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PREFACE

The development of factory-made concrete units has
not kept pace with the development of field-made con-
crete in mass. Factory conditions are obviously more
easily controlled than field conditions and standardization
of factory methods and of factory products should there-
fore be the more readily attained. There is little dis-
position in any quarter seriously to question the com-
mercial and economic value of properly made concrete
building units, and the failure of concrete stone manu-
facture, as an industry, to develop gigantic proportions
can be attributed to nothing else than to the fact that
too many individual enterprises have had inadequate
managerial and mechanical equipment.

_ Failures are a necessary part of success. The failures

in the field of concrete products manufacture have at least
justified the assertion, that, simple as the industry’s pro-
cesses have seemed, they are of a nature demanding skill,
judgment and thoroughgoing workmanship. To have
discovered even 9 little as ihis is to: haw made a begin-
ning in the way of - 8i1CCEYS. ¢ ;

Many have gone - fnrward muc}\ further, some have
turned failure into suceess and yhere are very few who
have not learned through bitter experience. Those who
have paid the most dgar{y-fcr their knowledge are the
most generous in giving it away. ' They have appreciated
that ultimate success is built upon public confidence and
that public confidence is won for a product when its per-
centage of failure is low. They have seen that they can-
not, in a broad sense, succeed in any way more surely
than through the success of others. They are themselves
but units in the structure of an industry.

It is this modern spirit of co-operation that makes
this book possible. I am indebted to hundreds of manu-
facturers of concrete products whose lekters ‘o Concrerve-
CeMENT AGE have helped to standardize mednods w



field of concrete stone manufacture. They have written
frank inquiries and acknowledgments of failure and as
frank responses to inquiry and detailed explanations of
successful practice. I am especially indebted to those
leaders in the industry who have contributed valuable
articles and discussions to CoNcRERE-CEMENT AGE which
have been drawn upon for much material, as acknowl-
edged in the various chapters; and to the numerous man-
ufacturers who have made me welcome in their factories.
I am particularly grateful for and make special acknowl-
edgment of the valued service of J. H. Libberton, Prin-
cipal Assistant Engineer of the Information Bureau of
the Universal Portland Cement Co., Chicago; P. E.
MecAllister, Manager of the O. C. Barber Concrete Co.,
Barberton, Ohio; Henry P. Warner, President and Man-
ager of the Onondaga Litholite Co., Syracuse, N. Y.,
and members of the staff of CoNcReETE-CEMENT AGE
generally. Each of these read a great deal of this book
in proof and made valuable suggestions. Of particular
value have been the suggestions by Mr. Libberton on
Surfaces, by Mr. McAllister on Plant Equipment and
by Mr Warner on Sand Cast Stone manufacture.

This book comes from the field. It has been my pleas-
ure to make it, so to speak, a report of progress. It is
to be hoped tlfq% sits sinfluence ‘may. ‘in ‘some degree dis-
courage efforts’ tn’ 2onerete stofie manifacture by those
incompetent to add. somethmg tc the sum of progress
in that industry, and that it“will be ‘the means of putting
many others in the: J)os.ses"lon ofssuch: information, devel-
oped in successful ‘work, as w:ﬁ'!énd impetus and direc-
tion to important industrial growth.

Harvey WHIPPLE.
January 5, 1915.
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CHAPTER 1—THE DEVELOPMENT OF CoOX-
cRETE BuiLpine UNiTs

The manufacture of concrete building units is old
enough to be the father of the automobile industry, and
there are walls of concrete block which were well on in
years when the first reinforced concrete building was
erected. Examine the record of the progress of the
automobile and of reinforced concrete. Examine a
similar record of the pre-cast concrete building unit. The
development of the automobile and that of the reinforced
concrete building have required the' closest application,
study and investigation on the part of trained men. At
the outset, these men have been trained in the sense only
that they appreciated the fundamental things involved.
Their application, study and investigation constituted the
training. The important element in any such develop-
ment lies in an initial comprehension of the fact that
skill—the product of application, study, investigation—
is an essential in the undertaking.

The “Block Business” has been handicapped in its
development by the apparent simplicity of the operations
and the problems involved. A gravel bank, a block ma-
chine and a shovel—with a little cement—scarcely form
an array to tempt either capital or skill. Yet there was
some block machine to meet the limitations revealed by
any purse and to reveal its own limitations only in the
course in which time tells everything. There was also the
allurement of “easy money” to be made in an industry
for which any man’s woodshed afforded ample space and
facilities.

Of the thousands who ‘“went into the block business”
on these easy terms there are many remaining. The
aspect of their route to achievement by assured sim-
plicity and directness has materially changed for most of
them. Those for whom this cheerful aspect of the in-
dustry has not changed remain to be swept aswde oy

popular disapproval. Hundreds of men of The ueks









10 DEVELOPMENT OF CONCRETE UNITS

Fi1G. 4—EiLEvaTOR FoYER, BASEMENT, HOLLENDEN HoOTEL, CLEVELAND—
GeEorRGE RackLE & Sons Co.

¢
and used and appreciated at somewhere near its best.
Its progress has been slow. It has had to make its way @
against the prejudices created by unworthy products. It
has had to combat that conservatism which requires of a -
new material proof of quality far beyond that which is
expected in the materials with which builders are already
acquainted. The concrete block has suffered in being ac-
claimed a cheap material. It has suffered through the
ignorance of human nature which caused it to be urged as
a substitute and an imitation, rather than as a material
having its own distinctive and superior qualities, its own
individual and characteristic charm to commend it to the
serious and appreciative consideration of people of suffi-
cient judgment to recognize and value these things.
*But there have been pioneers and stalwarts in the in- .
duéstry, men who have come up with it from the beginning °
and grown with it, and others whose investments of !
money and skill and study have been drawn into the in- *
“ry by its show of most promising development along

e



DEVELOPMENT OF CONCRETE UNITS 11

16. 5—Two-FAMILY CONCRETE BLOCK COTTAGE AT DUNBARTON, SCOTLAND.

ines which made it worthy of their best efforts. To all
f these will be due the future of the factory-made con-
.rete unit, the synthetic stone, to which Nature has con-
ributed a wealth of beautiful and durable raw materials
‘or man to combine in a beautiful and durable finished
roduct.

And while we shall consider more in detail the various
u.es in which this manufactured stone is to be developed,
n order that it may serve at a maximum of usefulness, it
seems important here in these introductory considerations
‘0 dwell upon the fact that there is propriety in products
of different qualities suited to the fulfillment of different
purposes.

The best of concrete stone cannot be made to sell at
he lowest price. What is true of practically every prod-
«ct is true also of concrete. The fact doubtless marks
the limitations—at least the present limitations—in the

.Jevelopment of equipment for use in concrete stone manu-
'Jacture. Improvements are sure to come. It will doubt-
iess develop that the best of concrete stone, structurally,
can be made at a price as low as that of some relatively
poor products of today. It is certain to come, because
proof of it is already evident, that even the cheapest
commercial products of concrete are to be of much bet-
‘er- quality from an architectural standpoint. Yet the
concrete building unit is a product so far superior, exen
at something less than its best, to the makeridls Wwee






DEVELOPMENT OF CONCRETE UNITS 13

F16. 7—INTERIOR OF RESIDENCE CONCRETE STONE, NEw HAVEN, CoNN.—
NEw ENcLaND StoNE Co.

ment of salesmanship. Successful salesmanship must be
backed by all the other factors of success already men-
tioned. It is the affair of the salesman to project, to
focus upon the screen for public recognition, the results
of the factory efficiency; and in this, his greatest asset is
something to show, an example of work well done, an
achievement in building for beauty and for posterity.



CuAPTER 2—LocaTiOoN, EQUIPMENT,
Lavourt

A prospective manufacturer of concrete products
should not accept any location for his enterprise. He
should seek a location. It is common to look near at
hand. A local opening, however, should not be mistaken
for a local opportunity. Every community doubtless re-
quires one hardware store, surely one grocery. Careful
investigation will reveal a need or lack of need for a con-
crete products factory. The same inquiry which is to
determine what opportunity there is for the development
of a successful manufactory of concrete building units
in a small town will serve in selecting a city location.
In the latter instance the investigation will merely be -
more complex and the factors making for success or fail-
ure less readily discovered. The locality should, in
short, have either a friendly aspect or it should reveal
possibilities for being made friendly.

The choice of a general location involves two impor- "
tant considerations:

1. The market for the product.

2. The availability of suitable raw materials.

Many things influence the market. It may be over-
crowded, either with products similar to those which it is
proposed to manufacture, or with competing products.
If it is the concrete products of other factories which are
to be met there may be public prejudices to be over-
come. If the other concrete products on the market are
of high quality the prospects are much better than they
would be if the other concrete products were inferior and
had been used only in erecting structures which stand
as poor advertisements of the material. If the prospec-
tive manufacturer sets out to compete with good mate- °
rials he appropriates some of their established reputa-
tion for merit, for his own product. ‘

If it is the competition of local stone or brick of low
price which is to be met, there must be a full and care-

ful consideration of the way in which that competition
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is to be handled. Is the concrete product to be offered for
structural and architectural merit and sold at a price very
nearly equal to or even more than that of the other prod-
ucts—as is done successfully in some few cases—or is
the concrete product to be offered for structural value
only, with no attempt to make it with architectural quali-
ties of pleasing color, texture and finish? In short, is the
concrete product to be offered to the public for exposed
walls and trim or for foundations and structural walls
which are to be given a covering of stucco or some other
veneer, or for the walls of such dwellings and other
buildings as are believed to be without any claim upon
the right to be attractive, while still economical?

If the prospective manufacturer is to set himself up
in a locality where the uses of concrete products have in
the past been only in those lines of work last mentioned,
he has this situation to combat in his first efforts, unless
it is his purpose to serve the same class of building en-
terprise. If his predecessors have made concrete block
of poor quality and have stood sponsor, for instance,
for their use in construction where the interior plastering
has been applied direct on the block and dampness and
dissatisfaction have followed as they frequently do—then
the prospective manufacturer should at least discover the
truth of the situation and be prepared to face and to
answer the community’s established prejudices.

To make a good unit—a sound unit—for unpreten-
tious work, or for work where quality and economy must
serve together, is a worthy enterprise. It is an enter-
prise which in most localities can be carried forward with
no unit more successfully than with concrete block. But
to make a cheap unit—with the emphasis all on that
feature—is an unworthy enterprise. It is an enterprise
which, in the end, must be unsuccessful, for the reason
that where the prime motive is cheapness, quality can-
not remain. Eventually. the “cheap unit” will be found
to have been dearly bought at a paltry price.

- If, then, the aspect is unfriendly, the prospective
manufacturer must either look elsewhere or be prepared
to lay siege. He must have more capital 1o mvest w >
campaign of education, and by slow methods, by The con-
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stant insistence of a superior building unit, he must build
up his business.

The general aspects of a locality do not, however, in-
clude all of the factors which make a locality desirable.
The market will be influenced by the local building regu-
lations. If these hold difficulties, they may not be serious
difficulties. The regulations may be inadequate, or they
may be too severe. Consider well the possibility of secur-
ing the enforcement of building regulations which may
be counted upon to discourage manufacturers of poor
products and which at the same time will be fair in their
recognition of good products.

The situation as to raw materials is also to be inves-
tigated thoroughly.

iAre there local materials of good quality to be had
at a price which will insure a profit on the character of
concrete stone to be manufactured?

What are the local haulage problems? What are the
facilities for the receipt of materials by rail or by team
haul or by boat? Raw materials can be transported a
considerable distance and profits still be insured. But
the exact nature of the situation should nevertheless be
known in advance. In one instance a location where
delivery can be made by boat, makes possible a saving
of 50% in the price of sand. An idea of possible
conditions to be met in this regard will be gained from
the chapter on Examples of Layout and Operation. It
is usually the case that the raw materials can be trans-
ported with greater economy than the finished products.

PRroCESSEs—GENERAL

In a survey of the field in which he looks to find a.
market for concrete building units, the prospective manu-
facturer will be confronted very early in his investiga-
tions by the necessity for a choice as to the general
process which he is to adopt and as to the character of
his product. He will have discovered the local condi-
tions as to available raw materials. He will know some-
thing of the preferences of local architects and builders.

Lde will have learned the cost and quality of the native
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building materials. There are three processes among
which to choose. He may be prompted in his choice by
some previous experience of his own or of others, or the
initial investment required will in many cases influence
him in a decision. In a general way the difference in the
three processes is chiefly in the amount of water used
in the mixture of materials which go to make the con-
crete. A little more, a little less water in the mix, and
the limitation has been found for any one of the three
ways of molding concrete. The consistency of the mix-
ture determines the way in which that mixture must be
manipulated. Not only is it true that a higher or a
lower percentage of water in the mixture finds one of
the chief points of difference among the three lines of
eqdipment, but it is also true that a little less water
than can be successfully manipulated in the equipment
of the line which uses the least water is almost sure
to result in a poor concrete product, and a little more
water than should be used in the process requiring the
most water will likewise give an unsatisfactory result.
However, the matter of consistency of mixture is prop-
erly considered in connection with the materials which
make up the mixture and these subjects are taken up in
the succeeding chapter.

The prospective manufacturer, having decided upon

a suitable location for his factory, and having at least a
general idea as to what the nature of his product is to
be, must consider the plan and the extent of his factory.
The plan or layout will, in great measure, depend upon
the process of manufacture and the type of equipment to
be utilized. The whole scheme centers in the molding
equipment. The choice must be among these three: The

o-called “dry-tamp” machine; the pressure machine,
:each of which involves the use of a small number of mold
boxes in which the mixture is quickly molded and quickly
released to be taken away to “cure;” or the poured
process, involving a relatively large number of molds in
which the concrete unit must remain until the cement has
set so that the unit can be handled.

Good building units, suitable for creditable conskrue-

tion and showing qualities under tests for botn strengt™
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and absorption which are satisfactory under rigorous
building regulations, can be made and are made with each
one of the three types of equipment. Not only are
products by all three processes showing structural value,
but they all have architectural merit. These statements
do not hold for all the products of all three types of
equipment, nor for all the products of any one of the
three. Nor can it be said that all the equipment’ offered
the public in any one of these lines is equally desirable.

If the prospective manufacturer has convictions as to
the desirability of a concrete mixture of a certain consis-
tency, he should not proceed in the selection of equip-
ment with the idea that all the equipment in one line
has precisely the same limitations in the manipulation of
that mixture of concrete. Wetter concrete can be used
in some machines of the dry-tamp class than in others.
Further, he should consider the fact that a given con-
sistency will be obtained with more or less water, depend-
ing upon the materials used. Crushed stone usually takes
more moisture for a given degree of plasticity than
gravel and this is but one of the variations to be encoun-
tered in the consistency of mixture.

Eventually each products manufacturer must face the
truth: that having exercised reasonable care in the selec-
tion of equipment of any general type, it is up to his
ability and his integrity to produce sound concrete units.

A block machine or a machine for the production of
any of the standard building units is designed to attain
a few simple results. The machine must provide a box
in which the product is molded, holding the concrete
mass rigidly in shape while pressure is applied or blows
dealt by a tamper. The machine must also attain a-sim-
ple release of the product from the mold without injury
when the compacting is completed. These are the two
chief requirements of molding machinery.

Machines are utilized in producing units which are
either tamped or pressed. Tamped products are also
produced in commercially standard molds of metal or
in special molds of metal, wood or plaster.

“Block machines” as commonly understood are not in-

volved in wet process manufacture. The wet procew
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makes use of molds of metal, wood, plaster, gelatin and
sand.

Dry-Tamp EQuiPMENT

The dry-tamp equipment has been in most general
use. That it has been abused can scarcely be too often
repeated. That its use has been many times misrepre-
sented by its salesmen cannot be denicd. That its im-
proper use is frequently due to the failure of some users
to grasp and apply the first essentials of good concrete,
i$ still evident. Its operation requires that the concrete
mixture be placed in the mold box and tamped to a con-
dition of maximum density. The tamping may be done
by hand, or with pneumatic tools. or by power-driven ma-
chinery mounted above the mold box.

Hand Tamping—In hand tamping everything depends
upon the operator. The point is frequently made that

e |

F16. 8—CommoN TyPE oF DouBLe-END Haxp Tamp

in hand tamping the work is thoroughly done in the
morning and not so thoroughly done in the afternoon.
It is only natural to suppose that the operator will relax
slightly as the day grows old, that his blows are less
frequent, and that not only does his output decrease
but its quality shows some loss. It cannot be denied,
however, that a good workman forms a certain habit in
his manipulation of the tamper and that the force of this
habit is in the main strong enough in many cases more
than to make up the difference between the morning
freshness and the afternoon weariness.

A man wielding a hand tamp at maximum efficiency
may do good work, and with the exercise of unusual
judgment in his work, can do work as well as a machine,
though considerably less of it.

Pneumatic Tamping—Pneumatic tampers axe wsed
products manufacture. Their use is Probably more cowr
mon in Europe than in this country. Manuiscwote
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PressuURE MACHINES

The application of pressure in compacting concrete is
accomplished in both hand and power-driven equipment.
Pressure machines are made for the exertion of mechani-
cal pressure by hand or power and other machines are
hydraulic in their application of pressure.

F16. 10—HaNDp OpPERATED, DoUBLE END, PRESSURE BLOoCK MACHINE

‘When the mold box is in position as at right, it is filled; if a faced
block is to be made, the backing material is struck off to a depth of
%” and the facing material put in and struck off. The box is then
rolled to the center under the pressure head, and the pressure is
applied by means of the toggles, operated by a hand lever; the levers
are released, the box is rolled back to its first position, a pallet ap-
plied on top and clamped and the box turned over. It is shown
turning at the left end of the machine in the illustration. It is
released face downward on a pallet, and supported by the frame-
work shown under the mold box, from which it is carried away

In their operation it is generally possible to use a wet-
ter mixture than can be successfully manipulated under
most machines which rely upon tamping in securing dens-
ity. Too wet a mixture in a dry-tamp machine will be
displaced by tampers rather than compacted. In pres-
sure machines the compacting force is exerted evenly
over the entire area of the mold box, and displacement
is impossible. Opponents of pressure equipment TSN
tain that in applying this pressure evenly over Xne e
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area of the mold box, the sand, cement and aggregate
are hindered in slipping into the most dense condition,
by an archmg action between pieces of aggregate. This
claim is based chiefly upon theory and proof by satis-
factory tests is lackmg The tendency in this direction
would, undoubtedly, vary with the nature of the mate-
rials used, as for instance, rounded pebbles are in most
cases less likely to set up an arching action than crushed
stone. The consistency of the mix and the percentage
of excess of mortar over voids in the aggregate would
in great measure be controlling factors. The propon-
ents of pressure machinery maintain that the tremendous
mechanical or hydraulic force exerted drives the cement,
sand and aggregate into a mass more dense than can
ordinarily be obtained under tamping.

WEeT Process

There is no denial from makers of any of the types
of block machines that more water than is used in mix-
tures either under tamping or under pressure has a
remarkable tendency to obtain density in the concrete
product. Water causes the materials in the mix to
flow together so that each small particle seeks out the
space of smallest compass in which it can be contained.
Yet too wet a mix with no means for removing the excess
makes a porous concrete. The manufacturing prob-
lems, however, among which choice is to be made, place
upon the side of the tamp and the pressure processes,
rapidity of operation with a minimum of molds. The
molded product is momentarily released and the mold is
ready to repeat the operation. The molding equipment
Is in small area and the products are carried away from
the equipment almost immediately.

The wet process involves either the use of a very
large number of individual molds in which the product
must remain scattered over a large casting area for from
12 hrs. to 48 hrs. or else it involves the use of molds set
up in such a way that they may be conveyed to a curing

""ﬂe when they are filled. In the method first men-
" the mixed concrete must be moved about over a
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relatively large shop area and in this case the manu-
facturer must ordinarily resort to the use of some means
of keeping the wet mixture constantly agitated to pre-
vent a separation of cement from sand or mortar from
stone. It is obvious that the tendency in a very wet
mixture at rest in any kind of container would be for
the stone to settle, so that when poured out of the recep-
tacle it would lack homogeneity, the stone and sand and
cement in extreme cases being deposited in layers. A
means for agitating the mixture, in fact a means for
supplemental mixing after the concrete has been dis-
charged from the mixer proper, is generally regarded as
essential.

This is obviated only when a means is provided for
conveying the molds to the mixture, filling them as the
mixer is discharged, and moving the molds away again
when they have been filled. It should not be lost sight
of that whatever means is adopted to secure density,
subsequent to combining and mixing the materials—
whether by tamping or pressing or pouring into molds,
no amount of tamping or pressing or care in pouring and
puddling will give a dense product unless the most
scrupulous caré has been exercised in the choice, the
grading and the mixture of materials. The most skil-
fully designed block machine, the most vigorous and
thorough tamping, the most powerful exertion of pres-
sure, are quite useless in the manufacture of a good prod-
uct if the mixture put into the mold is lacking in those
qualities (considered in the succeeding chapter) which
make for density and strength. No concrete block ma-
chine has yet been devised which is fool-proof.

Types or ProbucT

In addition to a consideration of the chief points re-
garding the three processes of manufacture, the pros-
pective buyer of molding equipment will be influenced
by the type and quality of products made in various ma-
chines and molds.

There are a great many machines on ¥he matksk:, o
different principles involved and the masin leatures ©

operation are comparatively few.
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Practically all concrete block machines are made to turn
out a product which has one .or more hollow spaces. The
value of the hollow space lies in the fact that it econo-

F16. 183—DouBLE-SiDED FACE-DowN BLock MACHINE
Cores are withdrawn downward after block has been turned over

mizes material, gives a product of much less weight than
would be possible if made solid, and in the fact that it
provides, as laid up in the wall, a series of vertical air
ducts which are valuable as insulation against tempera-
ture changes and as a barrier to the passage of mois-
ture from one side of the wall to the other. A chief
point of difference among the scores of block machines
on the market is in the way in which these air spaces
are provided, and in general it may be said that that
block is the best which comes nearest to supplying a
continuous air space, yet with a reservation in this re-
spect: that the strength of the individual unit and the
stability of a wall are features of more consequence than
air space and not to be sacrificed in any event.

With this idea of the value of air space, machines are
on the market which produce concrete block in which
each wall unit is made up of two separate pieces of con-

erete connected by metal ties. This type has been eriv-
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DAGR PN

Fi16. 16—TwegLvE TyPes oF CoNCRETE BLock,
SHowN IN HoRizoNTAL SECTION

walls or in walls which are to have a surface either of
stucco or some other veneer, probably the simplest mold-
ing operations are available in that type of machine,
either hand or power operated, which produces the block
upright in the mold and in the machine, introducing and
removing the cores forming the hollow space in an up-
ward and downward motion. Thus the faces of the
block are always perpendicular to the bed of the mach-
ine and the block is “stripped” out of the mold with a
troweling action on its sides. The use of such machinery
does not admit of the easy application of facing mate-
rials or of specially molded faces.

Faced Block—When block are to be produced having
exposed faces which are specially molded, a “face-down”
or a ‘“‘side-face” machine will be chosen. In such work,
- special metal or composition face plates are utilized

having on their molding side a reverse of the effect
sought in the concrete product.

When block are to be produced faced with a special
facing mixture selected for color or texture, or both, and
used only in a thin layer next to the exposed face or faces
for the sake of economy, the machine chosen will be of

- the “face-up” or “face-down” type. It will readily be
seen that where a layer of special facing material is to be
backed up with a different body mixture of concrete, the
molding operation will be much more simple if the facing
is placed in a layer on the bottom or €lse on the koo™

either case on a horizontal surface. Where mote Then
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one side of a block is to be faced it is, of course, a com-
paratively simple matter to put the facing at the side,
but the operation is not so rapid as when placed on bot-
tom or top.

Operation of Cores—The manufacture of hollow units,
in which from 25% to 50% of the horizontal area of a
block is air space, involves a variety of machine features
in the creation of air spaces.

In most machines the cores are introduced into the
mold box by a movement of a lever after a part of the
mixed concrete has been deposited and compacted. The
remaining space between, around and above the cores
is fllled and compacted and the excess material struck
off, either by a movement of a hand straight-edge or by
a device forming a part of the machine.

Some machines provide for the withdrawal of these

cores horizontally and some equipment is so designed that
after the box is filled the mold box is turned over; the
core is then removed by a downward motion. The chief
value of equipment which provides that the cores shall be
withdrawn downward is in the fact that the walls and
the cross-webs of the block stand vertically on the pallet.
This reduces the tendency of the walls of the block to
sag down into the hollow space or spaces. Such equip-
ment usually permits the use of a slightly wetter mix-
ture of concrete than can be used in a machine with
similar core areas where the core is withdrawn hori-
zontally, inasmuch as, with given materials, the tenden-
cy to sag increases (beyond a certain degree of mini-
mum wetness) with the proportion of water in the
mixture.
" The sagging tendency is still further guarded against
in some designs by the use of several cores of relatively
small area instead of one or two cores of greater area,
the walls of the block in horizontal position being put
under less strain by reason of the shorter span over the
hollow space. An arched core undoubtedly is a fur-
ther precaution.

Zhe cores, as the block is molded, are in a horizontal

*ion and the block in its vertical dimension is Yhus
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also in a horizontal position. (This of course is not a
feature of machines designed on the so-called stripper
principle—in which the cores and block are always ver-
tical in the machine.)

Output—The number of block which can be manufac-
tured by various methods is not to be considered except
in connection with all the conditions. A block machine
may make 200 block per da.; another machine 800 block
and in each case there will be wide variations depending
upon quality of labor and also upon auxiliary equipment.

Special Block—Machines are usually designed to pro-
vide for the introduction of division plates for use in
making so-called fractional block. Provision is further
made for molding block with a great variety of face
designs (many of which will in time be abolished as
their architectural monstrosity is more generally appre-
ciated), by inserting special face plates in the mold box.
In some machines the introduction of standard metal
inserts, or special wood or even plaster inserts adapts
the machine for turning out special units for copings,
corners, watertables, and so on.

There is great variety in the units which can now be
manufactured in the mold box of a single machine by
the use of the various face plates, division plates, and
standard or special inserts.

Sills and Lintels—The possibilities of any one mold-
ing equipment must, however, have limitations. So,
to supplement his block or other machines and adapt
his plant to the requircments of his market, the manu-
facturer will consider special machines for sills and
lintels, large copings and watertables, and standard
metal molds for colums, pedestals and caps, balusters
and other architectural and ornamental units in great
variety.

Structural Tile—Aside from the product commonly
designated as block, the prospective manufacturer should
consider still morc recent developments. His market
may have a big place for structural tile—light. thin-
walled, hollow units which are manufactured rapidly
on power equipment for exterior wall construction, whaete.
a veneer of stucco or some other unit is o be wsed o
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for interior partitions to be plastered, or for exposed
walls when surface texture or design is not of conse
quence. This unit, in connection with the development
of thin veneer block, seems to have large possibilities.
It is manufactured in a small unit and in multiples of
that unit up to 4. The machine involves the use of
knives and plungers which cut the partially molded
concrete and force out the center, thoroughly compress-
ing the walls of the tile. Another type of machinery
for the manufacture of structural tile uses a very wet
mix. The tile are made vertically and the molds of the
machine are steam heated, thus securing an acceleration
of setting in the cement.

Brick—Brick manufacture is a line which should show
strong development in any field where clay brick have
to be shipped, or in any location, providing the manu-
facturer chooses to develop his product as a facing ma-
terial with arehitectural appeal. Brick machines are
of both hand and power types involving in different
makes both the tamping and the pressure process, and
are made also by the wet process in multiple molds.

Roof Tile—The field of roofing units will be looked
into. Such equipment with shallow, tray-like molds turns
out concrete roof tile and shingles by a pressing and
troweling operation. These units have not had a general
development but in some localities have been demon-
strated to be a valuable line in products manufacture.

Special Molds—The manufacturer, however, must
never feel secure against all demands of architects
until he has made provision for the manufacture of
building and ornamental units from molds made wup
especially to order. He should, if he purposes manu-
facturing a full line of building units, be prepared to
turn out models and patterns for these special molds,
which are faithful to the architect’s details.

Lavour
Operations to Be Considered—The chief molding
equipment has been considered first because it involves
the pivotal consideration of the whole plant. It is the
center of things. Its choice determines the nature of
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the output and in some measure the quantity of the out-
put. Of the last, nothing has been said because the quan-
tity depends also in great measure upon the auxiliary
equipment, the layout and upon the general efficiency of
the whole factory.

The principal molding equipment is at the middle point
of manufacturing operations. These operations are sim-
ple operations for the most part and yet their effective-
ness and their economy must depend upon how well
thought out is the factory plan in which they are to be
carried forward. The principal operations are five in
number:

1. Receiving and storing materials—cement, sand and

aggregate.

2. Bringing materials together and combining them
with water.

8. Depositing and molding the resulting mixture.

4. Conveying the molded product to the place where
it will remain under conditions favorable for at-
taining strength.

5. Removal of the product to the storage yard.

There is still another operation, or perhaps a series of
operations, which contributes to the beauty and effective-
ness of the product. It has to do with the treatment of
surfaces. Some recognition of this phase of products
manufacture should and in most cases does precede even
No. 1 in the enumeration of operations. Certain other
conditions affecting this sixth consideration lie between
operations No. 1 and No. 2; again between No. 2 and
No. 8, between No. 8 and No. 4, between No. 4 and No.
5, and in some degree after No. 5. These seemingly
minor operations and considerations are shown in an-
other chapter to be of major consequence as affecting the
availability and therefore the salability of the product,
for architectural purposes.

All of the operatlons as listed are touched upon in this
chapter only in so far as they must be considered in
the layout of the factory.

Receiving and Storing Aggregates—Development i
plant layout and operation has been toward 2 more RN

eral adoption of the idea of first storing the raw wmeies
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rials at a high level; bringing them by gravity to the
mixer at a secondary level and discharging and convey- | !
ing the mixed materials to the molding equipment at the
first level. This arrangement has in consequence caused
the elimination of much hand labor and the substitution |
of power conveying equipment. Man-power is costly. |-
The elimination of two laborers will cancel an interest,
depreciation and maintenance charge of 25% on about §
$5,000 worth of equipment.

/6.

oR AR

F16. 17—SUGGESTION FOR ELEVATING EQUIPMENT FOR SAND, GRAVEL AND E
STONE i
The average products plant—if there is an average
plant—will have one large mixing unit for body concrete |
and one unit, perhaps two, for facing materials. In such ‘
a plant the mixing units for facing material may be dis-
regarded so far as they are to determine the principal l
arrangements for storiig and conveying materials.

In a large plant with a large output in one particular
line, or an average output in several different lines of
products, the mixing may still be done either all in one
general location, if not all in one mixer, or in different
locations, treating each line of products as a plant unit
by itself. If various lines are being manufactured, with
necessity for a continuous suppd¥ of materials of differ-
ent kinds or grades, the centralized mixing plant would

{ose most of the advantage which it would have under
other conditions.



CONVEYING AGGREGATES 85

In one plant of this kind( see description and plan of
Plant No. 4 in the chapter on Examples of Layout and
Operation) the several mixers are on the second floor.
Materials especially for one class of work are put into
carts on the first floor, where the storage bins are, and

¢ w

F1G6. 18—SUGGESTION FOR ELEVATOR For CEMENT IN SACKS

are lifted in the cart on an elevator with an attendant
and wheeled to the mixer taking that particular material.
Better than this, under ordinary circumstances, would be
an arrangement with the mixers on an intermediate level
between molding floor and second floor, with the material
storage bins at the higher level, and the materials con-
ducted through chutes direct by gravity to the mixers.
Where a plant is in close proximity to the raw mate-
rials at the origin of supply (except cement) as in Plant
No. 10, each mixing unit need have only a small supply
bin or extra large hopper for its particalar combination
of materials and by means of belt or other conveyors the
material can be brought in at intervals from the main
supply to replenish the various bins or hoppers. In the
instance referred to the main supply is from a compieke
gravel plant which excavates, crushes if necessary, S
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vates, washes and screens the gravel,. depositing the var-
ious sizes in separate bins. These bins feed through
gates to conveyor belts the sizes required for a particular

‘mix.

A small plant which is fortunate in being adjacent to
the source of the material in a gravel bank which is of

F16. 19—PLAN, BELT CONVEYOR EQUIPMENT AT
Oursipe Hopper. SeeFies. 20, 21, 22, 23

-

e:r°

#716. 20—ENp ELEvaTION BELT CONVEYOR

good quality will
have a more sim-
ple means of get-
ting its supply to
the mixer.

In the great ma-
jority of factories
one grade of con-
crete mixture will
either be used for
all work, except
facing, or else the
concrete requiring
the use of materi-
als of different
size or a different
mix will be so
small in quantity
as compared with
the whole supply
that no special
provision will be
made for convey-
ing it. .

If the plant is
fortunate in hav-
ing a supply of
bank gravel close
at hand (and such
a supply not in-
frequently deter-
mines plant loca-
tion) the arrange
ments are vex
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F16. 21—SmE ELEvaTiON BELT CONVELYOR
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Fi1c. 22—PLaAN, CoNVEYOR AT Mixer END

Fi6. 28—StpE ELEVATION AT MixeR Exb

The concrete box or
hopper (plan, Fig. 19)
is in the yard, parti-
tioned to receive sand
on one side and crush-
ed stone on the other.
These materials are
shoveled in; fed
through gates to
worms, controlled by
adjustable gears to
teed definite propor
tions to 14-in. belt.
(See also Figs. 20 and
21). Material is con-
veyed to top of factory
by belt 1200’ long)
which eliminates over-
size particles. A brush
under belt, returning,
removes dust to pro-
tect idlers; material
falls into chute and
hopper to continuous
proportioning mixer of
special design. The
mixer is on the second
floor level and the tile
machine to which it
feeds is on the first
floor. Surplus concrete
rejected by machine
falls on to 12-in. belt
(Figs. 22 and 28) and
is lifted and deposited
on another return belt,
which deposits it again
in the hopper of the
machine.
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v simple indeed if the supply does not have to be washed,
screened and recombined.

In Plant No. 8 where such a condition exists, one man
works in the gravel pit removing top soil and loading a
dump car which is hauled up a track by means of cable
and drum, to the level of the mixer hopper.

A discussion of mixtures and the quality of materials
entering into mixtures is outside the scope of this chap-
ter. It will suffice here to say that it is more and more
generally recognized that a maximum of economy fre-
quently is not attained in utilizing materials from the
nearest or most convenient source. The additional ce-
ment necessary in a mixture of poorly graded materials,
or the sacrifice in quality of product which is a result of
failure to use the higher proportions of cement in a
poorly graded mix, is enough to warrant the additional
cost of better materials brought from a distance or else
the crushing and screening, or screening and washing
and recombining of materials near at hand.

In any event, it is best to store sand and gravel or
crushed stone under cover, because materials which run
uniformly dry are used with a uniform system of manipu-.
lation. The uniform condition makes the feed through
chutes, hoppers and mixers more uniform. Materials left
out to freeze and cake in cold weather require heating or
else are difficult to handle, and even then are handled
with less satisfactory results.

With a supply of sand and gravel or crushed stone
coming in by rail or by team, it will be found economical
to dump these into the boot of a bucket elevator which
will take them to elevated bins. This boot may be of
concrete of rather large section to make it possible to use
the special gravel cars which dump their loads through
a gate at one side in the bottom of the car with compara-
tively little work with shovels. The boot of the elevator
should be so constructed that material received in other
cars can be shoveled into the boot, or if materials are to
come by team or motor trucks, the loads could still be
fandled in a short time by dumping the matet\a\ into the

hnot of the elevator.
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If materials as received are not in condition to be
used, the elevator should feed either to a washer or direct
to screens. The screen separators will feed to separate
bins the material in various sizes which will later be re-
combined in proper proportions.

In a plant making a high quality of cast stone by the
poured process in sand molds, the fine and coarse mate-
rial is all of one kind. Marble comes to the plant in
rough blocks, most of it 6” or 8” in size, and is fed to
a crusher and reduced to about 15””. This feeds into a
bucket elevator and is taken to the top of the plant and
fed to screens. Dust goes into one bin and further
separation is made into various sizes up to 15”. As
there is an excess of dust, much of this is used in the
casting room instead of sand for making the molds. The
materials for mixing come to scales through chutes, and
each batch going into the mixer is made up of a definite
weight of each size of material, and combined with a
measured quantity of water. Inasmuch as marble in two
colors is used—one blue and one white— two sets of
bins are required. (See Plant No. 1.)

When the initial expense of elevating and screening
apparatus is to be avoided, it is necessary to buy mate-
rials clean and suitably graded. These may be handled
in carts or barrows to the mixer.

By some such arrangements as in Plant No. 2 or
Plant No. 9 the gravel or stone may be stored in open
pits or bins at the ends of the plant nearest the railway
and by having the mixer immediately in front of these
bins, the mixer can be charged by carts or wheelbarrows
moved from material storage to mixer over runways
placed at a level which depends upon the height of the
mixer.

Such an arrangement is particularly satisfactory where
all the concrete is turned out by one mixer and especially
where most of the concrete molded is handled in one
large piece of power equipment. In such a case if the
mixer is raised just high enough so that it discharges
onto the feed table from which the mixture can be
scraped into the mold box by means of a short handied
bhoe, the bandlmg of materials is greatly wonirsized.
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If, however, with such an arrangement for receiving
and storing materials there are several smaller pieces of
molding equipment, then the cost of handling either the
raw materials or the mixed concrete would undoubtedly
warrant the use of elevating equipment and overhead
bins. With several pieces of molding equipment dis-
tributed over rather large shop area, either several mixers
must be used, placed close to the molding equipment
with a consequent necessity for wheeling sand, aggre-
gates and cement, or there must be a large mixing plant
close to the supply, with the necessity for wheeling or
otherwise conveying the mixed concrete to various places
in the factory. Better than wheelbarrows and carts with
such a layout of equipment is some arrangement of over-
head trolley with bottom dump buckets which are loaded
at the mixer and run to each piece of molding equipment
to be dumped into a hopper or onto the feed table. In
this connection, note the systems in use in Plant No. 8
and Plant No. 10. In the case of the first the block
machines are in one direct line and the space for making
dimension stone is on the opposite side of the trolley.
In the other factory, which is on a large scale, the mixers
are on a relatively high level and the trolley system
operated in this instance by electricity has numerous
switches and makes a wide circuit to serve a large manu-
facturing area. Some power-operated molding equip-
ment can be had with auxiliary elevating machinery to
pick up the concrete from a hopper at floor level and
deposit it in the mold box.

These various systems should be understood as merely
suggestions of certain general features which are desira-
ble. Each plant will have its own special problem. A
close study of the variety of factory layouts, shown in
detail in another chapter, will make it possible to suit
certain systems of storage and conveying or combinations
of these various systems to the precise needs of each in-
dividual factory.

Cement—While cement is usually first named among
the raw materials it is not first considered in factory \ay-

|

out. The sand and gravel or crushed stone supply with
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relation to the mixing and molding equipment is first
to be thought of.

As to general considerations in the storage of cement
and the effect of storage upon its setting qualities, C. W.
Boynton* is quoted:

Cement stored in a dry atmosphere will remain in good con-
dition for an indefinite length of time, although aging for any
considerable period will tend to lengthen the setting time if
moisture is present in the surrounding air. Cement naturally
has an affinity for moisture and will absorb it at every oppor-
tunity. The result of such absorption is the lumps which are
to be found where cement has not been stored properly. Screen-
ing out the lumps puts the cement in good condition.

The cement should be stored as near as possible to the

level of the hopper which feeds the mixer. This may
be at the second floor level, chutes being used for cement
as well as aggregate, or it may be at a level between the
first and the second floor determined by the level of the
mixer itself. If cement is to be stored in bags on the sec-
ond floor a chain or belt conveyor will give economical re-
sults. If a railway siding is on a trestle as planned for
Plant No. 10; gravity conveyors, with ball bearing rollers
in frames in easily portable lengths and set at a slight
grade, starting at a convenient height above car level,
will give a rapid means of handling, or if the cement is
to be unloaded at a low level, it can still be handled on
gravity equipment by the use of inclined or perpendicular
elevating devices. If the mixer is set low as in Plant
No. 2 or Plant No. 9 the cement may be piled where it ;
will be convenient for placing on top of a cart load of /
gravel or for emptying direct into the mixer. An ar-
rangement like that in Plant No. 7 is undesirable, as the:
mixer is set high so as to discharge onto a feed table and
the cement must be carried up a flight of steps. In this
case, the gravel is elevated to the mixer by bucket eleva-
tor, the material being shoveled from near by supply
piles. The cement should also be lifted mechanically.

If the mixer is at an intermediate level cement may
be unloaded and piled on a platform at that same level.
One manufacturer, using a 3-ton, A-wheel ok W'

*CoNCRETE-CEMENT AGE, Oct., 1914, p. 158
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high, finds that he can unload 980 bags of cement from |
cars and pile in a location convenient to mixer in a little
more than 4 hours, using but one man. Each truck load is
about 30 bags. The average distance covered from car
door to pile is 80’.

Cement received in bulk is as yet not fully tried out,
but many manufacturers look on the idea with favor as
avoiding loss of bags and lifting of bags. The lost and
damaged cotton bags and freight on their return repre-
sent a considerable item in some instances. Manufac-
turers experience trouble in getting employees to see that
bags at 10 cts. each are expensive mop cloths in wiping up
water and dirt and expensive as pads under dimension
stone finished or in process of finishing.

The use of mechanical bag bundlers and insistence
upon every bag going to the bundler as soon as emptied
should go a long way to reduce losses from this cause.

In reference to some of the general advantages in
handling cement in bulk H. M. Capron says*:

The damage to bulk cement in transit by reason of a leaky
car is by actual experiment shown to be 509, of the damage
the same amount of water would inflict in falling on cement
in cloth sacks. The reason for this is that when water comes
in contact with the cotton cloth by capillary attraction it
spreads to the adjacent sacks so that a leak in a car roof will
frequently ruin a whole tier of sacks from top to bottom of
car, and damage a large part of the cement contained in these
sacks. If water falls on bulk cement it is absorbed immed-
iately where it falls and the resulting damage consists of a crust
of cement depending in size on the amount of water, while
the damage is confined to the'spot immediately under the leak
and all the damaged cement can be lifted from the car in
this cake.

Experience has shown that the handling of bulk cement does
not raise so much dust as cement in cloth sacks. The cement
sifts through the sacks with the many handlings so the natural
cohesion between the particles is broken and the dust is blown
away or falls off. The method of handling it in bulk saves
all this waste. The method of handling, of course, varies with
the physical conditions surrounding the work. * * * The
bulk cement is moved from the car by a scraper similar to
that used for unloading grain. With this the cement is scraped

JIn an address at International Good Roads Convention. Coxcweve-
CeEveNT AGE, Oct., 1914, p. 173
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from the door of the car into a chute which feeds into the
bottom of the elevator leg. From the bin the cement falls by
gravity through a measuring box into the mixer-hopper. Thus
we see that the only labor connected with delivering the
cement into the mixer is that required to unload the car with
the device described above. Two men in one hour can easily
unload a car containing 250 bbls. of cement in bulk.

As to the storage of cement in bulk, S. W. Hartwell
says¥*:

Where cement is stored in bulk, with only a small surface
exposed to the atmosphere, the writer has known cement to be
stored for considerably longer periods than 9 mos. to 10 mos.
without the setting qualities being appreciably affected in any
way.

Bulk cement handling has not yet been so thoroughly
tried out in concrete products factories as to warrant any
further statement on the subject than to say it has been
found economical where large quantities of cement can
be unloaded and used at a central plant. It is therefore
believed to have a future in products factories. Its pos-
sibilities should at least be thoroughly investigated.

Molding Equipment—The molding equipment should
be located with relation to the supply of mixed body
concrete and facing material. The latter will be in small
batches from small mixers, placed convenient to the bins
of special facing materials. Space should be provided
back of the molding machines for racks and shelves for
pallets, face plates and insert molds, in fact space for
at least as many pallets, plates and parts as are to be
used by machine operators in a day’s run. There should
be racks for reinforcing rods.

Tracks, Cars and Curing Rooms—It is only in fac-
tories of the most limited output or in wet process fac-
tories using a large casting floor that products will not
be loaded onto cars to be conveyed to curing rooms. In
plants of very limited output, the products may be car-
ried on pallets to racks either in closed sheds free from
sun and draughts or in steam curing rooms. The use
of the rack system for storing products to cure is, how-
ever, fast disappearing because it involves too much
handling of the products. There are still many products
plants, however, without steam curing and n sach Waoks

*CoNCRETE-CEMENT AGE, Oct., 1914, p. 158
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the rack system is largely in use because a very
number of cars is required to hold the products fc
length of time in which products must remain undist
when natural curing is depended upon.

If, however, the plant is small and cars are not
used the block should be racked as near to the machi
possible. The racks may be of 2 x 4’s and each
16’ to 20’ long. One rack can readily be made to a
modate 26 block, 8”” x 8” x 16”. These racks c:
piled about 4 high. Four rows of racks will thus a
modate about 400 |

It will readily be
that with a large o
the rack system ig
bersome and necess
a great deal of labc

With natural a
the products are us
removed from the c:
be put upon racks a
steam curing the -
ucts are left on the
for from 24 hrs. {
hrs. Enough cars s

F16. 24—SUGGESTION OF Box- be PPOVlded for two
Ep-Tor TABLE ForR MIXED

CONCRETE TO BE SCRAPED INTO

MoLp Box oF Brock Ma-

CHINE

f

output so that prod-
ucts may remain 48
hrs. in the steam room.
Transfer cars, running
on tracks of much
wider gauge than the
block cars, obviate the
installation of a num-
ber of turntables, so

that in running the s
block F16. 25—ParTIAL VIEW OF Tuwy
ock cars onto trans- Biock Car
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fer cars to be moved at right angles it is readily seen
that the transfer tracks must be at a lower level. The
level will be the lowest of the floor levels; the next
higher level will be the level of the rails for block cars
in both factory and curing rooms. It has been found
to contribute to easy and economical operation to have
the level of the block car rails somewhat lower than the
foor on which the block or other machines stand. So
the cars at the track-ends nearest to molding equipment
are in pits so that the machine operator stands 6” to
10” above them. This makes it possible to use cars with
4 decks instead of 8 decks without necessitating an in-
convenient lift to the top deck. Cars are usually about
8’ to Y0’ long and 2’ to 8’ 6” wide. Such cars will
accommodate from 86 to 48 standard block, depending
upon size and type.

FIG. 26—VIEW SHOWING TRACK LEVELS; BLOCK MACHINE AND OPERATOR
HiGHEST; BLocK CAR IN THE PIiT AND TRANSFER CAR AT LOWEST l.EVEL
IN Lower LEFT HAND CoRNER

In small plants with one, two or three hand-tamp ma-
chines, it is enough to have one track and therefore one
car pit convenient to each machine. When the car is full
the operator shoves it to the curing room and brings in
an empty car. With mechanical tamping or power
presses and consequent larger output, or with more hand-
tamp machines, there should be two tracks to each ma-
chine, so that when one car has been filled the operator
begins filling the lowest deck of the other car, and an-
other man employed for the purpose moves cars to cur-
ing rooms and brings up the empties. The car decks
usually will be detachable. The car on which the
operator begins work will have but one dedk 20d wWhen
that is filled the top deck from the other car Wi\ hecowe
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the second deck of the first car. When the first car is
full, the first deck of the second car will be available for
block made until an empty is returned with all the decks.

The factory should be so laid out that the track system
involving the movement of cars between machines and
curing rooms and from curing rooms to storage yards
does not interfere with the movement of raw materials.
The factory should, so far as possible, be so laid out that
material keeps going in one general direction from its
entrance to the factory as cement, sand, gravel and
crushed stone to its departure as completed building
units.

If dimension stone is to be manufactured as is the case
in most factories, in addition to standard machine made
units, the dimension stone department should have the
same relation to material supply and track system as does
the machine department. The special stone department
will have to be more spacious as its requirements ordinar-
ily are for more men and for a great variety of building
units. These will be made on bankers, which are rails.
placed at a convenient height (ordinarily 24” to 29”
but differing with individual requirements) from the
floor supported by posts. On these rails planks are laid
to support the special molds. Cars should be as accessi-
ble as possible for the smaller units which are carried
on heavy pallets by a molder and his assistant. Heavy
pieces should be handled either by a traveling crane or
by a movable derrick or hoist. If lighting standards
and similar large units are to be made, provision should
be made for a large amount of extra space. Such units
are ordinarily left to cure on the molding floor, covered
with wet cloths. The extra space should take care of
such accumulation which cannot be moved for a week or
more.

Location for Surface Treatments—Surface treatments
subsequent to molding or casting must be given special
consideration in the factory plan.

If products are to be sprayed with water as taken from
the mold, extra space should be provided between the

machine or mold and the car. It should be borne in mind
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that the spraying results in a mussy condition of the
floor and the location of this operation should be apart
from other work with the floor, draining to a sump which
can be frequently cleaned out. Otherwise the cement
washed away in the spraying operation would in time
clog an ordinary drain.

If products are to be scrubbed with water or an acid
solution, or are to be dipped into acid or coloring solu-
tions, or otherwise treated, either after partial curing or
after final removal from the curing rooms, more con-
venient and agreeable arrangements can be made for a
special room at the outlet end of the curing rooms.

If tooling or polishing, either by hand methods or with
special power equipment, is required, this work should
be provided for as mentioned above. In the case of the
wet process, where large casting floors are used a means
must be provided for removing the products from the
molds and conveying to benches or machine tables.

In a large plant where sand cast work has been highly
developed the machine tooling and hand rubbing are done
at one end of the large casting floor, and products too
heavy for easy lifting are handled by means of a travel-
ing crane and by a derrick having a boom with a wide
sweep. Low cars operating on narrow tracks in aisles
between beds of casting sand may be used for lighter
pieces. .

Pattern Shop—The pattern shop, with woodworking
machinery and with facilities for handling plaster and
gelatin for special molds, should be located with refer-
ence to the special stone department, because it will serve
that department. /

Drafting Room—The drafting room will serve the
pattern room and the plan of the factory should recog-
nize this fact. The general office is the next in line but
it should also communicate direct with the factory
proper. '

Power
Individual power units for each piece of power oper-

ated equipment are growing in favor. Am Sedue we-
tor or gasoline engine may be used wWhen Teopited xﬁ%
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power supply turned on and shut off at pleasure. Power
transmission ceases to be a problem and a source of
danger as with numerous belts and shaftings. Steam
was at first in great favor with products manufacturers
because exhaust steam was utilized in curing. It has
been found, however, that with large output exhaust
steam is not satsifactory. If live steam is to be used,
the power for machinery may be economically con-
sidered as a separate matter, with a boiler used exclu-
sively for heating and curing.

GENERAL FEATURES

Aside from the specific requirements of equipment and
layout there are some desirable general features in a
factory building.

The building should, if possible, demonstrate the mate-
rials which it manufactures. This imposes a difficulty in
requiring that the building units be made before the
factory is erected in which to make them. Even this is
not an insurmountable difficulty. A temporary plant may
be utilized. When this is not feasible the factory proper
may be constructed and later an office front be con-
structed with concrete building units.

In addition the factory plan should include a show
room where products are on exhibition. For that mat-
ter, the whole factory should be exhibited. It should be
so operated that architects and builders may come and
see for themselves how it is done.

Light in Workrooms—The conditions under which men
work make a great difference in their efficiency. If the
place is light and ventilated, with as high a ceiling or
roof as possible, the influence on the men is sure to be
such as to effect their output both as to quality and
quantity. Walls can be painted or whitewashed where
the window area cannot be increased. The expense will
be small indeed as compared with the results obtained.
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CHAPTER 83—MATERIALS, MIXTURES, MANIP-
ULATION
A

There are but three necessary ingredients in making
concrete: Portland cement, aggregate and water.

The quality of the resulting product, so far as the
materials themselves are concerned, is dependent first,
upon the quality of these materials; second, upon the
proportions of the materials; and third, upon the way
in which they are combined and mixed. Aside from these
factors, results are independent of the materials them-
selves and involve efficiency in handling, curing and
finishing.

The materials, however, are of basic importance. Good
concrete products cannot be made with poor materials
and infinite pains and rare judgment are not too great a
price for quality in raw materials. It is a matter of
clearly demonstrated economy in the manufacture of
concrete products to go far and pay a seemingly high
price for the raw materials of concrete upon which the
concrete’s quality, its commercial value and therefore
the success of its manufacturer must depend. The ma-
terial which is cheapest and nearest at hand will fre-
quently prove to be the most expensive.

CEMENT

Standard brands of Portland cement can usually be
depended upon to conform to the specifications of the
American Society for Testing Materials, and these in-
sure a safe and sound cement. Individual shipments
may, however, be unsafe for use in products manufac-
ture either because of exposure to dampness or because
of insufficient ageing, and less frequently because of
some fault in manufacture.

Tests—Concrete products manufacturers will not, or-
dinarily, undertake elaborate tests of cement. A simple
test is for constancy of volume. Thoroughly mix a paste
of cement and water of such consistency hat a Shgsk
pressure will bring moisture to the surface and yev ~meSn
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will not stick to the fingers. Make this paste into pats
which are about 8” in diameter and 14” thick at the
center, tapering to a thin edge all around. The mold-
ing should be done on a sheet of glass and each pat
.should be placed on a piece of glass about 4 square.
The pats should be covered by a damp cloth which is to
be supported above and not touch the pats, and kept in
this moist atmosphere for 24 hrs. At the end of this
period one pat should be left to cure in air for 28 das.;
another should be placed in water for the same length
of time. The temperature of the air and that of the
water should be as near 70° F. as possible. The third
pat should be given an accelerated test by being sus-
pended in a vessel containing water (the glass on which
the pat rests being supported above the water) and the
water brought to a boil. The vessel should be covered
loosely and the boiling continued for five hrs.

Each of these pats, tested as described, should show
no warping or distortion or cracks at the edges. If dis-
tortion or cracks do appear, expansion is indicated and
the cement should not be used in products manufac-
ture. If these defects are evident in the steam test, it
may be because the cement has not sufficiently aged and
another test 28 das. later is likely to give satisfactory
results. If, however, the repetition of the steam test
shows unsoundness in the cement it should not be
used. In the air and water tests slight hair cracks may
develop and may usually be disregarded. In the air-
cured pat even a slight curling at the edges is likely to
indicate merely a carelessness in the preparation of the
pat, too much water or too dry an air in which it was
cured.

If there are any serious doubts as to the soundness of
the cement for products work, thorough laboratory tests
are recommended.

AGGREGATES—GENERAL

Aggregates are the materials of whatever size or na-
ture (except of course, water) which are mixed with ce-
ment to make concrete. These include, so far as the

products manufacturer is concerned, sand, peobles amd
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crushed stone, and to some extent slag, with perhaps
undeveloped possibilities in the use of cinders in making
partition block. It is common to consider the sand or the
“fines” from the crushed stone as one thing and the
coarser material as something quite different. In one
sense this is unfortunate, because the good qualities of
one are the good in the other and a bad feature in one is
equally undesirable in the other. This is particularly
true in the field of the concrete products manufacturer.
The difference between fine aggregate and coarse aggre-
gate is in size only and even then the dividing line is
arbitrarily fixed.

Clean Materials—All aggregate, whether fine or
coarse, should be clean. First it should be free from all
vegetable or other organic impurities. The presence of
only 1% of 1% vegetable impurity in sand used in a con-
crete mixture caused the collapse of a concrete building.*
So far as could be judged by appearances. the sand was
satisfactory. The impurities had been washed down
into the sand bank from the soil above.

Second, the presence of clay or loam, though free
from organic impurity, may be and usually is highly un-
desirable. If the materials are coated with clay or loam,
such coatings are very apt to interfere with a good bond
by preventing the cement from coming in contact with
the materials to be bonded. Unusually thorough mixing
will have a tendency te minimize the danger. It is true
that tests of tensile strength have been made showing
that as high as 15% of clay loam added strength to the
1:8 mortar. Its value was as a void filler, but is not a
desirable void filler in concrete products. The concrete
products manufacturer will not frequently use 1:3 mor-
tars; he will use 1:2 mortars. And in the richer mixtures
the admixture of clay is distinctly to be avoided because
the presence of the clay does not admit of a full develop-
ment of the binding value of the cement. Further it has
been shown that the presence of clay does not permit so
rapid a strength development as in a clean mixture.

*Taylor and Thompson “Concrete Plain and Reintorcedl' wo. \ns®
and 159A.
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Durable Materials—Aggregates should not only be
clean in the sense of being free from all impurities tend-
ing to weaken the concrete, but they should in themselves
be durable. Soft sandstones should be avoided. All
stones which split in layers or break in thin pieces and
have marked planes of weakness should be avoided.
Limestones differ greatly in hardness and strength and
only the best should be used. Stone which crushes in
angular fragments is desirable. Durable concrete can-
not be made with aggregates which are not of a durable
nature.

Well Graded Aggregates—The aggregates should be
in such sizes and the quantity of each size in such ideal
proportion to the quantities of materials of other sizes
that the mixture will settle together into the smallest
possible space with the least amount of space between
the various particles. This consideration may, under
ideal conditions, be one which affects the choice of mate-
rials only. It will be found in most instances, however,
that a well graded aggregate is a factory problem. It
is up to the manufacturer to buy materials which are
clean and durable and as well graded as possible and
then proceed to- secure a well graded product by grading
the materials which he obtains.

Gravel or Stone—Concrete products of high quality
can be made with either crushed stone or gravel.

Albert Moyer says*:

Short time tests for co.npressmn strength usually show
broken stone concrete to be superior, but long time tests of
from six months to a year show gravel concrete on an average
to be equal if not stronger.

Crushed limestones, especially when there is a rather

high percentage of fine material, will undoubtedly admit
of the use of more water in a mix for a given degree of
plasticity than sand and gravel. Whether or not that
excess of moisture becomes available later for the cement
is probably still debatable.
FINE AGGREGATE

Fine aggregate is commonly designated as that which

passes a Yj-in. screen.

wry

~hlet No. 6, Vulcanite Portland Cement Co.
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Dust—It has been common to specify that the fine
aggregate shall not have a percentage higher than 5 to
10 passing a 100-mesh screen. When a good quality of
hard crushed stone is used, practice has shown that a
higher percentage of stone dust may safely be used.

Albert Moyer writes:*

It so happens, however, that quarry tailings or screenings
from the best crushed stone when made into briquettes for
tensile strength tests, will show far greater tensile strength
in long time periods than will the best quality of sand mixed
in the same proportions. The writer has in his possession a
broken briquette made of 1 part Portland cement, 21, parts
quarry tailings which contained 339, of fine dust, which bri-
quette in two years’ time broke at 1,000 lbs, per sq. in.

In actual commercial practice in the manufacture of a
high quality of wet cast stone, percentages of stone dust
in excess of the customarily specified quantities are used
with excellent results.

In this, however, much will depend upon the thorough-
ness of the mixing process and upon the wetness of the
mix. Where mixing is so complete as thoroughly to in-
corporate the dust particles throughout the mass, dust
undoubtedly serves an excellent purpose in giving dens-
ity, yet with insufficient water and less thorough mixing
the dust will as surely prevent good bond.

CoARSE AGGREGATE

Coarse aggregate is commonly understood to be that
which is retained on a 1/4-in. screen. The maximum
size will depend upon the nature of the product, upon
the surface treatment of the product and upon its thin-
nest section. No aggregate should exceed in size one-
half the smallest section of the product. Whatever the
maximum size, the aggregate should be well graded.

Water

The water used in mixing concrete should be clean—
free from impurities. Water is not merely used to make
a plastic mass of the cement and aggregate so that it is
easily manipulated. Water is an essential ingredient.
Portland cement does not become cementitious until well
mixed with water. Impurities in water are dangerows.

*Pamphlet No. 6, Vulcanite Portland Cement Co.
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They may prevent a proper development of the binding
qualities of the cement.

DEeNsiTY

The most desirable quality in concrete building units
is strength.

The second consideration is that they shall resist the
elements.

The third consideration (when the units are to have
exposed surfaces) is beauty.

To be strong, concrete must be dense; to resist the
elements, concrete must be dense; to remain beautiful
when exposed to the elements, concrete must be dense.

Density in concrete depends upon well graded mate-
rials, properly proportioned and well mixed.

With a supply of uniformly dry aggregates separated
into various sizes, but having the same specific weight
throughout, that combination of the various sizes will
have the greatest density which gives the smallest vol-

e — . et

—— e ————

ume for a given weight, or inversely the greatest weight -

for a given volume. Strive to obtain the greatest weight

in the smallest space. That is fundamental in selecting, -

combining and subsequent manipulation of materials. To
obtain that condition in concrete is the object of all tamp-
ing, pressing and puddling, yet these operations are
utterly unavailing if the materials have not been properly
selected and properly combined.

To combine materials properly the sizes and propor-
tions of sizes of the materials must be known.

To repeat: in obtaining a good concrete mixture, the
aggregates must be of a hard, durable nature. They
must be free from soil and impurities. They must be
free of any coating of a foreign nature which will inter-
fere either with the setting of the cement or the contact
of the cement with the whole surface of each particle of
aggregate large and small. The chief value of the Port-
land cement is as a glue—a mineral glue which is to
coat completely every particle of aggregate so that a
good bond will be obtained. Its further value is found
in the fact that it is so finely ground that when properly

. aixed in the presence of sufficient moisture the cement
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enters the minute interstices in the aggregate and fills
the spaces between and around the particles of aggregate
—spaces too small for the finest of the aggregate itself
to enter.

It will at once be seen that if the aggregate is poorly
graded so that the spaces are large and numerous, much
more cement will be required to secure density than
would be the case with a well graded aggregate.

In specifying sand, practice is growing away from an
insistance upon sharp sand. It is now generally recog-
nized that well graded sands with rounded grains give
better results, because greater density is obtained.

Sand grains should run from fine to coarse because
such a mixture will leave the smallest percentage of
spaces to be filled by cement.

Most sands will be found to possess from 30% to 4~0%
of voids and those voids must be filled with cement. The
cement should, in fact, exceed by fully 10% the known
voids in the fine aggregate, and the fine aggregate should
exceed b}r at least 5% the known voids in the large aggre-
gate.

S. B. Newberry says:*

The density and percentage of voids in concrete material
may be determined by filling a box of one cu. ft.. capacity
and weighing it. One cu. ft. of solid quartz or limestone,
entirely free from voids, weighs 165 lbs., and the amount by
which a cubic foot of any loose material falls short of this
weight represents the proportion of voids contained in it. For
example, if a cu. ft. of sand weighs 1151, lbs., the voids
would be 4914-165ths of the total volume, or 309%. The fol-
lowing table gives the percent of voids and weight per cu. ft.
of common concrete materials.

% Voids Wt. per cu. ft.

Sandusky Bay sand ............cce0n0ni0nann 111.7 lbs.
Same through 20-mesh screen...........coco00ue 88.5 101.5 *
Gravel, ” t0; %”...cccc0nennes .. 42.4 95.0 *
Broken limestone, egg-size...... cees 470 87.4 *
Limestone screenings, dust to %”.............. 26.0 122.2

It will be noted that screening the sand through a 20-mesh
sieve, and thus taking out the coarse grains, considerably
increased the voids and reduced the weight; thus injuring the
sand for making concrete.

The following figures show how weight can be increased and
voids reduced by mixing fine and coarse material:

*From “Concrete Buliding Blocks” by S. B. Newberry, patished s
Bulletin No. 1 of the Assn. of Am. Pgrt\am\ Cement Mirs.
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. % Voids Wt.percu.ﬂ. od
Pebbles, about 1” .. 88.7
Sand, 30 to 40 meall
Pebbles plus 38.7% sand, by vol
Experiments have shown that the strength of concretc
increases greatly with its density; in fact, -a slight mcreasc
in weight per cu. ft. adds very decidedly to the strength.

iz
PROPORTIONS i

There is a constant growth of sentiment against the |
use of bank-run gravel and crusher-run stone. With |
such materials the grading is unknown. The proportions { s
are at best a matter of guesswork.

The Illinois Highway Commission, in proportioning | n
bank-run gravel, requires that the volume of m erial
passing a 14-in. mesh screen be equal to %4¢ of the
volume of material retained on a 1/j-in. screen.* Such
proportion may be used without modification, the cement
to sand ratio bemg constant for a given class of concrete.
Even this requires a frequent sieving of the gravel to
maintain the proportions so that more stone or more sand ,
may be added as occasion requires. The supply seldom ‘

runs in constant proportions. Unknown proportions
result either in a poor product or a waste of cement.
It has been demonstrated that there is actual economy in | :
screening and recombining materials to maintain con- i

stant proportions. i b

The development of the concrete ‘products industry |a
must eventually entail a careful combination of materials. f &
This will mean a more general adoption of methods for , .
positive control of raw materials.

If sand and gravel or crushed stone are shipped m,
these materials will be elevated, screened and deposited l
in bins to be recombined in exact proportions. Further
progress will be in a more general use of crushers in
products factories. Spalls from the quarry will be
reduced in the crushers of the products manufacturer.
This will contribute especially to facing possibilities in
the development of local materials. The crushed stone
will be elevated, screened and recombined.

Such methods will make for standard products, of un-
varving quality, of absolutely controllable color, texture
Engineering Becord, Feb, 3, 1012

- —
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and general characteristics—products of constant quality
as to absorptiveness and strength.

Determining Proportions—A test of proportions of
materials of various sizes may readily be made by means
of trial mixtures. Placed in a cylindrical mold or vessel,
that mixture is the best in which the greatest weight of
like materials is contained in the smallest space.

Proper proportions may also be arrived at by a me-
chanical analysis of the aggregate passed through
screens of various sizes.

Robert F. Havlik accompanies a discussion* of this
method with a table of sizes and qualities.

From Mr. Havlik’s paper:

For any given amount of cement, the strongest concrete is
produced from that combination of aggregates the mechanical
analysis of which, when plotted to a curve by the coordinate
method, forms a parabola, passing through the zero ordinates
and the intersection of the diameter representing the largest
stone with the 100 per cent ordinate. This method was dis-
covered by William B. Fuller in 1901, and is discussed in
detail by him in a special chapter in Taylor and Thompson’s
Concrete Plain and Reinforced.. The percentage by weight of
the aggregate smaller than given size can be easily cal-

2

culated by the formula for the parabola, d — or P —

10,000
100 / Di in which P — percentage of mixture smaller than
any given diameter; d — any given diameter; D — largest diam-
eter of stone used.

Table I gives the percentages by weight that are required of
any size aggregate to form an ideal mixture.

Too much emphasis can scarcely be put upon the
proper grading and proportioning of materials to attain
the prime object density—and to attain that object with
the greatest economy.

Much is said to urge the use of coarse sand, but the
fine aggregate or the coarse aggregate should not be
uniformly coarse. A coarse sand without a very high
proportion of cement will give a product of high per-

_meability. The permeability of a concrete product is

the rate at which water will pass through it.” It is in-
creased by large openings. A uniformly fine sand Wit

*Paper before National Assn. of Cement Users (Am. Concrete Ynek-
tute) in Concrete, June, 1912,
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out a large proportion of cement will give a highly ab-
sorptive product. Having a large number of small open-
ings, it will be very porous and take up a great deal of
water by capillary action.

The ideal sand is one in which the particles are graded
in size. With such a sand a minimum of cement may be
used.

To say definitely what mixture of cement to aggre-
gate is to be used is to minimize the importance of what
has already been said, to the effect that every manufac-
turer should thoroughly study his materials. The mix-
ture in products manufacture should, ordinarily, be be-
tween 1:4 and 1:6, with a still richer mixture when the
aggregate is all comparatively fine. The mixture of
cement with fine aggregate should rarely be leaner than
1:2. Cement should always be proportioned with the
fine aggregate. The proportion of larger aggregate will
depend upon the aggregate itself. There is no arbitrary
rule of proportion. Every set of conditions demands its
own solution. The larger aggregate should not be in so
high a proportion to cement and sand that the sand will
not be sufficient to exceed the voids in the large aggre-
gate by at least 5%.

In further emphasis of what has already been pointed
out: In any concrete work requiring as rich a mixture
as in factory-made concrete products, where all the ag-
gregates are small as compared with those employed in
large field construction work, there is full justification, in
safety and in economy, for screening aggregates and re-
combining them in proper proportions.

MEeasuriNgG MATERIALS

In measuring materials, general practice is divided be-
tween determination by weight and by volume. Con-
crete stone of the best quality obtainable is made in
factories where measurement is by volume, although the
prevailing opinion in theory, at least, is that quantities
should be weighed.

If cement is used in bags, the unit of measurement is
already provided in weight, equal ‘o approximeately oo

cu. ft. If cement is used in bulk, discrevion s on e
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side of weighing a quantity for each batch, because ce-
ment measured loose falls far short of cement when
packed.

The principal argument in favor of weighing the ag-
gregate is that a given volume of aggregate of uniform
size will weigh far less than aggregate well graded.
Supposing an aggregate were used in which the parti-
cles were of uniform size, the resulting product would
not be improved by a greater volume of poorly graded
material (enough to make the necessary weight) because
the product would be more porous with more aggregate
than with less, as an increase of volume would increase -
the total voids. It is to be taken for granted that the
matter of greding has been taken care of previous to
measuring out the material for a batch of concrete. If
the materials are well graded, measurement by volume
should give an accurate result. If they are not well
graded, weighing will not grade them. Another argu-
ment in favor of weighing is that the volume will vary
with the moisture content, because moisture will force
the sand grains apart. It must also follow that weight
will also vary with the amount of water in sand. The
products manufacturer should keep his sand dry.

Weighing is valuable as a check upon the way the
materials are running. If the weight of a cubic foot of
material of any size used in a mixture is predetermined
for the ideal condition of that material, weighing will
check with the volume measurement and a trial weight
will indicate whether or not that material is running true
to form. If it is not, new proportions are the indicated

remedy.
y QuaNTITY OF WATER

The amount of water to be used in a mixture to obtain
a given consistency will vary with the nature of the ma-
terial. Most crushed stone will take more water than
gravel to produce a given consistency. The consistency
itself must vary with the nature of the molding equip-
ment. In the use of machines and other molds from
which the product is to be removed almost immediately,
the mixture should be just as wet as possible congistent
with the limitations of this process of manufacture.
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The greatest fault found with the so-called “dry-
.amp”’ method of manufacture is this limitation which is
placed upon the quantity of water used in the mixture.
This fault is not necessarily so serious as the products
nanufacturers themselves have made it. The block ma-
chine operator prefers a dry mix. It is more easily
manipulated and when molded slips away from the face
plates more easily. If made too wet the molded product
will not stand up. Yet much more water can be used
than is used in most cases without a sagging in the prod-
uct. It is a matter deserving of the closest watchfulness
and supervision until operators can be made to use a
wetter mixture, even at some sacrifice of quantity of out-
out. As for the sticking of the facing to-the plate, it
128 been found that while a mixture of a certain degree
»f wetness is more apt to stick than a mixture a little
nore dry—it has also been found that a little more water
mnstead of less will give the same result.

MixiNe

There has been great progress in mixing efficiency.
Mixers have been designed to meet practically all re-
juirements of concrete work of every nature. The con-
srete products manufacturer’s mixing plant is stationary.
He has no problems of getting about here and there with
his mixer. He has wide latitude in making a selection.
It is assumed that hand mixing is out of the question.
At best, it is far from being as thorough as is probably
possible with the poorest mixing machine. The mixer
will be chosen for capacity and continuous service and
reliability. To suggest what particular type of mixer
should be used is unwarranted, as there are no data upon
which to make sweeping dec181ons

A few years ago there was qmte a general dlsapproval
of the continuous type of mixer for use in products
maufacture. The disapproval was based upon dissatis-
faction with the machines in maintaining correct pro-
portions. The batch mixer was considered the only safe
type of mixer to use. Yet when cement, sand and stone
are carelessly measured in shovels and w\\e.e\\mxtuws, A\S
§ not to be expected that even a batch mixer Wi\ oo A
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tive in its proportions. Both batch and continuous mixers
are used with satisfaction. Whichever type is used the
manufacturer should be assured that proportions of
materials are correct. )

If a continous mixer is used, he should be assured that
the materials feed properly. This will defend in many
instances upon the auxiliary equipment—upon the con-
tinuity and equality of flow of materials to the mixer.
With dry materials stored under cover the feed is more
readily controlled. Alternate damp and dry materials
have repeatedly given trouble in continuous mixers.
Hoppers feeding to the mixers should be kept filled to an
even height, as change of pressure will influence the feed.

With batch mixers the problem of constant proportions
is less a mechanical problem. It is, nevertheless, of equal
importance that the materials go into the mixer in con-
stantly equal quantities. '

Uniformity of product is dependent upon uniformity
of materials as to kind and quantity.

Agitating a Wet Miz—In wet process (poured) work,
it is possible to use too much water. A wetter mixture
can be used in sand casting than in water-tight molds,
because the excess water is taken up by the sand. A
mixture should not be so wet as to cause a rapid separa-
tion of materials. To obviate that separation in the mix-
ture, it is general practice to agitate the mixture after
it comes from the mixer. This may be in a motor-driven
agitator carried by an overhead crane, from which the
mixture flows only a few feet into the molds. In some
plants the agitator is driven by a crank operating pad-
dles within a cask which is moved about on trucks over
rails. The mixture is taken off in pails through a spigot
and poured immediately into the molds. To some extent
—and more notably in one very large eastern factory—
there is no agitation of the mixture except by puddling
with sticks after the mixture is deposited in wood molds.

‘e mixed concrete—of a consistency to pour—is con-

d in 12-qt. pails, four at a time in WheeYoartows.
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DuraTioN oF MIxING

The length of time in which mixing should be con-
tinued is being considered with more and more regard for
its importance.

It has been commonly specified in concrete work that
mixing shall continue until the mixture is of uniform
color and homogeneous throughout. This leaves a great
deal to individual judgment as to what is homogeniety.
The best practice now is to prolong the mixing process.

A Discussion* of the Time Required for Machine
Mixed Concrete by W. M. Kinney is quoted:

It is a lamentable fact that very little attention is paid to
the length of time of mixing concrete by machine, more stress
being laid upon the number of cubic yards of concrete mixed
and deposited during the day’s run than upon the amount ot
mixing each batch receives. The mixing of the concrete is im-
portant in all work, and especially so in the construction of
concrete roads. Recent specifications for concrete roads adopt-
ed by the National Conference on Concrete Road Building
and the American Concrete Institute require that mixing by
machine shall be continued for 45 sec. after all the materials
have been deposited in the drum and furthermore, the speed
of the drum of the mixer is confined within certain limits,
depending upon the rated capacity in cu. ft. of unmixed mate- *
rial, as shown in the following table:

Rated Capacity Capacity Revolutions per
cu. ft. un- bags of cement minute of drum
mixed material. 1:2:8 mix. Min. Max.
7 to 11 1 . 15 21

12 to 17 2 12 20

18 to 28 3 12 20

24 to 29 4 11 17

80 to 88 5 10 15

Within certain limits of wetness of mix, water is an un-
doubted aid in the process of securing a homogeneous
mass. It follows that dry mixtures such as are used in
“dry-tamp”’ work should remain in the mixer for a longer
time than wet mixtures.

Tmwo Mizings—Some manufacturers favor two mixings.
One foremost in mind as this is written is in a New Eng-
land factory where a stone is manufactured giving very
high tests for compression and as a customary corollary,
a very low absorption. The general character of the
stone is such as to recommend it for trim in the best of
architectural work. The aggregate i3 a wivwre o
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crushed limestone and crushed granite, measured by vol-
ume. The stone contains a large amount of dust. Hy-
drated lime equal to 15% of the weight of the cement is
added. All the materials are mixed dry in a batch
mixer and deposited through a chute to a continuous
mixer on the floor below. Here the mixing is continued
and the water added. The consistency is such that the
mixture piles up in a cone, yet when it slips down the
slope of the cone it forms balls. It is a sticky mix. It
is deposited in wood molds and hand-tamped—using 15- °
Ib. tamps. The water content is high enough to produce
a sloppy mix in a sand and gravel mixture, but is not
sloppy in this instance because of the stone dust and the
hydrated lime. (Further reference to this plant, No.
11, is to be found in Chapter 10.)

Facine MixTURES

Facing mixtures, in the manufacture of stone which is
not of one mix throughout, are necessarily drier than
mixtures for backing. This is particularly true in stone
work which is not to have a tooled, brushed, sprayed or
acid-treated surface. Wet mixtures do not give attractive
texture. The surface demands treatment to give it char-
acter. Dry or semi-wet mixtures give better textures,
but unless carefully proportioned, mixed and placed, are
frequently highly absorptive, resulting—when the sur-
face is smooth and composed of fine particles—in dis-
coloration after exposure. A very rough facing of larger,
colored aggregates than ordinarily used does not suffer
so severely by absorption, as discoloration is less evi-
dent.

Facing mixtures are best considered in connection
with surface treatments and general architectural appear-
ance. These subjects are discussed in another chapter.

“Air Bubbles”—The tendency toward the formation of
air bubbles in wet cast concrete in tight molds of wood,
metal, plaster, etc., has presented a serious problem to
many manufacturers. A discussion* by H. P. Warner,
of the prevention of these pockets which seriously injure
the surface appearance of concrete stone, brings out

these suggestions:
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For the elimination of air bubbles in products made in
wooden molds with a very wet mixture, we have a gyratory
process by which the material is poured in the molds while
placed on a large platform which is kept constantly in vibra-
tion. This platform has a ‘vertical rise and fall of approxi-
mately 6 in. and is driven by a 10-h. p. motor. By this method
we find very few air bubbles resulting in the finished product.
If the pattern'is rapped sharply with a hammer immediately
u;;(;n being filled the results are very similar, on a smaller
scale. .

Careful “spading” has a tendency to fill these pockets
by permitting the fine material to move mto the air
space. This may be done with a stick or- rod.

Hydrated Lime—There is a growing tendency to use
hydrated lime in concrete mixtures for various purposes.
It should not be used to displace any part of the cement
deemed necessary to give a good product. It should be
added to the cement. The amount which it is generally
considered advisable to use is limited to 10% of the
weight of the cement. Some manufacturers of purely
ornamental products use as high as 25% by weight of
the cement. It is used in quantities as high as 15% in
building stone manufacture. Until further tests and in-
vestigations have been made, discretion limits the quan-
tity to 10%. '

Hydrated lime gives a more plastic mixture. It gives
a concrete of lighter color. It acts as a void filler. Its
use is discussed by E. L. Conwell,* as follows:

Referring to the use of calcium hydrate in a mixture of
cement and coarse torpedo sand in the manufacture of hollow
wall tile, we consider this of a very great benefit. The effect
of the hydrated lime will be greatly to enhance the plasticity of
the material so that it will flow much more readily and fill the
molds. The hydrated lime will cause the composition to flow
uniformly, i. e., it will prevent settling out or segregation of the
cement and sand thereby giving a material which will attain
greater strength. Owing to the well recognized ability of lime
more perfectly to fill the voids in a cement mortar mixture, the
finished tile should undoubtedly be more dense and also some-
what lighter in color. A further benefit will be a lower capacity
for absorption.

As to the variety of calcium hydrate to be used, we would
certainly recommend hydrated lime manufactured by a re-
liable firm. It is quite difficult to proportion &Xoner paske St
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whitewash made from slaking lime, and in addition, either of
these is likely to contain such impurities as existed in the lump
lime, while properly prepared hydrated lime is freed by me-
chanical means from such impurities as unburned stone, clinker,
- cinders, etc. Unless the hydrate used is known to be manu-
factured under strict chemical control, we would advocate that
samples of various hydrate be obtained and made into small
pats, using equal parts of Portland cement and hydrated lime
These pats should be 3” in diameter, 1,” thick at the center,
tapering to a thin edge and should be made up on glass. After
storing for 24 hrs., these should be placed in boiling water for
S hrs. At the end of this time they should be observed for
signs of checking, cracking, warping or disintegration. The
hydrates, the pats of which show signs of any of these, we
cannot endorse for such use. It, of course, goes without say-
ing, that the cement used in making these pats should be sound
itself, i. e, pats of the straight cement treated in this way
should show no signs of checking, cracking, warping or dis-
tortion. This test is one that can readily be carried out
and has been found quite reliable for showing up in the hy-
drated lime the presence of elements which may cause t
destruction of any structure in which it is used.

Preventing “Sticking”—In preventing concrete from
sticking to molds, practice has developed the methods
suggested by P. E. McAllister and Adolph Schilling, as
follows:*

Mr. McAllister says:

For wood molds we have had very good results from using
paraffin dissolved in coal oil; iron molds, either coal oil or
“three in one” oil; for plaster molds we use mutton tallow and
coal oil; and for glue molds, “three in one” oil.

Mr. Schilling says:

For wood moﬁis use a thin mixture of lard and lard oil,
or liquid wate:-jprooﬁng, or dampflrooﬁng; when this coat is
thoroughly hard, rub with cloth slightly moistened with mix-
ture of lard and lard oil, before each cast is made. This same
mixture can be applied to iron molds, but mixtures can be
thinned with kerosene. -

Prepare plaster mold with a mixture of linseed oil and yellow
beeswax; let this soak well into the mold; after two days wash
with kerosene; before each casting brush mold with mixture of
stearic acid dissolved in kerosene. 'This should be very thin.

For glue or gelatin molds when glue is well hardened, pre-
pare a coating of 3 parts alum and 1 part formaldehyde. g‘his
hardens the surface of the glue and protects it against the
action of cement, so that several casts can be made. Before
each cast brush freely with mixture of stearic acid and kero-

Selne.
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Care must be taken to screen cilue after remelting, to elim-
inate the hard, thin coating, which has become insoluble under
the action of the formaldehyde.

STANDARD PRACTICE

The standard practice in the manufacture of concrete
architectural stone, building block and brick, of the
American Concrete Institute is quoted below in so far

as it treats subjects embraced in this chapter.

Cement. The cement shall meet the requirements of the
Standard Specifications for Portland cement of the American
Society for Testing Materials.

Aggregates. The aggregates shall be clean, hard, durable
materials, and shall have no coating of clay or other substances
which would in any way interfere with the bond between the
cement and the aggregate.

(a) Fine Aggregate. The fine aggregate shall consist of
sand or crushed stone graded from fine to coarse, all of it
passing when dry, a screen having 14-in. diameter holes; not
more than 69 of it passing a sieve having 100 meshes per
lin. in.

(b) Coarse Aggregate. The coarse aggregate shall consist of
gravel, crushed stone or other suitable material graded in size,
which is retained on a screen having 14-in. diameter holes.

(d) Water. The water shall be clean, free from oil, acid,
strong alkalies or vegetable matter.

The proportions of cement to aggregate shall be such as re-
quire at least the minimum amount of cement to produce
strength and dens