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IWfROBUQfIOW

Since oonoreto wsg first used as a con
struction material, numerous attempts have "been made to 
increase and better its use. In the main those consisted 
of trying to increase the strength, or to decrease the cost 
without decreasing the strength. To accomplish this, many 
kinds of pulverised materials were added, either to the 
concrete as a part of the mix or to take the place of an 
equal amount of cement. As a result it was found that inert 
material could be added up to approximately 10.0 per cent, by 
weight of cement, without decreasing the strength of the con
crete below a reasonable design figure.(1) It was also found 
that certain admixtures increased the workability of the mix, 
prevented segregation, aided in forming a dense wearing 
surface, and changed the time of set.(2)

Whenever a structure is to be built of 
concrete, the local sand and gravel is investigated to de
termine whether or not it is suitable to use as aggregate.

1. Crystalline Talc as an Admixture In donorete, by ^rank 
R • Wicks; Free. Am. 3oo. Testing Mat., vol. 51, part 
II, p. 634.

2. Use of Hydrated Lime in Portland Cement Mixtures, by R.
J. Wig; Trans. Nat. Lime Mfr. Assn., p, 213, 1911.
Effect of Hydrated Lime and Other Powdered Admixtures in 
Concrete, by Buff A. Abrams; Proo. Am. Soo. Testing Mat., 
vol. 20, part II, p. 149.



local material may not make the strongest structure possible 
but the use of it will, as a rule, make the most economical 
structure * In some instances the local aggregate has been 
found to contain foreign matter that would be detrimental to 
the concrete; the removal of which was either impossible or 
very expensive. This would make it necessary either to ob
tain the aggregate from some other source or to change the 
design of the structure# If the aggregate were to be brought 
in from another source it would mean that the structure would 
have its cost increased by the cost of hauling in the ag
gregate, If the design were changed end concrete still used 
it would necessitate the structure being made more massive 
to allow for the decreased strength of the concrete. This 
would increase the cost of the structure by the cost of the 
additional cement used. Any structure that can not show an 
economical use for a Justifiable cost should not be built.

The pulverised oaliohe (1) may be added to 
the concrete or f2) may take the place of an equal amount of 
cement. In the first case, the material is added to the con
crete without changing the proportions of sand and cement.
In the second case, it takes the place of an equal amount of 
oeraent and the ratio of cement to sand becomes the ratio of 
cement plus the pulverized material to sand; the ratio being 
the same in both Instances. In the following tests, the 
caliche was calculated as a replacement of an equal amount 
of cement.
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There la no raoord of any tests having been 
made to study the effects of caliche In concrete.(1) With 
this In mind, and knowing the prevalence of caliche In Ari- 
aona, the following tests were conducted to ascertain what 
effects caliche may have on the strength of concrete.

1. letter from Mr. H. F. Gonnerman, manager of the Portland 
Cement Association's laboratory at Chicago.



FORMATION OF OAIICHS (1)

The word "Oaliohe" is of Latin origin?
Calx, meaning lime. The Spaniards carried the term to South 
America and applied it to the deposits of sodium nitrate 
found there • The early Spanish pioneers in the Southwest 
applied the term to the beds of calcareous hardpan, and today, 
in Arizona, it is still usod to designate aa<tii formations.

Caliohe la formed by the precipitation of 
oaloium carbonate. The oaloiua carbonate usually comes from 
the Paloozio limestones, igneous rook, or from the soil. In 
distilled water oaloiua carbonate is almost insoluble, but in 
water that contains carbon dioxide its solubility is so in
creased that it is soluble for bettor than 800 parts per 
million. Carbon dioxide in water forma eerbonio acid which 
dissolves the oaloium carbonate, forming oaloium bicarbon
ate. Thus a fairly stable solution is obtained, and as long 
as the carbon dioxide remains in the solution the oaloiua 
carbonate will remain as the bicarbonate, when the water 
evaporates a precipitation of oaloium carbonate results, on

1. Abstract from Caliche in Arizona, by J. F. Breazealo and 
R. V. Smith; University of Arizona, College of Agriculture 
Agricultural Experimental Station. Bulletin Mo, 131,
April 16, 1920.
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tho other hsnft, when the oerhon aioxtdo is driven off, either 
by a relief in pressure or plant action, the oaloimn carbon
ate will be forced out, forming oalioho.

Caliche is found throughout the arid and 
Bomi-arid regions of the Southwest. It ooours either as 
strata of thin shoots, as a conglomerate, or as a mixture 
of unoemented materiel« The shoots are of fairly pure cal
cium carbonate, while the purity of the other formations 
will depend upon the amount of foreign matter which they con
tain. Caliche may contain 90 per cent or norn of calcium 
carbonate; the balance is made up of clay, iron oxide, sand, 
gypsum, and magnesium carbonate. The predominate consti
tuents of caliche are oaloimn carbonate, silt, and elliolous 
material.

Prom the foregoing discussion, it can 
readily bo coon that caliche is very likely to bo found in the 
aggregate of Southern Arizona # hashing the aggregate may 
take out a considerable amount of this material, hut it would 
bo almost impossible to remove it all. Even the water used 
in washing the aggregate would contain oaloium carbonate, and 
some of this might precipitate out, leaving caliche, or cal
cium carbonate in the material.



PREPARATION OF CALICHE

The oallohe used In these tests was 
gathered from various excavations in Tuoaon, Arisons. It 
was hand picked to insure the obtaining of as little foreign 
matter as possible, in as much as it was desired to have 
the oaliohe as pure as possible so the results would more 
olearly show its effects upon oonorete. Notwithstanding the 
oare with which the oaliohe was selected it contained rook, 
sand, and some clay or silt.

The selected caliche was tested by Mr. 
Robert A. Greene of the Agricultural Chemistry Department 
at the University of Arizona. It contained 66.27 per cent 
calcium carbonate, a trace of organic matter (gave no color 
with 4 per cent ammonia), and the balance consisted of in
organic matter. In as much as these are the main elements 
in caliche, and since the determination of the other oonatl- 
tuentsArequired long and tedious chemical analysis, it was 
decided that no further analysis was necessary.

The oaliohe was first crushed in a jaw 
machine to a fineness of approximately one-half inch. It 
was then put through rollers where it was broken up to a 
quarter-inch size. Then the oaliohe was placed in o ball
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aaohlne where it was palverized until a considerable amount 
would pass through a 200 mesh sieve. This work v/as done in 
the Mining laboratory of the University of Arizona#

In order to have the admixture of callohe 
of the same approximate fineness as oemont the pulverised 
material was sieved. The specifications of the American 
Society for Testing Materials for the fineness of Portland 
cement require that the residue on a standard 200 mesh sieve 
shall not exceed 22 per cent by weight.fl) The oaliohe was 
coarser than this, as 40.8 per cent by weight was retained.
The oaliohe had a tendency to oake together like flour or 
powder and did not pass through the sieve very readily.
To expedite the elimination of the coarse material a 100 
mesh sieve was used. Upon testing the fineness of the oaliohe 
that had passed through the 100 mesh sieve it was found that 
29.2 per cent by weight was retained on the 200 mesh sieve. 
This was fairly close to tho specifications and since the 
material wee so inclined to cake, it was decided that for 
the purpose of tho experiment it would be sufficiently fine. 
The tendency to oake was so strong that small shot had to be 
put in the sieve to keep the oaliohe in a free state.

The oaliohe that was chemically analyzed 
was a sample of the material that had been sieved, as was 
previously stated, 43.73 per cent of the material was not

1. Am. 3oo. Testing Mat., Standards part II, 1930, p. 25.
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oalolum carbonate; of this approximately 40.0 per cent was 
crushed rook, sand, and clay• It would have been possible 
to use this as minus 100 aggregate if it oould have been 
separated from the oalolum carbonate. Since this was im
possible the material was all treated as caliche, and no 
provisions wero made to change the percentages of fine ag
gregate to allow for that in the caliche.



9

MAKI9G AID 3T0HIKS THE T23T PI3GE3

The sena uaed to maka tho tost.plooea 
was taken from Hillito Greek near Taos on, Arizona. It was 
screened and nothing larger than tho size passing a standard 
8 mesh Tyler soroon was used. The sand as it oame from the 
pit contained a considerable amount of mica* The majority 
of the mica was larger than the 8 mesh screen and the ag
gregate larger than this screen was stratified with mica* 
Therefore the limiting mime was chosen to eliminate as much 
mica as possible• All that passed the 0 mesh screen was 
screened through the 14, 28, 48, and 100 mesh sieves.
The material that was retained on tho various sieves was 
stored in bins to await use•

In order to determine the amounts of each 
size to use, an ideal curve for maximum density was drawn•f1) 
Prom this curve the amounts retained on each a leva were 
calculated. a  smaller percentage of fines was used than was 
indicated by the ideal curve as it was thought that the fines 
in the caliche would cause too large a percentage of fines to 
be in the mix• The fineness modulus of the aand as used was 
2.41* The fineness modulus is used as a measure of the size

1. laboratory Manual of Testing Materials, by Halt and 
Scofield, page 126.
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and grading of the aggregate. Low values of fineness 
modulus correspond to finer aggregates; higher values to 
coarser• The percentages and weights of material as used 
JUr tabulated on page 27.

The compression members that were to be 
tested were molded in metal cylinders four inches high and 
two inches in diameter. The tension briquettes wore made 
from the same batch of mortar as the cylinders <!weri-. They 
were molded in standard metal gang molds, having a throat 
with a cross section of one square inch.

The amount of water used was the amount 
that would give a mortar of normal consistency when there 
was no caliche in the mix. This was determined according to 
the specifications of the American Society for Testing Ma
terials.(1) The water-cement ratio was determined to be
0. 633. The water-cement ratio is defined as the ratio of 
the volume of water to the volume of cement in the batch.(2) 
This ratio requires 526 grams of water, 1260 grams of cement 
(or oement and caliche) and 3660 grams of send per batch.
The same amount of water was used in each batch for all 
percentages of caliche.

The sand was weighed out in the oorreot 1 2

1. A. S. T. M. Standards 1930, Part II, page 37.
2. Effect of Hydrated Lime and Other Powdered Admixtures in 

Concrete, by Duff A. Abrams., Bulletin 8, structural 
Materials, Research Lab., Lewis Institute, page 9.



11*

proportions and thoroughly mixed. The cement end caliche 
were weighed out and thoroughly mixed together before they 
wore mixed with the sand. The cement, caliche, and send 
were mixed together until the entire mass wee of a uniform 
color. Then 626 grams of wator were added and the batch 
thoroughly mixed for about a minute and a half. The mixing 
was done on a table covered with galvanised tin with a four 
inch brick-mason1o trowel.

The mortar was put in the cylinder in one 
to two inch layers and puddled with 26 strokes with a 3/8 
inch rod, bullet pointed at the end. The molds were set 
on plate glass that had been oiled to prevent the concrete 
sticking to the glass. The molds had also boon oiled to 
prevent the concrete from sticking to the metal. After the 
top layer had been puddled the surplus was struck off with 
the trowel, making as smooth a surface as possible.

The tension briquettes were made in 
standard metal molds set on plate glass that had been oiled. 
These molds were also oiled to prevent the material from 
sticking to the metal. The mortar was placed in the molds, 
pressed in firmly with the thumbs and smoothed off with the 
trowel without ramming. Additional mortar was heaped above 
the mold and smoothed off with the trowel, the trowel being 
drawn over the mold in such a manner as to exert a moderate 
pressure on the material. The mold was then turned over and 
the process of heaping, thumbing, and smoothing off repeated.



All tost pieces were, immediately after 
molding, placed in e moist closet for 20 to 24 hours♦ The 
closet was a soapstone closet with glass shelves. To 
insure that the atmosphere of the olosot remained moist the 
bottom of the closet was kept covered with water.

The day after the test pieces were molded 
they were removed from the molds and marked with the per
centage number of the batch. They were then stored in moist 
sand where they were kept until it was time to test them.
To prevent the send drying out too readily a large tank was 
kept full of water. This tended to keep the atmosphere of 
the room more nearly saturated. The temperature of the room 
was held olose to 70 degrees Fahrenheit,



T23TIN3 THE 3P10IME1T3

Several hundred □ptelmens were made and 
broken during this investigation# The results of 162 com
pression tests and 176 tension tests wore recorded. These 
tests were conducted at 7, 23, and 90 day periods of curing.

Immediately upon being removed from the 
sand the cylinders were capped with a paste of plaster of 
paris. The oape were made at right angles to the vortical 
axis of the cylinder by setting the capped end on a plate 
of glass and making the edges of the cylinder parallel to 
a carpenters square • This was repeated for the other end 
and the cylinder was left for a half hour to allow the oape 
to set.

While the caps of the cylinders were sot
ting the tension briquettes were broken. A Fairbanks ma
chine was used to break the tension pieces. Since the throat 
of the briquettes was made to be exactly a square inch the 
tensile strength was given directly in pounds per square inoh.

The cylinders were broken in a 100,000 
pound Olsen machine with an adjustable bearing block that 
set on top of the specimen. The load was applied uniformly 
until the specimen failed. The load at failure was recorded
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and the unit oompreesive strength calculated. The area 
was computed from the circumference of the cylinder.

Two o or lea of testa v/ero mode • In the 
first series 0.00, 2.50, 6.00, 10.00, 25.00, and 50.00 per 
cents of caliche were tested. The caliche replaced an equal 
amount of cement and the amount of caliche Is recorded as 
the percentage of cement replaced. For the first series 
3 specimens were tested in tenoion and 5 in compression for 
each of the three curing periods. The second series was made 
at a later date and consisted of 5 specimens each for both 
tension and compression teats. The tests were conducted at 
7 and 28 day periods in this series.

Averages were computed and all values dif
fering by more than 15 per cent from the average war# re
jected and a new average computed. In some cases it was 
impossible to reject any of the values and still have an 
average of at least three specimens. In the- exceptional 
eases it was usually true that there were an equal number 
of values above and beloT? the average, and they were ap
proximately the s?'Lie distance from the average. In these 
oases all values were retained to maho the average. The 
values are recorded in Tables IV to IX inclusive.

Curve I la a graphical representation of 
the tensile strength at 7 days, cs recorded in Table IV,
The curve shows that thoro is an increase in strength with 
a slight addition of oaliohe, then as more caliche is added
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the strength is Sooreased, and when more oaliohe is added 
the strength is increased up to 240 pounds per square inch* 
and it remains nearly constant until the percentage of 
oaliohe becomes 80*00 per cent* At this point the curve 
starts downward and maintains its downward trend for all 
additional percentages of the admixture.

The scell circles are the values of each 
Individual test and the large circles are the averages for 
the various percentages of oaliohe, The curve was drawn 
by eye to be a smooth ourvo. connecting the average points.
The fact that the curve does not pass through each point 
in no way affects the results ah own by the curve. It is 
the belief of the writer that the curve should closely ap
proximate a straight lino with a slight downward slope out 
to approximately 50*00 per cent and from there on, the slope 
of the curve should Increase with each increase in the per
centage of oaliohe• The feet that there is an increase in 
strength for 1-ho percentages up to 2.60 per cent may be ex
plained in several ways. The aggregate as used may not 
hi;Ye had sufficient fines and that part of the oaliohe which 
was not calcium carbonate, but pulverised rook or clay, could 
have supplied the fines that were missing. On the other hand, 
this increase may have been the cause of accidental varia
tions in the mixing or molding of the specimens. If the in
crease was due to the addition of more fines then the drop in 
strength shown for the subsequent percentages would indi-



oate that there was a surplus of fines• Then if this were 
/true it would be reasonable to say that the rest of the oaliohe 
anted as an admixture and that the point of zero caliche 
could be taken somewhere between 2.50 and 3.60 per cent 
oaliohe. This would give a curve that rose gradually untilI -
there was 25.00 per cent caliche in the mix and then the
/?'Curve would start downward. The amount of caliche that was
/added for the first two percentages was so small that it is
y-
hard to believe it could have had any effect on the strength
y

of the concrete • The low points following the initial high 
points had greater percentages of oaliohe to affeot them, but 
the points following these low points had even greater amounts 
of oaliohe present and they showed no appreciable loss in 
strength. Therefore the curve did not give muoh credit to 
the initial increase or the subsequent decrease indicated 
by the average points up to 10.00 per oent• From 10.00 per 
oent to 30.00 per oent oaliohe the curve is almost flat, 
showing very little change being produced by the addition 
of additional oaliohe• The average strength represented by 
this part of the curve is less then 16 per cent lower than 
276 pounds per square inch, the minimum strength specified by 
the American Society for Testing Materials for seven day old 
oonorete in tension.(1) From 30.00 per cent on.the strength 
of the oonorete decreases with each addition of oaliohe•

1. Am. S oo* for Testing Mat., Standards, Part II, 1930, p. 26.
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Ourve number II, showing variations in 
tensile strength at 28 days, was drawn from the plotted 
points the same as Curve TTumher I • There is a marked 
similarity "between the 7 and 28 day tension curves . In 
Curve II there is the same increase for the 2,50 per cent 
of admixture, followed by a decrease, and then an increase 
that is followed by the final decreasing values• The curve 
is fairly flat between 10.00 and 30.00 per cent. The initial 
increase is about the same for the two curves, but the de
crease from 2.60 per cent to 10.00 per Cent is more rapid 
at 28 days than it is at 7 days. While a rise in the curve 
is indicated by the points immediately following 10.00 
per cent, it would not be maintained at the increased height 
as it is in the 7 day curve since the 25.00 and 30.00 per 
cent values show less strength in comparison with the 10.00 
per cent specimens than they do in the 7 day tests. The 
writer knows of no reason that would explain why any per
centages of admixture would show a greater increase in 
strength with age than any other percentages. Therefore the 
ourve was drawn to balance the variations and to more nearly 
follow the more consistent curve for the 7 day tests.

It is possible that the oaliehe onuses the 
concrete to decrease in strength with age. The average 
points and the ourve as drawn show that this is a possibility 
that should be investigated. The averages up to 10.00 per



IS*

cent are ao widely scattered that it is hard to draw any 
conclusions from them, hut taking all the points up to 10.00 
per oent under consideration they have on an average ap
proximately twice the variation from the 0.00 per cent of 
the 7 day values. After 30.00 per oent caliche has been 
added the curve has a much steeper slope than for the 7 
day tests. The strength of the 30.00 per oent oaliohe 
specimens was slightly more than 20.00 per oent lower than 
recommended by the American Society for Testing Materials 
for 28 day concrete in tension.(1)

Curve Number III is the graphical represen
tation of the 90 day tension tests for Series I. while there 
were not as many percentages of oaliohe tested in the first 
series as there were in the second, the increase in strength i. 
for 8.60 per oent, the decrease for the 6.00 per oent, and 
the subsequent rise with the final drop in strength oocuring 
near 30.00 per oent is plainly shown.

The strengths for the 90 day tests are 
well above those for the 28 day tests and do not show any 
decrease with age as was indicated as a possibility by the 
28 day curve.

Curve Number 17 shows the results for the 
7 day compression tests. Here, as in Curve I, there is the 
initial rise, thon a fall followed by a second rise with the

1. Am. goo. For Testing Mat., standards Part II, 1930, p. 26.
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curve showing the rapid decrease in strength beginning at 
30.00 per cent. If only the percentages that were a 
multiple of 10 were used to plat the curve it would have 
been almost a horizontal straight lino to 30.00 per cent.
The compression tests brought out that the valley of the 
curve is at about 10.00 per cent of caliohe. This agrees 
with the results of the tension tests. The first percentage 
of caliche gives a higher strength than the concrete without 
caliche and the strength of the 7.60 per cent caliche is 
quite low. Outside of these two points, the curve passes 
close to the various points.

The curve for the 28 day tests In com
pression, Humber V, has the same general shape of the 
preceding curves. The points for the lesser percentages are 
more widely scattered than they are in the 7 day compression 
tests, but between 10.00 and 30.00 per cent they are slightly 
closer to the curve. Hero, as in the 28 day tension tests, 
there is the same Indication of the concrete failing to gain 
the same proportionate amount in strength for all percentages 
as compared to the 7 day tests. In the 7 day tests the 30.00 
per oent showed a greater strength than the 0.00 per cent, 
while in the 28 day tests the 30.00 per oent was lower than 
the oonorete without any caliche. Then from the 30.00 per 
oent to the 60.00 per oent the slope of the curve is much 
steeper than it is for the 7 day tests. Even though the con
crete does not increase in strength in the same proportion
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with age, it does show oonaiderable increase for all per
centages, The American Society For Testing Materials speci
fies that the 28 day tests shall show an increase over the 
7 day tests.(1) If it were not for the wide variation of 
the lower percentages the curve would be with a constant 
slope to 30#00 per cent and there it would change its slope 
to a steeper one.

The curve for the 90 day compression tests 
of Series I, Curve Number VI, shows more fluctuation between 
the 0.00 and 10,00 per cent additions of oallohe than do 
the curve a for the 7 and 28 day tests drawn from the aver
ages taken from Series I and II combined. Outside of this 
range the results are the same. The final drop in strength 
begins near the 30.00 per cent point.

I

1. Am. Soo. For Testing Matls, Standards Part II, 1930, p. 26.



DISCUSS M O P  THE RESULTS

Curve VII shows the relation of the three 
testing periods to each other. It shows that there Is no 
decrease in strength with age, hut that there is a very 
definite inorease with age. If the assumption that was made 
in an attempt to explain the low point of the curves consid
ered with respect for this curve, it will he noticed that 
each of the curves has a low point at 5.00 per cent. If 
all points to the left of 6.00 per cent he disregarded and 
the points representing 5.00 per cent caliche he taken as
0.00 per cent of caliche, then the curves would all show an 
increase in strength for additions of caliche up to 20.00 
per cent.

The curve for Series II is drawn from the 
plotted averages of all the tests mado for any one percen
tage, and since Series II was only tested for 7 and 28 day 
periods of curing only the 7 and 28 day results are platted. 
The dotted line shows the relation of the strength to the 
percentage of admixture if only those percentages exceeding 
6.00 per cent are considered to act as on admixture. This 
shows quite plainly that caliche will increase the strength 
for all additions up to approximately 20,00 or 25.00 per cent.

Mr. Duff Abrams found in his investiga-



tione that there is a definite relation between the amount 
of water used and the strength of the oonorete.fi) when 
he investigated the effect of hydrated lime in concrete 
he found that the water-ratio-strength relation held with or 
without hydrated lime.f2) When Mr. Abrams was conducting 
his tests on powdered admixtures he ran one series of tests 
using a constant quantity of mixing water.(5) The tests with 
hydrated lime showed that with the water constant, the strength 
of the concrete was practically uniform. In the tests with 
caliche the quantity of water was held the some for all 
mixes, and was the amount that gave normal consistency with
out any admixture in the concrete. In this case the mix 
got drier as the percentage of caliche increased. Therefore, 
refering to Duff Abrams' water-ratio-strength relation, we 
may make the statement that the lower the water-ratio the 
higher the strength for an identical mix. In this case the 
water was decreased as the caliche was increased and so in 
case the caliche did tend to decrease the strength of the 
concrete, the water-ratio-strength relation would act to 
balance the effect of the caliche * This might be true if the 
specimens were being cured in air. Since they were cured in 
a moist cabinet, and were placed there before they had their 
set there was plenty of opportunity to obtain all the water

1. The Sffcot of Powdered Admixtures in Gonorote, by Duff a .
Abrams. Bulletin 8 Structural Mails. Research Lab.,
Lewis Inst., p, 9.

2. Ibid.
3. Ibid., p. 28.



that wae required. It was noticed that the mix with 100*00 
per cent of caliche would not get in three days in the moist 
closet. This indicated that the caliche would hold the water 
in the mix, giving it up as the cement needed it. The 
caliche would also delay the time of final set.

Mr. Abrams in his tests found a slight 
increase in strength for the loan mixes; he concluded that 
the increase was due to the fact that the aggregate was 
graded too ooarse and the admixture improved the grading by 
supplying the fine material.(1)

In one group of tests with hydrated lime 
as the admixture Mr, Abrams varied the size and grading of 
the aggregate. These tests brought out that the results 
obtained from tests on sand mortars were not a safe guide 
as to whet happens in concrete, since the tests with sand 
mortars are more apt to show an increase in strength than 
the tests with the usual mixes.

When testing concrete to determine the 
effect of admixtures the general practice is to add the ma
terial to the concrete rather than to replace an equal weight 
of cement. Mr, Abrams ran testa to determine the relation 
between addition and replacement. His results showed that 
the reduction in strength caused by replacing cement with hy
drated lime was about If times that caused by adding the ad-

1. The Effect of Powdered Admixtures in Concrete, by Duff A, 
Abrams. Bulletin 8 Structural MatIs. Researoh Lab.,
Lewis Inst., p. 10.



mixture to the oement•(!) If wo teke thio result and apply 
it to those tests with oallohe as the admixture wo find in 
place of having an admixture which only slightly decreases 
tho strength up to 86.00 per cent that the admixture would 
he quite beneficial when added to the mix instead of replacing 
an equal amount of cement. It la only natural to expect 
that the caliche will not have the same relation between 
addition and replacement as was found for hydrated lime, 
Nevertheless replacing the cement with caliche as was done 
in this investigation gave a different mix for each percen
tage that was tested. Tho greater the percentage of caliche 
that was used, the leaner the mix. So instead of having a 
1:2.92 mix when 60,00 per cent of caliche was included in 
the mix, a mix of 1:6.82 was produced. The strength of the 
concrete depends upon the amount of oement in the mix. When 
a lean mix is used the resulting strength will be much lower 
than it would be for a rich mix, provided tho same amount of 
water is used in each mix. For the usual mixes and consis
tencies the compressive strength of concrete at 28 days is de
creased 1 per cent for each 1 per cent decrease in oement.(2) 
This is what oooured in these tests if we consider the ad
mixture as an addition instead of replacement, Therefore, it

1. Rffeot of Hydrated Lime and Other Powdered Admixtures in 
Concrete, by Duff A. Abrams. Bulletin 8, structural '!a- 
teriala Research laboratory, lewis Institute, p. 14.

2. Ibid., p. 29.



Is reasonable to conclude that the caliche was the cause 
of the strength remaining as high as it did with the increas
ing amounts of admixture.

Water-cured specimens were tested for 
various percentages of caliche and the results obtained from 
breaking tension briquettes containing 50.00 per cent caliche 
showed that no reduction in strength was caused by the water 
at the end of 28 days. The water-cured briquettes showed 
less laitanoe with caliche than without. If any of the caliche 
leached out it was not noticeable. The presence of plenty 
of water seemed to aid the concrete while being cured.
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(1) Oaliohe may replace 30.00 per cent
pf the cement without decreasing the strength of the concrete 
below a reasonable design figure. This meano that 2 sacks 
out of every 10 could be left out of the concrete and oaliohe 
substituted. If oaliohe could be obtained and pulverized at 
less cost than the cement can be produced for, it would be 
iSoonomloal to use the caliche •

(2) Amounts of caliche leas than 6.0
per cent will not have any effect on the strength of concrete.

f3) The Caliche will delay the time of 
set in proportion to the amount of oaliohe present. Caliche 
absorbs water and will not permit it to evaporate as readily 
as it would otherwise, giving the water up as the cement needs 
it.

(4) By retaining the water for the cement 
oaliohe permits a closer use of the wetor-oement ratio,as 
less of the water is lost by evaporation.

(6) The oonelatency should have been de
termined by a slump test so a normal consistency could have 
been used for each mix.

(6) It would be well to test the oaliohe 
as an addition to determine to what extent the strength of 
the oonorete would be varied•



Table I

SIZE 0? AGGREGATE
Size of sieve Grams Per cent

Passing Retained
8 14 376 10.27
14 28 1400 38.35
28 48 1313 35.96
48 100 487 13.36
100 76 2.06

M t o ictnro

Table II
SIEVE ANALYSIS OF aggregate

Size of sieve Size of clear Amounts coarser than each
(Tyler) opening, In. per Gent by weight

Ho. 100 0.0068 97.81
Ho. 48 0.0116 84.46
Ho. 28 0.023 48.60
Ho. 14 0.046 10.00
Ho. 8 0.093 -

2 .408
Fineness Modulus . . .  ............  . . . . . .

Table III
Per oent Grams Grams Groms Grams Ratio of c
oallohe oallohe oement water sand to eand0.00 0.00 1260 626 3660 1:2.92

1.25 16.6 1234.4 626 3660 1:2.962.60 31.0 1219 526 3660 1:2.99
3.76 46.9 1203,1 625 3660 1:3.036.00 62.6 1187.6 626 ■ 3660 1:3.077.60 93.8 1166.2 626 3660 1:3.15

10.00 126.0 1126 626 3650 1:3.24
16.00 187.6 1062.6 526 3660 1:3.43
20.00 260 1000 625 3660 1:3.65
26.00 312.6 937.6 626 3660 1:3.89
30.00 376 876 626 3660 1:4.1740.00 600 760 626 .3660 1:4.8660.00 . 626 626 625 3650 1:6.84
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TENSILE STRENGTH AT 7 DAYS
Table IV

per cent 
oallohe 1

Series 
2 ^

I
3 1 2

Series
3

II
4

Average
6

0.00 278 222* 233 273 276 376* 279 279 270
1.25 296 256 270 310 300 - 286
2.50 190* 287 290 292 296 323 319 308 302
3.75 220 271 262 263 236 • - 248
6.00 170* 210 190* 212 242 213 251 230 226
7.60 228 214 224 261 261 - • 236

10.00 203 236 203 239 203 244 216 205 219
15.00 249 241 269 268 240 ** 261
20.00 243 245 233 219 212 - • 230
26.00 280* 260 272 230 211 205* 248 232 242
30.00 227 222 233 236 228 229
40.00 216 206 181 187 170 192
60.00 130 110 111 • - 117

Table V
TENSILE STRENGTH AT 28 DAYS

Per cent Series I Series II
oallohe 1 2 3 1 2 3 4 6 Average

0.00 290* 326 236* 342 381 366 358 366 366
1.25 327 300* 382 429* 320 - 343
2.50 291* 361 276* 417 391 412 405 361 390
3.75 307 311 279 318 304 • - • 304
6.00 219* 222* 160* 297 309 371 379 213* 339
7.50 274 340* 298 261 284 - • - 277

10.00 270 296 282 300 260 326 260 312 287
16.00 280 320 338 368 315 - 322
20.00 324 327 317 321 332 - 324
26.00 316 278 296 298 253 272 290 259 283
30.00 298 286 301 272 261 «. • 281
40.00 294* 248 225 251 260 - 244
50 .00 166 142 177 • - • 168

*• Omitted aa it departs by more than 15# from the average



Tablo VI

COMPRESSIVE SMEIiGTH AT 7 DAYS
Per oent 
Caliohe

Series I 
1 2 3 1 2

Series II 
3 _ 4

Average
0.00 2006 2189 2060 2266 2028 1766* 2708* 2108
1.26 2690 2396 2207 2167 #s 2340
2.60 1968 1671* 1915 2033 2866* 1644* 2961* 1972
3.76 2629 1412 26 20 1762 * 2103**
6.00 1431* 1641* 1363* 2381 2186 1896 2262 2181
7.50 1211 1421 1793 8382 — 1702**

10.00 1273 1676 1261 1993 8766 3029 2479 2062s*
16.00 2787* 1622 1917 1828 - - 1789
20.00 1933 2230 2452 1713 - 2082**
26.00 1668* 1716 2183 2174 1896 2606* 1890 1972
30.00 2087 2041 2107 2359 ae 2148
40.00 1430 1774 1899 1470 - a* 1643**
60.00 608 793 786 * 4W» 729

Table VII
COMPRESSIVE STRENGTH AT 28 DAYS

Per cent Series I
oaliohe 1 2 3 1 .0.00 2971 3047' 2674* 3964*

1.26 3296 4037 3862 3667
2.60 3240 2762 2668 2676
3.76 2807 3981* 2266 2172
5.00 1610* 1138* 648* 3293
7.50 2136 3396* 2736 2498

10.00 1970 1996 2301 3667
15.00 3174 3038 2663 3787*
20.00 3006 2748 3064 2926
26.00 2426 2607 2681 3001
30.00 2999 2346 2666 1670*
40 .00 1744 1638 2766* 2310*
60.00 1193 1603 . 961 -

Series : 
2 3

II
4 5

Average
3342 3092 3413 2421* 3173
3244 * 3619
4706* 3378 3409 3020
2908 2638
3687* 2678 3132 2784 29471903* • ae 24854914* 3382 4066 3062**
2887 - 2941
3246 - 2996
3166 2820 3132 3001 2842
2963 2716
1762 1711

- - 1262
* • Omitted as it departs by more than 165? from the average•
**• Average taken without omitting those values that had a 

variation of more than 16$ from the average•
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Table VIII

Per cent 
oallohe 1

TISSUE
Series

2

STSESGTH AT 
I

3

90 DAYS

4 5 Average0.00 560 286 350 e» 3222.60 451 465 320 4046.00 256 236 309 *» 26710.00 530 516 575 315 365 33825 .00 261* 565 358 360 35860.00 201 179 202 e» 194

Tablo IX
0CKPHB33IV& 3T8BHQTH AT 90 DAYS

Per cent oallohe
0.00

1
3112

2.60 3016
5.00 2783
10.00 2739
25 .00 2798
60.00 1739

Series I
2 3
2980 3320
4214 3400
2365 2302
2672 27 44
3487 2466
1099 1510

Average
3137
3543
1480
2728
2917
1449
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