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PREFACE.

THE object of this book is to present in a simple manner
those well-established principles of concreting which practice
has shown applicable to the manufacture of concrete blocks for
building hollow walls.

The theoretical and technical questions which arise in connec-
tion with the industry are only considered in so far as benefit may
result to the operator in the actual manufacture of blocks and
their use in construction.

The conclusions which have been reached are the result not
only of the author’s experience in actual work, but of a careful
consideration of the successes and failures of a large number
of operators throughout a series of years, supplemented by a
careful weighing of the many articles bearing on particular
phases of the subject which have been published in cement,
engineering, and building magazines.

To many it will appear that this book is unduly critical.
For this no apology is offered: As the industry grows much of
the evil herein criticised will pass away, and it is hoped that this
work may, in some measure, aid in giving to the weaknesses
of the industry that prominence which can alone secure their
eradication, to the end that concrete blocks may universally
attain that high regard now accorded in localities where they

are manufactured by really able hands.



vi PREFACE.

As no allusion to patents is made in the text, the author deems
it but fair to here state that very many of the designs
and machines shown are protected by letters patent.

To those manufacturers whose ready cooperation has been
both a powerful stimulus and a substantial aid in the production
of this work grateful acknowledgment is rendered. To those
who have so generously furnished illustrations of the machines
they make, and of the buildings, blocks, and special members
produced in machines or molds of their manufacture, the author’s
thanks are due. This list is as follows: The Winget Concrete
Machine Co., Columbus, Ohio, Figs. 11 and 18; The Cement s
Working Machinery Co., Detroit, Michigan, Fig. 44; Kells’
Foundry and Machine Co., Adrian, Michigan, Fig#5; Miracle
Pressed Stone Co., Minneapolis, Figs. 10, 13, 38, and 39; H. S.
Palmer Hollow Concrete Building Block Co., Washington, D. C.,
Figs. 3, 14, and 15; J. B. Prescott & Son, Webster, Massa-
chusetts, Fig. 40; White Cement Machinery Co., ]ackson,’/
Michigan, Fig. 43; The Hayden Automatic Block Machine
Co., Columbus, Ohio, Figs. 17 and 34; Contractors’ Supply and
Equipment Co., Chicago, Fig. 1; Municipal Engineering tnd
Contracting Co., Chicago, Fig. 2; Ideal Concrete Machinery »~
Co., South Bend, Indiana, Figs. 28, 30, 31, and 35; Simpson
Cement Mold Co., Columbus/ Ohio, Fig. 45; The American
Hydraulic Stone Co., Denver, Colorado, Figs. 6, 7, 8, 9, 12, 19,
21, 23, 24, 25, 27, 29, 32, 33, 36, and 37; The Pettyjohn Co.,
Terre Haute, Indiana, Figs. 16, 22, and 26; Concrete Block
Machine Co., Auburn, Indiana; Fig. 4; Century Cement Machine*”
Co., Rochester, New York, Figs. 41 and 42; Chase Foundry and
Manufacturing Co., Columbus, Ohio‘,/ Fig. 20. The f{rontis-

_ piece is presented by courtesy of The Cement Age, New York.

HarMoN HowArD RICE.
DENVER, Coro., March 1906.
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CONCRETE-BLOCK MANUFACTURE,
PROCESSES AND MACHINES.

CHAPTER 1.

CONCRETE.

ONE of the greatest difficulties encountered in the introduc-
tion of concrete blocks has been ignorance of the character of
concrete, its ingredients, its qualities, its uses, and its limita-
tions. It is scarcely necessary to dwell upon the importance
of this knowledge to those in any manner interested in concrete
blocks.

Concrete may well be defined as a hard, stone-like mass
resulting from the mixture of aggregates of various nature and
size with a cementitious substance possessing sufficient hydrau-
licity to become thoroughly indurated by the addition of water.
It will therefore appear that there is a wide range of variance
as to the bonding material, as to the aggregate, as to propor-
tions and manipulation of the mass, as to methods of conden-
sation and curing, and as to form, size, and shape of the result-
ing construction.

In modern practice in the United States, concrete has been
limited to the use of various aggregates with hydraulic cements;
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and the aggregates have usually been limited to such materials
as sand, gravel, stone, or cinders. In ordinary concrete-block
work, this limitation is carried still further, especially as pro-
hibiting the use of other than Portland cements.

The general theory of concrete involves the thorough coating
of the larger particles of the aggregate with sand and cement
mortar, and the coating of the smaller particles with neat cement
paste, so that all are thoroughly bonded together by the crystals
formed in course of the chemical action resulting from hydration
of the cement. It is therefore apparent that cement is the vital
element in the production of concrete; that the quantity of water
and the time and method of its application are of importance;
and that the qualities of the concrete are largely governed by
the character of the aggregate and by its quantity as related
to the cement, and also by the relative quantities of the different
sizes and kinds of aggregate as related to each other. The
mechanical factors of manipulation in mixing, of methods of
depositing and compacting, and of maintaining proper con-
ditions to secure thorough crystallization in the final set, are
not of less value.

The multitudinous uses of concrete have developed from
its plasticity, and the consequent ease with which it assumes
any desired form. It would be somewhat aside from the intent
of this work to speak of the uses of concrete outside of walls
and the construction of buildings, especially as these afford ample
proof of its adaptability, it being now generally utilized, either
plain or reinforced, for every member of high-class construction.

" From the dams, reservoirs, and retaining-walls of railroad
and government engineers it was an easy step to monolithic
building construction, and it is to its success that the develop-
ment of block construction is due. The major portion of the
expense, in connection with plain concrete walls built in place,
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lies in the construction of forms and the handling of the con-
crete, while the difficulties attendant upon securing a satisfac-
tory surface have led to the use of veneering for structures of
the better class. To obviate these difficulties, concrete blocks
were brought forth, which might be constructed in factories
equipped with suitably designed molds and appliances for manu-
facture under conditions calculated to secure the best results
by adherence to the demands arising from the inherent qualities
of concrete in plastic form. Thus the abnormal expense inci-
dent upon the labor of taking down and resetting forms, and
of depositing the concrete, is eliminated, and in its place is the
small labor cost of a well-equipped and thoroughly systematized
factory, while the compacting of the mass is greatly facilitated
and the important item of curing, entirely absent in monolithic
work, is a matter of easy accomplishment. Block manufacture
also opens an illimitable field in decorative art,.and the fact
that it has thus far fallen into incompetent hands does not di-
minish the ultimate advantage.

The greatest relative advantage of concrete blocks lies in
the use of shapes resulting in hollow walls; and it may hereafter
be understood that any reference to concrete blocks, not other-
wise specifically qualified, shall be taken to mean either blocks
containing one or more hollow spaces or blocks of such shape
that their combination in a wall will produce holiow spaces
therein.



CHAPTER 11

CEMENT.

THE history of hydraulic cements is a matter of great an-
tiquity, as some combination of materials properly classed under
this heading was evidently known to the ancient Egyptians, and
employed by them in the massive structures testifying to their
genius in structural engineering.

It is, however, more customary to date the discovery of the
principle of hydraulic cements from the time that the Romans
mixed puzzolana with lime, and demonstrated that a mixture
of burned clay and lime resulted in a material which would
crystallize, or set, upon the application of water. This fact is
so well authenticated that when, after a lapse of centuries, Mr.
James Parker discovered in the Isle of Sheppey natural materials
of composition suitable for the production of hydraulic cement,
that cement came to be called Parker’s or Roman cement. The
development of the Portland cement industry followed as the
attention of engineers was drawn to its possibilities, and as chem-
ists discovered the requisite constituents and the natural mate-
rials in which those elements occur in form most available for
cement manufacture.

Puzzolan cement derives its name from the ancient cement
of the Romans. It properly includes cement made by grinding
together, without subsequent calcination, a mixture of hydrated
lime and such other material as slag, burned clay, or trass obtained
from volcanic tufa. In American practice, however, the ingre-

dients of Puzzolan cement are limited to hydrated lime and
4
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granulated blast-furnace slag. It is no longer called slag
cement,” for the reason that, in the manufacture of certain brands
of true Portland cement, furnace-slag is used as a hydraulic base.
The point to be borne in mind in reference to Puzzolan-cement
manufacture is that the materials are not calcined after mixing.
They are, however, ground to extreme fineness, and, as the lime
is prehydrated, but little water is required in mixing concrete.
Puzzolan cement is of a light-lilac color, of a lower specific gravity
than Portland, and the presence of sulphides produces a green
color in the fracture of a pat which has been long under water.
While its tensile strength may approximate that of Portland,
its strength under compression is much less. It is not suitable
for any use in dry places or above ground, as oxidation results
in cracks and disintegration; and it is therefore evident that,
for the ordinary service demanded of concrete blocks, it is mani-
festly unfit.

Natural cement is, as its name implies, produced from natu-
ral cement rock found in various sections of the United States,
and is the same as the Roman cement of England. The analyses
of cement rock vary greatly in different localities, and even in
adjoining sections in the same district. In some cases it approxi-
mates rather closely the requirements of the raw materials for
Portland-cement manufacture, while in some factories two or
more kinds of rock are mixed, but without that definite chemical
analysis obtaining in the manufacture of Portland. The process
of manufacturing natural cement does not involve so high a
temperature in the kiln as in the case of Portland, the calcina-
tion merely sufficing to liberate the carbonic-acid gas. Con-
sequently the clinker is more easily ground; and for this pur-
pose burr-stones were formerly universally employed, although
some factories have recently installed grinding-machinery of
similar type to that used in Portland mills. Natural cement
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is well adapted for use in the interior of heavy masonry, where
the concrete will not be subject to attrition or blows; but good
practice demands that a larger proportion be used than would
be required of Portland, and the question of determination as
between the use of the two becomes, in such cases, an economic
problem. It is apparent that it is not suited for concrete-block
work, as the severe service demanded of the blocks in general
construction, and the desirability of providing a large hollow
space by making face-sections as thin as consistent with safety,
requires a cement beyond possible criticism or doubt.

Portland cement is produced by intimately mixing or grind-
ing together definite proportions of argillaceous and calcareous
substances, usually 759 of the former and 259, of the latter,
burning this material to semifusion and grinding the resultant
clinker to an impalpable powder. The features which distinguish
Portland cement from all other cements are the intense heat
at which the pulverized raw materials are calcined, and the accu-
rate proportioning of the essential elements entering into its
composition. These elements are lime, silica, alumina, and
oxide of iron, and there must be in the finished product not less
than 1.7 times as much lime by weight as of the other elements
mentioned. These elements are found in various materials, and
the following classification includes all raw materials commonly

employed:
CALCAREOUS MATERIALS. ARGILLACEOUS MATERIALS.
Limestone. Cement Rock.
Marl. Clay.
Chalk. Shale.

Slag.

The raw materials were formerly ground between burr-stones,
which have been generally replaced by ball- and tube-mills,
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Griffin or Kent mills. The grinding of the materials to extreme
finencss before calcination is one of the greatest factors in suc-
cessful cement manufacture; and in this connection, as well as
in the grinding of the clinker, the Griffin mill, which operates
on a principle similar to a gyratory crusher, has been a distinct
factor in the development of the Portland-cement industry.
After grinding, the material is again sampled and chemical
analysis made. When the prescribed proportions have becn
obtained, the material is fed into a long rotary kiln, into the
lower end of which the fuel is introduced. The revolutions of
this kiln, the injection of fuel and the feeding of the charge being
under the direct control of the operator, insures a product of
such uniform excellence as could not be approached under the
burning in intermittent dome-kilns or continuous vertical kilns
formerly in vogue. Indeed, it may be said that to the rotary
kiln, more than to all else, is due the remarkable growth in the
manufacture of American Portland cements, the increase in
their quality and uniformity and the decrease in their cost. From
thesc long kilns the clinker is delivered in particles about the
size of peas; and it is a fact worthy of notice that these particles
are inert, for it accentuates the later observation that the hydrau-
licity of cement increases with fineness of grinding. By means
of grinding-machinery already mentioned, this intensely hard
clinker is reduced to the Portland cement of commerce.

The wet process formerly differed radically from the dry,
and involved the formation of slurry bricks, which were then
introduced into kilns of a style no longer in use. At the present
time, however, the difference between the two processes in the
United States only involves mixture of marl and pulverized clay
in pug-mills or edge-runners, with -subsequent grinding in wet
tube-mills, after which the process is continued as already
described.
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The extreme care exercised in the manufacture of standard
brands of American Portland cements, the large number of
factories operating in all sections of the country, the enormous
increase in production and consumption of the product and
its satisfactory use in the most important work of government
and railroad engineers, leave no room for doubt as to its adapta-
bility for the highest class of concrete-block construction, and
afford no excuse to those who refuse to abandon the prejudice
which favored European brands in the days of the infancy of
this great American industry.

Of the standard tests for cement, that of greatest importance
to the concrete-block manufacturer is the test for constancy
of volume; and it especially commends itself because requiring
no apparatus other than a glass molding-board and pieces of
glass on which the pats may remain during the period of test.
Circular pats should be formed three inches in diameter, a half
inch thick at the center and tapering toward the edge. After
remaining in thoroughly moist air for twenty-four hours, one should
be steamed for about four hours. This is called an accelerated
test, and tends to quickly develop any imperfections. It is usual
to specify that, in case of failure in the accelerated test, the cement
may be again tested twenty-eight days later, as it may withstand
this severe test when properly aged. Another pat should be
exposed in moist air, and still another immersed in water, results
being noted in the latter two cases at intervals during twenty-
eight days. If the cement be sound, it should not disintegrate,
or show expansion cracks in the edge of the pat. A slight curling
of the edge is not harmful in the air specimen, but should not
occur in one immersed in water. Shrinkage cracks on the -cen-
ter and hair cracks on the surface are commonly, in neat cement-
work, the result of careless manipulation, excess of water, or
too rapid drying, and may be disregarded in the test.




CHAPTER III.
AGGREGATE.

THE inert coarse material which, in combination with cement
and water, produces concrete is termed the aggregate, and is
divisible into fine aggregate of sand or stone screenings and
coarse aggregate of gravel, broken stone, or cinders.

The mineralogy of sand has but slight effect upon its com-
bination with cement, and the best authorities consider it of
so much less importance than the physical properties that it
may safely be passed without discussion.

The shape of grain has been carefully considered, and while
some tests appear to show as great strength in round grains as
in sharp, and while satisfactory work has been done with sand
of rounded grains, the best engineers continue to specify that
sand shall be sharp. Where local conditions admit of choice
between the two, the sharp sand should, other qualities being
equal, invariably be selected. The strength and firmness of the
grains is an item of much importance; and perhaps the best
method of choosing sand is to determine its firmness and grit
by rolling in the palm of the hand or between the fingers, mean-
while applying considerable pressure. Another excellent method
is to test the sand for absorption. This cannot be accomplished
in the manner of usual percentage tests, as the capillary attrac-
tion between grains will take up a considerable amount of water,

even though the sand be practically non-absorbent. The proper
9
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way is to let the sand soak for an hour, and then examine it in
the manner already mentioned for firmness and grit. A sand
which shows the slightest tendency to dissolve or soften under
such treatment should be discarded.

The sand should be clean, and free from foreign matter of
every kind. In general concrete work there has been a dis-
agreement among engineers as to the permissibility of a certain
percentage of loam or clay, and some have claimed that it increased
the strength of the concrete. A careful consideration of such
reports, supplemented by exhaustive tests, has established the
fact that such reported increase in strength only obtains in lean
concrete of porous texture in which the voids are not properly
filled, and that, in every case of reasonably rich concrete of such
density as required in concrete blocks, strength.is lost by such
admixture. The object of this work is to raise the quality of
concrete blocks in every possible manner, and it is therefore
recommended to every concrete-block maker that sand, which
in its natural condition contains any foreign matter, be washed
until the water is no longer discolored.

The most important consideration in connection with the
selection of sand is the size and gradation of sizes. In this
respect the inexperienced block-maker often commits grave
error by the selection of fine sand, erroneously supposing that
it contains a smaller percentage of voids, and hence hoping to
obtain greater strength by use of stated proportions. As a mat-
ter of fact, the percentage of solids in a perfectly dry mixture
of fine and coarse sand, both shaken to refusal, is approximately
the same, and any difference is due merely to shape of grain;
but, upon the addition of water, the volume of the fine sand
increases in greater ratio than the coarse, because there are
more grains between which the water is introduced, and there-
fore a fine sand becomes distinctly more porous than a coarse




AGGREGATE. It

sand. Inthe same manner it will be seen that, by mixing cement-
paste with sand until every grain is thoroughly coated, a much
greater proportion will be required for fine sand than for coarse.
The best results are obtained by mixing coarse and fine sand
in such sizes and proportions that the finer grains tend toward
filling the voids in the coarse sand, thus securing a maximum
density with a minimum quantity of cement.

It has been stated by eminent authorities that crusher screen-
ings give greater strength than natural sand, and tests have
generally shown results in accordance with this statement where
the stone from which the screenings came was of proper texture.
This doubtless results from the variation in the size of screen-
ings, which are not nearly so uniform in size as are the grains
of the average natural sand, and thus the screenings accom-
plish to a certain extent the same result obtained by a careful
mixing of graded sand. _

For the coarse material of the aggregate, gravel is commonly
used where locally obtainable at a reasonable price. It should
run in size from a quarter inch to as large pieces as can be con-
veniently accommodated in the block mold. Usually from
4" to 1”7 should be the maximum for concrete-block manu-
facture, and the principles of gradation already stated for sand
must be observed in the use of gravel. A great deal of time
has been spent in discussing the relative merits of gravel and
broken stone, and tests appear to show greater strength on short-
time tests of stone concrete than of gravel concrete, while tests
extending over long periods of time show little difference. It is
questionable whether the results of such tests may not be influ-
enced by considerations other than the mere use of gravel or
stone, such as the relative sizes of aggregate or hardness of the
stone used. '

It must be remembered, in employing broken stone as a
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concrete-block aggregate, that concrete will not possess strength
in excess of that of its aggregate, and hence soft sandstones or
the softer limestone formations should not be used. A hard
limestone, however, is a very desirable aggregate, and is largely
employed in general concrete work by railroad engineers. Con-
glomerate rock makes good concrete, while granite and trap-rock
are the best that can be obtained.

Cinder concrete has often resulted in failure, and, while its
light weight commends it for partition-walls, its use cannot be
generally recommended, and never in any place where its failure
would jeopardize the integrity of other members of the building.




CHAPTER 1V.

WATER.

WATER is the chemical agent which unites with the cement,
and results in that crystallization of the silicates which is-com-
monly known as the setting of the cement. Both in the initial
and final sets, there are certain scientific principles relative to
the application of water which have been abundantly demon-
strated in actual practice.

The first consideration is pure water. Neither muddy water,
stagnant water, water impregnated with alkali, nor water dis-
colored by the refuse from factories, sewers, reduction-works,
or the like, will give the best results. The matter of water, both
pure and clean, has been generally disregarded; but it is of so
great importance as to justify consideration in the location of a
plant, as well as some expense in its equipment.

The quantity, method, and time of applying water has been
grossly disregarded, and it is to the haphazard methods of using
water that much of concrete-block failure is justly chargeable,
It is impossible to overestimate the importance of using in the
mix an amount of water sufficient to reduce the cement to such
plasticity that, with reasonable manipulation, it will thoroughly
coat the particles of the aggregate. No good concrete can be
produced in any other manner; and it is a fact worthy of note
that concrete engineers have generally abandoned the dry mix-

13
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ture of bygone days, and the old specification of a ‘“ damp-earth
consistency is now universally replaced by a ‘“quaking” mix-
ture. The application of water should always be in a manner
which will not wash the cement from the aggregate; and the
quantity should not be so copious as to cause decomposition
by “ drowning ”’ of the cement, or to cause hair-cracks by flush-
ing neat cement to the surface.

Relative to the matter of curing, it may be here noted that.
concrete blocks possess a distinct advantage in the opportunity
offered of thorough induration before going into the wall. Many
feel that the hardening of a block after making is a matter requir-
ing.no thought and no skill. It is in reality the critical time
in the making of a block; and the best thought of the manufac-
turer of blocks may well be given to the details of method, time,
and quantity in relation to the application of water to the blocks
after they come from the molds, and before they leave the curing-
yard.

In winter work, the mixing-water is often heated and results
are very satisfactory, especially if the aggregate also be heated.
It is, of course, evident that the time allowed for setting of the
cement before suspension by freezing is thus greatly lengthened,
while it has been amply demonstrated that crystallization is
accelerated by the use of hot water. However, under ordinary
conditions of operating a block-machine in a closed building
where the sand-bins are sufficiently warmed by artificial heat
to drive out the frost, it is scarcely necessary to incur the extra
expense of heating water.

In freezing weather, salt is often added to the water used in
mixing concrete, and the use of a reasonable amount causes no

.loss in strength. Various formulas have been devised in the
nature of a sliding-scale based on the registered temperature,
but none of these appear to be of great practical value. All are
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based upon a certain percentage of the water by weight. It is
evident that, by the common rule of using 19, of salt for each
degree registered below 32° F., the quantity would, in zero
weather, be excessive. Tests have shown that 109, of salt is
not injurious,



CHAPTER V.

OTHER INGREDIENTS.

Various other ingredients are used by certain block-makers
in addition to those mentioned in preceding chapters. In gen-
eral, it may be said that the admixture of any other substances
should be regarded as adulterations and viewed with suspicion
until tests and actual service have demonstrated not merely
usefulness for a specified purpose, but the fact that no deleterious
action on the cement results, as well as the permanence of the
added material in relation to the life of the cement.

The use of lime in concrete blocks has of late received much
attention. It is well known that unslaked lime is eminently
unfitted for such use, as hydration greatly increases its bulk,
and hence only slaked lime has been employed. There are,
however, unslaked particles in every lime-bed, and, even though,
as in Germany, the lime be allowed to slake for months before
using, this criticism remains true to a greater or less degree. It
is evident that, with the thorough mixing of well-made con-
crete and with the subsequent saturation of the block during
the period of induration, any such particles are liable to cause
trouble by swelling, producing expansion cracks, and resulting
in possible failure of the member through disintegration.

The block-makers favoring the use of lime have therefore

adopted the slaked and sifted powder offered commercially-
16
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under the name of “ hydrated lime.” Being comparatively new
as a commercial product, it is difficult to say what may be con-
sidered as standard practice in its manufacture. There appear
to be two principal methods in use. The first consists in the
use of a hooded pan-mixer into which the lime, previously broken
in a crusher or gound in a tube-mill, is fed, and, as the mixer
revolves and the water is supplied by automatic sprayer, the
mass is thoroughly agitated by paddles, reducing the slaked lime
to powder, which is afterward screened, the screens often being
as fine as those used in cement-testing. The second process
involves the use of a rotary cylinder of design somewhat simi-
lar to the kilns used in cement manufacture, the moisture being
supplied by a perforated steam-pipe forming the axis, and the
slaked lime passing through graduated screens, so that it can-
not pass a given section of the cylinder until the required fine-
ness be attained. It is therefore evident that this thorough
process of hydration and pulverization leaves nothing to be
feared, except that the life of the lime is less than that of the
cement. Even this doubt seems unwarranted, in view of the
extreme fineness of the particles, and the fact that, although
there may be a slight chemical action between the lime and
cement, the latter hypothesis is not well established, and
lime is employed merely on account of its capacity for filling
voids. In this respect it has shown great merit, both in the
increase of water-tightness and in greater strength of lean con-
crete. It is, of course, evident that hydrated lime is of distinctly
less value in a rich and carefully graded concrete, in which the
voids are well filled, than it is in a lean and porous concrete.
In the latter it becomes, unquestionably, an agent for good, both
as to density and compressive strength, unless the ease of filling
voids by its use tempt the block-maker to carelessness in grada-
tion of aggregate, to an unwise economy in the proportion of
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cement, and to the use of an unreasonably large proportion of
slaked lime. Ordinarily the amount of cement by weight should
be at least four times that of hydrated lime.

It has been too customary in the earlier stages of the industry
for block-makers to modify the natural action and qualities of
cement by the addition of various chemicals. It may be set
down as a general rule that all such adulteration violates funda-
mental principles of good practice, for the reason that the com-
position of standard brands of American Portland cements is
determined by the most careful chemical analysis, and the for-
mulas, after the most exhaustive experimentation, have been
prepared with the object of producing cement which shall meet
the requirements of those tests specified by the American Society
of Civil Engineers and the American Society for Testing Mate-
rials. Gradually are the operators of block-machines learning
that no adulteration can secure an ultimate gain in strength, and
that the gain in ease of manipulation which may result from a
change in the normal time of setting is no adequate compensa-
tion for jeopardizing the permanent strength of an otherwise
durable building material.

Of the various benefits which have been claimed for the
addition of chemicals, perhaps water-tightness is the most com-
mon, both as to known chemicals and as to compounds of unknown
ingredients. It may be said, to the credit of a large number of
operators, that they prefer the additional labor and care necessary
to produce an impermeable block by natural methods, rather
than the easier way of securing similar results, but short-lived
blocks, by chemical admixture to a poorly graded and carelessly
manipulated mixture.

The addition of various materials for coloring purposes has
been considered, by nearly every writer upon concrete blocks
or concrete building construction in any other form, a matter
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of sufficient importance to justify a tabulated statement of sub-
stances and quantities suitable for producing different colors.
Superficial study of such tables will show a discrepancy so marked
that their worthlessness for practical purposes becomes apparent.
It is evident that any such table can only be applicable to a par-
ticular aggregate, and that a change in local materials will necessi-
tate an entire readjustment of quantities. It is particularly
noticeable that each one advocates one or more of the coloring
materials as harmless, while another author is equally sure of
deteriorating influence. The fact is that every one of these
artificial colors causes loss of strength.  To be sure, other things
than strength require consideration, and a customer may in rare
cases be willing to waive slight reduction in strength and dura-
bility to attain certain artistic color-effects. If it becomes necessary
to employ artificial colors, it is a wise course to procure them
from a reputable concern whose energies are entirely devoted
to the production of mineral colors for concrete under the most
favorable conditions. Every effort should be used to obtain
for the aggregate crushed rock of the required color, as in this
manner it is possible to produce blocks of any color which a
reasonable customer may demand, and the purity, strength,
and durability of the concrete is in no wise impaired, while the
blocks are saved from that artificial and plaster-like appearance
which too often obtains in colored work. Most operators have
not yet learned that the sensible place to regulate color is in the
selection of aggregate.



CHAPTER VL
PROPORTIONING.

By the usual method of expressing proportions in cement
work, 1:4 represents one part cement to four parts sand; while
1:2:4 represents one part cement, two parts sand or screen-
ings, and four parts gravel or broken stone.

The relative proportions requisite to secure the greatest density,
strength, and impermeability—in short, to make the best con-
crete blocks—are not the same in various localities because of
the diversity in locally available materials. It has been the
custom of most manufacturers of machines to adopt an arbitrary
standard of proportions, based upon the results of their own
tests and experiments; and, while these proportions have been
substantially correct for a particular class of materials, it by
no means follows that they are correct for other classes available
in different localities. It has often been the case that an operator,
closely following the advice of his machinery salesman, has pro-
duced very bad blocks from very good material, and has either
failed utterly or learned by experience that the conditions under
which he worked demanded a local remedy.

The importance of ascertaining correct proportions for the
particular materials in use cannot be overestimated, and all
block-makers should have the correct proportions of the mate-
rials they purpose using determined by expert tests. The expense

of such tests is really an economy, as the result is such careful
20
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gradation of the aggregate that maximum quality is secured
with a minimum quantity of cement. As many will not, however,
be able or willing to avail themselves of such expert tests, some
elementary methods of determining proportions may be helpful.

Proportioning involves primarily the use of the greatest pos-
sible quantity of as large aggregate as can readily be manipulated
in the particular type of machine in use, and the addition of a
series of smaller sizes of aggregate in quantities sufficient to fill
the spaces between the pieces of each successive larger size of
aggregate. As each piece of the aggregate must be coated with
cement-paste, or with sand and cement mortar, it is evident that
filling the spaces between pieces of large-size aggregate with
fine sand involves the use of an unnecessary amount of cement.
It is equally clear that, if the smaller aggregate be too large for
its intended purpose, or used in too great quantity, the larger
aggregate is forced apart. In either case a loss of strength or a
waste of cement results. It is clear that this gradation may be
continued indefinitely, and that any attempt to determine pro-
portions of a mixed aggregate can give no definite information
unless the aggregate be screened until each sample is within
such range of screen as to be of practically uniform size. The
matter is then resolved into determination of voids in the larger
size which may be filled by the smaller size. In practice, the
impossibility of securing an absolutely ideal mixture of mate-
rials has led to the customary addition of 5% to the determined
amount of sand or screenings, and 109 to the determined amount
of cement.

Specific gravity affords an accurate method of determining
the percentage of voids, and the consequent amount of material
required to fill them., As obtaining the specific gravity of
a particular substance requires apparatus not usually found
in a concrete-block factory, the technical part of this test may
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be dispensed with by assuming the weight of a solid and unbroken
cubic foot of sandstone to be 150 lbs., of trap-rock 180 lbs., and
other stone of intermediate weights, while sand and gravel may
be safely estimated at 165 lbs. The aggregate of which it is
desired to determine the voids should be dried to a constant
weight, and shaken to that degree of compactness which it is
expected to attain in the finished block. By subtracting the
weight of a cubic foot of the aggregate in this condition from
the weight of a solid cubic foot, as above estimated, and divid-
ing the remainder by the weight of a solid cubic foot, the result
will be the percentage of voids.

Another method commonly employed, but less accurate, is
that of pouring a measured quantity of water into the aggregate,
and determining the percentage existing between the measure
of aggregate and the mecasure of water. It is evident that if
the aggfegate be dry it will absorb a certain percentage of the
water, and if it be wet the particles are separated by water ten-
sion. Itisa speedy method where hasty determination is necessary,
but should always be considered approximate, and subject to
verification by more accurate methods.

Determination by relative volume is doubtless the most prac-
tical method of proportioning, and is of especial value when
used as a check upon the last-mentioned test. A known weight
of dry-mixed aggregate and cement in supposedly correct pro-
portions is placed in a vessel, shaken to refusal, and the height
marked. Equal weights of slightly different mixtures are then
deposited in the vessel in like manner. It is evident that the
mixture attaining the smallest volume possesses greatest density.

It must not be forgotten that all of these tests are equally
applicable to fine and coarse ingredients, and the operator is
compelled to rely on hijs own judgment as to what shall be the
maximum size used in his aggregate. This is a matter of great
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importance, as tests show conclusively that strength is greatly
augmented by admixture of coarse gravel or broken stone, while
it is not hard to see the rapid increase in density and the marked
saving in cement which result from the introduction into a fine
mixture of a considerable amount of coarser aggregate.

The customary manner of specifying proportions by volume
is inaccurate and misleading. There is a marked difference in
the volume of a given weight of cement packed and the same
weight loose. The volume of sand increases with the addition
of moisture, owing to water tension between the grains, and the
volume of fine sand increases under such conditions more rapidly
than does coarse. The relative weight and volume of gravel
and broken stone vary greatly, being lighter when the particles
are of uniform size and heavier when they are correctly graded.
Proportions should, therefore, be stated by weight in all cases
where accuracy is desired.



CHAPTER VIL
» MIXING.

THE incorporation of the various ingredients of concrete
into a homogeneous mass, the manipulation of the mass until
its constituents are uniformly distributed, and that extent of
turning and stirring necessary to secure an even percentage of
moisture throughout the whole, constitute essential factors of
success or failure in concrete-block manufacture. Indeed, in
all concrete work, mixing is a feature so essential that its neglect
entails failure, while a recognition of-its importance oftentimes
averts the failure that might be anticipated from negligence in
other branches of the process of concreting. This importance is
accentuated in concrete-block work, because the duty required
of the blocks, in proportion to the bearing area of solid mate-
rial therein, requires a uniform strength and density, which is,
in other forms of concrete work, to a certain extent overcome
by the volume of material, and the support afforded by the adja-
cent mass of material. Further than this, those peculiar quali-
ties of impermeability, uniformity of color and beauty of decora-
tion, are demanded in block work to a far greater extent than
required in the classes of construction to which monolithic work
is especially adapted. It is only by most thorough manipulation
that these qualities may be developed in satisfactory degree;
Indeed, in relation to strength, and to a certain extent in rela-
tion to the other qualities mentioned, a careful attention to mixing

24
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may serve to greatly overcome faults arising from ignorance of
other scientific principles of block-making, or from carelessness
in the application of those principles. While by no means
encouraging the use of lecan mixtures, while thoroughly cog-
nizant of the importance of correct proportioning, and while
advising the strictest adherence to other well-determined essen-
tials as outlined in other chapters, the facts must be recognized
as established by those tests which have proven that a thoroughly
mixed lean concrete, and even a thoroughly mixed ill-propor-
tioned concrete, affords results more satisfactory than a rich
and well-proportioned concrete of indifferent mixing. The rea-
son is easily found. It has already been said that the theory
of concrete involves the thorough coating of every fine particle
of the aggregate with cement-paste, and the coating of every
coarse particle of the aggregate with sand and cement mortar.
It is evident that this can be accomplished in no other way than
by most thorough mixing. It has also been said that the theory
of proportioning involves such gradation of aggregate that the
finer particles will tend to fill the voids of the succeeding larger
sizes. It is evident that nothing but mixing can attain this
desirable result, as faulty mixing will leave the various sizes of
aggregate, as well as the aggregate and the cement, each gathered
to itself, instead of becoming distributed evenly throughout the
whole. .

The order of incorporating ingredients has been considered
a matter of so great importance that it is particularly mentioned
in all standard concrete specifications, although the practice of
most cement-block makers is to disregard any particular order
and dump cement, sand, gravel, and water together indiscrimi-
nately. In hand-mixing under railroad, municipal, or govern-
ment specifications, predetermined quantities of the various
sizes of aggregate are measured in boxes having no bottom or
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top, so that when the box is filled it may be lifted from the mea-
sured material. The sack is the unit of cement measurement.
The required amount of sand is first spread on the mixing-plat-
form, which should be water-tight and, if possible, non-absorbent.
The cement is then spread to an even thickness on the sand, and
the two, by means of hoes or square-pointed shovels, are turned
together two or three times, or until of an even color, when the
water is either sprayed on the mixture from a hose-nozzle or
poured (but not dashed) into the center of the material pre-
viously thrown into the form of a ring or crater. The latter
method is considered better practice, as affording accurate mea-
surement of water. The mixture is then turned twice, the per-
centage of water being such as to form a rather wet mortar,
The gravel or broken stone, previously wet to avoid further
absorption, is then spread on the mortar and the turning con-
tinued until uniform throughout the whole. It is evident that
such careful methods secure the maximum quality possible for
hand-mixing. It has, however, been the practice of block-makers
to mix all materials dry and afterward apply the water, the latter
usually being unmeasured, and then mix until approximate uni-
formity results. While the evils of this method are partially
obviated by dry-mixing to secure uniform color before wetting,
it is obvious that the degree of homogeneity possible by obser-
vance of standard specifications cannot obtain; and it is to this
cause that weakness, porosity, permeability, and lack of uni-
formity in color are often traceable.

Hand-mixing is at best a method which should be employed
only until the business of the plant warrants the installation of
a good power-mixer, or upon special work in isolated localities
which may not justify the full plant equipment. There are
several reasons which should induce one, in equipping a plant,
to include a power-mixer. The reduction in labor is a cost item
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of great consequence, as one reason for defective hand-mixing
is the large expense for labor necessary to secure really good
results. The work done by power-mixing is not only vastly
superior to hand-work in quality, but, if batches be run for equal
periods of time, possesses the virtue of absolute uniformity.
Actual tests upon hand- and machine-mixing show a gain in
strength for the latter which fully justifies the initial outlay.

There are so many different kinds of mixers on the market
to-day that the block-maker may err greatly in selection. The
cheapest may prove most expensive on account of inefficiency,
There are two classes of mixers which cannot be recommended
for block work. The mixers operated by hand are but poor
makeshifts, which scarcely give as good results for the same
amount of labor as do square-pointed shovels. Of the power-
mixers, the continuous type is not well adapted to block work.
for two reasons. In the first place, too much depends upon
the order in which the materials are introduced into continuous
mixers, and therefore the materials must be spread in layers,
in much the same manner as described in the preliminary oper-
ations of hand-mixing; and shovelfuls of material for deposit
in the mixer must cut perpendicularly through the several layers,
so that the shovel will contain the same relative proportions as
desired in the mixed material. In the second place, the time
of mixing is mechanically determined, and the manipulation
cannot be increased even though the advantages of longer mixing
may be clearly apparent. ‘

The batch-mixers, operated by steam, gasoline engine, or
electric motor, are especially adapted to concrete-block work,
because the mixing may be continued at will, and thus any desired
degree of uniformity is dependent only upon the time that the
batch is run., Consequent upon. this advantage is that other
important consideration that the order in which the material is
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discharged is entirely independent of the order in which it enters
the mixer. Batch-mixers mix thoroughly, while the more com-

F16. 1.—Rotary Mixer.

F16. 2.—Cube Mixer.

mon forms of continuous mixers are modified conveyors, cal-
culated to effect greater or less stirring of the material as it is
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conveyed from entry to discharge. Fig. 1 shows a rotary mixer
in which deflecting blades throw the material from end to end
as the mixer revolves. Fig. 2 shows a revolving cube-mixer

‘[lBM put sydoig mo[jog—¢ *o1g

in which the shape of the mixing-box is relied upon to accom-
plish the same result without interior deflectors. Both of the
types shown have given excellent satisfaction in actual use.
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While, in using a mixer of a type similar to those illustrated,
all materials for a batch may be put in at one time and no atten-
tion given to the order in which they are introduced, yet much
better results will be obtained by running the batch dry until
it is well mixed before introducing water into the mixer, and
afterward running the batch wet as long as may be necessary.

Whether mixing be by hand or machine, it is essential that
the initial set of the cement be avoided by so regulating the size
of batch in proportion to the capacity of the block-machine that
no cement will be wet over thirty minutes.




'‘CHAPTER VIIIL

- SHAPE OF BLOCKS.

IN;“Q_b_n'sidering the many shapes of blocks now used for form-
ng hollow ‘walls, the question naturally asked is, “ Why so much
talk of hollow walls, and what are their advantages? ” In reply
it may be said that the chief advantages of hollow walls over
solid walls are four in number, viz.: Insulation against heat
and cold, saving of material, water-tightness, and ventilation.

The fact that a considerable air-space between the.face of
a wall exposed to the weather and the interior face Jargely pre-
cludes the passage of heat has been too well established to admit
of discussion. The result is, of course, that the l:obms of a build-
ing are more comfortable in summer on account of the heat
of the exterior surface not being transmitted to the interior, while
in winter the conditions are reversed and the interior surface does
not lose its artificial heat through transmission to the exterior.
It is a fact that approximately 25% of heating-bills may be
saved by properly constructed hollow concrete walls. A man who
purchased a concrete-block house during the past summer, but
who was not informed as to the real merits of this material,
recently remarked: “The furnace in that house is a remark-
ably good one; it is surprising how small a fire makes the rooms
comfortable.”” Doubtless it was a good furnace, but the reason

of the noticeable warmth from a small fire was, that the heat
31
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remained in the house instead of passing through a solid wall
and disseminating itself throughout the surrounding country.

The saving in material is an important item to the block-
maker and to his customer. In the hole in the wall lies the
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maker’s profit and the consumer’s saving. Originally blocks
were designed with from 20%, to 33% air-space, but modern
methods of proportioning, compacting, curing, and bonding
have so greatly increased the efficiency of concrete blocks in
relation to the actual amount of solid material that walls are
frequently laid with from 509, to 55% of air-space, and still pre-
serve a factor of safety which insures conservative construction.

The fact that concrete is not absolutely waterproof, and as
commonly made is not approximately so, was doubtless one of
the principal reasons for the original introduction of an air-space
in the wall, the separation of the outer and inner face being
designed to prevent water penetrating beyond the intermediate
air-chamber.

Ventilation in the sense here intended is a consideration
usually overlooked. It is, of course, well known that, by the
use of ventilators similar to the usual hot-air register, any desired
circulation of air may be established between the outer atmos-
phere and the air of a room through the vertical air-chambers
in the hollow wall. This is, however, not the thought now in
mind, but rather the gradual, unrecognizable, but nevertheless
constant, absorption, through the pores in the concrete, of the
dampness and injurious gases accumulating in every occupied
room. It is the suction of the gases and vapor by the air in the
wall that gives to block construction its great sanitary virtue,
and hence the elimination of sweating on the interior is a notice-
able feature of block construction.

In Fig. 3 is shown one of the earliest forms of hollow blocks
introduced in the United States, a form which has been used in
a very large number of buildings, a form which has been, with
slight changes, adopted by very many manufacturers of machines,
and a form which in its essential features stands for the hollow-
block construction of to-day. It will be noted that the form is
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very simple, having a transverse web at either end and two
transverse webs midway of the block, so that a half block, which
is an essential feature in all block construction, is made without
change of cores. Special attention is called to the L-shape cor-
ner-block used in connection with this form, as some of the later
types of hollow blocks eliminate this feature and merely use
regular blocks extending through at corners, with the end web
flush with the front and back of the block to form a corner return.

The block illustrated in Fig. 4 is not essentially different
from that shown in Fig. 3, the only material variance being in
the use of one intermediate web instead of two. Measured by
the number of machines producing it, this is by far the most
common type of block. There are at least twenty moulds and
machines now advertised in trade-journals for making blocks
with the three cross-sections by using two interior cores, and
the type is common to upright and face-down machines.

The single air-space block, involving the elimination of the
middle web and the use of but one interior core, is a later develop-
ment, and hence less common than the form last mentioned.
This block possesses some advantage, inasmuch as any reduc-
tion in the number and size of cross-partitions reduces the lia-
bility to penetration of moisture in case of heavy rains. It is
also more easy to tamp around one core than to tamp around
and between two or more, and hence, with the average grade
of labor employed, a more thoroughly and uniformly compacted
block will result. The releasing is also facilitated, and the danger
of tearing blocks in removing cores is somewhat lessened, while
there is a slight saving in material. This is a very simple form
for those who prefer to make their own molds of wood instead
of purchasing any of the standard machines. The author recently
inspected, in the State of Washington, a $5,000 residence, nearing
completion, in which all walls above ground-line were of this



SHAPE OF BLOCKS. 35

type of block, made in wooden molds locally manufactured. The
work was most creditable, but, in justice to those who may desire
to go and do likewise, it should be said that the company building
the house mentioned had in its employ a most expert model-
maker and a cement-worker of equal ability.

Fig. 5 represents an attempt to combine the one-piece and
the two-piece form by the use of slabs united by metal rods or

F16. 5.—Blocks consisting of Two Slabs connected by Metal Ties.

ties, the ends of which are imbedded in the outer and inner
slabs. The object is to secure a continuous air-space of uniform
size throughout the wall. This form of block has been seri-
ously criticised from an engincering standpoint, and it has been
stated that the object sought is attained at the expense of cor-
rect construction. By its advocates the fact is cited that metal
rods are extensively and satisfactorily employed in reinforced
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concrete work; while its opponents answer that, in reinforced
concrete, the iron or steel is protected from rust and corrosion
by the concrete in which it is imbedded; while, in the type of
blocks illustrated, the tie-rods are without such protection, and
therefore subject to deterioration from atmospheric action, as
well as to rust from the moisture penetrating the outer shell of
the wall. However this may be, the fact remains that at least
one Louse was built over twenty years ago from concrete slabs
tied by metal rods, and is in a good state of preservation at the
present day. While the form and method of fastening the rods
vary slightly from that illustrated in Fig. 5, substantially the
same principles are embodied in the blocks used in the house,
which has two decades to its credit. It may be merely a coin-
cidence, or it may be a fact worthy of note, that this house has
been repeatedly struck by lightning. By some it is claimed
that this is due to the attraction of the metal rods. It is, how-
ever, of greater importance to observe that the resultant damage
has in each case been so slight that repairs were easily and quickly
made.

In Fig. 6 are shown blocks of the standard two-piece type,
while Fig. 7 illustrates more plainly the method of laying in the
wall, the continuous horizontal air-space, and the method of
bonding. Two-piece walls were brought out some four years
ago with a view of overcoming some of the difficulties of manu-
facture attendant upon the making of the one-piece blocks, of
enabling the operator to follow more closely the recognized
standards of good concreting, of enabling the builder to adhere
to the principles of the best' engineering practice in wall-con- .
struction, and of affording a more thorough insulation than that
secured by one-piece blocks. Care was also taken to avoid all
of the objectionable features attendant upon efforts to construct
two walls with an intervening air-space, and this could only be
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accomplished by blocks of such shape that those forming the
outer face should bond with those forming the inner surface

F16. 6.—Two-piece Blocks and Wall.

by the overlapping of projections in alternate courses. The
immediate and continued success of the two-piece system, and .
its adoption in many structures of such size and importance ;

)

Fic. 7.—Diagram of Two-piece Wall, showing Air-space and Bond.

that it was scarcely hoped that concrete blocks would be adopted,
proves that the best architects and engineers were quick to recog-
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nize its points of superiority. The type of block shown in Fig. 6
is probably the earliest form of two-piece block to come into
extensive commercial use, as the building shown in Fig. 8 is the
earliest structure worthy of mention in which two-piece walls
were used. It is a noticeable fact that, though the earliest, this
type still maintains its supremacy, and is to-day regarded as the

F1c. 8.—Angelus Hotel, El Paso, Texas.

acme of perfection, because the lines of the block are correct
from the engineer’s and the architect’s point of view. It will be
noted that, while a modification of the T-shape, it possesses a
distinct advantage in the short reinforcing arms at either end
of the face-section. It has strength in its various parts in pro-
portion to stresses which it is called upon to withstand, and not
only breaks joints between courses, but breaks joints laterally
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in every course, thus leaving no vertical joints extending through
the wall, and giving the same result as established methods of
bonding in brick and stone work by the alternate overlapping
of long and short arms. It is in the manufacture of this block
that one of its great advantages lies. As each block has but
one face, interior cores are eliminated, and it becomes possible
to make the blocks under direct and instantaneous pressure with-
out the use of a tamper. This practice permits the use of as
large a percentage of water as may be necessary to fulfill the
requirements of standard engineering specifications for a medium
or quaking mixture, and at the same time it allows the use of
as large size aggregate as may be desired. Thus not only is a
much more thorough crystallization secured in the initial set
than is possible with a dry mixture, but far greater strength
and density are obtained than can be possible in a sand and
cement mixture. One of the most notable advantages of this
block lies in the facility with which a continuous horizontal air-
space is produced throughout the wall, as shown in Fig. 7, by
leaving open the interior vertical joints. This is entirely prac-
ticable without loss of strength, owing to the indestructible bond
in the wall. This horizontal air-space is valuable in relation
to every phase of insulation, but parﬁcularly because of its pre-
vention of the penetration of moisture by capillary attraction
and the consequent insurance of a dry interior in damp weather.
Fig. 9 shows the adaptability of two-piece blocks to mul-
tiple air-space construction by so arranging the blocks that an
interlocking bond is secured. The extension of the same prin-
ciple to include a number of members greater than three may
be utilized to build a wall of any desired thickness. Such walls
are very serviceable for any heavy construction, and are especially
designed to meet the requirements of cold-storage plants, ice-
houses, or any buildings requiring unusual insulation. .
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Fig. 10 shows a one-piece block of a pattern radically different
from those heretofore described. The idea of this block is to so
dispose the webs and hollow spaces that each web will be backed
by an air-chamber, and that no portion of the solid concrete
will extend directly from the outer face of the wall to the inner
side, the object sought being resistance to penetration of mois-

]

F1c. 9.—Interlocking Three-member Wall.

ture by rendering it impossible for capillary attraction to draw
water to the interior of a building except by a route so circuitous
as to be an impossible pathway. These blocks have, during the
past two years, been extensively introduced, especially through-
out the Mississippi Valley, where the humidity is great and the
demand for dry walls imperative. They have accomplished the
purpose for which they are designed in an admirable manner,
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and, in every case where due attention was given to proportion- -
ing mixing and compacting, have given general satisfaction. A
press was formerly employed in manufacturing blocks of this
type; but as they must be made in an upright position, the form
prohibiting their manufacture in either a face-up or a face-down
machine, the press was discarded, and they are now generally
made by tamping in molds of the * roll-over” style.

It is not claimed for this chapter that it describes in detail
all of the points involved in any particular shape of block. It

is manifestly aside from the scope of this work to give the minute

F16. 10.—Block with Staggered Air-space.

details of the many variations in the shape of nearly all of the
types mentioned. It has rather been the purpose to present
some of the more patent advantages and disadvantages of the
general types illustrated, which may be said to fairly cover the
more decidedly novel features of the many styles of blocks on
the market.

To one who follows the subject closely, the thought cannot
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