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M. HENNEBIQUE'S COUNTRY HOUSE AT BOURG-LA-REINE.

This house is built entirely of reinforced concrete, and is an excellent example of the
boldness of design which is rendered possible by the use of this material. The main tower,
weighing about 200 tons, projects 13:12 feet, and is carried mainly by the two intersecting
cantilevers. On the right is a balcony which will be used for a winter garden. It is supported
on cantilevers 820 feet in length. All the roofs are flat, and are laid out as hanging gardens.
At the extreme right of the building, not seen in the illustration, there is another projecting

tower containing a water tank of 4,855 gallons capacity, with a circular stairway passing
through the centre.



BuTLEr & TANNER,
THE SELWOOD PRINTING WORKS,
FroME, AND LoNDON.



841779
APF?413 1905 (9/329.%

SDXKC

-
. f)“ 5

)

INTRODUCTION

In the following pages the author has endeavoured to place before engineers,
architects and others a complete treatment of the subject of reinforced concrete
in so far as is possible at the present day. It is hoped that the book, which is believed
to be the first of the kind to appear in the English language, will be found useful
by the many engineers and architects who already take an interest in this form of
construction, and who wish to investigate it, and that it may also be the means of
bringing to the notice of others a material whose usefulness and economy in suitable
cases are beyond dispute.

All the subject matter has been so arranged as to facilitate reference as much
as possible. The several systems used up to the present have been placed in
alphabetical order, so that any particular one may be readily found when desired.

It is believed that the part relating to the calculations coversallforms of construc-
tion in as concise and clear a manner as possible. The formula for slabs and beams,
although giving somewhat smaller dimensions than those recommended by M. Chris-
tophe in Le Beton Armé (a standard French work on the subject), are still well on
the side of safety, and it is hoped that the tables and diagrams may be of use in
saving the labour necessary in making the requisite calculations. The subject of
arches has been dealt with in as condensed a form as possible compatible with a
clear demonstration of the methods adopted for locating the pressure curve. The
graphical method for finding the stresses to be resisted in domed coverings is
believed to be entirely n>w, and greatly simplifies the treatment of these structures.

It has been considered advisable to illustrate the book very fully, in order that
all the subject matter, where possible, may be rendered clearer, and that a true idea
may be formed of the remarkable adaptability of reinforced concrete for con-
structional purposes.

The author is indebted to two French works, Le Beton Armé, by M. P.
Christophe, and Ciment Armé, by MM. C. Berger et V. Guillerme, but mostly
to Le Beton Armé, in which M. Christophe has given a most excellent and
complete treatment of the subject, and which is deservedly considered a standard
work on reinforced concrete. Many foreign, American and English sources of
information have been drawn upon, and the work has been rendered easier by the
universal courtesy and kindness of the several patentees of the different systems
and their representatives.

Acknowledgments of the use of articles from the various periodicals have been
made in the body of the book, and it is hoped that such acknowledgment has not
in any case been omitted through an oversight.

The author is also greatly indebted to Mr. W. Dunn, F.R.I.B.A,, and to Mr.
G. W. Herdman, Assoc.M.Inst.C.E. for their kindness in looking through his
MS. and proofs, and for many valuable suggestions.

CHAS. F. MARSH.
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Part I

G_ENE& REVIEW OF THE SUBJECT
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to a greater degree, but that Dy COmMDIMNG TNE TWO IMALEIIAIE WE PrUwsy Lo uuu
and give to small sections of metal a usefulness which they cannot possess by them-
selves, and further, that as each material acts in its own way in resisting the stresses,
it is not really reinforced concrete but iron and concrete combined in such a manner
as to counteract the imposed stresses.

This is true, but undoubtedly the main object of the combination is to
strengthen the concrete slab, beam, column, arch, etc., to a greater degree, and
certainly the first idea of using this combination arose from the desire to strengthen

concrete.
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202, 3rd line. ‘boats’ should read ‘ bolts.”

219, 3rd line. “ 3-G7 x 106 ” should read *3:67 x 10s.”
236, line below, Fig. 282. ¢34 ” should read ‘ 340.”
258, table XL VL. first line. ¢ 0-13 ” should read ¢ 1-3.”

In both lists of symbols, *“ wy”’ should read ““w,” and “ v, ” should read “w,.”
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. 293, fourth paragraph 4th line. ¢ 08" should read “0°08.”

. 293, equation [19a]. “P—Ac¢ + " &c. should read “P=Ac +” &ec.

. 299, Fig. 317. The upper reinforcement should be omitted.

. 303, table LVIL. 5th column. *j?” should read ¢ y2.”

. 836, first and second lines. “ 1" should read * £ and “ ; ” should read “ ;%.”

. 338, 4th paragraph from bottom. After “equations [19] to [27] ” add ¢ with the

diagrams and tables.”
340, 8rd paragraph from bottom. After “equations [70] to [97] ” add ¢ with the
diagrams and tables.”

. 346, 4th paragraph, 2nd line. ‘stress’ should read “ resistance.”

. 347, line before equation [2]. ‘'’ should read “u.”

. 351, paragraph after equation [28]. ¢ rib” should read *slab.”

. 359, equation [12]. ‘o ” should read ‘w,” and “k, " should read * k,.”
. 362, first word. ‘ line ”” should read * lie.”

365, after equation [2]. ‘‘ bending moment " should read * moment of resistance.”

. 366, 3rd paragraph. After ‘¢ " insert ‘‘ can be tabulated.”

. 368, third paragraph. ¢ 1541’ should read * 15-46.”

. 874, 2nd lne. After ‘ direct tension on ” read “ a unit length of.”

. 383, 7th line. “ a,” should read “a,.”

. 385, equation [11] commences “ 2 (y 0)=””; equation [12] commences “ = (;co:n) .

equation [15] ¢ — " gshould read “ =



Part I

GENERAL REVIEW OF THE SUBJECT

Name

THERE is much difference of opinion as to the proper name to describe the
combination of iron and concrete as a material for building. 1t is called armoured
concrete, ferro-concrete, concrete steel, and reinforced concrete, and undoubtedly
something can be said in favour of each of these.

On looking up the word armour in the dictionary it will be found to mean
*“ to fit out with implements,” * to equip.” The French call this material béton
armé, which translated literally means armoured or armed concrete, but in English
we have become accustomed to distinguish between the meanings of *“ armed ’ and
*“armoured.” When we wish to convey the idea of being * fitted out with im-
plements,” or ‘‘ equipped,” we use the word ““ armed,” and we use ‘ armoured ”
as meaning rather “ protected ’ or *‘ defended ’ by some kind of covering.

It appears better then not to use the term ‘‘ armoured concrete,” as although
“ armoured ”’ really means ‘‘equipped,” we have given it a rather different
signification of late years.

Ferro-concrete, or iron concrete, is probably a better term, but a concrete
formed with iron chippings or filings embedded could equally well be called ferro-
concrete, but would hardly serve the same purposes as the material under con-
sideration. Ferro-concrete, then, is not entirely suited to describe this material.

In the United States the name of concrete-steel is generally applied to this
combination, but it appears even less suitable than that of ferro-concrete, since
it might refer to a sample of steel ; and further, it does not include the combination
of concrete and wrought iron, whereas the term iron includes both wrought iron
and steel.

“ To reinforce ” means * to add new strength, force, power, or weight to ” ;
to ‘ strengthen to a greater degree.” This certainly describes the material to
perfection. ‘‘ Concrete strengthened to a greater degree ’ seems to be the very
description we require.

Some say, however, that this combination is not merely concrete strengthened
to a greater degree, but that by combining the two materials we protect the iron
and give to small sections of metal a usefulness which they cannot possess by them-
selves, and further, that as each material acts in its own way in resisting the stresses,
it is not really reinforced concrete but iron and concrete combined in such a manner
as to counteract the imposed stresses.

This is true, but undoubtedly the main object of the combination is to
strengthen the concrete slab, beam, column, arch, etc., to a greater degree, and
certainly the first idea of using this combination arose from the desire to strengthen

concrete.
1 B



REINFORCED CONCRETE

On these accounts the name Reinforced Concrete has been taken as the title
of this book, and the material is referred to throughout under this name.

.

All Embedded Ironwork not necessarily a True Reinforcement

Reinforced concrete properly so called consists of introducing iron or steel
sections into the substance of the concrete in such a manner and in such positions
as to take up those stresses which cannot be resisted by the concrete unaided.

A joist surrounded by concrete is not reinforced concrete, but rather protected
ironwork, as the joist bears all the stresses.

A reinforcement employed in an unscientific manner greatly reduces the
economy of this form of construction, as in such a case there will always be a waste
of material and also a reduction, or rather no increase to the elasticity of the concrete
in tension, a property which will be referred to later.

Doubts as to Proper Theoretical Treatment

To arrive at the true principles on which to base theories for obtaining the
areas of the concrete and reinforcing sections, many tests have been made and
many theoretic formulae have been established, but they have been carried into
practice in very few instances, and consequently have seldom been subjected to
the test of practical working.

Although much has been done of late years by experiments, and mathematical
reasoning based on the elastic properties of the materials, there are still some doubts
to be cleared away and phenomena to be explained.

Theory based on the elasticity of the materials, which is of necessity the true
one, has not been used up to the present time by a great majority of the patentees
or constructors of the several systems of reinforced concrete, nearly all of these
using more or less empirical formulae, and some no formula at all.

The properties of the materiaf})when combined are still under dispute, some
engineers maintaining that the concrete by having a reinforcement of iron or steel
obtains different properties than those it has when alone. The behaviour of
reinforced concrete in works and in tests made to elucidate this point certainly
seems to point in this direction, but there still remains a great deal of diversity
of opinion upon this and other matters relating to the theoretical treatment of
reinforced concrete.

Systems

At the present time there are about fifty different systems of reinforced
concrete, many of which appear to have been adopted to avoid the infringement
of earlier patents.

Some of these systems employ peculiar sections of reinforcing metal, some
use ordinary sections in peculiar dispositions, while others have both peculiar
sections and methods of employing them.

All, however, attempt to effect the same object, that of placing the metal
80 a8 to counteract those stresses which the concrete is least able to resist.

Short History of the Development of the use of Reinforced Concrete

The first employment of reinforced concrete has been attributed to a French
gardener, M. Joseph Monier, who in 1867 or thereabouts made big pots for shrubs,
etc., of concrete, with a metal reinforcement, with the idea of reducing the thick-
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GENERAL REVIEW OF THE SUBJECT

ness. Reinforced concrete was undoubtedly known before that date ; an exhibit
of this material being shown at the Paris Exhibition of 1855, and several methods
of its application having been proposed by a French engineer, M. Frangois Coignet,
as early as 1861.

M. Monier, was however, certainly the first to employ reinforced concrete in
a large way, and having satisfied himself as to its usefulness, he patented his
system, which he employed for tanks, ponds, floors, etc., and later for small
bridges. For some years it was only employed in France, and even there, as the
construction was only based on experience and practical rule of thumb, it was
used in a very limited manner. In 1879 Monier exhibited his system at the
Antwerp Exhibition, where it was noticed by Herr G. A. Wayss, who bought the
German patents and formed the company of G. A. Wayss & Co., of Berlin and
Frankfort, to work the system. Experiments were made, and a thorough study
of the subject was undertaken, which proved very clearly the advantages to be
gained by this form of construction, and principles were arrived at on which its
application should be based. This naturally opened up a much larger field of
usefulness to the invention, and it became more and more employed, branches
for the construction being established not only in Germany but also in other
European countries, notably in Vienna, in which town Herr G. A. Wayss himself
established a business. The system was now used not only for small arches,
floors, tanks, etc., but also for reservoirs, pipes and similar structures. It was
not until much later, however, that reinforced concrete beams and bridges of
large span were constructed ; in fact, not until the subject had received much
more extended study.

When the Monier system of construction became generally known on the
Continent, other systems of reinforced concrete were brought out differing from
the Monier and from one another in the methods employed and the form of re-
inforcement. During this period several systems were introduced in the United
States, amongst which those of Messrs. Hyatt and Ransome may be mentioned.
The formulae employed by the first users of this form of construction were all
purely empirical, not taking into account the true action of the concrete and
metal in the resistance, and up to the present day these or similar formulae are
employed for most of the systems.

M. Frangois Hennebique and M. Paul Cottancin were the first to use beams
or ribs of reinforced concrete, and to initiate the principles on which they are -
designed.

Now that reinforced concrete has become one of the ordinary forms of con-
struction on the Continent, and in America, it is receiving more attention from
engineers ; experiments are being made, and valuable information obtained on
the behaviour of the materials, and we may hope, at no very distant date, to know
sufficient on the subject to be able to establish formulae based on the true pro-
perties of the materials, which will enable us to calculate the thickness of the
piece and the area of the reinforcements with much greater accuracy than at
the present time, although even now formulae are used which are based on the
elasticity of the two materials.

The Employment of Reinforced Concrete in England

It is unfortunate that engineers and architects in England are so conservative,
one might almost say prejudiced in their ideas, that many of them will not use
3



REINFORCED CONCRETE

this form of construction, even though their Continental and American confréres
have proved to them so clearly its usefulness and economy, and above all, its
safety ; having shown that it may be employed with perfect confidence, and that
by its use cheaper, lighter and more durable structures may be erected than
those built employing the old methods.

Year by year the demand for cheap construction is increasing, and if we can
replace iron, steel, masonry, etc., by reinforced concrete, reduce the thickness of
retaining walls by the use of this material, and form of it light coverings to our
service reservoirs, we shall lower the cost of construction and maintenance,
and lose none of the stability thereby.

Our bridges would be lighter, more graceful and cheaper, if instead of using
brick or stone we employed reinforced concrete in suitable cases. What has
been done by Continental and American engineers can be done by English, and
we surely should take our place in the progress of the world, and not stand aside
while others are, not only experimenting with and obtaining valuable information
about reinforced concrete, but are also employing it for many important structures.

Before reinforced concrete can come into general use, it will be necessary to
amend our building laws and Local Government Board regulations, in order that
structures of this material can be constructed with economy. Under the present
Metropolitan Building Act it is impossible to construct with reinforced concrete so
as to obtain the economy which this class of material allows. The provincial build-
ing bye-laws militate in a like manner against the use of this form of construction,
and until they are altered the employment of reinforced concrete must be limited
to those structures which fall outside the jurisdiction of the several authorities.

In Germany, Austria and Switzerland, special clauses are inserted in the regu-
lations for buildings to cover construction in reinforced concrete, and in France
such buildings are allowed, subject to the investigation of proper authorities.

In Switzerland, all such structures must be of sufficient strength to pass the
test of Professor Ritter’s formulae [vide page 359].

In Berlin, structures must be calculated to bear an extra load of ten times
their own weight, and the strength of the reinforcement must be calculated irre-
spective of the resistance of the concrete to tensile stress.

In Diisseldorf the concrete must be mixed in such proportion as to afford a resist-
ance to compression of at least 2,130 pounds per square inch after 28 days. The
calculations must be made, however, only allowing a resistance of 436 pounds per
square inch.

If the strength is increased the safe stress may be increased in proportion. The
stress on the reinforcement must not exceed 12,443 pounds per square inch in com-
pression and tension for pieces subjected to bending, nor 9,955 pounds per square inch
under direct compression. Where steel rods are employed this stress may be raised
to 14,220 and 11,376 pounds per square inch respectively. The stress in the rein-
forcement must be calculated while bearing in mind the difference in the coefficients
of elasticity of the concrete and metal. Columns on the Hennebique system are
to be calculated, not only by their compressive strength, but also with regard to
flexibility under changes of temperature. For this purpose the following equations
may be employed :—I—60PL? in case of a central load and I—100PL? where the
load is slightly eccentric ; I meaning the minimum moment of inertia of the full
section of the column in centimetres, P the load in tons, and the L the free length
in metres.

4




GENERAL REVIEW OF THE SUBJECT

If the eccentricity of the load is relatively great, calculation must be made by
formulae for composite flexure.

In Dresden the safe resistance of the concrete must be taken at 355 pounds per
square inch ; while the metal must be allowed a safe stress of 12,443 pounds per
square inch in tension and compression in pieces subjected to bending, and a safe
compressive stress of 9,955 pounds per square inch under direct compression. The
rule for columns is the same as above.

In Frankfort, roofs and floors must be able to support ten times their own
weight without any appreciable deformation. The construction of columns in
reinforced concrete is prohibited. The tensile and compressive resistance to bending
must be supplied entirely by the reinforcements.

In Hamburg the same rules apply for bending and direct compression as those
of Diisseldorf. In the case of structures exposed to vibrations, an extra allowance
of 20 per cent. must be allowed in the calculated sizes. The reinforcement must be
fitted to cope with the crushing strain. The rules for columns are the same -as
those of Diisseldorf.

In Vienna, the plans must indicate the mode of execution, and emanate
from certified engineers or architects taking full responsibility for the construction.
For the reinforcements only the best laminated metal must be used, the maximum
safe stress allowed being 14,220 pounds per square inch in tension and 10,665 pounds
per square inch in compression.

For the concrete, Portland cement of perfectly constant volume, and of the
best quality only, is to be used ; absolutely clean river sand and pure water must
likewise be employed. The safe compression on the concrete is not to exceed
355 pounds per square inch, and a test of quality may be demanded at any time.
The concrete is to be mixed in the proportions of 836 pounds of cement to one cubic
yard of sand, or about one to three. The making of concrete when the temperature
is below zero' is not allowed. Four weeks must elapse after completion before the
structures can be taken into use.

The Bureau of Building for the Borough of Manhattan, New York, has recently
issued regulations, as to the use of reinforced concrete for floor and column construc-
tion.?2 The main particulars of these regulations are given below :—

(1) Reinforced concrete is not to be applied for fireproof buildings, unless
satisfactory fire and water tests have been made under the supervision of the
Bureau.

(2) Complete drawings and specifications, showing all details of the con-
struction, shall be filed with the superintendent of the Bureau.

(3) The execution of the work shall be confided to workmen who shall be under
the control of a competent foreman.

(4) The concrete shall be mixed in the proportions of one of cement, two of
sand and four of stone or shingle ; or the proportions may be such that the crushing
resistance of the concrete shall not be less than 2,000 pounds per square inch after
hardening for twenty-eight days.

The concrete must be what is usually known as a wet mixture.

Only high grade Portland cements shall be permitted which must satisfy
prescribed conditions (generally, in accordance with the standard tests decided
upon by the Committee of the American Society of Civil Engineers).

1 Centigrade scale.
2 These regulations were published in The Engineering Record, October 10, 1903.
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REINFORCED CONCRETE

The sand must be clean, sharp grit sand, free from loam or dirt and shall not
be finer than the standard sample of the Bureau of Buildings.

The stone shall be a clean, broken trap rock or shingle of a size that will pass
through a  inch ring. In case it is wished to employ any other material or other
kind of stone, samples must be submitted and approved by the Bureau.

(5) Reinforced concrete shall be designed that the stresses in the concrete and

steel shall not exceed the following limits :—

Allowed stress

Kind of Stress. in pounds per square inch.
Extreme fibre stress on concrete in compression 500
Shearing stress on concrete . . 50
Concrete in direct compression 350
16,000

Tensile stress in steel . . .
. . . . . 10,000

Shearing stress in steel . i
Adhesion of concrete to steel Not greater than shearing
strength of the concrete

The ratio of the moduli of elasticity of concrete and steel shall be taken as
1 to 12.

(6) The following assumptions shall guide in the determination of the bending
moments due to the external forces.

(#) Beams shall be considered as simply supported at the ends, no allowance

being made for continuous construction over the supports.

(b) Floor slabs when constructed continuous and provided with an upper
reinforcement at the top over the supports, may be treated as continuous
beams. The bending moment for uniformly distributed loads being
taken at not less than W L except in the case of slabs square in plan, when

10
W L may be allowed, if these are reinforced in both directions.
20
The floor slab to the extent of not more than ten times the width of
any beam, may be taken as part of that beam.

(7) The moment of resistance under transverse loads shall be determined by
formule based on the following assumptions :—

(a) The bond between the concrete and steel is sufficient to make the two

materials act together as a homogeneous solid.

(b) The strain on any fibre is directly proportional to the distance of that
fibre from the neutral axis.

(¢) The modulus of elasticity of the concrete remains constant within the
limits of the working stresses.

(d) The tensile strength of the concrete shall not be considered.

(8) When the shearing stress developed in any part of a construction exceeds
the safe working strength of the concrete, a sufficient amount of steel shall be intro-
duced in such a position that the deficiency in the resistance to shear is provided
for.

(9) When the safe limit of adhesion between the concrete and steel is exceeded,
some provision must be made for transmitting the strength of the steel to the
concrete.

(10) Reinforced concrete may be used for columns in which the ratio of length
to least side or diameter does not exceed twelve. The reinforcing rods must be

6



GENERAL REVIEW OF THE SUBJECT

tied together at intervals of not more than the least cide or diameter of the
column.

(11) The constructor must be prepared to make load tests on any portion of
the construction within a reasonable time after erection and as often as may be
required. The tests must show that the structure will sustain, without any sign
of failure, a load of three times that for which it was designed.

These bye-laws may not be all that can be desired, but they are a step in the right
direction, although they generally err on the side of safety, and none of them
appear to include walls.

Buildings of reinforced concrete have been erected in England, but, generally
after a great deal of trouble with the authorities ; and it seems a pity that suitable
rules should not be formulated, and be brought into general use, which would cover
this class of construction.

Advantages and Disadvantages in the use of Reinforced Concrete

The use of this form of construction has many advantages and few disadvan-
tages. This may seem at first sight a somewhat wild statement, but, when we come
to look into the subject thoroughly, it will be seen that there is little doubt as to its
truth.

Fire-resisting Qualities. — Reinforced concrete is undoubtedly the best
material for fireproof construction since the concrete protects the embedded
skeleton by reason of its low conductivity of heat.

The employment of unprotected ironwork has time after time caused the almost
complete destruction of buildings, in consequence of the joists or girders being badly
distorted by the heat. The danger to life is great, not only for the inmates of such
a building, but also for the fire and salvage men.

Timber of large scantling is considered far safer for use in the construction of
buildings than unprotected ironwork, as the charring of the wood acts as a preventa-
tive to further combustion, by forming a non-conductive coating.

Where timber is employed there are always, however, joists, rafters, etc., of
small scantling, and these take fire quickly and are not sufficiently large to protect
themselves by charring. The sparks from these timbers are scattered around, and
cause the fire to spread to the surrounding buildings as well as through the building
in which it originated.

The metal skeleton employed for reinforced concrete floors, being nearly always
used in the form of a network of more or less fine mesh, has a marked effect in pre-
venting the concrete from cracking either under the influence of the heat of the fire
itself or under the rapid cooling action of the water thrown upon it.
~ Ordinary concrete may stand the action of fire without absolutely giving way,
but, when a stream of water is applied to the hot surface the cohesion of the
concrete is rapidly destroyed.

The finer the mesh the less will be the disintegration, but with any ordinary
floor reinforcement, the cracking of the concrete is so little that the floor will be as
strong after the fire as before.

The effect of the cracking of the concrete subjected to tensile stress is referred
to later on [page 21], and it is clearly shown that the structure will still be per-
fectly safe even when this portion of the concrete is badly cracked.

That buildings of reinforced concrete are habitable directly after a severe con-
flagration, has been proved again and again, and this, it must be admitted, is an

7



REINFORCED CONCRETE

immense advantage. The fittings may have to be replaced, but the buildings

themselves need little repair, if any.
Yet another advantage accruing to the use of reinforced concrete for fireproof

structures is, that its very small powers of heat conduction will enable the firemen,.
.etc., to enter, without inconvenience, and with perfect safety, the rooms just above

and around those in which a fire is raging.
The coefficient of expansion of iron and concrete under the action of heat being

practically identical, there are no internal stresses set up between the iron and the
concrete by differences in expansion and contraction. The opinion of Continental
and American fire-brigade officers is strongly in favour of the employment of rein-
forced concrete for buildings, and many English officials have the same opinion.

Below will be found some accounts of experiments on the resistance of reinforced
concrete buildings against fire, and also accounts of fires which have occurred in
structures of this material, and of tests of such buildings after the fire. Many such
experiments and reports could be cited, since exhaustive tests have been carried out
on most of the systems. All these experiments show in the same manner the re-
markable fire-resisting qualities of reinforced concrete. One need only add that
there appears most ample proof that for fireproof construction reinforced concrete
and brickwork are far ahead of any other building materials.

OFFICIAL REPORT OF COMMANDER WELSCH, OF THE GHENT
FIRE BRIGADE

“The fresh experiments with which we proceeded on September 28 to ascertain the
resistance to fire of the patent concrete building erected on the Hennebique system, and of
window glass reinforced with a metallic web (Siemens system), manufactured at Neusattl,
Bohemia, have confirmed in every respect the results obtained by the first trial on the 9th of
this month (September).

““ To begin with, it is astonishing that a building which had already been subjected to severe
tests, concerning both superloads and resistance to fire, should have been able to withstand a
second time with such success a similar ordeal of even greater severity. -

“ Not only has the first floor supported a superload of 47 cwt. per square yard, and the
roof a superload of 22 cwt. per square yard, without showing any appreciable deflection (hardly
02 in.), but it had to undergo also the effects of an extremely violent fire, fed and maintained
during two consecutive hours on the ground and first floors.

‘“ All the competent authorities—engineers, architects, builders, army officials, among
whom was Major Vanden Borren, specially appointed by the War Minister—who witnessed
those tests, marvelled at the manner in which the materials stood the trial. From place to
place some crevices from 03 in. to ‘07 in. were produced in the walls, but without any deforma-
tion ; and this morning (September 29) these cracks had closed up.

‘“ The radiation of heat through the floors was never sufficiently strong to prevent access to
the balcony on the first floor nor to the roof. Moreover, during the whole of the trials it was
never sufficient to prevent the laying of the hand on the outside surfaces.

‘‘ We must lay stress on the admirable manner in which the glass, reinforced with metallic
web, stood the experiments. In theaccount of the first trials of the 9th inst., I had already
explained how the glass behaved during the fire. Yesterday it again stood the test, notwith-
standing greater heat and a more extended trial. Some cracks have been added to those pro-
duced in the previous experiments, but no pieces of the glass have become detached, nor have
they allowed flames or smoke to pass through them.

‘“ To give an approximate idea of the heat, a wooden staircase which had been constructed
outside the building at about eight inches from one of these panes of glass took fire twice during
the experiments, by reason of the heat radiating through the glass. At theend of two hours we
extinguished the fires, taking particular care to direct the jets of water on the pillars, the walls
and the ceilings, all of which stood the test admirably. The plastering alone has somewhat
suffered, but it will cause very little expense to restore the building to its original appearance.

‘‘ Externally, if it were not for the cracks in the armoured glass, nobody could tell that the
building had sustained the trial of two severe conflagrations.

‘“ We cannot insist too much on the fact that we are here in the presence of materials the
judicious use of which will diminish considerably the catastrophes occasioned by fire.

““ The insurance offices will be the first to benefit by this, and we should recommend them



GENERAL REVIEW OF THE SUBJECT-

to encourage that mode of construction by granting special conditions to industries,. public'
works, and to private individuals who will make use of them.
*“ Ghent, September 29, 1899. (Signed) “ COMMANDER WELSCH.”

With reference to the tests referred to in the above report, as applied to the floors, the
following details are interesting :—

Previous to the sécond trial by fire on September 28, it was determined to test the floor
of the building to ascertain if the previous conflagration had had any injurious effect on the
material or the mode of construction.

A load of pig-iron was spread over the first floor equal to 4231bs. to the square foot, and
the apparatus registered a deflection of ‘02 in. The load was then increased to 585 Ibs. to the
square foot, and a deflection of -065 in. was recorded. This load was left in position for some
time without any increase in the deflection, thus conclusively proving that the floor. had in no
way become weakened.

Later, on the same day, at the request of Major Vanden Borren, of the Engineers, who was
specially delegated by the Minister of War, further tests were -made.

The flat reinforced-zoncrete roof wassubjected to a superload equal to 2741bs. per square foot,
and on one-half of the area of the first floor the load of 585 Ibs. to the square foot was retained.
‘Combustible materials, such as timber, coal soaked with petroleum, petroleum, etc., were liberally
distributed over the other half of the first floor as well as on the ground floor. The materials
were lighted simultaneously and burned fiercely for over two hours, when they were extinguished
in the manner described by Commander Welsch.

On a close examination being made on the 29th, when the building had sufficiently cooled,
it was found that no disintegration of the concrete had taken place either inside or outside.

The apparatus placed on the roof had recorded a deflection during the fire to the extent of
*79 in., but it had on the 29th regained its former level, notwithstanding the fact that the
superload was still in position, showing how little effect the fire had on the steel bars encased in
the concrete.

In addition, pieces of zinc, copper and phosphor-bronze, which had been secured to the
ceilings, had disappeared, while the glass of the bottles containing petroleum was found molten,
proving that a very high temperature had been attained.

To give a further example of the resistance of reinforced concrete to the action
of fire.

The part of a mill at Court St. Etienne, Belgium, where a fire took place covered an area
-of about 1,200 square yards, and was constructed entirely in reinforced-concrete on the Henne-
bique system in 1898.

In July, 1901, a fire fed by the inflammable nature of the contents of the building took
place and raged for about two hours.

After the conflagration, on examination it was found that the plastering to the walls and
ceilings alone had suffered—the building itself was practically uninjured. A test of the floors
was, however, made.

The floor chosen for the purpose of the test was originally constructed to carry a safe distri-
buted load of 90 1bs. per square foot, and prior to handing over the building after the completion
of the work, it had been tested with a load of 135 tbs., or 50 per cent. greater than that for
which it was calculated.

It was decided on this occasion to adopt a still more stringent test, and a load of 200 1bs.
per square foot was applied, with the followed results : —

After the Construction, Dec. 17, 1898. After the fire, July 20, 1901.
Superload 135 1bs. per sq. foot. Superload 200 bs. per sq. foot.
Span Deflection. Span. Deflection.
ft. in. in. ft. in. in,
14 7 02 .. 14 7 02
22 8 07 22 8 ‘031

After removing the loads there was no permanent set.

The result of the above tests fully demonstrates the fact that, notwithstanding the ex-
pansion and contraction caused by fire and water, the floors had lost none of their original
elasticity and strength ; in fact, that, owing to the time which had elapsed since the first test,
they had become better set and stronger.

Protection of the Metal from Rust.—It is undoubted that in reinforced
concrete the skeleton is perfectly protected against rusting. It must be remembered,
however, that for this form of construction the best materials must be used, and the
concrete properly and thoroughly mixed, and well worked and rammed around the
reinforcement, so as to be free from cracks and voids.

9
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Sometimes where the larger diameter rods, etc., are used, the iron is brushed
over with a cream of neat cement before being embedded,to ensure the thoroughness
of the protecting coat, but where small sections are employed the concrete is mixed
fairly dry, and is rammed thoroughly around the skeleton with iron rammers, so that
it is of a very close and impermeable nature.

That reinforced concrete requires special care is a fact admitted by all, but the
same applies more or less to all forms of construction, and this special care is well
compensated for by the durability obtained. There appears to be a chemical action
between the cement and the iron, forming a coating of silicate of iron on the rein-
forcement, which not only protects it from oxidization, but also removes any
little rust that may be on it when placed in the concrete, and gives a greater adhesion
between the two materials. The coating protects the reinforcement against oxidiza-
tion, even when there is a slight passage of water through the concrete.

It is not to be denied that steel and iron embedded in concrete have in some
few cases been known to have become rusted, but in such cases it will always be
found that the concrete is of a porous nature, and that it has not been well rammed
around the iron, and consequently the protective coating has in places not been
formed. Even with porous concrete of furnace ashes, if this layer is obtained,
the metal will remain perfectly protected even when the concrete is exposed to
continuous moisture,

When steel and iron are employed alone, however well they may be maintained,
there are always places where moisture lodges, causing oxidization, and the extra

" care required in the maintenance of a steel or iron structure very greatly exceeds
that for the proper initial protection of the metal in a structure of reinforced con-
crete.

Many instances might be cited proving the thorough protection of metal em-
bedded in concrete. Perhaps the most remarkable is the case mentioned by Herr
von Empergner, of the discovery of rods embedded in concrete under water for four
hundred years coming out free from rust. An interesting experiment was conducted
by Mr. E. Ransome of New York, to test the preservation of metal when embedded
in concrete. He partly embedded some hoop-iron in concrete blocks, which were
left exposed to sea air for many years. When the exposed iron had rusted com-
pletely away, the blocks were cut open and the embedded metal was found to be
entirely free from rust.

The experiments carried out by M. Breuillie at La Chainette and described in
the Annales des Ponts et Chaussées are extremely interesting, proving conclusively
the protection of metal when embedded in concrete. A description of these tests
was published in the Engineering Record, September 20, 1902.

Reference can also be made to the results of an official inquiry into reinforced
concrete pipes [page 12].

It is sometimes recommended that the concrete should be mixed wet where
it is applied to the metal, but in practice it is very difficult to make the con-
crete wet around the reinforcement and moderately dry elsewhere, and it has
been found that for all ordinary cases a fairly dry concrete, well rammed, will
form a protective coating on the steel or iron, and moderately dry concrete, well
rammed, will acquire its maximum strength much quicker than a wet mixture.
If mixed too wet the concrete probably never attains its full strength. In special
cases the reinforcement can be brushed over with a grout before being placed in
the work. It is also sometimes stated that the metal must be thoroughly clean before

10
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being embedded in the concrete, but this does not appear to-be borne out by facts.
In some tests made to elucidate this point, the curious fact presented itself that
not only does rusty iron become clean when embedded in concrete,but that it becomes
more effectively protected against oxidization than clean iron which has been
similarly treated. A rusty and a clean nail were both embedded in the same con-
crete block and left for over three years; on being taken out the rusted nail had
become free from rust. Both nails, together with a new nail, were then placed
in water; the new nail rapidly became rusted. The nail which was rusty when first
embedded in the concrete block showed no signs of rust a month after being placed
in water, except at one place, where it had been scraped with a penknife before
being immersed ; the other nail, after resisting the action of water for a few days,
showed signs of rusting, which increased with time. This nail rusted more on
the thin edge than on the broad edge, which only showed slight signs of rust after
being a month in water ; the new nail also rusted more on the thin edge than on
the flat edge, but the oxidization was more marked. These tests seem to show
that the protective coating formed on clean iron will dissolve in water, but that
if the iron is slightly oxidized before it is embedded, some chemical combination
in the coating resists solution in water. This is a curious result, but it was very
clearly demonstrated by the behaviour of the iron nails. A further series of
experiments of the same nature, and with similar results, have also been made.
Three nails (polished, untreated, and rusty) were placed in a block of concrete,
which was submerged in water for three months. The nails were then taken out
and exposed to the weather ; the one which was originally rusty stood the test
best, and the polished nail showed signs of rusting first.

Impermeability.—The resistance of reinforced concrete to the penetration
of water is one of its most advantageous properties, but, where such resistance
is required, the concrete should be of sand and cement only, and in proportions
not more than three to one. No shingle or broken stone should be
used in the mixture except in comparatively thick walls, where concrete of shingle
or broken stone may be employed for the backing.

It appears that free carbonic acid has a bad effect on the concrete, but, when
the water is still, a little carbonic acid in solution will do no harm. There is hardly
any hurtful action except in the case of mineral waters ; but even in this case,
as a rich mortar is necessitated by the requirements of impermeability, the action
is very slow, and the re-coating of the face may be considered as ordinary main-
tenance. This property of reinforced concrete gives it a distinct advantage over
bricks and masonry for aqueducts and service reservoirs, tanks, etc., as there is
no need, when it is used, to employ puddle or asphalte to prevent leakage. With
proper care reinforced concrete will retain water with a fifteen-foot head without
any sweating. '

For certain industries, where vats and big tubs are used, reinforced concrete
has proved itself immensely superior to timber for their construction, and it has
been found to withstand the action of alkalies and acids far better than iron or
wood. If, however, these liquids are in a very concentrated state, it is better to
use a special lining, such as glass slabs, as concentrated acid and alkaline solutions
will act upon the concrete.

Running water has no effect upon reinforced concrete mixed as recommended,
and in pipes of this material the nodules so prevalent in iron pipes are not formed.
It is well, however, to keep concentrated solutions of nitric or hydrochloric acid

It
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or of alkalies from the pipes, unless they are frequently flushed with fairly pure
water. Reinforced concrete pipes should not be employed for hot water.

With reference to the use of this material for pipes and reservoirs and to its
impermeability to water, the diagram (Fig. 1) is interesting, as showing how the
leakage decreased in a conduit.!
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Fia. 1

The results of an official inquiry into the behaviour of reinforced concrete
water pipes at Grenoble is also of interest.

CONCLUSIONS ARRIVED AT BY AN OFFICIAL INQUIRY INTO THE USE OF REINFORCED
CoNCRETE PrpEs BY THE CITY OoF GRENORLE.

The city authorities had laid in 1886 a line of reinforced concrete water pipes 330 ft.
in length.

The pipes have all the time resisted, and still resist, the normal pressure of 80 ft. head of
water. The length of each section of pipe is 6 ft. 3 in., its thickness 1§ in., and its internal
diameter 12 in.

The metal skeleton of these pipes is formed by thirty longitudinal rods } in. diameter
and by an internal 3; in. spiral wire, also an external } in. spiral wire.

The sections of the pipes weigh 88 lb. each. They are connected together with reinforced
concrete rings.

On February 2, 1901, a length of 16 ft. of these pipes was raised. Two of the joint rings
were broken so as to set free two lengths of pipe which had been lying under 3 ft. of ballast.

A close examination of these pieces established the following facts :—

1st. The irreproachable state of preservation of the pipes, in whch there was found a
slight calcareous deposit about % in. thick. They did not show the least fissure, either inter-
nally or externally.

2nd. There existed no trace of oxidation from the metal. The binding in wire which
connected the longitudinal rods was absolutely free from oxidation.

3rd. The adherence between the metal and the cement concrete constituting the body of
the pipe was such that, despite the thinness of the concrete (1§ in.), they could only be separated
by heavy blows from a sledge-hammer.

1 The decrease in the leakage with age is probably due to the water liberating small
particles of cement while passing through the mortar. These it tends to bring to the surface,
but in the passage carbonates of lime are formed which block the pores.

It has been suggested that a reasonable proportion of ordinary slaked lime should be added
to the cement, which would supply sufficient lime to ensure the closing up of the pores. It
has been shown by certain experiments carried out by Professor De Smedt, that this lime
would have no injurious effect on the mortar, only causing a slight retardation of the setting.
Vide also Appendix II.
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. 4th. When struck with the hammer these pipes evinced remarkable sonority, such as
might be obtained from a sound cast-iron pipe.
5th. The detached fragments of the cement concrete showed very sharp angles.
6th. The Water Committee of the City Council declared that this line of pipes had required
no repairs since it was set in place in 1886.

The adaptability of this material for the construction of pipes and culverts is
well shown in Fig. 2, which is a section of a Monier culvert constructed in
Venezuela, to conform to the surface of the ground.

aan

For roofs to buildings, the advantage gained by the use of reinforced con-
crete is very evident.

A sugar store at Calais, with a large area of flat roof, has been covered with
about 12 in. of soil, with open drains under, so as not to allow the soil to become
overcharged with moisture. A good hay crop is obtained from this roof every year.

Articles have appeared recently in several professional papers quoting
statements made to the effect that reinforced concrete pipes are not suitable for
water supply.

The special accusations are as follows :—

(1) That the reinforced concrete water mains laid in the United States between

1870 and 1876 have been replaced by cast-iron pipes.
These mains were not of reinforced concrete, but were made of sheet iron,

with a covering of cement.

(2) That the concrete is attacked by bacteria.

This may be true for very poor concretes, which are easily decomposed, but
has not been found to be the case with reinforced concrete as constructed at the
present day. It is extremely doubtful whether any bacteria to be found in pured
water will decompose concrete. Filter beds and reservoirs have been constructed
of this material for some time past, and there does not appear to have been any
noticeable deterioration from this cause.

(3) That reinforced concrete pipes are permeable, with the reasoning that when
mortar ts poor, and little compressed, it becomes very porous, and waler, even under
slight pressure, runs through it.

Reinforced concrete pipes are made of specially rich mortar, which is well
consolidated. They are not porous, and can be made to withstand a considerable
head without perceptible leakage. The special pipes, with caoutchouc or metal linings
embedded, are made to withstand high pressures, and do not leak at all.

13
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(4) That reinforced concrete pipes are constructed in yards with more or less
clean materials, while cast-iron pipes are moulded at very high temperatures, which
averts all contamination.

If the reinforced concrete pipes are made with the materials that are considered
necessary for this class of construction, there is very little fear of contamination
from unclean materials.

(5) That the joints of reinforced concrete pipes allow the water to be contaminated
by liguid manure from dung and cesspools.

The joints of reinforced concrete pipes are carefully made, and will not allow
infiltration.

Cast-iron pipes may be better for water supply than reinforced concrete
pipes, but not for any of the reasons stated above.

It isalso stated that six French towns have replaced concrete mainsby cast-iron pipes.

These towns have been communicated with. One of the letters was returned,
the town being apparently unknown. Two of the letters have not been answered.
Of the three others—

One states that the pipes are of concrete not reinforced, and were laid in June,
1869, the length of piping being 4,153 yards. Of this 193 yards was relaid with
iron pipes in 1893. The small importance (i.e. length) of the branch was the sole
reason for the preference for iron piping. The change appears to have been made
because an increase of diameter was required.

Another answer to the inquiry states that the conduits were not of reinforced
concrete ; that some were of a U section, covered with a flat slab, and some circular.

The original length laid in 1887 was four miles. The whole length was relaid
in 1900 with metal pipes, the reason for the change being that the cement conduits
were not water-tight, either by reason of expansion cracks during the setting,
or shrinkage cracks at the joints. Roots of trees grew into the conduits, com-
pletely blocking them.

This would be impossible with a properly constructed pipe line of reinforced
concrete.

The remaining answer was to the effect that the town in question had never
used cement pipes for water mains.

With regard to the use of pipes of this material it may be interesting to
mention that during the year ending August, 1903, about 24 miles of reinforced
concrete pipes were laid for the Brussels water supply, varying from 23} to 31}
inches diameter for a maximum head of 138 feet,! and the laying of a further 2
miles commenced in April, 1904.

Durability.—The durability of structures of reinforced concrete is well estab-
lished. One may almost say that the cost of maintenance is nil, it being well
known that the resistance of concrete increases with time.

In this respect reinforced concrete compares very favourably with steel and
iron structures, whose durability certainly decreases with time, both on account
of fatigue, the action of which is even now not fully understood, and has to be
allowed for largely in the factors of safety used in designing these structures; and
also on account of oxidation, which will always occur in places, however carefully
the structure may be kept painted. Steel and iron structures require almost con-
tinual supervision and painting.

It is said that some portion of the Forth Bridge is always under the painter’s

1 A considerable length of these pipes have been in use for over a year and have given com-
plete satisfaction. A description of these pipe lines is given page 455.
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brush. This is the same in a less degree with structures of less magnitude, since
if ironwork is not constantly repainted it will rapidly deteriorate. Brick or stone
structures, of course, require little care in maintenance, but reinforced concrete
is, in the majority of cases, applied as a substitute for some form of metal structure,
and where used instead of brickwork or masonry it has the advantage of greater
lightness and economy.

No boring animals work their way into reinforced concrete, and structures
of this material are consequently free from rats and similar vermin, and no insects
can find refuge in it, as in the case of timber. When old Baker Street Station
was being pulled down the timber was found to be simply alive with fleas ; this
would be impossible in a structure of reinforced concrete.

Reinforced concrete will not harbour microbes, as it is perfectly free from
pores, and thus in the matter of hygiene it is an excellent material for buildings
such as fever hospitals, mortuaries, abattoirs, etc., as well as for ordinary factories,
warehouses and dwelling houses. For jetties, wharves, and similar structures, the
employment of reinforced concrete is immensely superior to timber or iron, as it
cannot decay or oxidize.

It has far more resistance to abrasion from shipping or other floating objects
than timber, and the resistance it offers against the attack of marine worms and
insects is an advantage which will be at once evident. It may be mentioned that
the Memel timber at Bell Rock was discovered by Stephenson to be destroyed
by the Lemnoria Terebans at the rate of 1 in. per annum, and at Lowestoft piles
were eaten at the rate of 3 in. per annum. The Teredo Navalis grows to as large
a size as 2ft. long and } in. diameter, and is very destructive to marine timber work.

Weight.—Reinforced concrete is heavier as a building material than steel
or ironwork for supporting the same load. This causes its own weight to be a
greater percentage of the total load than in the case of a steel or iron structure. The
high percentage of dead to live load will prevent the use of reinforced concrete for
bridges of very large span, although it is an advantage in other respects.

The excess of weight is, in a great measure, compensated for in the use of
reinforced concrete, by reason of its employment enabling us to do away with
most of the auxiliary parts necessary in a steel or iron structure.

The flooring and beams of reinforced concrete act . together in resisting the
stresses, and there are no tie rods, cross girders, jack arches, floor plates, flooring,
etc., to be supported, which in a structure of steel or iron always add considerably
to the dead load.

In road bridges of reinforced concrete, the decking slab needs only to be
covered with a coating of asphalte, or other paving, to make the road surface,
whereas in a steel bridge there must be a decking of some sort, such as trough
flooring, and this must be filled or covered with concrete before the road surface
can be formed. ‘

When compared with brick or stone piers, abutments, arches, or walls, rein-
forced concrete has about three to five times less volume, and therefore has con-
siderably less weight.

In abutments and retaining walls, it is evident that this material will need a
much less thickness, and therefore volume, than that required for similar works
in brick, stone or plain concrete. The comparative lightness of arches of reinforced
concrete enables structures to be erected which are impossible with ordinary masonry
or brickwork. This is shown very clearly in Fig. 3, which is a view of a bridge of
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984 feet span, and shows well the extreme lightness which can be obtained in
bridges of this material.

The lightness of columns and walls is a great advantage to a building, and the
employment of reinforced concrete slabs or rafts in place of the usual foundations
will greatly reduce the necessary excavation, besides in some instances enabling a
building to be erected at a very small cost for foundations, where, if ordinary
materials had been employed, the work would be very costly, if not impossible.

Fia. 3.

Resistance to Stresses. — The resistance of concrete to imposed stresses is
often said to be so uncertain that the employment of reinforced concrete must be
attended by great risks. This might be refuted by simply referring to the many
tests of structures already erected and in use, for if there is such risk it certainly
does not appear to be shown in existing works.

More can, however, be said on this subject. When briquettes of small dimensions
and of neat cement are tested, in which the amount of water used has been carefully
measured, great diversity of results are obtained when different persons test the
same cement. There is no doubt on this point. It will be found, however, that
the personal difference in results is much less marked in sand tests than in those of
neat cement.

In fact, with the same sand, cement and water, and using the same measured
proportions of ingredients, the difference in the results of tests made by different
persons is small. Some experiments made to test this are given in Table 1.

For reinforced concrete, sand and shingle or broken stone are used, and
it is extremely doubtful whether there is much variation in the strength of such
concrete, if it is made of a finely ground and cool cement with clean aggregate and
water. It is certain that any variation in the strength does not amount to so much
as to cause an appreciable difference to the safety of the structure with such
co-efficients of resistance as are usually allowed in the calculations for reinforced
concrete. The resistance of the concrete to tension is generally ignored, and where

it is allowed for a very low value is given to it.
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TABLE I

Tests showing the variation of results obtained in testing neat cement and 3 to 1 mortar,

the briquettes being made by persons of varying experience in cement testing. Briquettes
broke after 28 days.

I| ! (i

X Made by a boy ' Made by & man accus- | Made by & man
'| totally unscquainted ' tomed to cement testing, || accustomed to cement
Description i with but who had not done testing and in
P " '| cement testing any testing for some time | practice
of composition | |
" | Tomlo | Aversgo | Tenale | A Tensle  Average
. ensile verage ensile verage ensile . Average
briquettes !' strength in | in g 1 strength in in : strength in in

|| pounds per | pounds per | pcunds per | pounds per

pounds per . pounds per
, 8quare inch i square inch | square inch | square inch

square inch = square inch
;

and cement ';

. . 450 600 1 640
Neat Cement with | 40 453 | oo 592 | 620 . 623
20% of water | 499 | o580 | | 610
o T B R |
3 of Sand to 1 of | - l ' ‘
) o180 | NPT o186
cement, with 109, 165 | | 2 i
h 162 | 145 145 || 160 155
of water to sand | '
160 | 5
: W | 150
1 |

Although its resistance may be ignored in tension, still the concrete has to take
up increments of resistance from the iron sections produced by the longitudinal
shearing forces, and the ability of the concrete to resist these stresses must be assured.
Many constructors neglect this also, and assume that the concrete is able to resist
them, but this is not always the case, and these resistances should be carefully
looked into and provided for where necessary. At the same time it must be stated
that one of the curious properties of reinforced concrete seems to indicate that the
concrete in tension can bear safely stresses up to its ultimate breaking strength. It
has, in fact, been found that the concrete may be strained up to its ultimate tensile
resistance without cracking, and even under further stress it appears that the
stresses in the concrete remain constant, all further stress being taken by the rods.
The contrete, however, still stretches. In other words, after the ultimate tensile
strength of the concrete is reached its modulus of elasticity becomes nil.

These remarkable properties have not been as yet fully explained, but that
they exist has been shown by careful tests made by M. Considére, which will be
referred to later. -

In nearly all cases the concrete is only considered to act in compression, and -
the reinforcement is calculated as taking all the direct tensile stresses and in many
cases the tensile shearing stresses also.

It is an admitted fact that the variation in the resistance of concrete, and neat
cement to compression, is less than that in the tensile resistance. ~The concrete
when reinforced appears also to gain in some way further resistance to compression,
and in almost all cases of tests to failure of reinforced concrete under bending,
the test pieces have failed first by the cracking of the concrete in tension or by
shearing. There appears, therefore, to be no cause to fear failure by reason of
any uncertainty of the resistance.

Hardness and Impenetrability.—The hardness of reinforced concrete, which
has always a large percentage of cement, is a disadvantage in some particulars.
For instance, nails cannot be inserted easily, and when anything has to be secured to
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it in this manner, provision must be provided when moulding, although holes can be
made after the concrete has set if required. This disadvantage is really more
apparent than real. With a little care fixtures or wood blocks, where the strength
will not be affected, can be moulded in, and in special cases cinder concrete may be
employed if care is taken in mixing and depositing that the metal is well protected ;
but in this case the strength is greatly reduced, since the crushing resistance of the
aggregate rules the crushing strength of the concrete. -

Moulding.—The advantage gained by being able to mould reinforced concrete
into any required shape is very great. Many parts of a structure can be moulded
on the ground before being placed in position, thus greatly reducing the necessary
false work,as these pieces merely require to be propped up while a junction is moulded
between them and the contiguous parts. Skew bridges require no more care in
execution than those on the square; the cutting of checks at the springing is of
course unnecessary, there are no courses to require special care in setting out and
no stones to be dressed to template.

Concrete piles are a feature of special interest, the ease with which they can be
moulded, lengthened in situ, or connected to columns, or deckings forming one
continuous whole, has given them a position for structural purposes which no
other kind of similar support can attain to.

Ornamental parts of a structure can be moulded as one with the rest, and, in
fact, are often made to take their part in the resistance to stresses.

Appearance. — The appearance of a reinforced concrete structure can be
made almost anything we require by ornamental mouldings, and if the surface of
the concrete after it has been rendered is splashed over with grout from a whitewash
brush, or similar contrivance, a slightly roughened surface is formed which has a
stone-like appearance, and hides the hair cracks which will form in the rendering.
This is often done, and is very effective. There are also many other ways of
treating the surface.

The outsides of reinforced buildings can be formed of columns and lintels, or
crossbeams, and have window and door openings formed in reinforced concrete,
the rest of the filling in of the bays being done in ornamental brick or stone work.
This is a favourite form of construction in France, and if properly treated can be
made to look very well.

In arched bridges the arch can be of reinforced concrete, and the spandril
walls may either be of an open arched form, or may be formed in brick, stone, or
concrete. Large arches should be hinged at the springings and centre, which,
besides being an advantage in other ways, rather improves the appearance. Such
parts of a structure as are of reinforced concrete are sometimes cut to represent
stone, but such treatment is seldom advisable. The fact that it is concrete will be
still apparent, and there is no artistic reason for disguising it. A brick or stone
face may be put on a reinforced concrete bridge, but as reinforced arches are usually
made with a small proportion of rise to span, it is much better to leave the arch at
least to show as concrete, since if it is faced with stone or brick it will give the
appearance of instability. The rise of arched bridges in reinforced concrete may
be slight as compared with the span, and the thickness of the arch can be made very
much less than in the case of masonry or brickwork.

These facts combine to make arched bridges of this material of singularly
graceful proportions, as can be seen by Fig. 3 and other views of bridges erected of
this material at the end of the book. The handsome buildings that have been
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erected of reinforced concrete and brickwork can also be seen from the illustrations.

The ease of construction, and the lightness of domes of these materials gives
a great scope to artistic treatment of buildings.

The Monolithic Nature of Reinforced Concrete Structures.—A structure
of reinforced concrete is not an assemblage of parts connected together in a
more or less thorough manner, but is a united whole, each part being one with
the neighbouring pieces. This intimate connexion gives a strength to a structure
unknown prior to its introduction, and also affords an almost perfect resistance to
vibrations. This resistance is perhaps most noticeable in buildings containing
machinery, where the absence of vibration is not only beneficial to the building
itself, but also to the machinery contained therein. This runs more smoothly, and
not being subject to external vibration, has a longer life. Fast running machinery,
such as that used for working dynamos or centrifugal pumps, is specially benefited
by being placed in buildings of this material.

For structures on bad or swampy ground, reinforced concrete and brickwork
have a peculiar advantage. A reinforced platform under the building, supported if
necessary, onreinforced piles, being an ideal foundationinsuch cases,and their mono-
lithic nature enables them to resist the stresses caused by unequal settlement. Such
a building is also lighter than one of ordinary brickwork or masonry, which is an
advantage. The description of the destruction of the San Marino Pavilion, erected
for the Paris Exhibition of 1900 by M. Cottangin is given below, and clearly shows
the monolithic nature of such structures.

ACCOUNT OF THE DESTRUCTION OF THE PAVILION OF THE REPUBLIC OF SaN
MagriNo, BuiLT FOR THE Paris ExHIBITION OF 1900, oN THE COTTANGIN

SysTEM.!

This pavilion was erected at the foot of the Eiffel Tower on foundations of the cellular
box type, largely employed in the structures erected by M. Cottangin.

The framework of the building consisted of four groups of vertical and arched members,
tied together with horizontal ties, the whole being formed of reinforced cored brickwork and
concrete. At one corner a space was formed for astaircase, and at another for a turret (Fig. 4).
[The supports at P, O, N, and R are omitted in this Figure]. = At the back of the building
the uprights I and K were placed to give greater rigidity.

At each corner, i.e. A, B,C,and D; E, H,and I; M, L, and K, and P, O, N, and R,
there was an area of brick-
work of 186 square inches.

The weight of the build-
ing was 118 tons, and there-
fore each group carried about
295 tons, equal to 355 pounds
per square inch, or about 33
per cent. of the ultimate
crushing strength of the bricks
—omitting the mortar cores.

The groups were braced
together by horizontal courses

wa

FRENCN PERFORATED

amicadrea, 20015 in, of reinforced brickwork, form-
S A - ing rectangular frames from

8 to 16 inches thick (Fig. 4).
Fie. 5. At the height of 15-09 feet
above the bottom floor 4 cored
brick arches, 3} inches thick
and 8% inches deep, sprung
from he uprights D’, H’, L’

I1S0METRIC ViEW OF PAVILION WiTH and R’ (Fig. 4).
SUPPORTS AT O REMOVED.
Fia. 4. ! Engineering, March 21, 1900.
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The upper ends of these arches abutted against a square frame for the central skylight about
39 feet above the bottom floor. This frame also received the ends of the roof ribs, which
abutted at the top, while the arches abutted at the bottom (Fig. 4).  Each group of supports
had 48 reinforcing wires, and the total sectional area of steel in each group was 8:31 square
inches or a weight of 3'6 pounds per foot of height.

The weight of steel for the whole building was only 138 pounds per foot of heis ht.

The panels of the walls were filled in with thin slabs of plaster of paris. When the building
had to be removed, asevere fire test was first carried out, without any signs of failure,even when
played upon by the firemen’'s hoses ; no cracks showed between the cored brickwork and
the plaster panels, although the glass in the skylight had melted and the portions of the cored
concrete were covered with ‘ vassy '’ cement, though the rendering was the only part affected

After the fire test, the demolition was commenced by knocking away the support to the
turret at O (Fig. 4).

After five blows with a ram weighing 1,540 pounds, and a stroke of 3} feet, 12 to 16 inches
in height was broken away, leaving half the weight, or 59 tons, supported on 1194 square inches
of cored brickwork.

This area of the reinforced brickwork was consequently subjected to a stress of about 1,100
pounds per square inch.

The support at R was next battered in, leaving only 47 square inches of support for the
59 tons weight, or about 2,844 pounds per square inch of support.

The support P was partly broken away, leaving only 4'7 square inches of support intact,
for which the apparent stress amounted to 12-7 tons per square inch. Failure only occurred
when this 4.7 square inches was knocked in, leaving no support under the turret. It is well to
mention that in all probability part of the weight was carried cantilever-wise by the groups
at A, B, C, D and M, L, KK, the cantilever end being anchored by the group E, H, I, but in
any case the upper part of the corner at N, O, P and R not failing until its whole support was
removed, shows the immense resistance of reinforced concrete and brickwork.

When the failure occurred, the upper portions P’ P and N’ N’ gave way first, the flying
arches being forced out at the corners at M’ B”” and E’’ by snapping the wire cores (12 at
each point).

The uprights at M”/, B”, and E”” were forced outside the building but remained perfectly
intact from the level of the springing of the arches, to the point of failure.

The whole storey above B’ O’ M’ and E’ came down bodily, and the flat roof dropped
vertically on to the ground floor, carrying the first floor gallery with it.

The displacement in the direction of the under cut corner at O was only from 1:64 to 2:28
feet, and the bottom floor retained its horizontal position, !suffering little or no deformation,
and presenting only a few slight cracks.

These tests also prove the great strength and stability of this form of con-
struction. They also demonstrate how each part of a reinforced concrete or
brickwork structure will support others, and prove that great resistance still
remains, even when only a part is left standing.

The effect of similar tests on a structure formed of the usual building materials
need not be enlarged upon. A structure of steel or iron, when partly demolished,
loses its resisting qualities almost entirely on account of the want of rigidity at the
joints, and ironwork built into brickwork or masonry would not show very great
resistance if subjected to the treatment applied to this building of reinforced
concrete.

Resistance to Shocks.—The small vibration produced in a structure of re-
inforced concrete clearly points to the further advantage of resistance to shocks.

The driving of concrete piles 30 or 40 feet long without any shattering clearly
proves that the resistance of reinforced concrete to shocks is very great.

The very short period of vibration of floors of this material, when subjected
to the action of a falling load, is clearly brought out by the experiments detailed
below.

In a test carried out recently in Paris by the engineers of the Paris and Orleans
Railway Company, at their electric works at Austerlitz Station, two floors had been
constructed, one in reinforced concrete, the other with rolled joists and brick jack
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arches, each with the same bearing, and calculated for a similar free load. These
floors were tested in order to ascertain the result of shocks.
The dead weight of the floors were—
Iron and brick floor . . . 100 lbs. per sq. ft.
Reinforced concrete floor . . 62 » ”

A weight of 112 lbs. dropped from a height of 6 ft. 6 ins. on the iron and brick
floor produced vibrations of {% in. amplitude, lasting two seconds, while a weight
of 220 lbs. falling 13 ft. on to the reinforced concrete floor only caused vibrations of
& in., lasting $ths of a second.

The short period and smallness of the vibrations in a reinforced concrete
structure, protect it in a great measure from the gradual fatigue, which is so notice-
able in structural metal work.

It cannot be definitely stated that constant vibrations, such as those sustained
by railway bridges, would not ultimately have a detrimental effect on reinforced
concrete. Time only can demonstrate this, but, it is certain that the vibrations
will be comparatively small to those occurring in steel bridges, and it is extremely
probable that the combination of concrete and steel may be found to give excellent
results. It would, however, be foolish to assert definitely that such would be
the case, until sufficient time has been allowed to elapse and a correct judgment
obtained.

The great resistance offered by reinforced concrete to shocks and vibrations,
renders it peculiarly appropriate for the construction of military works, such as
forts and shelters.

Notice of the Approach of Failure.—A structure of reinforced concrete will
seldom collapse suddenly, but will give plenty of warning before giving way.
This has been proved again and again in experiments and tests.

The behaviour of a test T-beam at Calais may be mentioned, as bearing on this
valuable property of reinforced concrete. This test beam had been calculated for a
load of four tons. In November, 1898, it was loaded with 34 tons of rails, with the
result that it cracked at the centre of the span ; four very noticeable fissures extend-
ing well into the upper portion of the beam. Since that date (nearly six years
ago) it has been left with the 34 tons upon it, equal to 8} times the calculated load,
without any increase in its deflection or in the size of the cracks.

- M. Christophe, in his book, Le Béton Armé, quotes the results of experiments
carried out by the Commission on Arches of the Society of Austrian Engineers and
Architects, in a series of tests to rupture on arches of 23 metres, or about 75} feet
span, and constructed of different materials.

It is interesting to note that for the several materials tested the excess of the
loads at the time of breaking to those when the first crack appeared were as follows—

For Ashlar . . . . . 30 per cent.
For Brickwork . . . . 59 per cent.
For Ordinary Concrete . .31 per cent.
For Reinforced Concrete . . 86 per cent.

These tests, which were carried out by a responsible authority, show very
clearly that the failure of a reinforced concrete structure is very gradual, and that
the resistance is still very great after the first crack has appeared.

The Effect of Atmospheric Changes.—The effect of changes of temperature
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on concrete has been referred to when dealing with the fire-resisting qualities ;
but smaller changes of temperature than these have, as is well known, a marked
effect on concrete, and the richer in cement we make the mixture the worse would
be this effect.

Also the humidity of the atmosphere affects the concrete considerably, damp-
ness causing an elongation, and dryness a contraction.

The variation in volume of concrete under changes of humidity appears to be
even more affected by the richness of the mixture than under that change of temper-
ature. This change of volume is clearly a disadvantage in reinforced concrete
construction, as it is a sine qua non that rich mixtures should be used. Fortunately,
however, the reinforcing rods and network appear to act as preventatives against
the cracking of the surface of the concrete, and it is seldom found that cracks are
formed where the reinforcement is placed near the face exposed to changes in
temperature and humidity.

In buildings, except in special instances, the concrete is not exposed to sudden
changes of this character, under normal conditions, and in most structures the sur-
face can be covered with some non-conducting medium, such as soil, or paving.

In retaining walls and similar structures, vertical timber expansion strips can
be used, as they do not affect the stability, except in the case of walls curved in plan,
in which they should not be used.

In bridges, and cases where beams and floorings are not fixed but free on their
support, there is, of course, a certain freedom to expansion, and contraction.

In large arches of reinforced concrete it is well for this reason to place hinges at
the abutments and centre.

It is advisable in special cases to place a light mesh of ironwork near an
exposed surface, to prevent cracking from temperature and humidity changes.

As in the casting of iron, quick changes of thickness should be avoided, and
all angles should be rounded. Panels in bridge parapets, and faces of buildings,
etc., should have splay mouldings where possible, to reduce the thickness gradually.

When placing the concrete in position, it is well to keep it damp during the set-
ting, since the slower the setting action the better the concrete will be able to resist
the action of changes of temperature and humidity. In times of great heat or dryness
it is specially advisable to keep the surface moist and protected from the sun’s rays,
so that it may not set too quickly. The whole body of the concrete should, as far
as possible, set together to prevent internal stresses being set up.

It is better to avoid concreting, if possible, during severe frosts, since although
the effects appear to be only temporary, tests have been published showing a
decrease of strength when briquettes have been frozen.

The frost seems only to retard the setting and does not appear to have any
effect on the final strength of the concrete. Some tests made to discover the
effect of frost on concrete are given below.

Twelve briquettes were made of sand and cement mixed three to one with
10 per cent. of water on December 20, 1901. Six were placed in an exposed
place in the open, and taken out of their moulds on the 23rd, being still left in the
open. The remainder were left indoors, and placed in water on the 23rd. All were
broken on January 19, 1902, with the following results. ~The average tensile
strength of those left in the open was 249 lbs. per square inch, and for those left
indoors 249 lbs. also.
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The Temperatures registered were as follows—

Date of reading, taken at 9-0 a-m. Min. Max.
Deec. 21 . . . . . . . 22 .o 34

» 23 . . . . . . . 24 .o 34

w 24 . . . . . . . 28 R 42

., 30 . . . . . . . 28 R 50

Jan. 1, 1902 . . . . . . 28 .. 52

Many bridges have been constructed during severe frosts in the United States
without any detrimental effect on the concrete.

Evenness of Temperature and Deadening of Sound in Buildings of Re-
inforced Concrete.—The poor conducting qualities of concrete keep the rooms in
buildings of reinforced concrete at a very equable temperature, which is a special
advantage where they are partially in the roof, and in ordinary buildings are
unbearably hot in the summer and excessively cold in the winter. The advantages
from this quality in the case of a fire have been referred to (p. 8). The effect
on sound is the reverse by consequence of the walls being thin, and where single
walls are employed sound penetrates in a marked degree.

It is very usual, however, to employ double walls in this form of construction,
as these may be made very thin, and can be united together by bonding-in cross-
ties, so that the two walls act as one, in resisting the stresses. Floors are also
made double, the ceiling slab being separate from the flooring slab, and the same
method is employed for roofs.

Ease and Rapidity of Erection.—Ease and rapidity in the erection of a re-
inforced concrete structure is an immense advantage : walls can be moulded of
concrete far quicker than they can be built of stone or bricks.

Floors and roofs are moulded at the same time as their supporting beams.

Bridges can be erected, and roofing to reservoirs constructed, in a far shorter
time when made of reinforced concrete than of brick, stone, or iron.

The materials are easily procured, and require no such treatment as that of
dressing stone or the making of girders to dimensions.

The iron or steel work is almost entirely in the form of round rods, hoop iron,
or wire, being only in a few instances of special section. It is in most cases
simply laid in place, and perhaps tied with wire at crossing-places, and requires
only ordinary simple smith-work which can be done on a portable forge at the
site of the works, or the pieces may be bent to the required shape and cut to
necessary dimensions before delivery.

In some few instances, a small quantity of bolts are required, but this only
applies to a few methods of reinforcement.

Special Precautions Necessary.—Great care and judgment are required in the
selection and preparation of material and preparing of temporary work for the
erection of reinforced concrete structures. The cement must be of the very best,
finely ground and cool. The aggregate must be of proper size for the different
kinds of work, and be perfectly clean. The concrete when mixed should be
moderately dry. The water should be quite clean, and the concrete thoroughly
and carefully mixed and deposited.

The falsework requires special care and forethought, so that it may be as
economical as possible, since it forms a large item in the total cost of a reinforced
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concrete structure. The concrete must be thoroughly well rammed, especially
round the reinforcement, as it is very essential that there shall be no pores, and that
the concrete shall be thoroughly homogeneous. '

Great care is necessary in the placing and keeping of the reinforcement in
position, as the strength of the structure mainly depends on the skeleton being in
its calculated position. Any welding or bending must be done with great care,
so that no appreciable strength is lost thereby.

Both foremen and labourers must be carefully selected, and the foreman
especially trained to apply the care and thought required, in order that he may see
that the structure is exactly as designed, and that all fixtures, etc., are properly
moulded in the places assigned to them. A careless labourer should be dismissed
at once, as there must be no risk of bad workmanship.

That great care is required must not be lost sight of, and it would be foolish to
deny that such care must be taken. But the benefits derived from this form of
construction amply repay the necessity of employing selected men at a slight
increase on the usual rate of wages. A foreman,who should thoroughly understand
smithwork and timbering, a good carpenter, and blacksmith, with the labourers
specially selected, are all that is required, and no other tradesmen are necessary
except in the case of reinforced brickwork, and in this instance the employment
of bricklayers is compensated for by there being no carpentry for falsework.

Economy.—The economy of the use of reinforced concrete in suitable cases
isundoubted. The thinness of the walls, floors, etc., more than compensate for the
extra cost of the metallic skeleton, and the care required in mixing and deposit-
ing the concrete, and in the placing of the reinforcement. The comparative light-
ness of structures of this material causes much saving in the foundations in very
many instances. )

The large amount of falsework needed for the proper moulding forms a con-
siderable item in the cost of a structure of reinforced concrete, but this falsework
is usually of an extremely simple form, and requires no special treatment, and very
few timbers of large scantling. Many of the parts of a building can be moulded on
the ground before erection, which greatly reduces the amount of falsework required.
The comparative lightness of arches of reinforced concrete, compared to similar
masonry and brickwork structures, allows the centring to be much lighter than
that generally employed.

If too much concrete has been mixed for immediate use, it appears that it may
be used even after it has been mixed for some hours, providing the cement is suffi-
ciently slow-setting, and the atmospheric conditions do not incline to excessive heat
or dryness. This is clearly shown by a set of experiments carried out to ascertain
the loss of strength caused by mixing mortar several hours before using it.

The description of these experiments was published in a paper on the subject
of construction in concrete and reinforced concrete, which appeared in vol. cxlix.
of the ‘“ Minutes of Proceedings of the Institution of Civil Engineers,” and the
results are given in Table II.

The first tests were of mortar, as mixed by the bricklayers; the rest were of
special mixtures of 3 of sand to 1 of cement, and 10 per cent. of water to the
weight of the cement and sand. The cement was slow-setting, the final set
taking place in from 5} to 7 hours. The tests were made 28 days after moulding.

Some further tests to elucidate the same point were made in 1902 by Mr.
C. G. Streels, of Sioux City, U.S.A., and are given in Table III.
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TABLE II

COMPARATIVE TENSILE STRENGTHS IN LBS. PER SQUARE INCH.

Freshly mixed

Left standing I

Knocked up every 10 Minutes

After 1 hour ! After 2 hours After 1 hour After 2 hours
185 186 I 180 | 186 7 170
226 233 231 ‘ 223 236
; After 2§ hours | After 3 hours After 2§ hours :“*Anﬂ 3 hours—
203 || ; 203 203 E~;~ 196 : 77777 iée
) After 3} hours After 4 hours { After 3} hours I After 4 hours
158 146 161 ;;s::v— ‘E 168
- After 4} hours After 5 hours Att;; ;; ;:;;rs | | After 5 hours
! —
200 153 118 158 | 120
| RS
TABLE III.

REesuLTs oF TEsTs MADE IN 1902 oN EFrECT OF CoNTINUOUS MIXING OF

PorTLAND CEMENT MORTARS
Sioux City, U.S.A.
Sand through sieve of 20 meshes per lin. inch, and retained on sieve with

30 meshes per lin. inch.

BY C. G. STrREELS, ASSISTANT City ENGINEER,

99 oz. of cement, 220 oz. of sand, and 24 oz. of water,

or 7°77 per cent. of the cement and sand.

No. of briquettes.

B0 i 1D O 10 1O D D 10 1O IS 1D N 1O 1D 1O EO RO

* 2 oz. water

Continuously mixed for Average tensile strength

hrs. mins. Ibs. per 8q. inch. N
0 15 294
0 30 278
0 45 282
1 00 243*
1 25 275
1 5656 283
2 25 287+
2 55 314
3 25 326*
3 b5 372
4 25 334+
4 b5 384
5 25 264
b5 56 249
6 25 308*
7 25 217
8 25 255
8 &5 236
8 55 220*
8 55 .. 215*

added. 1 3 oz. water added.

These results show that no waste of concrete need occur.
The fact that no tradesmen need be employed on structures of reinforced
concrete, except ordinary carpenters and smiths, causes a distinct saving in cost.
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For reinforced brickwork, bricklayers must of course be employed, but in this case.
as has been said before, no carpenters are required. There is a saving of about 20 to
30 per cent. in the cost of a concrete column reinforced with longitudinal rods over
that for a steel column to support the same load, and the saving will be greater
when a hooping of spirally-wound wire with a series of light longitudinal rods is
used as a reinforcement. For beams the saving is very nearly as great. There is
also a considerable saving in maintenance. And it must be also borne in mind that
iron and steel columns and beams are frequently surrounded with concrete or other
material for protective purposes. When used in the place of masonry or brickwork
there is also a saving in cost, on account of the comparative thinness of the walls
and arches.

Compared with timberwork, as when used for wharves or jetties, reinforced
concrete is of course the more expensive material. Against this must be placed the
fact that a structure of reinforced concrete is practically everlasting, whereas had
it been made of timber its life would be only of short duration.

The place of reinforced concrete as a building material may be well represented
by drawing two circles to overlap one another, one representing structural iron and
steel work and the other masonry. The area formed by the overlapping of the two
circles, which represents the common province of these two forms of construction,
and where they may be used in combination, is the special field of reinforced
concrete. Within this area it will be cheaper than steel or iron by reason of the
simplicity of construction and cheapness of materials, and more economical than
masonry by reason of its comparative smallness of weight and quantity ; while
outside it is unable to compete with iron and steelwork by reason of its weight, or
with ordinary masonry by reason of the cost of construction.

Doubts as to Proper Method of Calculation.—The doubts that still re-
main as to the principles on which the true formulae for obtaining the sections of
reinforcement and concrete should be based, will, it is to be hoped, soon be cleared
away. Infinite care and labour have been, and are being, spent to remove this
difficulty. Elaborate experiments and researches have been carried out, and to-day
we certainly know much more about this subject than was known a few years ago.

Until we thoroughly understand the properties of the materials employed,
when used in combination, we must do our best with the knowledge we already
possess, and use the best formulae that we can obtain. This need of true formulae,
however, need not prevent us from employing reinforced concrete and masonry.
The formulae already in use give us structures that in every way resist the stresses
they have to bear, and although a saving might possibly be effected if we knew
more, the structures we can design with our present knowledge will be perfectly
safe and undoubtedly economical. -The knowledge of the properties of iron and
steel has been greatly extended in the past few years, but we are not yet unanimous
in our opinions respecting all their properties, and in the design of iron and steel
structures there is doubtless still a great deal to be learned, and to provide against
all contingencies we are in the habit of allowing large factors of safety. In the
present formulae used in designing reinforced concrete structures, it only amounts
to very much the same thing, and as we learn more, these formulae will doubt-
less be improved.

The Construction of Reinforced Concrete mainly in the Hands of a Few
Firms.—Reinforced concrete construction is at present mainly in the hands of the
patentees of the different systems, and of firms who have patented some detail of con-
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struction and make a speciality of this kind of work. Itappears at first sight difficult
todesign and carry outastructure of this nature, withoutinfringing some of the many
patents. It will be found, however, that the really valid patents are, generally speak-
ing, those for some small detail, and that the main principles are not patented, and in
fact are unpatentable. There are many ways of embedding iron or steel in concrete
to obtain the results required, and if one form is patented, and the patent is valid,
there are other forms which could be used just as well.

It will be found that the principal firms who carry out this form of construction
do not rely so much on their patent systems for bringing them business, as upon the
fact that they thoroughly understand the work, and have in their employ men who
have become thoroughly accustomed to use the care and forethought which is
undoubtedly required. They also know how to use their materials to the best
advantage, and having given special attention to the study of this form of con-
struction, they are able to do the work better, and cheaper, than others who are not
so intimate with it.

At first sight it may seem a disadvantage that the construction in reinforced
concrete and masonry should be in a great measure in the hands of a few firms.
We must remember, however, that the bringing of reinforced concrete and
masonry into general use is mainly, if not entirely, due to the men who have
studied the subject more or less thoroughly, and who in consequence brought
out the several systems.

It is advisable in many ways that the firms constructing in these materials
should, at present, be employed to do any work of this kind, as they thoroughly
understand the methods and have suitable men in their employ. If work of this
character is undertaken by those not well accustomed to its special requirements,
they will probably find that it will cost more than if done by a good firm who make
a speciality of the work, and they will also find that men must be trained to use the
special care which is necessary in the erection of reinforced concrete or masonry
structures, and that although ordinary labourers with good supervision are certainly
all that are required, it will still take some time to bring an ordinarynavvy to under-
stand that the concreting he is employed upon must be treated in a very different
manner to that he has been accustomed to. Even when reinforced concrete has
come into general use, it will probably be found advisable to employ some recog-
nized firm who is accustomed to the work, when a structure of this material is
to be erected.

Accidents.—It cannot be denied that accidents have happened with structures
of reinforced concrete; a notable instance being the fall of the footbridge over
the Avenue de Suffren, for the Paris Exhibition, causing the death of eight persons
and the injury of eight others.

This bridge was completed and the centring removed, but before it was opened
for traffic it fell with no load but its own weight. The failure was attributed at the
official inquiry mainly to two causes—

1. The weakness of the columns, most of which were only 11-8 inches square,
and several of which were frequently struck by carriages passing along the roadway.

2. The bridge, though originally designed to be straight throughout, had
subsequently to have the side spans placed on the skew to avoid certain trees;
the oblique stresses caused by this alteration were not provided against, the
structure being erected as at first designed.

The columns were stated to have been originally designed 16 inches square,
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whereas all but four were constructed 11-8 inches square. It also appeared that
a letter was written the day before the accident by the designer, pointing out that
the columns were too weak, as the reinforcement was not exactly as designed, and
had not been inserted in a satisfactory manner,and thatunless they were strengthened
he could not be responsible for their safety. It seems probable, therefore, that this
accident was mainly caused by carelessness in the workmanship, due to the urgency
for speed in completion.

A large percentage of the few accidents which have occurred with this form
of construction have been due to the premature striking of the falsework. The
cause of some has been traced to the use of improper materials, and others to
insufficient rigidity of the falsework, or to the concrete having been subjected to
vibrations while setting. It has seldom, if ever, happened that a failure has been
due to the inherent weakness of the structure.

It cannot be too strongly insisted on that proper care must be exercised in the
workmanship and selection of materials, but there is no necessity to condemn the
use of reinforced concrete on this account, and the multitude of satisfactory structures
that have been erected sufficiently proves its utility, and economy.
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Part 1I

SYSTEMS EMPLOYED

General Remarks

Before commencing the description of the various systems, it may be advisable
to briefly point out the various types of reinforcement that are used, and the reasons
for their adoption. This treatment of the subject will be very general, and deal
with columns, beams, arches and pipes only, since most of the details of construc-
tion are related to one or the other.

" ;) ]

Columns.—These are usually reinforced with longitudinal bars tied together
at intervals by wire or flat iron cross-pieces. Recently, however, the advantage
of adding a spirally wound hooping to prevent the swelling of the concrete has
been demonstrated by M. Considére and others, and such a reinforcement has
been tried in some few cases with good results.

Beams.'—As a general rule it is found that the concrete is sufficient to resist
the compressive stresses, and we have therefore to supply the reinforcements to
resist the tensile stresses only. In the case of a freely supported beam, the rein-
forcements are consequently placed as shown in Fig. 6. Or, since the curve of
bending moments is parabolic under a uniformly distributed load, they may be
placed as in Fig. 7, a disposition which increases the efficiency. It will be noticed,
however, that if the reinforcement is placed as shown in Fig. 7, the bottom of the
beam may take a similar curve to that of the beam in Fig. 8. If the compressive

&&_’___//t'

Fia. 8.

stresses are considered too great for the concrete, straight reinforcements are added
along the top of the beam.

When we come to consider the case of a built-in beam we find it more com-
plicated. There is a bending moment at the supports in the opposite direction to
that at the centre of the span. A reinforcement must therefore be placed near
the upper surface over the supports extending some distance towards the centre
of the span, as well as the reinforcement at the bottom of the beam.

The straight bottom reinforcement of Fig. 6 is consequently retained, and two

1 M. Christophe employs a similar method of general treatment for beams and arches in his
book, Le Béton Armé.
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short upper reinforcements added, as shown in Fig. 9. The upper reinforcement
is sometimes continued across the span, serving, at the centre, to resist any excess

’\\\\“
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of compression which cannot be safely taken up by the concrete; in the same manner
the bottom rod will resist this excess near the supports. This method is shown
in Fig. 10.

A further method of resisting the stresses in a built-in beam is to employ one
series of reinforcements, bent as shown in Fig. 11,80 as to follow the path of the
tensile stresses; but in this case there is severe compressive stress on the bottom

F1c. 11. Fia. 12.

of the beam near the supports due to building-in, and it is advisable to form the
ends of the beam in the manner shown in Fig. 12, so as to gain extra resistance by
increasing the area of the concrete in compression.

A series of bottom straight rods are frequently added, extending through the
whole length of the beam, as shown in Fig. 13. These will increase the tensile resis-
tance at the centre of the span, and the compressive resistance near the supports.
If further tensile resistance is required at the top near and over the supports, some
constructors add the short reinforcements shown in Fig. 9 to the arrangement
of Fig. 13, or, when there are several spans, the ends of the bent-up rods are made
to overlap, which produces the same result.

N\ \
N
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If the concrete at the centre of the span has not sufficient area in compression
to resist the stresses, a series of straight rods are added, extending completely across
the span as shown in Fig. 14. i

Arches.—These may have either a curved or flat extrados, but both types may
be considered together. The most simple method employed to reinforce an arch
is to place a reinforcement near the intrados throughout the whole span. The
stresses in an arch are mostly compressive, and the greatest tendency to tension
is at the intrados at the crown or at the haunches under a uniformly distributed
or moving load. Such a reinforcement is shown in Fig. 15.

The failure of an arch is first indicated by cracks in the intrados at the crown,
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and in the extrados near the springing; the single reinforcement of Fig. 15 is
therefore frequently considered insufficient, and reinforcements are added at the
springings as shown in Fig. 16, or, for greater security, since it is difficult to

Y =
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decide on the length of these extrados reinforcements, these upper bars are con-
tinued throughout the whole span, as in Fig. 17. This form of reinforcement is
rendered the more necessary on account of the tensile stress produced at the

extrados under changes of temperature.

Fia. 18,

A further method adopted is to retain the bottom reinforcements through-
out, and incline the upper reinforcements shown in Fig. 16, so as to be near
the extrados at the springing, as shown in Fig. 18.

When this form is combined ‘with a series of reinforcements extending through-
out the whole length of the extrados, we have a complete reinforcement which will
resist any stresses which may be induced. The combination is shown in Fig. 19.

< Yy =<
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The types of beam and arch reinforcements (Figs. 6 to 19) which are
reproduced from M. Christophe’s Befon Armé, show the general methods
adopted by the various systems, and will be recognized when we come
to describe the various forms of construction in detail. In beams there are also
shearing stresses to be resisted, and consequently various methods of transverse
reinforcement are employed, either vertically or inclined, or both combined. The
bent reinforcements also assist in taking up the shearing stresses, and in the case
of a uniformly distributed load those shown in Figs. 7 and 8 resist them entirely.
The shearing stresses are very slight in arches which do not require special reinforce-
ments for the purposes of their resistance. Many constructors, however, place
transverse reinforcements in the vertical plane near the springings as a pre-
cautionary measure. In any case it is advisable to tie the main reinforcements
of arches securely together, for the better resistance to the swelling of the concrete
under compression. .

Pipes and Oircular Reservoirs.—These are reinforced with hoops or spiral
windings of metal, together with longitudinal distribution bars, placed internally
or externally, according to the direction of the pressure.

It will be impossible to describe all the different types of construction adopted
by every system ; but it is hoped that by giving a short account of the leading
features of each, a fair idea may be obtained of the general scope.

Bonna System

This system was introduced by M. Bonna of 78, Rue d’Anjou, Paris, in 1893, and
is perhaps best known on account of the manufacture of pipes, of which a
speciality is made. One of the distinctive features of M. Bonna’s system is the
use of special steel sections in the form of a Latin cross. These are employed in
all the forms of construction, and have an increased resistance due to the smallness
of the sections and the rolling. Fig. 20 shows the sizes generally used. M. Bonna
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also uses ordinary angles and tees and has lately adopted a double-
cross section like a small rolled joist, with its web produced through
the flanges in both directions. All the reinforcements for a building
are built up before the concrete is deposited, being secured by a few
bolts. Fig. 21 shows the usual method of beam reinforcement. The
main bars of the cross type are connected by vertical braces of double
flat bars. They are also tied together, as shown, by horizontal trans-
verse flat bars notched out to receive the short ends of the cross
sections. When the double-cross sections are used, the vertical ties
Fig. 21. are of course omitted.
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All the reinforcements of the various elements (primary and secondary, beams,
columns and supports) are secured together. The columns are reinforced by
profile bars tied together by horizontal flats secured to the main bars by bolts or
rivets. The reinforcements, being thus all tied together, serve to support the
falsework, men and materials during construction.

The floors are usually reinforced in the same manner as the beams with cross-
shaped bars at the top and bottom secured together by verticals of flat iron, and
held transversely by upright notched flat bars extending across the whole width
of the slab.

The Pipes and Reservoirs constructed by M. Bonna are reinforced with
spiral or circular hooping, the spiral form being always employed when the cross-
shaped reinforcements are sufficiently small. Against the hooping are placed
longitudinal distribution rods, which are notched out to receive the hoop bars.
Either one or two series of reinforcements are employed, according to the size of
the pipes and the pressure upon them. When pressures of more than 50 feet head
are to be resisted, a sheet steel tube is embedded in the concrete to ensure imper-
meability, or sometimes this tube is placed in the inside of the pipe. Fig. 22 shows
a simple spirally wound pipe reinforcement.

The methods of construction of the pipes and res-
ervoirs are more completely dealt with when treating
of ** Practical Construction” [pp. 179 and 199 to 202.]

A mixture of quick and slow setting cement is
used for the concrete of the pipes and reservoirs.

Straight and arched bridges are also constructed
in this system.

Among the works carried out by M. Bonna the
following may be mentioned.

The Pipes carrying the sewage of Paris through
the Argenteuil Qallery and the distribution system of
the Achéres Sewage Farm.—The pipes through the gallery were 5:91 feet in diameter,
and were constructed with a steel tube lining. The length of this pipe line was
1,640 yards. The distribution pipes for the Achéres Sewage Farm were of
diameters varying from 1575 inches to 43'3 inches. They were formed with a
tube of steel sheet embedded in the centre of the thickness of the shell. The head
on these pipes was 131'2 feet, and their total length was nearly 25 miles.

The distribution systems of Méry, Pierrelaye and Triel (districts of Paris).—The
pipes are of diameters varying between 11'81 and 43-3 inches, and some of 6:56 feet
diameter. The total length of these branches is 74'6 miles. M. Bonna completed
this work in the extraordinary short time of eight months, the mean progress
being 547 yards a day.

The works of the Cie Centrale des Emeris et Produits a Polir, situated in the
Boulevard Sérurier, Paris.—A building 492 feet long and 66 f:et wide, with ground
floor, one floor above, and a pitched roof, the whole being of reinforced concrete.

Workshop for MM. Sautter-Harlé ct Cie, 35, Ruede la Fédération.—Two galleries
run round this building, being supported on columns. A travelling overhead crane
works at the level of the first gallery, the rails being carried on cantilevers projecting
from the beams supporting the front of the gallery. The whole building was con-
structed of reinforced concrete.

Arched Bridge over the Canal du Midi, at Toulouse.—This bridge is formed of
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six arched ribs 48:2 feet span, and 433 feet rise, the width of the ribs being 9-84
inches, and the thickness at the crown, including the decking, being 2 feet. The
total width of the bridge is 26} feet, but the two footways, 3:28 feet wide, are sup-
ported on corbels projecting from the outer arched ribs. The ribs are formed
with open spandrels towards the abutments. They are reinforced with profile
bars and vertical bracing similar to those described for beams. The piers between
the openings in the spandrels are also reinforced as columns. The decking and foot-
ways have round rod reinforcements placed longitudinally and transversely, in

the manner of a Monier network.

Bordenave System

In 1887 M. Bordenave, of 28, Rue de Lyon, Paris, brought out his system
which is confined to the construction of pipes, sewers and reservoirs.
Special small I-sections of steel are employed for the reinforcements, together
with round rods for secondary reinforcements, and for the floors and covers to reser-

voirs.
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Fig. 23 gives the sizes, weights' and safe resistance of the special I sections. The

small size of these sections causes them to gain a considerable increase of resistance

from the rolling. The hooping of pipes is wound spirally, the distribution bars

resting against the spirals, and being tied to them with wire ties. M. Bordenave
! The weights are per lineal foot.
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uses quick setting cement for all his works. A full description of the methods
of construction of pipes and reservoirs is given when treating of  Practical
Construction ” [pp. 176, 177,199 and 200].

Amongst the pipe lines constructed by M. Bordenave, the Conduit of Bone
(Algeria), may be mentioned. The pipes for this conduit are 236 inches diameter, and
are under a head of from 56 to 79 feet. The total length is about 18} miles.

Boussiron et Garric System

The system patented by MM. Boussiron et Garric, of 16, Rue Milton, Paris,

is used for entire buildings, also for reservoirs, aqueducts, arches, etc.

" For floors of small span,
a simple slab is employed
with no supporting beams.
If this is merely supported
on the edges it is reinforced
with a series of rods running
from wall to wall about an Fio. 24
inch from the lower surface.
If the slab is built in, every other rod is bent up near the supports. When the
slab has to bear concentrated loads, a further series of rods is added running
perpendicularly to the former. This arrangement is shown in Fig. 24. When the
spans are great the floors are constructed with main and secondary beams, either
with or without a ceiling slab. The construction is of the monolithic type, in
which the beams and floor slabs are formed together.

The floor slabs are reinforced in the same manner as described above for floors
which may have to bear concentrated loads, and as shown in Fig. 24.

The beams, if freely supported,
are reinforced with two or more
longitudinal rods near the bottom,
and hoop-iron V-shaped stirrups
arranged as shown in Fig. 25,
passing under the longitudinals
and turning inwards near the upper surface of the concrete. The stirrups are
placed further and further apart from the supports towards the centre of the
span. If the beams are built in, rods are also placed near the top surface
extending for about one-fiftth of the span from the supports, being anchored
back to the walls, and extending into the adjoining slab at intermediate sup-
ports. Hoop-iron stirrups are also inserted in the same manner as for freely
supported beams. This arrangement is shown in Fig. 26. The upper reinforce-
ments are bent at the walls into the shape of a U in plan, the two branches forming the
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projecting rods, and the curved. portion receiving the anchor rod. When the floors
are formed with hidden beams and a ceiling, the longitudinal rods of the lower

slab are bent round the lower rods of the beams, as shown in Fig. 27. The ceiling
slab has also a further reinforcement of

rods perpendicular to those shown in the
figure. When rectangular beams are
used without a floor slab, they are rein-
forced in the same manner as the floor
beams.
Columns are reinforced with four
o vertical rods tied together by wire loops,
Fie. 27 . .
as shown in Fig. 28.

Elevated Circular Reservoirs are formed with a series of hooped circular reinforce-

ments, formed in two halves overlapping at the joints. These are placed at the centre
of the thickness of the shell. Inside the hoops, and bearing

against them, are a series of vertical distribution rods. The

bottoms of the reservoirs are usually formed flat, in a similar

manner to that already described for floors. At other times they are

' spherical, with a rise at the centre, in which case hoops of flat

Fie. 28 bars are placed at the bottom of the walls to take the thrust.

In this system the calculations are made allowing for the differences of the
coefficients of elasticity of the two materials, and for pieces subjected to bending
the stress strain curve of the concrete in compression is considered to be a
straight line. The tensile resistance of the concrete is neglected.

Bramigk System

The firm of Bramigk of Dessau (Anhalt) construct floors up to 13 feet span,

in the manner shown in Fig. 29. The concrete is moulded round pipes of concrete
or earthenware, and is

reinforced by flat bars
0:30 inches thick, run-
ning in the direction of
the pipes. Sometimes
round rods are wused,
being placed near the
lower surface, and be-
tween the pipes. The
concrete is 787 inches thick, and is either covered with linoleum, or, as shown
on the left side of the figure, in which case wood strips are embedded in the
concrete and floor boards nailed to them.

Chaudy System

This system is employed by the Société des Travaux en Ciment de la Plaine-
Saint-Denis, 15, Rue du Louvre, Paris, who also use the Monier system for their
constructions.

In his calculations M. Chaudy considers his reinforced concrete beams as consist-
ing of two metallic members, and neglects the concrete, except for tying the members
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together, and resisting the compressive stresses due to shearing. His reinforce-
ments are consequently always symmetrical. M. Chaudy also connects the two
rods of his elementary beam by a stirrup of round
iron, which he bends over the top rod so as to tie the

upper and lower reinforcements together ; he does not ___Q\ﬁ=/___

use a stirrup open at the top, since he is of the
opinion that it is essential to form a rigid connexion
between the two members. Fig. 30 shows an ele-
mentary beam with the stirrup, which is bent, as
shown on the left, so as to prevent any sliding
through the concrete.

In most cases it is necessary to have several
upper and lower rods. In this case the rods are _E‘J_J
placed side by side at the top and bottom, and the
whole series are embraced by a hooping of flat iron,
as shown (Fig. 31). These hoops are made in advance, being joined by a cover
plate and bolts, as shown. The rods are tied to the hoops at their proper
spacing by wire ties, so as to hold all the reinforcements in position during the
execution of the work. The dis-

Fi1a. 30

tance apart of the hoops is cal- y &%

culated, so that if the reinforce-

ments were stripped of concrete, —a———
the top rods could not bend under . -
the direct compressive stress upon

them. M. Chaudy also uses a

beam reinforcement consisting of “‘_&l__.lajl SN ) S 1§
angle irons back to back for the Fro. 31 Fro. 32

top and bottom members, these

being connected by vertical flat bars secured by rivets, as shown (Fig. 32) but
he prefers the reinforcements of round iron, as there is no loss of metal due to
rivet holes. .

Floors are considered as a series of beams connected to one another. They
are reinforced either with two or one series of rods, held together transversely by
rods bent in the form of a rack, which, besides their office as reinforcements, form
an excellent gauge for the proper spacing of the rods. Fig. 33 shows a floor with a

s U UJ
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double series of rods, and Fig. 34 is a view of a slab with one set of rods near the lower
surface. The racks are made before the rods are sent to the work. When a floor
has several bays, the reinforcements are overlapped across the beams ; and since
M. Chaudy is of the opinion that a considerable length of overlap is necessary to
ensure proper continuity, he bends the rods up or down, as shown (Fig. 35), thus
giving them sufficient hold in the concrete without a great length of overlap.

Columns are reinforced with vertical rods tied together with a hooping similar
to that shown in Fig. 31.
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Walls are formed in the same manner as slabs, having one or two series of
vertical rods, according as to whether the pressure may act from one or both sides.
These are held in position by longitudinal rods in the form of racks, similar to those
shown (Figs. 33 and 34).

[
Fi1ac. 35 Fic. 36

Sometimes the racks, instead of being bent at right angles, are formed with a
slightly acute angle like that of the stair reinforcement shown (Fig. 36). This
illustration requires no further description, the arrangement being clearly indicated
in the figure. Sometimes stairways are formed with a slab underneath, carrying
thesteps. In this case the slab is reinforced with bent rods following the steps, and
a cross rod in each bend ; the steps being formed of plain concrete.

The Société des Travaux en Ciment de la Plaine-Saint-Denis have carried out
a considerable quantity of work in reinforced concrete, including floors, stairways,
aqueducts, reservoirs, and large wine tanks, etc. For large reservoirs they use
I, T, and L iron reinforcements.

The falsework is partially supported by the reinforcements, and a saving in
the cost of construction is thereby obtained. The proper spacing of the reinforce-
ments is always ensured, and they are all securely held in position during the
deposition and ramming of the concrete. This is a distinct advantage, as it guards
against any want of care in the execution of the work.

16. The System of La Société des Chaux et Ciments de Créches
(Sadne-et-Loire)

The form of reinforcement adopted by this firm consists of one straight round
rod along the bottom of the beam, and a rod of small section along the top. The
upper rod rests on the floor rods, which are of small sectional area running across

the beams. The upper and lower rods
of the beams are tied together by trans-
verse reinforcements of iron wire. The
upper rod is not used with an idea of
offering resistance to compression, but
merely to form a support for the trans-
verse reinforcements. A section of this
beam is shown (Fig. 37).

Reservoirs and aqueducts are also
constructed by this firm.

Fie. 37
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The “ Chicago ”’ Fireproof Floor System

This system of fireproof floor construction was brought out by Mr. Theo.
Kandeler, of Chicago. .

The main beams employed for this tvpe of floor are the ordinary rolled joist ;
to these, upright channel irons are attached, forming secondary beams.

The reinforcement for the floor consists of a series of flat steel bars about 5
feet long and 3% inches wide, set vertically, and spaced 2 feet apart. On the bars
are laid 2 x 3 inch bevelled wooden nailing strips, and between the bars sheet iron
arches are sprung, having 2} inches rise. This metal work :s fitted together in the
shops in sections 5 feet wide and 10 feet long.

In the finished flooring the sections rest on the rolled joists and the channel
iron cross-beams as shown (Fig. 38), and are covered with concrete.

Fi1c. 38

The ceiling is formed like that of the Roebling system [p. 101] on a wire mesh sus-
pended from the channel irons. The cost of this floor is about 3s. per square fcot.

Coignet System

M. Frangois Coignet was the first to point out the advantages that would result
from the combination of metal and concrete, but he did not put his ideas into
practice.

His son, Edmund Coignet, placed before the Société des Ingénieurs Civils, in
1888, his ideas as to the disposition of the two materials, the metal to resist the tension,
and the concrete the compression. With M. N de Tedesco he deduced rational methods
of calculation based on his experimental studies. These calculations took into
consideration the differences in the coefficients of elasticity of the two materials.
His communication to the above-mentioned society in March, 1894, *“ Au calcul des
ouvrages en ciment armé avec ossature métallique,” was considerably read and
formed the point of departure of new studies and theories. Since that date M. Coig-
net’s ideas have been in a great measure confirmed by the studies and experiments of
such authorities as MM. Stellet, Lefort, Harel de la Noé, Considére, Résal, Von
Empergner, and others.

The floors of the Coignet system (20 Rue de Londres, Paris), vary from 2 to 7-87
inches in thickness, and span, either the distance between two walls, or if this is too
great, the distance between intermediate beams.
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The reinforcement is either double or single.

The single reinforcement consists of longitudinal and transverse rods crossing one
another at right angles near the lower surface of the concrete. The double reinforce-
ment consists of two series of crossing-rods, one near the lower and the other near
the upper surface of the slab. The upper longitudinals are always of less diameter
than the lower ones, and the two are connected by stirrups of round iron.

The transverse rods are of small diameter, and are placed above the longitudinals,
both for the upper and lower reinforcements. These are generally spaced 5-63 inches
apart, and are about 0-24 inches in diameter. The longitudinals are spaced about
3-94 inches apart. The crossing rods are tied together at every intersection with
annealed wire.

The beams of this system are considered as of T section, the portion of the
floor slab, acting with the beam proper, being taken, on either side, as half the
distance between the beams.

M. Coignet always uses a double reinforcement, as he does not consider that
there is sufficient guarantee of the proper distribution of the stresses on the width
of the table of a T beam or
of the perfect connexion be-
tween the leg and the table.

He uses a section such as
shown (Fig. 39) with a lower
reinforcement of greater sec-
tional area than the upper,
and connected to the floor
slab with stirrups of round
rods. He does not always
use a single rod at the top
and bottom, as shown, but
frequently has two or more in the width of the beam.

The branches of the stirrups are frequently twisted together over the tops of
the upper rods, so as to tie the upper and lower rods together. A transverse
reinforcement, as shown
(Fig. 40), is also sometimes
adopted.

Hollowfloorsareformed
in several ways. The ceil-
ing slabs are sometimes
moulded in advance with
vertical wires at certain
distances apart, which are
moulded into the beams
and hold up the ceiling
slab ; sometimes the rein-
forcement of the ceiling slab is formed of a network of galvanized iron wire or
expanded metal, supported by iron rods, and tied to them by annealed wire.
The plaster is put on this slab in place, one man holding up a board near the under
surface, while another applies the plaster from above.

A further method of constructing the hollow floors is to use timber for the
floor, and mould the ceiling slabs and beams together in situ, the rods of the ceiling
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slabs, running perpendicularly to the beams, being passed over the lower reinforce-
ments of the latter. )

Square columns are reinforced with four rods, one in each corner. These are
surrounded by wire hoops embracing all the rods, their overlapping ends being
wrapped with annealed wire. The hoops are spaced about 7§ inches apart.

Foundation blocks are reinforced with crossing rods near the lower surface,
and have two ribs of reinforced concrete, crossing one another at right angles, pro-
jecting from the upper surface.

Walls.—M. Coignet generally constructs his walls of uprights and lintels,
forming the bays with reinforced slabs or other filling.

The stairways of this system are formed with stringers reinforced as ordinary
beams, the steps being formed on a reinforced slab. The reinforcing rods of the slab
running across the stairway are passed under the lower rods, and then over the upper
rods of the stringers. They are then bent down almost to the bottom surface, and
thus form the stirrups for the stringers and at the same time tie the slab to
them.

Retaining walls are formed of a face slab with ribs at the back in the same
manner as those shown in the Hennebique system (Fig. 92).

The back edge of the foundation slab is formed like a beam, and the inclined
outer rods of the ribs are carried down through this heel. These rods are tied to
the vertical rods in the wall slab by stirrups of small round iron.

For the walls of underground reservoirs M. Coignet has patented a very excel-
lent arrangement.

The walls are hollow and are formed of a double series of reinforced slabs arched
in plan ; one set of the arches being convex towards the ground, and the other set
towards the water.

The arches abut against small reinforced counterforts, which have an arched
form in cross-section to economize material. The corners of the reservoirs are
formed with walls of much greater thickness than the arched slabs, and act as
abutments.

The pipes constructed on the Coignet system are reinforced as shown (Fig. 41).

Elevated circular reservoirs are reinforced in much the same way as pipes, the
hoops being spaced farther apart as the pressure diminishes. If they become too
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near together towards the bottom, the sectional area is increased and also the
spacing. The vertical reinforcements are formed of rods 0-24 inches diameter,
with a rigid upright, generally formed of a small channel iron, every 6-56 feet. The top
and bottom hoops are replaced by flat bars, and these are connected to the channel
irons to form a rigid skeleton, on which the rest of the reinforcement is formed.
The positions of the hoops are marked on the uprights, and those of the rod uprights
are marked on the flat iron hoops at the top and bottom. Fig. 42 shows a spherical
cover to a reservoir. The bottoms are frequently also spherical, being convex
towards the water.

M. Coignet has also constructed piles reinforced with vertical rods, held by
double square hoops, one inside and the other outside ; the latter is shrunk on to hold
the inner hoop in position.

M. Coignet has constructed many buildings, reservoirs, aqueducts, conduits,
arched and straight bridges, etc. Among these may be mentioned—

La Palais d’Electricité at the Paris Exhibition, 1900. Illustrated and described

[p. 421}

A Building for the Societé * Aux Classes Laborieuses,” 83, Rue du Faubourg-
Saint-Martin, Paris, a four-storied building, which has a frontage of 73-8
feet, and a depth of 164 feet.

The Aqueduc d’Achéres, consisting of 614 yards of circular section 9-84 feet
internal diameter, and 5,687 yards of gallery with an elliptical arch of 17-25
feet span. This gallery is illustrated and described [p. 457].

Grain Silos for M. Abel Leblanc, to contain 6,628 cubic feet, or 5,675 bushels.

M. Coignet also designed a reinforced concrete arched bridge for spanning the
Seine, where the Pont Alexandre IIT has been erected, but this design was passed
over in favour of the present steel bridge, as the authorities at that time (1894) had
not sufficient confidence in reinforced concrete.

Columbian Fire-Proofing System

The double-cross section recently adopted by M. Bonna is used by the Columbian
Fire-proofing Company, and by its employment the vertical flat iron ties connecting
the two bars of the ordinary cross form are eliminated. This firm uses rolled joists
embedded in concrete for beams, the double-cross floor reinforcements being held
in place by flat iron inverted stirrups, placed over the top flanges of the joists.
The vertical legs of the stirrups are slotted out in the shape of the double cross-
sections, and the floor bars housed in the slotted holes.

The bottom flanges of the rolled joists are specially protected against fire by
troughs of concrete, in the sides of which pieces of hoop iron are embedded, with
their ends projecting. These are clipped round the flange of the joist, and hold
the troughs against the bottom surface. The hollows thus formed leave an air space
between the concrete and the under side of the flanges.

Cottangin System

This system is one of the oldest, M. Cottangin [47, Boulevard Diderot, Paris]
having taken out his patents in 1889. Since that time it has been employed very
largely both in France and other countries. M. Cottangin considers that the adher-
ence between the metal and concrete is an entirely unreliable quality which
should be totally neglected. He is also of the opinion that the tensile reinforce-
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ments must, in consequence of the continual vibrations, tend to become loosened
by a molecular disintegration of the concrete.

M. Cottancin was the first to appreciate the advantage that would accrue from
the reinforcement of concrete by hooping. As early as 1889 he placed before him-
self the problem of 8o enclosing the small particles of concrete, that this material
should always be subjected to compression, while the metal acted constantly in
tension. His idea was to produce a perfect and continuous metallic mesh with
invariable connexions. He further attempted to annul all tensile stresses in the
concrete while neglecting always its adherence to the metal.

His reinforcements consist of a woven network, which enchains small particles
of concrete so that they can only act in compression while the network acts in tension.
Both materials are compelled in this manner to act at their best advantage, and
he considers that he can apply the ordinary formula for metal girders, since he
assumes that with this form of reinforcement the varying elastic properties of the
two materials may be neglected.

M. Cottangin came to the conclusion that to obtain the best results the thick-
ness of his slabs and beams must be small, since, if a particle of concrete is held
firmly, in one plane only, by a network near the centre of its thickness, it can be readily
seen that the greater the thickness the more tendency there will be for the concrete
between the enclosing wires to disintegrate at its ends by wedge-shaped pieces
breaking away under the lateral compression. He, therefore, never exceeds 2-36
inches for the thickness given to his slabs, or ribs, and uses concrete with a high
proportion of cement.

If we consider a small prism of concrete imprisoned between the meshes of
metal, we see at once that when it tries to expand the tendency is for the mesh to
elongate, and consequently to become of less width if we neglect the small elastic
deformations.

M. Cottangin considers that with the Monier form of network, which is only tied
at the intersection, the meshes will give way to this tendency, and that this is
even more probable with the networks

for which no ties are used, if the o(f‘\\ Vi yﬁg T N\ .
adherence is neglected. To obtain a

wires, he therefore employs a woven
mesh, as shown (Fig. 43).
It would seem at first sight that 1
. M —
the weaving would not prevent the —
sliding of one wire over another, but (

M. Cottangin points out that with the |- ] K
woven network there is no need for an “ | \)

firm junction at the crossing of the (

absolute fastening together of the in- 4 N INE 6
terlacing wires. / \\g
If we consider two neighbouring P '

wires running in the same direction,

they are on opposite sides of the N/\@/\a’
crossing wire. Now the forces on the
inner sides of each of these tend to
force them against the crossing wires,
and in opposite directions, but move- F16.43
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ments in these directions are prevented by the crossing wire itself and the concrete
in the neighbouring meshes.

M. Cottangin does not employ slotted sheet metalor ‘ expanded metal *’
since, though he admits that it would effect the same object as his woven mesh,
he believes that the slots have a tendency to become elongated under repeated
stresses.

It would appear from the results of experiments that the meshes of *“ expanded
metal ”’ do close up under tensile stress, but this closing up seems to produce some
such effect as that claimed by M. Cottangin.

The mesh of the Cottan¢in network is varied according to the intensity of the
stresses on the various portions, and the resistance of the slabs is in this manner
made proportional to the imposed stress at every place. Such a disposition
would be difficult of attainment with any slotted metal plate or * expanded metal.’’
M. Cottangin claims that in his system it is the metal that imprisons the concrete,
whereas in all others it is the concrete that imprisons the metal.

For floor slabs the form of reinforcement generally adopted by M. Cottangin
is that shown in Fig. 43, although he has patented several other kinds of network
more or less complicated. The floor slabs are always thin, and are generally
strengthened at frequent intervals by ribs, called by M. Cottangin ‘‘ spinal-stiffeners *’
(epine-contreforts). These stiffening ribs enable spans of great width to be con-
structed, and, though they produce an extremely light effect, have proved them-
selves to possess ample powers of resistance. The ribs are placed either above or be-
low the slab which they stiffen and support. Their employment enables M. Cottan¢in
to place at each point the necessary quantity of metal for the resistance of the stresses
due to external loading, and to add to the moment of inertia at what would otherwise
be weak places. The spinal-stiffeners are placed crossing one another, and wonder-
fully graceful effects are thus obtained, while always so disposing them that they
increase the strength at the places which require the most resistance.

Fig. 44 shows some methods of plac-
ing the ribs for Cottangin floors. A framing
rib also follows the perimeter of the walls
of each room. The reinforcement of the
stiffening ribs is similar to that for the
slabs, the continuous woven network being
placed vertically, and interwoven with that
of the supported slab, by the loops pro-
jecting from the rib being threaded through
the network of the slab and then through
one another before the concrete of the slab
is deposited. Where lights are required in
the flooring, glass slabs with grooves along
the edges are employed, the wires of the
woven network passing along the grooves,
which are filled in with mortar. Fig. 45 shows a floor during construction and
before the slab concrete was deposited.

The ribs on the Cottangin system are considered as N-girders, of which the
joints are absolutely fixed, the mesh forming the tension bracing and the concrete
the compression bars. In addition to the metal basket work, flat bars are placed
longitudinally at the top and bottom, the network being woven round them.
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Fig. 46 shows a Cottangin floor slab and rib. The moment of inertia is frequently
increased by forming nosed projections on the bottom of the rib, as shown. Accord-
ing to M. Cottangin, it is not necessary to find the position of the neutral axis, since

|
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the concrete acts in compression throughout the whole depth. In reality he considers
his ribs as similar to a series of N-girders super-imposed on one another, of which
the flanges are represented by the wires parallel to the bottom edge, and claims
that its formation may be expected to greatly reduce the elastic deformations.
The remarkable strength of the Cottangin ribs is demonstrated by the fact that
whereas a rib reinforced with 26-4 pounds of metal will bear a load of 200 pounds
per lineal foot with only a powdering of the concrete, the same amount of metal
in the form of a rolled joist would fail under a load of 33 pounds per lineal foot,
the span in both cases being 14:76 feet.

Many interesting comparative tests have been carried out by various authorities,
which show the wonderful resistance for Cottangin floors.

The columns and walls on this system are frequently constructed of cored
bricks or tiles, the vertical wires being passed through the holes, and the longitudinal
or horizontal wires lying in the bed joints, being interwoven with the vertical
wires. The holes are grouted in with cement mortar.

Thin partition walls are built of tiles placed on end having one vertical hole.
The upright wires are threaded through the holes in one course and the joints of
the next, the cross wires

always passing along the FESaZoSd me rana ¥ N |
joints. For thicker parti- K pin = Ay
tions or outer walls, a cored ZREwEil
brick (8§ x 2§ x 3} .inches), Wiy iagy+ripi
Fig. 47, is used having four souamme

holes 1% inches square. Fic. 46 Fia. 47
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These are built with the vertical wires passing through the holes, and the hori-
zontal wires along the bed joints.

If the walls have to support considerable loads, they are strengthened with
spinal-stiffeners of cored brickwork or concrete. Cellular walls are frequently
used externally. These have vertical cored cross walls tying the two main walls
together. All these are reinforced with upright and longitudinal wires, those of
the cross walls being tied to the main reinforcements. A flat bar of iron is embedded
in the bottom and top hed-joints of all walls and also at the levels of the floor slaks,
to which the ends of the vertical wires are attached. Similar bars are also placed
vertically at the ends of partitions,.if the walls against which they abut are not
reinforced. The columns are usually square, and are built of cored bricks with
wire reinforcements.

Roofs are very often formed with intersecting ribs like the floors, but these
generally have a slight rise at the centre of the span. The effects that are produced
by the intersecting ribs are wonderfully artistic, as can be seen from the illustrations
(Figs. 396 and 397.)

M. Cottangin also constructs roofs of the Mansard type, with a double roof

slab for the portion with the steep

/ pitch. The upper part has inclined

slabs forming the roof, and a hori-

zontal slab which constitutes the

ceiling for the room below, these

slabs being connected together with
lattice ribs of reinforced concrete.

This method of -construction

produces a very stiff roof, and also
has the great advantage of keeping
the attic story at an even temperature
by reason of the double roofs. Fig.
48 shows a roof of this type.
Thin slab o concrete revnforoed with metal Domes of large span are also
Roof iot proper built by M. Cottangin with slabs and
intersecting spinal - stiffeners. Two
slabs are usually employed with the
spinal-stiffeners between them, thus leaving a hollow space between the two shells,
The triangulation of the stiffening ribs offers a great resistance to deformation,
and also carries a great portion of the weight directly on to the supports when
these are supplied by columns instead of a continuous wall.

The ribs do not cross at the centre of the bays, but at about the level of the
ring of greatest horizontal thrust, thus considerably lessening the stresses at this
point. Fig. 395 shows a view of a dome.

When a gallery or a similar structure has to be constructed of such forms as
shown in Figs. 49 and 50, M. Cottangin frames the opening with a rib following
the curvature, and places the spinal-stiffeners tangentially to the curves.

A favourite method of constructing foundations of this system, is the formation
of box-like cells by intersecting walls of cored brickwork or concrete. These have
proved very efficient in soft ground, and also for the foundations for machinery.
This disposition of crossing walls with a covering slab forms a series of inverted boxes,
in which the earth is compressed, since it cannot spread out laterally, being held
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by the reinforced walls. The whole foundation consequently acts together as a
raft, and is thus able to support heavy loads, although the ground may be very

\Q

soft. A further advantage is the equalization of any settlement which may occur,
since one portion of the foundation cannot settle without the rest following. This
type of foundation is shown in Fig. 51, which is a photograph of the foundations
for a 500 H.-P. Cockrell gas-engine at the Paris Exhibition of 1900. The intersecting

cored brick walls are arranged in various manners according to the nature of the
foundations.

AN
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Pipes constructed by M. Cottancin are reinforced with a woven network.
The circular wires are wound spirally, and the longitudinals are woven through,
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these being bent at the ends and woven through again in the opposite direction,
thus forming a continuous basket work tube of the length of a pipe. This reinforce-
ment is placed near the outer surface of the shell, as M. Cottangin considers that being
in this position it will cause the concrete to be compressed, since any expansion
is resisted by the metal.

M. Cottangin produces perfect impermeability by the use of a very thin sheet
of metal, which is not attacked by acids. This is in narrow strips, and is wound
spirally on itself so as to form a tube. An insertion of vegetable fibre or wire
gauze embedded in an agglutinant is placed between the folds, where they overlap.
This tube which prevents any percolation is sheathed in a thin sheet of gutta-percha
or a similar material, and protected by canvas. It is then embedded between an
inner and outer layer of concrete, both layers being reinforced with a Cottangin
network, as shown in Fig. 52.
—— _ Rectangular reservoirs are con-
structed of walls of concrete, re-
g i \\\ ‘ inforced with a woven mesh, and

]! strengthened by vertical and
horizontal stiffening-ribs. When
the depth is small only one set of
horizontal stiffening - ribs, passing
round the perimeter, are employed ;
these are placed near the bottom
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/', /, ; and tie in the vertical ribs ; further
AN i "4 ribs are carried across the floor
T '] slab from the feet of the vertical

™ ribs. The coverings are often
formed of a groined slab with
intersecting arched ribs of cored brickwork or concrete supported on columns.
A view of sucha covering is shown Fig. 111.

Elevated circular reservoirs have usually slightly dished bottoms. The supports
.are placed at equal distances round the circumference, and the stiffening-ribs of the
bottom are placed in three series, crossing one another at the centre, being parallel
to the sides of an equilateral triangle inscribed in the circle. That is—three ribs
-cross one another at the centre, making angles of 60°; their ends are joined by a
series of ribs forming a regular hexagon inscribed in the circle, the spinal-stiffeners
thus forming six triangular bays.

The English representative for this system is Mr. A. Vye-Parminter, architect,
27, Avenue des Acacias, Paris, who is also part owner of the English patents and is
frequently in this country In America M. Cottan¢in has formed the American
Cottangin Construction Company [332, East 35th Street, New York] to exploit his
patents.

F1a. 52

Coularou System

The method of beam reinforcement adopted in this system is shown in Fig. 53.
'The bottom rods extend throughout the whole length, while those along the top
remain parallel to the upper surface till approaching the centre of the span. They
are then bent down at an angle of 45°, and are hooked round the lower reinforcing
Tods. Inclined transverse rods are also used, as shown in Fig. 53. They are
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hooked round the main rods in the manner indicated in Fig. 54. The floor rods
pass under the upper reinforcements of the beams.
Fig. 55 shows the form of hollow floor. The beams are fairly close together ;

SN 77777
o Fia. 53

and all the parts are moulded in situ. The space between the floor and ceiling slabs:
is filled in with cinder concrete, or the floor is moulded on hollow concrete cores,
which are left in.
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Floor slabs are reinforced with rods crossing one another at right angles, and the
concrete is mixed in the proportions of 673 pounds of cement per cubic yard of
gravel passing a 0-20 screen, the fine sand being excluded.

Stairs on this system are formed with stringers reinforced in the same manner
as the beams. The slabs carrying the steps are reinforced as floors, with rods crossing
at right angles. The steps are not reinforced.

Square columns are reinforced with four vertical rods held together by horizontal
rods hooked like the transverse beam reinforcements. These are spaced at equal
distances apart.

Walls and roofs are reinforced in the same manner as the floor slabs.

Dégon System

M. Dégon had been employed for some years carrying out works in reinforced
concrete, prior to bringing out his own system, and had in consequence all the
advantages of practical experience.

His experience led him to believe that insufficient resistance was given by
hoop-iron stirrups acting entirely by themselves. He considers that there should
be a complete tying together of the various elements of the skeleton, and that with
the ordinary stirrup it is very difficult to be sure of proper contact with the
enveloped bar, and in consequence the proper tie to the compressive portion of
the beam is unassured. He further believes that if a void is formed between the
bar and the stirrup, it is practically impossible to fill it with concrete.

M. Dégon also considers that it is wise to provide against premature striking
of the falsework, which, if the rods are not thoroughly tied together, may cause
abnormal settlements. The reinforcement employed in the deams of this system is
consequently of the double type, composed of two or more sets of round rods, the
upper ones being generally 1% the sectional area of those at the bottom. The bottom
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rods are bent up at the ends, so that those at the top may be hooked round them,
as shown in Fig. 566. The transverse reinforcements are bent in several different
forms, the most simple being a rectangle with a wavy bottom member, the lower
reinforcements resting in the depressions.

F16. 56 Fia. 57

Another form is shown in Fig. 57, embracing two bottom and two top rods ;
a third top rod is sometimes added, passing through the top loop.

If the rods used for the transverse reinforcement are short, their ends are
hooked together in the manner shown in Fig. 57 ; but if they are long, one end is
booked round a longitudinal rod, and the other extremity is prolonged into the
floor, being connected by a hook to the slab reinforcement of the adjoining bay, as

e
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shown (Fig. 58). When the rectangular transverse reinforcement is employed, a
further rod is placed longitudinally between the main reinforcements and bent in
snake-like curves, the bottom folds passing under the bottom of the transverse
rectangular reinforcements, and the upper folds extending into the upper surface
of the concrete.

The floors of this system are reinforced with rods running -across the beams,
with snake-like transverse rods, as shown (Figs. 59 and 60). Fig. 59 also shows
a further form of transverse beam reinforcement.

The columns are reinforced with four longitudinal rods held together by star-
shaped wire ties, the ends of which are turned down to obtain a firm hold in the
concrete, as shown (Fig. 61).

Walls are reinforced in different ways, according to the direction of the stresses.
When the wall acts entirely under direct compression, it is reinforced by central
vertical rods and two series of snake-like longitudinal reinforcements, the alternate
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ones being placed half of the distance between the loops to the side of that below,
the loops clasping the upright rods alternately on either side.
When the pressure acts only on one side, the vertical rods are placed at this

Fia. 59 Fia. 60

side, and only one series of snake-like longitudinal reinforcement is employed
the vertical rods bearing against the folds of the bent rods.

When the pressure may be on either side, two series of vertical rods are used,
one on either side of the wall. The longitudinal snake-like reinforcement is also in
two series, placed alternately in the height of the wall, each series bearing against
one set of vertical rods. This type is shown in Fig. 62.

Another type of wall reinforcement consists of three series of longitudinal snake-
like reinforcements only, placed alternately in the height of the wall, and each
being set half a loop to the side of the one below.

Fia. 61

The pipes of this system are reinforced in the same manner as walls with
longitudinal rods, either placed near the outer surface or at the centre of the shell,
the circular reinforcement consisting of hoops with snake-like folds, in one series
or in two series placed alternately in the length of the pipe. When the longitudinal
rods are near the outer surface, and either one or two series of circular reinforce-
ments are employed, the longitudinal rods bear against the outer folds of the hoops ;
but, with central longitudinals, the hoops are so placed that the loops of one series
bear against the outer side of the longitudinals, and those of the other series against
the inner side.

There is a great advantage in this system, in that all the several reinforcements
are thoroughly tied together, so that they will offer a great resistance in themselves
without the aid of the concrete.
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Among the works carried out by M. Dégon on his system may be cited—
Floors and Silo for M. Pagnier at Buironfosse.
Floor of a Bakehouse at Amiens.
Covered Silo at Momignies (Nord).
A Starch Manufactory at Marcoing (Nord).

Demay System

The system devised by MM. Demay fréres, of Rheims, is peculiar in the employ -
ment of flat bars for the purposes of main reinforcements, and in the very thorough
manner in which all the reinforcements are secured together. A double reinforce-
ment is used for beams, the upper and lower bars being connected by 004 x
0-40 inches flat transverse reinforcements, which are passed round the main bars
and secured to them at their terminations, as shown (Fig. 63). The upper bars are

F1c. 63

generally half the sectional area of the lower bars, but a symmetrical reinforcement
is sometimes employed. Fig. 63 shows their ordinary floor construction with main
and secondary beams. The rods G (Fig. 63) are inserted to resist the shearing
near the supports, and are tied to the main reinforcements with a wire wrapping, as
shown.

The main reinforcements of the consecutive secondary beams are tied together
in the width of the main beams, and their upper bars tied to the similar bars of the
main beams. The upper reinforcements of the main and secondary beams are
wrapped with pieces of annealed wire I (Fig. 63) at intervals of about 12 inches.
The ends of these wires project beyond the top of the beam, and are tied to the
floor rods before the concrete for the slab is deposited.

To keep the main bars of the beams in position while the concrete is being
deposited, the upper and lower reinforcements are tied together at intervals of
about 262 to 3-28 feet by rods of 0-24 inches diameter, J (Fig. 63).

The floor reinforcement consists of a network of round rods, the mesh being
usually 3:94 x 7-88 inches, the rods M (Fig. 63) being 3:94 inches apart ; these are
tied to the upper reinforcements of the beams, as described above, and are calcu-
lated to resist the maximum bending moment. The rods L (Fig. 63) are 7'88 inches
apart, and from 0°197 to 0236 inches diameter.

The two series of rods are fastened together with wire ties at every other
intersection in both directions.

It will be seen that all the reinforcements are very thoroughly tied together.

MM. Demay Fréres have also constructed floors in the manner shown (Fig. 64)
for the cellars of a brewery at La Capelle, thereby forming isolated areas.

Columns.—The columns constructed on this system are reinforced with round
rods, which are carried up into the beams, and one of them is carried through the
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floor and_'atta.ched:to a rod of the column above. The reinforcements are carried
-
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down into the foundation blocks, and bent out at right angles. In the height of the
column the vertical rods are tied together by a hooping of thin flat or hoop iron.
Walls.—The reinforcement for walls is also formed of round rods, after the
manner of a Monier reinforcement. Where counterforts or strengthening ribs
are employed for retaining walls similar to those shown (Fig. 92), flat reinforce-
ments are used. One bar is placed vertically in the wall, and another inclined
near the outer edge of the strengthening rib; these two reinforcing bars are tied
together by a diagonal bracing of thin rods.
MM. Demay Frére have constructed buildings, reservoirs and silos, amongst
which may be mentioned—
Grain Warehouses at Odessa (Russia).
A Brewery at La Capelle.
A Reservoir containing 221,000 gallons for MM. Vve. Pommery et Cie, at
Rheims.
A Circular Covered Elevated Reservoir at Arcis-en-Brie, containing 22,100
gallons, having an internal diameter of 16-24 feet.

Donath System

The beams for the floors constructed by Jul Donath and Co., of 115 Linienstrasse,
Berlin, are formed of rolled joists. There are several different methods of forming
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floor slabs. The method, shown in Fig. 65, consists of laying transversely between
the joists, T or I-irons 0-79 to 1-18 inches deep, spaced up to 8 inches apart, and tied
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together by hoop iron as shown. To the bottom of this skeleton a small mesh net-
work of wire is attached, which receives the concrete, no timber centring being
required.

Messrs. Donath sometimes construct floors of concrete, in which flat bars or
pieces of sheet iron bent to the form of an S are embedded, running across from
joist to joist, as shown in Fig. 66. Another type of flooring used by this firm is

Fig. 66 -

formed of special blocks, about 4 inches thick, moulded in advance. These fit into
one another in such a manner that the floor is self-supporting. The blocks are not
reinforced, but iron rods or the sheet iron S-sections are placed in the joints between
neighbouring blocks (Fig. 67), either all or alternate joints being thus reinforced.

Fic. 67

The S-sections are specially recommended, as they have a tendency to close up
when the floor is in use, and obtain a firmer hold on the blocks. Rods may also
be placed in a transverse direction, if necessary.
With this form of floor, no centring is required, and great resistance is obtained.
The mortar of the joints forms a protection to the embedded reinforcements.
Self-supporting partition walls, from 16 to 20 feet long, are also constructed
by Messrs. Donath of their hollow moulded blocks, 4 inches thick, reinforced along
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the three bottom joints with iron rods, similar reinforcements being used over
door or other openings. Walls between 20 or 33 feet long and up to 15 feet in
height are constructed in the same manner, but have inclined ties of round or flat
iron embedded in them, in addition to the longitudinal reinforcements.

« Expanded Metal ” System

The ““ Expanded Metal ”’ (Fig. 68), invented by Mr. J. F. Golding, and exploited
by the New Expanded Metal Company, York Mansion, York Street, SW. is a
most excellent reinforcement for
many forms of construction. It
is not, however, adapted for the
construction of beams, and has
not up to the present time been
employed as a column reinforce-
ment, although if the joint could
be contrived it would lend itself
to the reinforcement of hooped
columns. For reinforcing floor
slabs, and similar pieces, it forms
an excellent substitute for the
network of rods usually adopted,
and the extra initial cost is
generally counterbalanced by the saving in labour due to its easy manipulation.

A beneficial action appears to be set up in the slab, due to the tendency of the
meshes to close up under bending. It can be easily seen that if the meshes close
up by a lengthening of the longer and a shortening of the shorter diagonal, the area
within the mesh must become reduced, and consequently the enclosed concrete
will be compressed. This is a very valuable property, since, if the sheets are so
placed that the greatest tensile stresses act in the direction of the longest diagonal,
it causes the concrete in the lower portion to be under compression, instead of
tensile stresses, as is the case with most methods of reinforcement. The sheets are
made in many different strengths, so that almost any size of piece can be economi-
cally reinforced. Where one sheet is not of sufficient length or width, a slight
overlapping of the sheets in the concrete gives the necessary continuity, since its
form renders any slipping through the mass of concrete practically impossible.

The extreme usefulness of *“ expanded metal ” for reinforcing portions of works
constructed of plain concrete, where any special strength is required locally, is
generally well known, and no attempt will be made to detail such uses, but its
special application to structures formed entirely of reinforced concrete will alone
be dealt with.

The Expanded Metal Company will undertake the erection of structures
reinforced with this material, and are always ready to give all the necessary informa-~
tion to clients wishing to do the work themselves. They have also devised several
typical methods for the formation of floors, walls, stairs, covered reservoirs, etc.

When ‘ expanded metal ”’ is employed as a reinforcement for floors the main
beams are usually formed of rolled joists.

The Company recommend that the area of metal compared with that of the
concrete forming the slab should be } per cent., which would seem about the proper

55

Fia. 68



REINFORCED CONCRETE

theoretical percentage for an economical use of material [p.305] They further
recommend that the concrete should be mixed in the proportions of 1 of
Portland cement to 4 or 5
parts of clean aggregate con-
taining 33 per cent. of sand,
and all of which will pass a
$-inch screen.
Flat floors.—There are
two general types of flat
floor construction. Fig. 69
shows the ordinary floor in
which the slab rests on the
upper flanges of the rolled

Fxpanded Mezal Tensrorn Bard joists, leaving the joists ex-

Coring 2aid orn'Centoring. ard posed. They are usually,
Concrete 7 z"”r’: /"“0' 9”7 lac - however, either filled in and
I1G

surrounded with concrete, or
protected by a layer of plaster on a lathing of ‘expanded metal.”

In Fig. 70 the floor slab again rests on the top flanges of the rolled joists, and,
in addition, a lathing, on which a plaster ceiling is formed, is suspended from the
bottom flanges by means of a series of upright flat bars, to which the lathlng is
attached by special clips. The
bars are suspended from the
joists by the arrangement
shown in Fig. 71. This figure
also shows the clips for attach-
ing the lathing to the bars.
The flat floors are adapted for
spans up to 12 feet between the
beams.

Floor supported by arched
secondary ribs.—This form of
floor is a very favourite one,
as it produces a very light and economical floor for spans of from 12 to 25 feet
between the main beams, and 4 to 8 feet between the arched ribs.

The main beams are formed of rolled joists, the secondary beams being arched
ribs of curved steel channel bars, filled in with concrete, which is continued upwards
to support the floor slab. The channels are usually 6 inches wide and weigh
12 pounds per lineal foot, and are formed with a rise of 'y the span. It is stated
that the total weight of this form of floor need not exceed from 25 to 30 pounds
per square foot.

Fig. 72 shows this form of floor at the bottom and the hollow flat floor at the
top. If a hollow floor is desired, upright flat bars are attached crossing the arched
channel irons and along the bottom flanges of the rolled joists. The ‘ expanded
metal ” lathing is suspended from these bars, and a plaster ceiling slab is formed
following the curve of the channel ribs and passing under the bearing joists.

Fig. 72 also shows the method adopted for the formation of solid partition walls.
For these steel rods about } inch diameter are placed vertically and attached
to the upper and lower flanges of the bottom and top floor joists by special clips
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and hooks and tightening nuts, as shown in Fig. 72. These are spaced about

12 inches apart, and the * expanded metal ”’ lathing is attached to them by wire

ties, or sometimes the rods are threaded through the meshes. A plaster slab

about 2 inches in thickness

— FLAT S oNCOETE FLOOR -
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is then formed on the A R e g
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lathing in two layers, one Pyl S

on each side, and the par-
tition is complete. When
door openings are re-
quired, a vertical rod is
placed on each side and
attached to thedoor frame
with staples before the
lathing is placed in posi-
tion. It is recommended
that the lathing should be
strutted up temporarily
until the plaster on one
side is set.

This form of parti-
tion only weighs about 18
pounds per square foot,
and is said to save about
66 per cent. of space and
50 per cent. of weight
compared with a half-
brick wall.

The framing em-
ployed for a hollow parti-
tion wall consists of pairs
of light angle irons placed
vertically and held at the Fic. 72
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proper distance apart by a series of distance pieces, those at the top and bottom
being formed of angle iron and the intermediates of flat iron. When the partition is
placed between two of the upper floor joists, the upper horizontal piece of angle
iron bears against the concrete of the top floor, whereas if it is placed under a
joist, the top table of this angle is longer than the vertical portion and is clipped
round the bottom flange of the joist.

The top bearing angle is always made with slotted bolt holes, so that the length
of the upright may be adjusted to bear against both floors. At the foot the
angle iron distance pieces rest on the concrete of the bottom floor. Sheets of
“ expanded metal ”’ lathing are attached to both sides of the framed uprights by
special clips, and are covered with plaster. The door frames are secured to the
angle irons by coach screws.

The method of forming external double walls is really a form of protected steel
framing, the steel skeleton being built up of rolled joists in the ordinary way. To this
framing, rods of about }-inclL diameter are attached, one end being simply hooked
over the flanges, and the other fastened by special clips, so that they may be tightened
up by means of nuts. The rods are attached on both sides, and spaced about 12
inches apart. The “ expanded metal ” lathing is secured to the rods by wire ties,
and plaster applied, forming a thin layer on each side of the framing.

Columns are formed of hollow circular cast-iron sections, or any form of
rolled section may also be used, joists and the cross section being those most
frequently adopted. These are covered with a lathing of ‘ expanded metal,”
on which a protective covering of plaster is applied, the space between the
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lathing and the metal being generally filled in with concrete. The beams
are protected in the same manner, with ““ expanded metal ’ lathing attached to
flat bars on edge, which are fastened on to the joists. Sometimes the flat bars are
58
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dispensed with, and the joists are completely surrounded with concrete, over which
a layer of plaster is formed on a lathing of ‘* expanded metal.”

Several types of column and girder protective coverings are shown (Fig. 73).

Stairways and the tiers for theatre seats are formed as shown "(Fig. 74).
Rolled joists are used- as stringers, on these stepped bearers of bent flat iron are
riveted.

The risers, which are
formed of light built-up
Z - girders, with T - iron
stiffeners, rest on the
bearers. The treads are
constructed of flat bars
on edge placed 12 inches
apart, with a quarter turn
at each end to form a
bearing on the angle irons
of the risers.

To both these skele-
tons ‘ expanded metal ”
sheets are attached, on
which the concrete and
plaster slabs are formed.

Fig. 74 shows views of the circle seats and risers of the Royal York Theatre
of Varieties, Southampton. In this case the slabs for the seats were made 24 inches
thick, while the thickness of the plaster covering on the lathing for the risers was
14 inches.

“ Expanded metal” is a very convenient reinforcement for domes and similar
coverings. It is also frequently used as a lathing for ornamental plaster work.

Both circular and rectangular tanks and reservoirs have been built of concrete
reinforced with ‘‘ expanded metal.”

When rectangular orof large diameter, vertical uprights of section iron are em-
ployed for the main reinforcement of the walls, ‘‘ expanded metal ’ sheets being
secured to them. ’

The roofs are frequently supported on arched ribs of channel iron in a similar
way to the arched floors already described.

The channels spring from the flanges of rolled joists embedded in the walls at
the springings. Concrete ribs are carried up from the channel irons, having a flat
extrados, on which the roof slab rests, this slab being reinforced in the usual
way with “expanded metal ”’ sheets. To lighten the concrete ribs, a series of
circular holes are frequently formed in them. The channels are tied together trans-
versely by angle irons attached to flat projecting bars riveted to their webs.

Spans of 100 feet or more can be constructed on this method. Small spans
may be executed in the same manner as already described for flat or arched floors,

Habrich or Thomas and Steinhoff System

This system was brought out by Herr Habrich, and is constructed by the
firms of Thomas and Steinhoff, of Miilheim-s.-Ruhr, and Aug. Potthoff, of Miinster
(Westphalia).
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The reinforcements consist of twisted flat bars and rolled joists . Several types
of flat floors are employed for spans up to 656 feet.

Fig. 75 shows the method adopted when the supporting joists are visible. This
type is constructed for spans between 3:28 and 6-56 feet.

Powvemnent encimant

100-200 métres. o o

Fia. 75

Fig. 76 is a method used when the joists are partially embedded in the floor
slab, and are filled in with concrete above the bottom flange.

Paverment en crment
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Another similar floor has the under surface of the concrete curved, where it
fills in the bottom of the bearing joists. A plaster ceiling is formed following the
underside of the floor slabs and covering the bottom flanges of the joists.

Fig. 77 shows a floor where the slab rests on the lower flanges of the joists, a
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filling of cinder concrete being formed between the top of the slab and the floor
paving. If boards are used for the floor, nailing strips are embedded in the cinder
concrete filling.

A form of floor more seldom used is that shown in Fig. 78. Here the floor is re-
inforced with rolled joists, the twisted bars being used to tie the concrete together.

Fia. 78

Flat floors of the types represented in Figs. 75 to 77 are not used for spans greater
than 6:56 feet or to support greater loads than 100 pounds per square foot. When
greater spans up to 16-4 feet are required an arched floor slab is used, as shown
(Fig. 79), with arise of 1, the span. Fora 16-4 feet span the thicknesses of the arch
at the crown and springings are 3-94 and 5-91 to 6-30 inches respectively.

The flat bars used in this system are 1-38 x 0-063 inches, or 1:57 x 0-059 inches ;
for flat floors these are spaced from 1:10 to 0-47 feet apart, and for arched floors the

spacing varies from 0-82 to 0-55 feet.
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The concrete is usually mixed in the proportions of 1 of cement to 8 or 9 of sand
and shingle or cinders; sometimes 1 of cement to 3 of sand and 4 of broken stone
is used.

Arched roofs are also constructed in this system, the arch springing from

paisseuriB-10 Cent® &
Ya de po}tée
N T T R 117 S —

Fic. 79

channel irons laid on the top of the walls, and tied together from wall to wall with
iron tie-bars of double angles. Vertical tie-rods are also placed at various intervals
across the span, being embedded in the concrete at their upper ends. Domes have
also been constructed, of which a ring at the bottom and a portion at the top are
solid, the remaining portion being constructed of open bays with ribs of reinforced
concrete between.

Hennebique System

M. Hennebique constructed floors of reinforced concrete in 1879, and has been
connected with this form of construction since that date.

His system, however, was not brought out until 1892, when he became almost
exclusively a constructor in this material. M. Hennebique was one of the first to
introduce the reinforced concrete beam, and has been frequently represented as its
original inventor, although Coignet and Cottan¢in in France, Méller in Germany,
and Ransome in America introduced this method of construction at about the
same time.

Floors.—The floors on this system are formed in several different ways, that
most commonly employed being the flat single floor with exposed beams. A general
view of this type of floor with its
supporting beams and columns is
very clearly shown (Fig.80). The
floor slab is shown here with only
one series of reinforcing rods, but
both longitudinal and transverse
rods are usually employed.

The floor rods are in two series,
one bent up to pass over the sup-
port near the upper surface of the
slab, and the other set straight
throughout and being embedded
near the lower surface. The rods
are placed alternately, one straight
and the next bent up over the
supports. The hoop-iron stirrups, which are a feature of this system, are
placed near the supports to resist the shearing stresses. These stirrups are formed
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as shown (Fig. 81), and pass under the rods, their extremities being slightly bent
out and terminating near the upper surface of the concrete.

Fig. 82 shows the general method employed for rein-
forcing floor slabs.

When the slabs are freely supported, the bent-up rods
are omitted.

The beams are reinforced in the same manner as slabs
with straight and bent-up rods, but in this case the straight
rods are placed near the bottom surface, and the bent rods
above them. The ends of the rods are carried over the

Fra. 81 supports and some distance into the adjoining beam or
wall. The main stirrups of the beams are spaced further and further apart from
the support towards the centre of the span as the shearing stresses diminish in a

Fia. 82

like manner; a further series of short stirrups are placed over the ends of the
bent-up rods to secure them firmly to the concrete.
Fig. 83 shows the general arrangement of the reinforcements of beams.

T = ” = B 1) | orm— = . r
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Soctiarr ort A B ,
Fia. 83

When the depth of the beam is too small to obtain the necessary compressive
resistance from the concrete alone, a further series of straight rods is employed near
the upper surface.

The beams and floor slab are monolithic, and in consequence the beams are
designed as being of T-section. When these are freely supported the bent-up rods
are omitted.

The column reinforcement consists of four or more vertical rods tied together
by flat plates or wire ties at frequent intervals. The flat plates are very seldom
employed at the present time, preference being given to the wire ties.

Fig. 84 shows the general arrangement of the column reinforcement. The
rods of the columns are carried up well into the beams, as shown in Fig. 83.
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A splay is formed on the tops of the columns to help the beam in resisting the
compressive stresses which are induced at the bottom over the
supports. Special rods are placed in this portion, either hori-
zontally, as shown in Fig. 83, or inclined parallel to the face of
the splay.
The bottom of the column rods abut against a plate em-
bedded in the foundation blocks,as shown (Fig. 85). The
columns are formed of various cross-sections, and the number
of rods is also varied.
The foundation blocks are formed so that each side acts as Fio. 84
a cantilever, and are generally reinforced with two sets of rods crossing one
another, with supporting stirrups as shown (Fig. 85). If the load is great,
several series of crossing rods or flat bars are employed.
The walls on the Hennebique system, when the pressure may occur on both

. -
SECTIONAL
ELEVATION

SECTIONAL
PLAN

Fi1c. 85 Fi1c. 86

gides, are reinforced with two series of vertical rods, one near each face, each set
being tied to the opposite face with stirrups, longitudinal rods being placed in the
centre of the wall. The general method of wall reinforcement is shown (Fig. 86).
If the pressure will only be exerted from one side, the vertical rods are only placed
near this face.

Flat roofs are constructed in the same manner as floors, but other forms of
roof are frequently employed and are reinforced in various ways according to the
nature of the stresses. A favourite form of construction for factories, warehouses,
and similar buildings is shown (Fig. 87).

The faces of the buildings are formed in bays, which are filled in either with
reinforced concrete or with brickwork. The main columns of the face, together with
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the floors, roof, and internal columns, are formed in place, but the window and
door frames, sills, lintels, and lesser uprights of the fagade are moulded in advance
and lifted into their proper positions as the work proceeds.

Double floors with hidden beams are also frequently used, the ceiling slab
and beams being moulded in place, while the floor slab is generally formed on the
ground and lifted into place as the work proceeds. Fig. 88 shows a floor of this type.
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Double walls are also used with vertical cross walls at certain intervals, tying
the two portions together. The floor slabs in this case are carried through the
cavity and are connected to
the outer wall.

Stairways are constructed
in many ways; a common
method is that shown (Fig.

89). The foot and top of the
stairs are finished against L]
beams of the landing slabs;
the reinforcement consists of
bent and straight rods ar-
ranged in a similar manner L N P o
to that described for floor
slabs. The stirrups are
placed at each step, and tie
the reinforcement to the con-
crete of the step. Fic. 89

65 F
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Overhanging stairs, supported cantilever-wise from the walls, are formed in
different ways. In one method the slab carrying the steps is reinforced as a
cantilever in the manner shown (Fig. 90), the main rod being tied well back into
the wall at its two ends.

A longitudinal rod of large diameter is
placed near the bottom at the outer edge of
the slab, being clasped by the main rods. This
acts as a kind of stringer, and is carried some
Fra. 90 feet into the concrete of the landings. The slab
is also reinforced with small longitudinal rods resting on the lower arm of the main
reinforcements. Stirrups are placed at increasing intervals apart from the support
towards the end.

Another method employed for overhanging stairs is to carry the upper portion
of the main cantilever rod into the steps themselves, which makes a much stiffer
stairway. In other respects the reinforcement is very much the same as described

above.
Arched floors of the type shown (Fig. 91) are sometimes adopted. In this case

Cross Section at Crown.

Fia. 91

there are three series of longitudinal rods, one set being straight and placed near
the top surface, another being curved to follow the intrados, while the third follows
the intrados through the central portion of the span, but is bent up near the sup-
ports, and passes over these in the neighbourhood of the upper surface. All the
longitudinal reinforcements are well tied together, and to the opposite face by cross-
ties. A series of transverse rods is also employed, being placed just above the lower
reinforcement.

The concrete of the arches is sometimes carried over the supports, the bottom
rods overlapping in the same manner as those at the top.

Different types of retaining walls are shown in Fig. 92. These walls are formed
of a thin slab with ribs at the back, both the slabs and ribs being connected to a
foundation slab. In the walls shown, there is also a rib in the front at the toes,
but this is sometimes omitted.

For very high walls, as that shown (Profile No. 1), a second foundation slab is
placed at a higher level than the bottom of the wall, to increase the resistance.
The tendency of the wall being to overturn at its toe, the ribs at the back are in
tension, the wall being virtually held up by the weight of the earth on the foundation
slabs. .

The wall slab itself has only to support the thrust of the ground between the ribs,
and acts in very much the same manner as a floor slab. The profiles shown in Fig. 92
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are those used for the construction of the retaining wall for the Quay Debilly,
Paris.

M. Hennebique was the first to introduce reinforced concrete piles, commencing
to use them in 1896, since which date he has had many imitators.

The solid square pile is formed as shown (Fig. 93), excepting that the tube for a
water jet is very seldom employed. The reinforcement is very

similar to that of the columns, but the wire cross-ties are placed ~—==--- B

nearer together. The tops of the rods are generally about 2 S
inches below the concrete at the head. The toe is formed with _“E
an ordinary pile shoe, the straps of which are turned in at the -
top to form a hold in the concrete. The rods are bent in at the ~
foot, and bear against the bottom of the shoe. .~
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Sheet piles are constructed in much the same manner, being generally reinforced
with six vertical rods tied together, in both directions, in the horizontal planes.
A semi-circular chase is formed down the edges of each pile, and the hole formed
by these chases when the piles are driven side by side is filled in with grout. The
piles can be made of any length, and are also occasionally lengthened by the
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concrete being broken away for some distance, and fresh rods inserted overlapping
the old ones, after which a further length of concreteis added; but this is far from
good practice and is very seldom resorted to.

14 x 14-inch piles have been driven with a 2-ton monkey having a drop of
six feet, and the driving of 12 x 12-inch piles with a 30-cwt. monkey and a drop
of four feet is quite usual. The piles are connected to the capping by having the
concrete broken away for some distance down, so that the pile rods may penetrate
into the concrete of the capping. A general view showing the manner of con-
structing retaining walls with pile
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(Fig. 95). It is formed with diaphragms which contain the forked spacers and
wire ties connecting the longitudinal rods. The main advantage gained by its use
is the lightness for transport purposes.
Several types of arched bridges are employed by M. Hennebique. A favourite
68 '
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form is constructed with arched ribs, reinforced in the same manner as shown in
Fig. 91, supporting the decking either directly or with the intervention of cross
beams. In some cases the ribs have a curved extrados, and the spandrils are open,
being formed of columns resting on the ribs and connected at the top by transverse
and longitudinal beams or arches. The transverse reinforcement in the vertical
plane for large arches is arranged as shown in Fig. 91, thus tying the upper and
lower rods securely together. In another type the ribs are hidden by having
slabs at the intrados and extrados, in much the same way as in a flat floor with

hidden beams. The arch formed on this type has the appearance of a solid arch.
Fig. 96 shows a longi-

tudinal section at the rrrwrrsg
sprmgmg and a cross- ,

RS Y

WL5pm L, 20a1%

DOKITE TACE DV Surrup.

Page 68.—Since publication I have been informed by Mr.
L. G. Mouchel that the patent hollow pile here

figured is not a Hennebique pile, but that the inventor
and owner is Mr. Mouchel.

C.F.M.
Columns.!
Internal 9s. 1d. ,, » »
External 5s. 9d. ,,
Floors (including beams) . . . . 2s. 1d. per square foot
Flat Roof ,, » . . . . . . ls. 4d. ,,

1] ”

! These prices were given in a paper published in the Proceedings’of the Institution of Civil
Engineers, vol. cxlix. Part III.
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concrete being broken away for some distance, and fresh rods inserted overlapping
the old ones, after which a further length of concreteis added; but this is far from
good practice and is very seldom resorted to.

14 x 14-inch piles have been driven with a 2-ton monkey having a drop of
six feet, and the driving of 12 x 12-inch piles with a 30-cwt. monkey and a drop
of four feet is quite usual. The piles are connected to the capping by having the
concrete broken away for some distance down, so that the pile rods may penetrate
into the concrete of the capping. A general view showing the manner of con-
structing retaining walls with pile
foundations is shown (Fig. 94).

A hollow pile has lately been intro-
duced, of which a sketch is shown
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include driviie, en stated that the prices given

Mr. L. G. Mouchel (Mr. Hennebique’ i

. ) . que’s Agent in the
United Kingdom) states that these pricegs are not
correct. Current prices are considerably lower.

C.F. M
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(Fig. 95). It is formed with diaphragms which contain the forked spacers and
wire ties connecting the longitudinal rods. The main advantage gained by its use

is the lightness for transport purposes.
Several types of arched bridges are employed by M. Hennebique. A favourite
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form is constructed with arched ribs, reinforced in the same manner as shown in
Fig. 91, supporting the decking either directly or with the intervention of cross
beams. In some cases the ribs have a curved extrados, and the spandrils are open,
being formed of columns resting on the ribs and connected at the top by transverse
and longitudinal beams or arches. The transverse reinforcement in the vertical
plane for large arches is arranged as shown in Fig. 91, thus tying the upper and
lower rods securely together. In another type the ribs are hidden by having
slabs at the intrados and extrados, in much the same way as in a flat floor with
hidden beams. The arch formed on this type has the appearance of a solid arch.
Fig. 96 shows a longi-
tudinal section at the
springing and a cross- .
sction at the crown of

«n arch of this type.

Corbels or canti-
levers are also employed
by M. Hennebique.
These are generally
straight along the top,
while the under side
is formed to a curve.
They have a reinforce-
ment of upper and lower
rods, the upper rods be-
ing anchored back, and
both sets of rods being
tied securely to the op-
posite face by stirrups.

The reinforcements
for pipes and circular re-
servoirs consists,as in the
Monier system, of spi-
rals or hoops of round
rods, with a series of distribution rods bearing against the circular reinforcements.

The price of the work naturally depends on many conditions, and it is impos-
sible to give prices, which can be applied generally. As a rough guide, however, it
may be stated that a roof for a single-stooled warehouse at Calais,' including the
beams and supporting columns, cost about 1s. 11d. per square foot. For a structure
erected in England the following prices may be given, but they must be considered
as only an approximate rough guide, as they only apply to a single case—

Piles.?

10 x 10 ins. . . . . . . . . 5s. 6d. per lineal foot.
16 x 18 ins. . . . ) ) ) . . 9.3 ., . w

Columns.!
Internal . . . . . . . . . 9s. 1d. ,, ’ ’
External . . . . . . . . bs. 9d. ,, ' ’
Floors (including beams) . . . . . . 2s. 1d. per square foot.
Flat Roof ,, » . . . ls. 4d.

2 ”” i

! These prices were given in a paper published in the Proceedings’of the Institution of Civil
Engineers, vol. cxlix. Part III.
69



REINFORCED CONCRETE

This system is represented in England by M. L. G. Mouchel, 38 Victoria Street,
Westminster. All the work is done by licensed constructors, but the designs and
specifications are prepared by M. Mouchel, and the works are generally supervised
by him during construction.

Amongst the licensed constructors of this system, Messrs. John Aird & Sons
(contractors) and Messrs. W. Cubitt & Co. (builders) may be mentioned. Both
these and the other firms who have taken up this form of construction thoroughly
appreciate the care necessary in the execution of the work and selection of the
materials.

The New York agent for M. Hennebique is Mr. R. Baffrey, 1,123 Broadway,
New York City, U.S.A.

M. Hennebique’s chief offices are at 1, Rue Danton, Paris, occupying part of
a house built entirely on this system.

Hyatt System

This was one of the first American systems employed for floors. It is not
employed to any great extent at the present day, and is chiefly interesting from
an historical point of view.

Only floor slabs were at first used, these being remforced with longitudinals of
flat bars on edge, which were pierced with holes, through which round rods were
threaded, as shown (Fig. 97). At a later date M. Jackson applied the same principle

’

N, U T AT DU
e S
T T

s, |11

|‘|I'-I|‘ 0

Kahn System.

This system has only been introduced quite recently by Mr. Julius Kahn, of
Detroit, Michigan, U.S.A.

The chief novelty is the form given to the reinforcement. The main bottom
longitudinal bars are rolled of a diamond section with projecting wings on either
side. These wings are slotted off along the edge of the diamond for certain dis-
tances and are bent up to an angle of about 45° to form the reinforcements resisting
the shearing stresses ; these are consequently rigidly connected to the main bottom
bars, which is a very excellent and desirable feature.

The three principal advantages claimed for the employment of this form of
reinforcement are :—

(1) The reinforcements in the vertical plane are rigidly connected to those in
the horizontal plane, resisting the tendency of the concrete o shear along the
longitudinals.
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(2) The projections formed by the wings where they remain a part of the main
har, help in resisting any sliding action of the steel through the concrete.

(3) The shearing bars being inclined are better able to resist the shear than
similar reinforcements placed vertically.

The bars ordinarily used are of the following sizes : —

Side of squave tar, ) . | - . Weight
forming diamond. i Thicknees of wings. | Total width acros; wings. lineal foot.
Inches. l Inches. | Inches. l:.erPl(?unds.o ©
3 x} | 1 } Nt 14
ixi l T : 275 27
1x1 | Pt ; 3 48
1} x1} | } 31 i 69

A form of reinforcement used for lintels consists of a flat plate with a series of
flat bars, bent to an angle of 135°, rivetted to it.

The beams are formed of a smaller width at the bottom than at the top, which
causes a small saving in the amount of concrete used.

Kindle System

This system was suggested in 1891 by Mr. Kindle, of Pittsburg, U.S.A., and is
chiefly interesting from an historical point of view.

The main beams consisted of rolled joists and the secondary beams of tiles
reinforced with suspension straps of flat iron, on which rested a series of rods as
shown (Fig. 99). -
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The floors and ceilings were formed of cement slabs carried on the reinforced

tiles.
Fig. 100 shows cross-section through the floor, and the method of attaching
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F1e. 100
the straps to the flanges of the rolled joists, portions of the strap being slotted
out on three sides, and bent over in the form of hooks.
Klett System

This system of floor or roof construction is patented by the Vereinigte
Maschinenfabrik, Augsburg-und, Maschinenbaugesellschaft, Niirnberg, of 100,
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Katzwanger Strasse, Niirnberg, Germany, and represented in England by F. H.
Rudolph, 68, Victoria Street, Westminster.

Rolled joists, or light girders of T-irons and diagonal bracing, are employed
for beams, and these have sufficient strength in themselves to support the centreing
and the weight of the men and materials during the formation of the slabs.

The bottom of the concrete of the floor is formed with curves near the sup-

porting beams or walls to increase the compressive resistance of the underside at
these places.
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The reinforcement of the slab consists of flat iron rods, some extending from
beam to beam, being either attached to the top flanges by being bent round, or
extend over into the adjoining slab. These bars are depressed towards the centre
of the span in the manner of suspension bars.

Further flat bars are placed between these, and extend for various distances
into the slab as shown (Fig. 101). The bars are usually connected in the transverse
direction by angle irons, as shown (Figs. 101 and 102), and further short pieces of
angle iron are attached to the through bars. In Figs. 101 and 102 the short bars
follow the same curvature as the through bars and all the reinforcements, are
hooked over the top flange of the supporting beams. Fig. 103 shows a form of
floor reinforcement without the transverse angle irons, in which the short bars are
horizontal. Fig. 104 shows a plan of the reinforcements of a floor of this type, in
which the through bars are hooked over the beams, while the short reinforcements
extend into the adjoining slab. When the slabs pass over a wall the bars are
inserted, as shown (Fig. 105).

Sometimes the intermediate bars are continued so as to extend beyond the
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centre of the slabs, to assist in resisting the compressive stress, as shown (Fig. 106),
or they are carried right through from beam to beam or through several bays. The
main suspension bars are not shown
in this figure.

Koenen System

The object aimed at in the Koenen )
System of reinforced concrete floors
(represented in London by Mr. R. B.
Roxby, 18, Featherstone Buildings,
Holborn, W.C.), is that of obtaining
practically an absolute building in by
securely anchoring the reinforcements
to the walls and girders. It was in-
troduced in 1898, and has been exten-
sively employed on the Continent.

Rolled joists are employed as
beams in this system, and are em-
bedded in concrete.

The reinforcement of the floor slab
consists of a series of round suspension
rods securely fixed to the top flanges
of the joists by being hooked over,
or firmly anchored back to the walls.
These suspension rods follow the curve
of the bending moments for a built-in
slab, and consequently take up the
shearing stresses.

The concrete of the floor is arched
near the supports to offer more resist-
ance to the compressive stresses, which
are greatest at this point, in the case
of a perfectly built-in piece.

Fig. 107 shows a longitudinal sec-
tion and plan of the centre bay of a
floor on this system. §

There are several methods adopted
in forming the floors. Fig. 108 shows
the reinforcement for a floor-slab where &
the reinforcing rods are not anchored {
back tothe wall ; in this case the rods
follow the lower surface to the centre §
of the span, and from this point are
bent up and hooked over the top flange
of supporting joists.

Fig. 109 shows the arrangement of
the reinforcement when there are no joists, but the floor continues on the
further side of a wall; the rods have the same curved form as when joists are
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employed, and pass through the wall near the upper surface of the floor slab, being
continued into the next floor.
The anchors to the walls are formed by hooked rods attached to vertical pieces

e ——
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of iron built into the wall. At the outer end the anchor rods are hooked round a
flat iron bar, which runs along the face of the wall, and receives the hooked ends
of the suspension rods. Sometimes, instead of passing the suspension rods through

Fic. 109

a division wall into the next floor, a series of anchor rods are built through the wall,
supporting longitudinal flat bars on both sides in the same manner as described
above.

These floors have been subjected tosevere load and fire tests with good results.
They form an economical flooring for spans of from 6 to 20 feet.

Locher System

The beams of this system are entirely different from any other, in that the
reinforcements are placed so as to follow the direction of the lines taken by the
combined tensile stresses in a beam freely supported at the ends. The reinforce-
ments consist of flat bars laid on their widest side. They are placed in layers, each
bar being horizontal through the centre of the span, and are bent up at a
different distance from the supports. Fig. 110 shows the longitudinal and Fig. 111
the cross-section of a beam.

l

Fi1c. 110 Fig. 111

It will be seen that the beam is shown built in at the ends. This form of re-
inforcement, though it would wholly resist all the direct tensile stresses and also
the shearing stresses in a freely supported beam, should be somewhat altered
for a built-in beam ; since the bent-up bars do not provide for the tensile stress
induced in the upper portion by the building in.
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Maciachini System

Signor Maciachini, engineer and constructor of Milan, had, until a recent date,
occupied himself with constructions in reinforced concrete on the Walser Gerard
System. The interesting experiments of M. Considére encouraged Signor Macia-
chini to introduce a system of reinforcement in the construction of begms based
on the hooping of concrete. Signor Maciachini’s object has been to discover the
best method to affect such a hooping to benefit the concrete both on the com-
pressive and tensile side of a beam.

The efficient hooping is not easily effected for a beam, since the moulding
must be done horizontally if formed in situ,
and the fabrication in advance of such a
piece causes the loss of many advantages. To
obtain a hooping practicable and at the same
time effectual, for a beam moulded in situ,

Signor Maciachini forms his reinforcement as
shown (Fig. 112).

The hooping wires of a suitable dia-
meter are as long as possible, and are bent up
and down before being placed in position, the
height being that of the width or depth of
the beam, less about 1:6 inches to allow fora
covering of 0-8 inches of concrete on all sides.

The bottom and side hoopings are placed
together, in the manner shown (Fig. 113), so Fro. 112
that when they are all connected these reinforcements appear, as shown (Fig. 114).

After 0-8 inches of concrete has been deposited, the hoopings are put in position
with the bottom rods at the angles. The filling is then brought up and well rammed,

F1a. 113 Fic. 114

until it reaches the level of the top rods. These are then put in place and the

top portion of the hooping is threaded through the top loops of the sides and bent
backwards and forwards, as shown (Fig. 112).

After this operation is completed the remainder of the concrete is added.

Fig. 115 is a cross-section of a beam of this form.
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Signor Maciachini occasionally adds a further vertical reinforcement, as shown

(Fig. 117.)

Fig. 117 is a longitudinal section of a freely supported beam reinforced on the
Maciachini system. To discover what advantage is gained by this method of

Fic. 115
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reinforcement, beams as shown in cross-section in Figs. 116 and 116 and of the
dimensions given on the figures were tested against a beam of the ordinary
Hennebique type of dimensions shown in Fig. 118.

The weights of reinforcement and proportions for the concrete were as follows—

TABLE 1IV.
Proportions of Concrete
Weight of Reinforcement ‘ -
Pounds Cement l Sand ' Stone
Pounds Cubic yards Cubic yards
I
Fig. 115 170-28 710 ’ 0-33 | 0-66
Fig. 116 170-72 ’” i ” ”
Fig. 118 173-14 505 0-33 0-66
|

The total depth of the beams (Figs. 115 and 116) was 12 inches, and that of

the beam (Fig. 118) was 14 inches.

The tests were made twenty days after moulding, which perhaps gave a slight
advantage to the beams of the richer concrete. The table below gives the deflec-
tions measured for the three beams under increasing loads, and clearly shows the
advantage gained by the hooping, and also that the addition of the central vertical
reinforcement adds considerably to the stiffness.

TABLE V.
Deflecticn at Centre in Millimetres.
Uniformly Distributed Load
Pounds per square foot |
Beam Fig. 115 | Beam Fig. 116 | Beam Fig. 118

41-75 0-000 0-000 | 0-:000

62-19 0-000 ' 0-000 0-220

82-63 0-100 0-000 ! 0-890
103-07 0-170 I 0-110 0-610
123-50 0-250 0-190 | 1-140
133-83 0-300 | 0-260 1-196
144-05 0:570 0-310 ‘, 2780
154-27 0-690 ! 0-390
164-50 0-850 ' 0-590 | | The tests were not con-
184-93 0-910 | 0-690 tinued for these loads.
205-37 0-990 |‘ 0-860 i)

N
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It will be noticed that under a load of 144:05 pounds per square foot the de-
flection of beam (Fig. 118) was nearly five times as great as that of beam (Fig. 115),
and over nine times as great as that of beam (Fig. 116), and that the deflection of
beam (Fig. 115) was nearly double that of beam (Fig. 116).

The concrete for the two beams of the Maciachini system being of richer pro-
portions would increase their stiffness, but this would only account for a small
portion of the difference in the deflections.

Signor Maciachini has also patented a column reinforcement formed in the
same manner as that shown (Fig. 113) with looped wires. Fig. 119 shows .this
form of reinforcement.

It seems that the effect of the hooping of the
Maciachini beams would be improved if further longitu-
dinal rods of small section were placed along the top
and the sides to act as distribution rods.

M. Considére found it beneficial to use longitudinal
rods for his hooped columns.

It appears also that the comparative width of the
loops might allow them to close up somewhat, allowing
the hooping to stretch with the swelling, but it is pro-
bable that the ‘ adhesion ’of the concrete would prevent such a movement.

This system is represented in England by Mr. C. H. Reynolds, Clevelands,
Teddington, S.W.

Fic. 119

Matrai System

Herr Matrai, an engineer of Hungary, and formerly a Professor at the Polytechnic
of Budapest, was for some time employed in the exploitation of the Monier patents,
and had the supervision of many important works. The failure of a bridge, which to
all appearances had been constructed under the best conditions, led him to direct
his attention to the invention of a system which was not dependent on the execu-
tion or the materials of which the concrete was made. In this system the metallic
skeleton of beams and floors is designed to resist all the stresses, and the resistance
of the concrete is entirely neglected.

In the Matrai system steel wires are employed which are given the curves
which they would naturally take under the load. These wires, or the cables into
which they are sometimes twisted, resist entirely by tension. The employment
of steel wires of the best quality and of small diameter allows the adoption of a
safe stress of 21,350 to 28,450 pounds per square inch.

As the concrete is only used as a filling and for distributing the load over the
reinforcement, an economical mixture may be used such as a lime concrete or a
poor cement concrete.

M. Matrai likens his system to a spider’s web firmly attached to the points of
support.

This system has been employed with success in Hungary, Austria, Russia,
Italy, France and America.

Beams.—M. Matrai employs rolled joists or light built-up N-Girders as beams.
These he further strengthens by a steel wire suspension cable on either side. These
cables are suspended from loops either anchored back into the walls, as shown
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(Fig. 120), or simply passed over the end of the beam as shown (Fig. 121). The

suspension cables act entirely in tension, and relieve the girders considerably.
The drop of the cables is usually the depth of the beam, and as they require

three or four times less metal than an ordinary beam having the depth of their drop

—
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to support the same load, they form a very economical reinforcement. The cables
and girders are generally so designed that each carries half the total load.
Floors.—The reinforcement of Matrai floors is formed of suspension wires or
small cables, in various manners, according to the requirements. There are always
some running across the span, and also at least two diagonally, these last being
generally cables.
The usual methods are shown in Figs. 122 and 123. The object of the diagonal

Fi1c. 122 Fi1e. 123

crossing wires is very ingenious. It will be noticed that their ends are attached at
different points along the beams; the effect of this disposition is to equalize the
bending moments on the beams, as shown in Figs. 124 and 125.

Fig. 124 shows the effect on the diagram of bending moments caused by attaching
these diagonal wires at increasing distances apart from the supports towards the
centre, as in Fig. 122, and Fig. 125 that of bringing all the attachments to the two
ends, as shown in Fig. 123.

Considering Figs. 122 and 124. The beam supports two loads of Q insucha
manner that the forces are represented by the ordinates of the curve G H I L K, the
area G H I L K D C being double the rectangle E F D C, which represents aload P
equal to @, but uniformly distributed. The centre of gravity of the loads @ are
at a distance of % from the extremities of the beam. In the bottom part of the
figure, the curves of the bending moments correspond to the loads 2 Q and P.
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It can be seen that the ordinates of the curves a b, cd, e for the load 2 Q, are
very nearly constant and equal to ¢ f for some distance each side of the centre, while

Fia. 124 Fic. 125

those of the curve a b c d ¢, corresponding to a beam loaded uniformly with a load

2
P = Q—Q, decrease rapidly towards the supports.

It is evident, then, that if the load 2 @ is distributed over the extremities of
the span in the above manner, it is possible to employ a beam of half the resistance
necessary for the same load uniformly distributed.

If the loads are distributed as shown in Figs. 125 and 123 following the ordi-
nates of the rectangles G HIC and L K D M, of which the total area equals 2 Q,

l
if the centres of gravity of these two rectangles fall at a distance of-fgv from the

supports, we obtain the curve of bending moments a b, ¢ d, e which further equalizes

Fic. 126
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the stresses on the beam. In practice this effect is obtained by attaching the wires
at equal spaces apart on the two extreme quarters of the beams.

Fig. 126 shows various methods adopted for the disposition of the cables and
wires.

The bays marked I and I1] have the wires placed so as to distribute the load
equally over the beams, which only support half the load, being assisted by the
diagonal cables, which are calculated to take the other half.

In bays I, IV and V the diagonal cables are not sufficient to transmit half
the load to the extremities of the beams, and they are suplemented by diagonal
wires.

The transverse wires in bay VI are sufficient to distribute the load equally over:
the walls, and the diagonals and longitudinals are only employed to intertie the
transverse wires.

The upper surface of the concrete for the floor slabs is usually hollow, following
the curve of the wires. This hollowis filled in with cinder or coke breeze concrete,
into which nails can be driven if necessary to fix floor boards, or pieces of timber
may be embedded in this filling, to which the floor boards may be nailed.

The lower surface of the concrete around the reinforcements is generally flat,
and supplementary short loops of wire are fastened to the main wires near the
beams, to support the concrete where it thickens out.

When it is formed to an arch, as in bays ¥V and VI (Fig. 126), there is no need
to have any auxiliary supporting wires.

It may also be curved, following the curve of the suspen-
sion wires, as in bay IV (Fig. 126).

The tension in the cables and wires is calculated by

PL

the usual formula—T — 8 o where 7T is the tensile stress,

L the span, and v the drop.

The floor suspension wires are fixed to the beams by
simply enrolling them round, but when they have to be
attached to walls they are fastened to cables supported by
loops anchored into the wall by vertical rods, or passing
through it, as shown in bays I, IV, V, and VI (Fig. 126).
The main diagonal cables are secured direct to loops either
anchored in to the walls or passing round the ends of the
beams.

Columns.—Herr Matrai, as a general rule, considers the
concrete of his columns as resisting the vertical stress and
the steel for resisting the lateral stresses only. But if neces-
sary he reinforces the concrete by vertical I-irons. He does
not attempt to reduce the sectional area of his columns, for
the reason that he considers the appearance is better if the
columns are of fairly large size, and by employing columns
of large sectional area he can make them of a poorer
concrete, and thus gain in economy.

Fig. 127 shows the reinforcement of an ordinary column
without any vertical bars; the reinforcements are in the
form of parabolic cables, with a drop nearly equal to the Ay,
width of the column, secured to a ring at the top and to Fig. 127
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vertical hooked bars, extending into the foundation, at the bottom. The
parabolic cables are considered necessary to prevent any lateral flexure.

If the column of concrete only is not sufficient to resist the vertical stresses,
small rolled joists are placed vertically in the concrete, as shown (Fig. 128), the
extremities of the parabolic cables being attached to them.
Herr Matrai also employs a hollow column of the form
shown (Fig. 129). The parabolic cables in this case are
placed as shown within the thickness of the shell, and fur-
Fia. 128 Fi6. 129 ther cables are placed on each side of each joist, their drop
being equal to the depth of the web.

Walls.—The reinforcement for walls is arranged as shown in Fig. 130. The
vertical stresses are resisted by the concrete, and the small I-bars and the lateral
stresses by parabolic cables attached at their extremities to the joists. If the
thrust is only exerted on one face it is only
necessary to employ one set of cables, but
if the thrust may be in both directions two
sets are inserted.

The concrete is also held together by
a diagonal network when only compression
is anticipated, but if bending may occur the
wires of the network are placed vertically
and horizontally.

If the wall has an opening in it a
suspension cable with a deep drop is sup-
ported from the ends of the upper beam,
and embedded in the concrete of the wall.

Fie. 130 Stairs.—The stairways of this system
are formed very much in the same way as floors, the loads supported by the
steps being carried by parabolic wires to supports, to which they are attached.

If the stairway is supported on stringers, these are reinforced with angles,
channels, tees or joists, to which the parabolic wires are attached, whereas if the
stairway is between two walls the supporting bars are placed transversely, being
built into the side walls at their ends and spaced about one to each two steps, the
parabolic wires running longitudinally and being attached to them.

The steps themselves, if supported by stringers, are formed of plain concrete
being supported on a slab below, which contains the reinforcements ; but when the
main bars run transversely they are embedded in the concrete forming the steps.
Sometimes when the stairway is between walls, the parabolic wires, running
transversely, are anchored direct to the walls.

Some of the structures carried out by Herr Matrai are detailed below—

Le Globe Céleste at the Paris Exhibition of 1900.

Le Palais des Manufactures National Exhibition of 1900.

The Covering over the Moulineaux Railway cuttings opposite the Eiffel
Tower.

Coverings over the Metropolitan Stations in Paris.

Le Maison d’Education de la Légion d’Honneur at Saint Denis.

Cement Silos at Chantemelle.

A Spherical Reservoir Bottom of 20 feet diameter.

And many others.
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Melan System

This system was devised by Professor Melan, of the Polytechnic School¥of
Briinn, Austria, in 1892, and has been largely employed for floors and bndges in
Austria, and also in America, where many important bridges have been constructed
by Herr F. Von Emperger, who became the agent for this system in the United
States.

The floors are of the arched type and are reinforced with rolled joists, as shown
(Fig. 131). The tie rod shown here is, however, generally omitted. The support-

Crose Section.

Fi1a. 131

ing beams are always formed of rolled joists. The arch proper is formed with a
curved extrados, and of concrete, in the proportions of about 1 to 2 to 4; this
concrete is carried round the supporting joists. The filling above the arches is
mixed with larger proportions of sand and stone. The rise of the floor arches
varies from 4i; to {5 the span. .

The reinforcing joists are spaced about 3} feet apart, and are wedged tight
against the webs of the beams. For smaller spans than 10 feet the reinforcing
sections are formed of T-irons.

The table given below shows the details for various spans :—

TABLE VI.
L Weight . Weight of Floor Depth of Con-

8 th of Joist | Distance apart 3

1;’;:? DepIm;)h" é Pm;:;?t per Incheep perP %?m g:ot. cmtfn.;\l:-:r in
10 to 12 3 6 ! 40 1-8 4
12 to 16 4 6 ! 40 1-8 43
16 to 20 4 . % 40 2-25 43
20 to 24 5 : 10 | 50 2-4 5%

' I

The arched bridges on this system are constructed with remforcements of
rolled joists or light built-up girders. The built-up girders vary in depth, being
deeper at the springings than at the crown, and sometimes being thickened out at
the haunches. This form of reinforcement lends itself to hinged arches, a form of
construction very frequently adopted The joists or girders are spaced from 2:46
to 3-28 feet apart.

This system is constructed by the Concrete-Steel Engineering Co., Park Row
Buildings, New York.

Metropolitan Fireproof Construction

This system has been employed in America, and consists of beams of I-section,
over which small wire suspension cables are stretched, each formed of two gal-
vanized wires twisted together. The distance between the cables varies with the
load to be carried.
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Round rods are laid across the cables parallel with the beams at the centre of
each span, to obtain a uniform deflection. The cables are continued over several
supports, being secured at their ends by loops of heavy wire hooked over the flanges
of the beams or anchored back to a wall. When the reinforcement is in position
the centreing is erected and a composition, the principal ingredients of which are
plaster of paris and wood chips in the proportions of 75 per cent. to 25 per cent. by
weight, is poured in, and solidifies in a few minutes. The concrete which embeds the
joists is supported on wire netting passed round the flanges.

If a ceiling is required, iron bars are laid across from beam to beam, resting
on the bottom flange. A wire netting is placed on these and a thin layer of the
above composition is poured over.

Moller System

This system was brought out by Professor Maller, of the Polytechnic School of
Brunswick, in 1894, and has been employed considerably in Germany for floors
from 16-42 to 328 feet span, and also for bridges and coverings. It is constructed
by the firm of Drenckhahn und Siidhop, of Brunswick.

The floor or decking slab is reinforced with rolled joists, and is supported by
fish-bellied beams at certain intervals apart. Generally the spacing of the beams
is in the neighbourhood of 4 feet.

_The beam reinforcements consist of flat bars placed as shown (Fig. 132).
These are firmly anchored back to the walls or abutments, as shown (Fig. 133), and
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have short pieces of angle-iron secured to them at equal distances apart, to resist
the longitudinal shears of the flat bars through the concrete. These angles are shown
in Fig. 133.

Bridges and coverings are constructed in the same manner. The river and
canal bank protections on this system are reinforced by round rods placed hori-
zontally and passed over pieces of stone between the anchorings, which are formed
of posts driven perpendicularly into the bank from 1-64 to 2:46 feet apart.
These slope coverings cost about 1s. 11d. to 3s. 1d. per square yard.

Monier System

This system, for which the patents have lapsed, isused at the present day by
many firms.

These employ the Monier type of reinforcement for slabs, walls, pipes, re-
servoirs, etc., but construct beams in various ways. Some of them also adopt
peculiar arrangements for the reinforcements to resist shearing, and for other parts
of the work.

The original firm to buy up the Monier patents was G. A. Wayss & Co., of
Berlin, becoming at a later date the ‘ Actien Gesellschaft fiir Beton und
Monierbau,” of Berlin, and the firm of Wayss und Fratag whose chief office is at
Neustadt an der Haardt. Herr G. A. Wayss also formed a branch establish-
ment at 13, Wallfischgasse, Vienna, and other towns.
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Under the heading of the Monier System, the methods of construction em-
ployed by Herr Wayss & Co. must be dealt with. The special features of the other
firms using this type of reinforcement will be dealt with separately.

The reinforcement of slabs consists of rods crossing one another at right angles,
and tied together at their intersections with annealed wire, as shown (Fig. 134).

Fia. 134 Fic. 135

The original fla floors were supported on rolled joists in various ways some of
which are shown (Figs. 135 to 137). Fig. 135 shows a floor slab supported on
rolled jaists, encased with concrete or left unprotected and showing below the floors.

Fi1c. 136

Figs. 136 and 137 are types of hollow floors with ceilings. The ceiling slab is bent up
8o as to bear on the bottom flanges of the joists, and a wire network is placed across
below the flanges to receive a layer of plaster, which fills in the hollows along the

Fie. 137

bottoms of the joists. The space between the floor and ceiling is filled with a
poor concrete in Fig. 136, and left hollow to carry pipes, etc., in Fig. 137.

Sometimes timber beams are used instead of joists in which case the ceiling
slabs are carried through level, and are fixed to the bottoms of the beams with
screws.

The floor slabs are occasionally replaced by boarded floors, either nailed to
timber bearers placed across the joists or to a filling of cinder concrete.

Several types of arched floors supported on rolled joists are also employed.

Fig. 138 represents a floor with a reinforced flat slab and arched ceiling. The

Fi1c. 138

central portion of the arch merges into the flat floor slab. A similar floor is formed
with the arch continued through, without the straight portion at the centre of the
span. :

This type of floor is also constructed of an arched slab only ; the level floor
being formed of boards or plain concrete. When boards are used they are nailed
either to longitudinal timbers resting on the concrete filling over the arch or to
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the filling itself, which is made of cinder concrete. Fig. 139 represents a double
floor with two arched slabs, one resting on the lower flanges of the joists and the

Fia. 139

other bearing against the webs of the joists just below the top flanges, and sup-
ported on a filling of rich concrete extending for a short distance on each side of
the webs.

Fig. 140 shows an arched floor with a flat ceiling slab suspended below by

F1a. 140

rods tied into the arch supporting the floor.

All these slabs, flat or arched, are reinforced with the Monier network near
their lower surfaces.

Herren Wayss und Fratag have of late years adopted the reinforced concrete
beam. They use round rods, one set being straight along the bottom and another
set bent up near the supports. Further short straight rods are added near the top

|
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surface over the supports, extending for some distance on both sides. No form
of stirrup or similar reinforcement is used except in special cases. Occasionally
a set of rods is placed near the upper surface throughout the whole span. Fig. 141
shows the general arrangement of the reinforcements for beams.

The ordinary stairs on this system are supported on rolled joists, as stringers,
as shown (Fig. 142). The treads, risers and ends of the steps are all reinforced

with crossing rods.
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Fig. 143 shows a winding stairway in which the treads and risers are rein-
forced and are well tied into the wall. ‘

Herren Wayss und Fratag employ Ritter’s methods of calculation at the
present time, but up to a recent date they used empirical formule.

Maxche .

o i

S0, = _—_20..

S0 . = 170'. 3
Fic. 143 Fia. 142 Fic. 144

Partition walls are reinforced with vertical and longitudinal rods, forming a
network similar to that for slabs. The longitudinal rods are sometimes bent up,
as shown (Fig. 144). '

Columns are also employed reinforced with vertical rods tied together with
wire hoops.

The arched bridges on this system have a curved extrados. If of small span, the
‘ Monier >’ network is only placed near the intrados. For larger spans additional
networks are placed for a short distance from the abutments near the extrados, or
inclined from the intrados to the extrados near the springings. Both the intrados
and extrados are also frequently reinforced throughout the whole span.

Retaining walls are constructed of thin vertical walls with counterfort ribs
and foundation slabs, all reinforced with networks of rods. Sometimes the counter-
forts are connected by arches.

The pipes and sewers are reinforced with either one or two networks of rods,
according to the pressure. The small pipes are sometimes formed with a socket
but the joints are usually made with a collar.

The reservoirs, silos and similar structures are reinforced with networks; the
sizes of the hoopings are varied according to the pressure, but the spacing is
generally kept the same. Several standard sizes of rods are used, and these
are interspersed in various ways, so as to obtain the requisite area of metal in
the height under consideration.

The firm of Herren Wayss und Fratag is represented in London by Herr
H. C. Werner, 4, Westminster Palace Gardens, Artillery Row, S.W. The name
adopted by the English firm is The Armoured Concrete Company, of which Mr. A.
Johnston, M.I.C.E., M.I.M.E,, is the Managing Director.
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SYSTEMS EMPLOYED

Mr. Johnston has designed a reinforced concrete pile, views of which are given
(Fig. 145). The object of the diaphragm bars is to resist the shear. They appear
a somewhat uneconomical form of reinforcement. The wire would be more usefully
employed if wound round outside the angle irons to prevent the swelling of the
concrete. The length of wire in one diaphragm would encircle the angle irons nearly
eight times.

Mueller, Marx & Co.’s System

Mueller, Marx and Company, of 212 and 213, Greifswalder Strasse, Berlin,
brought out their system of reinforced concrete floor construction in 1895, since
which date it has been largely employed.

Rolled joists are always used for beams, being embedded in concrete.

Several types of floors are constructed on this system. Fig. 146 shows the usual

Fi1ac. 146

form for flat floors of small span ; these are reinforced with upright flat bars extend-
ing from joist to joist, and resting on the lower flanges. These are tied together
by a zig-zag reinforcement of similar bars secured by thin iron clips.

This form of zig-zag reinforcements is used in all the types of flooring constructed
by Messrs. Mueller, Marx and Company. Fig. 147 shows another form of flat floor

Fia. 147

in which the main bars of upright flat iron pass over the top of therolled joists, and
are embedded in concrete at their junction with the walls, forming a partial building
in. The floor slab is bevelled at the wall to give greater resistance to the com-
pressive stresses developed by the building in.

Fig. 148 shows a form of arched floor, the upright flat bars in this case following
the curve of the intrados and abutting on the web of the supporting joists close to
the bottom flange.
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Floors reinforced with suspension bars of upright flat iron are shown in Figs.
149 and 150. Here the reinforcements are well anchored back into the walls, and
formed with a quarter twist at the supporting joists, being securely hooked over the

top flange. The fastening to the walls is formed by a series of horizontal anchor bars,
which are hooked round vertical rods built into the wall. At their outer ends the

Fi1c. 149

anchor rods hold a longitudinal rod to which the suspension bars are secured.
Fig. 149 shows a floor of several spans, and Fig. 150 a single span floor.

fif]

F1a. 160

The concrete is moulded with a curve at the under side at the walls and sup-
porting joists to resist the excess of compressive stress at these points, caused by the
building in of the ends due to the anchoring of the reinforcements. In Fig. 149
the wall is corbelled out to receive the floor slab. This method is one frequently
adopted, and is sometimes combined with a building in at the top. In this case a
small rolled joist resting on the corbelling, and anchored back to the wall, receives
the hooked end of the reinforcements on its upper
flange.

These floors have been subject to severe fire trials
with excellent results.

The stairs on the Mueller, Marx system are sup-
ported entirely by the slabs on which the steps are
formed. These slabs are reinforced with upright flat
Fic. 151 bars as shown (Fig. 151), the bars rest on the bottom
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flanges of rolled joists at the floors and landings, and are tied together by the zig-

zag ties in the same manner as floors (Fig. 146). R
A further notable invention of this firm is the construction of abutments {o
bridges, in the manner shown in Fig. 1562. This is an excellent arrangement, and is

i1~

PEISIRNY 1%
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rendered feasible by the use of reinforced concrete. The saving in cost compared
with the usual heavy masonry abutments is said to be 36 to 39 per cent. These
abutments are formed with a screen wall at the face, behind which the road or railway
is carried in a trough of reinforced concrete, supported on one or more longitudinal
walls of the same material, as shown in Fig. 1562. These walls are connected to
reinforced foundation slabs extending for their entire length. Fig. 1563 shows a
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longitudinal section of this form of abutment and a sectional vplan of the sup-
porting walls.
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Pavin de Lafarge System

La Société J.et A.Pavinde Lafarge et du Teil (Ardéche) are well known French
manufacturers of limes and cements, who have developed a system of reinforced
concrete. They do not now construct in it themselves, but will supply their clients
with all information necessary for carrying out the work.

Beams.—La Société Pavin de Lafarge consider that the building in of beams
is always more or less perfect, and that the adherence of the mortar causes even a
freely supported beam to be partially built in. They use a double reinforcement
tied together by transverse reinforcements, as shown in Fig. 154.
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Floors.—The floors of this system are usually double, i.e. with floor and ceiling
glabs, the beams being hidden (Fig. 155), the ceiling slabs and beams being con-
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structed in situ, and the floor slab made on the ground and placed in position
when the beams have been brought up to the level of its underside. The reinforce-
ment of the slabs is composed of longitudinal and transverse rods.

Carrelage
[=—]

rond coulé avec Jes poutres sur coffrage plan
Fi1c. 165

Columns.—The columns are generally made of square section, and are reinforced
with four vertical rods with wire cross-ties at frequent intervals. These are sup-
ported on reinforced foundation blocks, to which they are united.

Figs. 166 and 157 show the details of a lock house constructed on this system
at Lyons by the Canal Company.

Fig. 156 shows sections of one of the columns at the foundation and at the
level of the floor, the bottom view being on a larger scale than the top.
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Fig. 157 gives a section of one of the beams with its floor and ceiling slabs and
the network of the ceiling slab. The floor network is very similar, excepting that
the longitudinal rods are nearer together and the transverse rods farther apart, the
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REINFOROEMENT OF THE BEAMS.
* F1c. 157

diameter of the transverse rods being double that of the longitudinals. The bottom
view shows a longitudinal section of the floor and beam and a cross-section of the
reinforcement.

Pipes, Sewers, Conduits and Reservoirs.—The pipes and sewers of this system
are reinforced with longitudinal rods, round which aspiral circular reinforcement
is wound if the section of the iron permits. W hen the circular reinforcement cannot
be wound spirally, it is formed by a series of hoops placed at equal distances apart.

The lengths of piping thus constructed vary from 3:28 to 6:56 feet, according
to the diameter of the
pipe. The lengths are
connected in the trench
by collars of reinforced
concrete and special ex-
pansion joints, as ex-
plained (p. 200).

Fig. 158 shows a
longitudinal and trans-
verse section of a pipe,
and Fig. 159 an elevation
and longitudinaland trans-
verse sections of a horse-
shoe shaped conduit.

Fie. 158
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MM. Pavin de Lafarge have also constructed bridged conduits supported on piers,
of the type shown in Fig. 160. The aqueduct shown in the figure had a centre span
of 2624 feet, and side spans of 13-12 fect, the depth and width inside being 2:62 and

2-30 feet respectively. The tops of the side walls were connected in places by cross-
ties of reinforced concrete, as shown.

The circular reservoirs constructed on this system are formed, as shown (Fig. 161),
if of large diameter, and are reinforced with flat or channel bars, placed vertically
and in the form of hoops, spaced further and further
apart from bottom to top. This skeleton is secured
( _ together by a few bolts. Between these bars a trellis
—— work of vertical and circular round rods is placed.

— __ _—1— ] If the reservoir is covered, the vertical bars and
— — rods are bent over to form the radial reinforcement of
- = 37 the roof. These terminate by being attached to an
070 iron plate at the centre.

— =2/ 0_| ] Circular wine tanks holding from 2,200 to 3,300
gallons are constructed in the same way, excepting
that the hoops are placed at equal distances apart, and
the roof has only a single span.

The main hoops are calculated to resist half the
pressure, and the secondary hoops of round iron to resist the other half.

The area of the reinforcements in the domed roofs is calculated by M.
Godard’s formulae, which are as follows :—If 2W is the total load supported
by the walls, 2¢ the central angle, v the rise, R the half span, Q the total hori-
zontal thrust in a radial direction, and P the total tangential thrust on a vertical
section—

Fi1c. 160

_2WR
— 3
P=W Sin ¢ +Q Cos ¢.
And if a hoop is placed at the springing to support the total thrust of the dome,

the tension in this ring is T ===

Arches.—For small arches not exceeding 30 to 45 feet span, MM. Pavin de
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Lafarge employ a single network and use M. Godard’s formulae. Employing the
same symbols as those for domes, excepting that Q in this case is the horizontal

g 2\

F1a. 161

thrust and P the tangential thrust both per lineal metre—

WR
Q= v and
P=W Sin ¢ 4+Q Cos ¢
the value found for P gives the sectional area of metal required per metre width of
the arch.
97 H




REINFORCED CONCRETE

M. Piketty

M. Piketty is so far original in that he has never instituted a system. He con-
siders that the varying circumstances all require special treatment, and adapts his
reinforcements to the exigencies of each case.

M. Piketty considers that a double reinforcement is absolutely indispensable
in every case, mainly for the reason that it is impossible to tell whether the building
in is perfect or only partial, also for an attachment for the transverse reinforcements,
for increasing the compressive resistance and for the resistance of secondary tensile
stresses which may be induced by permanent deformations of the concrete.

The beam of reinforced concrete, according to M. Piketty, must be considered
as two layers, one represented by the tensile reinforcement, and the other by the
portion of the concrete in compression. He believes that it is not sufficient to rely
upon the concrete only to unite these two layers, as its resistance to shearing is
comparatively small. It is therefore necessary to insert transverse reinforcements
in the vertical plane, and for a perfect connexion these must be securely attached
to an upper longitudinal reinforcement, on account of the elevated position of the
neutral axis which causes the depth of the beam under compression to be small.
He is also of the opinion that for rectangular beams the concrete is insufficient to
resist the compressive stresses, and consequently that a symmetrical reinforcement
should be employed. When, however, the beam is of the T-form and the floor slab
aids in resisting the compressive stresses, the upper longitudinal reinforcement
may be greatly reduced.

M. Piketty prefers round rods to flat bars or hoop iron for reinforcements, as
the flats separate the concrete for a greater width. The transverse reinforcements
should, according to M. Piketty, be able to resist the tensile stress caused by shear-
ing. He therefore places them at an angle of 30° near the supports where the shear-
ing force is greatest, while towards the centre, where it is greatly reduced and under
rolling loads may induce tensile stress in either direction. he places them vertically.
This disposition is shown in Fig. 162, the transverse reinforcements being inclined
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at an angle of 30° to the vertical near the supports, and approaching the verticals
gradually as the centre of the span is approached.

When M. Piketty foresees the existence of shearing stress of considerable magni-
tude he adopts a different method, and places vertical transverse reinforcements
throughout the whole span, and also over the supports, to which he adds in the neigh-
bourhood of the supports inclined rods of larger section than that of the vertical
reinforcements, placing them at an angle of 30° to the horizontal. These he secures
firmly to the longitudinal rods, as shown (Fig. 163).

The inclined transverse reinforcements are firmly secured to the bottom longi-
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tudinals, either by being looped behind a ring shrunk or clamped on to the longi-
tudinal, or by being held in a small notch cut in the underside.

M. Piketty, in his calculations, neglects the tensile resistance of the concrete,
and considers the stress strain curve of the concrete in compression as a straight
line. He further takes into consideration the different values of the coefficient of

z—
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elasticity of the two materials. M. Piketty has constructed reservoirs and arched
and straight bridges, besides floors, with their supporting columns. He has also
constructed with reinforced brickwork and masonry.

Rabitz System.

Herr Rabitz, of Berlin, uses ordinary galvanized wire networks for the purpose
of reinforcement. These have either diamond or hexagonal shaped meshes, and
are provided in rolls about 3} feet wide.

Floors are of the double type, and are either formed of reinforced floor and
ceiling slabs, or more generally the ceiling slab only is formed of plaster on the wire
mesh, the floor being of the ordinary construction.

The air space between the ceiling and floor forms a protection against fire, and
as an extra precaution the ceiling slab is generally covered with a layer of cinders.

The wire mesh is stretched tightly across the span and attached to beams of
timber or rolled joists, the ceiling slab being frequently further supported by inter-
mediate suspension rods.

The thickness of the ceiling slabs varies between 079 and 1-18 inches.

Partition walls are formed of plaster on the galvanized network, which is stiff-
ened along its edges with rods 0-39 inches diameter, and stretched tightly, being
attached between pairs of angle irons back to back. These angle irons are secured
by hooks or screws to uprights of iron or timber forming the framework.

For long partitions intermediate stiffeners of rods, or angle irons back to back,
are employed and also diagonal rods.

The thickness of the partitions is usually about 2 inches.

Double partitions are also constructed of two single thicknesses of 1'18 inches,
and a space of 2 inches, the bays being framed with timbers having grooves in
which rods of 0-31 inches diameter are placed, the networks being attached to these.
Sometimes the bays are framed with iron to which the networks are fixed by hooks.
When the partitions abut against masonry walls the galvanized mesh is attached
to pieces of timber dovetailed into the masonry.

Outer walls are constructed in a similar manner to that described for partition
walls.

A speciality of this system is the protection of slopes to reservoirs and water chan-
nels by reinforced slabs, a form of construction introduced by Herr Rabitz in 1898.
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Ransome System

This system, invented by Mr. E. G. Ransome, was one of the first to be intro-
duced in America, and is largely used in the United States at the present day.

The reinforcing bars are of square section, and are twisted cold, with a varying
number of twists per lineal yard. This treatment greatly increases the ultimate
strength and elastic limit, and prevents any tendency of the reinforcements to
sliding. The system is employed for complete buildings, and also for straight and
arched bridges.

The beams and floor slabs are constructed together and are frequently very
similar to those of the Hennebique system, except that square twisted bars are
used for the reinforcements in the vertical plane. A special arrangement for
a floor with exposed beams is shown in Fig. 164. The bays are generally square,

Fia. 164

and the beams, both longitudinal and transverse, have the same depth,and are
usually reinforced with one twisted steel bar along the bottom. The floor slabs
are reinforced with a series of bars near the under surface, with a few cross-bars
spaced some distance apart.

Fig. 165 shows a floor with a ceiling supported from the bottoms of the beams,
and Fig. 166 the method for attaching the timbers to which the ceiling laths are
nailed. Floors with longitudinal and cross beams of the ordinary form, the bays
being rectangular, are also employed.

Fi1a. 165
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The walls and columns on the Ransome system are reinforced with vertical
twisted steel bars.

Foundation blocks are reinforced by bars crossing at right angles and diagonally.

Arched bridges are reinforced with one series of bars near the intrados, and these
are united where lengthening is necessary with sleeves which screw on to the twists
of the bars. The Aberthaw pavement lights, reinforced with Ransome bars, are
being largely employed. A description of these will be found (p. 495). Many very
fine buildings, important bridges and tall chimney stacks have been constructed in
the United States on this system by various licensed constructors, amongst which
may be mentioned the Aberthaw Construction Company, of 8, Beacon Street,
Boston, U.S.A.; Messrs. A. Monsted and Company, Milwaukee ; the Donnelly Con-
tracting Company, Buffalo, N.Y. ; the Ransome Construction Company, Philadelphia,
Pa.; and The Ransome Concrete Company, of 26, Broadway, New York, which
is the head office of the firm.

Roebling System

The Roebling Construction Company, of 121, Liberty Street, New York, make
a special feature of fireproof floors, partitions, and columns. They have carried out
exhaustive tests on their method of construction, with very satisfactory results.

They employ rolled joists as beams, and also for columns, but sometimes form
these latter of a built-up section composed of plates and Z-bars. Both the beams
and columns are protected by concrete and a wire mesh covered with plaster.
Several methods are used in the construction of floors.

Fig. 167 is a general view of their arch construction with flat ceilings.

This consists of a wire mesh arch, stiffened by steel rods woven in, which is
sprung between the secondary floor beams, and abuts into the seat formed by the
web and lower flange of the I-beams. On this wire centreing the Portland cement
concrete is deposited.

The ceiling consists of a system of supporting rods or flat bars set on edge,
attached to the lower flanges of the secondary floor beams by a patent clip, which
sets them below the bottom flanges. Under these rods or bars, and securely laced
to them, is the Roebling standard wire lathing, with quarter-inch steel rods woven
in every 74 inches, as stiffening ribs crossing the supporting rods at right
angles. This lower mesh receives the ceiling plaster. The figure shows the con-

Fic. 167
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struction very clearly. Fig. 168 shows a section of a supporting column and of
main beam.

Sometimes the ceiling is arched, and the cost thereby reduced. When the beams

83[
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Typical Column Section.
Fic. 168

are not too far apart and no piping or wiring is required below the floor, the bearers
for the flooring are depressed, as shown (Fig. 169). The section here shows double
joists for the main beams, but, frequently, only one is used. If the beams are farther
apart, or a hollow beneath the floor and across the secondary joists is necessary,
the concrete filling is carried up to the top of the I-beams and the bearing timbers
for the floor boards run over the top flanges.

Another form of arched floor is shown (Fig. 170). Here curved T-section ribs
are used instead of the steel rods in the arch netting. The Tees are spaced two feet
apart, and held rigidly in position by means of steel spacers. Wire lathing,
with a woven-in stiffening rib is laid between the Tees and laced to them, the con-
crete being laid on this netting in the usual manner, the webs of the T-ribs being
embedded. This form of construction is used where the beams are more than 10
feet apart. In spans greater than 12 feet, and where loads greater than 500
pounds per square foot have to be supported, the tie rods are specially designedito
resist the thrust.

Special specifications for sizes of rods, etc., are issued for each type of floor.

Flat floors are constructed in much the same manner. Fig. 171 shows a general
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view of such a floor. A light iron framework spans the interval between the joists,
consisting of flat iron or steel bars set on edge and spaced 16 inches centre to cen-
tre, with a quarter turn at both ends where the bars rest on the beams. Spacers
of half oval iron are placed at suitable intervals to separate and brace the bars.

The Roebling standard wire lathing, with the quarter-inch steel stiffening rib
woven in every 7} inches, is attached to the underside of the bars, the stiffening
ribs running cross-wise under the main bars and laced to them at every intersec-
tion. Cinder concrete is deposited onthe wire lathing, which thoroughly embeds
the light framework. '

The ceiling construction is the same as that described for the arched floors

The beams and columns are treated in the same manner as those for the arch
construction.

As in the case of the arched floors, there are several types of flat construction.
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The cost is sometimes reduced by allowing the beams to show and forming the ceiling
just below the floor slab, as shown (Fig. 172).

Another form adopted for light floors of large spans is shown (Fig. 173).

The flat bars are here bent downwards two inches or more at the centre of the

span.
This type of floor is said to be more economical than any other when the joists

[ERSRER U P S——— S R
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are more than 9 to 10 feet apart centre to centre. It has been used for spans up
to 22 feet, giving every satisfaction.

If cinder concrete is used for filling over the network no bearers are required,
the floor boards being nailed to the concrete direct.

The bearers may be depressed as described for the arch construction, and
shown (Fig. 169). In this case the underside of the concrete slab is finished just
below the bottom of the beams.

Partition walls.—Messrs. Roebling form their solid partition walls of concrete
with vertical channel irons and their patent wire lathing with steel stiffening ribs,
as shown (Fig. 174). The concrete is of cinders, and will therefore receive nails ;
no furring is required, and convenient vertical spaces can be left for piping, wires,
speaking tubes, etc. The manner usually adopted for forming the door frames is
clearly shown in the section.
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Hollow parti-
tions with noconcrete
filling are also used,
the vertical channel
irons being replaced
by flat bars. The
door framing in this
case is formed in the
same manner as for
the solid partitions.

Another form of
partition is construc-
ted with only one
layer of wire lathing
with vertical channel
irons of light section,
the whole thickness
being filled with
plaster.

Outer walls. —
These are formed of
brick or stone, and
have an outer layer
of plaster on wire
lathing, supported
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internal decoration.
Arches, domes and alcoves up to 12 feet span are also constructed of the
stiffened wire lathing.

Sanders System

This system is constructed by the Amsterdamsche Fabriek von cement-ijzerwer-
ken, of 108 Wittenburgerstratt, Amsterdam. The Monier system is adopted generally
for all works ; but the beams, slabs, columns, etc., are designed according to the cal-
culations established by Herr L. A. Sanders. Herr Sanders considers that the
stress-strain curve of the concrete in compression and tension is parabolic, and
allows a certain resistance for the concrete in tension. He takes into account the re-
spective coefficients of elasticity of the materials. To simplify his calculations he
uses straight line stress strain curves, these lines cutting through the parabolic
curves 80 as to equalize the triangular and parabolic areas. Round bars are used
for all the beam and slab reinforcements. '
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The transverse shearing reinforcements usually embrace two bottom main bars,
and are hooked over those at the top.

Sometimes in floors two sets of transverse rods are used, passing along near the
bottom and top surfaces for distances covering two rods. They are then bent up or
down, as the case may be, continuing near the opposite surfaces for a similar distance,
when they are bent again, and extend in this sinuous form across the whole width
of the slab.

Many important works have been carried out by this firm, including floors,
stairs, subways, reservoirs, bridges, etc.

Siegwart System

This system is employed in France, Switzerland and Italy, mostly for floors of
small span. The Italian and German representatives are G. A. Porcheddu of
Milan and J. Gerstenecker of Munich.

The floors are said to be very cheap and are easily constructed. The various
types are shown in Fig. 175. The beams are made on a slab of cement in a shed ;
they are at the same time formed by a machine which cuts and smooths them, so
that they have a width of 9'8 inches, and the form shown section (B). After set-
ting they are conveyed to the site of the work, and placed in position against one
another, the hollow joints being filled with cement grout.

FLOORS OF HOLLOW BEAMS—SIEGWERT SYSTEM.

(a)
Plan of a Floor.

G (D)
Section of Beam. Combination of Hollow Beams and Beams with ouly the bottom
Slab Reinforced. )
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(c) (E)
Section of Reinforced Hollow Beams. Combination of Hollow Beams and Double Beams with only
the bottom Slab Reinforced.
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(r)
Floor of 23 Feet Span.

(e)
Section of Floor 23 Feet Span.

(=) (1)
Hidden Hollow Stringer dividing Visible Hollow Stringer dividing
large Bays. large Bays.
- - e [ S

(K)
Section of a Visible Hol'ow Stringer.

Fie. 175

i The plan (4 ) represents an ordinary floor, for which the beams A4 are shown, sec-
ﬁon (B); the beams P must be specially reinforced, as they support a part of the
a%l‘; they have the shape shown, section (C), being in the form of troughs, which
Te flled with concrete when in place.
In the case of very small spans light beams only are used, such as those shown,
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sections (D) and (E); their sides are thinner and they have a reinforcement only
along the bottom slab.

The plan (F) and section (G) show the arrangement adopted for a floor of 23
feet span.

As beams of this length cannot be conveniently transported, lengths of 9-48 and
13-12 feet, formed as shown A4 section (G), are employed,which are placed end to end.
The neighbouring pairs break joint with each other, and the longitudinal spaces P
are of sufficient width to form beams strong enough for the span of 23
feet. In these spaces the reinforcing rods are placed, after which the troughs are
filled in with concrete in well rammed layers, in the same manner as ordinary beams.

The plans (H) and (I) and sections (J) and (K) show the method adopted when
the span exceeds about 26 feet; the floor is then divided into two bays by
trough-shaped beams or stringers, which support the hollow beams of the usual form.
The stringers rest on columns, and may be made 8o as not to show, as in section (J),
or projecting below the floor as in section (K).

These floors cost between 73d. and 1s. 1d. per square foot, according to the
span and load. They have the advantage of doing away with the necessity -of
falsework, and also may be brought into use very soon after being constructed,
excepting in the case shown in section (@) and plan (F), where the concrete forming
the beam must be given time to thoroughly set.

Stolte System

This system, which is constructed by the firm of Deutscher Cementbau-Gesell-
schaft Paul Stolte, of Berlin, consists of reinforced hollow blocks moulded in advance,
of which floors are constructed having spans up to 8:20 feet. These blocks are
9-84 inches wide and from 3-15 to 3:94 inches deep, and have longitudinal hollow
spaces, between which upright flat bars are embedded, as shown (Fig. 176).

F1c. 176

The blocks are laid across between rolled joists, which form the beams for the
floor, no scaffolding being required. The joints between the blocks are made with
cement mortar. Timber beams are sometimes used instead of rolled joists for sup-
porting the slabs. The blocks are laid either on the top or bottom flanges when
rolled joists are used.

The Thacher System

This system is used for arched bridges. The reinforcement is formed of a double
series of flat bars rolled with projections like rivet-heads or of rods flattened out
alternately in planes at right angles to one another.  One series of these are
placed near the intrados, and the other near the extrados, of the arch. The object
of the projections on the bars is to prevent any tendency of slipping through the
concrete.

This system is constructed by the Concrete-Steel Engineering Company,
Park Row Buildings, New York.
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De Valliére System

M. E. de Valliére, having constructed in reinforced concrete for some years,
has lately introduced a system of his own, which is constructed by the firm of de
Valliére, Simon and C*, Place de la Cathédrale, Lausanne.

The chief difference to other systems is in the transverse reinforcements, which
are formed in long lengths, bent up and down. The main rods are passed through

Fic. 177

these, and they are then pulled out to any spacing that may be required. Fig. 177

shows this arrangement.
The floor slabs are reinforced with a series of rods along the bottom, running
across from beam to beam ;

1’_ 7 TG 4 " these are held to the upper
S FRLLS RAA Rem g surface of the concrete by

A transverse reinforcement, as
a Fie. 178 shown (Fig. 178).
Freely supported beams are reinforced only along the bottom, but if built in
bent-up rods are added, either one or more being used in each set.
Fig. 179 shows a beam with one rod, and the disposition of the transverse

reinforcements.
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Figs. 180 are similar views of a beam with three rods. The construction is mono-
lithic, and the beams are designed as of T-section.

The methods of calculation employed by M. de Valliére are those recommended
by Professor Ritter, of Zurich [p. 360]. Steel only is
used for the reinforcements. This firm have constructed
reservoirs, gasometer tanks, aqueducts and bridges, as well
as floors and covers to reservoirs. The largest covered
reservoirs as yet constructed were two for the town of
Cully, having each a capacity of 441,500 gallons.

Fig. 181 shows the section of a bridge for a pipe of
19-7 inches diameter, carrying water from the high
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country to Lausanne, across the Bay of Clarens. This bridge consists of 4 spans,
one of which is 52} feet. The whole length of the bridge is 137-4 feet, the
width being 4'92 feet. The figure is a cross-section of the 523-foot span.

Visintini System.
This form of construction has been recently brought out by M. Fray Visintini,
of 12, Gartenstrasse, Ziirich. All the portions of a structure in this system are

\
¥

{

Fic. 182

made in advance. The floors or roofs are formed of a series of pieces of lattice con-
struction, as shown in Fig. 182, laid side by side, with the joints run in with grout
—these constitute the whole floors when the spans are small, but, when large
spans are necessary, intermediate beams of a similar lattice type are employed on
which the floor pieces are laid. The roof pieces are sloped down at the eaves
and have narrow vertical ribs along the edges throughout their whole length,
which raise the joints slightly above the general level. The use of the lattice form
enables a considerable saving in weight to be obtained, the concrete which is elimin-
ated between the latticings being considered as serving no useful purpose. The
latticings sloping towards the centre have reinforcing bars embedded in them, these
bars being hooked round the main upper and lower rods, but the latticings sloping
towards the supports are not reinforced since they will act only in compression.

Figs. 183 show the construction of columns on this system. These support sills

Fic. 183 Fic. 184

of lattice construction usually of a similar form as the floor pieces and beams, but
in these the latticings near the centre are all reinforced. Sometimes the sills have
latticings similar to those of the columns.

Fig. 184 shows the method adopted for the construction of stairways, the
risers being built into the wall either at one or both ends. The wires forming
stirrups of the risers are continued to form the reinforcements of the treads.

For wall construction a series of the columns are placed side by side.
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Besides the advantages pertaining generally to the moulding of the parts in
advance, this system has a special advantage due to the form of the pieces which
lends itself to the attachment of the lifting gear, and the handling while setting in
position.

The disadvantages are those obtaining in all pieces moulded in advance, when
compared to monolithic construction, in which the separate parts can be thoroughly
tied together as they are brought up.

This system besides being employed for buildings is also well adapted for the
construction of light footbridges. For floor spans between 6-56 and 19-78 feet to bear
a load of 51 pounds per square foot. The width of the floor pieces is generally 8
inches and their depth varies as a rule between 6 and 8} inches. The upper slab
of the piece has a thickness of from 1 to 1-38 inches, the lower slab from 1 to
1-8 inches, and the latticing from 0-60 to 0-80 inches. The diameter of the
upper and lattice rods is usually —0-157 inches, while the bottom rods vary from
0-275 to 0-67 inches.

The proportions used for the mortar of which the pieces are constructed is 1 of
cement to 3 of sand.

The system is represented in England by Mr. C. H. Reynolds, A M.I.C.E.,
AM.I.M.E,, Clevelands, Manor Road, Teddington.

Walser-Gérard System

This system originated in Switzerland, but has recently been employed largely
in Italy by M. Maciachini, who took up the Italian patents.

Beams and Floors.—The beams have always a double reinforcement, generally
unsymmetrical. The number of top rods is always one in excess of those at the bot-
tom in order that the transverse wire reinforcement may be bent round both series
as shown (Fig. 185). The lower rods of the secondary beams pass over those of the
main beams. For light loads only one rod is placed at the bottom, and two at the
top, while when the main beams require
special strength two series of rods are used
in the bottom, the longitudinal reinforce-
ments of the secondary beams passing be-
tween them.

The floor slab is usually reinforced with
rods perpendicular to the direction of the
beams; passing urder their upper reinforce-
ments. These are not shown in Fig. 185.

Occasionally the upper rod is added to RREANOREN
the floor reinforcement, only extending a Fro. 185
short distance on each side of the beam. In this case the floor rods and the ends
of the stirrups are tied together with wire wrapping.

When the beams are heavily loaded, the transverse

] reinforcements are placed as shown (Figs. 186, 187), the

centre stirrup being inclined in order to better resist the
shearing stresses.

Fic. 186 Fic. 187
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If the reinforcements of the floor slab run parallel to the beams, short rods
are placed across below the upper beam reinforcements, and rest on the neighbouring
floor rods. It will be seen that in this system all the reinforcements are excellently
arranged so as to give mutual support.

The Williams System

This system has been recently patented by Mr. A. E. Williams, AM.I.C.E.,
AMIM.E,, of Dagenham Docks, Essex.

Mr. Williams has for some time taken considerable interest in reinforced con-
crete construction, having added to the wharfage at Dagenham Docks by the
erection of a reinforced concrete jetty of considerable magnitude. This jetty and
an engine and boiler-house were constructed in 1901 on the Hennebique system.
Mr. Williams’ system is particularly adapted to the construction of foundations
and jetties, although it can be used for complete buildings, and other general work.

The pile on the Williams system is reinforced with a rolled joist, the point
being formed by cutting away the web for a short distance and forging the flanges to
a point. A pile shoe of the ordinary form may be used, but this is sometimes
omitted. The concrete is further strengthened by means of flat steel hoops placed
fairly close together.

When bending is to be feared, the simple rolled joists does not give sufficient
stiffness in the direction normal to the web, and consequently Mr. Williams adds
two flat steel bars, one on either side, as shown (Fig. 188). These are attached to the
web at the ends, and bent out in the form of a truss, or may be curved if desired.
Several holes are drilled through the web of the joists, and tubes placed through
them to form holes in the pile for use in transport or pitching. These piles, 14 by
14 inches, can be sold at 4s. per cubic foot. The capping to the piles when used
as a foundation to support a decking or other superstructure are frequently reinforced
with single rolled joists, the connexions with the piles being made as shown (Figs.
189, 190, 191).

Fig. 189 s a sectional plan showing the junction between a pile and cross-capping.
After driving, the top of the pile is broken away for some distance, exposing the top
of the rolled joist. The rolled joists of the capping are then placed in position, leaving
a slight clearance between their ends and the flanges of the pile reinforcement.
Flat bars, as shown, are next put in and bent at their ends to obtain a good hold in
the concrete. These are secured to the capping joists by round rods (b), which
are passed through holes in the webs of the joists and through the flat bars. The
whole combination is then embedded in concrete.

Figs. 190 and 191 show a further method of forming the connexion between the
capping and the piles when the sills only run in one direction. Fig. 190 is a longi-
tudinal section and Fig. 191 a cross-section of the capping.

In this case the concrete of the pile is broken away exposing a short length
of the joist, the top of which has been machined true before being put in place.

The rolled joists forming the reinforcement to the capping are placed bearing
on the machined surface, and two straps of flat iron are placed over them, one on
each side of the pile reinforcement as shown, The concrete is then filled in, tying
the whole together.

Figs. 190 and 191 also show the reinforcement adopted by Mr. Williams for
his deckings and floors.

113 I




Fic. 189



SYSTEMS EMPLOYED

The main bars are formed of small rolled joists, and the transverse reinforce-
ments of flat bars bent over and under the joists, as shown.

An arrangement for beams and sills of long span is shown in Fig. 192. Here,
instead of a single rolled joist, a built-up reinforcement is used, formed of straight
angle irons or other sections along the top and bottom, connected by two pair of
inclined ties of flat bars on edge, or other suitable section, which are riveted or
bolted to them. Further bars are added along the top and bottom of the beam
from the terminations of the inclined bars,as shown at (v). These are connected
to the other reinforcements by the same bolts or rivets which secure the inclined
and main bars together.

A spirally wound hooping of wire about 0-20 inches diameter, with a pitch of
about 3 inches, is sometimes added, as shown at the left end of the beam. These
would of course extend throughout the whole length.

Fig. 193 shows a beam in which there are more than one set of inclined bars
on each side of the centre. The hooping which is sometimes added is shown at the
centre in this figure, but would of course extend throughout the whole length of the
beam.

The columns on this system would be reinforced in the same manner as the
piles.
Mr. Williams has carried out an interesting series of tests on beams reinforced
on the several methods (shown in Figs. 192 and 193), and also with no inclined ties,
but only the wire hooping. For these tests he used small rolled joists for the rein-
forcing sections. The results show that the beams reinforced with longitudinal and
inclined joists with a hooping of 0:-20inch diameter wire with a pitch of 3 inches
have considerably the greatest resistance.

The form of reinforcement which comes next to this in efficiency is that of the
longitudinals with inclined ties, but without the hooping, and the least efficient
method appears to be that using longitudinals with wire hooping, but with no in-
clined ties.

The difference between the two last methods is not as great as would be expected
if ordinary transverse reinforcements, placed comparatively far apart, had been used
instead of the hoops, clearly indicating the advantages of hooping. This advantage
would be the greater, since symmetrical upper and lower reinforcements were used,
as it would enable the concrete to follow the deformation of the metal on the com-
pression side, as will be explained later.

This is exactly what would be expected, and it is further interesting to note
that in the later case the failure showed distinct signs of shearing,whereas with both
the beams with the inclined bars there was no indi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>