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PREFACE

MUCH has been written upon the subject of reinforced

concrete, and the design of structures in this material no

doubt still affords opportunity for invention and improve-

ment. New systems, new bars, new details of various

kinds are constantly being patented in many countries, but

the leading features and ideas remain the same. Generally

speaking, one may say that there are as many systems as

there are specialists, each naturally insisting upon the

superiority of his own favourite ideas.

The Author had occasion to see reinforced concrete

constructions designed and executed for many years, and

has closely followed its development. His principal object

in writing this book was not to put forward any particular

method of construction, but to collect in a concise form

what seemed to him best of the many formulae and systems

used in various countries, and to deal with the subject in

such a manner as to be intelligible to average students of

architecture who have not been required to devote that

amount of study to the theory of construction which is

demanded of the young engineer. At the same time, it is

hoped that the present volume may be useful also to the

latter.
'
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As no mere series of unexplained formulae can give any

useful idea of the subject to a beginner, and as, as has

been indicated, the intention is to treat the subject in aa

elementary manner, an effort has been made to afford brief

explanations of the calculations given and to further eluci-

date them by numerical examples. Thus it is hoped the

reader will be enabled to acquire a methodical knowledge

of the principles upon the application of which all the

varied systems alike depend.

No doubt the design and execution of reinforced con-

crete work will always remain to a great extent in the

hands of specialists, but the average architect or engineer

should have sufficient knowledge of the subject to himself

decide where this form of construction can be most usefully

employed and what kind of reinforcement is most suitable

to the particular case in hand. Each patent bar and

system has its advantages, and after a careful study of

the principles set forth in the following pages it should be

possible for the designer to himself decide which is the

most suitable for use in any special case, and to hand over

to the specialist only the task of properly working out the

details upon general lines already laid down. Thus will be

avoided the risks inherent in having to leave the whole

design in the hands of one whose financial interests may

incline him to use methods not quite the best for the

special work under consideration.

The formulae are based on the assumption that ordinary

round bars, such as are obtainable everywhere from stock,,.
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are used. Some tables and extracts are reproduced from

the R. I. B. A. Report on Reinforced Concrete, by kind per-

mission of the Institute. The history of reinforced concrete

is partly compiled from the data given in Tozer's Handbook

on the Lock Woven Mesh System, and facts relating to the

manufacture and qualities of Portland cement and its use

are chiefly from Everyday Uses of Portland Cement, pub-

lished by the Associated Portland Cement Manufacturers

(1900) Ltd. The author is indebted to the various special-

ists mentioned for the loan of interesting photographs, etc.,

dealing with work executed in reinforced concrete.

The Figs, marked 1 are reproduced from Kersten's Der

Eisenbetonbau, except where otherwise stated.

It is hoped that the tables at the end of the book,

together with the Ready Reckoner, will be a help to

designers and others for reference, calculation, and the

checking of designs.

FREDERICK RINGS.

LONDON, March, 1910.
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LIST OF SYMBOLS

BASED ON THE STANDARD NOTATION SUGGESTED BY THE
SCIENCE STANDING COMMITTEE OF THE

CONCRETE INSTITUTE.

a Area of the couple formed by compressive and tensile forces

in a beam.

ac Area of compressive force measured from neutral axis in

ribbed slabs.

at Area of tensile reinforcement measured from neutral axis.

b Breadth generally in inches.

br Breadth of rib in a tee-beam in inches.

bs Effective breadth of slab in tee-beam in inches.

c Compressive stress intensity on concrete.

cs Compressive stress intensity on steel.

c* \ Stresses in concrete of columns eccentrically loaded.

Cy /

d Depth generally in rectangular sections.

d Effective depth of beam or slab from top to axis of tensile

reinforcement in inches.

d Diameter in circular sections in inches.

dc Depth or distance of centre of compressive reinforcement

from compressed edge of beams in inches.

dc Diameter of core of pillars in inches.

dc Depth of arch ring at crown of arch in inches.

dd Distance of bottom of reinforcement of rib from centre of

gravity of reinforcement in inches.

d]. Diameter of a helical reinforcing rod in any compression

piece in inches.



d\ Diameter of a longitudinal reinforcing rod of a pillar in

inches.

dn Deflection of a beam in inches.

dr Distance of rods centre to centre in inches.

ds Total depth of slab in tee-beam in inches.

d
t Total depth in inches.

e Eccentricity of load in inches.

e Distance of centre of rod from axis of column in inches.

f Friction or adhesion of concrete and steel.

h Height generally in inches.

i Inset of centre of reinforcement from bottom of slab or rib

in inches.

/ Inset of rod centres from outer edge of column section in

inches.

/ Inset of centre of gravity of column section from outer edge
in inches.

/" Distance of eccentric load from outer edge of column

section in inches. / =* d - e (diameter
-

eccentricity).

/ Length generally in inches.

/ Effective length or span of beam or arch.

m Modular ratio, i.e. the ratio between the elastic moduli of

steel and concrete
E

n Distance of neutral axis from compressed edge in inches

p Intensity of pressure per unit of length or area.

r Radius in inches.

3 Shearing stress intensity.

Sh Spacing of hoops round columns in inches.

sr
=~ Stress ratio in ribbed slabs.

/ Tensile stress intensity on steel.

tc Tensile stress intensity on concrete.

x
\ Stresses in steel in columns eccentrically loaded.

*, I

v Versine or camber of a curve or rise of an arch in inches.



w Weight or load generally, per unit of length or area.

w Superimposed load uniformly distributed on arch.

wd Dead load above arch ring at crown.

Co-ordinates in arch calculations in inches.

x Distance of hangers or bending up of rods from support in

inches.

y Height of shear triangle.

ft Distance of compressive force from neutral axis in ribbed

slabs in inches.

y = - In ribbed slabs.
c

TT Ratio of circumference of a circle to its diameter.

O Perimeter of steel rods in inches.

A Total cross-sectional area of beam or pillar in inches.

AC Area of compressive reinforcements of beams in inches.

AL Cross-sectional area of longitudinal steel rods of pillar in

inches.

Ar Sectional area of one rod in ins. 2

AS Area of shear reinforcement in ins.
2

AT Area of tensile reinforcement in beams in ins. 2

B Bending moment generally.

B Maximum bending moment of the external forces or loads

on a beam.

B Bending moment at crown of arch.

BC Bending moment at centre of beam.

BE Bending moment at end of beam,
BL Bending moment left half of arch.

BR Bending moment right half of arch.

C Total compressive force or stress.

Cc Total compression on concrete.

Cs Total compression on steel.

EC Elastic modulus of concrete in compression in lbs./in.
2



Es Elastic modulus of steel in lbs./in.
2

G Centre of gravity of column section.

Ic Moment of inertia for concrete.

Is Moment of inertia for steel.

Nrf Number of divisions in one half of arch.

N r Number of rods.

PH Horizontal pressure.

PV Vertical pressure.

R Moment of resistance of internal stresses in a beam at a

given cross-section.

RL Left reaction.

RR Right reaction.

Total shearing force across a section.

Sc Shear at crown of arch.

Sc Total shear taken up by concrete.

S s Total shear taken up by steel.

Sp Safety factor.

T Total tensile force.

Tc Thrust at crown of arch.

VV Weight or load.
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REINFORCED CONCRETE
THEORY AND PRACTICE

CHAPTER I

INTRODUCTORY
,

REINFORCED concrete, although considered a modern building

construction, is really very old in principle, and it has been proved

that the Romans, many years before Christ, used it, naturally

only in a very crude form, but evidently fully understanding the

principle of the combination of metal and concrete. There are

examples of Roman reinforced concrete in many parts, the rein-

forcement consisting as a rule of bronze rods placed crossing each

other in the centre of the slab. The concrete consisted of lime

with occasionally other additions of hydraulic materials and

aggregate, which latter was, as a rule, rather coarse. The Roman

system of strengthening concrete with tiles is well known, and

there are still many samples of their work in existence. The

reinforced concrete of old times cannot, of course, be compared
at all with our modern concrete as regards properties of strength

and resistance, as the manufacture of Portland cement was not

then known. In the Middle Ages concrete of lime mortar and

stones was also used to a certain extent, but it was not before

about the middle of the nineteenth century that the idea was more

fully explored. About this time we trace various patents relating

to the construction, like Louis Leconte's patent protecting the use

of iron plate trusses for floors. He suspended iron rods from

these plates, the rods carrying a meshwork of wire, which in its



turn supported the ceiling plaster. Other patents of this period

are the Vaux and Thuasne systems. Vaux used round rods,

hooked on flat iron bars placed edgewise in the concrete slabs.

Thuasne's system consisted of small iron joists having hangers

placed over them, with round iron bars suspended through a hole

in the hanger. In these systems plaster of Paris was used. This

material does, however, not protect the iron from rusting, and

consequently the constructions were not lasting.

In these specimens of reinforcement no attention was paid to

what is now the leading principle of reinforced concrete construc-

tions, namely, to use the iron reinforcement to resist the tensile

stresses while the concrete resists the compressive stresses.

No substantial improvement can be recorded before the in-

vention of Portland cement. This was discovered in 1824 by

Joseph Aspdin of Leeds, and improved by William Aspdin, who

took out a patent relating to the manufacture of Portland cement

in 1852. Wilkinson in 1854 used a layer of wet sand on the

surface of fresh concrete, keeping the sand wet in order to get the

concrete as hard as possible. The same inventor also took out a

patent for hollow partition blocks and for fireproof floors. These

latter he reinforced with flat iron bars placed on edge, and he de-

scribed these bars as taking the tensile stresses, thus coming nearer

to our modem ideas of reinforced concrete.

Frangois Coignet of Paris invented about the same period his

"
Be"ton-Coignet," a concrete composed of hydraulic lime and

aggregates mixed mechanically in certain proportions. In con-

structing slabs he put rods crosswise, similar to the Monier system.

A good specimen of his work is the aqueduct of the River Vanne,

which still exists at the present day.

In 1857 Dennett, a Nottingham contractor, introduced con-

crete arch floors between JL iron joists.

In 1867 Scott took out a patent for a fireproof floor consisting

of a lacework of rods, hoop irons or wire embedded in the concrete,

and he states in his specification that the concrete takes the com-

pression while the ironwork resists the tension in the slab.





FIG. i. AQUEDUCT j

This remarkable Aqueduct for the Paris Water Supply was executed by the late Fran
has a span oi



:i HE RIVER VANNE.

et in

feet.

(Reproduced from Coignets Handbook.)

in moulded concrete. The principal arch shown in the above photograph

[To come between pages 2 and 3.]





The introduction of reinforced concrete is usually attributed to

Monier, who patented in France in 1867 a method for making large

tubs for shrubs, using a meshwork of wires and rods embedded

in concrete. Later on he took out further protection for other

applications of his idea, and, on exhibiting his inventions at the

Antwerp Exhibition, 1879, he came in touch with Wayss of Berlin,

a civil engineer, who took Monier's patents up and worked them

extensively. Wayss and his partner Koenen are responsible for

the first method of calculating the strength of reinforced concrete

floors. In these calculations they assumed the neutral axis to lie

half-way up the beam and that the steel rods are equivalent to

the bottom flange of an ordinary steel girder, while the concrete

was considered to take the place of the top flange.

Lascelles in 1877 erected a number of cottages, the walls of

which consisted of concrete slabs reinforced with iron rods placed

diagonally.

The first reinforced concrete building in America was built by
Ward of New York in 1875, the whole of the walls, floors and

roof being composed of concrete reinforced with metal rods.

Further important inventions are the patents of Golding (1884)

for expanded metal, Ransome (1884) for a twisted bar, and

Lindsay's patent (1885) for reinforced concrete floors consisting of

passing rods over and under the iron joists to form a continuous

truss.

In 1894 Edmond Coignet published a booklet setting forth

a theory of the distribution of stresses based on the different

moduli of elasticity of iron and concrete, thus establishing the

modern theory of calculating the stresses of reinforced concrete.

A further important advance was made by Wayss and Koenen

of Berlin in 1892, who patented a reinforced concrete floor having

the rods cranked up at the point of contraflexure.

About the same time Hennebique patented a construction of

reinforced beams having stirrups to resist shear, and later, in 1897,

the same inventor introduced the system of rods cranked up placed

one above the other to reduce the width of the beam.



Further important patents were taken out in quick succession

in various countries like the Ast patent largely in use on the

Continent and many others ; and the introduction of various patent

bars, mention of which will be made later, rapidly put the import-

ant subject of reinforced concrete on strong bases, and the engin-

eering and architectural professions of almost every civilized country

were induced to look upon reinforced concrete as what it really

means, viz., an ideal building construction tending to sound

stability and, if properly designed, considerable economy as com-

pared with solid brick and iron buildings, the most important

feature being its fireproof properties.

It naturally became necessary for the building authorities in

the various countries to safeguard the public against improper

usage of the new method of building, and the German Government

passed some very stringent building laws dealing with the calculat-

ing of stresses and the execution of the work, mention of which

will be made in due course.

The Royal Institute of British Architects, recognising the great im-

portance of the subject, appointed a committee who in 1907 issued

a report laying down various recommendations and suggestions for

the calculation of stresses, to which reference is made hereafter.

The leading idea of the construction is to use the concrete, the

tensile resistance of which is considerably less than its compres-

sive resistance, to take the compressive stresses of the com-

bined material while the steel work resists the tensile and shearing

stresses. Consequently round or square rods are placed in the

concrete in such positions and in such dimensions as is necessary

to resist the tensile and shearing stresses at the various points of

stress, while the concrete is left to take the compression.

The three principal qualities of the two materials making it

possible to gain the particular result are :

1. The adhesion of the concrete to the steel is considerable

(100 Ibs. per square inch : see later).

2. The coefficient of expansion of concrete has been shown to

be practically the same as that of steel.



3. The protection of the steel is such, that the formation of

rust is quite impossible.

ADVANTAGES OF REINFORCED CONCRETE.

Reinforced concrete has been used so frequently and for so

many purposes that practical conclusions can be arrived at,

and it is now universally granted that the construction possesses

many advantages over the method of building as used heretofore.

There is hardly a branch of construction where reinforced concrete

has not been used to decided advantage.

The principal recommendation is the fact that it is highly fire-

resisting.

The vast expansion of our big cities, the huge factories, where

hundreds of people work in close proximity, the massing of people

in theatres, schools, churches, and public buildings, make it im-

perative to study the prevention and spreading of fire and to use

every possible means to this end in designing a building. Steel

in itself, as used for stanchions, columns and girders, does not

guarantee a protection at all
;
in fact, the contrary effect is more

likely to happen, as the destruction by fire of a beam does not only

involve the collapse of a floor or other superincumbent load, but

very often the demolition of the walls as well. The heated steel

loses its power of resistance and bends and fails altogether, bring-

ing down everything with it. Various big fires have repeatedly

shown this, where heavy girders were bent to all sorts of fantastic

shapes. The failing naturally makes the extinction of the fire and

the salvage almost impossible. It is absolutely necessary to con-

sider the fire danger, even if everything in a room or building is

carried by steel constructions. The only remedy is reinforced

concrete, as the protection afforded by the concrete does away
with the danger of the steel failing, and even if the whole build-

ing is burnt out, the carrying frame remains unhurt and re-

building can start at once, be carried on at a greater speed, and

the cost of rebuilding is reduced to the reconstruction of the

fittings and decorations. The danger of collapse during a



fire is almost entirely removed and thus salvage operations made

possible.

It is consequently necessary to protect all steel stanchions and

girders with a fire-resisting material, and cement concrete has

for some considerable time past been used for this purpose. In

ordinary steel constructions, however, this is rather costly, as the

concrete mantel does not take any stresses, and, therefore, does

not make it possible to reduce the thicknesses and weights of the

protected stanchions or girders. In fact, the material used is simply

superfluous and only of use in case of a fire which may never

occur. Reinforced concrete, on the other hand, does away with

all heavy steel work and the concrete is made to do part of the

duty of the member protected, thus effecting a considerable saving

in cost, while at the same time affording full protection against

fire.

The concrete does not crack nor split under the influence of

fire, nor when water is thrown on while heated, thus effectively

protecting the embedded steel from all dangerous influences.

It must be admitted 'that when exposed to great heat the con-

crete loses somewhat of its strength. The hardening of the material

took place under the influence of water, and it is obvious that, if

this is lost under fire, the concrete must become a little less com-

pact and perfect, but this shortcoming is easily outbalanced by the

advantage of keeping the whole structure intact, and as the in-

fluence of the heat can only be destructive to a very little depth,

the various parts are easily repaired at small cost.

Furthermore, it has been repeatedly proved that the fire does

not affect the complete adhesion of the concrete to the steel, so

that, as far as the strength of the structure is concerned, little need

be feared in consequence of a fire.

Objections .have been raised repeatedly that the moisture con-

tained in the concrete during construction would cause the steel

work to rust. But this supposition has been proved wrong over

and over again. The famous French architect, Viollet le Due,

removed some iron clamps that had been built into the stonework

6
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of the church of Notre Dame at Paris, and they were found to be

as bright as when they were put in some 500 years ago. Some

reinforced concrete mortar pipes (if in. thick) were constructed in

Grenoble twenty-two years ago. After fifteen years two lengths

of pipe were raised for inspection, and it was found that, although

the water had been flowing through them and they had been em-

bedded in soil for these fifteen years with only f in. of Portland

cement concrete protecting the steel, the metal was as bright as on

the day it had been put in. Many other instances could be men-

tioned, and we might take it for granted that experience has

shown how perfect is the protection afforded by the concrete.

The mixing of the concrete should be as perfect as possible with

a sufficiency but not superabundance of water, as the latter has a

weakening effect on the strength of the concrete. The proportion

should be i part of water to 3 or 4 parts of solids
;
in no case less.

It is very important that the reinforcements should be fully pro-

tected against rust. Painting with oil would seriously interfere

with the adhesion and must, therefore, not be employed. Many
experts recommend painting the steel rods first with a thin mixture

of cement and water, and this course is doubtless highly satisfactory.

There is no necessity to free the rods from any rust as this is not

detrimental at the initial stage, on the contrary, it may improve
the adhesion. The point is to prevent the formation of rust after

the rods are built in.

A further great advantage in using reinforced concrete is the

rapidity of erection. The raw material is deposited on the site in

a simple fashion and worked up by machinery in a very short time.

In cases of large buildings, and particularly where it is of import-
ance that they should be erected as quickly as possible, reinforced

concrete will decidedly be preferable to brickwork.

The saving of space is another important item. The thickness

of the external walls is much reduced, especially in cases of tall

buildings, thus giving an increased floor area. Columns and

stanchions can be spaced considerable distances apart, particularly

where ribbed ceilings are used, while owing to the reduced weight



of the structure, supports need be less frequent than is the case

with ordinary iron stanchions and girders. Furthermore, a rein-

forced concrete column, as a rule, takes up less room than an iron

column or stanchion with its casing of concrete, besides affording

greater protection against fire. A heavy iron stanchion is natur-

ally liable to considerable expansion when exposed to fire, and

the casing must be of appreciable thickness to resist this and pro-

tect the stanchion sufficiently to avoid expansion, quite apart from

the consideration that a casing is very likely to crack under the

influence of fire and the sudden exposure to water, when heated.

In reinforced concrete stanchions the casing forms part and parcel

of the stanchion itself, while the reinforcement is of such a small

comparative sectional area that expansion is hardly possible.

The concrete lends itself to all irregular shapes and outlines,

and there is no cutting as with brickwork, and perfect level and

smooth surfaces are obtainable.

The carrying capacity of reinforced concrete beams and stanchions

makes it possible to effect a great saving in the number of columns

or stanchions required, and thus better light, more air, and better

superintendence in case of factories are gained. This is particularly

important where the heights of floors or the extent of buildings are

limited.

The resistance against vibration or oscillation owing to the mono-

lithic or homogeneous nature of the construction is also a very

important feature. In case of factories this is particularly noticeable.

Experience has shown that sudden shocks such as, for instance,

railway bridges or the like structures are subject to, cause no bad

effects. While in solid masonry a crack is often caused which acts

detrimentally on the structure, reinforced concrete constructions

cause, through the elasticity and continuity of the steel work, the

shock to be distributed evenly over a large surface instead of being

taken up by a very confined portion only. This advantage is very

important also in cases of fire, as the floors are able to resist any

vibrations caused by falling machinery or debris much better

than any other floors.

8



In comparing the cost of reinforced concrete buildings with that

of brick or stone buildings the advantage is usually with the former.

They naturally require less material and labour. The thicknesses

of walls are considerably less, as brick walls must be increased in

thickness according to their height to prevent bending or failure.

The only weak point in this respect is the considerable expense
of centering and boarding and extra supervision. As the sound-

ness and quality of the work very largely depends on good work-

manship, it is essential that the supervision should be strict and

general. It is also necessary that the superintending clerk of the

works or foreman should be fully acquainted with the construction

and alive to the great responsibility he incurs. The cost of

centering and boarding is naturally appreciable, and although

these materials may be reused three times or more according to

quality of timber, full allowance must be made for cutting and

waste. A judicious superintending of the work and looking after

the workmen goes a long way towards reducing this item.

Furthermore, the centering and boarding used should be of ample
thickness and scantling. Although the initial expense in estab-

lishing the plant is thus increased, it will pay in the long run, as

the plant can be reused oftener and splitting and consequent loss

is avoided.

The expensive cartage of heavy ironwork and the haulage of

heavy members into place is done away with, and it must not be

overlooked that the encasing of ironwork becomes unnecessary.

The cost of maintenance is decidedly less than is the case with

brick buildings. There is no pointing as with brickwork, nor

repairs to stonework or any of the many costly items of repairs

of an ordinary building, while the life of a reinforced concrete

building is almost permanent, the structures being indestructible.

Age has no bad influence, there is no decay ;
in fact, the work

becomes stronger in course o time.

In order to avoid the necessity of repairing cracks great care

should be taken to arrange for sufficient thickness of the concrete

covering the reinforcements, particularly in external work exposed



to the influence of wet and frost. If the layers are made too

thin, cracks are caused, and it will be a costly item to remedy

this shortcoming by future repairs. It is decidedly more eco-

nomical to avoid this by allowing ample thickness.

From a hygienic point of view reinforced concrete buildings are

also preferable, particularly for hospitals and schools. Formation

of fungus is impossible, and there are no hiding-places for insects

or microbes and bacilli as is the case with wooden floors. The

absence of projecting girder flanches prevents the accumulation of

dust and the buildings are easily kept clean and sanitary.

As regards the architectural treatment of reinforced concrete,

there are already many examples, as buildings, bridges, towers, etc.,

proving its adaptability for ornamental work. Artificial stone has

been used for many years to the greatest advantage. There is no

fear of sandholes, shales or other defects spoiling the appearance
of many of our best designed buildings. Owing to the compact-
ness and hardness of the material decay of delicate architectural

features is almost impossible, quite apart from the saving in cost of

material and workmanship. A great variety of designs is obtain-

able by removing the surface film of cement and showing the

grain of the aggregate, thus overcoming the monotonous colour

of the cement concrete. For the outer layers aggregate composed
of small chips of any natural stone may be employed, giving plenty

of opportunity for varied design. Mouldings and ornaments can

be either cast in the moulds as the work proceeds or fixed in

afterwards, and owing to the nature of the material it is possible

to execute the most delicate designs.

For waterproofing concrete many methods have been advocated.

It stands to reason that a greater proportion of cement tends to a

more waterproof mixture. This is, of course, expensive, and a

small addition of lime has been used with good results. A mixture

of i part of Portland cement, -J part of lime and 3 parts of sand

was found to be perfectly waterproof after six days. The usual

method is to apply a wash of soft soap to the surface after the

concrete has become set. This serves, at least, as a temporary
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measure until the surface becomes hard enough in itself. It is

not advisable to mix the soap with the concrete. The concrete

very often shows fine surface or hair cracks, and in such cases

mastic asphalte has often been used for waterproofing.

TEMPERATURE AND HAIR CRACKS.

Temperature cracks usually occur in large and bulky work,

such as reservoir and dam construction, and arise from the effect

of thermal variations. Although these cracks often appear to be

of a serious nature, this is, as a rule, not so, and simple filling-in

with mortar, lead or neat cement remedies the defect. As

previously pointed out the reinforcements should be well dis-

tributed, and long walls or conduits require reinforcements in both

directions to prevent cracks.

Fine surface or hair cracks are usually due to the circumstance

that the surface of the work dries more rapidly than the bulk of

the concrete. They are not, as is often supposed, due to faulty

cement, but rather to a too rich mortar. All cement used in

dressing concrete should be well mixed with sand or other very

fine aggregate, and the surface work or veneer must be well rubbed

down and washed.
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CHAPTER II

THE MATERIALS
A. PORTLAND CEMENT.

PORTLAND cement derives its name from its resemblance, when

hard set, to Portland stone, and was invented, as before mentioned,

by Joseph Aspdin in 1824. It was first commercially manu-

factured at Swanscombe, Northfleet, Faversham and Cliffe, at the

works of J. B. White & Bros., Robins & Co., Knight, Bevan &

Sturge, Hilton, Anderson & Co., Francis & Co., and others.

While formerly the manufacturing process was somewhat crude,

the superintendence is now usually in the hands of experienced

chemists and the process of manufacture is carefully watched.

Generally speaking, it may be taken that any modern Portland

cement hailing from one of the recognised works is reliable, if

properly treated and used. There is a great deal of so-called

" natural
"

cement on the market, made principally in Belgium
and sold as " Portland cement," and care should be taken that

only best British Portland cement is used for reinforced concrete

work to secure perfect results. The standard specification of

Portland cement drawn up by the Engineering Standards Com-

mittee defines Portland cement as follows :

" The cement shall

be prepared by intimately mixing together calcareous and argil-

laceous materials, burning them at a clinkering temperature and

grinding the resulting clinker". This definition shows that

genuine Portland cement must be prepared by the mixture of

separate raw materials. To ensure accurate results, great care

12



must be exercised in the mixing and a complete chemical com

bination during the process of calcination attained.

Another cement to be avoided is that made from blast furnace

slag. This is of different composition and cannot be relied on.

It is only satisfactory if used quite fresh, and quickly deteriorates.

Genuine Portland cement is made from chalk and clay or suit-

able limestone and shales. After being accurately proportioned

and mixed the mixture is burnt to a hard clinker. This clinker

is then finely ground and the result is the Portland cement.

Very finely ground Portland cement will go further than a coarsely-

ground Portland cement, as a more intimate and perfect mixture

is obtained. Except for special work it is advisable to use either

a " medium "
or " slow

"
setting Portland cement. The Engineer-

ing Standards Committee defines the former as a cement which

sets, when gauged neat, in not less than half an hour nor in more

than two hours at normal atmospheric temperature ;
the latter is

one which takes not less than two nor more than seven hours to set.

To ascertain whether the cement is of good quality and condi-

tion in a rough and ready manner, a pat of cement -J
in. in

thickness should be gauged with about 25 per cent, by weight of

clean water and placed on a piece of glass, iron or slate. At the

end of twenty-four hours the pat on the glass should be placed in

still water and left there for inspection during the progress of the

work. If the cement continues to increase in hardness, and its

appearance is satisfactory, the user may look to other causes if the

work is not good.

Another rough test is to mix cement to the consistency of stiff

treacle and fill a bottle with the mixture. If the bottle cracks the

cement is over-limed or contains too much free lime. If the

mixture shrinks or becomes loose it is over-clayed.

Portland cement should not expand to any great extent.

The initial setting of the cement is the commencement of the

chemical action which is set up when the water combines with the

cement
; the hardening process is a much slower one. Care

should be taken that the work is not disturbed during setting.



The atmospheric temperature greatly influences the setting. The
warmer the weather and water, the more quickly will the cement

set. A temperature below freezing point practically stops the

chemical action, and many other causes may retard the setting.

If, however, treated properly, the cement will set ultimately.

When Portland cement concrete is subjected to sea-water,

particular care should be taken to get a close and compact mixture.

B. CONCRETE.

All aggregates used for mixing with Portland cement to form

concrete should be perfectly clean and only clear water must be

used. A good many materials are suitable for concrete, as ballast,

broken stone, crushed granite, broken brick, burnt ballast and

pumice stone.

Coke breeze is cheap and largely used, but must be carefully

selected. Pan breeze or ashes are unsuitable. The coke breeze

must be free from particles of coal dust, ammonia or sulphur and

organic impurities. Pure vitrified furnace clinker is a good aggre-

gate but makes a porous concrete. The concrete thus gained is

light and cannot resist the same compression as that made with

more substantial aggregate, as ballast, stone or brick.

Ballast concrete is likely to splinter, particularly when water is

poured on it while heated, as in the case of a fire, and should,

therefore, not be used for fire- resisting floors.

Pumice stone is also objectionable on account of its making

very cellular concrete. It absorbs moisture and may induce rust-

ing of the reinforcing steel work.

Ballast concrete resists a great crushing strain. For floor con-

struction it should be crushed so as to be not larger than to pass

through a mesh f in. square ;
if reduced to

-J
in. the concrete

will be more fire- resisting. For heavier work and foundations the

size may be from i to 2 ins. mixed with smaller particles. It

should be well washed before use to ensure best results. Angular
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ballast will naturally give better concrete than that composed of

round particles.

Broken, hard limestone makes a good concrete, if clean, but is

not very fire-resisting, as limestone is subject to calcination at a

high temperature.

Sandstone concrete is somewhat inferior in strength to lime-

stone.

Diorites give a very good concrete.

Granite chips are to be recommended, particularly for floor

constructions, giving a good wearing surface.

Broken brick is highly fire-resisting and an excellent aggregate

for concrete. It affords plenty of adhesion and does not splinter

at high temperatures.

Burnt hard clay ballast is also suitable for concrete but inferior

to broken brick.

Pumice is a cellular volcanic product, and concrete made of this

material is somewhat stronger than coke breeze or clinker.

The breaking of the aggregate is done either by hand or

machinery. If broken by hand the results are somewhat better,

but it is, of course, more expensive. If a stone-breaking machine

is used, care should be taken that the fine dust produced in the

breaking is eliminated, as the presence of this dust will naturally

weaken the concrete.

The washing of the aggregate is done advantageously with a

washing machine, which should be so constructed as to avoid any
sediment.

In mixing the aggregate with cement there will naturally be a

large number of voids varying according to the nature and size of

the aggregate used. It has been proved that if sand be added

sufficiently to fill up these voids, and only just sufficient cement

is added to fill the interstices between the sand, a much smaller

quantity of cement is needed than if the sand is omitted, while at

the same time a strong, heavier and more impervious concrete is

obtained. Very fine sand will make the concrete weak, but too

coarse a sand is also a mistake, as more cement is required to fill



in the interstices or these remain and weaken the concrete.

Medium sized sand is, therefore, the material to be used.

Particular attention must be paid to the selection of the sand.

It must be perfectly clean, as any organic or loamy matter is

detrimental to the strength of the concrete. If a loamy pit sand

be used for economic or other reasons, it should be well washed.

River sand is preferable to pit sand, and it is bound to be cleaner.

Sea sand may be used without any bad effects. The presence of

the salt will retard the setting of the cement to a certain extent

and may cause discolorations, which can, however, be easily

removed by a wash with a solution of sulphuric acid, much diluted

with water.

The British Fire Prevention Committee carried out a number of

tests with concrete floor slabs composed of slag, broken brick,

granite, burnt ballast, coke breeze, clinker and Thames ballast, in

order to find the most suitable aggregate to resist fire. The

cement used was the " Ferrocrete
"
Brand, manufactured by the

Associated Portland Cement Manufacturers (1900) Ltd. The

results of these tests are set forth in Report No. 101 of the

British Fire Prevention Committee, the following
"
Object of

Test
" and "

Summary of Effect
"
with table giving a concise view

of the relative efficiency of the aggregates.

OBJECT OF TEST.

To record the effect of a fire of three hours' duration, the tem-

perature to reach 1800 Fahr. (982*2 C.) but not to exceed

2200 Fahr. (1204*4 C.) followed by the application of water

for two minutes.

The area of the floor under investigation was to be divided into

seven equal bays of different aggregates, the quantity and quality

of Portland cement used being identical for each bay, and the

nature of the concrete used being as follows :
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No. Parts by Volume.

f Blast furnace slag . . 3
i. Slag concrete

-J

Clean sand . .2
iCement . i

{Broken

brick . . 3
Clean sand . .2
Cement . . i

/-Broken granite . . 3

3. Granite concrete
-j

Clean sand .. . 2

iCement . . i

4. Burnt ballast concrete

-

5. Coke breeze concrete

f Furnace clinker . .3
6. Clinker concrete ! Clean sand .*-. . 2

vCement . . i

( Thames ballast ... 3

7. Thames ballast concrete ! Clean sand ,. . 2

iCement ,. . i

The total area of the floor under investigation was to be at

least 200 ft. sup. (18-58 sq. m.).

The soffit of each bay exposed was to be about io'-o" by 2'"]"

(3-04 m. by 787 m.), the thickness being $$ ins. ('139 m.).

The floor was to be loaded with 224 Ibs. per ft. sup. (1093-76 kg.

per sq. m.).

The centering was to be struck fourteen days after completion
of the floor. The time allowed for drying was forty days

(autumn).

SUMMARY OF EFFECT.

In ten minutes after the gas was lighted the plaster began to

fall off the beams and continued to do so until the end of the

test.

Towards the end of the test it was observed, from the top of

the hut, that the edges of Bays, i, 6 and 7 were red-hot, No. 7

being the worst.

On the application of water, more plaster was washed off the

beams than had fallen during the fire test, and some of the con-

crete from the underside of Bays Nos. 3, 4, 5, 6 and 7 was

washed off. All the slabs remained in position.
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Bays Nos. 4, 5 and 6 were flat on the soffit, the others were

convex on the underside, No. 7 (the worst) to the extent of i-J

in. On the removal of the load it was found that Bays Nos. i,

2, 3, 6 and 7 were cracked across, No. 7 being worst.

THE MANUFACTURE OF CONCRETE.

For the making of good concrete it is essential that the aggre-

gate should be perfectly clean, and should vary in size from a

Spanish nut to a hen's egg, at any rate it should not exceed this

latter size. The sand should be clean, sharp and of medium

coarseness to fill the voids between the aggregates, and, lastly, the

Portland cement should be as finely ground as possible to fill

the interstices between the sand and to be plentiful enough, in

addition, to adhere properly to the aggregates.

The ideal concrete should be so composed as to give the best

results as regards strength at the least expenditure.

Experience has shown that it is not feasible to lay down a hard

and fast rule as to the proportioning of the components of con-

crete ;
this largely depends on the aggregates and nature of the

sand used.

The greatest possible density is more likely to secure perfect

concrete than an increased portion of Portland cement. The

various components must fit into each other to perfection, and it

has been proved that a concrete well mixed with a moderate

proportion of Portland cement is stronger than a concrete having

cavities due to improper mixing, but containing a larger proportion

of cement. Only by perfect density it becomes possible to dis-

tribute the pressure evenly throughout. Where great strength is

desired, the proportion of cement may be increased, but it must

not be overlooked that a mixture of perfect density having a small

proportion of cement gives a stronger concrete than a mixture

of less density having a greater proportion of cement. In the

mixture there should be a certain amount of smaller stones to fill

the voids between the larger stones, an amount of still smaller

stones to fill the voids between the small stones, the sand filling



the voids between the latter and the Portland cement being

added to bind the whole together and fill the voids in the sand.

Attention should consequently be paid not only to the hardness of

the aggregate, but to secure aggregate of such a nature that the par-

ticles are of various sizes proportioned so as to form themselves

into a solid mass with the smallest voids possible. Naturally, the

more angular and rough the particles of aggregate are, the better

will be the adhesion and consequently the stronger the concrete.

The size of the aggregate depends largely on the work the

concrete is destined for. For foundations, thick walls, etc., the

size may be up to say 2^ ins. in diameter, while for floors, parti-

tions, and walls less than 12 ins., the aggregate should not be more

than J in. in diameter. We may assume that each particle of

aggregate is able to resist the same crushing strain proportionately

as a bigger cube of the same material. The material should be

well sifted so as to remove the loose dust. The dust resulting

very largely from the crushing of the aggregate forms a coating

round the small stones and thus prevents these coming in direct

contact with the cement, thus preventing thorough adhesion.

Particles of loam or mould will necessarily weaken the concrete,

and must be removed in any case, but the coarser dust resulting

from breaking up must be considered as forming portion of the

sand to be incorporated and duly allowed for in deciding the

rate of proportioning.

The best aggregates to be used are, no doubt, crushed ballast

or stone. Concrete of small aggregate is more fire-resisting than

that composed of larger aggregate, and the smaller aggregate is

also more suitable from a practical point of view, as it is easier to

get it into all crevices round the reinforcements, and, furthermore,

voids cannot so easily occur with the fine material.

As regards the proportion of Portland cement required, this

depends largely on the nature of the sand. The sand should be

clean and sharp and siliceous. Fine sand naturally means more

voids and consequently more cement to fill same, while it is more

difficult to fill the voids than with a coarser sand.
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In deciding what aggregate should be used for a particular con-

tract, it must from an economical point of view first be ascer-

tained what in the nature of aggregate can be procured on the

site or in the immediate neighbourhood, in order to cheapen the

cost of the work. If the concrete is for walls or other exposed

parts of the structure, care must be taken to select an aggregate

which is able to resist frost, and for this reason no porous material

should be used, quite apart from the fact that porous aggregate

makes poor concrete. If, however, for purposes of economy it is

necessary to use porous aggregates, these should be well soaked

before using, so as to avoid the absorption of moisture from the

cement mortar. A good and cheap aggregate very often met

with on the site is gravel, and as it is found in various sizes mixed

together, the proportion of cement required is not excessive. But

the concrete composed of gravel can naturally not be expected to

afford the same strength of resistance as such made of broken

stone or granite. Gravel contains always a proportion of sand or

material which must be considered as sand, and, if gravel is to be

used, the proportion of this sand must be carefully ascertained

and the decision of how the concrete should be composed made

accordingly. This is done by passing and repassing the material

through sieves of various mesh.

The sand is also often found on the site, and it should be de-

cided if it is suitable and particularly if it is clean. This is easily

ascertained by placing a quantity of sand into a glass tumbler

and filling this with clean water. If the water remains clear after

shaking, the sand is >fit for use, but if the water becomes cloudy

or dirty, the material must be washed until, on further testing it,

the water remains clear.

The water used for the concrete must be clean, and free from

impurities and of a medium temperature. If the water is too

warm, the concrete sets too quickly, while very cold water delays

setting. The quantity of water required depends partly on the

nature of the aggregate porous material requiring more water

than compact and solid aggregate and partly on the weather
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conditions. If the atmosphere is damp, less water is required

than on a hot, dry day. Too little water causes imperfect setting

of the cement, while too much water forms small voids in the

concrete, which later on will come up to the surface. A practical

test is to take up a handful of the concrete, when mixed, and

press it together. The water should then drip out and, on opening

the hand, the sample should retain the shape thus given to it.

Broadly speaking, the concrete should be of such consistency as

to be easily workable for whatever purpose used.

As regards finding the proper proportioning of the various

materials in order to get a dense concrete many methods are

advocated.

The simplest form is to fill a tumbler with the aggregate

decided upon, level it at top and then add as much water as

possible, viz., until it runs over the brim
; the water to be taken

out of a graded glass. The proportion of water thus used would

be the amount of sand required, on the assumption that the water

fills up the voids between the aggregate which, in the concrete,

are to be filled with sand. The same process is then repeated with

the sand by filling the tumbler again with the sand to be used and

adding as much water as the tumbler will hold. The proportion

of water used will represent the amount of Portland cement

necessary. The difficulty here is that some aggregates, particularly

those of a porous nature, will absorb a great deal of water, and in

order to get as true a result as possible, the aggregate should be

well wetted before being placed into the tumbler or measure

used.

This method does not, however, accurately determine the true

proportions required, owing to the fact that the various materials

differ in compactness under various methods of handling. As

the grains of sand tend to thrust the particles of the larger ag-

gregate apart, and a portion of the sand is often too coarse to

enter the 'voids of the coarser material, the test has its drawbacks.

Again, with some of the aggregates, the voids are smaller than

the particles of sand, which, therefore, get between the larger
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aggregate and thus increase the bulk of the mass. To obviate

this, the following method is recommended : Determine the pro-

portion of voids in the larger aggregate by filling a measure

therewith and pouring in water as described above. Also deter-

mine the percentage of voids in sand by weighing a cubic foot of

packed sand and subtracting from 165 Ibs. (the weight of a cubic

foot of quartz), multiplying by 100, and dividing the product by

165. Then proportion the cement and sand so that the cement

paste will be 10 per cent, in excess of the voids in the sand, and

allow sufficient of this mortar to fill the voids in the large aggre-

gate with an excess of i o per cent. Thus : Supposing a sand

contains 38 per cent, voids and the large aggregate 48 per cent,

voids, then cement paste required per c. ft. of sand = 0*38 +

(xV x '3^)
= '4 2 c - ft- (approximately). By trial i c. ft. of

loose cement, lightly shaken, makes 0*85 c. ft. of cement paste,

0*85
and requires ,

or approximately, 2 c. ft. of sand, producing

an amount of mortar equal to 0*85 + 2 (i
-

0*38)
= 2*09 c. ft.

Mortar required per c. ft. of large aggregate = 0*48 + ^ x

0*48 = 0*528 c. ft. Therefore 2 '09 c. ft. mortar will require

g
= approximately 4 c. ft. of aggregate. The proportions

are, therefore, i part of cement, 2 parts of sand, 4 parts large

aggregate.

The foregoing method is recommended by the* Associated

Portland Cement Manufacturers (1900) Ltd., and the following

tables, etc., are taken from their book on Everyday Uses of Port-

land Cement.

As the principal object in proportioning the various materials is

to get a concrete of maximum density, the proportioning should be

found by trial mixtures.

The following table is fairly reliable as regards the percentage

of voids in various materials, and may be used where it is not

convenient to determine the exact percentage of voids. A box,

whose weight has been ascertained, say i''o" x i''6" x ?'*o (con-
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taining 3 c.
ft.),

should be filled with the materials after they have

been heated to 212 F. to drive off any moisture. The materials

should be put in the box loosely and the top levelled off with a

straight-edge. The box should be weighed when full. Deduct

the weight of box to ascertain net weight, and divide this by

the number of cubic feet in the contents (viz., 3 in this case).

The result is the actual weight of i c. ft. of the concrete.

By reference to the table below, the percentage of voids may be

ascertained. The table does not apply to fine materials, such as

sand, or particles fine enough to pass a J in. mesh sieve, and,

therefore, an aggregate that contains fine particles must be sifted

before its percentage of voids can be determined by the table.

The finer particles must be figured as a portion of the mortar.

PERCENTAGE OF VOIDS.

Weight
per

c. ft.



the hand, it will retain its form without pressing out any excess

water. Measure 50 c.c. by tamping it into a graduated glass tube

marked with cubic centimetres. From the character of the sand,

estimate approximately the quantity of Portland cement required

to make a concrete of the desired plasticity, density, or strength.

If this estimate is, say, i part of cement to 2 parts sand, 25 c.c.

of Portland cement will be required for admixture with 50 c.c.

of sand. This quantity of Portland cement may be obtained by

weighing, with reference to the weight of a specific volume of

Portland cement. With another sample try another proportion,

say, 2-J parts of sand to i part of Portland cement and so on.

After each sample has been measured out and the cement

thoroughly mixed with the sand, sufficient water should be added

to each to make a mortar of about the same consistency as will be

required for the concrete.

Each sample should then be experimented upon by placing a

little at a time in a graduated glass and tamping as before, the

space occupied by each sample being noted. If the total quantity

in any case should be greater than the volume of sand, probably

too much cement has been added.

If the concrete requires a dense, strong mortar, samples should

be used which contain the most Portland cement. Should, how-

ever, a very dense or strong mortar not be required for the con-

crete, the proportions are determined by one of the samples

containing the least Portland cement and sufficiently plastic to

give a good bond in the concrete.

Dense mortar must be used to produce a concrete that shall

be almost impervious to water.

The following table may be used to show the proportion of ag-

gregates which will give the maximum density with the minimum

of Portland cement, the unit of measurement being that i ft. of

Portland cement weighs 95 Ibs. The figures given for the pro-

portions of mortar, such as 1:3, signify i Portland cement, 3

sand.
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portions it must not be overlooked that the sand goes to fill the

voids in the aggregate and the cement those in the sand
;
conse-

quently it does not follow that concrete mixed of i part of cement

to 2 of sand and 4 of aggregate gives 7 parts of concrete.

The following are results obtained with various mixtures at the

construction of the Connecticut Avenue Bridge in Washington,

U.S.A. :

i : 2 :
4-J-

concrete 378*25 Ibs. cement measuring 4*5 c. ft. loose,

9 c. ft. sand, and 20*25 c. ft. broken

stone, yielded 21*4 c. ft. of concrete

when rammed in place.

i :
2-J-

: 6 concrete 378-25 Ibs. cement measuring 4-5 c. ft.

loose, 11*25 c - ft- sand, and 27 c. ft.

broken stone (or in another case 13*5 c.

ft. ballast and 13-5 c. ft. stone), yielded

27-66 c. ft. of concrete when rammed in

place.

i 13:10 concrete 378*25 Ibs. cement measuring 4-5 c. ft.

loose, 13*5 c. ft. sand, and 45 c. ft.

ballast, yielded 45 c. ft. of concrete

when rammed in place.

THE MIXING OF CONCRETE.

Portland cement must, until it is used, be kept in a dry place

and not left in the open, and no concrete that is not absolutely

mixed fresh should be used. Concrete that has begun to set

may, however, be used as an aggregate.

To secure a good result the mixing must be thorough ;
all

parts being carefully measured and weighed out. A box without

top or bottom and of proportionate dimensions is the most con-

venient measure for aggregate and sand. The cement should be

weighed and the water measured by a pail.

The mixing should take place on a clean wooden platform, the

sand being measured first and spread over the platform in a layer

of uniform thickness, and it should be dry, as wet sand does not
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FIG.

mix properly, except where the mixing is done by machinery.

If a great quantity of

concrete is to be mixed

by hand, the platform is

best covered with a sheet

of zinc or iron.

No more concrete

should be mixed at a

time than can be im-

mediately disposed of,

and the mixing should be

done as near to the place

of destination as possible.

When the sand is

levelled down, the Port-

land cement should be

evenly distributed over

the surface and

the whole turned

over at least three

times with the

shovel and until

the uniformity of

colour indicates a

thorough mixing.

Then the aggre-

gate should be

added to the mix-

ture, the whole

turned over again

three times, and

water gradually

added under con-

stant turning overFIG. 5.

of the materials. The concrete should only be sufficiently wet

1 From Everyday Uses of Portland Cement.
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to show water on the surface when it is well rammed in position

with a wooden or iron hammer. The best way of adding the

water is by sprinkling it

over the mixture with a

watercan having a proper

rosehead.

Wherever the size of

the job allows it, the use

of a mixing machine is

preferable. Figs. 4 and

5
l illustrate such ma- FlG -

chines, many patterns of which are on the market.

In placing the concrete in position, it should not be thrown

from a height, but care-

fully tipped out of a

barrow or truck as the

case may be. It should

then be well and evenly

rammed. Not sufficient

importance can be at-

tached to this proceed-

ing, as it is of the greatest

moment in order to get

good results. Figs. 6

and 7
l illustrate a handtip cart and a tipping truck used for the

work.

CONCRETING DURING FROSTY WEATHER AND HOT WEATHER.

It is not advisable to execute concrete work during frosty

weather, as the frost prevents proper and uniform setting. If,

however, urgency makes this necessary, it is well to add to the

water i per cent, by weight of salt for every degree Fahr. below

the freezing-point.

During the erection of a building at Rochester, N.J., the water

1 From Everyday Uses of Portland Cement.
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was heated to about 90 Fahr. and salt added in about the pro-

portion of i '6 Ib. per c. ft. of Portland cement. The water was

heated by passing live steam through perforated pipes in storage

tanks, and the sand and gravel were heated in the storage bins by
means of steam pipes and hot air pipes.

Certain experts on the Continent advise the addition of a small

percentage of soda or chlor. calcium.

On the other hand, exposure to intense heat is also detrimental.

The heat causes the upper layers of the concrete to set quicker

than the lower and, naturally, withdraws the moisture too quickly.

In hot weather it is therefore advisable to keep the surface of the

concrete damp by sprinkling water or by covering it with a layer

of wet sand, which will counteract the heat of the sun rays and

cause the concrete to set in due time.

In the United Kingdom cases of extreme heat or cold rarely

happen and, as a rule, only last a very short time, so that the work

can be suspended.

C. STEEL REINFORCEMENTS.

The committee appointed by the R. I. B. A. in their report on

reinforced concrete recommended as follows :

The metal used should be steel, having the following qualities :

(a) An ultimate strength of not less than 60,000 lbs./in.
2

(b) An elastic limit of not less than 50 per cent, or more than

60 per cent, of the ultimate.

(c) An elongation of not less than 22 per cent, in the lengths

stated below.

(d) It must stand bending cold 180 to a diameter of the

thickness of pieces tested without fracture on outside of bent

portion.

In the case of round bars the elongation should not be less than

22 per cent, measured on a gauge-length of eight diameters. In

the case of bars over one inch in diameter, the elongation may be

measured on a gauge of four diameters, and should then be not

less than 27 per cent. For other sectional material the tensile
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and elongation tests should be those prescribed in the British

Standard Specification for structural steel.

Before use in the work the metal must be clean and

free from scale or loose rust. It should not be oiled or

painted, but a wash of thick Portland cement grout is

desirable.

Welding should in general be forbidden
;

if it is found

necessary, it should be at points where the metal is least //

stressed, and it should never be allowed without the / 1

special sanction of the architect or engineer responsible FlGS gl

for the design. and g
1

.

The reinforcements should be placed and kept exactly in the

positions marked on the drawings,

and apart from any consideration

of fire-resistance, ought not to be

nearer the surface of the concrete

at any point than i inch in beams

and % inch in floor slabs or other

thin structures.

As regards rust, experience shows

that, if not loose, it has the tendency
to increase the adhesion to the

steel of the mortar. Dirt or fat, on

the other hand, acts detrimentally.

Wherever the rods have to resist

tensile stresses, it is advisable to

bend the ends over to form hooks,

so as to prevent any sliding tendency
and give a better fixing in the con-

crete.

In columns or stanchions, where

rods are continuous, and it is FIG. 10.

necessary to join them, it is a good

practice to form a cup at the end of the lower rod, the upper rod

finding its base in the cup. Rods are usually jointed by lapping



them 3 or 4 ins. and winding wire round the joint (see Figs. 8

and 9). The ends should be well bent over and well incased with

concrete.

The cutting of the rods is done by hand, with a chisel, stouter

rods being heated first.

A very handy little

machine (Figs. 10 and

n) for round and

square bars is now on

the market (The Con-

cave Floor Co., i Haw-

stead Road, Catford,

S.E.) by means of which

rods can be cut in a

cold state with great

rapidity. The machines

are screwed down to a

bench or other firm

platform. The same

firm supply also a

machine for bending
for

by

means of which it is

easy to bend the rods

in exactly the same

places uniformly.
These machines can easily be taken from one job to another, and

thus do away with the necessity of preparing the rods beforehand

and facilitate transport and handling before use.

The small waste pieces, which amount to some 10 per cent.,

can be utilised for hangers, straps and other connexions (see

Figs. 13, 14, 15, 1 6), and machines for these purposes are also

supplied by this company.
The advantages are obvious. The rods can be delivered on the

rods (Fig. 1 2)

various purposes

FIG. ir.



site in stock lengths and the

cutting and bending be done

on the spot from dimensions

taken on the site and under

the direct supervision of the

clerk of works or foreman, and

mistakes are avoided.

The rods designed to resist

the tensile stresses may be

termed tension rods. In case

of a slab supported on all sides

these rods are best placed in

the direction of the shortest

span. If the slab is approxi-

mately square, it is advisable

to let them cross each other.

The selection of the diameter

depends on the load to be

carried, the spacing, and the

span of the slab. Round rods

are commonly used, spaced

certain distances apart. The

distance can easily be ascer-

tained according to formulae

mentioned hereafter. Care

must be taken not to join rods

where great bending moments

occur.

Another series of rods,

termed distributing rods, con-

nect the tension rods in the

opposite direction and are de-

signed to give the tension rods

a better hold, to distribute the

stresses uniformly over the
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tension rods, and to increase the strength of the slab against

shear. These rods are usually selected of a smaller diameter and

placed over the ten-

sion rods so that the

latter come as close as

possible to the fibres

in greatest tension.

Fig. 1 7
l shows the

arrangement of rods

in a single reinforced

slab, Fig. iS 1 those

in a double reinforced

FIGS. 13-16. slab. At the points

of crossing the two sets of rods are connected alternately with

wire so that the whole reinforcement forms an iron netting.

The width of the mesh varies according to circumstances. As

a rule, in case of ordinary floor slabs, the rods are spaced from

4 to 1 2 ins. apart and of various diameters. Where the span is

large and there are great loads to carry, the slab must either be

thicker or the rein-

forcing rods stouter,

as the case may be.

From a practical point

of view it is always

more advisable to

choose thin rods,

closely spaced, rather

than stout rods,
FIG. 18.1

spaced very much apart. The round rods are the more fre-

quently used, they facilitate the escape of air-bubbles and the

tamping of the concrete ; furthermore, they have no sharp
arrises cutting into the concrete. On the other hand, the

circular section offers a smaller coefficient of adhesion than is

the case with square rods. Square bars, flat or hoop irons are
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also used, often twisted, in order to get better adhesion. Other

sections used are of 4- J- I L S A shape, and many patent

bars of peculiar sections, twists and bends, of which more will

be said hereafter. Expanded metal, wire meshing, dove-tailed

sheeting, etc., are also used for floors, foundations, roofs, etc.,

and will be dealt with in due course.
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CHAPTER III

EXECUTION OF WORK
IT has already been mentioned, that it is essential to store the

Portland cement in a dry place and protect it from the action of

moisture in the atmosphere, until it is to be used.

It is also advisable to keep the sand and gravel or other loose

materials under cover, as they will get wet, and it is then difficult

to accurately ascertain the proper amount of cement and water

required.

While the centering is being prepared and erected in place,

there is opportunity and time for testing the cement, deciding the

proportions of aggregates and sand to be used and make all the

preliminary investigations and tests before mentioned.

The centering and moulds, usually termed "
forms," are neces-

sarily an expensive item, and special consideration should be

given to their design, and all unnecessary cutting avoided.

Well-seasoned timber is not particularly suitable, as it is likely

to swell and warp and absorb the moisture from the concrete.

For this reason green, or almost green, timber is preferable. Any
kind of timber may be used, fir, yellow pine or spruce, or indeed

any timber most cheaply and conveniently obtained.

To secure a smooth surface the boarding next to the concrete

should be planed. Where forms are required to be used several

times over, the inside surface of the timber is coated or painted

with a mixture of soft soap, linseed oil or crude petroleum oil.

Others recommend limewhiting to prevent the sticking of the

concrete to the forms and thus causing rough surfaces of the
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work. Where it is intended to plaster the concrete afterwards,

no oily or fatty matter should be used, and, in fact, for that purpose

the concrete is best left rough, so as to form a key for the plaster,

and it is sufficient to wet the forms before concreting begins.

Forms are constructed of timber, boards and battens of small

scantling. The boarding is usually from i in. to 2 ins. thick,

and, according to the thickness used, the battens are spaced.

Roughly speaking, the studding should not be more than 2 ft.

apart for inch boarding nor more

than 5 ft. for 2 in. boarding. The

battens must be thoroughly braced

to withstand the pressure of the soft

concrete and the stress of ramming
and tamping. Tongued and grooved
boards are better than square-edged
boards. For walls the boarding

should be
i-j,

or 2 ins. thick, i in.

boards being used for small panels

-t y
FIGS. 19

1 and ao.1

only and for beams, girders and small floor panels, although, if

there is a good deal of flooring to be done and the boarding

FIG. ai.1

used over and over again, it is naturally more economical to use

thicker stuff. Wherever great weights are temporarily to be

1 From Everyday Uses of Portland Cement.
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carried as in the case of the underside of beams and girders, and

in forming centering for columns or posts 2 in. boards should be

FIG. 22.

used. Timber ends may be run beyond the work they enclose so

as to save waste caused by sawing.

FIG. 23. FIG. 24.

By nailing arris rails to the boarding the external walls are given

the appearance of a building built with heavy masonry. See

Figs. 19, 20.
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The Associated Portland Cement Manufacturers (1900) Ltd. in

their book on Everyday Uses of Portland Cement illustrate some

useful forms for reinforced concrete work. Fig. 21 shows forms

for low wall and cellar wall, Fig. 22 form for a low wall, Fig. 23

form for a hollow wall with Fig. 24, a detail of longitudinal joint

moulding ; Fig. 25 is a form for a solid wall.

For girder forms hardwood wedges should be used at top and

bottom of each strut, as these can be loosened for resting if there

is any deflection. If possible, the wedges should be loosened 24

FIG. 25.*

hours in advance of the struts. As a rule, light joists, 2 by 8

ins. or 2 by 10 ins. are used in preference to heavier timbers.

Experience has shown that the maximum unsupported distance

for i in. boards is 2
/-

o", for
i-J-

in. planks 4''o", and for 2 in.

planks the studding usually varies from 3'*o" to 4''6" apart,

according to circumstances.

Fig. 26 J shows the arrangement of a beam form and Fig. 27*

that of a column form.

1 From Everyday Uses of Portland Cement.
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The same author gives the safe strength of struts for floor

forms in Ibs. per sq. in. of section for different sized timber.

Length of Strut



Broadly speaking, the centering should remain for twenty-eight

days, by which time the concrete has gained about 60 per cent,

of its ultimate strength. Fig. 28 l shows form for circular work

and Fig. 29
* the setting out of the same.

The report of the R. I. B. A. Committee recommends as to

striking of centres as follows :

(VNCfifTF OV7ZR FORM

FIGS. 28 l and 2Q.
1

The time during which the centres should remain up depends
on various circumstances, such as the dimensions or thickness of

the parts of the work, the amount of water used in mixing, the

state of the weather during laying and setting, etc., and must be

left to the judgment of the person responsible for the work. The

casing for columns, for the sides of beams and for the soffits of

floor slabs not more than 4 ft. span must not be removed under

1 From Everyday Uses of Portland Cement.
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eight days, soffits of beams and of floors of greater span should

remain up for at least fourteen days, and for large span arches

for at least twenty-eight days. The centering of floors in build-

ings, which are not loaded for some time after the removal of

same, may be removed in a short time
;
the centering for structures

which are to be used as soon as completed must remain in place

much longer. If frost occurs during the setting, the time should

be increased by the duration of the frost.

As before mentioned, the concrete should not be too wet nor

too dry when being brought in. It should be placed in layers of

from 6 to 8 ins. in depth and of such consistency that, when it is

tamped lightly with a wooden or iron rammer, the water shows on

the top and the tamping should continue until every particle of

the aggregate is entirely covered with mortar. In preparing the

concrete no more material must be made than can be disposed of

at once, and in no case should any concrete lie longer

than one hour before being used.

In warehouses, factories or other bigger buildings

the mixing machines, etc., are most conveniently

placed in the basement or lowest story, as the

materials are thus at once protected. The saving

of labour should be studied as much as possible.

If the ground varies in level, the mixing should be

done at a high level, so that barrows run down the

hill when full and up the hill when empty, thus saving

labour and energy.

As soon as the concrete is placed in -position, the

tamping and ramming begins. Fig. 30
l shows a

rammer made of cast iron with wooden shaft. The

tamping should be carried out with the object in

view of consolidating the mass, bringing up any air,

FIG. 30.
i

an(j getting the various particles to slip into their

proper places and filling the voids. The outer portions require

special attention, as they have to resist the tensile stresses. For
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this reason it is also advisable to take care that no larger aggre-

gates come to the outside, unless they are well covered with the

cement mortar.

Arches or vaults should be tamped in the direction of the stress

curves, working up from the springing. The weight and size of

the rammers depend on the nature and size of the work. They
should have preferably a square base from 4 to 7 ins. and varying

weight, according to the purpose they are used for. For light

work wooden rammers are often employed.

Where the concrete is brought in in layers, it may be necessary to

roughen the surface of the first layer before placing the second, to

form a key and attain better adhesion of the whole. It is also

recommended to make the bottom layers somewhat wetter than

the upper ones, to avoid the draining of moisture out of the

concrete. Should the work have to be interrupted temporarily,

as at meal times, the concrete should be covered over with wet

sacks and cleaned down before work is resumed. It is also of

advantage to step the concrete in case of foundations or walls, as

the solidity will thus be improved. If the interruption is more

than an hour or two a thin layer of Portland cement mortar is

advisable on top of the layer last brought in.

When the tamping and ramming is finished, the concrete should

be left to set undisturbed, and it is advisable to wet it at intervals,

particularly in warm or dry weather. It should also be pro-

tected from strong winds.

Care should be taken not to leave openings and holes for piping

in places where great bending moments occur.

The striking of the centering has already been dealt with.

Should it be decided to plaster the concrete, it should be done

immediately after striking the centering. In any case the concrete

should receive its final treatment on the surface before it becomes

too hard, although it is even then difficult to prevent hair cracks

in the plaster. It is, therefore, better to give the concrete the

desired appearance en bloc without plastering it over. In case

plastering is decided on, the surface should be well wetted before

this is done.
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As has already been said, various .

finishes
can be given to the

concrete by treating the centering in a special way. If it is

desired to give the concrete a rough appearance, the surface is

washed and rinsed as soon as the forms are removed. The

thin cement film on the surface comes off and the aggregate is

thus laid bare. The roughness depends, of course, on the size of

the aggregate used and the mixing of the whole concrete. In

cases where a very rough aggregate must be used, yet a finely

coarse surface is required, a special mixture of small aggregate,

sand and cement may be put in first against the forms, before the

main body of concrete is brought in, care being taken to get a

perfect union of the two.

Mineral oxides may be added to give a colour effect.

To get the appearance of a washed surface, it is also possible

to chip the surface with a sharp hammer and wash off with

diluted spirits of salts, which must of course be well rinsed off

afterwards.

Fig. 31
l shows a finished surface of concrete, composed of i

part of Portland cement, 2 parts of yellow sand, and 3 parts of f in.

screeded stone, after being scrubbed.

Fig. 32
x shows yellow bar sand mortar, composed of i part of

Portland cement to 3 parts of yellow sand.

The expansion and contraction of concrete, specially if the

areas are large, is considerable and the occurrence of cracks

should be avoided by expansion joints. These are made by

inserting greased boards between the various sections of the work

and withdrawing them just as the concrete is setting and filling

the cavity with sand. Several thicknesses of tarred paper may
also be inserted between the different sections and left in the

concrete. The presence of the iron reinforcement largely prevents

cracking, or at least causes the cracks to be so small as to be

barely visible. For this reason the more meshwork there is in a

slab, the more perfect the concrete surface is likely to be.
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FIG. 31. SURFACE FINISH.

FIG. 32. SURFACE FINISH.

[To face page 44.]





Floors of reinforced concrete are finished by screeding in the

usual way. Battens are embedded in the concrete, a few feet

apart, and on top of these a board

moved backwards and forwards.

If a fine finish is required the sur-

face is steel trowelled.

The surface may be made rough

to give a better foothold, and for

this purpose an indenting roller

(Fig. 33 *) is used. Or the surface

may be cut up into squares by

means of a joint cutter (Fig. 34
J

).

As regards the testing of the con-

crete. The report of the R. I. B. A.

Committee says as follows :

Before the detailed designs for an FlG ' 33 '
1

important work are prepared and during the execution of such a

work, test pieces of concrete should be made from the cement,

sand and aggregate to be used in

the work, mixed in the proportions

specified. These pieces should be

either cubes of not less than 4

ins. each way, or cylinders not less

than 4 ins. diameter, and of a FlG * 34 '

length not less than the diameter. They should be prepared in

moulds, and punned as described for the work. Not less than 4

cubes or cylinders should be used for each test, which should be

made twenty-eight days after moulding. The pieces should be

tested by compression, the load being slowly and uniformly applied.

The average of the results should be taken as the strength of the

concrete for the purposes of calculation, and in the case of con-

crete made in proportions of i cement : 2 sand : 4 hard stone,

the strength should not be less than 2,400 lbs./in.
2
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Loading tests on the structure itself should not be made until

at least two months have elapsed

since the laying of the concrete.

The test load should not exceed

one and a half times the acci-

dental load. Consideration must

also be given to the action of

the adjoining parts of the struc-

ture in cases of partial loading.

In no case should any test load

be allowed which would cause

the stress in any part of the re-

inforcement to exceed 2/3 of

that at which the steel reaches

its elastic limit. There is a

decided tendency in this country

to impose tests greatly exceeding

all practical contingencies.

Figs. 35 and 36 illustrate an
FIGS. 35 and 36.

apparatus for measuring the de-

flection of floors under test, which is in general use on the Continent

(Agent, The Concave Floor Co., i Hawstead Rd., Catford, S.E.).

The same apparatus can also be used for measuring horizontally,

as for instance in loading tests of walls or other upright

structures.

The same firm also supply a very handy patent bracket which

supports centering and thus saves a great deal of cutting (Fig. 37).



CHAPTER IV

LOADS, MOMENTS, STRESSES AND
VARIOUS APPLICATIONS

A. FLOOR SLABS.

ASSUMING the crushing strength of the concrete to be 2,400 to

3,000 lb./in.
2 after twenty-eight days, and the steel to have a

tenacity of not less than 60,000 lb./in.
2

,
the following stresses may

be allowed :

lbs./in.
2

Concrete in compression in beams subjected to bending 600
Concrete in columns under simple compression . . 500
Concrete in shear in beams . . . 60
Adhesion of concrete to steel . . . . . 100
Steel in tension . .... . . . 15,000 to 17,000

If the concrete is differently proportioned than stated above

(i : 2 : 4) the stress in compression allowed in beams may be

taken at J and that in columns at ^ of the crushing stress of con-

crete cubes of sufficient size at twenty-eight days after gauging.

If stronger steel is used, the allowable tensile stress may be taken

at -J
of the stress at the yielding point of the steel. The "

yield-

point
"

or yielding point is determined by careful observation of

the drop of the beam or belt in the gauge of the testing machine.

In mild steel the yielding point (the true elastic limit being

several thousand pounds lower) is safely taken at 30,000 lbs./in.
2
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High carbon steel has a yielding point of 50,000 to 55,000 lbs./in.
2

The cold-rolling or drawing of mild steel increases the yielding

point, 65,000 Ibs. often being obtained.

As has been previously stated, the fundamental principles of

reinforced concrete are that the concrete resists the compression

and the steel the tension, the tensional resistance of concrete

being neglected.

An ordinary floor slab is the simplest form of a structure ex-

posed to tension and compres-

sion, yet it depends very much

whether the slab is freely sup-

ported or continuous or built

in at both ends, and the rein-

forcement must be placed in

such positionand be of such

strength as to fully do its re-

quired work.

If the slab is supported at both ends and uniformly loaded the

following facts must be considered : The bending moments at

the supports are o, they

increase towards the

centre and are greatest

at the centre, or the com-

pressive stresses above

the neutral axis and the

tensile stresses below

FIG. 38.

FIG. 3Q.
1

FIG. 40.
]

I increase towards

centre (Fig. 38).

t

the

39
1 'shows the

FIG. 41.1

simplest form of a concrete slab ; the reinforcement is placed in

the line of tension and all the compressive stresses are taken by
the concrete. The reinforcements are best placed as near to the

most stressed fibre as possible.

Fig. 40
x shows another form of simple reinforcement, the latter

following the line of stress, which increases from the supports
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towards the centre. Wire mesh reinforcements in floors are

placed in this fashion.

The bending up of rods towards the supports is most important,

-fi

FIG. 42. FIG. 43.

FIG.

FIG. 45.1

as will be explained later on, to resist the shearing stresses.

Fig. 4 1
1 shows an arrangement to be used where economy of

concrete and reduced

thickness is desired, the

rods not only taking the

tension but also support-

ing the concrete to resist

compression, although
the latter effect is not

very great.

If the slabs are so ar-

ranged that both ends are

fixed the effect is much
more favourable. The

tension is considerably

less and the elastic line

shows two turning-points,

viz., the bending moment
is in two places = o.

There are in this case

positive and negative

moments, and the former

is greatest in the centre

while the greatest nega-
FIG. 47.

]

tive moments are at the

fixed ends. Consequently in the centre portion of the slab the

49 4
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lower fibres are in tension and the upper fibres in compression,

while at the fixed ends the tension is in the upper and the com-

pression in the lower fibres. See Figs. 42 and 43.

Fig. 44
1 shows a simple arrangement of reinforcements for such

a slab. The reinforcement is placed at top as well as bottom.

If the turning point can be ascertained, that is, if it can be shown

at what point in the upper fibres the tension ceases and the

compression begins, the reinforcement as shown in Fig. 45
l can

be adopted.

Figs. 46
l and 47

l show a very good arrangement of the rein-

forcements. Only one rod is used, which, however, resists the

tensile stresses in the upper fibres as well as those in the lower

fibres. The arrangement in Fig. 47 gives a better fixing and

better results.

Figs. 48
l and 49

l show other forms of reinforcement,

^ ^ the arrangement in Fig.

48 being very useful for

slabs supported at both

V% ends as well as those

securely fixed. In the

|

latter case the moments

_^ ~^| towards the supports be-

come theoretically
= o,

^ and consequently only a
FlG * 49>1

part of the rods calcu-

lated for centre of slab is necessary in the lower fibres. The other

parts are bent upwards and considerably strengthen the slab

against shear.

Y/////A I
I

1

11 11
FIG. so.

1

If the slabs are designed as continuous over several supports

negative moments are created over these supports and conse-
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FIG. si.
1

quently reinforcements must be arranged at these points near

the outer fibres to resist the tension (Fig. 50
l

).

In the case of cantilevers the slabs are considered as securely
fixed at one end (Fig. 5 1

l

).
The stresses

are opposite to the stresses in slabs sup- HH?
ported at both ends ; the upper fibres ^
are in tension and the lower in com-

|/^%
pression. Consequently the reinforce-

ments must be arranged in the upper
fibres. If the projection is considerable as compared with the

section of the slab, it is ^^
advisable to place the re-

inforcement also in the

compressed fibres (Fig. 52
l

).

Fig- 53
l shows another

arrangement which at the

same time effects saving of material.

In ordinary reinforced

slabs the rods are simply

arranged to run through the

slab, but where any tension

rods are used, it is advisable,

particularly in cases of FlG - 53>1

greater spans, to build in straps or hangers as shown in Fig. 54
1

,

FIG. 52.
1

FIG. 54.!

and where compression as well as tension rods are used, they can

FIG. 55.

be joined together by means of straps (Fig. 55
1
),

the straps in

either case resisting the shearing stresses.



B. RIBBED OR BEAM CEILINGS.

These are used when larger rooms are to be covered in. The

beams are arranged parallel to the shorter side of the room and

connected with slabs. If the spans are too great, the beams are

supported at intervals with columns or piers.

Fig. 56
x shows the arrangement of an ordinary beam ceiling.

FIG. 56.

The shearing stresses between slab and beam are considerable,

and consequently the section

a to b is usually strengthened

with straps or hangers (see

Fig. 57
J
).

As regards the reinforce-

ment of beams, the same

FIG. 57.
l rules apply here as previously

laid down for slabs, the reinforcement depending on the means

and kind of support, viz., whether the beam is freely supported at

both ends, continuous, or fixed at ends. When positive moments

occur, the rods are, therefore, placed in the lower part as close

to the most stressed fibre as possible, and where negative moments

are to be dealt with in the upper fibres.

The distance of the beams depends on the dimensions of the

room, the spans, and the loads to be carried. If spaced short

distances apart, the slabs can be made thinner, while with large

distances stronger slabs are necessary. If large rooms have to

be covered, main beams and subsidiary beams may be arranged,

the slab being continuous over both. The slabs as well as the

beams are continued and built into the brickwork, the same as is

the practice with ordinary steel girders and fireproof floors. The
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centering for beam ceilings is somewhat more expensive than that

for simple slab ceilings, but the former will, as a rule, be more

economical.

Fig. 58 shows a typical arrangement of a beam ceiling with main

and secondary beams and continuous floor slabs, the main beams

being supported by reinforced concrete columns.

C. STANCHIONS AND COLUMNS.

These are, as a rule, required to take up as little room as

possible. They are reinforced with square or round

rods, placed near the quoins and usually made with

a square section and chamfered corner. The

columns have to support, generally, simply a crushing

load. The tendency to burst outward is resisted

by placing steel horizontally in the columns in the

shape of hoops. The upright rods are designed to

resist partly the compression and thus reduce the

thickness of concrete. Very often a spiral rein-

forcement is used. Fig. 5Q
1 shows the arrangement

of a column. Sufficient concrete must be between

the outside and the steel reinforcement to protect

the latter from moisture and fire.

D. WALLS.

FIG. 59

Walls are constructed with an arrangement of rods placed

lattice-wise and are otherwise constructed on the same principles

as columns or slabs.

Mention must be made of the spandrel patent system of rein-

forced brickwork (The Fireproof Partition and Spandrel Wall Co.,

Bank Chambers, 92 Tooley Street, London Bridge, S.E.). These

walls are particularly useful for enclosing buildings. The whole

area of the wall is divided into squares (about 18 ins.) formed by

hoop iron netting, without penetration or fixing at the points of

crossing. The squares thus formed are filled with concrete in

situ or with slabs.
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In case of dwelling-houses it has often been found that con-

VERTICAL HOOP IRON

V.H.I.

H.H..

J \ \

HORIZONTAL HOOP IRON
FIG. 62.

crete walls are cold and may cause condensation, and for this

reason the hoop iron netting work is often filled in with brickwork

instead of concrete. As

the netting practically forms

a lattice-girder, the walls

support themselves between

stanchions or piers and a

great saving in excavating

and foundations is effected.

The peculiar arrangement

of the hoops give maximum

strength and resistance

against side pressure (Fig.

62).

Fig. 63 illustrates a self-

supporting wall 3 inches thick unsupported for 30 feet, and Figs.

60 and 6 1 a building on this system during erection.
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FIG. 65.

Street. Leve I

7/4 Bars 8 cts. .

10 each way

ff*Bars Sets.

/'/+ Bars 6 cts.

Cj

~ 2S- x5

FIG. 67.
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Retaining walls are usually designed as slabs between the

buttresses (Figs. 64 and 65
1

).
For bigger walls a section as shown

in Fig. 66 x
is often adopted by means of which the soil is made to

act on the groundplate and thus strengthen the construction.

The groundplate is connected with the wall slab by means of rein-

forced struts, the reinforcement of the slab being calculated to

resist the pressure of the earth.

The striking illustration of a retaining wall (Fig. 67 *)
is taken

from the Indented

Steel Bar Co. hand-

book and forms part

of Selfridge's Stores

Building,Oxford Street,

London.

Fig. 68 x shows a re-

inforced concrete wall

in the Monier system.

The reinforcement FIG. 68.1

consists of strong wire and is, as a rule, placed in the centre of

wall. Where exceptional stresses, such as wind pressure, must be

resisted, a double system of wire-netting is used, placed near the

outsides of the wall. In case of hollow walling the outer wall is

made thicker than the inner wall.

E. ARCHES, VAULTS AND BRIDGES.

The axis of arches may occur in different planes, horizontal,

vertical or at an inclination (Figs. 69, 70, 71
x
).

FIG. 6Q.
1

FIG. yo.
1 FIG.

If the spans and loads to be carried are not appreciable, rein-
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forcement of the lower fibres near the soffit is sufficient, special

care being taken that

the rodsare well fixed

in the abutment.

For heavier work

the upper fibres are

also reinforced (Figs.

7 2
> 73

1

)*
but it is

often sufficient to

reinforce the upper
fibres only towards

the supports (Figs.
FIG. 73-

1

74,^S
1

)-

The reinforcement can be arranged at equal distances through-

FIG. 74.
1 FIG. 75.

1

out, but for heavier work it is advisable to increase the thickness

towards the supports (Fig. 76
1

).
A still stronger arrangement is

shown in Fig. 77
l

,

where stirrups further

strengthen the arch

and take the shearing

stresses. A similar

FIG. 77.
1 arrangement as used in

ribbed ceilings may also be adopted with main and subsidiary

beams and a continuous slab.
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FIG. 80. RAILWAY BRIDGE OVER THE RIVER SEE



AVRANCHES, FRANCE. TOTAL LENGTH, 281 FEET.

[To come between pages 58 and 59.]





FIGS. 81 and 82. FIGS. 83 and 84.
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For bridge building reinforced concrete is now being fairly

generally adopted owing to the great stability obtained and the

great saving in up-keep and repair. Figs. 78, 79 illustrate a

bridge reinforced with Kahn bars.

F. FOUNDATIONS AND PILES.

Reinforced concrete is now largely used for foundation work.

Piles are made similarly to columns
; they usually receive a

wooden cap during driving operations to prevent splintering.

There are a great variety of systems and constructions. Figs. 83 and

84 show a Coignet pile as used in the foundations of a tobacco

warehouse at Bristol. It is interesting to note that these piles,

weighing 5 tons each, and being some 45 feet long by 15 ins. in

diameter, could be lifted at one end, the other resting on the

ground, thus demonstrating the great strength and resistance of

the construction. Figs. 81, 82, 85 illustrate a Hennebique pile, i

For ordinary level or raft foundations wire meshing or expanded
metal are extremely useful. Wherever the columns, piers or con-

centrated loads occur, the rods must be so arranged as to resist

the compressive or tensile stresses as the case may be (Figs. 86, 87).

A Hennebique column base is shown in Fig. 88, and a boiler

foundation in the Coignet system in Fig. 89.

G. STAIRS, ETC.

Concrete stairs are reinforced as shown in Figs. 93-95-
1 The

tension and distributing rods are placed in the lower fibres and

the stairs are either cast in situ or made independently before fix-

ing. In the latter case the steps are built into the walls and the

rods placed near the surface, the tension being in the upper fibres.

If resting on strings, the tension is again in the lower fibres and

the reinforcements placed accordingly.

An interesting piece of work is the Stadium at the Franco-

British Exhibition (Figs. 90-92), the reinforcement used being the

indented steel bar.
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FIGS. 93
l and Q4-

1 FIG. g$.
1

H. PIPES, WATER MAINS, SEWERS, ETC.

The reinforcement is similar to that of columns, expanded
metal or wire reinforcement being also largely used. Fig. 96 shows

reinforcement for a water main.

FIG. 96.

Telegraph poles, fence posts, etc., are also made of reinforced

concrete and are constructed in a similar manner.
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Fig. 9 7
l
illustrates a simple reinforcement for water tanks. The

rods are spaced closer towards the bottom

where the stresses increase.

I. ROOFS.

The construction of flat roofs is done on

the same principles as that of floor slabs. The

material opens up a new field for the design

of curved and ornamental roofs of any shape

desired, very fine examples of which are to be

found in Indian architecture. Concrete being

a non-conductor, an even temperature is

maintained in buildings. Sheet and wire re-

inforcements are naturally most economical and practicable as the

concave system, expanded metal or lock-woven mesh, Fig. 98 illus-

trating a roof constructed in the latter system.

The Visintini system lends itself particularly well for great

spans, and Fig. 99 is a photo of a roof constructed on this

principle, during erection, the span being 11*80 metres or about

38 ft, and the distance of principals 4-68 metres or about 15 ft.

6 ins.

Figs. 100-107
1 illustrate details and connexions of the various

roof members to the reinforced concrete which is constructed in

the Monier system, and Fig. loS 1
is a flat roof self-supporting

without principals or binders.

When deciding on the roof covering, the material used must

secure protection from change of temperature and extreme heat

and cold. It is advisable to arrange for some isolating layer of

cork, roof felt or the like, and openings should be left at bottom

of rafters to create a constant current of air and ventilation to

prevent condensation.

For flat roofs a hollow construction like the concave system

(p. 134) is to be highly recommended. The air space effectively

counteracts the influence of extreme heat and cold and secures a
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perfect ventilation and constant circulation of air. The Vulcanite

FIG. icy.
1

system of roofing is also largely used, but can necessarily not give

the same advantages as a hollow roof construction.

FIG.
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CHAPTER V

RESISTANCE AND SAFE STRESSES,
ETC.

THE various factors to be taken into account when designing

reinforced concrete work are the following :

As regards loads :

1. The weight of the structure.

2. The permanent load to be carried.

3. The accidental load or the imposed load in addition to the

weight of the structure.

4. The vibration, oscillation and shock.

In calculating the stresses, the member under consideration

must be taken under the worst conditions, viz., the calculation

must be based on the greatest straining action the member may
be subjected to.

The weight of reinforced concrete may be taken at 150 lbs./ft.
3

(many advocate to allow 156 lbs./ft.
3
).

In structures subjected to very varying loads, together with a cer-

tain amount of vibration and shock, like factories, public halls, etc.,

the factorfor shock should be taken equal to half the accidental load.

Where machinery has to be carried and the structure is, therefore,

under considerable vibration and shock, the factorfor shock should

be taken equal to the accidental load.

For columns and piers of buildings having several stories, the

structures carrying the top floor should be calculated to take the

full accidental load offloor and roof. For the story below 10 per
cent, less than the figure allowed for the top floor, for the floor below

this 20 per cent, less, and so on to the floor at which the reduction
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amounts to 50 per cent, of the assumed load on the floor. For

all lower floors the accidental loads on columns or piers should be

taken d&joper cent, of the loads assumed in calculating these floors.

As regards spans :

Measure the spans as follows :

For foams, the distance from centre to centre of bearings.

For slabs supported at ends; the clear span and the thickness ofslab.

For slabs continuous of over more than one span the distance

from centre to centre of beams.

As regards bending moments :

The bending moments in case of a uniformly distributed load

of w Ib. per inch run of span are as follow :

For beams or slabs supported at the ends, the greatest bending

wl2

moment at centre of span of / inches is equal to

For beams continuous over several spans or fixed in direction at

each end, the bending moments are at the ends of span, and the

beam should be reinforced at its upper side near the ends. If

continuity can be relied on, the bending moment at the centre of

wl2 wl2

span is and that over the supports = -. If the con-

tinuity is not quite perfect, the bending moment at the centre will

be greater, and that at the supports less. Generally speaking, the

wl2

centre bending moment should not be taken less than -
. These

values are recommended by the R. I. B. A. Committee and now

largely adopted in this country.

The Prussian Government regulations for continuous slabs or

beams are as follows :

" Slabs and beams, continuous over several spans, may, if the

actual moment and the reactions at supports are not statically

ascertained according to the rules for continuous beams freely

supported in the centre and at the ends or proved by experiments,

be calculated with a bending moment equal to four-fifths of the

value, which would be applicable to a slab freely supported at
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both ends. The negative bending moment over the supports is to

be taken equal to the moment of span for slab freely supported

at both ends. Slabs and beams can only be considered as con-

tinuous if they rest on firm stanchions or reinforced concrete

beams, level throughout. In arranging the reinforcing rods the

possibility of negative moments occurring must be carefully con-

sidered. Beams may be considered fixed at the ends, only if

special structural arrangements guarantee secure fixing.

In calculations the continuity must not be considered as extend-

ing to more than over j spans. Where the live load exceeds

FIG. no. 1

1,000 kg. per sq. metre (i ton per io"j6 ft.
2 or 208-18 lbs./ft.

2
),

a calculation for the most unfavourable position of the load must

also be made.

This would give the following values for the moment for a

uniformly distributed load Vf=g+p where g represents the self

load and / the live load. (See Figs. 109 and no. 1
)





ELASTICITY AND RESISTANCE OF THE MATERIALS.

As the concrete may be very differently proportioned according

to the aggregate and sand used, it is impossible to adopt a uniform

coefficient of elasticity. The strength of the material should be

ascertained by tests in every case.

At any rate it is not advisable to operate with a factor of safety

less than 6, that is, where reinforced concrete is exposed to com-

pressive stresses it should not be loaded or stressed more than to

the extent of one-sixth of its breaking moment, while in cases

of columns or stanchions it should not be stressed more than one-

tenth of its breaking moment.

The resistance of concrete to tension is very difficult to deter-

mine, and is so small that in reinforced concrete construction it

is, as a rule, not taken into consideration at all.

The resistance ofconcrete to shear is also very difficult to ascertain.

Tests have proved that it is at any rate greater than its resistance

to tension and depends very much on the composition of the

concrete. Broadly speaking, tests have shown it to be about

300 lbs./in.
2

,
so that allowing for a factor of safety of 5 a stress

of 60 lbs./in.
2
may be adopted in case of concrete mixed 1:2:4.

The adhesion of the concrete to the steel is best proved by tests

with ordinary concrete slabs compared with such reinforced with

steel. It has been found that the latter resist a much greater

tension, which can only be attributed to the adhesion between the

two materials. The cause is probably a purely mechanical effect,

resulting from the circumstance that the concrete in setting con-

tracts and thus gets a firmer grip on the iron or steel. Certain

experts attribute it to a chemical action. Whatever the cause

may be, the fact certainly remains that concrete is considerably

strengthened on account of this adhesion. It increases propor-

tionately with the percentage of reinforcing rods and the circum-

ference of same. Consequently it is better to use more rods of a

small diameter than a reduced number of a greater diameter. Small

diameter rods are also more easily manipulated. Experiments



have proved that the surface of the reinforcement has very little to

do with the amount of the adhesion. Rods with smooth surfaces

exhibited almost the same adhesion as those with a rough surface.

As a rule, round rods showed a better adhesion than rods of

another section. The amount of adhesion depends also largely

on the quality and composition of the concrete and the proportion

of water used, and it may be taken that the adhesion is the

greater the stronger the composition, the slower the setting of

the cement takes place, and the older the concrete is. It also is

increased with coarser grain of sand and reduction of the quantity

of water used. Practical experience has also shown that vibrations

and similar shocks do not interfere with the adhesion.

The adhesion is greater than the resistance of concrete to shear,

as in testing operations where rods were pulled out of the concrete,

small particles of the concrete still adhered to the steel. The ad-

hesion has been ascertained to be some 500 lbs./in.
2
,
so that

allowing a safety factor of 5, 100 lbs./in.
2
may with confidence

be adopted. This is really more than ample, considering that in

calculations the resistance of the concrete to tension is neglected,

and, as a rule, only the straight rods are taken into account

while the bent rods and stirrups or hangers are also neglected.

Furthermore, the ends of the rods, if bent over, as a matter

of course considerably increase the resistance to sliding of the

rods through the concrete.

As before mentioned, \ particular care must be taken that all re-

inforcements are perfectly embedded in the concrete and no voids

left. It is not always necessary to join the ends of the rods ex-

cept where great bending moments occur. As a rule, it is

advisable to effect the joins as shown in Fig. 8, page 3 1 . Wher-

ever necessary or desirable the free ends should be well bent over

or so arranged as to make slipping impossible. Many of the

patent bars (Kahn, Indented steel bar, etc.) are designed to pre-

vent this slipping and to get better adhesion and hold on the

concrete by means of wings or indentations in the rods.

As regards expansion and contraction, concrete, if the setting
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takes place in the open, will contract, while, if under water, it will

expand. There are in consequence certain stresses in reinforced

concrete during setting. In the first case tensile stresses are

created in the concrete and compressive stresses in the steel, while

in the second case (under water) the stresses are opposite, com-

pressive in the concrete and tensile in the steel. This circum-

stance often causes fine cracks, but the stresses are so small that

they are not considered in calculations except in special cases like

water tanks, etc.
" A great objection to the new method of building, namely, that

in case of fire the expansion of concrete and steel would be very

different and thus cause failure of the structure, has now been proved

entirely erroneous. Many experiments and tests have shown that

the coefficient of expansion of the two materials is practically the

same. That of steel is about "0000066 per degree Fahrenheit.

Concrete mixed 1:2:4 expands between "000006o and

"0000065 per degree Fahrenheit, and it is this circumstance

particularly that makes reinforced concrete so desirable for fire-

proof buildings.

As regards the elasticity of the reinforcement, wrought-iron rods

have practically gone out of use, and been replaced by mild steel,

high carbon steel and cold drawn steel. Mild steel is usually used

now. The elastic limit of mild steel is about 30,000 lbs./in.
2

,

that of high carbon steel about 55,000 Ibs., while that of cold

rolled or drawn mild steel is about 65,000 Ibs. It is largely a

question of price against quantity of material. The modulus of

elasticity of all three steels is about 30,0(50,000 lbs./in.
2

,
or 15 times

that of concrete.

Subjoined is an extract from the report of the R. I. B. A.

Committee on reinforced concrete showing the various values.

The subsequent calculations are based on these figures adopted

by the Institute.

The internal stresses are determined, as in the case of a homo-

geneous beam, on these approximate assumptions :

(a) The coefficient of elasticity in compression of stone or gravel
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concrete, not weaker than i : 2 : 4, is treated as constant and taken

at one-fifteenth of the coefficient of elasticity of steel.

lbs./in.
2

Coefficient for concrete = Ec = 2,000,000

steel = E8
= 30,000,000

It follows that at any given distance from the neutral axis, the stress

per square inch on steel will be fifteen times as great as on concrete.

(b] The resistance of concrete to tension is neglected, and the

steel reinforcement is assumed to resist all the tension.

(c) The stress on the steel reinforcement is taken as uniform

on a cross-section, and that on the concrete as uniformly varying.

Working stresses. If the concrete is of such a quality that its

crushing strength is 2,400 to 3,000 lbs./m.
2 after twenty-eight

days, and the steel has a tenacity of not less than 60,000 lbs./in.
2

,

the following stresses may be allowed :

lbs./in.
2

Concrete, in compression in beams subjected to bending . 600

Concrete in columns under simple compression . . 500
Concrete in shear in beams . . . .

"*

. .
-

. 60

Adhesion of concrete to metal . . . . . . 100

Steel in tension . . I . * . 15,000 to 17,000

When the proportions of the concrete differ from those stated

above the stresses in compression allowed in beams may be taken

at one-fourth, and that in columns at one- fifth of the crushing

stress of cubes of the concrete of sufficient size at twenty-eight

days after gauging. If stronger steel is used than that stated above,

the allowable tensile stress may be taken at one-half the stress at

the yield point of the steel.
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CHAPTER VI

FORMULAE FOR FLOOR SLABS AND
BEAMS (SINGLE REINFORCEMENT)

IF a concrete slab or beam, supported at both ends, is loaded,

the various particles comprising the slab are shifted and the shape
of the slab is consequently slightly altered. The upper fibres of

the slab are compressed and the lower fibres stretched. These

stresses are greatest in the external fibres (top and bottom of

slab) and become less towards the centre of slab, until they

become = o at the line of the "neutral axis" (see Fig. H3 1
).

FIG. H3.1

All the fibres remain parallel to the neutral axis, which, owing to

the stress, takes the form of a curve.

If we consider the slab first as a simple concrete slab without

reinforcement and of a rectangular section, we find that, although

all the various sections of the slab remain even, the sections are

y-



Fig. 114 shows the slab before the stresses attack it, and Fig. 115

shows the same slab under stress. NN is the neutral axis,

namely, the layer of fibres neither in compression nor tension.

The originally parallel sections mn and op are moved into the

places mn and o'p'. The distances st have remained the same,

as the neutral axis has been neither lengthened nor shortened.

To counteract these stresses it is clear that steel should be in-

serted in the portion of the beam which is in tension, and it may
also be desirable to reinforce the compressive layers.

The forces cause a variation of the fibres, the fibres of the com-

pressive area becoming shorter and those of the tensile area

longer.

The relative elasticity of the materials is quite different, the

comparison being made by the ratio of the " coefficients of

elasticity," which is the stress per sq. in. that would be necessary

to stretch a material to double its original length, or compress it to

half its original length if it retained its true elasticity up to that stress.

The elastic coefficient, Es ,
for steel is constant until the elastic

limit is reached, and in case of mild steel is taken at 30,000,000

lbs./in.'
2

The elastic coefficient, Ec ,
for concrete, however, has a varying

value, but for stresses up to 400 or

600 lbs./in.
2 the maximum safety

stresses allowed may be taken as

constant at 2,000,000 lbs./in.
2
,
or T̂ th

that of steel.

The ratio m of the two materials is,

therefore,

'.' --=|-5. ..''

In Fig. 116 the stresses are graphically

illustrated. If the two fibres / and/'
FIG. 116. are at the distances s and s' from the

neutral axis and under stress are altered in length to the extent

and e', we get



: * = s : s
f

,

that is, the stresses are proportional to the distances from the

neutral axis.

As before stated, the resistance of the concrete to tension is

neglected for many reasons. Being of a very varying nature, true

and reliable results are not available at present. Furthermore,

the omission simplifies calculations very much, while practically

giving an extra factor of safety. It stands to reason that only the

fibres of concrete close to the neutral

axis can be relied upon to resist the

tension, and as this depends very largely

on the workmanship in placing the

concrete in position so that the cement

perfectly embeds the reinforcements, it

is better to allow for some errors of

judgment and small voids which may
occur.

Consequently we omit the stress dia-

gram below the neutral axis from con-

sideration (Fig. 117).

As the calculation of the stresses depends largely on the

position of the neutral axis, it becomes necessary to show how

this position can be ascertained.

Supposing d to be the effective thickness of slab in inches,

n the distance of the neutral axis from the top of

slab in inches,

b the width of strip of slab under discussion in inches,

c the compressive stress intensity on concrete,

t the tensile stress intensity on steel,

AT the area of tensile reinforcement,

we get the compression,

C = ^2-b (D

FIG. 117.

and the tension,

T = t . AT (2)
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The internal resisting forces in compression and tension must

c balance each other, so that (Fig. 1 1 8)

c. n

N

.b = t.AT (3)

r N The bending moment must equal the

resistance of the concrete or reinforcement

multiplied by the lever arm of the resisting

forces, namely

FIG. 118.

therefore (Figs. 1 1 9-1 20)

N i.-_

FIG. 119. FIG. 120.

t.AT
(3d = n)

(4)

(5)

As before illustrated, the stresses are proportional to the dis-

tances from the neutral axis multiplied by the coefficient of

elasticity, or

or

n

Substituting this value in the former equation (formula 3), we

get



- = m . Kf(d
-

n), from which

mAT
"b"

If the values of c and / are to be checked in work already

designed, the value for n may be inserted in the above formulae

4 and 5.

The formula 7 thus fixes the position of the neutral axis, and

it is clear that this position depends on the sectional area of the

reinforcements and not on the load to be carried.

To ascertain the greatest stress of the concrete, c, we put the

greatest bending moment B in lbs./in.
2
equal to the moment of

resistance R, so that

2B
c =

n
(
d -

To find the stress of the steel we equate the moments of the

outer and inner forces.

B = t . AT(d - "} or

In designing a structure the values of n
t
c and / are, of course,

not known, as, to arrive at their values, the thickness of slab and

sectional area of steel must be available. Consequently, it is

necessary to find means of calculating the values from the bending
moment or other values given.

The following formulae enable us to design a slab without these

data.

The greatest bending moment is ascertained as before described.

We know that
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As we have decided to adopt the various values recommended
E

by the R. I. B. A. Committee's report, we have ~ = m =
15, c =

500 lbs./in.
2

,
t 15,000 lbs./in.

2
,
so that

c(d ft)
t . n

.( j M\T? ^ , TT
c\a njCjg

= t . n . n c

500 (d 72)15
= ^S)ooon

d = 3 n (10)

or the effective depth of a slab is 3 times the distance from the

top of slab to the neutral axis. To get the total depth d
t ,

sufficient

thickness of concrete must be added to protect the steel from fire

as before described (see page 31).

If the effective depth d is to be calculated immediately from

the bending moment, we insert the values c = 500 lbs./in.
2

,
b

1 2 inches, n = \ d in the formula 8, and get

2B
or

d = 0'0335 V B and (n)
AT = 0'066 d and_ (12)

from formula (9) AT = 0'00226l J B (13)

The value AT may also be ascertained from the distance
,
as

follows :

C = T

c.|.b
= AT .t (14)

or if b = 12 inches, c = 500, and / = 15,000,

coo n
.12 = AT 15,000

2

AT =
|
n = 0-20 n (15)
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If the total thickness of slab is calculated and found to be

less than 3-^ ins., it should be made that thickness, as from a

practical point of view anything less in substance is not reliable

enough.

Note. The Prussian Government regulations fix the least allow-

able thickness of floor slab at 8 cm. (or 3*15 ins.)

The number of rods required and their distances dr apart is

derived from the formula

Nr
= ^ (16)

where Ar is the sectional area of the rod selected.

If, therefore, by the previous formulae the value of AT has been

found, the section is selected from the tables at end of book,

and the above equation (16) gives at once the number of

rods required for the width of slab = 12 ins., and from this

and the total width of slab the distance from centre to centre

is fixed.

Having thus provisionally fixed the area of steel required, the

stresses c and / must be ascertained by means of formulae 8 and

9. If on investigation these stresses are found to exceed the

allowable figures, either the sectional area AT can be increased,

keeping the dimensions of slab as found, or the thickness of slab

d may be increased and the value of AT adhered to, or, lastly, both

may be increased. In either case the tensile stresses are reduced,

particularly if the slab is made thicker.

If it is found that neither of the two materials is stressed to its

allowable figure, viz., c= 500 lbs./in.
2
,
/= 1,500 lbs./in.

2
,

it is

economical to increase the stress of one to its full limit, thus

reducing the other in quantity.

Note. Sectional areas and weights, etc., of sundry reinforcements

are given in the tables at end of book, where also other useful

information relating to loads, etc., will be found.

A table is attached giving the comparative values for the various

dimensions based on various allowable stresses of steel and

concrete.
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A ready reckoner for slabs and beams is added to the book,

which will be found extremely useful for designing and checking
of slabs and beams.

EXAMPLE I.

A floor slab is to be designed over a room 1 2 ft. wide. The
live load is to be taken at 60 lbs./ft.

2
,
the weight of flooring at 10

lbs./ft.
2

,
the weight of floor slab at 150 lbs./ft.

3

Assuming a depth for the slab of 6 ins., we get the span as

144 + 6 = 150 ins.

The total load is then

Live load 60

Flooring . i o

Slab . . 75

145 lbs./ft.
2
,
or 145 . 12-5

= 1813 Ibs.

for a strip 1 2 ins. wide.

/ tso

k.
'
6.0* ) *

*J: v/ \
JA f . .

fff/f/f/n r/'//"-

I /vv 1 -T
FIG. 121. FIG. 122.

If we consider this as a slab freely supported at both ends, the

greatest bending moment is

J 33994 = 184-38

d = 0-033 N/B
= '33 l84'38 = 6 ' 8

AX = 0-066 . 6-08 = 0-40 in.2

_ 3
.62rr

0-1104

if we select rods of f in. diameter with an area of 0*1104 in.2
,

that is, we space the rods 3^ ins. apart centre to centre and the

slab would be 6-08 + i = 7 ins. thick.

Figs. 121 and 122 illustrate the slab thus designed.
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In order to see that this section is correct, viz., that neither of

the materials are stressed beyond their limit, we ascertain the

stresses as follows :

Live load .... 60

Flooring . . 10

Slab 150 . 0-58 = 87

157 lbs./ft.
2

d = 6'o8 ins.

AT = 0-40 in. 2

b = 12 ins.

To fix the position of neutral axis we use formula 7.

mAT \f /
2bd

IV I+sr

24'3 2 - i = o*S\ 2 5'3 2
~

o'5[5'3 -
i]
=

0-5 .4-03 = 2-015

d -- = 6'o8 0*67 = 5-41

According to formulae 8 and 9,

2B B
and / =

,_' 36797 g 36797

0-40 .5*41 2*164

The stresses allowable for concrete and steel in beams being 600

lbs./in.
2 and 15000 to 17000 lbs./in.

2
respectively, the slab may be

carried out as designed.

As has been previously described, it is more economical to put
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the rods diagonally if the slab is nearly square. The present

example being thus, we could make

W/
B = or

16

l5 = 16997 lbs./in.
2

_ V/B = 130*67
d = 0-033 \/B = 0-033 . 130-67 = 4-31 in.

AT = 0-066 . 4-31 = 0-284 in.2

0-284N = - - = 2-57
0-1104

So that f in. rods would have to be spaced 4| in. apart by a

depth of slab 4-31 + i = 5-^ in.

For practical reasons the rods should be spaced somewhat

closer towards the centre of the slab, while the distances may be

increased towards the end of the diagonals, viz., near the supports.

EXAMPLE II.

To construct a reinforced concrete ceiling between iron girders

6 ft. apart. The live load to be 100 lbs./ft.
2

FIG. 123.

Assuming a thickness of slab of 4 ins.

W = (100 + 50) . 6-0 = 900 Ibs.

IO

^/B
= ^6480 = 80-49

d = 0*033 80-49 = 2-66 ins.

AT = 0*066 . 2-66 = 0-18 in. 2

N, --^-- 3-68
0-0491
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J in. rods spaced 3^ in. apart by the thickness of slab =

2-66 + i = say 3J ins.

The stresses are as follows :

Live load 100 ) ,,

Slab 47 I

= I47 lbS "

wP' 147 . 6-o2
,

..

B =
-g-

= -

-^
-

. 12 = 7938 lbs./m.
2

d 2*66 ins.

AT = o'i8 in.2

b = 12 ins.

w = 15

2.12.2-66
- '

. 4*961 =

-
0-37 = 2-29

15876

d - - = 2-66 -
0-37 = 2-29

/ = 7
Q
938

=19361 lbs./in.
2

0-18 . 2-29

This latter being too high, we must increase the sectional area

of the steel. We can easily effect this by spacing the rods some-

what closer. If we space them 3 ins. apart we get a AT of 0*20,

which would give us a greatest stress of 17235 lbs./in.
2 The

spacing should, therefore, be 1

slightly less than 3 ins., or a stronger

section of rod with a wider spacing may be used.

EXAMPLE III.

A window lintel to be designed over an opening 8 ft. clear, the

thickness of wall to be 14 ins. and the load to be carried 12 tons.

Assuming the depth of the lintel for architectural effect to be

restricted to 9 ins.

Span 8'o" + 9" = 8V
Load 12 tons = 26880 Ibs.

Lintel 9" . iV . 8V' 150 = 1050 Ibs.

2 7930 Ibs.
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Load to be carried by a strip 12" wide = ~ less or

' 9

= 23275 Ibs.

12 = 305484 Ib

*/

AT = i'2o in.2

or for b = iV = 1-40 in.2

The reinforcement required is therefore,

No. 5 | in. rods.
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CHAPTER VII

FORMULAE FOR SLABS WITH
DOUBLE REINFORCEMENT

WHERE positive as well as negative bending moments are bound

to occur, it is advisable to have distributing rods as well as tensile

rods. The distributing rods resist then the negative moments.

Double reinforcement is also useful where it is desirable to restrict

the height of construction, and, lastly, where on ascertaining the

-N

i-

FIG. 125. FIG. 126.

stresses after calculating it is found that the concrete is put under

too great a compression.

If the sectional area of the tension rods is less than O'$ to O'6 per
cent, of the total section, it is not economical to use distributing rods.

The calculation of a slab with double reinforcement is similar

to that of a slab with single reinforcement.



d = effective depth of slab,

n = distance of neutral axis from top of slab,

AT & Ac
= the sectional area of reinforcements in in.

2
,

t&ct
= the stresses of reinforcements in lbs./in.

2
,

c = the stress of concrete in lbs./in.
2

The position of neutral axis will be found as before by the

formula,

C, = Ac . c.

acting at a distance de
from top of slab.

As before, the compression of concrete,

c ' n

acting at a distance - from top of slab,
o

Both forces C, and Cc together must be equal to the tensile

force T, or

C, + Cc
= T

-^-
. b + Ac . c,

= AT . /

c / n c ct n

E~c
!

E,
=
T^~n a:

E/ E.
=

</ - dc

E ,c.m n
^ = m and =

-, ,
thereforeEc / d - n

c . m(d n)

n n

c . m(n - d^ c . m(d -
n)

o H- Ap = Am
n n

\ (J7)

To ascertain the greatest stresses of the concrete, we again put

the greatest bending moment B equal to the moment of resistance

R, and find



b . n/ n\ n - dc ,

(d
- -

j
+ m . Ac 5 -(d

-
dc) (18)

c . m(d -
n) (19)

(20)

As regards formulae for the design of slabs with double rein-

forcements, the moment B and thickness of slab d
t

is usually

known. If we assume certain maximum stresses c and t and from

these find B and AT , using the figures given in the table annexed

for slabs with single reinforcement, we find

AT =
-|*.AT (21)

Ac =3(f*- i).A
T (22)

As a matter of fact, n is constant for fixed values of c and t such

as 500 and 15,000, whatever the values of AT and A c may be.

From this it follows that if we are restricted to a certain depth of

beam or slab, we need only find the amount of reinforcement in

tension which can be used for the required depth, and from this

the bending moment it will resist. All that is needed then is

to calculate the extra amount of steel required for the excess of

bending moment, and this will be the section of steel required for

the distributing rods.

EXAMPLE.

A slab ceiling of 6 ins. effective depth has to support a moment
of 40,000 lbs./in.

2
;
the materials are to be stressed to their full

limit, viz., the concrete to 500 lbs./in.
2 and the steel to 15,000

lbs./in.
2 What sectional areas are the two sets of rods to receive ?

According to table, page 148,

d =
0-0335 jW or

6 = 0-0335 ^/B
181 . 81 or B = 32955 lbs./in.

2

89



According to the same table,

AT = 0*002261 ^/B = 0*40 in. 2

4.0000
Formula 21 AT = -

. 0-40 = 0-488 in.2

32955
/40000 \

AP = 7l- - i 0-40
^32955 /32955

for a width b = 12 inches.
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CHAPTER VIII

FORMULAE FOR RIBBED CEILINGS
OR T BEAMS

ACCORDING to the position of the neutral axis, there are 3 cases

possible (Fig. 127
J

).

FIG. I27.
1

1 . The neutral axis falls within the slab.

2. ,, ,,
at bottom of slab.

3. ,, below the slab.

i. If the neutral axis falls within the slab the conditions are the

same as in the case of slabs with single reinforcement.

The section to be considered is b
t
da but whereas we have dealt

so far with a width of slab b = 12 ins., we have now various

values for ^,, according to circumstances as explained hereafter.

If ds is the depth of slab in inches,

d the effective depth in inches,

b
r the width of rib,

AT the sectional area of steel in in.
2

,
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c \ the stresses of concrete and

t J steel respectively, we get

N_



2.b . d
i + - ~

i (formula 7)
Wl . AX J

2B

t =
B

(24)

\ *J /

3. If the neutral axisfalls below the slab, the small compressive

stresses in the rib may be neglected (Figs. 132, 133).
i

fr



t = m . c ^ (26)

Inserting the values for ^ and / in formula 25, we find

n- d.

n
dt . bt

= AT . m . c

c + c ,d - n

2

from which it follows that

. T .

(27,

ds . b + m . AT
If we call a

c
= the distance of the compressive force from

neutral axis (Fig. 133), we find that

dt c + 2c
ln - ap .

--
, and as

3 c + cj

ci = c .
-

-, it follows that
n

d n - 2d

(28)

If n = dn that is, if the neutral axis falls at bottom of slab, ft
=

I*
The greatest stresses of steel and concrete are ascertained again

by putting the greatest bending moment equal to the moment of

resistance.

B =
T(</

- n + a
e)
= / . AT(</

- n + c),
or

CV)

(30

^4j regardsformula for designing the slab.

The neutral axis usually falling within the depths of the slab

(case i), the thickness of slab and the area of steel required are

easily calculated from the bending moment.
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IT
: n =

|r
: (dt

-
n), or

/ TT P*
1

n .

- = (^ -
j^r

and as,
~ = w = 15

and calling
- = s

r, vte get

And as C = T and . b,
= AT . t, it follows that

AT -^-|lS (32)

Inserting these values in formula 9, we get

B
b,.m.d \~ m - d

,

from which
2S

and from formulae 31 and 32,

With the aid of the following formulae, AT and d may be calcu-

lated direct from B :

m

B

3 *.

AT = V 2sr .trs!"+ m iV
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In designing a ribbed slab construction it is first necessary to

decide the span. This should be taken at about one-twenty-
fifth more than the clear width of the room to be covered in.

The weight of the ribbed slab has also to be assumed in order

to get the bending moment, and for this purpose the contents of a

plain slab of B width and 1*5 to 2d. depth (zdt in case of deep

ribs and small thickness of slab), ds being the thickness of the slab.

Usually dt is a known value, through calculating the continuous slab

over the ribs for B span. If the thickness d, is not known, it

must be assumed from 3 to 6 ins., according to the load and

spans.

A ribbed slab is practically a T beam, the slab or part of the

slab being the table of the T. Opinions vary as to what extent

the slab may be assumed to form part of the T.

-i,

FIG. 134.!

The Prussian Government regulations stipulate that the width

of the slab forming part of the T for calculating purposes measured

from the centre of the rib on either side must not exceed one-
sixth of the length of beam.

If, for instance, the span / = 30 ft. and the ribs are 12 ft. centre

to centre, the whole of the 1 2 ft. must not be considered the

width of the T but only 2 . //6
= 10 ft. In ascertaining the bend-

ing moment the full width of 1 2 ft. is of course retained.

If half the distance between ribs is less than of the span, bs

must be taken equal to B. If the width between the ribs is

optional it is economical to make it \ of the span.

Care should be taken that the width of rib is not taken too

small. It depends largely on the strength of the reinforcement.

In ordinary cases 7 to 12 ins. and for heavy work II to 16 ins.,
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suffice. The thickness of concrete from bottom of reinforcement

to bottom of beam should in no case be less than i in.

From an economical point of view, it is, of course, desirable to

make the ribs as deep as possible, as the deeper the rib the less

reinforcement required. In many cases, however, the depth is

governed by the height of construction and dimensions of build-

ing, and thus it merely remains to ascertain the section of steel re-

quired. To stress the concrete to its limit is not often possible,

as it would mean low ribs and consequently heavy steel reinforce-

ments. Where the neutral axis falls into the bottom line of slab

the most economical use of the concrete is secured.

If B is the bending moment in inch pounds, the distance of the

centre of reinforcement from top of slab in inches, and d, the

thickness of slab in inches, the following formula is very useful for

the design in ordinary cases :

,
AT= ZT^ <36>

To provisionally determine the bending moment, we again take

the contents of a plain slab of B width and i '6 to 2 -o d
s thickness.

If, however, it is desired to at once ascertain definite stresses,

the following formulae may be used for the thickness d and the

sectional area AT of steel required, assuming

s
r
=

, the effective depth,

d = dd + Vdd
2 -

ft (37)

dd being the distance of bottom edge of reinforcements from centre

of gravity of reinforcements in rib.

=
.3(20 . d - d8) (2d

- ds) + ds2
'

t
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In cases of fixed slabs negative moments occur near the sup-

ports, and in continuous slabs over the supports, so that tensile

stresses are in the slab and compressive stresses in the lower fibres

of ribs. Double reinforcements are useful here as they reduce the

depth of rib.

As the span /, the widths B and b
s
and the load are usually

known, the design of ribbed slabs can easily be accomplished in

various ways with the help of the different formulae given, as for

instance

The weight of slab may be assumed and the greatest bending
moment calculated accordingly, from which the values d^ n and

AT are then ascertained
;
or

The slab dimensions may be calculated first, then the weight of

same, and after that the greatest moment from which d and AT

are obtained ; or

The slab is calculated, assuming a certain thickness, bt and d

are selected to suit the particular case under calculation, and then

the greatest moment fixed, AT being found by means of formula

36; or

Lastly, if it is apparent that the neutral axis must be below the

slab, the formulae 37 and 38 may be used.

EXAMPLE.

To construct a ribbed ceiling over a room 20 ft. wide. The

distance of ribs to be 5 ft., the live load including weight of floor-

ing and ceiling plaster to be 75 lbs./ft.
2

As the distance of ribs is less than \ /, b
t
=

5-0.

Width / = 1-04, / = 20-80.

If we assume the thickness of slab to be 5 ins., the approximate

weight of ribbed slab is

5' o". ((say) 1-75.5") x I 5
=

3'6 5 * J 5o = 54^ Ibs. per

foot run.

Live load 75 . 5
= 375 Ibs.

Total load 20' 8" (548^ + 375) = 19198 Ibs.
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B= 12 = 598978 lbs./in.

B = 773-94

Taking t = 15000 and c = 500, we get from (33)

V
ns.

= II-61 fr m (31)
=

3'8 7 ins.
go Ig

^ =
60^87
| rods with o'6o = 3-60 in. 2

If we select No. 6, we get the following dimensions of ribbed

slab:

if



This result is somewhat too extravagant, the cause being that

in estimating the weight of slab we have taken the figure 175
while 1*5 would have been enough. We could, therefore, reduce

the area of steel without detriment.

If we adopt 6 rods of yf in. diam., which would give us a AT of

3-1 1, t would become 15250 lbs./in.
2 This would be quite safe

enough.

EXAMPLE.

A floor to be constructed over a room 32 ft. wide
;

live load

including flooring 250 lbs./ft
a The ribs to be 8 ft. apart and the

floor 7 ins. thick.

Span 1-04 . 32 = 33-28'

Width of T = 8-00' = 96 ins.

Approximate weight of ribbed slab :

-
. 150 = 1320 Ibs. per foot run.

Live load = 2000 Ibs. per foot run.

Total load = 33-28(1320 + 2000) = 110490 Ibs.

33
'28

. 12 = 5515656 lbs./in.
2

= 2349 - J&.
= 9'8

According to the table on page 148, we get the following values :

d = 0-116 jr- d = 0-116 .
= 27-7 inches.

Tffi

AT = 0-00064 ^/B .& = 0-00064 2349 9*8 = J473 in -

n = 0-333 d = '333 277 =
9' 2 inches.

If we select No. 4 rods if diam. = 9-620 and

No. 3 rods \\ diam. = 5-301 we get

Area of steel AT = 14*921 in.
2
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This would give the section of ribbed ceiling as below :
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CHAPTER IX

FORMULAE FOR RIBBED SLABS WITH
DOUBLE REINFORCEMENT

DOUBLE reinforcement of ribbed slabs is advantageous where

the height of construction is very limited. Necessarily, the cost

is greater as more steel is required.

I

FIG. 137.

When ribbed slabs are built in all round and where they are

continuous, negative moments occur over the supports. These

are, as a rule, greater than the positive moments. Consequently

the lower part of the beam or slab resists compression. The ad-

vantages of the compressive steel reinforcements can mostly be

utilized and taken into account when calculating the steel re-
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quired, and it is not always advisable to neglect this as we have

done before.

The greatest stresses are again depending on the position of

neutral axis, which may be within, at the bottom, or below the

slab.

In the former two cases the conditions are the same as described

for double reinforced slabs, and the formulae 17, 18, 19 and 20

may be used.

If the neutral axis falls below the slab&n& we neglect the com-

pressive stresses in the rib, we get

FIG. 138.

bs . ds
2 + 2m(AT . d + Ac . dc)

2[m(AT + Ac) + bs . ds]

#
c according to formula 28, and

= B.n

(n
-
|

8

)ds . bs . ac + m[AT(ds -
n)

2 + Ac (n
- dc)

2
]

(40)

/ according to formula 19,

/c according to formula 20.

The sectional area of steel is then found as follows :

The values for b
t,
ds b ds, are fixed from practical considerations,

the weight of ribbed slab is ascertained and a value for B found.
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The relation sr
= -

is decided on and values for dc and * de-

termined.

15
n = d*

15

a c according to formula 28,

c according to formula 25.

Compressive stress of steel C
s
from the equation

B = Ce(d.
- n + O + Cs(d

- dc)

Tensile stress T = C, + C
c
and

AT =
| (4D

Stress in the compressive reinforcement from formula 20 and
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CHAPTER X

SHEARING STRESSES AND
ADHESION

IF a slab is loaded, two different kinds of shearing stresses

occur, some of which are parallel to its length and some parallel

to its width.

It is clear that the shearing stresses are smallest in the centre

of the slab and increase towards the supports where they become

greatest.

Consequently, it is necessary under certain conditions to rein-

force slabs near the points of fixture or support so as to prevent

the slab being destroyed by shear.

If the slab consisted of uniform material, like ordinary concrete,

the shearing stress would be

S
* = A

where S is the greatest shearing moment in lbs./in.
2 and A the

section of slab, S being also in lbs./in.
2

In reinforced concrete the slab is composed of two materials

having different moduli of elasticity, and as the shearing moment

is attacking both in the same proportion the shearing stress of

the concrete must be

A.EC+ATE.
01

Sc = A + (43)
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The shearing stress of the steel is then,

= m .sc
(44)

A and AT are expressed in in.
2
,
and for m the value 15 is to be

taken as before.

It is not necessary to calculate the shearing stresses in the

direction of the width of slab, at least in cases of ceilings, as the

stresses in these cases never reach the allowable greatest stresses

for the two materials.

The shearing -stresses in the direction of the length of slab must,

however, be taken into account. They have the tendency to cut

the slab into two as shown in Fig. 139.* The two fibres mn and

FIG. rag.
1

m'n' show after destruction different lengths. The fibre mn is

subjected to tension and the fibre m'n' to compression, while before

they were of equal lengths and equally stressed. The form of the

shear diagram is seen from Fig. 140. At the upper surface of

slab the shear = o and also at the bottom surface. The shearing

stresses increase from the outer surfaces towards the centre and

reach their greatest moment at the line of the neutral axis. Con-

sequently, the greatest shearing moment must be equal to the ad-

hesion of the iron and the concrete, and the shear is greatest at

the points of fixing.

If the slab Fig. 139 is cut vertically at a distance x from point

A of fixing or support,
C.a = S.x

If we make x = i we get
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as the greatest shear is in the neutral axis and must be equal

to the moment of resistance.

(45)

As shown, the shearing stresses must be equal to the adhesion

/ of steel to concrete, viz., these stresses affect the circumference

of the reinforcement only. If we again make x i in. and

the circumference of all rods in C width of slab = O, we get

s. i .b =/. i .O
s.b S

N N

FIG. 140. FIG. 141.

If O is expressed in inches, / will be in lbs./in.
2 The required

circumference must therefore be,

S
O =

f.a
For constructions of ordinary dimensions it is not necessary to

go into this question at all, and the calculation of tensile stresses

is decisive for the dimensions of steel required. Consequently,

there is no necessity to arrange hangers or straps in slabs, particu-

larly as in most cases some of the rods will be bent up towards

the supports to resist the shear, and the resistance of the concrete

to tension which is entirely neglected in the calculations acts as

a useful agent. Furthermore, experience has shown that the ad-

hesion of the steel to concrete is greater than the shear. This is
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proved by the fact that if a rod is pulled out of the concrete,

particles of the concrete still adhere to the steel.

Where great shearing stresses are anticipated, rods or bars with

uneven surface, like, for instance, the indented steel bar, may be

adopted.

For ribbed slabs the shearing stresses must, however, be ascer-

tained and counteracted, as in consequence of these stresses a

failure may be more possible near the supports than in the centre

of the slab. Particularly also is it likely that the slab might glide

away over the rib.

Shearing and adhesive stresses in ribbed slabs are calculated as

described for ordinary slabs. If the neutral axis occurs within

the area of slab, the formulae 45 and 46 are used with the modifica-

tion that for b the width of the T must be inserted. If the

neutral axis occurs at bottom of slab, b must be the distance of

ribs. If the neutral axis falls below the slab, b must be again the

width of T, and the distance of the compressive force C from

the centre of reinforcement must be used, in which case

It follows that the shearing stress does not depend on the

amount of shear only, but also on the width and the height of the

rib, as s will increase according to the increase of S or the de-

crease of br and (dt d^.

When simple ribbed ceilings are used, hangers and bending up
of rods becomes necessary when

.

Practically speaking, in case of ribbed slabs the circumference of

the reinforcing rods should be about equal to the width of the rib.

CALCULATION OF HANGERS OR STRAPS.

Wherever the shearing stresses exceed 50 lbs./in.'
J

it becomes

advisable to arrange a series of hangers or straps connecting the

rib with the slab and having a firm grip on the reinforcement
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(Fig. 142
l

).
As a rule, round rods or hoop irons are used,

thus connecting the essential parts of a

ribbed floor the danger of cracks or

failure of the concrete in the compres-

sive area is considerably lessened,

particularly under sudden shock or os-

cillation. For factory floors, bridges

and other structures subjected to sudden FIG.

shocks the arrangement of hangers is unavoidable.

In case of a uniformly distributed load the shear diagram is a

triangle of the height y and a width -. The hatched portion of

this triangle has a height y 50 and a width x. To obtain the

shearing stress the hangers have to resist, the area of this triangle

is multiplied by the width bs of the ribbed floor.

FIG. 143.

2 (4?>

Assuming the allowable shearing stress of steel as i20oolbs./in.
2
,

the sectional area of hangers required for half the width of ribbed

slab is

A = fr
-

50) * b
2. 12000
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Fig. 144 shows how the distances of hangers may be ascertained

graphically.

The distance / AA
1

is divided in equal parts and per-

pendiculars erected in these points intersecting a semicircle over

AAj. Taking a pair of dividers these points of intersection are

transferred to AA
15
and the distances thus obtained represent the

position of the hangers.

FIG. 144.

It is advisable to continue the hangers also through the centre

portion of slab in equal distances as, if only half the slab is loaded,

shearing stresses occur in the centre as well.

The hangers are usually arranged vertically, as for practical

reasons it is difficult to arrange them obliquely, unless they form

part of the bar, as for instance on the Kahn bar, skeleton bar and

others.

Tests with beams have shown that cracks occur at angles of

about 45, thus proving that the shearing stresses take this in-

no



clination. For this reason, it is advisable to bend some of the

rods up towards the supports under an angle of 45.
The distance from the support is again found from formula 47,

FIG. 145.

and the points where the rods are to be bent up may again be

graphically ascertained (Fig. 145). The shear triangle is divided

into equal areas and

the centres of gravity

of these connected by

perpendiculars with

the axis. The points

of intersection are the

points of bending the rods.

Figs. 146, 147 show a typical

arrangement of a beam with

hangers, etc. FIG. 147.'

in



CHAPTER XI

FORMULAE FOR COLUMNS
CALCULATION OF COLUMNS AXIALLY LOADED.

IF we first consider a column without any reinforcement of the

section A in.
2
supporting a load ofW Ibs., this load is uniformly dis-

tributed over the whole sectional area and parallel to the length

of the column.

The compressive stress is then,

C =
^lbs./in.

2

If the concrete column is reinforced with steel rods, parallel to

the length of column, the two materials compress at the same

rate, so that,

c_ ,

Ec

~
E,

and as we call,

or as the steel can resist the compression m times more than the

concrete, it is only then compressed at the same rate as the con-

crete, when the load W is m times bigger, so that,

C = and c. = m . cm
Allowing as before m = 15 and the safe stress of concrete in

columns at 500 lbs./in.
2
,
we get

c
t
= 15 . 500 = 7500 lbs./in.

2

Consequently in designing a column or checking the design we

have to deal with the stress of the concrete only, as the steel can

never reach its highest safe stress of 15000 lbs./in.
2

If A is the sectional area of the concrete column under com-
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pression, without deducting the small area of steel, the total stress

is,

C
c
= c. A

and the stress of the steel,

C, = cs . A = m . c . A
and as the stresses must be equal to the load,

C c + C, = W
c . Ac + m . c . AL = W or

w
c -

Ac+ ,m. Al.

mW-
(50)

When the column exceeds 1 8 times its smallest diameter there is

danger of bending, and the column must, therefore, be calculated

so as to resist the tendency to bend outwards.

For this Euler's formula is usually used.

w - **

Sp is the factor of safety and may be taken as 6. (The Prussian

Government regulations insist on a factor of safety of 10, which is,

however, generally considered much too high.)

In calculating I, the moment of inertia, the sectional area of the

steel rods is to be multiplied by m = 15 when used for calculating

m

7T
2

W =
S^[E,

I e + E. .

I,]
and

as^
=

B

(lc
+ .

I.)b /*
E

<

Op

^OOOOOOO
If we take E c

= = 2000000 lbs./in.
2

m =
15, SF = 6 and 7^= 10, we get

151,)

W .
(Ic + I5

or for W in tons and / in feet,
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\\T 10 X 2000000 TXW -
2240 x 6 x fl x I44

^ + 'S - L) or

W -
(52)

This formula is based on the assumption that the column is

fixed as shown in Fig. 148 and gives a very high factor of safety,

T////t////
as ordinary columns may be considered as fixed

at both ends, which would mean that their

carrying capacity is about four times more.

I The iron rods being close to the outside and

I tending to destroy the concrete, it is necessary

/ [ to investigate also, if the rods themselves are

'ft///*

~
77%.W strong enough to resist bending outwards. The

FIG. 148. concrete in question is not thick enough to form

any proper help, and it is therefore necessary to prevent the bending

of rods by an arrangement of hoops or similar means.

The distance of these hoops should be equal to the smallest dia-

meter of the column, but must not exceed thirty times the diameter of

the rods.

The factor of safety should be 5.

If Tr
2 = 10

;
Sp = 5 ;

Ec
= 2000000 Ibs./in.

I = 7 ,
ct = m . c, we get

IT . d* IO . 2OOOOOO 7T . d*

4 5 . s . 64

Where ^2
is the distance of the hoops,

10 . 2000000 . TT . d* . A.

222222 = 14814 Or
Cs C

47r4
7fe

=I2I7 Tc (53)
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In designing a column the load to be carried and the length of

the column is known.

Accordingly we take as diameter^ of the length. We get then

(54)

(55)

m . c

A = W - m . c . As
c

If we make c = 500 lbs./in.
2

,
m= 15, and take for Ac a sec-

tional area based on a length of square equal to T̂ the length of

column, the sectional area A, is found from 54.

I

FIG. 149.

T
Sh

1

FIG. 150.

Practically speaking, the area of steel required is about 1*75

per cent, of the total sectional area.

Note. At the end of book is attached the table recommended

by the R. I. B. A. report on reinforced concrete, from which the

required values of A and A, can be readily found.

Another formula for a square section is as follows :

m
(/

v
i8/

W - 500 (ff
5

AL
7500

"5

(56)



IfW is taken in Ibs. and / in inches, or if W is taken in tons and

/ in feet, the formula is

AL = 22*4W -
2*23!'

(57)
75

EXAMPLE.

A column of 12 ft. length supporting a load of 20 tons to be

constructed.

12 feet = 144 inches, 20 tons = 44800 Ibs.

d = = = 8 ins.
Io

44800 - soo . 64 12800
AT = ---- = - =1-70 in.

2

If we select No. 4 f in. rods with an area of 0-4418 in.

FIG. 151.

AL = 4 . 0*4418 = 1-76 in.

44800

The moment of inertia of the concrete section is

d.d* 8* 4096
12 12 12

and the moment of inertia of the steel

= 34i in.4

Where A
r is the area of one rod and e the distance between

centre of rod and axis of column,

^* 0-44.
3')
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The value - ~
, namely, the moment of inertia of one rod

64

section, is so small that it need not be considered, consequently

Is
= 4*044 . 9 = 15*84 in.4

We find then the load which the column can support without

bending from formula 52.

w _ i-33(34. +
2

i5- 15-84) = 4Itons>

so that there is no danger of bending, as we have only half that

load to carry.

As regards the danger of the rods bending out, we have d

075 in.

c
t
= 15 .495 = 7425 lbs./in.

2

consequently the distance of hoops is

d d
sh
= 471-4 -= = 121-7 -7= = 4'i ms.

x/7425 x/495

the cross-bindings, or hoops, should therefore be 4*1 ins. apart.

COLUMNS ECCENTRICALLY LOADED.

Where the load does not act in the centre of gravity of the

column section, there are three cases possible. The force can

either act within the core, or at the extreme point of it, or, lastly,

outside of it.

The core is the centre portion of column section, and its dis-

tance from either axis of the column is,

dc
= - ins.

where R is the moment of resistance of the section and A the

sectional area of the concrete section plus m times the area of

steel,

(Figs. 152, 153).

Where the section is not symmetrical the centre of gravity has

to be found by the following formula,

117



m[Au i2 (58)

d . d! + m(AL i
+ AL2)

The moment of inertia of the total section relative to the axis

XX and omitting the very small moment of inertia of the steel as

being insignificant, is then

I, = -pi + (^ _ if] + m[ALl (i
- /2)

2 + AL2 (</j
- i -

/j)
2
]

In a symmetrical section

^
AL1

= AL2
= -* and ^ = i

a

_v_

Cons<



dc
= the width or diameter of core.

e = eccentricity of column in in.

E.

E c

= m=I5 '

n = distance of neutral axis from compressed edge.

I = moment of inertia relative to axis of gravity in in.4

cx & c
y
= the stresses in the concrete in lbs./in.

2

tx frty
= the stresses in the steel in lbs./in.

2

i . The force Acts within the Core.

In this case the eccentricity e is smaller than the width of the

core dc and the neutral axis falls outside of the section.

FIG. 154.

AL, = Ll^_i2

)J
+ Cy

+ Cy

(60)

(61)

(62)

(63)

2. at the Extreme Edge of Core (Fig. 155).

In this case dc becomes =
e,
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I 2
dc e = 8 '

and therefore

W W . dc . d,
C*
=
A +

^1
r

A. 21S

2W
Cx=

Cy
= O

As n becomes = d, the stresses are

(64)

(65)

(66)

(67)

FIG. 155.

These formulas may also be used if the force acts immediately
near the border of the core.

3. The Force Acts without the Core.

In that case e is > than dc and the neutral axis occurs within

the section so that n > d, Fig. 156, so that,

tx = m . c,

ty
= m . cx

i ~sr
- n - io

n

(68)

(69)
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(70)

and * ' . n or

= 2i2
2 + d1

2
-d(2i1

- di3) (7D

FIG. 156.

EXAMPLE.

A column 14 by 14 ins. carrying a load of 42 tons is eccentric-

ally loaded, the load occurring at a point 1-5" from the centre of

/4

t .A

U

FIG. 157. FIG. 158.

column. The column is reinforced with 4 rods of i^ in. diam.

and 1*76 in. 2 sectional area each. What are the stresses ?

d d^
= 14 ins.

/j
= /2

= 2 ins.

AL = 4 . 176 = 7-04 in.
2

A = 196 + 15 . 7*04 = 301*6 in.
2

121



= + 15 7^4 5
2 = 5841-3 in.

5841-3.2 .= ~ = 2 '8 ms '

and as e = i -5 in. and W = 94080 Ibs.

,.
. IS

_ + _ 648olbs . /in .
2

L 14 J

t,
= IS[(4*-M4). +

144]
= *88o lbs./in.*

What load could the same column support if the load was

acting at a distance of 4 inches from the centre ?

As the distance 4 is less than -J d^
=

7, the load acts still within

the section

4 = ^-^=7-4 = 3 ins.

From formula 71 we find the position of neutral axis as

follows :

14 - -* 2 --
2-3) . * = 2-2

3-15. 7'4 i5-7'4
14(2 .2 + 3)

0-044 ^3 -
'39

2 + 8 = 8 + 196
-

98 = 106

n = 8 ins.

If we allow for c the value of 500 lbs./in.
2

,
we get from formula

W = 34600 Ibs. = 15 tons.

The stress in the steel we find from formula 68,

tx 15 . 500 = 5625 lbs./in.
2
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CHAPTER XII

FORMULAE FOR ARCHES, VAULTS,
ETC.

THE reinforcing rods are usually spaced symmetrically parallel

to the longitudinal axis, and consequently the core of the arch and

the moment of resistance at any point can be determined. To
ascertain the stresses the formulae already developed for axial and

eccentrical loading are used.

The stresses are as a rule graphically ascertained by finding the

line of resistance, which must on no account fall outside the arch

section and should be within the inner third of section.

The depth of arch ring at crown may be assumed from ex-

perience or determined from the formula,

dc = Vr+ 0*1 1 = 0-005 w + 0-0025 wd (72)

wherein d
c
= depth at crown in in.

/ = clear span in feet.

w = superimposed load uniformly distributed in lbs./ft.
2

wd = dead load above arch ring at crown in lbs./ft.
2

The radial depth at quarter points is usually made = i J that

at the crown.

The rise of arch is preferably made = J to J of the span.

Fig. 159 illustrates a simple form of arch
;
the stresses in any

particular joint are found as follows :
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If W = weight of half the arch.

Wj = weight of arch up to the joint under observation,
W = live load on half arch for 1 2 ins.

/ = effective span of arch.

V = rise of arch.

W
!
& d

2
= the distances of and

ment.

from the centre of abut-

^s



UNIVERSITY
OF

Rv
2 =

Q w . I (on account of live load), therefore
o

W ^
Rv = - + wl (73)

/ w / wKv
- - . 1- . <z,2222

' -

-
</

2
' 1

(on account of self load)R -T~

RH
2 = -~

(on account of live load)

The vertical and horizontal components of the force acting in

centre of section mn are as follows :

W
Pv = Rv - Wj = Wj (on account of self load)

pv = Rv
- w . x = w (

|
/ - x\ (on account of live load)

therefore Pv = - Wj + w Q 1
-
x)

(75)

W
pH = RH = (on account of self load)

PH = RH = (on account of live load)

therefore PH =
% (Wj

. dj +
^jp) (7$)

The bending moment is then as follows :

w x2

B = Rvx - RH y
- Wj (x

- d2)

'

(77)
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and from this the stresses in concrete and steel can be ascertained

according to the for mulae for eccentrical loading.

The arch should be investigated for reverse positions of the load

to obtain the maximum stresses. It should in any case be con-

sidered under full load, half load and centre third load.

Another way of calculating the reinforcement required is as

follows. We ascertain the thrust and bending moments, and in

order to determine the amount and position of reinforcement we

find first the compressive stress of the concrete due to thrust, and

deduct this from the safe stress of the concrete. The amount of

reinforcement required to resist the bending moment is then

arrived at by using the formulae for beams. The compressive

value for the concrete must in this case be reduced by the amount

obtained to resist the thrust, and the safe tensile stress for steel

increased m times the unit compression due to thrust. Similarly

the formulae for double reinforced beams may be used for arches

with double reinforcements.

Temperature stresses must be carefully considered. Con-

sidering the abutments as rigid, these stresses create a thrust

together with a negative bending moment at the crown.

If.the abutments cannot be considered as perfectly rigid the

horizontal thrust must be taken by tension rods, this form of con-

struction being quite usual in arched roofs.
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CHAPTER XIII

PATENT BARS AND SYSTEMS

A GREAT variety of systems of reinforced concrete construction,

patent bars, etc., have been invented within the last few years, and

the following is a condensed review of those principally used in

this country at the present moment. They are arranged alpha-

betically. All of these bars and systems have certain advantages

under certain conditions and circumstances, and if used in their

right places may tend to improve the soundness of the construc-

tion and reduce cost.

The Armoured Tubular Flooring Co. Ltd., 153 Victoria Street,

Westminster, S.W.

The armoured tubular floor known as the " Herbst" system

consists of the , "I "

concretewebs AA, r /O r f

concrete tube B
and top layer of

concrete C (Fig.

1 60), the concrete

webs A having

steel reinforce-

ments made of FlG - l6 -

mild steel of 28 to 32 tons tensile resistance.

Fig. 161 shows the reinforcement ; the floor has been constructed

in spans up to 30 feet.
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FIG. 161.



A special feature is the grip on the concrete webs obtained by

shaping the top layer as shown in Fig. 162, which should be an

FIG. 163.

excellent protection against shear. The floor does not require

centering during construction.

(For stock sections

of reinforcement, see

p. 151.)
FlG - I64-

The British Reinforced Concrete Engineering Co. Ltd., 196 Deans-

gate, Manchester, use clips and stirrups made of high carbon steel

of various shapes. Fig. 1 63 shows general arrangement and details.

129 9



The stirrups are sprung on the tension bar by squeezing the

FIG. 165.

arms and, when released, retain a tight grip in the required

FIG. 166.

position, tending to come tighter when the concrete is rammed.

13



The ends of the hoop rods are arranged to lie through the

core in such a manner as to be securely anchored in the concrete

and to bond the core in every direction against bulging action set

u

II

Ji

FIG. 167.

up under heavy loading. The illustration shows how and

the various fitments b and c are used.

u

where



The Chain Concrete Syndicate, i Basinghall Square, Leeds, use

ordinary round mild steel bars of such dimensions as to produce
sufficient tensile stress. The leading feature of the system is that

all bars are connected by steel clips of patterns and weights to suit

requirements. These clips (Fig. 164) are made from flat bar steel

J in. thick and from

to i-J in. broad and cut

and bent by machinery.

The company claim that

owing to the fact that

the reinforcement is dis-

tributed uniformly in all

directions larger floor

panels can be constructed

without the necessity of

beams. Fig. 165 shows

the arrangement of rein-

forcement in floor.

Edward Coignet Ltd.,

20 Victoria Street, S.W.

The Coignet system of

armoured concrete is one

of the oldest forms of

reinforced concrete. The

principal feature of the

construction is the con-

nexion of tension and

compression rods with

stirrups (Fig. 166).

In upright structures like columns, piles, etc., the rods are bound

by special ties to prevent bursting. Fig. 81, p. 59, illustrates a

Coignet pile usually of a circular section, varying between 10 and

1 6 ins. in diameter. A Coignet pile during construction has been

previously mentioned (see p. 61). Fig. 167 shows section through

a tobacco warehouse at Bristol in the Coignet system.

FIG. 168.
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A boiler foundation supported on piles has already been men-

tioned (see p. 60), also an early piece of work in moulded con-

crete, the aqueduct for the Paris water supply, executed by the

late Mons. Frangois Coignet (see p. 2). The principal arch has

a span of about 132 feet, the total aqueduct being about 5 miles

long and comprising twenty-eight arches.

The Columbian Fireproofing Co. Ltd., 37 King William Street,

E.G., use special ribbed bars, suspended in steel stirrups over

joists or resting on walls. The ribbed bars are embedded in the

concrete (Fig. 168), the thickness of concrete and depth of

bars being governed by the width of spans, etc. Fig. 169

illustrates the system.

FIG. 169.

The same firm are also the makers of the "Bonna "
reinforced

concrete pipes. These have a thin steel tube to make them per-

fectly watertight. The spiral reinforcement consists of steel

bars cruciform in section and round similar bars running longi-

tudinally so that a complete circular network of steel bars is

formed.

The Concave Floor Co., i Hawstead Road, Catford, S.E., use

ordinary wire meshing of various thickness and gauge ; according

to spans, i, 2 or 3 layers being used. Fig. 170 shows an arrange-

ment of hollow flooring to facilitate drying out in case the floor is

constructed at the ground level and thus prevent expansion and
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cracking of parquet, wood-block and other finish. The floor is a

centering in itself and can be constructed either hollow or solid.

The mode of construction is to first place ordinary large mesh

FIG. 170.

wire netting over the beams covered with brown paper to prevent
the concrete squeezing through. A thin layer of concrete is then

FIG. 171.

spread over this and the reinforcing wire mesh follows, after

which the bulk of the concrete is brought in. The first layer of

FIG. 172.

wire can afterwards be cut away, together with the paper, and the

floor finished with level soffit or it may remain where a hollow

FIG. 173.

floor is desired. Figs. 171, 172, 173 show types of this floor

which is also very suitable for flat roofs. The whole area being

cut up into very small squares of minute reinforcement the forma-

tion of hair cracks is made almost impossible while possibility of
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failure is practically avoided particularly where the meshing con-

tinues over several spans.

The Considere Construction Co. Ltd., 5 Victoria Street, S.W.

The principal feature of the Considere system is the spiral

SECTION A.B. SECTION C.D.

FIG. 174.

armouring of the concrete. It is claimed that a much greater re-

sistance is obtained. Fig. 174 shows details of a continuous

spirally armoured girder. The system lends itself particularly

also to pile making and, furthermore, some excellent work has

been done in bridge building (see p. 59).

H. Kempton Dyson's Patent Bar. This is a recent invention
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and not yet commercially worked. The bar provides for rigid

attachment of shear members to top as well as bottom rods, and

forms practically a lattice girder with the concrete in which it is

embedded. Owing to the rigid attachment of the various parts

there is no fear of displacement during concreting operations,

while a mechanical bond is also created.

The bar can be rolled up to a length of 60 or 80 ft., and all

cutting being done while the metal is hot, the expense of cutting

cold and consequent danger of splitting is done away with. The

only processes entailed in its manufacture are rolling, cutting to

length and expansion. That done it can be put in place straight

away. The bar has many other advantages, such as easy handling,

etc. (Fig. 175.)

The cutting is done by means of spiral cutting edges on the rolls.

FIG. 175.

This patented process has been applied to the making of ex-

panded metal for reinforcing floor or wall slabs, pipes, etc., and

to the reinforcing of columns, piles, etc.

The Empire Stone Co. Ltd., 231 Strand, W.C., are the makers

of the Siegwart floor. This consists of hollow beams made of

granite concrete and reinforced with steel rods. The beams are

placed side by side on the supports, walls, or girders, and then

grouted in with cement mortar. (Figs. 176, 177.)

The Expanded Metal Co. Ltd., York Mansions, Westminster,

S.W., manufacture an expanded steel lathing from sheets of rolled

metal of various thicknesses, cut and expanded by machinery into

meshes of various shapes.

This material is a very useful reinforcement for floor and founda-

tion slabs, partitions and particularly also for encasing steel work

as a protection against fire.

Fig. 178 shows a typical floor reinforced and generally treated
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with expanded metal, while Figs. 179, 180 illustrate how by means

of this material columns and stanchions may be protected from

fire. (For stock sizes, see p. 151.)

The Hennebique system (L. P. Mouchel & Partners, 38

Expanded Metal Lathing.
Vertical Bar

-^ \ Plaster

Cradling^

Plaster finish

Concrete filling
'

FIGS. 179 and 180.

Victoria Street, S.W.) is one of the oldest systems of reinforced

concrete known and has been used for many important works in

many countries. Ordinary round rods are used, together with a

series of hangers or stirrups, Fig. 1 8 1 showing the usual arrange-

OHO
FIG. 181.

ment. Fig. 184 shows the reinforcement of columns, the longi-

tudinal bars having closely spaced steel wire links of ~Q in. steel

wire applied in sets of four. A Mouchel Hennebique pile has

already been mentioned (see p. 60) which, in addition to the

longitudinal bars and transverse links, has diaphragms, further con-

necting the bars. These diaphragms hold in place a consecutive
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FIG. 182. INDENTED BAR,

[To face page 139.]



series of tubes, each about 4 ft. long, their object being to form

the hollow core of the finished pile (p. 59). A
column base is shown on p. 60. The lower por-

tion of the concrete is reinforced by a double

system of bars laid in two directions so as to

provide for the tensile stresses caused by the

bending moments developed by the central load

and the vertical reaction of the ground.

The indented steel bar is manufactured by the

Patent Indented Steel Bar Co. Ltd., Queen Anne's

Chambers, Westminster, S.W. This bar gives a

great bonding efficiency. It is of uniform cross

section throughout, but in longitudinal section

there are a series of projections, the edges of
FIG. 184.

which are inclined at an angle exceeding the angle of friction

between concrete and steel, so as to prevent splitting ;
a mechanical

bond is thus given throughout, without any waste of material (Fig.

185). The bars are easy to handle and can be bent to any required

shape. Where shearing stresses occur, the nature of the surface of

bar greatly increases the adhesion of the concrete and prevents

In J

*z orza encf., ftrie affej^d

o &e

snaryrMan -fa
~

ofConcrete
nj

f

FIG. 185.

slipping. A retaining wall reinforced with these bars has already

been mentioned (see p. 56).

Figs. 182 and 183 show a floor during construction and section

of bar.

On p. 6 1 the stadium at the Franco-British Exhibition is re-

produced, in the construction of which these bars were used.

(For stock sizes, see p. 152.)

The Improved Construction Co. Ltd., of 47-' Victoria Street,
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Westminster, S.W., manufacture a variety of articles by a special

process, called after the inventor, the Jagger process. The

principal feature of this is a vibrating oscillating table by means

of which a perfect mixing of the concrete is obtained giving

maximum density. Mention must be made of railway sleepers

Steel Hods

_ f

CROSS SECTION A. B.



The " Kahn" bar is manufactured by the Trussed Concrete

Steel Co. Ltd., Caxton A
House, Westminster, X\X\VY sec?of Bar

S.W. The bar is of ^^^g
K̂AHN TRUSSED BAR

diamond shape section F gg

(Fig. 1 88), having side

wings turned up as shown to form shear members and to give a

mechanical bond. The bar is supplied in 4 different sizes and

various patterns, some having the wings all one way, others in

apposite directions, either the whole bar being sheared or the

centre left unsheared. The advantages are obvious, and wherever

shearing stresses occur the bar is used to great advantage.

As the shearing members are rigidly connected with the main

bar, displacement during concreting is made impossible. Figs.

189, 190 illustrate plan and section and part elevation of new tele-

graph stores, Birmingham. Elevation and section of one span of

Charles Creek Bridge has already been mentioned (see p. 55).

(For stock sizes of bar, see p. 153.)

Leslie 6 Co. Ltd., Kensington Square, W. In this system

the main members are connected with strips of flat metal or wire

looped to engage the bars. Hooks are driven on the stirrups, which

owing to the wedge-shaped, bent over ends tighten the strip or

rod upon the bar. This system has the great advantage that the

whole of the steel work is framed up completely as a unit and

dropped into place, and owing to the rigid connexion of the various

members displacement during concreting is prevented. Fig. 191

shows a typical arrangement of floor, beam and column construction.

The lock woven mesh system, by James If. Tozer 6 Son, Ltd.,

York Mansions, Westminster, S.W., is suitable for floors, roofs,

raft foundations, walls, sewers, etc. ;
in fact, wherever large areas

have to be reinforced. As the name implies, the material consists

of wire, woven together to form a square mesh and lock jointed

at the points of intersection. The material, being made in con-

tinuous sheets, gives a uniform distribution of stresses and a

mechanical bond.
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Fig. 192 shows a floor being laid of 15 ft. span. An appli-

FIG. 193.

cation of the material for roof construction has already been dealt

with (see p. 64). (For stock sizes, see p. 154.)

FIG. 194.

Potter 6 Co. Ltd., 66 Victoria Street. Fig. 194 illustrates

a system of forms for concrete walls, designed to reduce the cost

of forms and waste of timber used. The appliances consist of
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steel girders secured together by bars and pins to suit walls of

any thickness and they are raised as the walls grow in height.

The trough boards are attached to smaller girders. After the

concrete has been deposited for some 24 hours the appliance is

raised, and so on until the top of wall is reached, when it is finally

taken down and ready for re-use. Thus a great saving in timbering
is effected. Mr. Potter has also just brought out a new rein-

forcing arrangement for beams (Fig. 195). The system creates

rigid and immovable attachment and practically forms a truss

arrangement. The tensile member is not weakened by holes, and

[Centre

Beam reinforcement

FIG. 195.

the shear members can be quickly attached on the job, while dis-

placement during concreting and sliding of tensile member when

under severe stress is made impossible.
" Sideolith" 19 Temple Street, Birmingham, are the makers

of the "skeleton
"
reinforcement, a bar stamped out of steel, split

and expanded into girder-like form. This bar would appear to be

particularly useful for beams, lintels and the like, the perfect con-

nexion of shear members to tension and compression rods pre-

venting any possible displacement during concreting. Fig. 196

illustrates the skeleton bar which is made in sections from 3^ to

6 ins. width and a proportionate depth of 4^ to 14 ins.

The Visintini system, largely used on the Continent, is parti-
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cularly suitable for large spans such as occur in roof and bridge

constructions.

Figs. 197-199
show the arrange-

ment of the rein-

forcements, the

whole beam being

a lattice girder,

and the various

rods are calculated

in thesame fashion

as such a girder.

A typical applica-

tion of this type of

beam has already

been mentioned

(see p. 64).

E. P. Wells, 94
Larkhall Rise,

Clapham. Wells'

twin rod has the

shape of the figure

8, being composed
of two round rods

(Fig. 200).

In beams the

twin rods are

placed flat andone

of them bent up
towards the sup-

port and continued

over same in the usual way. The web between the two rods is

slit and stirrups inserted to form shear members. Figs. 201-203

illustrate a column and base and floor together with details of the

Wells system.
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SECTION OF
12" x 12'' COLUMN.

FIG. 200. FIG. 201.
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VALUES d, n AND AT FOR A WIDTH OF SLAB =12 INCHES FOR
VARIOUS PROPORTIONATE STRESSES t AND c.

Allowable
max. stresses

in lbs./in.
2



The following are the Sizes and Properties of such sections as

are generally used in reinforced concrete works.

ONE CUBIC FT. OF STEEL WEIGHS 48-6 LB.

Thickness
or diam.
in ins.



Width



ARMOURED TUBULAR FLOOR " HERBST "
BAR.

No.



Expanded Metal Cup Mesh Lathing.

NOTE. These Lathings are supplied in standard size sheets only.
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TABLE OF JOHNSON'S WIRE LATTICE. SPECIAL CONCRETE MESHES.
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SUPERIMPOSED FLOOR LOADS IN VARIOUS BUILDINGS.

Ibs. per sq. foot

Dwellings . . . . . . 40
Schools . . .:.,.
Offices .-. . . . f

Stables . . . .

Banks, Churches and Theatres .

Assembly Halls, Corridors and Hotels, etc.

Shops........
Drill Halls
Warehouses and Factories

50
60 to 80

65
80
120
120

150
150 to 400

BEARING POWER OF SOILS.

Ibs. per sq. foot

Rock . . . . . . 10,000 to 100,000
Gravel . . ;

'

. . . . 16,000 to 20,000
Sand . . . . . .

,

... . 4,000 to 12,000

Clay, dry and thick bed . . . . 8,000 to 12,000

moderately dry . . . > . 4,000 to 8,000
soft . . . . ... . 2,000 to 4,000

Quicksand .
r
* . . . . . 1,000 to 1,500

WEIGHT OF VARIOUS SUBSTANCES.

Forage.
i truss of hay weighs 60 Ibs. and contains n ft. cube
i straw 36
i cwt. of oats = 3-64 ft. cube
i barley = 2*38
i wheat = 2-20

Earth, etc.

ton of chalk

clay
,, gravel

river sand

,, pit sand
loam
Thames ballast

shingle

Metals.

Zinc
Cast iron

Wrought iron

Steel

Copper
Lead (milled)

ft. cube

134

174
19

21

20

Ibs. per ft. cube

= 450
= 450
= 485
= 490
= 550
= 712
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Timber.

Ibs. per ft. cube

Yellow pine = 33
Fir = 35 to 38
Baltic oak = 47
English oak = 50

Mahogany = 50

Stones.

ft. cube

ton of marble = 13

granite = 13^
Kentish rag = 13$
Yorkshire = 14^

,, blue lias limestone = 14^
Portland = 15
Bath = 16

Men and Horses.

Men closely packed = 84 Ibs. per ft. super,
i cart horse = 18 cwts.

Sundries.

i gallon of water weighs = 10 Ibs.

i foot cube of water = 6*232 gall.

i cwt. of water = 1*8 ft. cube.

i sack of flour of 2 bolls = 280 Ibs.

i tun of oil (vegetable) = 236 galls.

i (animal) = 252 galls.

i sack of wool = 364 Ibs.

i pocket of hops = if cwt. (abt.)
Brickwork in lime mortar = 100 Ibs. per ft. cube.

,, cement = no ,,

Concrete =112
Reinforced concrete 1:2:4 = 150

Gypsum = 140
Chalk lime = 45

Masonry = 140-160
River sand = 118

Thames = 103
Pit = 100
Portland cement = 90
i ton of Portland cement = 10 sacks of 2 cwt. each.

54 cubic feet = i double load.

A wheelbarrow contains 2 ft. 9 ins. or ^ yd. cube.

A small earth waggon holds i yds. cube.
A large ,,3 >

A run is 22 yards.
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A rod of reduced brickwork = 272ft. supl. i bk. thick and is 306
ft. cube or n^ yards cube.

500 bricks = i cartload.

A rod of brickwork weighs about 13 tons.

Plain tiles laid to 3^ gauge require 700 tiles and weigh 14$ cwt.

Battens are 7" x 2$" and 7" x 3"
Deals are 9" x 2^" and 9" x 3"
Planks are n" x 2^" and u" x 3"
120 deals = i hundred.

50 feet cube squared timber = i load.

600 feet sup. of i board = i

The waste in sawing timber = j^th.
Roofcovered with lead weighs 7 cwt. per sq. of 100 ft. sup/

zinc i

corrugated iron 3
slates 7$ to 9
tiles 8 to 15

Boarding f thick 2

Timber framing for slated roof 5 to 6

Additional load for pressure! ,-

of wind / 3

Additional load in hurricane, say 80
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Diagrams for ascertaining the cost of stone, sand and cement

per cube yard of concrete for various mixtures.

LJ

COST OF STONE PE.R CUBE. YARD.

Directions : Follow the horizontal line corresponding to the cost of stone
or sand per cube yard, until it intersects the heavy line corresponding to the

proportions in which the materials are to be mixed. The figure at the end of
the vertical line intersecting this point is the cost of stone or sand per cube

yard of well-rammed concrete.
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Follow the horizontal line corresponding to the cost of cement per ton,
until it intersects the heavy line corresponding to the proportions in which
the materials are to be mixed. The figure at the end of the vertical line

intersecting this point is the cost of cement per cube yard of well-rammed
concrete.
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TABLE OF LOGS, SQUARES AND CUBES, ETC.









n



N





W



n









n









n



n







LIST OF SYMBOLS

BASED ON THE STANDARD NOTATION SUGGESTED BY THE
SCIENCE STANDING COMMITTEE OF THE

CONCRETE INSTITUTE.

a Area of the couple formed by compressive and tensile forces

in a beam.

ac Area of compressive force measured from neutral axis in

ribbed slabs.

a t Area of tensile reinforcement measured from neutral axis.

b Breadth generally in inches.

bv Breadth of rib in a tee-beam in inches.

bs Effective breadth of slab in tee-beam in inches.

c Compressive stress intensity on concrete.

c3 Compressive stress intensity on steel.

x
I Stresses in concrete of columns eccentrically loaded.

cy J

d Depth generally in rectangular sections.

d Effective depth of beam or slab from top to axis of tensile

reinforcement in inches.

d Diameter in circular sections in inches.

dc Depth or distance of centre of compressive reinforcement

from compressed edge of beams in inches.

dc Diameter of core of pillars in inches.

dc Depth of arch ring at crown of arch in inches.

d& Distance of bottom of reinforcement of rib from centre of

gravity of reinforcement in inches.

<//, Diameter of a helical reinforcing rod in any compression

piece in inches.
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di Diameter of a longitudinal reinforcing rod of a pillar in

inches.

dn Deflection of a beam in inches.

dr Distance of rods centre to centre in inches.

ds Total depth of slab in tee-beam in inches.

dt
Total depth in inches.

e Eccentricity of load in inches.

e Distance of centre of rod from axis of column in inches.

f Friction or adhesion of concrete and steel.

h Height generally in inches.

/ Inset of centre of reinforcement from bottom of slab or rib

in inches.

/ Inset of rod centres from outer edge of column section in

inches.

i Inset of centre of gravity of column section from outer edge
in inches.

/ Distance of eccentric load from outer edge of column

section in inches, i = d e (diameter
-

eccentricity).

/ Length generally in inches.

/ Effective length or span of beam or arch.

m Modular ratio, i.e. the ratio between the elastic moduli of

E
steel and concrete = -=^

&c

n Distance of neutral axis from compressed edge in inches

p Intensity of pressure per unit of length or area.

r Radius in inches.

s Shearing stress intensity.

sh Spacing of hoops round columns in inches.

sr
= - Stress ratio in ribbed slabs.

/ Tensile stress intensity on steel.

tc Tensile stress intensity on concrete.

x
\ Stresses in steel in columns eccentrically loaded.

t, /

v Versine or camber of a curve or rise of an arch in inches.
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w Weight or load generally, per unit of length or area.

w Superimposed load uniformly distributed on arch.

WA Dead load above arch ring at crown.

Co-ordinates in arch calculations in inches.
y \

x Distance of hangers or bending up of rods from support in

inches.

y Height of shear triangle.

ft Distance of compressive force from neutral axis in ribbed

slabs in inches.

y = - In ribbed slabs.
c

TT Ratio of circumference of a circle to its diameter.

O Perimeter of steel rods in inches.

A Total cross-sectional area of beam or pillar in inches.

AC Area of compressive reinforcements of beams in inches.

AL Cross-sectional area of longitudinal steel rods of pillar in

inches.

A, Sectional area of one rod in ins.
2

AS Area of shear reinforcement in ins.
2

AT Area of tensile reinforcement in beams in ins. 2

B Bending moment generally.

B Maximum bending moment of the external forces or loads

on a beam.

B Bending moment at crown of arch.

BC Bending moment at centre of beam.

BE Bending moment at end of beam.

BL Bending moment left half of arch.

BR Bending moment right half of arch.

C Total compressive force or stress.

Cc Total compression on concrete.

Cs Total compression on steel.

EC Elastic modulus of concrete in compression in lbs./in,
2



ES Elastic modulus of steel in lbs./in.
2

G Centre of gravity of column section.

Ic Moment of inertia for concrete.

Is Moment of inertia for steel.

Nd Number of divisions in one half of arch.

Ny Number of rods.

PH Horizontal pressure.

PV Vertical pressure.

R Moment of resistance of internal stresses in a beam at a

given cross-section.

RL Left reaction.

RR Right reaction.

S Total shearing force across a section.

Sc Shear at crown of arch.

Sc Total shear taken up by concrete.

Ss Total shear taken up by steel.

SF Safety factor.

T Total tensile force.

TC Thrust at crown of arch.

W Weight or load.

184



INDEX
A

PAGE
Adhesion ... ... ... ... ... ... ... ... ... 71
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Calculations ... ... ... ... ... ... ... ... 123
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Bars ... 127

Spacing in floors ... ... ... ... ... ... ... 48
Stock sections ... 149

Base for columns 60

Beams ... ... ... ... ... ... ... ... ... 75

Bending moments ... ... ... ... ... ... ... 68

Calculation of beams 76

Calculations of T beams 91

Continuous over several supports ... ... ... ... ... 70
Double reinforcements ... ... ... ... ... ... ... 87

Span of ... ... ... ... ... ... ... ... ... 68

Span of T 96
Width to be assumed of T 96

Bending moments for

Cantilevers ... ... ... ... ... ... ... ... 51

Ceiling slabs ,.. ... ... ... ... ... ... ... 70

Continuous beams and slabs ... ... ... ... ... ... 68

Bending up of rods ... ... ... ... ... ... ... ... in
Bond, mechanical ... ... ... ... ... ... ... ... 108

Brickwork, reinforced ... ... ... ... ... ... ... 54
British Fire Prevention Committee's Tests ... ... ... ... 16

British Reinforced Concrete Eng. Co. Ltd. ... ... ... ... 129

Building during frosty weather 29
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Calculations for

Arches ... ... ... ... ... ... ... ... ... 123

Beams, double reinforcement ... ... ... ... ... ... 87

Beams, single reinforcement ... ... ... ... ... ... 75

Beams, T, double reinforcement ... ... ... ... ... 102

Beams, T, single reinforcement ... ... 91

Column hoops ... ... ... ... ... ... ... ... 115

Columns axially loaded ... ... ... ... ... ... 112

Columns eccentrically loaded ... ... ... ... ... ... 117

Shearing stresses ... ... ... ... ... ... ... 105

Symbols for 181

Cantilevers ... ... ... ... ... ... ... 51

Cavitywalls ... ... ... ... ... ... ... ... ... 55

Cement ... ... ... ... ... ... ... ... ... ... 12

Composition of ... ... ... ... ... ... 12

Manufacture of ... ... ... ... ... ... ... ... 13

Centering 36

Patent bracket for ... ... ... ... ... ... ... 46

Chain Concrete Syndicate system 132

Coignet system ... ... ... ... ... ... ... ... 132

Colouring concrete ... ... ... ... ... ... ... 10,44
Columbian Fireproofing Co. system ... ... ... ... ... 133

Columns ... ... ... ... ... ... ... ... ... 54
Calculation of 112

Design of 54

Compressive resistance

Ofconcrete .. ... ... ... ... ... 47

Of steel 73

Concave Floor and Roof system 133

Concrete... ... ... ... ... ... ... ... 14

Mixing ... ... ... ... ... ... ... ... ... 19

Proportions of ... ... ... ... ... ... ... ... 26

Considere system ... ... ... ... ... ... ... ... 135

Continuous beams ... ... ... ... .. ... ... ... 69

Cracks in concrete n

D

Deflection ... ... ... ... ... ... ... ... ... 46

Durability of concrete ... ... ... ... ... ... ... 5

Dyson's Patent Bar 135
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Stock sizes of material ... ... ... ... ... ... ... 151

Expansion of concrete ... ... ... ... ... ... ... 44

F

Facing concrete ... ... ... ... ... ... ... ... 44

Factor of safety ... ... ... ... ... ... ... ... 71

Fire resistance ... 5

Forms for walls ... ... ... ... ... ... ... ... 38
Foundations ... ... ... ... ... ... ... ... ... 61

Frosty weather, work during ... ... ... ... ... ... 29

G
Gravel concrete ... ... ... ... ... ... ... 14, 21

H
Hair cracks ... ... ... ... ... ... ... ... ... n
Hangers, calculation of 108

Heat, influence of ... ... ... ... ... ... ... ... 30

Hennebique system ... ... ... ... ... ... ... ... 138

Hooped columns 114

I

Improved Construction Co 139

Increase of strength of concrete ... ... ... ... ... ... 9

Indented steel bar ... ,.. ... ... ... ... ... ... 139

Stock sizes of 152

J

Johnson's wire lattice ... ... ... ... ... ... ... ... 140
Stock sizes of ... ... ... ... ... ... ... ... 153

K
Kahn bar ... ... ... ... ... ... ... ... ... 141

Stock sizes of 153
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Leslie and Co. 's system 141

Lock-woven mesh system ... ... ... 141
Stock sizes of ... ... ... ... ... ... ... ... 154

M
Mixing of concrete ... ... ... ... ... ... ... ... 27

Mixing machines ... ... ... ... ... ... ... ... 28

Moduli of elasticity of steel and concrete 73

Moments, bending ... ... ... ... ... ... 68
v

N
Neutral axis, meaning of ... ... ... ... ... ... ... 75

Position in slab and beams ... ... ... \
... ... ... 75

Position in columns ... ... ... ... ... ... ... 119

P

Piles, calculations for, adopt those for columns and beams 61

Pipes 62

Potter's system ... ... ... ... ... ... ... ... 143

Proportions for concrete ... ... ... ... ... ... ... 26

R
Ratio of moduli of elasticity 76
Reactions over supports ... ... ... ... ... ... ... 69

Reinforced brickwork ... ... ... ... ... ... ... 54
Resistance of concrete ... ... ... ... ... 74

To compression ... ... ... ... *.,. ... ..." ... 74

To tension ... ..'. ... ... ... ... ... ... 71

To shear ... ... ... ... ... ... ... ... ... 71

Retaining walls ... ... ... ... ... ... ... ... 57
Ribbed ceilings ... ... ... ... ... ... 52

Reinforcing ... ... ... ... ... ... ... ... 52
Calculations for ... ... ... ... ... ... ... ... 91

Roofs ... 63

Rust, effect of . .'.. .. _ 31

S

Safe stresses .., ... ... ... > ... ... ... ... ... 47
Sand ... ... ... ... ... ... ... ... 21

Sections of bars, etc. ... ... ... ... 149

Setting of cement ... ... ... ... ... ... ... ... 13
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PACE

Shearing stresses ... ... ... ... ... ... ... ... 105

Calculations of ... ... ... ... ... ... ... ... 107

Shocks 8

Sideolith bar ... ... ... ... ... ... ... ... ... 144

Siezwart floor ... ... ... ... ... ... ... ... ... 136

Slabs, calculation of ... ... ... ... ... ... ... ... 75

Single reinforcement ... ... ... ... ... ... ... 75
Double reinforcement ... ... ... ... ... ... ... 87

Soil, bearing power of ... ... ... ... ... ... ... 155

Span, measurement of ... ... ... ... ... ... ... 68

Stairs ... ... ... ... ... ... ... ... ... ... 61

Steel, resistance of ... ... ... ... ... ... ... ... 73

Stresses, temperature ... ... ... ... ... ... ... n
Striking of centering ... ... ... ... ... ... ... ... 41

Symbols ... ... ... ... ... ... ... ... ... 181

T
Tables 148-180

Tanks 63

Tee beams ... ... ... ... ... ... ... ... ... 52
Calculation of ... ... ... ... ... ... ... ... 91

Width of rib 96
Width of table of T 96

Temperature, effect on setting ... ... ... ... ... ... 13

Stresses and cracks ... ... ... ... ... ... ... n
Tensile resistance of concrete ... ... ... ... ... ... 71

Testing machine for deflection of beams ... ... ... ... ... 46
Tests by British Fire Prevention Committee ... ... ... ... 16

Thickness, minimum thickness of floor slabs ... ... ... ... 81

V
Vibration, resistance to ... ... ... ... ... ... ... 8

Visintini system ... ... ... ... ... ... ... ... 144

w
Walls 54

Waste-pieces, use of ... ... ... ... ... ... ... ... 32

Waterproofing ... ... ... ... ... ... ... ... 10

Weight of reinforced concrete ... ... ... ... ... ... 67

Weights of substances 155

Wells' system ... ... ... ... ... ... ... ... ... 145
Width of table ofT beams 96
Wire gauges ... ... ... ... ... ... ... ... ... 150
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