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A fire-brick lining must be used. A thickness of 8 or g inches is more
economical than a 4k-inch lining because it can be replaced without dis-
turbing the concrete. Spaces must be left at the ends of the fire-brick lining

to allow for expansion.

The concrete should be asrich as 1: 2:4 and the best aggregates are quartz
sand and trap rock about } inch maximum size. For high temperatures
gravel and limestone aggregates should be avoided. Cinders of first-class
quality should make durable walls when mixed with sand and cement
in rich proportions.

Fences. Fences have been built of solid concrete, of mortar plastered
on wire lath, of concrete rails set in concrete posts, and of concrete posts with
galvanized fence wire between them. The last plan is the most common.
For farm or division fences the length of posts may be 7 feet, allowing 3 feet
of this to set into the ground, and the size may be 5 or 6 inches square at the
bottom and 4 or 5 inches square at the top with L-inch rods in each corner.
Forms are easily made singly or so as to mold several posts at once.

Silos. Silos of solid monolithic concrete built in circular forms may have
walls 6 inches thick reinforced with Z-inch bars bent to cizcles and placed
12 inches apart. Occasional vertical bars are also neccssary. The con-
crete must be mixed wet and placed very carefully so as to give a perfectly
smooth interior surface, so solid and dense that the ensilage will not he dried
out next to the wall.

Greenhouges. Greenhouses themselves, as well as the floors, tables,
water troughs, hotbeds, and minor appurtenances, are being built of con-
crete. The directions throughout the various chapters in this treatise
for structures of different classes will be found to apply to these details.

House Chimneys. Chimneys for residences may be of concrete if
heavily reinforced, but the expense of forms usually will make them more
costly than brick. '

Chimney caps of concrete should be well reinforced to prevent cracking.

Residences. Residences are built of solid reinforced concrete;concrete
blocks (see p. 629); concrete tile, plastered (see p. 620); and mortar plas-
tered on metal lath (see p. 627).

Solid or monolithic concrete is especially adapted to fine residences and
permits unique architectural treatment. Eventually with the development
and consequent reduction in cost of form construction, reinforced concrete
may be more generally employed for dwellings of small and moderate size.
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CHAPTER XXX
CEMENT MANUFACTURE

: This chapter contains a short historical sketch followed by a brief out-
line of' the processes of modern cement manufacture, illustrated with views
of typical machinery.

HISTORICAL

L.ime must have been used by the Egyptians thousands of years before
Christ, as the stones in the pyramids apparently were laid in mortar of
common lime and sand. It is even thought by some that these ancients
understood the principle of mixing lime and clay together to make a real
cement, '

C.oncrete was made by the Romans as early as several centuries before
Christ. For most of theirwork, they used lime mixed with sand and stone
but understanding the value of puzzolana or volcanic ashes to render limé
hydraulic, they employed these two materials in combination with the
sand and stone for marine construction. For less important work, they
olften mixed lime and coarsely powdered brick with the aggregate. \’/Etru-
vius, writing in the first century, describes methods of making concrete
with lime alone, and also gives as the formula for making it of slaked lime
and Italian puzzolana:

12 parts of puzzolana, well pulverized.

6 parts of quartz sand, well washed.

9 parts of rich lime, recently slaked; to which is added

6 parts or fragments of broken stone, porous and angular, when
intended for a “pise” or a filling in. ,

In the Middle Ages concrete was employed, after the Roman fashion, for
both walls and foundations. 1In the former it was generally laid as a é:ore
faced with stone masonry. Large stones were often imbedded in the
mass:

The: fact that clay contained in certain limes rendered them hydraulic
was discovered by John Smeaton, when studying the designs for t.he 1hird
E'ddystone Lighthouse, about 1750. Early in the following century
Vicat, by his extended scientific researches in France, earned ?or himsedlijr
the name of the founder of hydraulic chemistry.
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In England, in 1796, James Parker made trom nodules of argillaceous
limestone, calcined and ground, what he called Roman cement. This
process he patented, and from it the Natural cement industry was developed.
It was Joseph Aspdin, of Leeds, England, who really invented Portland
cement by discovering in 1824 that an artificial mixture of slaked lime and
clay, highly calcined, formed a hydraulic product. On account of its
resemblance in color and hardness to the Portland stone which was much
used in England at that time, he called his invention Portland cement.
Two patents had been granted in England a few years before his time,
but as in these the materials were not heated to vitrification, hydraulic
lime instead of cement was produced.

The Portland cement industry was not developed to any great extent
until about twenty vears after Aspdin’s discovery, when J. B. White &
Sons in Kent, England, commenced its manufacture. Later, Mr. John
Grant gave a great impetus to Portland cement manufacture by experi-
mental studies upon the practical action of cements, mortars and concretes
under varied conditions. The results of his tests he presented to the In-
stitution of Civil Engineers in 1866, 1871, and 1880.

The first manufactory for producing Portland cement in France was
established toward the middle of the last century at Boulogne-sur-Mer.
In Germany the first factory was erected soon after this, for the production
of the Stettin Portland cement, and with such successful results that in
1900 Germany produced more Portland cement than any other country.

The discovery in the United States of a rock suitable for Natural cement
was made in 1818 by Canvass White, an engineer connected with the
construction of the Erie Canal, and Natural cement was made in Madison
and Onondaga Co., N. Y., in that year. The first Natural cement in
the Rosendale district was made at Rosendale, Ulster Co., N. Y., about

1823. Mr. D. O. Saylor was the founder of the Portland cement industry
in the United States. His discoveries were made in the Lehigh Valley.
He expzrimented from 1871 to 1875 and marketed cement in 1875.

PRODUCTION OF CEMENT

The total production* of hydraulic cement in the United States for 1908
was 52 910 25 barrels, of which 51 072 612 barrels were Portland cement,
1 686 862 barrels were Natural cement, and 151 451 barrels were Puzzolan
or Slag cement. The average values per barrel were, for Portland cement

$0.85, for Natural, $0.49 and for Puzzolan, $0.63.
The superior quality of Portland over Natural cement and the increasing

* Edwin C. Eckel in The Cement Industry in the United States in 1908,
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economy of its manufacture is evi
yof its manufacture is evinced by a comparison of these figures

with those of 18go, when only

335 500 barrels of Portland cement were

roduced against 7 o8 '
i f..(l dg;-l]llh[ 7 082 204 barrels of Natural cement. The imports of
em ;i i .
Tfnt In 1890 were 1 940 186 barrels, and in 1908, 842 121 barrels
e producti Yortl: : i Tnite /
i .[. duction uf.Inr[Lmd cement in the United States by individual
States 1s represented in the following table. -
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TProduct in 1900 combined with Missouri.

About 409 L
out 40% of the total production in 1908 was in the Lehigh Valley

of Pennsylvania and New Jersey.

In 1900, 73% came from that district.

PORTLAND CEMENT MANUFACTURE

Portland nt 1s i
and cement 1s made from a mixture of calcium carbonate and silicate

ol alumina.

The processes of manufacture differ with the natural state in which
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ration consists essentially of (1) pul-

these materials are found, but the op2
2) heating to a temperature

verizing and mixing the two ingredients, (
which is near the melting point, .., calcining, (3) grinding toa fine powder. -
If either of the raw materials occurs in a moist state it is generally cus-
tomary to mix them wet, and after a preliminary grinding introduce them
into the kilns. Dry raw materials for calcining or burning in the old style
stationary kilns must be formed into plastic bricks with the aid of water,
but the rotary kiln, invented in 1885 by Mr. F rederick Ransome, has revolu-
e of Portland cement by making it possible to intro-

tionized the manufactur
ace, in either a dry or wet state, with-

duce the mixed substances into the furn
out hand labor.

After calcination, the methods of grindi
the character of the raw materials or the type of kiln.

The Association of German Cement Manufacturers, to protect the good
tland cement, requires that its members shall sign

ng the clinker are independent of

name of German Por
the following=*

The members of this Association are permitted to bring into the market
under the term of “Portland Cement'' only such material as is prepared
from an intimate mixture of lime and clay materials as essential ingredients,
burning to sintering and subsequent grinding to the finest of flour. They
obligate themselves not to recognize as Portland cement any material which
is prepared otherwise than above stated, or which during or after the burn-
ing has been mixed with foreign bodies, and to look upon the sale cf other
material under the name of Portland cement as deceiving the purchaser.
These requirements are not 10 forbid the addition of not more than three per
cent of other material to the Portland cement for the purpose ( f regulating

the setting time.

The members of the Association further obligate themselves to furnish
Portland cement which will in all respects meet the requirements of the
Prussian Minister of Public Works.

When a consumer requires cement forap
than the requirements, OT colored, its preparation is allowable.

If a member of the Association offends the above given obligation, he shall
be expelled from the Association. His expulsion is made known publicly.

The manufactured product of each member of the Association is tested
of the Association at 1 arlshorst near Berling and the
he General Meeting of the Association,

articular purpose, coarser grounp

yearly in the laboratory
results are given out at

Raw Materials for Portland Cement Manufacture. The raw ma-

terials, as stated above, consist essentially of calcium carbonate and silicate

Their exact proportions are determined by their chemical

of alumina.
composition. A usual ratio is about 75% carbonate to 25% silicate.

The two substances occur in nature in so many forms that we have a

* Quated in Cement Age, January 1999; p. 24-
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of
Chapter VL. : :

The following table illustrates
materials which are u§cd for Port-
analysis of the cement 1n each case:
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a classification of processes into (1) wet process, and (2) dry process.
The former is often subdivided into wet and semi-wet, depending upon
the quantity of water added at the time of the mixing.

The wet process is employed with soft or wet materials, such as chalk
and clay, or marl and clay. The carbonate of lime and the clay are
mixed in a vat or wash-mill with a large excess of water. Agitators break
up the lumps and so finely reduce the particles that they are held in sus-
pension in the water and flow off over the top of the vat. In another basin
the stuff is allowed to settle, the water is drawn off, and the “slurry”
becomes hard enough to handle in barrows and then form into bricks to
be dried, and finally calcined in stationary Kkilns,

By using a smaller quantity of water, say 40 or 459, the settling process
and consequent hand-labor is avoided, and the material is made only
fluid enough to handle in pumps. After grinding

g, it may be pumped
directly into the rotaries, or, if stationary kilns are used, the pumps throw

it to the drying room to be made into bricks. This process is called in
England the semi-wet process, but as it is practically the only wet process
used in the United States, it is here simply termed the wet process,

The dry process was first used in Germany as a result of the sub-
stitution of limestone for the chalk of England. The two ingredients
are ground and mixed in a dry state. If the kilns are stationary, the
mixed material must be moistened with sufficient water to form plastic
bricks, which are then dried, but for rotary kilns no water is added, the
mixture of dry materials passing, after being ground, directly into the kiln.

Dry Process with Rotary Kilns. The introduction of rotary kilns into
new cement plants is universal, while many of the older mills are sub-
stituting them for their stationary kilns. Where rock, or rock and clay,
form the raw materials, they are mixed and ground, and introduced into
the rotary in the form of a dry powder. If marl or chalk furnish the
carbonate of lime, the wet process of mixing and grinding is usually em-
ployed, as described on page 720, although in a few plants each of these
materials is dried when entering the mill, and the operations are similar
to those described below for rock mixtures, except that driers and dis-
integrators are substituted for stone crushers.

The process of manufacturing Portland cement from rock, or rock and
clay mixtures, in plants equipped with rotary kilns, consists essentially of
crushing the materials, — either separately or after mixing them, — dry-
ing, grinding, calcining in the rotaries, cooling, grinding to powder, and
packing.

The details of the process will be best understood by briefly describing
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the typical macHinery chown in the illustrations. Various types and
makes of grinding machinery will produce similar results, those selected
being merely representative.

If two stones of fairly similar texture and each of uniform composition
form the raw materials, they may be carefully weighed and thrown to-
gether into the breaker. Otherwise, they are treated separately, and mized
just before the grinding which precedes the calcination. A common type
of breaker is the gyratory crusher shown in Fig. 78 on page 244, No. 5 or
No. 6 being the usual size employed. This reduces the stone to a size
varying from dust to about 24-inch diameter. A further reduction in
size to about -inch is accomplished in plants of modern design by crack-
ers of the coffee mill type (see Fig. 229), or similar machinery.

Clay, if used, is dried in broken lumps, and
then may be pulverized by passing it through a
disintegrator consisting of two horizontal rolls,
one corrugated or toothed and the other smooth.

An economical form of dryer for clay or stone
consists of a long revolving steel tube about 4
feet in diameter, provided with shelves on its
interior surface, formed by horizontal Z-bars.
The hot gases from the kiln may be made to
pass through the tube and meet the raw mate-
rial.

By treating the two materials separately up
to this point, an extremely accurate mixture is
obtained by weighing the ingredients in a pair
of automatic weighing machines (see Fig. 230),
so arranged that one of the pair will not dump

L t  until both are charged.
' S Samples of the two materials are taken, just
Flgmciz? (See p.712) before mixing, at definite periods throughout
the day, and analyzed to determine the correct
proportions. A partial analysis showing the quantities of the principal
constituents may be all that is mecessary except at occasional intervals.
The maintaining of correct proportions is one of the most essential ele-
ments in the manufacture.

Another grinding of the mixed materials in tube mills, Kent Mills,
Griffin Mills, Fuller Mills (pp- 716, 717), OF similar machines, to a fineness
which will pass a screen having 20 to 30 meshes per linear inch, com-
pletes the preparation for the rotary kilns. The actual fineness of the
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