A TREATISE ON CONCRETE

to Mr. D. M. Andrews. Ten brands of Portland cement were submitted

to the Government at prices ranging from $2.77 to $3.29.% Experiments E CLASSIFICATION OF CEMENTS

showed that sample No. g was the strongest, with No. 4 a close second. ,

The relative strength of the different brands in proportions 1:3, based

on the strongest as 100.0, is given in the column headed Relative Strength

of Mortar, and the column following this gives the product of the relative CHAPTER V

strength multiplied by the relative cheapness.. In the case under consider- %

ation brand No. g was selected for purchase, because, although No. 4

_gave higher economy, it appeared slightly unsound. Other data with 3 From an engineering standpoint, limes and cements may be classi

reference to each brand was observed, including the volumes of the barrels, 8 ; Potilnd coment: ; ¢ ay be classified as

their gross net weights, the percentages of water used in mixing the pastes 8 Natural cement,

and mortar, the time of setting of the mortar, and the strength and relative 1 il et

economy of mortars with sand proportioned to price of cement, that is, for 3 Hydraulic lime.

example, using 197, more sand with cement No. 10 than with No. 1,because Cur i o

the former's price was 197 greater. B Typical analyses of each of these are presented in the following table
(=] .

#The price of Portland cement has since been materially lowered. L The COmPOSitiOH of Natural cement, even different Samp]eq of the
: g same

brand, is so extremely vari: i

) : > y variable that their analyses

: gis > et ‘ _ o \ cannot be regarded a

Relative Economy of Different Priced Portland Cements. | characteristic of Iocality_ - !
By D. M. ANDREWS.
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PORTLAND CEMENT
Portland cement s defined by Mr. Edwin C. Eckél of the U. 5.
Geological Survey as follows: ‘‘By the term Portland cement is to be
uriderstood the material obtained by finely pulverizing clinker produced by
purning o cemi-fusion an intimate artificial mixture of finely ground
~alcareous and argillaceous materials, this mixture consisting approxi-

mately of 3 parts of lime carbonate to 1 part of silica, alumina and iron

oxide.” :
The definition is often further limited by specifying that the finished

product must contain at least 1.7 times as much lime, by weight, as of silica,
alumina, and iron oxide together.

The only surely distinguishing test of Portland cement is its chemical
analysis and its specific gravity. (See pp. 64 and 6 g) In the field it may
often be recognized by its cold bluish gray color (see p. 11 3), although
the color of Puzzolan and of some Natural cements is so similar that this
is by no means a positive indication.

The term Natural Portland Cement arose from the discovery in Bou-

logne-sur-Mer, France, as early as 1846, of 2 natural rock of suitable com-

position for Portland cement. A similar discovery In Pennsylvania gave
o the same term in America, but the manufacturers soon found it

necessary to add to the cement rock a small percentage of purer limestone.
land cement, as defined above, is,

rise t

Since the chemical composition of Port
substantially uniform regardless of the materials from which it is made,
in the United States the terms “natural” and “artificial ” are meaningless.

In France, cements intermediate between Roman and Portland are
called “natural Portlands.”™*

Sand Cement. Sand or silica cement is a mechanical mixture of Port-
land cement with a pure, dean sand very finely ground together in a
tube mill or similar machine. For the best grades the proportions of
cement to sand are 1:1, although as lean a mixture as 1:6 has been made
to compete with Natural cements. The coarser particles in any Portland
cement have little cementitious value, hence if a portion of the cement is
replaced by inert matter and the whole ground extremely fine, its advocates
maintain that the product is scarcely inferior to the unadulterated article.
As made in the United States, the mixture is ground so fine that 5% of it
will pass through a sieve having 200 meshes to the linear inch, and all of
the 50, of residuum is said to be sand. In other words, all of the cement

passes a No. 200 sieve.

A sub-classification of Portland cement is presented on page §3.
# Candlot’s Ciments et Chaux Hydrauliques 1898, p- 164.
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NATURAL CEMENT

. Sgtural cement is ‘‘made by calcining natural rock at a heat below
mClplfent fusion, and grinding the product to powder.”* Natural cemoi
contains a larger proportion of clay than hydraulic lime, and is concse u ili
more strongly hydraulic. Its composition is extrerﬁehf’\'arial-)le on 'q .
of the difference in the rock used in manufacture. : iy
Natural cements in the United States in numerous instances bear th
names of the localities where first manufactured. For example Rosenda]e
cement, a term heard in New York and New England more’ fre uentle'
than Natural cement, was originally manufacturecr in Rocendalequ‘t :
County, N. Y. Louisville cement first came from. I:(Juisvilie ;{e'r
The James River, Milwaukee, Utica, and Akron are .other N,at .
cements named for localities. s
Th? United States produces a few brands of “Improved Natural H
draulic Cement,” intermediate in quality between Natural a;ld Portlan)(;_
3

‘ by mixing inferior Portland cement with Natural cement clinker

In England the best known Natural cement is called Roman cement

OCCaSiO]]a]lV one ]lCaIS ¢ rerm E 1 l\el SO Cd e(l on
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LE CHATELIER'S CLASSIFICATION OF NATURAL CEMENTS

ChIn ]T‘ra?ce th‘ere are several classes of Natural cement. Mr. H. Le
: 3E911ETT class.Iﬁes.Naturai cements as those obtained “by the heating of
mestone .le.ss rich in lime than the limestone for hydrau-lic lime. They
may be divided into three classes: | }

Ol
Qu;df setting cements, such as Vassy and Roman (Ciments 2
prise rapide, Vassy ain); H
{ pide, Vassy, romain);
h Slow-setting cements (Ciments & prise demi-lente);
- . :
Grappiers cement (Ciments de grappiers).

(1
v ‘ :
nuChassly Cements are obtained by the heating of limestone containing
;he limc aylﬂa,t a very low temperature, just sufficient to decarbonatz
S e. They are characterized by a very rapid set, followed afterwards
y an extremely slow hardening, much slower than that of Portland
. ortland ce-
i‘Th =
S ey fdlffer from Portland cements by containing a much higher per
g e T ~ ‘- 3 ; }
% tg of sulphuric acid, which appears to be one of their essential ele-
nts, and a much lower percentage of lime.

5 : 5

Professional Papers, No. 28, U. S. Army Engineers, p. 33

tProcédés d Essai des Matériaux Hydrauliques, Annales des Mines, 1893
: 4
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« Slow-Setting Cements, by the high temperature of calcination,
approach Portland cements, but the natural limestones never possess
the homogeneity of artificial mixtures, so that it is impossible to avoid
in these cements the presence of a large quantity of free lime.” The
composition of these products varies from that of the Vassy cements to
that of the real Portlands.

“ Grappiers Cements* are obtained by the grinding of particles which
have escaped disintegration in the manufacture of hydraulic limes. These
grappiers are a mixture of four distinct materials, two of which, com-
pletely inert, are unburned limestone and the clinkers formed by contact
with the siliceous walls of furnaces, and two of which, strongly hydraulic,
are unslaked lime and true slow-setting cement. It is necessary that
the latter should predominate in the grappiers for their grinding to give
a useful product. The grappier of cement is obtained regularly only
by the heating of a limestone but slightly aluminous and containing

about three equivalents of carbonate of lime for one of silica; its pro-

duction necessitates a heating at high temperature.

“These grappiers cements are even more apt to contain free lime than
the Natural cements of slow set which are obtained by the heating of lime-
stone containing much more alumina. Because of their constitution, also,
the grappiers cements may vary greatly in composition since they are
produced by the grinding of a mixture of grains of cement and of various
inert materials. The cement grains have very nearly the composition
of tricalcium silicate (510, 3 Ca0).”

PUZZOLAN OR SLAG CEMENT

Puzzolan cement is the product resulting from mixing and gfinding
together in definite proportions slaked lime and granulated blast furnace
slag or natural puzzolanic matter (such as puzzolan, santorin earth, or
trass obtained from volcanic tufa).

The ancient Roman cements belonged to the class of Puzzolans. They
were made by mechanically mixing slaked lime with natural puzzolana
formed from the fusion of natural rock found in the volcanic regions of
italy. In Germany, trass, a volcanic product related to Puzzolan, has
been used with lime in the manufacture of cements.

Blast furnace slag is essentially an artificial puzzolana, formed by the
combustion in a blast furnace, and the puzzolan or slag cements of the
United States are ground mixtures of granulated blast furnace slag, of
special composition, and slaked lime.

*Cements essentially of the Grappiers class in the United States are termed “ Non-Staining
Cements.” These may closely approach Portland cement in strength.

CLASSIFICATION OF CEMEN S g

AIB?ard if Engineers officers, U. S. A., presented in 19ot the following
conclusions,* based, undoubtedly, on the exhaustive studies upon the sub-

ject made by a previous Boardt having the sa . S
Marshall: g me chairman, Major W. L.

_ This term (slag or _Pugzelan cement) is applied to cement made by in
t:mat‘ely mixing by grinding ‘together granulated blast-furnace slag of a
certain qua.h_tyland slaked lime, without calcination subsequent to the
mle:g'. This is the only cement of the Puzzolan class to be found in our
rrzzé e}t: (gftenlbre?nded Zf Portland), and as true Portland cement is now

¢ having slag for its hydraulic base. the t i
: 1 ; erm “slag cement ” should
be d.roppfzd a,n‘d the generic term Puzzolan be used in advertisements and
specifications for such cements, e
lﬂalc?u(.:zozl(z)l:lnt}c;m;gé made ffrorr_l slag is characterized physically by its light
2 : sence of grit attending fine grinding
o : ! ¢ and the ex
igri;(gvmlgn (')fhltli slaikeg I(lme element; its low specific gravity (2.6 t(f;rii'rslt)f
ared with Portland (3 to 3.5); and by the i i : ‘
c . y the intense bluish gre
‘ ulmc the fr.esh fracture after long submersion in water, due to thge GE:SCOIOI
o %1}Ilph1d(.es, which color fades after exposure to dry air e
mortae omgatlon of sulphides in dry air is destructive of Puzzolan cement
] Is and concretes so exposed. Puzzolan is Iy
and when not treated with Al
1 with soda sets more slowly th ,
stands storage well, but ce S i St T
rag ; ments treated with soda to quicken setti
come again very slow setting, from the carbonizati e i
: onizati S W
as téle lime) element after lor’ag storage. bl
doesulfsfl‘fzr;emem ﬁrog)erl:v rinade contains no free or anhydrous lime
varp or swell, but is liable to fail fr ing an - J
(at the surface only) in dry air. e R
Strg:}lg(?;at;? malll];r cor_lctretes mfac}ge from Puzzolan approximate in tensile
: mixtures of Portland cement, but thei i
crushing is less, the ratio of crushi le iR L L
: ng to tensile strength heing ab
7 to 1 for Puzzolan, and g to 11 to 1 f £ El
olan, 2 or Portland. On account of i
extreme ﬁm? grinding Puzzolan often gives nearly as great tensile st . Hlf
In 3 to 1 mixtures as neat. : e
langu:ztzollgn permanently assimilates but little water compared with Port-
0 1,nll ;t ime belllng already hydrated. Tt should be used in comparatively
ures well rz but whi iring i s
well rammed, but while requiring little water for chemical

e e ; :
1018, It requires for permanency in the air constant or continuous

moisture,

: ?\zﬁzolanic material has been suggested by Dr. Michaelis, of Germany
tnPA L. R. Feret, of France (see Chapter XVI), as a valuable additior:.
0 Portland cement designed for use in sea water.

*Professional Papers No, 28, p. 28.

R S i
Report of the Board of U. S, Army Engineers on Steel Portland Cement, 1900, p. 52
Py
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HYDRAULIC LIME

The hydraulic properties of a lime, — its ability to harden under water,
— are due to the presence of clay, or, more correctly, to the silica contained
in the clay. Hydraulic lime is still used to quite an extent in Europe,
especially in France, as a substitute for hydraulic cement. The celebrated

lime-of-Teil of France is a hydraulic lime.

Mr. Edwin C. Eckel states* that ‘theoretically the proper composition
for a hydraulic limestone should be calcium carbonate 86.8%, silica 13.2%.
The hydraulic limestones i1 actual use, however, usually carry a much
higher silica percentage, reaching at times to 257, while alumina and iron
are commonly present in quantities which may be as high as 6%. The
lime content of the limestones commonly used varies from 5<% to 65%.”

Although the chemical composition of hydraulic lime is similar to Port-
land cement, its specific gravity is much lower, lying between 2.5 and 2.8.

In the manufacture of hydraulic lime the limestone of the required com-
position is burned, generally in continuous kilns, and then sufficient water
is added to slake the free lime produced so as to form a powder without
crushing.

COMMON LIME

The commercial lime of the United States is “quicklime,” which is
chiefly calcium oxide (Ca0).

Lime is now manufactured by a continuous process. Limestone of a
rather soft texture, so as to be as free as possible from silica, iron and
alumina, is charged into the top of a kiln which may be, say, 40 it. high
by 10 ft. in diameter. The fuel is introduced into combustion chambers
near the foot of the shaft, and the finished product is drawn out from time
to time through another opening in the bottom of the shaft. The tempera-
ture of calcination may range from 1400° Fahr. (760° Cent.) to, at times,
2,000° Fahr. (1,090° Cent.). The product (see analysis, p. 47), in ordi-
nary lime of the best quality, is nearly pure calcium oxide (Ca0). Upon
the addition of water the lime slakes, forming calcium hydrate (CaH,0,),
and, with the continued addition of water, increases in bulk to twice
to three times the original loose and dry volume of the lump lime
as measured in the cask. In this plastic condition it is termed by

plasterers “putty” or “ paste.”

The setting of lime mortar is the result of three distinct processes
which, however, may all go on more or less simultaneously. First, it
* American Geologist, March, 1902, p. 152.
+Candlot’s Ciments et Chaux Hydrauliques, 1898, p. 26.
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dries out :u}d becomes ﬁ:_'m. Second, during this operation, the calcic
hydrate, which is in solution in the water of which the mnrt,ur is made
crystalh:zes and binds the mass together. Hydrate of lime is snlul)llu in‘S".i‘
parts of water at 78° Fahr; in 759 parts at 32°and in 1136 parts at 1430
Third, as the per cent. of water in the mortar is reduced and reaches five
per cent., carbonic acid begins to be absorbed from the :1tmnsphcré If
the mortar contains more than five per cent. this absorption does not go
on. While tl‘ale mortar contains as much as 0.7 per cent. the ulrn.snr].ni;n
continues. The resulting carbonate probably unites with the hydrate of
lime to fm'rp a .~sul);mrhunute, which causes the mortar to attain a harder
set, and this may finally be converted to carbonate. The mere drying
out of mortar, our tests have shown, is sufficient to enable it to r-eH'i:l’
the pressure of masonry, while the further hardening furnishes the neces-
sary bond.* 3 5

Magnesian Limes evolve less heat when slaking, expand less, and set
more rapidly than pure lime. A typical analysis is given on page 47. '
Hydrated Lime is the powdered product formed by .-;laklrint_g quick
lime with t.hc requisite amount of water. The material as it Comes it
commerce 1s a very finely divided white powder, and if properly prepared
contains no unhydrated particles of lime.
SUB-CLASSIFICATION OF PORTLAND CEMENTS

In addition to the gray-colored cements for ordinary uses, Portland
cements are made from raw materials low in iron so as to produce a light-
colored cement, and also from raw materials low in aluminum and hiur] in
iron to produce a cement which better resists the action of sea water. tIThis;
Jeads to a sub-classification suggested by Mr. Eckel. The distinction is
somewhat arbitrary, since the classes grade into each other, whilenormal
Portlands vary in the relative proportions of iron and alumina.

(1) Normal Portlands. Containing, with thesilicaand lime, both alumina
ar.ldiron oxide in appreciable quantity; usually from 4 to 1o per cent alumina
with 1.5 to 5 per cent iron oxide. Product: the ordinary gray-colored
commercial cement. e

(2) Low Iron Portlands. Containing relatively high alumina, with only
X per cent or less of iron oxide. Product; white or very light colored, quick
setting, usually low in tensile strength. |

(3) High Iron Portlands. Containing relatively high iron, with less
than 2 per cent of alumina. Product: slow setting, high tensile strength in
long time tests, resistant to sea and alkaline waters.

* The authors are indebted to Mr. Clifford Richardson for this paragraph.




