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g BEFFECT (UF CLaYS ON THE PROPERTIES OF

MASONRY CEMENT

| By
William Joserh Smothers

INTRODUCTICHN

Portland cement is not a material of great antiquity.
It was discovered only e little over a century ago and
quite by accident. It has been the custom in the manu-
facture of hydraulic limes to heat argillaceous limestones
to temperatures not greatly above that at which the carbon
dioxide would be liberated, but this process was carriled
out in a stack furnace under conditions such that some parts
of the materiel were hested to tempersastures which produced
sintering . These hard lumps of sintered materlial were dis-
carded because they were so much more difficult to grind
than the unsintered material. However, in 18%4, Aspdin
ground some of these hard lumps and, in confirmation of a
report of Vicat, found that they produced a cementing ma-
terial far superior to any of those formerly produced by
the old process. To this the name "portland cement" was
given because of a similarity in sppearance, when made into

concrete, to a natural rock guerried on the Isle of Port-
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land in England.

Cement manufacturers are nsturslly interested in new
developments and one of these is the use of clay as s plas-
ticizer 1n cements to be used by masons. The object of
this Investigation 1is to study the effects of clay ad-

mixtures to masonry cement.

1THRORY

Masonry cement usually consists of a mixture of
Portland cement and hydrated lime. At present, the manu-
facturers of cement heve gone into the production of pre-
pared masonry cements by adding such materials as finely
ground limestone, finely ground shasle, or clay refuse
from common clay ware manufacturing plants. In the last
few years, efforts have been made to correlate properties
of the admixed material with the properties of the cement.
However Grant, in 18¢1l, reported the results of tests on
a sample of well wsshed sand compared with one contain-
ing 18 yver cent of clay in a mortar composed of one rsrt
of cement &and two parts of sand.1

The most important function of a brick masonry mortar
is to bind the masonry units into a strong durable struc-
ture. Insofar as strength i1s concerned, Portland cement
mortar is more than adequate, but a number of other

properties are concerned in establishing their utility.

1Grant, W. H., Notes on Cementy Morters, and Concrete;
Trans. Amer. Soc. Civil Eng.; 25, 498, September,

1891.
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The lime technology literature is rerlete rith informa-
tion on mortars. Some differences of orinion exist in re-
gard to matters of detail, but there is a general agree-

ment that the following prorerties are determining factors

(3

in the quality of brick masonry mortars:<

1. The morter should have excellent adhesion to
the brick. This 1s especially 1lmportant
for the vertlical joints which are not under
pressure and hence may be subjected to ten-
sile stresses.

2. It must produce maximum waterproofness of the
wall by reason of 1ts duraebility of adhesion
under conditions of service.

The mortar should have such body charsascter-

U
.

i1stics thet it will not fsll away when the
joints are formed, thereby saving mortar.

4. It must hsesve good rlasticity and worksbility,
thereby meking 1t possible to lay more wall
per day and permitting better trowelling
which is conducive to good workmanship.

5. It should, by its attraction for moisture and
the sealing of the pores in the mortar, re-

tain water long enough and in sufficient

2Sch.urecht, H. G., Corbman, M.; Use of New Yoqk State
Clays in Masonry Mortars, New York State College
of Ceramics, Alfred, N. Y.



amount for the cement to set properly.

6. It should not dry out rapidlv on the mason's
boards.

7. The mortar must not burn or bleach mortar
colors, nor should it be injurious to the
mason's hands.

8. It must be of superior quality in its resis-
tance to deterioration by heat.

9. It should be made of ingredients which do not
have to be added in the form of a putty,
and of such a character that tender's labor
is reduced to a minimum in making the mortar.

10. It must not cause efflorescence on the brick
work.
11. It should remain fairly constant in volume
under conditions of service.
12. The mortars should be resistsnt to freezing
to insure a dursble bond in freezing cli-
mates.
Mortar Ingredients known as rlasticizers perform
the functions listed &bove, but those that have been and
are being used vary a great deal in their effectiveness.
Some plasticizers function effectively in one or more res-
pects but are deficient in others. The most satisfactory

plasticizer is the one that performs all these functions in



maximum degree at minimum cost.

It was not until quite recently that the supecior
quality of clay as a masonry mortar plasticizer was de-
monstrated. Probably the first use of clay as a plas-
ticizer in mortar was sbout 1884 when a cement mortar
containing clay wes used in constructing some kilns at
Brazil, Indians. It was claimed that these mortars
rroved to be more resistant to weathering than those
in which other plasticizers were used.s In 1888 g
building was erected by A4yer, McCorel, Regan Co. near
Brazil with mortar containing fire clay substituted for
one~hsglf of the cement. Thirty-five years later, an in-
spection of this building showed the mortar to be in an
exceptionally good condition.

According to ﬁndereggs4

a fire clay stratum in western
Pennsylvanlia at Kittanning ylelds, on hard burning, an
extremely vitreous brick of very low absorption, =almost
pure white in color. For many years the brick makers
themselves have been using & mortar made of portland

cement with about Z5 per cent of this clay admixture.

The writer has examined such mortar after it hed been

5Straight, H. R., Clay Manufacturers Find a New Market
Using Waste Clay for Mortar Mix, Brick and Clay
Record, 85, 2, 51-52, Agust 1934.

4Anderegg, F. 0., Mortar Properties Tmproved by Adding
Mortar Mix, Brick and Clay Record, 90, 5, 280, May
1937.



exposed for ten years and could detect no evidence of

weather.4

He then made some similar mortar and rlaced
in a very exposed position and has been able in five
years to observe no evidence of weathering action.
Sharp points purposely left have remained arrarently as
sharp as ever.

In pioneer days clay was often the only material for
mortar, and had to be renewed every vear or two. Then
lime became availseble and has been used for a great many
years, but its durabllity in chimneys and other exposed
positions was unsatisfactory, so that when portland cement
came into use many went too far to secure strength and
durabilityf

By proper proportioning of portland cement and lime,
with special regard to the sbsorption rate of the masonry
unit, joint thickness and season of the year, satis-
factory workability and durabllity are secured. Vsluable
end well balanced results have been obtained bv replacing
rart of the lime with prorerly ground limestone, the end
product of the lime. Others have used various clays and
shales, and when their choice has been fortunate, often
very excellent results have been obtained.

As a result of the manufacturers! experiences, and
the many engineering tests which Iowa State College at

Ames has made, it is now believed that any clay plant



having a clay not too high in alumina and organic matter
can prepare & mortsr mix which will rass specifications.5

In general, the presence of claeys in sands for con-
crete and mortar has been rightly regarded with suspicion,
because most clays in sands sasre contaminated with organic
matter which interferes with the setting and hardening
of the portland cement.6 In addition, many clays contain
appreciable quantities of alkali metal comrounds which
are'set free in the mortar or concrete by base exchange
with lime. These alkalis then are apt to appear as un-
sightly efflorescence 6n the surface of the wall. The
sodium hydroxide test used on sands for concrete will
give a satisfactory estimate of deleterious organic matter,
while an efflorescence experiment provides iInformation
concerning alkali compounds. Moisture is drawn up through
the syecimens and on evaporating from the sides leaves
an encrustation of alkeli salts if present. If prac-
tically none appear within two weeks the cluy mayr be
regarded as satisfeactory.

sbout 1924, Johnston Bros. Comyany of Fort Dodge,
Towa, developed s market among silo builders for mortars

containing fire clay which they called "Mortar Mix."

5prick and Clay Record, 51, August 1934.
Anderegg, F. O., Mortar Properties Improved by Adding
Mortar Mis, Brick and Clay Record, 90, 5, 280, May

1937. _
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In 1230 and 1933, 3pangler7 rerorted the results of tests
on morters containing clay snd found that when ground

clay was used ur to 35-50% (by volume) in plsce of the
cement, mortars were yroduced which were at least as strong
and durable as those with an equal percentage of hydra-
ted lime. In 1935, Wlithey and Wendt® reported the re-
sults of some tests on mortars contalning clay and con-
cluded that a 1 cement and 3 sand mortar with 17 to

25% of cement replaced by clay may be used where high
strength and weather resistance are required.

In 1936, Collin® reported the results of some tests
on morters containing clay and found that they were of
high guality. Among other things, he also found that
with the exception of the straight cement mortar, the
mortars containing rock dust, which may ® comparable
with the ground limestone in the masonry cement used
in the investigation, ranked first in weather reslstance,
tensile and compressive strengths, and absorption. How-
ever, the plasticity and bond strengths are not satis-

factory.

7Spangler, M. G., Ground Clay as a Plasticlzing 4Agent,
Jour. Amer. Cer. Soc. 13, (lz), 9c7-28, 1930;
Spangler, M. G., Strength and Dursbility Tests on
Mortar Mix, Jour. Smer. Cer. Soc., 16, 246_49, 1833,

Swithey, M. 0., and Wendt, K. F., Tests on Mortars for
Reinforced Brick Masonry, Amer. Soc. Test. Mat., 35,
Part 1I, 426-45, 1935.

9Collin, 1. P., Clay as a Plasticizer in Masonry Mortars,
Jour. Can. Cer. Soc, 5, 35-41, 1©36.



A more recent investigation on the subject was
carried on at the New York State College of Ceramics,
nlfred, N. Y. These tests were conduvcted to demonstrate
the utility of fine ground ﬁew Yorl: state clays as plas-
ticizers in masonry mortars. It was found that the sub-
stitution of finely ground New Yorlk state clays for lime
in mortars raised the average bond or adhesive strength
about 55%. The average compressive strength was increased
26%, and the average tensile strength was raised 40%
by the substitution of clay. Greater resistance to
freezing and thawing.waslobtained with the clay mortars
and the shrinkage was less than corresponding mortars
containing lime. Water retentivity was higher. 1In
genersl, the mortars made with the New York state clays
compared favorably with those made in Iowa.lo

The recuirements of the cley admixtures which are
to serve as plasticizers end prozzolanic materials sre of
high rlasticity and 14 to z0 per cent solution of silieca.
This latter prorerty is accomplished by carefully heat-
ing a suiteble plastic clay at 500 to 600°C until the
desired silica is liberated in the amorrhous state by

&
the expulsion of part of the chemically held water. 4

10prick and Clay Record, 94, 38, May 1939.

1lperendt, E., Preparation of Highly Plastic Clays for
Use as Reactive Admixture to Concrete and Morter,
siegelwelt, 69, 160-61, 1C3&.
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RaW MATERTI LS

Clays:

Kentucky Beall Clay (No. 4)--was obtained from the
¥entucky-Tennessee Clay Co., kavfield, Kv.

Wyoming Bentonite- - Black Hillg, Wyoming.

Mississippri Bentonite--Panther Creek Bentonite, siber-
deen, Niss. It aprears to be a sandv clav with
moderate to high plasticlty--does not seem to be
a true bentonite.

Plastic Flint--occurs near Fulton, Mo.; a hard or flint
like clay occurring as an unstratified massive
rock with low natural plasticlty and breaking
with a conchoidal fracture.

Towa Kaolinitic--occurs near Clinton and is reported
to outerop naturallv in great cuantities. It
aprears to be & good wunality sedimentary keolin

[
as shown by the following analysis:l‘
SiOi, LI I 45094
E‘ead:ﬁ LI I ] 'r??
Al'ao:f; P 56-15
C&O L B B .40
MEO eeeennn .14
Logs eseeee 13.15
Hlkalis L 095
105 eeeee. 1.78

Gray Shale--occurs at Prospect Hill, St. Louls, Mo.

1%y1ssouri Portland Cement Co6., St. Louis, Mo.



11

The following snslysis is given:i®
SIO0L eveeeee 64.2€
Fer—OZ) LI B 4.90
A150% eeee.. 19.64
C80 assensnans 70
.P.IE_O L I I ZJG?
LoSS esveesee 517
i‘ﬂlialis - 8 9 . -
‘.[IiOrd R — s

Zadoc--

a stoneware clay located two miles north-east
of Dexter, lo. in Stoddard County.
Cement:

Red Diamond Measonry Cement of the Missouri Portland
Cement Co. of St. Iouis, Mo. This cement is
prepared by grinding Portland Cement clinker
and limestone in the proportion of approximately
50-50 .

Sand:

Standard Ottawa Sand conforming to the recuirements of

Sections 36 te 28 of the 3tendard Methods of

Sampling and Testing Portland Cement (n.S.T.¥.

Designation: C 77) of the 4merican Society of
1:

u

3

Testing Materials.
PROCEDUEE
From the review of the litersture, it 1s seen that

clay, as an admixture to masonry cement, gilves desirable

properties. In order to limit the problem, a fixed amount

13surplement of Book of 4.S.T.M. Standards, p. £3, 1922.
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of each clay was added to the cement ss s rexlescement.
In most cases, it was found by other investigators thet
a £5% substitution for regulsr Fortland cement gave the
most desirsble prorerties. Since the cement used was
not sll Portland cement, a 10% substitution of clay for
the masonry cement was vsed in sll cases.
according to the Federal syecifications for masonry
cement, the residue on a Standard 200 sieve shall not ex-
ceed 12 rer cent by weight.l4 Therefore the clays were
ground and rassed through 2 200 mesh sieve before being
added to the cement mix.
The following proportions were held constant:
560 grams cement (masonry)
40 grams clay
1200 grams standard Ottawa sand
as against the stsndard mix

400 grsms cement (masonry)
1200 grams standard Cttawe send

The rrocedure for mixing was spproximately the same

14 end was

as given bv the Fedesral Standard Stock Catslog
as follows:
Ihe mortars were mixed in a nonabsorbent bowl of
gbout l-gallon cepacity. The cement and clav were
pleced in the bowl which has rreviously been wirped
with a demp cloth and then mixed with an estimated

amount of water to give 100 flow as called for.

l4pederal Standard Stock Catalog, Section IV, (Part S),

No. SS-C-181b, January lz, 19Z8.
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Arproximately 800 grams of sand were then added and
the stirring continued for 20 seconds. The remainder
of 1500 grems of sand were then added snd the mortar
mixed for 75 seconds by vigorous snd continued stir-
ring, squeezing and kneading with one hsand. The mor-
tar was tlien allowed to stand for 60 seconds and
then mixed for another 60 seconds. During the op-
eration of mixing the hands were protected by rubber
gloves.

The top of the flow table was carefully wiped
dry and the flow mold placed st the center and filled
with the mortar. In filling the mold the mortar was
not rammed, but gently puddled to insure uniform
filling. The mortar was then smoothed off level
with the tor of the mold by aid of & trowel snd the
mold then removed. Imwediately the tsatle was drorred
through a height of z in., 25 times in 15 seconds.
The flow was the resulting increase in diameter of
the mortar mass, expressed as & rercentege of the.
original dismeter. Standard consistency was jud-
ged to be between 100-115 flow.

If the flow was not that for standard consistency;
more water was added to bring the flow within the

given 1limits. TImmediately after the flow test wss
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made, the mortar on the flow table was remixed with
that remaining in the mixing bowl for &0 seconds.

# comparative test was used to determine the
water retentivity--the apparatus consisting of =
breass ring two inches in diameter and 3 in.-high,

a red face brick (maximum &@bsorption 147%), and a
Gilmore initiel set needle. After the mortar was
remixed from the flow test, the brass ring was placed
on the face of the brick and filled with the mortar.
The surface was smoothes with a trowel and the brick
tapred 25 times with one end slightly elevated. The
timing was started just after smoothing the surface
of the mortar in the ring. The tiwe of aprarent
initiegl set as recorded bv the Gilmore needle was
used as an indication of the water retentivity of
the mortsar mix.

Luring this "setting time" test cubes wers pre-
rared for comrressive strengths. The surfaces of
the molds and plates in contact with the cubes were
oiled with a medium viscosity oil. The molds were
half filled with mortar, the mortar ruddled into
place with the finger tips of the gloved hand, the
mold then filled to overflowing and the mortar again

puddled with the finger tips. The mortar was then
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trowelled off flush with the topr of the molds.

#11 test pieces, immediately after molding were
kept in the molds on rlsne plates in a dampr closet,
ﬁaintained at a relative humidity of ¢0 per cent or
more for from 48 to 5% hours in such a manner that
the upper surfaces were exposed to the moist air.

The cubes were then removed from the molds and placed
in the damp closet for 5 davs in such a manner as

to allow free circulation of air around at least

five faces of the specimens. At the age of 7 days
the cubes for the 28-dayv tests were immersed in
clean running water Iin storage tanks of noncorro-
dible materials.

The compressive tests were made on a mechanically
orerated testing machine of a suitable type as called
for in the specifications. The load was applied
uniformly and without shock, the rate of moving of
the head being aprroximately 0.05 in. rer minute
when the mechine was running idle. The srecimens
were tested immediately uvupon removal from the damp
closet.

The total load indicated by the testing machine
at fallure of the test cube was recorded and the unit

compressive strength calculated in pounds per sqguare
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inch of the cross-sectionsl area of the cube.

DAT A
admixture % Hy0 Brick test Compressive strength
(minutes) 7 day 28 day

None 12.9 14 688 963
Wyoming Bentonite 20.0 1% 420

Iowa Kaolinitice 17.0 ol 555 758
Miss. Bentonite 16.5 15 725 1065
Kentucky Ball 15.3 19 525 718
Plastic Flint 15.2 16 583 678
Zadoc 15.0 20 565 723
Gray Shale 13.7 15 700 968

MISSOURI PORTLAND PROCEDUKE

Similar tests for determining the water retention were
made by the Missouri Portland laboratory on all of the clays
with the exception of the Wyoming Bentonite clay.

A different method of mixing was employed by this lab-
oratory and was as follows:

The clay and cement were placed in the pan of the

stirring resistance machine--the final mix being of

the following proportions:
405 grams cement (masonry)

45 grams clay
1350 grams standsrd Ottawa sand
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4 portion of the seand was added and a known amount
of water then added to the ran. After the pan had
rotated a few turns, the remainder of the sand

was placed in the pan and water added until the
stirring resistance of the mix was 150 grams.

We have a description of this device in the

4.5.T.¥. Bulletin which is as follows:+®

"4 device for measuring the workability of
fatness of morters called the mixing bowl
prlasticimeter hes been devised by lNr. L. A.
Wegner while employed by the cement reference
laboratory of the National Bureau of Standards.
This device 1s used for measuring the fatness
of masonry cements. It consists essentially of
en electrically driven pen mounted on a ver-
tical axis; a paddle also mounted on a vertical
axis tends to rotate with the mortar but is
rrevented from doing so throuvgh a system of
levers arranged so that the resistance recuired
to rrevent rotation may be measured by means

of weights on a scale ran. MNr. Wagner has
sajd, 'The concertions on which the test is
based may be stated as follows: It 1s assumed
that the plasticimeter measures stirring resis-
tance. Next, it is assumed that stirring res-
istance is inversely proportional to additive
factors, namely, (1) wetness of the mortar snd
(2) fatness of the cement. PFinally, it is
sssumed thuat wetness 18 indicated by the flow
table. Hence, if stirring resistance is made
constant, then fatness becomes inversely pro-
portional to flow'."

after bringing the mortar to this stirring resistence
of 150 grams the flow was determined as described in

the other procedure. The brick test was also made

15,.8.7.%. Bulletin, F. 43, October 1238.
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in the same way as before.

DaT &
Admixture % H.O Flow Erick test
(%) (minutes)
None 11.6 105 18
Gray Shale 1Z+5 105 16
Miss. Bentonite 16.1 103 13
Plastic Flint 14.0 103 15
Kentucky Bsall 15..6 101 22
Zadoc 14.5 102 18
Iowa Kaolinitic 16.3 100 18

DISCUSSION UF DaTa

In the exyeriments conducted, the iIlow wes brought
to g constant value to give the same plasticity to all
mixes before determining the water retentivity. In the
disgram (Fig. 1), it is seen that *he yield value, which
is a measure of the plasticity, is constant, and the water

necessary to bring the mix to this yield valve is a meas-

ure of the plasticity.

% water indicates rlas-
Flow ticity of mix

e i Fressure
Yield wvalue

Figure 1.



19

By the methods at the lsborsatory of the Missouri
Fortland Cement Co., the mixes were brought to an ecuiv-
slent viscosity; therefore the flow obteined is a messure

of the yield value, i.e. the rlasticity.

Flow % flow indicates
plasticity of mix

o Fressure
Yield wvalues

Figure Z.
The above statement is brought out bys comparison of
plasticity obtained by both methods. This appears in
Figure 3.

The strengths do not seem to show any definite
relatioanshiy to any yroperty of the clays. Since the
7-day test for “yoming Eentonite fell below the sreci-
fied 500 #/in.%, & 4&-day test was not made. On &n
experimental freeze and thaw test, the cube containing
Ayoming Eentonite completely fell apart on the first
cycle. It is strgnge that the Mississippi Bentonite
should increase the strength in contrest to the reduc-
tion of the strength by addition of other clays.

To clarify the following discussion of the water
retentivity, the data concerning the brick tests is

repeated:
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PLaSTICIY COME 4ahISUN

Mo. Portland hxperimental results

Tows Eaclinitic ¢ (High) (High) + Iows Kaolinitile

4+ Viss. Rentonite

Kentucky Ball

Zadoc T 4 Kentucky Ball
1+ Plastic Flint
"+ Zadoc

Miss. Rentonite
Flastic Flint T

1 Gray Shale

Standard
Gray Shale

1l Standsard

Missouri Fortland points were placed on the basis of the %
flow and the experimental results on the basis of % water
added.

Figure 3.
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Mo. Portland Experimental results
Kentucky Rell 22 1o
Zadoc 18 20
Iowa Kaolinitic 1e 17
Flastic Flint 15 16
Gray Shale 16 15
Miss. Bentonite 13 15
Cement 1S 14

It is noted that for the cement with the brick test
of 14 minutes, all of the admixtures inecreased this tiwe.
However, for the cement with a test of 1¢ minutes, the
admixtures decreased this time--with exception of the
Kentucky Ball clay. This leads to an interesting svr-
position that clay might act as a stabilizing influence
uron the water retention of cements with variable brick
tests, as indicated above. However, the gbove data is

entirely insufficient to quelify the statement.

CONCLUSIONS

From the tests made, it was found that of sll the
clays used, Kentucky Ball clsy and Zadoc stonewsre clay
gave the best results, considering the water retention
as one of the main criteria. according to the Missouri
Fortland research laboratory, "The mortar made with
Kentucky Ball clay was the best mortar of this serles
of tests. It was better than the straight Red Diamond
mortar in sll respects. The mortar containing Zadoc

was not quite as good as the Kentucky Ball clay, but



was better then all the other materials".

It 1s suggested that further work be done on the
theory concerning the rossible stabilizing influence of
the clay--in the 0il industry, clay is used as e stabili-

zer, but this is in a different sense of the word.
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