<
'S 4 e -
\J .Vv L e
— .
o . d
7 S of
\ > > i

e~

o & 5
Ml

é— -

0 f‘/?,

(VAWAL !

A




Siadsh

Yt Ay ien s

THES|s

B

LA

Cop.\

b o AR el

i 3otoiio io giampaed PO Taas fohriy deuihad Sad Fas



B R e

e DM e

B NS [ -V

SO el N 2 SRR

P

EERSRo- ~=y

prra

salk



A CCLPAKITIV. ANALYSIE
Or

MICHIGAN CALLY

A Thesis Submitted to the Faculty
of

ichigan Agriocultural College

by
\ v -
PR

r o \

Deonalad Cf'Godfrey and s Frank RBornor

Cancdidates for Degree
of

Bachelor of Science

June, lYc4.



JHES|E



36416



The antlhors ol tile boolk are
very thankful to 2rofessor Vedder,
instructor, counsellor, &nd friend
for his sdvice snd Lhelp in the
preparatlion of this veclune. We sre
also very grateful tn Profersor
Allen Tor Lis relpiul suggestions,
zdvice, end information concerning
tests. Professor Allen hans very
kindly agreed 10 o=rry on tests for
tensile etrength for the periods
which we are unsble to complete.

The Authors.



HISTOKRY,.

A gurious, great bridge which has come down from the
days of the ancients stands in the south #f France, not far
from the old city of liimes. It ie ocalled the Pont du Gard
and it is still referred to by the natives of the region as
one of the seven wonders of thw world. It spans the deep
valley of the Gard and it ias builded in three tiers of stone
arches. There are six arches of the lowest tier, ranging
from sixty to seventy-five feet in width, eleven seventy-
five foot arches in the second tier, and thirty-five smeller
ones in the third, carrying the so-culled "specus”, or water
trough, through which the homans twenty centuries ago were
wont to supply the fountains of their beloved Nemaunus, sbout
& dozen miles distant. It is this trough that the ZEnperer
Augustus once lined with cement.

Today, after twenty centuries, trat lining remains one
of the hardest substances in the worlde The many years that
it sotually carried water only added to the encasing. The
acoretions of lime from the water itsoelf gradually narrowed
the specus until today, many centuries after the Pont du Gard
was sbandoned ar an aqueduct, one finds thut in nlaces it is
hard to walk through the narrowed sprce.

In the latter days of the imnpire, the lomans grew
extremely expert in the use of a form of conorete. They awoke
gradusally to the tenacious powers of lime rock, and before
the great fabric of their high civilization ermabled, they
woere working quite extensively in a fabric that would outlive
many civilizations-in a plastioc etone thot would not and could
not orumble. The traces of their work in natural cement are

8till existent everywhere within the lands trhat thev once



ocoupied. Their day was the early dawn of the Concrete Age,

For nineteen centuries the Concrete Age, although born,
lingered in & dreary immaturity. FKFor it was mot until about
one hundred yeare ago thsat an Knglishman - Joseph Aspdin of
Laeds -~ invented Portland Cenent, 80 naning it from a widely
used dbuilding stone from the Isle of Portland, to which his
invention, once thoroughly set, bore a cluse regemblance in
color.

Aspdin's method was through application to the cement
raw materials of an intense heat. It had been of course, the
treditional custom to burn the lime rock, to complete through
fire the trensfoimance of its carbonate of lime to an oxide
of lime., But the kilns were crude end the process simple.
Yoreover, no matter how carefully one ground tre rock dbefore
rouring i1t into the kilns, there was bound toc result great
quaﬁtities of hard sleag, or “"clinker", s it becuac known to
the lime burners. Thie wus sifted out from the finished
product end thrown eaway. 2ut its vory presence was a oonstant
annoyance.

Into Aepdin's mind there flashed the thought one day, a
century ago, thet perhsps the decpised olinker might posesibly
contein pertain cesment quulities of real valuee. iie began
experimentirg with it, pulverizing it into the finest sort of
powder, and mixing it with water and & variety of aggregates
of send end stone. It responced to the tests. It made an
artificial rock, of sn sppearance ani a quelity far superior
from thrt obtrined through the natursl cement, with the
olinker cerefully eliminstea.

Aspdin went further. He experimented with heats much

in excess of those previously in use in lime-kiln practice upon



lime rock, umtil the product of the kiln wee entirely clinker,
whick wes just the thing le really desirec,

Agpdin's clhief contlributicon wus net in tre edcvanced use
which he made of the c¢linrer, hut rsther thet Le was the
first one to reelize the importance of the proper mixture of
the materiels ~~he mede & eoience of the entire business.

Eut emen with hir work done, portlund cement did not
come into ite own guickly. For while it wna urec in many
partes of angland end Frence &8 long sago a8 the 'fifties', it
was not until 1870 thet long experimerts were made to produce
portland ceaent in the United States.

Yet, once inventeda, portland cement moved but slowly
toward the fulness of its possibilities. 7Trhe proocess for
ites production wes 80 intricate, the macrsnisme for carrying
out the process 80 much more complicated than those reauired
for the production of natural cement or for slackirg lime that
men pasged it by. Than, sbout a qusrter of a century sgo,
some things began to Lappen. First and foremost important of
all, prices of metericl tringe in thae 'rited Stales begsn to
g0 up, 88 well as labor., I1his wes esnecislly true in the csase
of building materisls, all snve cement, in which there was
a decided lowering of price, due iu a lurge measure to the
introductior. of the rotery kiln. 70 sn sppreciuble extient
the Concrete Agpe has coume into 1ts own throvgh dire lebor
necescsities, The fact thut in this dey £nd spe v:e of the
United States &re long in electricirns +1é patege lelpers and
very short in good mzésons - e¢ither brick or ston® - has deen
& powerful factor in its recent great growth,

In 1896 the annusl production of portland cement in this



country first reached the then tremendous figure of a million
barrels. Yet this was but a beginning. Four years later -
at the bdeginning of the present century - it had come to
8,462,000 barrels in a single twelvemonth. These were still
mere beginnings. In 1920 more than 100,000,000 barrels of
portland cement were manufactured in the United States. 1In
1922 the production was nearly 116,000,000 barrels. The
Concrete Age has truly arrived.

The above is an extract from "Observations on an

Outstanding American Industry" by Zdward Hungerford.

The Hibtory of the Cement Imdustry in Michigan.

The first attempt to manufacture portland cement in the
United States was made in Uichigam in 1872, when an experi-
mental vertical kiln plant was construoted in Kalamasgoo,
using marl and olsy in the proeess. The venture was a failure
and exercised little or no influence in the New York and
Pennslyvania developments bdbeginning in 1875,

After the failure of the Kalamazoo venture, no second
attenpt was made t0 re-establish the industry in Wichigan until
1896 in which year the Peerless Portland Cement Co. erected
& vertiocal kiln plant at Union City, Branch county, and began
the swsoessful manufacture of portland cement from marl and
shale.

In 1897 the Bronson Portland Cement Co. erected a plant
sat Bronson, Branch county, and in 1898 the Coldwater Cement
Company, now the Wolverine Portland Cement Co., built plants
at Coldwater and Quiney.

third
In 1900 Michigan with six plants attained ¢ix:.n place



in the production of cement in the United s5tates.

Since 1896, thirty-six different cement plants have
been projected or built in iichigon and eleven are in
operation todsy. Of the elwven plants, five are reported
t0 be using marl and clay, five using lime stone and clsy
or shale, und one using elay and the vwaste from the plant
of the ilichigan Alkall Coe. All plants use coul &8s fuel,
nine manufacture cement by the "wet process™ and two by
the dry proocess.

The Petoskey plant which was erectec on the limestone
deposits on Little iraverse Bay is pronounced "the best
and most eflicient wet procecss plant".-Geologioal Leport
for 4ichigan prior to 1921,

The boom years of the cement industry in :liohigan
were between 1899 and 1901, the production growing from
less than 560,000 barrels in 1899 to more than 1,000,000
barrels in 190l. By 1920 the production had increased to
more than 4,000,000 barrels per year.

In 1920 Michigan stood seventh in the production and

shipment of cement.



OBJECT.

This thesis was taken up by the suthors with two objects
in view;

First, to determine if all the brands of Portland
Cement manufactured in ichigan are made to econform to the
staendard specifications of the American Soclety for Testing
Materials,

Second, to determine if possible from results obtained
if there is any marked preference between the different
brands of cement as to their quiality and fitness, and if so

in our opinion, which brand this is,

In order to insure that & fair sample of each brand
would be secured, three sacks of each were obtained,

Atlaes and Universal brands of cement were used as a
controls bveocsuse of their long standing ss being among the

best portland cements manufactured in this country.

DEFINITIOR,.

Portland oement is the product obtained by finely pule
verizing olinker produced by caloining to incipient fusion ean
intimate and properly proportioned mixture of srgillaceous
and calcereous materials, witn no additions subseguent to ocgl-

oination excepting water and caleined or uncalecined g, psum,






SPECIFICATIONS.

The specifications used are those of the American
Society for Testing lleterials and are of two distinet patts,
Chemical and Thysical.,

Chemical Properties.
Loes on 18’nit1°n. per CONY sescesceccnccasssasscases 4,00
Insoluble r°$1due. per CeNBecococscscssossccccscnes Ua8D
Sn1phu.ri° anhydride (SO';) per CeNtececcsccecscoseece 2,00
mgnes‘.l (Mgo s per c.n%o.ooo-oo-oooo.ooooocooooooo 6.00

These limits are not $o be exceeded.

*hysical Properties,

The specific gravity of cement shall be not less than
3,10 (3.07 for white Portland cement). Should the test of
cement as received fall bedow this requirement a second test
oay be made upon an ignited sample. The specific gravity
test will not be made unless specifically ordered.

The residue on a standard No. 200 sieve shall not
exceed 22 per cent by weight,

A pat of neat cenent shsll remain fira and hard, snd
show no signs of distortion, cracking, checkinz, or disinterra-
tion in the steam test for soundness.

The cenent shull not develop initial set in less than
46 minutes when the Vical needle is used or 60 minutes when
the Gillmore needle is used, Final set shall be attained
within 10 hours,

The average tensile strangth in pounds per'sauare inch
of not less than three standard mortar brigquettes composed of
one part cement and three parts standard sand, by weight,

shall be equsal to or higher than the following:



Age at Test Tensile 3trength

Days Storage of Briguettes 1b. per sa,. in.
7 1 day in moist air, 6 days 1In water 200
28 1 day in noist eir, 27 duys in water 300

The average tensile strength of standard qaortar at 28

days shall be higher than the stransth st 7 days.

SA'1PLIG.

Tésts nay be made on individusl or conposite sunples
as may be ordered, Faoh test sample should weigh at least
8 pounds.

The samples ior tests made in this thesis were made
by taking a scoop full irom each sack and thoroughly mixing,
The samnple used in the test was then taken irom this mixture.
The averuge weight of cement taken from each sack waa about

b5 pounds making the total sample about 15 pounds.,

CUEJICAL ARALYSIS.
Loss on Ignition.

detlod.
One graa of cenent shall be heated in a weighed c¢overed

platinum oruoible, of 20 to 25 co. capacity, as follows:

The ecrucible shall be placed in a hole in an asdbestos
board, clamped horizontally so that about three-~fifths of the
orucible projects below, and blasted at a full red hest for 15
minutes with an inclined flaume; the loss in weight shall bde
cheocked by a second blasting for 5 minutes. Care shall be
taken to wipe off particles of asbestos that may adhere to the

orucible when withdrawn irom the hole in the board. Greater



neatness and shortening of the time of heating are secured by
meking & hole to fit the ocrucible in a circular disk of sheet
platinun and placing the disk over a somevhat larger hole

in an asbestos board,

A permissable varistion of 0,25 will be allowed, and
all results in excess of the specified limit but within this
pernissable variation shall be reported as 4 per cent,

Renarks: In meking this test in this thesis we were
unable to get the platinua orucibles and fused silioca
crucibles of the specified size were used in their plaoce,

In heating the cement we made one blast of one-half hour
rather than the two heats of 15 minutes and 6 ainutes as
specified. From our conversations with Chief Chenists at
gsome of the plants in Jf{ichigan we found that this is the

nethod that is used altogether in commncroial testing.

Insoluble Residue.

dethod.
To a 1 gramn sample of eenent shall be added 10 cc, of

water and 5 co. 0f concentrated hydrochloric acid; the liquid
shall be warned until effervescence ceases. The solution
shall be diluted to 50 occ. and digested on a steam bath or
hot plate until it is evident that decomnpostition of the
cenent is complete. The residue shall be filtered, washed
with 0old water, and the iilter paper and contents digested
in about 30 co., of a 5§ percant solution of sodium carbonate,
the 1iquid being held at a temperature Just short of boiling

tor 156 minutes. The remaining residue shall be filtered,



waghed with 6o0ld water, ithen with a few drops of hot hydro-
chlorioc aoid, 1:9, and finally with hot water, and then
ignited at a red heat and weighed as the insoluble residue,
A permnissable variation of 0,15 will be allowed, and
all results in excess 0f the specified 1limit but within this
pernissable variation shall be reported as 0,856 per cent,
Remarks: This test is very seldom made except on the
re~check of cement whioch has been rejected, Statenent made
by Chief Cheaist of & large cement c¢oapany which has plants

in several states, to the authoras of this thesis,

Sulphuric Anhydride.

Method.
One gram of the cemnent shall be dissolved in 6 ce. of

concentrated hydrochloriec acid dilyted wit. 5 oc. of water,
with gentle warming; when solution is comnplete 40 cc. of
water shall be added, the solution filtered, and the residue
weshed thoroughly with water, The solution shall be diluted
to 250 e¢c., heated to boiling and 10 ec. 0f a hot 10 per oent
colution of barium chloride shall be added slowly, drop by
drop, from & pipette and the boiling continued until the pre-
cipitate is well formed. The solution shall be digested on
the stean bath until the precipitste has settled. The precip-
itate shall be filtered, wesuned, and the paper and contents
placed in a weighed platinum crucible snd the paper slowly
charred and consumned without flaming. The barium sulphate
shall then be ignited and weighed. The weight obtained

multiplied by 34.3 gives the percentage of sulphuric anhydride.



The acid filtrate obtained in the determination of the
ingeluble residue may be used for the estimatiom of
sulfuric anhydride instead of using a separate sample.
A permissable variation of 0.10 will be allowed,
and all results in excess ef the specifiec limit but
within this permissable variatiom shall de reported as
2,00 per ocent.
Remarks: In making this test the authors used 10 co. of
concentrated hydrochloric acid and 10 co. of water te
dissolve the cement in instead of § coc. of each as
specified. The authors spent one day in working and
studying methods used in chemical analysis in a cement
plant and we found that they used the amounts stated.
The extra amounts used would of course have no effect on
tr.e anounts of constituents found, being used only to

dissolve the cement.

Magnesin,.

Method:
To 0.5 gram of the cement in an evaporating dish

shall be added 10 co. Of water tp prevent lumping and then
10 oc. of concentrated hydrochloric ascid. The liquid shall
then then dbe gently heated and agiteted until attack is
complete. The solution shall be evaporsted to complete
dryness on a steam or water bath., To hasten dehydration
the residue may be heated to 106 or evem 200° C. for one
half to one hour. The residue shall be treated with 1lOcc.
of conoentrated hydrochloric acid diluted with an equal

amount of water. The dish shall be covered and the



solution digested for ten minutes on a steam bath or water
bath. The diluted solution sl all be filtered and the sep-
arated silioca washed thoroughly with water. Kive cubic
centimeters of concentrated hydrochloric acid and sufficient
bromine water to precipitate any manganese which may be
present, shall be added to the filtrate (about 260cc).

This shall be made alkaline with ammonium hydroxmide, boiiod
until there is but a faint odor of ammonia, and the pre-
cipitated iron and aluminum hydroxides, after settling,
shall be washed with hot water, once by decantation and
slightly on the filter, Setting aside the filtrate, the
precipitate shall be transferred dy a jet of hot water te
the precipitating vessel and dissolved in 10 oc. of hot
hydrochloric scid. The paper shall be extracted with acid,
the solution and washings being added to the main solution.
The eluninum and iron shall then be reprecipitated at
boiling heat by ammonium hydroxide and bromine water in a
volume of sbout 100 cc., and the second precipitate shall
be collected and washed on the filter used in the first
instance if this is still intact. To the combined filtrates
from the hydroxides of irom and aluminum, reduced in volume
if need dbe, 1 co. 0of a.monium hydroxide shall be added, the
solution brought to boiling, £56 cc. of a saturated solution
of boiling emmonium oxalate added, and the boiling continued
until the precipitated caloium oxalate hus assumed & well
defined granular form. 7ihe precipitate after one hour

shall be filtered and washed, then with the filter shall be



placed wet in a platinum orucible, and the paper burned

off over a small flane of a Bunsen burner; after ignition
it shall be redissolved in hydroohloric acid and the
solution diluted to 100 co. Ammonia 8hall be added in
slight excess, and the liquid boiled. The lime shall then
be repricipitated by anmmonium oxalate, allowed to stand
until settled, filtered and washeds The combined filtrates
from the 6alcium precipitates shall be acidified with
hydroehlorie acid, concentrated on the steam bath to about
160 cc., and made slightly alkaline with emmonium hydroxide,
boiled and filtered (to remove a little aluminum and iron
and perhaps calcium). VYhen cool, 10 ocs. of saturated solu-
tion of sodium-ammonium-hydrogen phosphate shall be added
with constant stirring. VWhen the crystallin eumonium-
magnesium orthophosphate has formed, smmonia shall be added
in moderate excess. The solution Bhall be set aside for
several hours in a ocodl plate, filtered and washed with
water containing 2.5 per cent of INliz. The precipitate
shall be dissolved in a small quantity of hot hydroehloric
acid, the solution diluted to about 100 6c., 1 coc. af a
saturated solution of sodium-ammonium- hydrogen phosphate
added, and ammonia drop dy drop, with constant stirring,
until the precipitate is sgain formed &8 described snd the
smnonia i8 in moderate excess., The precipitate shall then
be allowed to stand about two hours, filtered and washed
a8 before. The paper and contents shall be placed in a

weighed platinum crucible, the paper slowly charred, and



the resulting carbon carefully burned off., The precipi-
tate shall then be ignited to constant weight over a
Mekerr dburner, or & blast not strong enough to soften or
melt the pyrophosphate. The weight of magnesium pyro-
phosphate oabtined multiplied by 72.6 gives the percentage
of magnesia. The precipitate 80 obtained always contains
some calcium and usually emall quantities of iron, alum-
inum, and manganese &8 phosphates.

A permissable variation of O.4 will be allowed, and
all results in excess of the speociflied limit but within
thie permissable variation shall be reported as 6.00 per
cent,

Remarks: In our tests for magnesia we did not perform the
seoond precipitation and filtration as is called for in
some places in this test, We followed more closely the
method used in commercial practice which is the same in
all ways except the second precipitation. In "Portland
Cement” by Mead, in chepter on "1ests" the method is

also given which does not call for the second precipi-
tation but which is the seme in all other respects. The
time rejuired for a magnesia test previous to the cooling
of the solution is somewhat over four hours, thLerefore

we believe our course in omitting the parts mentioned is

Justified. inacsmuch as we only had four hours in a

continuous period in which te perform this test.



TABLZ OF RISULTS OF CHIMICAL TESTS.

Loss on 1Insoluble Sulphuric tagnesia

Brand Ignition Residue Anhydride ( HgO0)
Atlas 2.41 «6b 1.72 5.67
Alpha «90 70 1.18 1.66
Huron 1.41 «84 1.86 6428
New Aetna 1.00 «86 2.00 2.04
Newaygo «8b6 «64 : 1.80 5,684
New

Zgyptian 1.40 «8b6 1.08 3426
Peerless .73 72 1.71 S.44
Petoskey 1.48 «76 1.92 ‘3.91
Peninsular .86 «8b 1.74 3.93
Michigan 2,10 .76 1.95 3.76
kyandotts l.<5 .85 1.86 2.78
Wolverine 1.16 74 1.36 3.97
Universal 1.71 073 1.40 4.02

As the above table showe, all of the i{ichigan cemnents
come well undexr the specifications required by the American
Sogiety for Testing ilaterials, a3 to chemical analysis.

The results given should not be considered as being
absolute, but they may be considered s= being comparitive
as all tests were run under the samne conditions and with
the same degree of eccurateness throughout the entire tests.
In the tests all computations were carried to the fourth
place except in final result which was reduced to two

decimal plaoces as shown,



PHYSICAL ANALYSIS
Determination of Specifioc Gravity,

Apparatus: The determination of specific gravity shall be
made with a standardised Le Chatelier apperatus, Thise
apparatus is standardized by the United States Bureau of
Standards., Kerosene free from water, or benzine not
lighter then 629 Baume', 8hall be used in making this
determination,
Method: The flask shall be filled with either of these
liquids to a point on the stem between sero and one cubie
centineter, and 64 g, of cement, of the same temperature
a8 the liquid, shall be slowly introduced, taking care
that the cement does not adhere to the inside of the flask
above the liquid and to free the ocement from air by rolling
the flask in an inelined position, After all the cement
is introduced, the level of the liquid will rise to some
division of the graduated neck; the difference detween
readings is the volume displaced by 64 g, of the oement,

The 8pecific gravity shall then be obtained from the
formula

S ty = Hslghi_of oseepnt. (. gal--
p.OItié gravity Dicspleced volume cc:)

The flask, during the operation, shsll be kept
iamersed in water, in order to avoid variations in the temp-
erature of thke liquid in the flask, which ghall not exceed
0.6° C. ke result of repeated tests should agree within 0,01
ihe determination of specific gravity &hzll be made

on the canent &8 received; if it falls below 3.10, & second



determinetion shall be made after igniting the sanple as
in the test for Loss on Ignition.
Remarks: In making this test the authors used kerosene free
from water for the liquid. The kerosene was placed in the
flesks and allowed to stand in water for one day before it
was used.

1he few samples of cement which did not at first pass
this test went well under the test wfter the saiple had bdeen

ignited.

Determination of Fineness,

Wire oloth for standard sieves for cement shall be
woven (not twilled) from brass, bronze, or other suitable
wire, and mounted without distortion on frsmes not less than
1% in. below the top of the frame. The e8ieve frames shall
be circular, approximately 8 in. in diameter, and muy be
provided with a pan and covere.

A standard Noe. 200 sieve is one having nominally an
0.0029 in, opening and 200 wires per inch standardiszed bdy
the J. S. Bureau of Standards, and conforming to the follow-
ing requirements:

The No. 200 siwwe should have 200 wires per inch, and
the number of wires in any whole inch shall not be outside
the limits of 192 to 208, Ilio opening between adjacent
parallel wires shall be more than 0.0060 in. in width. 4he
diemeter of the wire should be 0.0021 in., and the average
diameter shall not be outside the limits 0.0019 to 00,0025 in.
The value of the sieve a8 determined by seiving tests made

in eonformity with the standard specifications for these



tests on a standardized cement which gives a residue of
26 to 20 per cent on the lio. 200 seive, or on other similarly
graded material, shall not show a variation of more than
1.6 per cent above or below the standards meintained at the
Buresau of Standardse
idethod: The test shall be made with 60O ge of cement. The
seive s8hall be thoroughly clean and dry. The cement shall
be placed on the llo. 200 seive, with pan and cover attached,
if desired, snd shall be held in a slightly inclimed posi-
tion 8o that the sample will be well distributed over the
soive, at the same time gently 8triking the side about 1650
times per minute against the palm of the other hand on the
up stroke. The seive shall be turned every 26 strokes about
ona-gixth of a ravolution in the same direction. The opera-
tion shall continue until not more than 0.06 g. parses thru
in one minute of continuous seiving. <The fineness shall be
determined from the weight of the residue on the seive
express3ed as a percentage of the weight of the original
sample.

sechanicsl seiving devices may be used, but the
cenent s8hall not be rejected if it meets the fineness
requirements when tested by the hand method just described.
Kemarks: In making this test the authors used the hand

method described in all cases,

Jixing Cement Pastes and lfortars.
The quantity of dry materisl to be mixed 2t one time
sl.all not exceed 1000 g. nor be less than 600 g. ihe



proportions of cement or cement and sand shall be stated by
weight in grams of the dry materials; the quantity of
water shall be expressed in cubic centimeters. The d4ry
materials shall be weighed, plazced upon & non-absorbent
gurface, troroughly mixed dry if send is8 used, and & erater
formed in the center, into which the proper percentage of
clean water shall be poured; the material on the outer edge
shall be turned into the erater by the aid of a trowel.
After an interval of # minute for the absorption of the water
the operation shall be completed by continuous, vigorous
mixing, squeszing and kneading with the hands for at least
one minute. During the operation of mixing, the hands
should be covered by rubler gloves.

The tenpsrature of the roon and the mixing water
shall be maintained as nearly as practicable at 21° ¢ (70° P.
Renarks: In mixing the mortar used in these tests the
tenperature of the water was kept as nearly as possible
at £1° C. dbut the teaperature of the room oould not be

controlled and there was much veriation.

Normal Consistencye.
Apparatams: The Vicat apparatus consists of a fraume bearing
a movable rod, weighing 300 g., one end being 1 om. in
diameter for o distance of 6 cm., the other having a
removable nesdle, 1 mm. in diameter, 6 em. long. The rod
is reversible, and can be held in any desired position by
a sorew, and has midway between the ends a mark which moves

under a scale attached to the frame. The paste 18 held in



& conioal, hard-rubber ring, 7 oca. in diameter at the base,
4 cm. high, resting on a glass plate sbout 10 om. 8quare.

In meking the determination, 600 g. of cement, with
e measured quantity of water, shall be kneaded into a paste,
a8 described previous to this, end quickly formed into a
ball with the hands, completing the operation by tossing it
gix times from one hand to the other, maintained about 6 in.
apart; the ball reeting in the palm of one hand shall be
pressed into the larger end of the rubber ring held in the
other hand, completely filling the ring with paeste; the
excess at the larger end shall then be removed by a single
movement of the palm of the hand; the ring shall then be
placed on its larger end on & glass plate and the excess
pagte at ine smeller end sliced off at the top of the ring
by & single oblique stroke of a trowel held at & slight angle
with the top of ths ringe uvuring these operations ocare shall
be taken not to compress the paste. The paste confined in
the ring, resting on the plate, shall be pleced under the
larger end of the rod, the end of the rod dbrought in contact
with the paste; the scale shall then be read and the rod
quickly released. The paste shall be of normal consistenoy
when the gRo# settles to a point 10 mm., below the original
surfaece in * ninute after dbeing relessed. The apparatus
shall be free from vibrations during the test. Trisl pastes
8hall be mude with vsryling percentasres nf water until the
normal coneistency is obtsined, The smount of water required
shall be expressed in perecentage by weight of the dry eement.

The coneistency of standard mortar t£hall depend on



the amount of watier required to produce a paste of normal
consistency from the same suamaple of cement. Heving deter-
mined the noriul consistency of tha sample, the sonsistency
of stundurd mortar made from the same sample shall be as
indicated in the following table, the values being in per-
centeze of the cowbined dry weights of the cement snd
standard sand.

PigCAUTAGI OF LWATZR FOR STANDARD WORTARS.

Percentage of water DPercentage of nater

for Neat Cenent for One Cement,
Paste of liormal Three Standard Otteva
Consistency Sand,

Lp
16 9,0 HE 4 23 10.3
16 9.8 :: 24 10.6
17 9.3 :: 2B 1C.7
18 9.6 :: 26 10.8
19 9.7 :: 27 11.0
20 9.8 :: £8 11.2
21 10.0 :: 29 11.3
22 10,2 3: 20 11.6

The Vicat epparatus seems to be used very little in
geuent plant labratories. <he men who do the testing every
dpy prefer il e ball method for testing for noxual ecnsist-
engy « It is clai.ed by them that their results sre more
aoccurete then with tha Vicat apparatus. It iz interesting
to note that our resultsa for noramal consisteincy were higher
in nearly every csse than the normel consistency used for

teeting at the plents with vwhich we came in corntect.
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Determination of Soundness.

A steam epparstus, whioh esn be maintained at o
temperatvre betveen 98 end 100° C. is recommended. The
capecity of thie epreratus may be inoreesed by using a
rack for holding the pete in a verticsl or inclined position.

A put of cement peste of normal consistency about
3 in. in diemeter, % in. thick et the oenter, snd tapering
to a thin edge, shall be made on clean glass plates abhout
4 in. squure, and stored in moist alr for 24 hours. In
molding the pat, ths cenent r~aste shall first bas flattened
on the glaes and the pat tihen formed by drswing the trowel
from tle outer edge tnward tre center,

The pat shall thsen be pleced in an atmosphere of
stesu at & teaper:ture hetwesn 98 =nd 100° c. upon & suit-
able su, port 1 in. shove boiling water for & hoars.

thould the nat leave the plate, distortion msy be
dotected best with & ctraight edge applied to the surface

wiiich wa’ in contact with the pleate.

Determinatioa of Time of Setting.

The Gillnore needles weres usad in making tris test.
ifethod: Tre timo of setting shall be determined as follows:
A pat of nest cement paste eghout Z in. In diameter snd % in.
in triclkness with a flat top, mired to & normal consistenoy,
sliall be kept in moinst air at & tenperszture malntained as
nesrly s precticeble at 21% C. The cerent shall be
congsidered to hava scquired its iiitiasl set when the pat will

bear, witiout appreciable indentstion, the Gillmore needle



1/12 in., in diameter, loaded to weigh % pound. The final
s8et has been acquired when the pet will bear without app~-
recisble indentation, the Gillmore needle 1/2¢ in. in
dizmeter, loaded to weigh 1 pound. In meking the test,
the ncedlee shell be held in a verticel position and applied
lightly to the surfece of the pat.

The initial set should not be acquired in less then
60 minutes with the Gillmore nesdle, and the final set

ghould be ancqgiuired within 10 Lours.

Tension Taests.
In maxing dbriquettes Ffor tension tests the gang
molds waere used. ui0lds were cleaned before use and oileda

eanourh to prevent cement from stieking to the sides.

The molds shall be made of non-corroding metal and
have sufficient material in the sides to prevent spreading
during molding.

The sand to be used shall be natural sand from Ottawa
Ill,, Bsoreened to pass & No. 20 sieve snd retained on a No.
30 sieve.

This esand, having passed the No. 20 8ieve, s8hall be
considered standard when not more than 6 g. pass the No. 30
8ieve after one minute of continuous sieving of a 500 g.
sample.

'he siwves ehall conform to the following specifica-
tions: 1The Ilio. 20 8ieve siall have between l9.5 and 20.b

wires per whole inch of the warp wires and Between 19 and 21

1R



wires per wshole inch of the shoot wires. The diameter of
the wire should be 0.01656 in. and the average dianeter shall
not be outside the limits of 0.0160 and 0.0170 in.

The No. 0 sieve shall have between 29.6 and 30.b6
wires per whole inch of the warp wires and dbetween £8.5 and
3leb wires per whole inch of the shoot wires. The diameter
of the wire should be 0.0110 in. and the average diameter
shall not be outside the limite 0.0106 to 0.01lld 1in.

Immediately after mixing, the standerd mortar shall
be placed in the molds, pressed in firmly with the thumbs
and smoothed off with a trowel without rauning. Additional
mortar shall be heaped above the mold and smoothed off with
a trowely the trowel shall be drawn over the mold im such
8 manner &8 to exert a modarste pressure on the material,
The mold shall then be turned over and the operation of
heaping, thumbing and smoothing off repeated.

Tests shall be made with any standard machine. The
briquettes shall be tested as soon as they are removed from
the water. The besring surfacea of the clips and dbriquettes
shall be free from grains of sand or dirt. The briquettes
shall be carefully centered and the load applied continuously
at the rate of 600 1b. per minute.

Testing machines should be frejuently calidbrated in
order to determins their accuracy.

Briquettes that are manifestly faulty, or which give
straengths differing more than 15 per cent from the average
value of all test pieces made from the samae sample and
broken at the same period, shall not be considered in deter-

mining the tensile strength.



demarka: As the tensile strength is watched very closely
by persons buying cement and as this is one of ths most
important teetsa we were very careful to see that all elips
and briquettes were pcrfectly clean and that rélle were
oiled. In no ceses did the briquettes bresk in such a way

&8 to eappenrr due to dirt or grit on the mschine or hriquette.

Storage of Test Piaeces.

The moist closet mey consist of a eocapstone, 8late or
concrote box, or a wooden box lined with metal., If & wooden
box ie used, the interior should be covered with felt or
broad wicking kept wet, The bottom of the moist closet
should bte proviced with non-ebsorbent shelves on which to
place tre test piewes, the shelves being mo arrsngced that
they may be withdrawn resdily.,.

Unless8 otherwise specified sll test pieces, immediately
efter molding, shall be placed in the moist closet, for from
20 to 24 hours,

Tre briquettes shall be kept in molds on gless plates
in the moist closet for at lesst 20 hours. 4fter 24 hours
in moist =ir the briquettes shell be i.mersed in clean water
in etorege tenke of nonecorroding materiel.

Thre elr end weter srall be maintsined &5 nearly as
practicable st & tempersture of 21® ¢. ( 70°P).

Ranarks: All test pleces were £tored ar apeoified except
that we cculd not keep the eir and weter et the desired
temperature. “hie may have had tome affact on the tensile

strength, but all dbriquettes were in the samne storsge tank

80 that the results are strietly comperative.



RedJdus 8 CF PU¥CICAL T LTS,

Specific Fineness Soundness Normel

Brand Grevity % Consist.

Alpha Jeld 8618 0L 26.,7b

Atlas Jelb 80.7 OK £35.0

Huren 9.09 8l.6 0K 24
*5.23

Hiehigan ‘3.06 80,6 0K 27
e

New Aetna J.08 8l.4 0L 2726
*3.16

Newaygo 3410 80.4 OK 23

Kew igyptian 3.10 86.7 CK 27

Poeerless Sell 78.04 0K 24.5

Peninsular .07 83,6 (0]'¢ 28.5
*5.18

Petoskey 3408 89 0K 27
*..21

Universal 3.06 84 0K 26
*Z.17

Wolverine S.16 B82.4 OK £3¢b

Wyandotte Se13 87.4 0K 24.65

* Retfers to the test made tor specific gravity after the
sauple had been ignited for 46 minutes.
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Brand

Alpha
Atlas
Huron
Michigan
New Aetna
Newsygo
Bew igyptien
Poeerless
Poninsular
Petonkey
Universal
Wolverine

Yyandotte

Ras JLUTS

TIdis OF B0

Initirl ¢

N S R - Y L

> N >

&

hrs.
hre.
hrs.
hrs.
hrs.
hre.
hre,
hrse.
hre.
hrs.
hrs.
hrs.

hrs.

o9
16
156
20

15
19
3b
66
25

(<}

mine
min.
min.
mir.
mine
min,
min.
mine.
min.
nin,
min.
min.

min.

g 0 ¥ N9 © N 9o O 0O N 0O o v

Mnal Set

hrs.
hr,

hrs.
hrs.
hrs.
hrs,
hrs.
hrs.
hrs,
hrs.
hrs.
hrs.

hrs.

24
o2

6
50

8
16

8
40
32
23
4o
00
23

min,
min.
min.
mine
min.
min,
min.
min.
min,
min,
min,
min.

min,

From the above results it is seon that &ll drands

come well within the limits of 60 minutes to 10 hra,



Brand

Alpha

Av,

AV e

Atlas

t“.V °

Huron

Av,

Miochigan

Ave

iew Aetno

Av,

Newsygo

Av.

4
AVe

Peerless

190
220

26H
220
185

220

500
260
210
275

266

255
210
207
260

©

PR

Av, 218

iod
28 day 9 mo. 6 120. 9 0. Ll yre

S00
045
310
375
300
He0
b0
440
380
410
3956
50
od5
340
<40
o44

wob

o2

36



TAHSILE STREUGTHS.

{Continued)
Period
Brand 7 dey <38 dey S moe 6 moe. 9 mo. 1L yre.
Peninsular 2656 2656
230 60
£36 320
295 Z60

Av. 256 2h1
Petoskaey 2ED <20
2986 340

£90 305

310 365

Av, 286 3o0

Universsl 260 280

210 315
180 o1b
- S60

Av. 216 olb

VWolverine 180 £80

200 270
120 280
190 269

Ave 192 272
Wyandotte 190 275

1860 o743
210 A
230 2853

Ave 202 2749




GINERAL RiEJARKS,

It was the original intention of the authors to make
a complete analysis of the chemical properties of the cements
which would inolude determination of silica, iron and
aluminum, calocium, and magnesia., Thie would have made a more
complete comparison possible. Due to lack of time we were
forced to abandon this idea after a few had been completly
analysed.

Cenments high in aluminum reach their full strength in
less time than low aluminum cements. VWith a complete
analysis we might have been able to predict with some degree
of acocuracy how the curve of tensile strengths would appear
for a period of one year. Without this analysie not much
can be 8aid with only the 7 and 28 4dsy tests completed.

Cements high in aluminum also set quicker than low
aluminum cements.

Cements whioh are high in silica are slow setting dut
show a good tensile strength, also a progressive gain in
tensile strength., It was our intention, with a complete
chemical analysis, to check the percentage of silica sgainst
the time of setting.



COICLUSIUN,

In making our conclusions, since all drands passed
the specifications required in all tests except tensile
strength, and simce this test together with soundness
is watohed most closely by purchasers of cement, we are
using these tests as a dbasis for comparison. A4s all
the cements passed the soundness test in a satisfactory
manner, this mekes the comparison rest on the temsile
strength,

The Newaygo brand of cement shows a high tensile
strength for the seven and 28 day tests, in which the
28-day test shows a considerable incresse over the 7-day
test. The result of the time of setting shows very good
for working conditions.

The Alpha brand of cement shows a very high 7-day
strength but there is no gain in the £8-day strength.

The Wolverine b}and of cement is the omnly one which
failed in tensile Btrength., This brand failed in both
the 7-day and 28-day tests. Seven of the eight briwuettes
failed to come up to the required strength. |

All of the Michigsen brends of cement, with the one
exoeption, eppear to stand up very favorable in comparison
with the two easstern brands used in these tests, and
rassed all the specifications required by the American
Societh for Testing Materials.
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