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12. For the purposes of this specification, the yield point shall be 'deter-

mined by the careful observation of the drop of the beam, or halt in the

gage, of the testing machine. ;

13. In order to determine if the material conforms 'to .the chemical
limitations prescribed in paragraph No. 2 herein, analysis shall be made
of clean drillings taken from a small test ingot. - :

14. Variation in Weight. A variation in cross section or .wc1_ght of
more than 2% % from that specified will be sufficient cause f(lvr }'c]ectmn.

15. Finish. Finished material must be free from injurious seams,
flaws, or cracks, and have a workmanlike finish. .

16. Annealing. All bars which, owing to their shape or size, are
liable to be under strain after cooling, must be reheated to a temperatpre
not less than 1250° (Fahrenheit) nor more than 1375°% and this heating
and subsequent cooling must be done in an approved manner,
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CHAPTER IV

THE CHOICE OF CEMENT

When the construction under consideration is not of a grade to warrant
the testing of different cements before making a selection, the question
offen arises as to whether, for example, Portland or Natural cement is
most desirable from the standpoint of economy, or whether common lime
or a mixture of lime and cement is suitable for the purpose.

Although the decision must often depend upon local conditions, a few
general rules may be formulated relating to the classes of construction for
which different kinds of cement and lime are adapted, followed by illustra-
tions of the methods for making a selection where there is a choice between
two cements and between different brands of the same cement.

THE CLASS OF CEMENT

Portland Cement should be used in concrete and mortar for structures
subjected to severe or repeated stresses; for structures requiring strength
at short periods of time; for concrete building construction; for work laid
under water or with which water will come in contact immediately after
placing; for thin walls subjected to water pressure; for masonry exposed to
wear or to the elements; and for all other purposes where its cost will be
less than that of Natural cement concrete, or mortar of similar quality.

Natural Cement may be substituted for Portland in concrete, if economy
demands it, for dry unexposed foundations where the load in compression
can never exceed, say, 75 Ib. per square inch (5 tons per sq. ft.) and will
not be imposed until three months after placing; for backing or filling in

-massive concrete or stone masonry where weight and mass are the

essential elements; for sub-pavements of streets, and for sewer founda-
tions. ; ‘

In mortar Natural cement is adapted for ordinary brickwork not sub-
jected to high water pressure or to contact with water until, say, one month
after laying, and for ordinary stone masonry where the chief requisite is
weight and mass.

Natural cement concrete or mortar should never be allowed to freeze,
should never be laid under water, in exposed situations, in columns; beams,
floors or building walls, or in marine construction.
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and Natural Cements, unless mixed at the factory

Mixtures of Portland
lraulic Cements, are not advised under

and sold as Improved Natural Hyc

any conditions.

Sand Cement™
for groutingf, and it is sometimes
cement. Its use in place of pure Portland cement is often worth investiga-
tion and testing in combination with the aggregate.

Puzzolan or Slag Cements are limited to certain proper uses by the
engineer officers of the U. S. Armyj as follows:
extremely hard like Portland, but

Puzzolan mortars and concretes are tougher or less brittle than Portland.
The cement is well adapted for use in sea water,§ and generally in all
positions where const antly exposed to moisture, such as in foundations of
buildings, sewers, and drains, and underground works generally, and in the
nterior of heavy masses of masonry or concrete.
It is unfit for use when subjected to mechanical wear, attrition, or

Tt should never be used where it may be exposed for long periods
It will turn white and disintegrate,

at the surface under such exposure.

is recommended by the United States Army Engineers
employed as a substitute for Natural

Puzzolan cement never becomes

blows.
to dry air, even after it has well set.

due to the oxidation of its sulphides
rty of setting under water, is exten-
especially in France, when

Hydraulic Lime, which has the prope
he continent of Europe,
would be used, and frequently in place
raulic lime with

sively employed on t
in the United States common lime
of hydraulic cement. Beton-Coignet is a mixture of hyd
Candlot]| gives as the proportions most frequently em-
2 cu. ft.) sand, 125 to 150 kilograms (276 to 331

ployed, 1 cubic meter (35.3
Ib.) lime, and 50 to 60 kilograms (110 to 132 Ib.) cement. Hydraulic

anufactured in the United States.

cement and sand.

lime is not m
Common Lime is not suitable for a princip
It will not set in contact with water, sustain heavy loads,
The use of lime mortar, in the building laws of some cities, is limited to
frame buildings, while other cities permit its use
The Boston building laws (1896)
tons per square foot.

al ingredient in concrete.
or resist wear.

chimney construction in
- walls of all except fireproof buildings.
aid in lime mortar to 7

. limit the stresses on brick 1
suitable for ordinary building

Lime and Natural Cement mortar is
brickwork, for light rubble foundations and for building walls.

Lime and Portland Cement mortar is adapted for the same purposes

#See page 48.

+Professional Papers No. 28.

1Professional Papers No. 28,

§See Chapter XVI, by R. Feret.

[[Ciments et Chaux Hydrauliques, 1898, p. 289.
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as strong as Natural cement concrete in the same proportions, while at
earlier periods the ratio is still larger. Since Portland cement concrete
mixed 1: 2: 4 is only about 1} times stronger than a 1: 4: 8 Portland mixture,
it is very evident that the choice between Portland and Natural cement
for concrete is determined, as in mortars, by practical considerations

other than relative strength.

The following elementary example illustrates the method of estimating
the comparative cost of Portland and Natural cement concrete:

Example. — What price can be paid per barrel for Portland cement to
make a concrete 1: 41 8 of equivalent cost toa 1:2: 4 Natural cement con-
crete, if Natural cement COSts $1.00 per barrel, sand $0.75 per cubic yard,
and stone having 45% voids $1.50 per cubic yard ?

Solution. — By reference to the table of quantities of materials on page
17, we find that the 1:2:4 Natural concrete will cost per cubic yard for

materials only:

1.57 barrels cement at $r.00
0.44 cubic yards sand  0.75
0.88 “ stone

Total ThALerI IS L s e Ay i a et SR S AR $3.22

The sand and stone for the 1: 4: 8 Portland mixture will cost, on the other

hand, per cubic yard of concrete:

0.48 cubic yards sand at $0.75

0gb “ & stone “ 1.50

Cost of sand and stone

Subtracting $1.80 from $3.22 leaves a difference of $1.42 which may be

paid for the Portland cement in one cubic yard of concrete, and since by

the quantity table 0.85 barrels of cement are required for a cubic yard of

1: 4: 8 concrete, the price for the Portland cement may be $1.42 ~+ 085 =
$1.67 per barrel. —

If the Natural cement had cost $1.25 per barrel, the price which could
have been paid for Portland would have been approximately 257
higher or $2.09 per barrel.

This determination may be expressed in a formula:

am+bn+or— (B'nt-c'r)
x.if——-—j— -—

a,r.f

in which @, b, and ¢ represent respectively the quantities of cement, sand,
and stone required for a cubic yard of the Natural cement concrete, and
m, n, and r their respective unit costs, while o/, ', and ¢’ represent similar
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quantities for the Portland cement concrete;and & the required price per
barrel of the Portland cement.
The following table is made out on this basis.

* Prices of Portland Cement to produce Mortar or Concrele of equal cost to that [rom
Natural Cement at $1.00 per barrel. (See p. 44.)

PROPORTIONS OF PORTLAND CEMENT
MORTAR.

PROPORTIONS OF PORTLAND
CEMENT CONCRETE.

BRI R

Cement Concrete.

Cement Mortar
Proportions of Natural

1:1%!1:2 I:z—l;ll:g!l:‘;% I:4

$ |s| 8 fs_ |'s i

’ | Pro_porrjons of Natural

1.00 | I.15
‘ I.cO

1.23 { 1.60 |1.92| 2.15 |2.38
1.00 1.37 |1.55 1.74 |1.92
1.15 (1.30| 1-46 [1.61
1.0 |1.13] 1.26 |1.39 ‘
I.DO‘ T.I2 ‘1.23 ‘ ‘

|

5]

—
N

(5]
o B

‘ 1.00

Nore.—When the Natural cement is hi y i ¢
e o el o Tl ol T

The equivalent prices for Portland cement in mortars will be still nearer
the price for Natural if allowance is made for the difference in the labor of
laying brick, which in some cases may correspond to a difference of 30
cents per barrel of cement. Tt is evident from the table that for mortar
Portland can rarely be substituted for Natural cement without increasing
the cost of the work. A field still open for investigation is the employment
as a substitute for Natural cement of Portland cement mixed with ;Iaked
lime or hydrated lime. The lime is so finely divided that it fills the voids
and thus permits the use of more sand.

SELECTION OF THE BRAND

A prec-ise.comparison of costs of different brands of the same class of
csment is impossible without thorough lahoratory tests, described
Lh{:l.pter VII, page 63. If the choice lies between two cements both of
which have been found to be sound (see p. 77) and to set up properly, the
degree of fineness, which may be readily ascertained with two sievés as
described on page 67, is an aid to the decision. The finer cement will
usually produce the stronger mortar.

The cheapest cement is not always the most economical. A method of
c0§npa.ring the relative economy of cements offered by bidders at different
prices is illustrated in the following table for which the authors are indebted




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.

CLASSIFICATION OF CEMENTS.

.
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