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A COMMERCIAL TEST OF FOUR HYDRAULIC CEMENTS.

It was the intention of the writer to make a test of cements
made only in Kansas; but being able to secure but two Kansas Cements,
two other leading commercial brands were secured with which to make
comparison.

The cements that were put under test are am follows:

Germania, a Portland Cement.
dola, » ol .
Louisville, a natural cement.
Fort Scott, * " n

The Germania is a Portland cement, made in Germany near the
border of Belgium, It is classed as one of the leading Portland ce-
ments. Its color is a light grayish blue and it is a fine grain
cement, working easily under the trowel.

The Iola is a Portland cement, made by a plant Just lately erect-
ed at Iola, Kansas, where natural gas is used as a fuel ih caleining.
The sample tested was made from the rock at Iola, which was shipped
to the Company's plant in Michigan, and made there in order to find
out what quality cement could be made from the material at Iola.

The plant not being in operation when this test was begun, a sample
of this cement was secured. The color of this cement is a little
darker gray than the Germania and seems to be coarser as it works
harder under the twowel and scratches more.

The Louisville is a natural cement made mostly on the Indiana
side of the Ohio River, near Louisville, Kentucky.

The Fort Scott is a natural cement, made at Fort Scott, Kansas.
It is very much like the Louisville. Both have a reddish brown col-

or before mixing: but after setting the Louisville turns to a whiter

color than the Fort Secott.
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Test for Tensile Strength.

In all the tests only neat cement has been used. In this test
eight briquettes of each kind were made every Monday. Only four
briquettes for the 84 hr. test of %ﬁggh were made. As soon as the
briquettes were made, they were placed in moist air and kept there
for 24 hrs. while setting.

The method used for keeping the air saturated is very simple.,
The briquettes were placed in a dry pan, over which was laid a damp
coarse woven sack cloth, the cloth being suppvorted so that it would
not touch the briquettes, but the ends of the cloth rested in other
pans, filled with water and eapillary action kept the cloth moist.

The cements were mixed with a certain percentage of water for
each cement determined before hand by ascertaining at what percentage
it would worlg the best.

In the first set, each briquette was mixed separately, but in
all the rest of the sets four were mixed at a time, except with the
Louisville which set too fast t0o allow the mixing of more than one
briguette. -

The cement mortar was mixed on a large, heavy, plate glass, and
all briquettes were given as nearly the same treatment in moulding
48 could be done with the apparatus at hand. They were worked with
a trowel, and compressed in the mould till water apreared at the
surface of the comparatively dry cement mortar.

The English-Americaft form of briquette having a minimum cross
Section of one square inech was used.

The breaking of the tensile specimens was done with the Fair-

banks Cement Testing Machine. The briquettes were broken so that the

Ages would be 1 day 1-2-3-4-5 & 6 weeks. The following tables show

l the record of the tests for tensile strength of each cement ;onqe4

Seéparately.
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These tables show the comparative tensile strength of the dif-

ferent cements.

The CG8rmania gave a steady, uniform result; more so than the
I0ola, which ranked higher in strength, but would vary more in the
tests. The Iola increased more Papidly in strength at an early age,
while the Cermania increased sfeadily in strength wigh its age with-
out any lowering of strength as in the Iola. The cause for the six
weeks set in both the I6la and Germania being less than the five
weeks, is, perhaps, that they received poorer treatment in making
as they were the first made.

Pig. (1) will show the plotied curves of the values of the
Tola and Germania Portland cements. The abscissas equaling the ages
in days and the ordinates, the strength in 1b. The dotted lines
show the actual values secured by the test, while the heavy lines
show a theoretical curve giving the probable increase in strength
as age increased.

The Fort Scott and Louisville cements show by the test strengths
of nearly the same value for each corresponding age. Fig. (1) will
ghow the curve plotted from the actual values by test as the Portland
and Germania were.

Cement mortar and concrete are commonly subjected to compres—
sive stress only, and thersfore the strength in compression is of
the greatest importance. But tests of cement are usually made in
tension, since the tension test will show a good compression between
the cements tested, and can be more easily made. But it has been
found that the tensile strength has a definite relation to its com-
compressive strength, and therefore, the tensile tesis are suffi-

cient to determine the compressive strength.

(11)




The equation compressive_str.

= 8,64 + 1.8 1o in which
tensile gtr. g A ch A

is the age in months, will give the approximate values for the com—
preséive strength of the céamdnt. This equation was taken from
Johnson's Materials of Construction and was developed by Prof.
Tetmajer.

In order to see how nearly the actual compressive strength
would coincide with the calculated strength, tests by compression
of soild blocks of neat cement 2" x 2" x 4" and two weeks 0ld, were
made and the actual resulis compared with computed strengths.,

The following table is the record of the compregssive tests made

on the blocks of cement by end bearing.
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c tren
Applying the equation t%%girg—sgggﬁgth = 8,64 + 1.8 log A

Here A = .5 tensile strength from table of Germania test for

two weeks = 522 1lbe. Let Comp. str. = C.

gubstituting in above equation

ggmggésirang%h = 8,64 + 1.8 10g .5

_-w-c---‘-*' - = 8.64 & 1-8 Tlaegag?}
522
LT TR = 8,64 + (~3,05814)
582
B = B.588 1V,
522
¢ = 2914 1b.

Tor Iola cement A = .5 and ten. strength =676 1b.

The second member of the equation will equal 5.582 for all of

the age of two weeks.

Hence,
C = 5,582 1b,
676
¢ = 3773 1b.

For Louisville cement ten. strength = 181 lb. A = 5

then
L = 5,582
181
¢ = 1000 1b.

Tor Fort Seott ¢ = 1000 1b. as the tensile strength = 181

Table showing the comparison between caleulated compressibve strength

and actual.

Brand [ Actual compressive strength. | Calculated comp. stT.
Iola 4987. 1b. 3773+ 1b.
Germania Bve8, " 2914, "
Louisville 851 " 1000, "

lFort Scott ‘ 785, = 1000,

(13)




This table showg that the calculated strength is approximately

\ ‘ near the actual. The only cement that showed any considerable vari-

‘ ! ation from this rule is the Iola whose actual comp. sirength ex-

\ ceeded the calculated by 1214 1lb. The rule may be congidered suffi-

\ ciently correct for an approximate determination of compressive

| gtrength from the tensile strength.

The following table shows the tensile strength of the cements

| and the calculated compressive strength,

.......

| (14)




Tegt for Soundness.

The test for soundness was made by boiling, following the rules
1aid down by the leading experts of Europe at the Fifth International
gonvention for unifying methods for testing construction materials
held in Zurich Sept. 1895,

The test consisted of mixing neat cement with enough water to
pring it t0 a plastic state after proper working, then forming with
the hands twoballs of each Kkind from 1 l/é ro 2 inches in diameter.
These were kept in moist air until set had taken place, leaving them
there for 24 hours. They were then taken and put in a dish of dis-
tilled water, and then slowly brought to a temperature of boiling
point, consuming not less than thiriy minutes in so doing. The dish
was then put in a heating oven with a device for regulating the heat
in the oven so it could be kept at a constant temperature. Here it
was kept for three hours, at a constant temperature of 212° F.

This test wam made only with the Germania and Iola ceﬁent, as
the natural cements do not withstand the poiling test. None of the
gpecimens showed any kind of digintergration, but came out perfectly
smobth and solid as they were put in. This showed these cements have

permaniney of volume, and will resist disintergrating influences.

Test for Rate of Setting of Cemenis.

This test was made with the vicat needle apvaratus of which
7ig. (2) is a drawing, using the method recommended by the American
Society of 0ivil Engineers, which ig as follows.

A neat cement mortar, having a stiff, plastiic congistency is
placed in a form two or three inches in diameter and one helf inch
thick, When a needle one-twelfth of an inch in diameter weighted
with one-fourth of a pound, ceases %0 penetrate the entire mass,

setting is said to have begun; when a needle one-twentyfourth of an
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inch in diameter, carrying one pound, wi;l not penetrate the mass

at all, setting is said to have completed. 1In this test, sharp nee-
dles were used instead of blunt ones, as were specified. Therefore,
thie test will lengthen out the rate of setting, and these results
are only reliable as a comparison between the four cements, but
would not be reliable as a comparison with other tests.

The following table shows the rate of setting.

(18)




Test for rise of temperature during setting of Louisville cement.

While making briquettes of Louisville cement, they would heat

and become quite warm while setting. This was perhaps on account

of the presence of an excess of lime, or on account of the rapid
setting that takes place in this cement.

In order to find what the variation of temperature was, this
cement was mixed and formed in a ball around the bulb of a centigrade
thermometer graded to tenths of degrees, and readings taken every

nalf minute, of the temperature from the time water was mixed with

the cement. The first minute was occupied in mixing and placing the

ball in place so no readings were made then.

The following table shows the rise and fall of temperature

every half minute for 20 minutes.
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This shows that the temperature began to rise rapidly at about

the time that it began to set by previous experiment for rate of
getting. It also shows that actual settingcormenced in two min-
utes, much lese than by the other experiment. Pig. (3) will show

by the curve, the increase of temperature at a glance, and also bet-
ter where the setting commenced and was done. Here setting is done
in 12 minutes as then the temperature ceased to rise.

The object of these experiments was to compare the different
cements and determine which is the best in strength, and also find
out some of the characteristics of eﬁch cement by which the adapta-
bility of the cement to certain uses could be ascertained.

In the tesf for tensile strength, the Iela cement exceeds any
other, for every respeciive age, it exceeded the Germania, tho some-
what irregular in the results not keeping on a steady increase as
the Germania. The Iola cement was much harder than the Germania.

It had a sharp flint appearance and when tried at, it would scratch
and wear away the Cermania without the least abrasion on its part.
This would indicate a good cement for use in walks or where a great
deal of wear takes place. ‘

The diagram on Fig. (1) will show a good comparison of strength
between the CGermania and Iela Portland cement.

The natural cements showed almost the same results in the test
for tensile strength. In the two weeks set, the strength was exactly
the same, and in the four weeke set, there was only a difference in
two 1bes The Louisville cement, being a rapid setting cement, was
mich stronger in in the one day test than the Fort Scott, which had
Just barely done metting at that time, and was soft so that it broke

easily, one briquette breaking while putting it in place in the

Clamps,

(18)




Fig. (1) also shows the diagram that will give a good compari-
gon of the strengths of these cements. These two cemente are very
nearly -the same in strength, but could not both be put to the same
uses, as the Louisville cement will complete setting in twelve min-
utes while it takes the Fort Scott about 14 hours. 10 completely
set. This rapid setting would make it impossible 10 use when the
cement is not used just as soon as mixed.

The following table will give a summary of all the tests that

all the four cements were subjected to.

—.— e /

(19)
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