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INTRODUCTION

In +the last fifty years there have been made many improvements
in  the field of mesonry construetion. I doubt,; however, if any single
advancement has been as important as the relatively recent use of Port-
lend cement in masonry mortars. By its use, a bullder is able tc reduce
wall thiclness, build smaller piers and colums, increase the heighth of
his walls, and erect surnrisingly light arches. Furthermore, not only
is the resulting masonry structure lighter and stronger than could have
been obtained formerly by “he use of clay or lime morters, but a more
enduring tvve of construction is obteined.

With the advantages of Portland cement mortars over lime mor-
tars so pumerous and so valuable, 1% would seem that information aboutb
such mortars would be readily accessable to any engineer or builder.
Unfortunately, sueh is not the case. There is, for some unkmown reason,
a horrible lack of printed information available about this subjecth.

The entire purpose of this paper is to attempt to dissimulate the infore
mation now available about the use of Fortland cement mortars, discard
that portion of it that is unsound, add to it some laboratory investigo-
tiong of my own, and classify the whole in such a way as to malke clear
the use of this important material of constructien.




PORTLAND CLNENT MORTARS IN GENERAL

- T would like to first anproach the subject of Portland cement
~ mertars by defining the subject. Portland cement morter, primarily, is
~an intimate mixbure of sand, Portland cement, sometimes lime, and water.

T™e purpose of Jortland cement in the mﬂrt&r is to umuﬁe'the
sand narticles together; its action in 1he Jrortar, upon hydration, mey
well me comparsed to the use of zlue to "shgek" tog gether many small par-
ticles of sand and to £ill up the. shaces or voids ‘between these same

rarticles,

The use of lime inm the mortar is prlmarllv to make the mortar
worlk easier off the mason's trowel. ‘hat effsct results from the en-
“}oVTr" of lime in Portland cement morbtar will bhe braced later in this

The use of wabsr in the morbtsr is:.

1. To hydrate the cement, and lime, and thus form a binding

material which will unite the otherwise non-cohering particles of sand.

2. To Tlux both the dissclved and the undissolved comenting
substances, over the surfaces of the sand greins, rendering possible
extensive and close edhesicn by carrying these substances into the sur=-
face irregsularities of the particles, whore they are absorbed as the
water is later absorbed or evavorated,
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3. To act as a lubricant betwesen the sand particles so that
the morter may be syread in nlace with a trowel,

., To itself occeupy svace in the mass.

Berore proceeding further with the discussion of tThis intimate
mixture of substances, 1 believe 1t well if the verious materials that
enter into the mixture are examined sevarately.




PORTLAY D CuMENT

Tortlond cement is mede by finely pulverizinge the clinker pro-
dueed by vurnin: a definite mixbure of silieious, argillaceous, and cal-
careous materials to a point above where they begin to fuse or melt.

s

The percenteages of the principal components range about as follows:

5i0g = 19% to 2E%
Al, 04 = 5% to o
Toalg = 2% o 4%
rad - 80% to 64%
g0 ~ 1% to 2.5%

There are alsc present small amounts of X0, Hagl and SQ’. The suvecific
rravity of Fortland cements rance from 3,1 to 3.2.

Mieroscopleal examinations of Yortland cement clinker, and of
all the substances considered likely to bhe formed in manufacture, show
Portland cement to be made up largely of the three compounds 3 Cal.S5ilg,

2 Cale510,, and 3 Cal.hlyVz. The tri-calcium silicate appears the best
cementine compound and it is nrobable tha’t the hicher its percentage the
bhether the cement. The small amounts of Fegzlyg, MpO, alkalies etc. have
it little effect on the ithree major compounds but their presence aids
materially in manufacture by vromoting the combination of Cal with AlyUg
and $i0y.

A perfectly burned cement clinker consists of about 36% of tri-.
salcivm silicate, 3 Ca0.5i0g4; 33% of di-caleium silicate, 2 Cal.5ilyg; 21+
of tri-caleivm aluminate, 3 Ca0.2130g3 and 10% of miner constituents.

The nrincipal cewmenting compound, tri-caleium silicete, 3 Cal.510,, is the
last conatituent to form completely in Fortland cement manufacture, and
this compound is formed by the combination of Cal with 2 Cad.3i0z. Tihen
cexent clinler is not perfectly burned there is evidently less 3 Cald.5ily
Tormed and more 2 £a0,3i04s There is also a ceriain percentage of free

Y

lime {020} oresent, “he amount devendins upon the degree of burning.

The sebting and hardening of Portland cement is caused princie-
pally by hydration in the order named, of the three manjor constituents:
3 CaleAlyCp, 3 Ca0.3i0gand 2 Calefilc. ‘hen water is added to Portland
cement, these conshituents form first amorphous and later both erystals
fine and amorvhous hvdrated meterials, which act much as does ordinary
rlue; excent that since they are of mineral origin end largely insoluble,
hardenine nrogresses aver under waler,

Of these hydration preductsy the compound tri-calcium aluminate
(3 Cal.dlygOg) when mixed with water, sets and herdens very quickly; tri-
selciun silicate (3 CaQ.SiO&) gets and hardens somewhat less rapidly; and
di-calcium silicate (2 0a0,7iCe) reacts slowly, Hardening eccurs only
after a lapse of a long period of time., The initisl set of the cement is
dus undoubtbedly Lo the hydration of 3 Cal.Al Oz the early hardness and
cohesive strength do to this hydration and to that of the 3 Cal.5i0g;
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the sradval increase in strength is due to the further hydration of
thesa twe compounds tozether with the bydration of the 2 Cal.8iC,,

The compound 3 Cal.S5ilg anpears to ha the best eementing consti-
tuent of this group, as it is the only one of the three which, when mixed
with water, will set and harden within o reasonable time to form a mass
which is comperable in hardness and strength to Portland cement., Although
3 Cal.Aly Og sets, and hardens rapidly, it is rather soluble in water and
is not particularly durable or strong. The compound 2 Cal.5iCg, however,
requires too leng a time to harden to be in itself a valuable cementing

iy

Portland cement, to be suitable for mortar, should be the same
igh nrede cement that would be specified for use in Portland-cement con=-
erebe. In ths apdpendix of this parer will be found the "Standard Speci-
fications and Tests for Fortland Cemeut”, as adopbed by the Ameriecan
Zeciety for Teshing Faterials.
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Cormion lime is manufacihured by burning limestone (CaCO,) at a
terpersture of about 900°C, until i%s carbon dioxide (COg) is driven off
a5 £65. The residuc is common lime (Cal;, kmovm cormercially as "guick=-
lime." 0On sddition of water this produet slakes with evolution of leat
erid much increase in volume,

In even the vurest limestone there are some impurities present,
Generally a vart of the lime 1s found %o be replaced by a certain percent-
ape of magnesia (Mz0); clay also is present to some extent, (Clay is com~
poged chiefly of silica {S5i0p) and Alumina (AlgOs), and vsually contains
some iron oxide (Fegdgi. In the manufacture of guicklime, magnesia acts
in much the se-e mamier and may be considered the ecuvivalent of lime,
which ma%es 1% vossible te use limestone which is hizh in magnesie.
Ticklimes are divided into four main tyoaes according to the relative
content of caleium oxide (Cal) and magnesium oxide (=0}, These are:

1, Hishwcaloium; gquiecklime containing 20% or over of calcium

2, Calcium: guicklime conbaining not less than 85% or more

than 900 of ealeium oxide,

%  Parnesium; auicklime containing between 10 and 25% of mag-
nesivm oxlde,

4. Dolomitic; quicklime conteining over 259 of mapnesium oxide.

Hydrated l1ime is quicklime that has been slaked at the nlace of

manufacture. Its market form is thet of a dry powder, and it requires
only the addition of wauver om a job to he turnsd into lime paste.

The hardeninz of lime paste is due mminly %o erystallization)
but in addition some of the water in the hydroxide is gradually renlaced
by carbon diexide from the abtmosvhere, rausing a part of the hydroxide to
revert to the original calcium carbonato,
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SAND

In as much as almost the only fine aggregate ever used in mortar
is sand which has resulted from the disintegration of roeks through the
natnral celogical process of "weathering", only this “yve of agzrezate
will be disensseds The orocess of disintegration which breals dowm roals
into small rartiecles Is vhysiocal in its nators. Any sands which have
wmdeszone s chemical nrocess {decomposition) in their formetion, mist zon=-
erally bHe looksd upon with some cauvtion, 9il% and olavy are zenarally ﬁhe
raguls such dec ition, and sueh chemical chanze has altered the
opiziral charachsr of the material, uwsually to its detriment.

winece coarse sands are of a size Lo refain and partake of the
e parent rock, the structure of at least large

o
narticles should be identical -with She siruchbures of such rocis,.

ecause of its hardness amd resistance Lo chemical agents, gquartz

sh oricinally present, becmuse of their lesser rasistance,
nava been more readily decomposed by tag actlon of the elements; and by
reason of thelr compleve disintegravion with resultant fine stable of sub-
division, have been removed by wind and water. Quarte crystels, therefore,
remain as the most evident survivors of the parent roclk,

In order that a mortar attain satisfachory strongth upon harden-
i17, it is necessary that the cementing meterials of that mortar (cement
and lime) coat the surface of the grains of sand and 7ill the voids between
tham, Tor the salke alone of coating the srains, it would seem very evident
that a coarse sand would regquire less cememting material than & fine sand.
Tis is true but the resulting mortar is apt to be guite porous, due to a
lacl of matsrial suffieient to fill the wvoids hetween the particles, Such
a mortar is elso difficuls € work off a trowel, due to ibts inability %o
slide without a prating scrabching acticns If, on the other hand, an all
Tine sand 1z smoloyed for the mortar, although the voids are smaller and
sasier £illed, the surface area to be coabted is so large that an unsconom-
izal smount of cemgnting material must be useds Thus, the only satislac-

n

tory mortar sand is a sand falrly well graded from coarse to [ine,

wressnce of organic matbter in the sand such as: tannie ecid,
zollodial sewspe, msnure, decayed vesotable matier, etc, is in all cases to
e regardsd as harmful. Ho engineer would sccept a sand containing these
obigctionahls impurities in a sand to bhe used for coneraete = wnfortunately
mortar sands have nob heen exanined so garefully in the past, It is impor-
tant that a mortar sand he careflully selected as would a sand for conereta,
Tortunataly, wmost of thoesa impurities can be washed out of the sand with
ithtle expensa,

ot
=l

e offasct of a smell amount of either clay or silt in moriar
sands 1s at times bencficial 4o the mortar. However, in as much as either
of these lmpurities can cause injury to the mortar by coabing the sand par-

ticles or by "balling up" when wetted 'and so remaining as lurms in the

is the comnonest mineral in sand, Other minerals such as feldspar,




mortar, I am inclined to beliove that it is always safer to securs sand
free from tham.

A mortar sand should be selected carefully as would be a con-
crete sand; and on any job of consequence when the sand is so selocted,
thers will be a resulting savings in cement and lime in tThe masonry work,
that will more than make up the slight expense of sand tests in conjunc-
tion with this selection. loreover, the resulting mortar will be stronger
and more easily worked by the massus,

e logical vrocedure in the selection of a sand for mortbtar work
would bes

1. To determine its granulometric analysis by scrseninge.
2, Debarmine its cleanness by washing, or by chemical tesbs.

S To debermine its actunl strength value in mortar by test.




WATER

Water, a chemical mixture of oxygzen and hydrogen, plays a
vary imnortant part in the making of the mortar. Generally, to be

sultahle for moriar use, it should be Iree from oil, acids, alkalies,”

or vegstable matter. A good mortar water should be of a quality fit
for drinking purposes.
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MORTAR MAXING

In practice, alwosd all mortar is hand mixed in a wooden or
steel mortar box. Generally, any local sand is selected for the mortar,
resardless of its suitability. The morbar is mixed by common labor, of
such pronortions as senm,ta suit the masons or mason {oreman., Seldlon
is any atienyt made to sscure uniforwm »nroportions of the constituents of
the wmix; and seldom are any two batohes mixed exactly the same, Iiny
morbar remainiag after the day's work is usually covered with sand and
a 1littlz water, to be reworked (retemvered) into the first bakeh of the
next day. L£11 of this procedurs, which is admitted to be common through-
out the entire building indusbry, tends to defeat any advantamse which
mirht be rained by the use of Portland cement in the mortar. Insiead of
obtaining a mortar of hish wniform strength, which the very nature of the
materials decrees should be secured, menerally a moritar of low, varying
strength is wroduced; a mortar w110h many times is 1nfﬁr10r To tu“ plain
line mortar employed for many hundreds of years.

The sheer fact that Portland cement has been used in making the
mertar seems Lo satisfy both architect and owner and the ignorant employ-
ment of a hizgh grade maverial sontinues on.

Athout contivuing further with the unintelligzent use of Port-
land cemont morbar - the facts of which are known generally to the build-
ing industry=let us rather review the malking of mortar, from the time the
materials are bought, tracing each sten of its history to the point of
Pinally lsaving 1t to fulfill its nurnose of bonding together masonry in
2 wall or pler,

In the construction »f any building of consequence, containing
comsideranle worlk, I belleve that money will alwavrs he saved if careful

leboratory tests are i on a mortar sand that is beinpy considered for

A
@
-]
i

feel that nrobably the most asconomical sand to be used will have
a Tineness medulus within the limits of 2.8 and 3,5, As soon as a sand
has been Tound to be clean, sharp and suitably graded, it will he wise
to debermine the ﬁroportJoq" of that sand with lime, cement and water
at will nrodice a worbar sufficiently strong o meet the leading re=-
irements of the cnnfunul%tﬁd bullding and still be as economiecal of
material as possible. Normally, any cement mortar that will show a come
pressive strensth of aOOO /59" {or better) at 28 days will be suitable
for layinz up masonry work of the highest quality. In as meh as the
ultimate compressive strength of the best hard brick seldom exceads
/ 1", it may be reasonably deduced that to lay brick in a mord

ager than the brick itself is to waste expensive morbtar materials
(zement and lime) fruitlessly. Thus, havine beforshand decided what
altimats streagth is to be desired from the mortar, the laboratory prob-
lem is the selecstion of the mix which will produce a morbtar of regquired
strenp+? and in mekiag it demand the leest amount of lime and cement to
he ussda
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As the first stdp towards svch an end, I would recommend mak-
in7 standard brigquettes of the selsched sand and the prand of Portland .
sement that will be used in the actual construction; it is quite impor=
tant that the tests are run on mortars made with the cement that will be
used on the job becaguse many times entirely different results will be ob-
tained with various cements and the same sand. At times one brand of
cement will act with a sand, or vossibly certain impurities in the sand,
and the lime quite differently than will another brand, althouzh both are
of equally as hizh quallty.

Practically any cood sand, mixed with Portland cement in the
ratio of one vart of cenmsnt to three parts of sand (1:3), by weizht, will
withstand a tensile stress of nearly 3004/3q" at 28 days, (1 day moist
air, 27 days dry air). Converting tensile strength 1nto compress:ve
strangth, this would indicate a mortar good for SOOOﬁ/ ' compressive
stress at 23 davs.* Thus, I would advise making no brlquettes of a high-
ar nrovortion of cement to sand than 1:3. Ffurthermore, as already out-
lined previously, auy morbar stronzer than 20004/3g" GOmpression) will
arobably exc-ad in strength the materials thet it is bonding together and
this extra strength is wasted. T wonld, therefore, malk :aet of Drlo1ettes
(three to a2 set) for each of the different mix nrovortions: 1:3, 1:3%

1:3%, 1:3 5/4, 1:4., Tims allowing, these briguetftes should be broken at
the end of twenby~eizht days, and the breaking strength of each briguette
carefully noted. If the briguettes were made carefully no one should vary
mach more than 157 in streagth from the others in its same Imli,**

The averace tensile sitrenpgth of these mixes should then ve de-~
rived and a curve plotted of these values, using tensile strenpth in #/Sq"
for the ordina+e and the mixes for the abecissa (T choose to start from the
ordinate with She richest mix and secure thus a decending curve), wWithin
the limiks of such a curve, any desirsd mortar strength may bhe selected to
he used on the job, by tns orocess of simple interpolation bebween values.
Thus i may be found that a real mix of 1:3 5/8 will nroduce a moriar
suiteble for a vartisular job. Realizing that without these tests a 1:3
(standard mix} would probably have when used, already there has been real-
ized a definite cement saving tha®t may be considerable if the job calls
Tor much masonry construstion. However, only the £irst portion of our
ultimete cement saving has been made et this poinkt. Now to gmo further.

A second series of briguetites should now he made, start%uﬂ with
1:3 5/8) that has been selected as suitable, the Iirst three of

£ 2 » 2 3 3 . . y .
£/3 mix, the secend, of a mix in which 8% (by weight) of bhe cement

#7 1@&11?@ that many authorities dislike waking a definite ratio
hatween tensile strength and comwpressive strength., T feel, however, thai
for the wirrese of debermining morter mixes, in view of the fact that ten~
sile strengbh Lests can he made so much more easily and so much more rapid-
ly then can compressive strengbh tests, it is ne;feg1lv allowable to mulhi
vly the uvliirate Hensile stress that the mortar will sustain by the fac‘or
of "10" to eament into comoressive strenmth. ¥y entire endeavor through-
out tnls paper is to atterpt to improve the use of a material entirely with-
in orachi

. *51f 1t is found to be impossible to have these tests run over so
loms a period of dime, briguetbes may be broken at seven days and w very
: h L] 4 +f ot ;‘f
close approximation of the 28 day strength will be reached if the 7 day
strenpth is miltinlied by the constant of 1.6.
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has heen renleced by 5% (By weight] of hydrated lime, the third of a mix
in whieh 10% (uy weight) of the cement has been replaced by 107 (by wescht)
hydrated ]1ma ete,, or designabting the amount of the hydrated lime by
the decinal acbween the cement and the sand quantitics, the new wmixes will
be - 1:3 5/8 (original), .95:.05:3 5/8, ,90:,10:3 5/8, .85:.15:3 5/8,
«80:,20:3 5/8 and .75:.25:3 5/8, This series of six sets of briguettes
should be stored the same as the firast series, and broken in the same
fashion &t 27 days. Tow, as will he leter discussed under the heading of
"Trne Effects of Hydrated Lime on Zortland Cement Vortar", somewhere in
this series of replscements of cement with lime will he atteined a tensile
shrernsth as hish or hiszher than was attained with the straight 1:3 5,/S
mortar: =ud at the same time will he also attained s morbtar which will Le
nore workable and easler flowing than that mertar which édontained no lime:
this is neturaliy the final mortar mix which we desire., Having carefully
rocorded the breakirg strength of this series of briguettes, average the
values in each group as before and vlot a new curve with these values
vsing /om' as the ordinate and % lime as ths abelssa, Then, the percent-
are of lime to be used in the mix will be that point on the curve, further-
5 from the "Y' axis, the ordinate of which is of equal value with the
erdirate of the mix made of 1009 cement and 07 lime. Thus, ocur final mix
may be that of ,82:,18:3 5/8; and once again, a considerable savings in
cement has been realized because 1574 of the weight of the cement in the
1:3 5/8 mix hss been revlaced with a considerably cheaper material, hy-
drated line.

How = let me trace tlhrough this nrocedure on an actuel sand and
deternine what savinzs, if any, can be made by following this method,

CORDITIONS

-~ Zand, Comaon Creek sand of fair quality.

,@ment atandard brand of Yortland cement.

Lime, stenderd brand of hvdrated lime, dolomitic in nature.
HWater, good quality.

11& &rchltect's specifications called for a 1:3 cewent mor-
tar with not e*:ceedlrj"r 107 "Inst shecified to be either by weight or by
volume ] -~ Architect asreed to allow the mortar mix %o be desicned for tpe
materials used and would allow a 2000:5/5q" mortar to ‘be used regardless
off the prowertions of the mix,

1. Standard uolormotrtc test for organic matter was run on the
sand which showed a color of = 2—"- suitable,

2s  Sereen test run on sand showed the sand to have a fineness
modulug of 3,04 -« suitable.




Jereen Size

1=
1% inch

3/4 inch
3/8 inch

4 mesh

i

=iz
oy

nesh

714 mesh
28 m&sﬁ
48 mesh
=100 mesh

Beyond

Se

S

Semple 200 gms.

Sample Coarser
in grams

0

0

2,03
12,46

53,31

195,99

200,01

Feile® 303,88
100

PN

1z

Sample Coarser
in percent.

0

0

Q

Q

1.02

8423
26,65
71.97
97499

100,00
308,88

5404

Tive sets of briguettes were carefully prepared (three

briguettcs to a set) utilizing the following mixes - sll mixes by
1 z g 3

welight:

1 . /
1:3, 1:3%, 1:3%, 1:3 3/2 2, 1:4,
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These briquettes were stored one day in moist eir and twenty-
seven days in dry air, Broken at 28 days, they showed the following re-
gults*

Number  Mix Tensile Strength 28 days inm #/Sq" Average in #/Sq"
1 3356
2 1:3 : 355 347
3 350
4 320
5 1:35 S 340 325
6 3156
7 280
8 1:3% 265 265
9 250
14 . ' 210
11 1:3 3/4 200 210
12 : 220
13 175
14 132 180 172
‘15 160

4, These tensile strengths averaged, allowed the "Strength -
¥ix" curve to be constructed as shown on page 14. From this curve, it

*1 realize that normal laboratory procedure calls for bri-
quettes to be stored one day in moist air and twenty-seven days in water.

T do not feel, however, that a storage of twenty-seven days in water re-

presents conditions similar to those which will be actually experienced
Tty mortar in setual comstruction and, therefore, have cured my briquettes
in drvy alr ir order to approximate actual field conditions. Without
doubt, all of +the briguetbes examined would have shown far more strength
if cured in water rather than air. They would, however, have represented
mach lesgs of an indication of what strength the actual morter on the job -
was to atbain.

13
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nay be sesn that the sctual mix needed to produce a tensile stress of
200:/5g" is slishtly weeker than one of cement to three and thres guert-
ers parbs of sand. Thus, a mix of 1:3 3/4 will produce 2 mortar suffi-
ciently strong for cur purncss,

5. Next, as ouilined previously, the selected mix of 1:3 3/4
was taken as a gtarting mix, and one set of briquettes made from it;
then Pive obther sets of briguettes in which, increasirz in units of 5%
by weight, the Fortland cement was replaced with hydreted lime. Those
briquettes of 1:3 3/4, 495:.05:3 3/4, .901.10:3 3/4, .85:.15:3 3/4,
o801,20:3 3/@ and «75:.25:3 5/@ wix, were carefully vrepared, and cured,
as before = one day in moish air and twenty-seven days in dry sir. Upon
breaking, thess briguebttes tested as follows:

Fumber Mix Tensile Strength Average in #/Sq"
. 1
28 days in #-/Sq"

1 | 230
2 1:3 3/4 210 218
3 _ . 215
4 140
5 »05:05:3 3/4 155 142
6 _ 150
7 208

B $00:,30:3 3/4 200 208
9 220
10 - 175 h
11 RSP 3/4 160 187
12 165
13 135
14 .80:20:3 3/4 140 | 140
T 145
16 110
17 ,75:.25:3 3/4 | 110 | 105
18 95




16

: 8. These strengths averaged, allowed a "Tensile Strength =

Percentage of Lime" cur¥e to be constructed as showm on page 17. From
this curve it may be seen that the real mix needed to produce a tensile
stress of 2004/6q" most economically is anproximately .88:.12:3 3/4.

. Tracing over the results of these tests it is at once apparent
that 2 savings in cement of 23.1% has been made with a resulting mortar
quite sufficiently strong for any practical usage.

Yow, having examined the waterials and decided upon the proper
rix to be used, let us go into the field and actually make this mortar.

As mentioned hefors, the mortar will be hand mixed in a wooden
or steel mortar box., (The mortar box should be thoroughly cleaned each
day before using, and if eny mortar remains in the box at the end of the
dav's work, it should be taken out and discarded) In view of the fact
that scarcely any two shovels full of sand will be of exactly the same
amount, I think it inadviseble to have the mortar maker use e "shovel of
sand” as a unit of measure., A wooden measuring box can be made guite
rapidly and its use requires little more time and effort than to shovel
the sand direrctly into the moritar box from the pile. Tortunately, most
Portland cement is brought in bags and in as much as each batch of mordar
will take a Tull bagz, no measuring device will be recuired for the cement,
A small weoden measure should be made for the lime, however, because it
will be used in less than bag lots.

o e P A G e A P ST D

_ After the proper amounts of sand, lime and cement have been
dumped into the mortar box, these constituents should be mixed ("eut™),
dry, with a mortar hoe until the mixture has assumed one umiform color,
It i3 nuite importent for prover mixing that this procedure be carefully
carried out. Then, a 1little at a time, water is introduced, the mixture
being hoed vigorously at the same time. At the time of meking the first
bateh of morbar on each job, a foreman should stay at the mortar box and
regulate the amount of water put into each batech, Thereafter, the member
of buekebts of water required (about 2% to S%J for a proper mix can becone
a wit of the mix similar to the sand and lime unitse. Only sufficient
waber is desired in the morbar to fully hydrate the cement and lime and
make the morter possible to wse: the least amount of water that can be
used to make the mortar "workable" will »e the correct unit of water,
This mortar is then ready o be taken Irom the box in buckets or hads
and be used by the masons in laying up the masonry structure.

On almost any job requirinpg more than four mesons, it will be
found that the use of two morbar boxes will result in & money savingse
By the use of two boxes, one batch of mortar can alweys be veady to be
taken to masons while a new batch is being prepared in thse other., The
common practice of mixing a batch of mortar in one end of a box while
the other end conteins part of the last batch is to be looked upon with
disfavor. Obvicusly, some of the ummixed materials from the new batch
will always get mixed with the remaining portion of the farmer bateh and
the mixing is neither complete nor sabisfachory. :
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Discretion should be exercised just before noonday and just
before "quitting” time that no new batch of mortar is mixed up. Over
even so short a period as the half an hour thet the men are at lunch in
the middle of the day, many cements will attain their initial sets and
thereafter be worthless for use in any load bearing masonry construc-
tion, I cauticned o be careful of the time, even common lebor mixing

“the morbar will seldom have a bucket Mull of mordar left when the

whistle blowsg. Without prover cauvtioning, however, about a batech of
mortar each day will have to be discarded. The practice of "Petemper-
ing" a bateh o partially set up mortar with new materials is s poor
ene and should never he adopteds Froper time cauvtioning a half an hour
before a sbopping off point will completely do away with even the oc-
cagion for "relempericg” mortar,
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THE BFFECT OF LIHE IN CEXENT MORTAR

Horwmlly, the all¢wable amount of lime ‘Lhat may be used in

coment mortars is 10% of the cement conbent of the mortar, and this
107 is seldom specified to mean either weizht or volume; thus the

lime centent hes wide marzins. Turdhermore, by most engineers, any
amount of lime is supposed to bhe debrimental tTo the morfar bHot this
100 is allowed mainly to saﬁisfj the masons whe almest require some
thtle lime in order to be able te spread the morter evenly. Thus,
lime is oftentimes considersad to be a materisl that is wndesirable
but which, for the sake of the masons, must be endvured: Ihis, how-
ever, is not the case.

Lavorgtory tests have delinately owroven that lims, in cor-
rect propert’ ms, 1ln the mortar mix has a directly beneficial rabhar
than a detrimental effect uvon cement mortars. I used correctly
the resulbing cement morbter is much stronger, cures bebter, works
easier and may be made cheaper than it would if no lime wes used,

~ T™e hizh degree of workability or nlasticity thal lime in-
troduces into cement mortars is almost universally admitted. Line
malies the mortar work easily off a trowel, and »roduces s uniform
mortar bed for the mas sonry to be laid on. Ume certain proof that
lime in cement morbar is q1~H1y beneslficiel and even necessary oy
workahility is the Tacth tqaL masons on a joh will always compnlain of
a wix too lean in it,

T feel that the lime content in mortar aids mortar greatly
by retaining a portion of the water in the mixbture wntil after com-
rlete hydretion of the cement has faker place. Without lime, partic-
ularly in hot weather, masonry materials, and especielly bricl, ab-
sorb water from mortar too rapidly. Thus, a too suick "drying ont"
srocess takes nlace without complete hydration-ol the ecement having
taken place, It is true that many of the betbter sets of building
specifications call for.wetting dowm brick before laying in hot
weather in order to overccome this too quick ahsorbtion, but this is
prachically nsver carried out in +he field. A wetted brick is hard
to handle and seems to tear, and wear out rapidly the skin on mason's
nandsy  thus, althoug: ideal in theory, it is seldom, if ever, prec-
tical 4o lay wet brick. Asain the lime content in cement mortar is
quite necessary.

M ovm laboratory experiments, made upon meny mortar sands,
have cono1us1vely preven Shat an addition of the correct amount of
lime %o the mix of a Vortland cement mortar will in every case vro-
duea a stroager mortar, by at least 107, than would he otherwise nro-
dueed. ¥ormally, a percentage of lime o cement bebween 12% and 15%
by welshi will nroduo this strongzer mortar. A composite "Breaking
Strength - Farcentage of Liwe by ¢ 'eavht” curve mey ve inspeseted on
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page 21, This curve is the result of plotting the results of tests
mn on gight different sands = as may be seen, the averapge high
strength in the moriars appears when avproximetely 12% lime was ad-
ded to the mix. Thus, as already pointed out under "Hortar *aking",
and in view of the fact that seldom will this inereased strength be
needed, the Poriland cement content of the mortar may be reduced,
lime substituted and a mortar produced both sufficiently strong for
811 varnoses and econcmical in cost.

The prover amount of lime reguired for s mortar seems To be
directly dependent upon the sand used; both upon ites fineness, and
possibly upon the chemical nature of some of the impyrities it con-
taing., The only method of determining the correet amount of lime re-
quired for a particular sand probably is tc break a series of briguetiies
which sonbain varying amoulits of lime and from them construct a curve
similar to that shown on page 21. The maximum value of the lime may
easily be pieked from such a curve,

o

The addition of lime to the mortar seems to have & harmful
ect on the mortar's strength both when too much and too 1little lime
e added. Uhy it is thet a very small amount of lime (4% or 5% by

) shonld weaken e cemen®t mortar while a larger amount of lime

or 13% by weight) should strengthen it scems to have no answer at
resent. As best I can discover, no reason for this action has yet
een presented Lo the profession end I an of the epinion that only a
chemist will be able to tell us finally. 3till, a study of a "lime
surve' for a sand contenmplated in beins used on a job will not only be
interestinsg but will »roduce, for not exceeding seversl hours simple
laboratory work, sufficient date to allow any superintendent or engi=-
neer %0 design a mortar mix both strong and economical. T weould ad=-
vise the construction of such a curve for the sand to be used on any
job of consequence, because in this way, savings as high as 22% of the
amount of the Fortland cement can be realized,
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CALCTUM CHLORIDE TH OXTLAND CuillbwT MORTAR

The eifect of a very weal solution of calcium chloride in
a Cortland cement morfar seems to he Lo reterd slizhtly the initial
setbing of the cement. 4 very weal solution may alse render sound
a cement containins free lime b facilitating the hydrabion of the
limes.
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FeELORESC

The white efflorescent disfiguration so common on masonry
walls, and vparticularly brick walls, is due to certain soluble salis
present in eibther the brick or the noriar and sometimes in hoth,

l 1wet Frecusnt cause of such efflorescence is a soluble sal%, sul-
hen oresend 1s carried out to the face of

whinh
rain, I mow of no remedy that will overcome this
iiness quite as effectively as coatiagz the walls with a zood
Lransparent wabtorproofine compound [of which the market affords

after the white soluble sal®ts have Dbeen ramoved by sorgh-
a weal solution of muriatic acld.
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Fortunately

1

little cousideration of mortars Treecszing musty
naarly impossible te lay brisk ab any time the
the resson that no nason can work when his hands
aatreme weatior by sloves. There are times,

late 'nll and early Sprinr when the temmeraiurs

at n*”Htfall, althouzh tShe daybime is quite

cnaubn Tor men vrork. The precaution ab such fimes should be
tThe mesonry work slizghtly earlier in the afternoon than
17 would be done in order that all of the mortar may have readh-
Jd at lnist its Initial sel belore the bLemperature falls below freep-
. orbar which dis exwosed to low temperatures, too guickly, will
Hrally Tragze and loses much of its strenghh upon subseguent sebting,
ar used just belore nightfall at such tinmes will ofbentimes freeze
on the surface only, Zven though such freezing is almost always on
only Hha exvposed surface of the mortar and distroys litile of its actual
stpengbh, o thin oubter lsyer if frozen will scale and result In =
“ihly doints.
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STANDARD SPECIFICATIONS AND TESTS
FOR
FORTLAND CEMENT =*

These specifications are the result of several years'! work
o’ a special committes representing a United States Govermment Depart-
mental Committee, the Beard of Directicn of the American Society of Civil
Ingineers, and Jommittes C=1 on Cement of the American Socieby for Teste
ing Materials in cooperation with Committee C-l.

SFECIFICATIONS

1. lCefinitien.= Fortland rcement is the product obtained by
firely pulveriuing clinker produced by calcining to incipient fusion, an
intimate and nroperly vropertioned mixture of argillaceous and calcarecus
materials, with no additions subsequent to ecalecination excepting water
and calcined or uncalecined gypsum.

I. Chemical Properties

2, Chemical Limits.= The following limits shall not be ex-
cesded:

Loss on ignition, % 4,00
Insoluble residue, % _ 0.85
bulphuric anhydride (80, ),% 2.00
Vapnesia (1g0), % 5,00

II, Physical ‘roperties

3. BSpecific Iravity.- The specifiic gravity of cement shall
he not less than 3.10 (3,07 for white “ortland cement)s. Should the test
of cement as received fall helow this recuirement a second test may be
made upon an ignited sample. The specifiic gravity test will not be mads
unlese speceifically ordered.

- 4, Zineness.- The residue on a standard Wo, 200 sieve shall
not exceed 22% by weighta '

5. Sounduness.,=- A pat of neat cement shall remain firm and
hard, and show no sipgns of distorition, coracking, checking, or disintegra-
tion in ths sbeam test for soundness.

# These snmecifications and tests were adopted by lebler ballet of
the American Society for Tesbing lMaterials on Sente 1, 1916, and became
effective Jan, 1, 1917,
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6. Time of Settinc.~ The cement shall fiot develop initial
set in less than 45 min. when the Vieat needle is used or 60 min, when
the Gillmors needle is used. 7Tinal set shall be attained within 10 hr,

7. Tlensile Strength.- The averase tensile strengbh in
pounds per square ineh of not less than three standard mortar briquettes
(see sec. 51, composed of 1 part cement and 3 parts standard sand, by
weight, shall be egual to or higher then the following:

Lee ot test, Tensile strength,

daxra storage of brigustbes 1b, per sqg. it
7 1 day in moist air, 6 days in water 200
28 1 day in moist air, 27 days in water 300

_ é. The average tensile strength of standard mortar at 28
dars shall e hizher then the sbtrength at 7 days.

ITI. Paclages, Marking and Storape

9. Packapes and larking,- The cement shall be delivered
in suitable bags or barrels with the brand and name of the manufacturer
vlainly marked thereon, unless shipped in bulk. A bag shall contain
941b., net, A Dbarrel shall contaln 376 1b. net.

‘ 10 3toraze,= The cement shall be stored in such a mermer
as to »ermit easy access lor proper inspection and identification of
each shipment, and in a sultable weather-tight buildinsg which will pro-
tect the cement from dampness.

IV, Inspection

11. Inspection.- Ivery facilibty shall be provided the
vurchasser for careful sampling and inspection at either the mill or atb
the site of the work, as wmey he specified by the purchaser., Al leasth
10 days from the time of sawmpling shall be allowed for the completien
of" the T-day test, and at least 31 days shall e allowed for the com-
pletion of the 28-day test. *he cement shall be tested in accordance
with the methods hereinafter preseribed. The 28-~day test shall bhe
waived only when specifically so ordered,.

V. Rejection

12, Rejection.~ The cemen:
to meet any of the requirements of these

may be rejected if it failsg
specifications.,

153, Cement shall not be rejected on account of failure
o meet the fineness requirement if upon retest after drying at 100°C,
or 1 hr. it meets this recguirement, '
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: 14. Cement failing to meet the test for soundness in stean
: may be accepted if it passes a retest using a new sample at any time withe
in 28 davs thereaffer,

15, Fackagzes varying more than 5% from the specified weight
may be rejected: and il the average weisht of packages in any shipment,
as showm by welshing 50 packages taken at random, is less than that speci-
fied, the entire shipment may be rejected.

:
:
;

TESTS
V1. Sampling

: 16, Humber of Samples.- Tests mey be made on individual or
composite samples as muy be ordered. Dach test sample should weigh at
least 3 1b,

17, {a) Individual Sample.wl I# sampled in cars opme test

sample shall he taken from each 50 bdbl., or fraction thereof. If sampled
in bins one semple shall be taken from each 100 bbl,

] (b) Composite Sample.= If sampled in cars one sample shall
. be tslen from one sack in each 40 sacks {or 1 bbl, in each 10 bbl.) and
1 conbined te form one test sample, If sampled in bins or warehouses one
i test sample shall represent not more than 200 bbl,

: 18. lethod of Sampling.- Cement may be sampled at the mill
B by any of the Tollowing methods that may be practicable, as ordered:

(a) Trom the Conveyor Delivering to the Bin.=- A% least 8 1b.
of cement shall be taken from approximately each 100 bbl. passing over the
CONVeyor.

{(h) Trom ¥illed Bins by Means of Proper Sampling Tubes.=
“ubes inserted vertically may be used For sampling cement to a maxirum
septh of 10 ft. Tubes inserted horizontally may be used where the con-
struction of the bin permits. Samples shall be taken from peints well
distributed over the face of the bin.

_ (¢) From Filled Bins at Points of Jischarge.- Sufficient

‘ cemznt shall be drawn from the discharge opehings to obtain samples re-
presentative of the cement conteined in the bin, as determined by the
appearance at the discharge openings of indicetors placed on the surisce
of the cement directly ahove these orvenings before drawing of the cement
is started. '

19. Treatment of Sample.~ 3amnles preferably shall bhe sghip-
ped and stored in air-tight containers. BSamples shall be passed through
a sieve having 20 meshes per linear inch in order to thoroughly mix the
sanrple, break up lumps and remeve foreign materials,

VII. Chemical Analysis

Loss on Ignition

20, Method.~ Cne gram of cement shall be heated in a weighed



http://ma.de

covered platinum crucible, of 20 to 25-c.c. capacit¥, as follows, using
gither method (&) or (b) as ordered:

(e} '"he crucible shall be placed in a hole in an ashestos
board, clamped horizontally so that about three-fifths of the crucible
orojects below, and blasted at a full red heat for 15 min. with an in-
clined flame; the loss in weight shall be checked by a second blasting
for L min. Care shall be taken to wipe off particles of asbestos that
moy adhere To the crucible when withdrawn from the hole in the board.
Oreater neatness and shertening of the +ime of heating are secured by
maling a hole to £it the crucible in e circular dise of sheet nlatinum
and vlacing this disc over a somewhat larger hole in an ashestos board.

(v) The crueible shall be placed in a maffle at any tem-
verabture between 900 and 1000°C. for 15 min. and the lose in weight
shall be checlked by a second heating for 5 min.

2i. Permissible Variation.,~ A permissible variation of
0428 will be allewed, and all results in excess of the specified limit
ot within $His permissible veariabtion shall be reported as 4%.

Insoluhle Residus

22. Hethod.,- To & l-gram sample of cement shall be added
10 cece of water and 5 c.c. of concentrated hydrochlorie acid; the liquid
shell be warmed until effervescence ceases, The solution shall be ailuted
to B0 ce.ce. and digested on a steam bhath or hot plate until it is evident
that decomposition of the cemen®t is complete, The residue shall he filter-
ad, washed with cold water, and the filter paper and contents cigested in
abont 30 c.c. of a 5% solubion of sodium carbonate, the liquid being held
at a temperabure just short of boiling for 15 min. The remsining residus
shall he filtered, washed with cold water, then with a few drops of hot
hydrochlorie acid, 1:9, and finally with hot water, and then isnited at a
red heat and weighed as the insoluble residue, -

28. Permissible Variation.~ A permissible variation of 0.15
will ve allowed, and all results in excess of the specific limit but with-
in this vpermissible variation shall be revorted as 0.85%.

Sulphurie Anhydride

24, ethode~- One gram of the cement shall he dissolved in & c.ce.
of concentrated hydrochloric asid diluted with 5 cecs of water, with gentle
warning; when solution is complete 40 ce,c. of water shall he added, the solu-
tion filvered, and the residue washed thoroughly with waler. The solution
snall be diluted to 250 c.e., heated Lo boiling and 10 e.c, of a hok 107
solufion of barium ohloride shall he added slowly, drov by drop, from a nip-
etle and The hoiling conbinued witil the wrecipitate iz well foymed. The
solution shall he digested on the stean baith until the precinitate hes sebt-
tleds  The —-rescivitate shall he lTilbtered, washed, and the papser and cone
tants plaged in a weilghed w»labinum orucible and the paper slowly charred
gind consumed without flaminz, The bariwm sulphate shall then bhe ignited and
welisnads The weight obtained multiplied by 34,3 gilves the percentage of




sulpnurie anhydride. The acid filtrate obtained in the determination
of the insolubhle residue may Bé used for the sstimation of sulphuric
anhydride insbead of using o separate sample,

25, vermissible Variation.~ A permissible variation of
0,10 will be allowed, and all resulbs in excess o7 the specilied limit
bt within this permissible variation shall ve reported as 2400,

Yapnoesia

26 Methode~ To 0.5 gram of the cement in an evaporat-
inr dish shall be added 10 c.c. of wmber to prevent lumping and ‘then
10 cua, of concentrated hydrochlorid acids -The liguid shall be gently
heated and aziteted until atbtack is complete. The solution shall then
he evavorated o comnlebs dryvaess on a steam or water bath. 7o hasten
dehydration the residee may be heatad to 160 or even 200°C, for & to
1T har. The re.idne shall be treated with 10 e.c. of concentrated hydro-
chloric aeid diluted with an equal amomt of water. The dish shall be
covered and the soluhion dipested for 10 min. on a sheam bath or water
bath. The dilubted solution shall be filtered and the separabted silica
washed thorourhly with water.® Five cubic centimoters of concentrated
hyrdroenloric acid and sufficient bromine water to mrecipitate any manga-
nege wilieh may be presant, shall be added to the filtrate (about 250 c.c.).
This shall be mede alkaline with armoniun hydroxids, beiled antil thers
is but a Taint odor of ammonia, and the nrecinitabed iron and aluminum
wdroxides, after settling, shall be wasnhed with hot water, once hy de-
cantation and slightly on the Milter. Sebting aside the filtrate, the
orocipitate shall be iransferred by a jet of hot water to the precipi-
tatiay vessel and dissolved in 10 c.cs off hot hydrochloric acid. The
saper shall e extracted with acid, the solution and washings being ad-
ded o the main solution. The aluminun and iron shall then be repre-
c¢ivitated at boiling heat by ammoniwm hydroxide and bromine water in.a
volume of aboubt 100 c.2., and the second precipitate shall be collected
and washed on *#he filter used in the first instance if this is still in-
tact. To the combined Filtrates from the hydroxides of iron and alumi-
mant, reduced in volums 1f need he, 1 c,c. of ammoniw: hydroxide shall be
added, the soluiion brouwsht to boiling, 25 c.e. of a satureted solution
of hoiling ammomiuwm oxalate added, and the holling continued until the
precipitatsd caleiun oxalate has assumed a well-defined granular form.

ilter shall he »laced wet in a vlatinum crucible, and the paper burned

£ over a small flame of a Bunsen burner; after immition it shall be
radissolved in hiydrochloric aeid and the solution diluted to 100 c.c,
Ammonlia shall be added in slisht excess, and the liquid boiled. The

lire shall then be repreocipitated by armonium oxalate, allowed Lo stand
until settled, 7iltered and washed. The combined Tiltrates from the cal-
ciun precsinitates shall be acidified with hydrochloric acid, concentrated
on wae staam batn to aboud 150 ces., and made slightly allmline with am-
wmonium hydroxide, boiled an? filtered (4o remove a little aluminum and
iron and nerhans calcium), “hen cool, 1D cecs of saiurated solution of

_ *¥iince this procedure doss not involve the determination of
silica, a second evgpgfation is unncoessary.
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sodium-ammonium~hydrozen phosphate shall be added with eonstant stirring.
dhen the erystallin amnoniuin=magnesiun orthophosphéte has formed, ammonia
saell e added in moderate excess. “he solution shall be set aside for
several hours in a cool place, filtered and washed with water containing
2.5% of ¥ o The precipitate shall he dissolved in a small guantity of
hot hydrochloric aecid, the solution diluted to about 100 ciz2., 1 cec. of

a saturated solution of sodium-ammonium~hydrogen phosphate added, and
ammonia drop by drop, with constant stirring, until the precipitate is
arain Tormed as desoribed and the ammonie is in moderate excess. The pre-
eipitate shall then be allowed %0 stand about 2 hr., filtered and washed
as belore, Ths paper and contents shall be placed in a weighed platimum
crucible, the papver slowly charred, and the resulting carbon carefully
burned of ¥, The precinibate shall then be ipgaited to constant weight

over a Heker burnsr, or a blast neot strons enough to soften or melt the
pyrophosphate, The weight of mapnesium pyrophosphats obtained multiplied
by T2.5 gzives the percenbage of magnesia. The precipitabe so obtained al-
ways contains some calecium and usually smell quantities of irom, aluminum,
and manzanes. as phosphates.

27+ Permissible Variation.- 4 pormisgsinle variation of 0.4

will Le allowed, and all results in excess of the specified limit but with-

in this permissible varimtion shall he rerorted as 5.00%,

VIILe Determination of Speecific Gravity

28. Apparatus.= The determination of specific graviiy shall
e made with a standardized Le Chatelier anparatis which conforms o the
rejquirements illustrated in Fize. l. This apparabis is standardized by the
Inited States Bureau of Sfandards. Xerosene free from wabter, or henzine
not lishter than 62%3e., shall be used in making this determination.

29, liethods= The flask shall be filled with either of these
liguids to a point on the stem between zero and 1 c.c. and 64 grams of
cement, of the same temperature as the ligquid, shall be slowly introduced,
talkting care that the cement does not adhere to the inside of the flask
above the liquid and to free the cement from air by rolling the flask in an
inclined position. After all the cement is introduced, the level of the
ligoid will rize to soms division of the graduated neck; the difference be-
tween readings is fthe volume displaced by 64 grams of the cement,

The specific gravity shall then be obiained from the formula:

Yeipht of cement {grams)
Disnlaced volume (c.c.)

Svecific gravity =

30, The flask, during the operation, shall be kept immersed °
in water, in orderto aveoid variations in the temperature of the liguid in
the fiask, which shall not exceed 0.5°C. The results of repeabed tests
should agres within 0.01, '

3le The determination of specific gmravity shall be made on
the cement as received; i it falls belew 3.10, a seéecond determination

shall De made afted igniting the sample as described in ject. 20,
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IXs Determination’ of ineness

32. Apparatus.~ Wire cloth for standard sieves for cement
shall be woven (not twilled) from brass, bronzé, or cther suitable wirs,
and mounted without distorbion on frames not less than 1% in. below the

a8,
top of the frame. The sieve frames shall be circular, approximately SR
8 in, in diameter, and may be provided with a pan and cover. ﬁﬁ%
. . s . : 1)
33. A standard Ho. 200 sisve is one having nominally an %é
NeN029-in, opening and 200 wires per inch standardized by the . 5. ”%Q
Bureau of sStandards, and conforming to the following requirements: '?;
Ay
. . N . . . . BR&
The Mo, 200 sieve should have 200 wires per inch, and the 2

number of wires in any whole Inch shall not be oubside the limits of-
192 to 208. 1o opening between adjacent parallel wires shall be more
than 0,0060 in. ia width., The diameter of the wire should be 0.0021 in,
and the averags diamebor shall not he outside the limits 0,0019 to

NS
0.0023 in. The value of the sieve as determined by sieving tests made 'ﬂ,&
in conforaity with the standard swvecification for these tests on a }ﬁ%
standardized cemsnt which rives a residue of 25 to 20% on the No, 200 3ﬁ§§
sisve, or on other similarly graded material, shall not show a variation ﬂ%ﬁ
of more than 1,5% above or below the standards maintained at the Burear -ﬁﬁ
of Standards. ' ' hﬁ%
- o Lgg |
34, dethode= The test shall be made with 50 grams of cement. W
The sisve shall be thorousnly clean and drye. Ihe cement shall be wvlaced %%ﬁ}‘
on the Ho. 200 sieve, with pan and cover attached, if desired, end shall 'ﬂggf‘
be held in one hand in a slightly inelined position sothat the sample will gy |
be well distributed over the sieve, at the same time gently striking the ﬁ’%
side about 150 times per minute mgaiast the palm of the other hand on the bR
up stroke, The sieve shall be turned every 25 strokes about one-sixth of }Eﬁ
a revelution in the same direction. The operation shall continue until ﬂ{%
not wore than Q.06 gram vassés throush in 1 min., of conbinmious sieving. el
The fineness shall be determined from the weight of the residue on the ~%&
sleve expreszed as o nercentage of the weight of the original sample. ‘%ﬁ
L

364 lechanical sieving devices may be used, but the cement
shall not be rejected if it meets the inemess requiroment when tested by
the hand method described in Sect, 34.

35, Perwissible Variation.= A permissible varisbion of 1
1 be allowed, and all results in excess of the speciliad limit but
within this rermizsible variation shall be reported as 229,

hia

Xe Hixing Cemon’ Pastes and iortars

37+ Method.~ The gquantity of dry material tec be mixed at
ona time shall not exeeed 1000 grams mor be less than 8500 grams. The
proportions of cement or cement and sand shall be stabted by weight in
srams of the dry materials; bthe quantiby of water shall be expressed in
cubic centimeters (1 c.c. of water = 1 sram), The dry materials shall be
wolrhed, placed upon a non-absorbent surface, thoroughly mixed dry if sand




is used, and a erater £ormed in the center, into which the proper per-

. centage of clean wabter shall be poured; the mebeirial on the outer edge

shell be turned into the crater by the ald of a trowel. After an inter-
val of 5 min. Tor the absorption of the water the operation shall be com-
pleted by conblnuous, vigorous mixing, squeesing and kneading with the

hands for at least 1 min.*

38, The tamperature of the room and tge mixing water shall
be maintained as nearly as practicable at 21°C, (70°F,).

X1, HWHormel Consistency

32, Avparatus,d The Viecat apparatus consists of a frame A
("ir. 24 bearine a movable rod B, weishing 300 grams, one end C being
1 cme in dipmesbsr Tor a distance of § cme, The other having a removable
needls D, 1 wmm. in diameter, & cm, long. The rod is reversible, and can
be held in angy desired position by a serew £, and has midmy between the
ends a mark  which moves under a secale (graduated to millimeters) at-
vached to the frame A, The paste 1s held in a coniecal, hard-rubber ring
G, 7 em, in Ziamebter at the base, 4 cm. high, resting on a glass plate H
abous 10 onm, syuars,

490, Fethod.= In making the debtermination, 500 grans of cement,
! asured guwantlty of watsr, snall be lmeaded lnto a pasbte, as de-
soribed in Jeck. 37, and guickly formed inio a ball with *the hands, come-
wlebing the operation by Lossing it six times from ome hand to the other,
maintained ahout 6 in. anart; the ball resting in the palm of one hand
shinll be prassed into the larger ead of the rubher ving held in the other
bhand, completely £1lliar $he rine with paste; the excess at the larger end
shall then he removed by a single movement of the nalnm of the hand; the
riny shall thea e olaced on its larsger end on a glass plabs and the exe~
cass naste at the smaller end slicad off at the top of the ring br a single
oblique strolke of a trowsl held at a slicht angle with the top of the ring.
furing these overations ecare shall we talen not to conpress the paste, The
nagce confined in the ring, resting on the plate, shall be placed under the
rod, the larger end of which shall e brought in contact with the surface
of the pashbe; the scale shall be then read, and the rod quickly relsased.
The paste shall be of normel consisteney when the rod setiles to a point
10 min. we2low the original surfacse in % min. after being released. The ap=-
asaratus shall he free from all vibrations during the test, Trial pastes
shall be wmade with verying nercentames of watar uatil the normal consis-
teney is obdained. The amoun®t of wabter reguired shall be expressed in per-
cenbave by welght of the dry cement.

¥ In order to sscure wmiformiby in the results of tests for the time
of sebtting and tensile strength the marner of mixing above described should
be carefully followed. At least one minute ls necessary to obtain the de~-

sired plasticity which 1s not aporeciably affected by continuing the mix-~

ing for several ménutes., The exact time necessary 1ls dependent upon the
personal esgquation of the operator, The error in mixing should be on the
side of over mixing. “uriang the operatioa of mixinz, the hands should be
orotected by rubber gloves.
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41, The consistency of standard morter shall depend on
the amount of wabter required to produce a paste of normal consistency
from the same sample of cement. INaving determined the normal consis=-
tenev o the sample, the consiskency of standard mortar made from the
sese sample shall De as indicated in Table I, the values being in per-
centane of the combined dry weights of the cement and standard sand.

AR ZA

4e

Table I, -= Percentage of "atsr for Standard Yortars

TR g.

Fercentage of Percentage of Percentage of Percentage of
water for neat ce- waler for one water for neat water for one
ment naste of ner- cemsnt, three cement naste of  cewment, three
mal consistency standard Obfawa normal comsist- standard Obtoawa

sand ensy sand
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XIT. Determination of Soundness*

R
G s

42, Apparatis,- A steam avparatus, which can be mainbained

at a tomperabure bebween 98 and 100°C,, or one similar to that showm in
ommendsed. The capacity of this apparatus may be increased

 fer holding the pats in a vertical or inclined position.

&

x . )
Jiz. &, is rec
m

by using o ra

* Tngoundness is usually manifested by change in volume which cauvses
distortion, eoracking, checking or disintegration.

Pats improperly made or exposed Lo drying may develop what are known
as shrinkare craecks within the first 24 hours and are not an indication
of unsoundness. Thege conditions are illusbrated in TFig, 4.

The failure of the vats to remain on the rlass or the cracking of
the rless to which the pats are avthached does not necessarily indlcate
UnSoUNANess.




43, Method.= A pat {rom cement paste of normal consistency
about 3 im. in diameter, % in. thick et the center, and tapering to a
thin edge, snall be made on clean glass plates about 4 in. square, and
stored in moist air for 24 hr, In molding the nat, the cement paste
shall first be flattened on the glass and the pat then formed by drawing

the trowel from the ouber edyge toward the centers.

444 The pat shall then be placed in an atmosphere of steam
at a temnerature between 98 and 100°%C. uvon a suitable support 1 in.
ebove boilinr water Ior 5 hr, : '

45, Should the pat leave the plate, distortion may be de-

tected best with a straight-sdge anplied to the surface which was in con~
tact with the olate.

XITI. Determinetion of Time of Setting

46, The Tollowlng ars altermete methods, either of which
mey ba used as ordered:

4T, Vieal Apparatus,- The time of setting shsll be deterw
mined with the Vieat avnvaratus described in Sect. 39 (see Fig. 2),

48, Vicat Msthod.~ A paste of normal consisbency shall be
molded in the hard-rubber ring G as described in Sect. 40, and nlaced
under the rod B, the smallsr end of which shall then be carefully brought
into contact with the surface of ths paste, and the rod quickly released.
The initial set shall be said to have ocourred when the needle ceases to
ndss a point H mm. above the glass plate in %-min. after being released;
and the final set, when the needles does not sink visibly into the paste.
The test pisces shall be kept in moist alr during the test. This may be
acaowplishad by placing them on a rack over water contained in a pan and
coverad by a damp cloth, kept from contact with them by means of a wire
scraen; or they may Me stored in a moist closet. Care shall he taken to
keen the needle clemn, as the collection of cement on the sides of the
neadle retards the nenetration, while cemont on the voint may increase
the penetration. The time of sedting is affected not only by the percent-
ae and bomnerature of the water used and the amount of lmeading the paste
roeeives, oot by the temperabure and nhamidity of the alr, and its deter-
mination is therefora only anoroximate,

49, Gillmore Yeedles,~ Thme time of setting shall be dester-
mined by the Uillmore needles, The Gillmors needles should prefesrably be

mounted as shown in Fige. &b

50 Gillmore Method.- The time of setting shall be deter-

mined as follows: A pat ef-neat cement paste about 3 in., in dismeter and

£+ in, in thickness with'a flat top Fig. S, mixed to a normal consistency,
shall be kept in moist alr at a temperature maintained as nearly as prac=
ticable at 219, {70%Fi). " Twe cement shall be considered to have acquired
its initial set whén will bear, without avoreciable indentatien,
the Gillmore needlé
set has heen acquireqd when the pat will bear without appreciable indenta

12 id. in diameter, loaded to weigh 4 1b. The final
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tion, the Hillmore needle'l/bé in, in diameter, loaded to weigh 1 lb. In
malkine the test, the needles shall be held in a vertical position, and ap-
plied lizhtly to the surface of the pat. -

G
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XIV, Tension Tests lgf

SAY

51, Form of Test Pisce.= The form of test piece shown in 2

Firg. 6 shall be useds The molds shall be made of non-corroding metal end ?ﬁ
have sufficient meterial in the sides to prevent spreading during molding, ;s
Yangy molds when used shall be of the type shown in Fige. 7. Molds shall be §
wiped with an oily cloth before using. j

52. Standard Sand.=- The sand to be used shall be natural sand %%

from Ottawa, I11,, scresned to pass a No. 20 sieve and retained on a WNo. 30 e

sigve, This sand may be obbained from the Ottaws 5ilica Co., at & cost of =§%
' B

2 ¢ts. per lb,., T.0.b, cars, Obtawa, Ill, j%ﬁ

. ' wE

53, This sand, having passed the No, 20 sieve, shall be con~- %é

siderad standard when not more than 5 grains pass the No, 30 sieve after '@3

1 min. conhinuous sieving of a 500-grain sample. ?ﬁ

KN

: NEY

54, The sieves shall conform to the following specifications: ’Ea

. &,

' 4

: The No. 20 sisve shall have between 189.5 and 20.5 wires per %%

whole inch of the warp wires and between 19 and 21 wires ver whole inch of %@
the shoot wires. The diameter of ths wire should be G.01GE in. and the %

average dimmeter shall not be oubtside the limits of 0.0180 and 0,0170 in, 'Eﬁ

b

SIS

The No. 30 3ieve shall have between 29,5 and 30.5 wires peT

whols inch of the warp wires and between 28,5 and 3l.5 wires per whols h@g
inch of the shoot wires, The diameter of the wire should be 0,0110 in. By
and the average dismeter shall not be outside the limits 0.0105 to 0,0115 in. 9@
%e)

) 29

55. 1oldinge.= Immediately after mixing, the standard mortar 37

P

snall he placed in the molds, pressed in firmly with the thumbs and smoothed

off with & trowel without ramming. Additional mortar shall he heaped above %“
the mold and smoothed off with a trowel; the Lrowel shall be drawn over the 38
mold in such a manner as to exert a modsrabe vressure on the materisl., Thae E%
mold sha'l then be turned over and the operation-of heaping, thumbing and ﬁ%
gmonthing of L reveated, ' §§
: %
56, Testing.= Tests shall be made with any standard machine. Eﬁ

The briquettes shall be tested as soon as they are removed from the waber. ’%
The beariag surfaces of the clips and briquettes shall be free from grains %g
of sand or dirt. The briguettss shall be carefully cenbtered and the load £
&

apnlied continuously at the rate of 600 1lb. per min.

‘ 'B7, Testing machines should be frequently calibrated in
order to determine their accuracy.

58, Faulty Briquettes.~ Briquettes that are manifestly faulty,
or which zive strengths differing more than 165% from the average value of

TR RS R R RS




2ll test pieces made from the same sample and broken at the same period,
shall not be considered in debtermining the tensile strength.

XV. Storape of Test Fieces.

el
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59. Anparatuse~ The moist closet may consist of a soap~
atone, slate or concrete box, or a wooden box lined with metaml., If a
woaden box is used, the interior should be covered with felt or hroad
wiclddng kept wet. The bottom of +the molst closet should be covered with-
waber. The interior of the closet should be v»rovided with non-absorbent
shelves on which to plase the test pleces, the shelves being so arranged
that they may be withdrawn readily.
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60. ‘ethodse= Unless otherwise specified, all test pieces,
irmmediately after moldinz, shall be placed in the moist closet for from

P
R

R

20 to 24 hr,
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81, The briguettes shall be kept in molds on glass plates
in the moist closet for at least 20 tr. After 24 hr. in moist air the
briguettes shall be immersed in clean water in storage tanks of non-
corroding material.

TS

Yo

62, The alr and water shall be maintained as nearly as
practicabls at a temperature of 21°C, (70°7,).
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