected, correctly propor-
tioned and thoroughly mixed, and that the concrete is

carefully deposited and tamped in place. Aggregates
of non-porous character can easily be obtained, sand is

non-porous, and cement paste is practically non-porous
after it has set. Therefore, water can only pass through
concrete if any voids exist between the particles of sand

and the fragments of aggregate. The manner in which
voids in the finished concrete can be eliminated has

already been discussed in a previous chapter.

Waterproofing Compounds. Various foreign sub-

stances such as hydrated lime, powdered clay and clay

products, alum and soap are much advocated by adver-

tising firms as a ready means of securing water-tight
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concrete. The opinion of the United States Bureau
of Standards in regard to such substances is as follows

" The addition of so-called waterproofing compounds
will not compensate for lean mixtures, nor for poor
materials, nor for poor workmanship in the fabrication

of concrete. Since in practice the inert integral com-

pounds are added in such small quantities they have
little or no effect on the permeability of the concrete.

If the same care be taken in making the concrete imper-
meable without the addition of waterproofing materials

as is ordinarily taken when waterproofing materials

are added, an impermeable concrete can be obtained."

A recent report by Professor Duff A. Abrams on an

investigation which has been going on for the past
four years at the Lewis Institute, Chicago, shows that

the .admixture of powdered substances in concrete

reduces the strength of that material approximately
in proportion to the quantity of the substance added,
the loss of strength consequent on the addition of 1

per cent, in terms of the volume of cement in the con-

crete, ranging from 0'08 per cent in the case of powdered
brick up to 4 per cent in the case of gypsum.

Resistance to Sea Water. It has been recognized for

many years that chemical action takes place between

the acids contained in sea water and the alkaline con-

stituents of Portland cement, and that if concrete

immersed in the sea is of permeable nature, the cement

will gradually disintegrate.

An exhaustive investigation into the effects of sea

water on concrete, conducted by Mr. R. J. Wig and

Mr. L. R. Ferguson, led these well-known American

engineers to the conclusions that all well-made Portland

cements will resist disintegration if properly used,

and that waterproofing compounds have no beneficial

effect.
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A reinforced concrete pile exhibited at the 1913

International Road Congress by Mr. W. J. Taylor,
the county surveyor of Hampshire, may be mentioned as

practical evidence of the satisfactory behaviour of well

made concrete in sea water. The pile in question was
driven twenty-two years ago, and, after having been for

fourteen years alternately submerged and exposed by
the rise and fall of tides, it was drawn and carefully

examined. The concrete was found to be in perfect

condition, and on being broken away from the embedded

reinforcement, the steel was seen to be free from any
trace of corrosion, thus affording further evidence of

the fact that the concrete had suffered no appreciable

disintegration during its long exposure to sea water.

Resistance to Oils. As a general rule it may be

taken that mineral, animal and vegetable oils are not

harmful to good concrete which has thoroughly hardened.

Some vegetable oils, such as cocoanut oil and olive oil,

which contain acids have been found injurious, and
the same effect has been observed in concrete buildings
where animal oils are heated to high temperatures.

Electrolysis in Concrete. Most of the fears which

have been entertained respecting the possible effects

of electrolytic action in concrete appear to be due to

the assumption that the severe conditions established

for the.purpose of laboratory tests are likely to be repro-
duced in practical work. So far as the United Kingdom
is concerned, the safeguards provided by the Board of

Trade regulations are sufficient to obviate the risk

of injury to concrete by stray electric currents.

Negative evidence to this effect may be found in the

fact that the inquiries made by the Institution of Civil

Engineers' Committee on Reinforced Concrete failed

to bring to light a single instance of electrolytic injury
in this country.



CHAPTER X

REINFORCED CONCRETE

As mentioned in a previous chapter, the principles of

reinforced concrete were known by the ancient Romans,

by whom timber, as well as copper, bronze, and iron,

was employed as reinforcement. Similar applications
of reinforcing material were made at different times in

the middle ages, but the development of reinforced

concrete on scientific lines was not commenced until

the nineteenth century.
In 1830 the construction of reinforced concrete roofing

was suggested by Loudon, and ten years later two

systems of reinforced plaster floor construction were

introduced, the method of applying the metal being

very much akin to some methods adopted in the present

day. In 1849, the first reinforced concrete boat was
built by a Frenchman named Lambot, and it is inter-

esting to know that this craft is still afloat and in

excellent condition. In 1855 Wilkinson and Coignet

patented their systems of reinforced concrete construc-

tion, and in 1861, Monier, a French gardener, commenced

moulding boxes and vessels for horticultural purposes,
his system being extended later to all kinds of architec-

tural and engineering construction.

Another notable pioneer was Thaddeus Hyatt, by
whom a book was published in 1877 giving full details

of a most valuable series of experiments conducted on
"
Portland cement concrete combined with iron."

Among other inventors who appeared between 1855

and 1895, Hennebique, of Paris, deserves mention as an

engineer who went to work on thoroughly scientific

108
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lines, and has probably done more than any man to

bring about the extensive use of reinforced concrete

which is now evidenced in all parts of the world. Al-

though British engineers may fairly claim to have taken

an equal share with their confreres on the Continent in

the development of reinforced concrete, after progress
was very slow in this country until the material was

re-introduced by the late L. G. Mouchel, a French

engineer interested in the work of Hennebique. Sub-

sequent to the establishment of what is now known
as the Mouchel-Hennebique system, many other forms

of reinforced concrete have sprung up, some imported
from the Continent and the United States, and others

devised by British engineers.

The designation reinforced, concrete is not altogether
a happy one, for the reason that it does not indicate or

suggest the combination of two materials in such a way
as to enable them to work in harmonious co-operation.
The nature of the combination was far better expressed

by the early and now obsolete term concrete-steel, and

also by the designation Jerro-concrete, which is still

employed to a considerable extent.

Concrete is a material characterized by permanent

durability and high resistance to compression, while

steel is very susceptible to corrosive influences, although

possessing great advantages in respect of elastic strength.
The object aimed at in the combination of these two
materials is to utilize the most valuable properties of

each in the most effective manner possible.

The principles involved can be most clearly explained

by considering the case of a plain concrete beam sup-

ported at both ends and carrying a load either con-

centrated at the centre or distributed uniformly along
the whole of the upper surface. In either case, the

effect of the load is to cause the beam to bend or deflect
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downwards, the stretching of the material at the lower

surface tending to tear apart the concrete, and the

pressing together of the material at the upper surface

tending to crush the concrete.

FIG. 33

FIG. 34

FIG. 35

These effects are represented in Figs. 33 and 34, the

former showing a beam supported at the ends, and the

latter showing the same beam as bent by the action

of a load W, the amount of deflection being purposely

exaggerated so as to make things clear.

A little consideration will show that as there is tension

at the bottom, and compression at the top of the beam,
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there must be a plane at which each kind of stress

disappears, or merges into the other kind. The tensile

and compressive stresses are represented in Fig. 34 by
two triangular shaded areas, and the intersecting

boundary lines of these areas may be regarded as acting

something like a pair of scissors, the movement of the

arms decreasing towards the central pivot, where there

is no movement whatever. This central pivot corre-

sponds with a point in the neutral plane, or neutral axis

as it is more generally termed, of a beam, where there is

no stress owing to the progressive diminution of ten-

sion and compression upwards from the bottom and

downwards from the top, respectively.
If the concrete were capable of resisting an amount

of tension at the bottom equal to the amount of com-

pression it is able to resist at the top, the beam would

be economical. But it happens that the resistance of

concrete to tension is only about one-tenth of its resis-

tance to tension. Consequently, if a beam such as

that in Figs. 33 and 34 were loaded to an extent sufficient

to develop the full resistance of the concrete in com-

pression above the neutral axis, the concrete below

the same axis would be cracked and pulled apart by
tension, as indicated diagrammatically in Fig. 35.

The net upshot is that the load on a beam of plain
concrete must be proportionate to the strength of the

material acting in tension. Thereby, nine-tenths of

the strength of the concrete acting under compression
must be wasted, and the beam is very uneconomical.

Let us now see how this drawback can be overcome

by the aid of steel. With the object of making things
clear we will assume that the concrete beam measures

10 in. broad by 12 in. deep, as in Fig 36, the neutral

axis being at the depth of 6 in., or midway between

the top and the bottom. The concrete is assumed to
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be capable of withstanding compression at the upper

edge to the extent of 500 pounds per square inch, and
our aim is to arrange matters so that stress to this

intensity may be safely developed. As the stress

diminishes progressively towards the neutral axis,

where its value is (see Fig. 37), the mean stress over

the area of 10 in. by 6 in. (shaded in Fig. 36), can only
be (500 + 0)/2 = 250 pounds per square inch, and the

total compression in the same area amounts in conse-

quence to 10 X 6 x 250 = 15,000 pounds. Since the

concrete at the bottom of the beam would be ruptured

by tension before the safe stress of 500 pounds per square
inch in compression could be reached at the top of the

beam, it is obvious that all the concrete in the lower area

of 10 in. by 6 in. (left white in Fig. 36), must be written

off as a loss, so far as concerns resistance to tensile

stress. But the same concrete can be utilized as a

medium for holding in place and bringing into play one

or more steel bars, which may be employed to supply
the necessary resistance at the bottom of the beam.

If we take the safe resistance of steel of tension at

15,000 pounds per square inch, which is a very moderate

value, one square inch oi steel will be capable of balancing
the 15,000 pounds of compressive force in the concrete

occupying the upper area of the beam. This area of

steel can be applied in the form of a bar placed at 1| in.

above the bottom of the beam. To be strictly correct,

rather more than one square inch of steel would be

required for this position of the bar.

Then, assuming for the moment, that the position
of the neutral axis is unchanged, the cross section of the

beam will be as represented in Fig. 38. We now have
a reinforced concrete beam, where the concrete is

employed exclusively in resisting compression, and the

steel solely in resisting tension.
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The efficiency of the concrete acting in compression
has been increased ten-fold. Against this, however, we
have to set the cost of the steel bar and the virtual loss

of the concrete in the lower area. Therefore, the net

result is that the efficiency of the beam is raised to

about seven times, instead of ten times, that of the plain

concrete beam originally considered. This is on the

assumption that the position of the neutral axis has

remained where it was at the start.

As a matter of fact, the laws of mechanics involve a

change, and under the conditions stated the new

position of the neutral axis will be at a depth of 3| in.

from the top of the beam, as represented in Fig. 39.

Hence the effective area of concrete is reduced from

(10 x 6) = 60 (square inches) to (10 X 3) = 35

(square inches) and a proportionately larger area of

concrete in tension is wasted, with a correspo iding
reduction of the efficiency assumed to have been

secured.

Fortunately, this loss of efficiency and economy can

be obviated by changing the sectional form of the

beam to that shown in Fig. 40. Here the upper part
is extended on either hand to form a projecting flange

measuring (17| X 3f) = 60 (square inches), and the

width of the lower portion, or rib, is reduced from 10 in.

to 7 in., so that the area measures (7 X 8|) = 59' 5,

say 60 (square inches). This reduction of width can

be effected with perfect safety because the only object
of the concrete is to provide accommodation for the

steel, and to act as a connecting link between the tensile

and compressive forces below and above the neutral

axis. Thus, we have arrived at the form of what is

termed a T-beam, the most efficient and economical

type of a reinforced concrete member, and we have
been able to retain the increased efficiency which appeared
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to be threatened by the change in the position of the

neutral axis.

In actual practice, the bars used for resisting tension

are supplemented by steel rods arranged so as to form
a metallic connection between the tension and com-

pression areas of the beam. The steel so employed is

termed web reinforcement, and besides linking together
the primary stresses of tension and compression, it is of

great value in resisting secondary stresses which are

developed in various directions throughout the concrete.

Fig. 41 shows a typical arrangement of Hennebique
reinforcement in beams and columns.

Steel bars are frequently used near the upper surface

of reinforced concrete beams, in cases where it is

desirable to reduce the amount of concrete acting in

compression and consequently to limit the dimensions

of the beams. Compression reinforcement is also

applied to beams carried over one or more intermediate

supports, for the reason that in such cases, the stresses

in any of the spans may be reversed as a result of unequal

loading, the upper part normally acting in compression

becoming subject to tension, and the lower part normally

acting in tension being called upon to act in compression.

Although steel employed as compression reinforce-

ment is not so economical as that applied for resistance

to tension, its use in this way is often most advantageous
and in some cases absolutely necessary.

Turning now to columns and other structural members
intended principally for the support of loads resulting

mainly in compressive stress, it must be evident from
what has been said, that the use of steel as reinforcement

cannot be attended with anything like the economy
obtained by the use of reinforcement in beams.

Steel acting simply under pressure is necessarily more
economical than concrete similarly used. But in
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buildings and kindred structures where fire risks have

to be considered, the protection by steel columns or

stanchions by means of concrete, brickwork, terra cotta,

and other materials, practically brings the cost of steel

up to that of reinforced concrete, the protective casing

making the final dimensions of the two classes of mem-
bers approximately equal. Moreover, where columns

or other compression members are relatively slender, and
where the loading is more or less eccentric, bending
stresses are developed in addition to simple compressive

stress, and under such conditions reinforced concrete

becomes distinctly economical. It should be remem-
bered also that anything in the nature of hybrid con-

struction is not to be recommended, and that the strength
and rigidity gained by adopting reinforced concrete

throughout any structure, thus constituting what is

known as monolithic construction, is a really valuable

asset.

In a book of this character, it would be out of the

question to enter upon a technical discussion of rein-

forced concrete design. Those of our readers who wish

to make a study of that interesting branch of engineering
can obtain full information from any of the numerous
treatises now available. We may point out, however,
that the principles underlying the design of the three

classes of members briefly discussed in this chapter

beams, compression members, ana members subject
to combined stresses constitute the basis of reinforced

concrete construction.

It cannot be too clearly recognized that reinforced

concrete differs essentially from structural steel merely
encased in concrete as a protection against fire and rust,

and that the scientific combination really places a

new material at the disposal of the engineer and the

architect,
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Toughness and genuine elasticity are two special
characteristics of reinforced concrete, for although the

properties of the constituent materials are not actually

changed, the combination behaves very much as if

such a change had taken pla e in the concrete.

Some years ago, the remarkable elastic strength
exhibited by reinforced concrete structures, and the

absence of visible cracks in beams under loads causing
considerable deflection, led to the belief that, when

working in combination with steel, concrete could be

stretched to a far greater extent than plain concrete,

and without causing actual rupture. This theory was

supported by M. Considere, an Inspecteur-Gene*ral
des Fonts et Chaussees, who claimed, in a communication
to the Academic des Sciences in 1902, that his tests

of reinforced concrete members proved the ultimate

extensibility of the concrete to be from ten to twenty
times that of plain concrete tested in a similar manner.

Subsequent investigation has shown that this conclusion

was not literally correct, the fact being that the greatly
increased extension of the concrete was accofnpanied

by a large number of invisible cracks distributed along
the surface. Nevertheless, there is a great difference

between the behaviour of plain and reinforced concrete.

In the former, failure takes place suddenly, and is

preceded by the opening of one or more large cracks,

while in the latter failure takes place gradually, and only
after ample warning, numerous smaU cracks developing
in such a manner that the total elongation at final

rupture is from ten to twenty times that of plain
concrete.

Thus by the addition of steel as reinforcement the

extensibility of the concrete is greatly developed, instead

of being limited to the amount possible at any one point,

as in plain concrete. This valuable property is largely
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the outcome of the perfect adhesion of the two materials,

the bond between them being undisturbed by variations

of load and temperature. As the coefficients of expan-
sion of concrete and steel are of practically equal value,

the two materials continue to work together at all

temperatures.
In the case of a fire the steel is protected from excessive

heat by the insulating properties of the concrete in

which it is embedded. Similarly, the steel is most

efficiently protected from corrosion by the film of

cement which attaches itself to the surface of the metal,

or if the steel is slightly rusted at the time of use it is

protected by an impervious coat formed as the result

of chemical combination between the metallic oxide

and the cement.

Among the advantages of reinforced concrete as a

structural material one of the most important is its

property of increasing in strength and durability with

age. It also possesses the advantages of rigidity,

impermeability, resistance to fire, and economy both

as regards first cost and the elimination of the main-

tenance charges which are necessary in the case of all

other materials.

Reinforced concrete structures differ from those

carried out in accordance with ordinary methods in

the respect that the entire fabric is of monolithic char-

acter, the concrete being continuous throughout all

parts of the work, the steel giving an additional measure
of continuity and contributing to mutual co-operation
between the various members and structural elements.

Therefore, a well designed and properly built reinforced

concrete structure is capable of acting as a single unit

in case of emergency, and if unexpected strains are

suddenly developed by earth movements or any acci-

dental cause, the integrity of the structure will be
9 (1463D) 20pp.
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maintained in consequence of the aid rendered to the

part affected by contiguous structural members.

Thus, as happened to each of the three buildings,

near Tunis, illustrated in Fig. 42, a well-designed rein-

forced concrete structure may settle down at one side

and be levelled up again without suffering the least

damage. The photograph here reproduced shows two

buildings after restoration to a vertical and the third

at an inclination of about 25 degrees. The subsidences

in this case were due to a depression caused by reduction

of the water level in an adjoining lake.

Another marked characteristic of reinforced concrete

construction is that of lightness or slenderness in all

its parts, as compared with the heaviness and massive-

ness of plain concrete, brick and masonry structures.

Owing to the elastic strength of the combination, the

engineer or the architect, as the case may be, is enabled

to depart from the time-honoured customs of employing
material in heavy masses, so as to provide for stability

by sheer dead weight and mass, and is at liberty to

adopt forms of design akin to those typical of steel

construction.

Apart from the gain of interior space in buildings,

reservoirs, coal bunkers, and other structures intended

for storage purposes, important economies are effected

by the slenderness of reinforced concrete construction.

The saving of material in the superstructure is in itself

a sufficiently important item, but it naturally has the

further effect of reducing the loads to be transmitted to

the foundations, thereby automatically reducing the

cost of the substructure, and very frequently obviating
difficult problems in the way of foundation work.

Reinforced concrete construction has been developed
to a remarkable extent during the past twenty-five

years, and, after having passed successfully through a
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period when it was regarded with much suspicion and

prejudice, is now accepted by engineers and architects

throughout the world as a reliable form of construction,

worthy of adoption in almost every class of work.

A point which should not be overlooked is that the

somewhat rough and ready methods of calculation

<l

FIG. 44

employed years ago by the pioneers of reinforced con-

crete have given place to scientific methods of design

complying more closely with theoretical principles than

the methods adopted in the design of masonry and
steel structures.

It would be impossible in this book, as well as beyond
its scope, to describe and illustrate the numerous classes

of construction to which concrete is applied, whether

plain or in combination with steel as reinforcement.

Some of the illustrations given in this and preceding
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chapters indicate a few important uses of the material,
which is employed throughout the world in the con-

struction of buildings, bridges, viaducts, marine and
river works, colliery structures, aqueducts, culverts,

drainage conduits, water and sewage reservoirs, swim-

ming baths, grain silos, ships, and other floating struc-

tures, bunkers for the storage of coal, ore, stone, and
other materials, and many other types of construction

too numerous for individual mention.

The principles discussed in this chapter have been

applied in an interesting way to the design of reinforced

brickwork. Walls of this combination have been

adopted in many industrial buildings, notably in the

works of Messrs. Rowntree & Co., at York, and in the

South Lambeth goods station of the Great Western

Railway. The reinforcement is in the form of netting
with tension strands throughout, and laid in the joint
of every alternate course of brickwork. Another variety
of reinforced brickwork is represented by the Kleine

floor system, of which illustrations are given in Figs.
43 and 44. This type of construction embodies the use

of hollow bricks with closed ends, set in cement mortar
wherein are embedded tension bands or rods. Fig. 43
includes sections of a floor with small bricks, the rein-

forcement consisting of mild steel hooping strips ;

Fig. 44 shows the construction of a floor with larger

bricks, the mortar joints being wide enough for the

insertion of the requisite amount of reinforcement, in

the form of round rods, for spans of considerable length.
The remarkable properties of reinforced concrete have

led to the adoption of the combination in almost every
branch of architectural and engineering work, and
even to its use in building railway carriages and waggons,
motor car bodies, canal and river barges, and sea-going

steamships.



CHAPTER XI

CONCRETE SHIPBUILDING

THE building of ships in reinforced concrete is one of

the most remarkable developments of the present

century in the way of concrete construction. Yet the

principle is
[a very old one. In various sacred writ-

ings, 2,000 years or more old, references are made to

stone coffins floating on the waters, and if stone will

float there is surely nothing to prevent concrete from

doing the same.

Years ago, when iron ships were proposed, a con-

servative-minded engineer said that he could not under-

stand how an iron ship could float at all. In fact, he

said that it could not, and would not float. Another

equally reactionary person offered to eat the boiler of

the first steamship that crossed the Atlantic, the only
result being that he ate his words instead of the boiler.

Concrete ships are no longer the subject of contro-

versy so far as the question of buoyancy is concerned,
and concrete shipbuilding passed the experimental stage
as long as thirty or forty years ago. The historic rowing
boat (Fig. 45) built by the French engineer Lambot
in the year 1849 still floats on a lake near the town
of Miravel, apparently none the worse for nearly

three-quarters of a century's exposure.

"Following the construction of this pioneer vessel,

many craft of larger dimensions were built in France,

Italy, Holland, and other countries, and towards the

conclusion of 1917 more than 200 concrete vessels had
been completed, including lighters, barges, sailing ships

124
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and motor boats Three or four of these were con-

structed in this country, the most notable example

being a large lighter of 200 tons capacity launched in

1912 on the Manchester Ship Canal, where it is still in

service for pumping sludge dredged from the channel

of that waterway.
When the great European war was in progress, and

the need for more ships became acute, energetic measures

FlG. 45. THE LAMBOT BOAT, BUILT 1849

were adopted by the. British, French and American

Governments to encourage the production of sea-going

concrete barges, steam-tugs and cargo steamships.
The first series of contracts made by the British Admir-

alty provided for the construction of over 200 ships,

including sea-going barges of 1,000 tons capacity and

steam-tugs of 750 horse-power. A score of new ship-

yards were promptly established and equipped by
firms with special experience in reinforced concrete
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work, with the co-operation either of qualified naval

architects or of practical shipbuilders. Notwithstanding
the large amount of preparatory work entailed, and
various difficulties connected with the supply of materials

and labour, the first 1,000-ton barge was launched in

August, 1918, and by the end of the year some fifteen

vessels of the same class were completed. Equally

rapid progress was kept up until the conclusion of

hostilities, when "the Admiralty programme was
abandoned. Fig. 46 illustrates a representative

example of the barges turned out from the British

shipyards.
The war programme of the French Admiralty pro-

vided for the construction of more than 750 barges,
steam tugs and motor boats. Large numbers of these

vessels were built in different parts of France, and

operations were continued actively until the termination

of the war.

In the United States, the original concrete shipbuilding
scheme covered the construction of over forty-two

steamships,, of 3,000, 3,500 and 7,500 tons capacity,
to say nothing of barges, lighters, and other craft of

comparatively small dimensions. After the Armistice

the construction programme was reduced to eight

7,500-ton tank steamers, and six cargo steamships,

including two of 7,500 tons, three of 3,500 tons, and
one of 3,000 tons capacity.
A sincere tribute is undoubtedly due to the United

States Government and their technical advisers for the

energy and courage they displayed in the unprecedented
task of building concrete ships of the dimensions stated.

The enterprise of the Government was probably en-

couraged by the previous completion and satisfactory
record of the 5,000-ton steamship Faith, built at San

Francisco in 1916 by a private company. This pioneer
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concrete ocean-going steamer has been carrying cargoes

continuously since her trials, having completed voyages

covering between 15,000 and 20,000 miles in all

kinds of weather with perfect satisfaction to all

concerned.

In addition to the ships turned out for the Govern-

ments mentioned, many concrete vessels have been

constructed by private builders in different countries.

The first British-built concrete steamship, the Armistice,

is a vessel of 1,150 tons deadweight capacity, now owned

by Messrs. Leopold Walford, Ltd., of London. Fig. 47

is a recent view of the vessel, which has behaved admir-

ably in the roughest weather, and proved a most

remunerative investment owing to her relatively great

freight-earning capacity.
Several cargo motor boats, up to 1,000 tons capacity,

have been built in France for Channel and other services,

and a good many similar vessels have been turned out

from Scandinavian shipbuilding centres. In Australia,

a pontoon of 800 tons displacement was completed in

1915 for the harbour authorities of Sydney ;
at Singapore

a concrete train ferry boat is in regular use across the

Straits
;
a concrete motor boat was put in service not

long ago at Shanghai ;
a similar vessel was built about

the same time at Barcelona ; many motor boats, lighters,

and other craft have been constructed of late in the

Dutch East Indies
;
and there have been considerable

activity in the concrete shipbuilding industry in various

parts of South America, as well as in the United States

and Canada.

Fig. 48 illustrates two remarkable concrete floating-

structures, built near Shoreham towards the end of the

war, and which became known as "mystery ships."

Each of the towers is 180 ft. in height, the lower part

being constructed of reinforced concrete blocks. Nearly
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100,000 of these were used in each vessel, and the total

weight of concrete was about 9,000 tons, the steelwork

of the superstructure weighing nearly 1,000 tons. In

spite of these weights, the draught of the structure

was only 14 ft. when afloat. Therefore, the tower rose

to a height of 166 ft. above the surface of the water.

Originally intended for ship salvage work, the craft are

now being employed as navigation marks and signal

towers. One of them has been towed away and sunk

near the Nab .Lighthouse in 70 ft. of water, the top of

the superstructure projecting 110 ft. above the sea.

Turning now to structural considerations, concrete

ships may be conveniently classed in accordance with

the methods of construction adopted. There are three

principal methods monolithic, unit, and skeleton

construction.

In the first of these the object is to make the concrete

work perfectly monolithic as if it were formed from

a single piece of stone by following the practice which

long experience has shown to be satisfactory for concrete

structures on land.

The various operations involved in the building of

a ship on the monolithic system may be briefly outlined

as follows The floor of the building berth, or slipway,
is laid on lines of concrete blocks. The hull is moulded

entirely in shuttering, the outer shell of which is built up
first so as to form a huge mould, determining the exterior

shape of the hull. In this mould the steel bars and

network, employed for reinforcement of the concrete,

are assembled and fixed in position. The reinforcement

for the transverse frames and longitudinal stringers is

partly enclosed in timber moulds, and the inner shell

of the general shuttering is built up, board by board, as

the concrete is deposited. Bulkheads, decking, hatch-

way coamings, deck-houses, and all other details are
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constructed in a similar manner after the exterior of

the hull has been well advanced towards completion.
The unit system of construction has been followed

in various British shipyards. The hull may be built

up of separate panels cast and finished in advance,
and afterwards incorporated with frames moulded in

the usual way. Again, the frames may be prepared as

precast units and connected with monolithic concrete

forming the general shell of the hull.

The skeleton system of construction is carried out by
building a cage of steel rods, or steel rods and network,
the cage being plastered on both sides with fine concrete.

The historic Lambot boat was so built, and the system
has been extensively adopted in Italy, where the art

of plastering has reached a high stage of development.
An elaborated variety of the skeleton systems involves

the building up of a double framework of steel,

concrete being deposited between the two layers of

steel as well as being plastered on the inside and the

outside.

Experience shows that satisfactory results can be

obtained under all three systems of construction, each

of which possesses characteristic advantages and

disadvantages. Therefore the choice of a system for

adoption must be governed to a considerable extent by
the dimensions and intended use of the vessel to be built.

For large ocean steamships the monolithic system

naturally commends itself as the strongest and most

reliable, while for light river craft the skeleton system
is distinctly attractive.

The cost of a concrete hull may be put without serious

error at about 70 per cent the cost of an all-steel hull of

qual deadweight carrying capacity. Actual figures

published by the United States concrete shipbuilding

department show that the cost of concrete tank steamers
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at war rates was from 20 to 40 per cent less than that

of steel vessels of equal capacity.

In comparing concrete and steel ships, it must be

borne in mind that the size of a concrete hull is necessarily

greater than that of a steel hull of equal cargo capacity
in terms of deadweight. Therefore, the concrete hull

is capable of accommodating a greater volume of cargo,
an advantageous feature in the transport of light and

bulky merchandise, for which freight is charged by
measurement and not by weight. To take a specific

case in illustration of this point the Armistice, on her

first trip to London brought 900 tons of oats, or some
200 tons more than could have been loaded into a steel

ship of the same deadweight capacity, not because the

steel ship would be incapable of carrying an additional

weight of 200 tons, but simply for the reason that it

would be absolutely filled by the 700 tons of grain.

Thus one of the disadvantages of concrete becomes a

positive advantage where light and bulky materials

are concerned.

In this brief review of concrete shipbuilding it would
be impossible to discuss even briefly the many technical

problems involved. It may safely be said that the

behaviour of the many vessels constructed during the

past quarter of a century, and particularly of ships up
to 7,500 tons capacity launched during the past two or

three years, is sufficient to prove that all structural

problems have been solved. The future of the industry,
which has been carried on chiefly abroad since the closing
down of the Admiralty shipyards, depends entirely

upon the perfection of methods and organization con-

ducive to rapid and economical construction. The

adaptation of reinforced concrete to the building of

large ships has involved a good deal of tentative work.

Naval architects and builders have generally adopted
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the prudent course of using more concrete and more
steel than appeared to be absolutely necessary, leaving

practical experience to indicate future economies.

Several noteworthy improvements due to recent ship-

building operations have been of direct benefit to those

engaged in concrete construction on land. Among these

may be mentioned improved methods of designing and

erecting moulds and shuttering, the production of

concrete characterized by exceptional strength, density
and impermeability, improvements of procedure in

applying reinforcement and the placing of concrete,

the development of construction on the precast unit

system, and the introduction of light-weight concrete.

Whatever may be in store for the industry in years to

come, it has been clearly proved that concrete ships

offer advantages which cannot be overlooked in respect
of steadine:s and seaworthiness in all weathers, the

readiness with which repairs can be executed after

collision or other accidental damage ;
freedom from

vibration, leakage and extremes of temperature variation,

and resistance to fire and shock.

Although there is no probability that it will displace
steel in general shipbuilding practice, reinforced concrete

can certainly be employed usefully in the building of

cargo boats, coasting steamers, steam tugs, motor boats,

lightships, barges, and other classes of floating structures

too numerous for individual mention.
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