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Of all the subjecets now occupying the importcnt
places in the minds of our mechznical engincers probably
none deserve more attention than the subject of hydraulic
cements, and, indced, one of thec leading engincers of this
country, in a rccent article rcad before the American So-
clety of liechanical Engineers, placed cements and allumi-
num af the Lop of the iist in importance.

Ever since the time when man first came to recognize
this need of protections from surrounding influances and
evils, the uses of cementis in some form or another, have
Played an importent part in his general welfare.

Perheps the simplcst form of cement, (1if we may call
it such) of which we¢ have any record, was the plastic mud
of the Nile, vhich vheén mixed with straw and dried in the
heat of an Egyptian sun, formed all the necessary qualities
of the ordinary building brick. That was a time vhen ten,
twelve, Tiftcen and twenty-six story buildings were un-
dreamed of. Brooklyn Bridges would have becn miracles,
while many of the more com-on problems of engincering of
our day would have been beyond the range of possibility and
usefulness., Mud and straw were therefore all that were

generally necessary for the building purposes of those
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ancient times. Later on vhen the arts of war became more
horrible and land ovecame valuable,in just that proportion
did the need of a stronger and more durable cement present
itself. In the many excavations which have been lately made
in Rome, sarples of masonry are uncarthed in which the

cement is often as firm and strong as the stones it joins.

To givec a detailed account of the history , the manufac-

ture, thc geological classification and distribution, :nd
the rclative value of 211 the thouscnd and onec brands and
kinds of cement found and made is not the purpose of this
thesis, What I intend more is to give the results of a
series of experiments I have just completed, the comparison
with similar experiments by other experimentors,and if pos-
sible arrive at some salisfactory conclusicns regarding
the same.

I have uot done as exact work as might be expected in
a line of experiments like this, perhaps; anid the results
obtalined arc not to be relied on as absclutely correct.
There arc many reasons for this: first, this is practical-
ly the first thesis,along this liﬂg; ever written at this
college and I have profited by the experience of but few

others than myself. The first reason coming into account,

it was quite natural that I should wvasie a considerabvie
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amount of time in trial experiments. Insuificient quan-
tities of cement of any onc Xind also prevented making very
rany experiments or averages. The very few accuratc molds
I had, prevented much viork at any onc time being done.
Without gcing Tarther into the acccuntof my dilemas and

misfortunes I will procced to describc in a prief manner

)

the rnature of the tests I made and the machines @nd tcols

@

used in making them. Therc are mamy tests thot are of
great 1lmportance in conrnection with every cement. Some of
them are as follows: +the dctremination of tensil, flexure,
crucning and coheslve and adhesive strcengths, hardness,
time of setting, (both in watcr and out) the influance
ol heat and cold, adultcrants and merny other things vhich
are not quitce so univer:slly imiortantes The first three
classes ol cxreriments I endeavored to rerform on cach of
the different cemernts I had. On somc ¢ the samples 1
perflormed other experiments. The tests for adnesive strength
would have been very important but owing to innumerable
varity of surfaccs to adherc to it did rnot become conven-
lently possible to perform these tests. The time of

"setting" I fcund rather roughly in somc cases.

For tensil strength briquettes arc made "symmetriacl



(4)

in form) vith an inch squarc cross-section at the middle

point. A full sized plan and elevation drawing of the

molds used wiil be seer. in firsure « These vierc made
some years aco by " the Olsen Manuifacturing concern of

Philadelphia. The morc modern if'orm of mold ailows for
more surface eacn ~1ide of the one ineh cross—-scetion, thus
reducing the liability o breaking the brick except at the
proyrer place. With a well moldcd brique te this dirficul-
ty is casily met, providing the clips for holding the bri-
quette arc prorcrly shaped cnd adjustced.

The pattcorns I used Jor molding my flexure ( and
crusining ) pileccs were for thc most part like thc scheme
shown in figure . The patterns arc made after the
foilowing descripiions: fTriongular eross-section pieces of
wood cishti inches long with each o the tvo sides of the
right ansle two inches long. A number oi these pileces are
firmly nuiled at right angles to one edge of a ten inch
board, ithe right angles projecting uprards, cach piece
tou hing the adjacent piece. Another comﬁination like the
one just describcd, turned bottom side up cnd placed on the
first, forms a row of opening 2 x 2 x 8 inches in dimecnsion.

Dowell pins h:cld the two pleces 1n place with each other
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ard one or two coats of asphaltum paint well dried on and
aftcrwards a good ccal black engine oil renders the mold
ready Tor use. This was made more satisfuetory than cither
iron meclds or woodcn ones- made scparately for each cast-
ing. In the former case thce groatcst objecetions vere,
weight, ciumsiness und cost. 1In the second case twarping
due to a coertain amount of mcisture necessarily avbsorbed
from thc containcd mortar.

0f ail the contrivances used in cem nt testing, per-
haps none ¢lay a morc important part and none have to be
prepared with more care th:in tihc "elips® for brcaking the
tensil pieccs. The "clips" accompanying the Olson machine
vhich was the wachine used in testing were of the form
shown in figure o These as will be scen fitted the
cides of the briquette quitc clesely and any slight jar or
the least irregularity in the briquette due to working in
gseasaéning or otheriwise, caused thc briquette to become
cracked and proken without, in many cases, any appreciable
tersil strength. 1In order to overcome this di:ficulty I
made & pattcrn deserived in the Engincering News for Decem-
ber . A draving from the pattern I made will be

seen in figure « It differs somewaht,(and for the
better I think)
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from the "elip" rceccommended in the lNews in which a roller
of rub.er tubing stretched over e steel rod, vhich is im-
movable and troublesome to remove vwacn a ncy ruboer comes
neccegsary from squeezing and wear. The "elip" showd in
the drcving provides no place for rubbver roiler, and no

such tuing 1

6]

used i it. Simply a piece of rubber pack-
ing of avout one-sixtcenth ineh in thickness by one-nzlf or
thr.e-quarter inches by one w«nd one-querter inches in di-
mensions slipred in «t each 07 the Zour pressure places
each timc the new briquettic 1s used. v Tirst this wculd
seem to bc rather tedicus vwork but one soon becomes accus-
tomed to it and t..¢ rcsults obtcined arc most satisfactory.
In this schemc of the rubber being loose there is a chance
for the bpriquette more easily adjusting itself without
licbilitly to cremping.

For brecking the flexurc cnd crushing pieces I used
a largc Olson machine wvncsc ronge was from 0 to 50,000
pounds pressure. On account o thc pondrousncss of the
machine I did not have much 7uith in tiic results I obtained
for thc weaker specimens of ceairernt, as no doubt a consider-
able of thc indicated pressure vwernt to moving the parts of

the machine rather than vholly to breaking the cements
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th - mselvcs. However, thce rcesults vwere more satisfactory
than I had anticipated. Should ever any other exgeriments
along this linc be made I would suggest an arrangement for
crusiiiy and flexure be got and attached to the "little
Olson® machine ~“her. Tiner gradations can bc got and far
less pressure goes to overcoming the frietion an:i inertia
o the rarts of the rachine, 1 have thought of a scheme
which I think would bec rractical for such purrpose and have
briefly indicatcd it in figure . TFor coments and spee-
imen vhich ars liavle to resist a pressurc of 2500 pounds
probably he large 0Olson would have to be rcsorted to on
account of liability of straining thc littlc one.
Now regar.ing thc coments t..emselves. I performed ex-
periments upon 'he rollowing Kinds of cerent:
For brevity each ccment will be d :ignated by letter,

thus:

Axron, - - - "A."

German Portland, - "G."

A New York brand now

at college, - - "pP,"

Louisville, - - "L

Common Lime. - - "C "
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is the kxin2 of cemenrt used in the construetion of the

LY
new post office building at Lansing. It is highly recomuen
ded as a strong cement and has great durability. It is of

light color and on setting assumes a scr. of cross between

a pinkish yellow and & straw color, on ihe outside, and a
fresh freeture shows & tendency to pa1e~heliotrope.

¥G* is rather heavier than "A" and of a dull gray
color on the exgosed surface with light traces of yellow.
Fractures (fresh) reveal a color closcly rescmbling blue
clay. Resists disfiguring much moru'th;n does "AY,

"LY is darker then "A" and lighter than "GY. In the
powder it rather of a pinkish gray, but on "setting" and
scasoning the rink pretty much cies out, or rades awaye.
Its weight per unit volume is nearly equal ‘o that of "G".

"Cc" 18 too familiar “o &ll Yo need description white
when of good quality and darker with yellowish brown tinges
wvhen imgure. It is hard to “ind two samples of "C" that
has the séme quclities oving to the great changes brought

abcut by burning, a little tooc much or a little too little

burning of the lime stone makes great cninges in the stren-

gth of the lime. The lcast exposurc to the alr or dampness

lessens the strength of the lime quite materially.,.
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Beginning 1*n AW
Scveral tensil and flexure pleccs
were made by mixing "A" and watcer of the tecmperture of the
air (80") tosether and pressin into the molds so as to
rc ove 2ll pozsible traczs o7 air buvbles. All were
allowed to stand in the molds until stiff erough to allow
teking out. Vnen barely set all iwere carcfully laid on
a smooth shelf, Al the end of twenty-four hours part were
placcd in water and kept covered by it until the time for
breaking had arrivede. At the end of twelve doys part of
both lots were brokene. The results were as follows:
Tensil brcaking force one sq. inch cross section.
In air 162# and 1703 avecrage - 166#
" Yatcrg84s 64+ " - 74
Flexure, 2 x 2 inches cross section 4 inches te-
tween suv.orts.
In alr 2S21# 185%- 240# Average - 223#
" Water 180# 190# " - 185#
None of the pieces were crusned at the time, but the pest
pieces two inch long were savced off and faced up perfectly
square by puttins on a thin layer of Portland thus preven-

ting any irregularities in pressure rorces and alloving all
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up ané¢ dovrn lines in the pieces to rceeive an equal amount

of Torce air:licd.

mairder of
crushed.
Tensil in

n u

Flexure ¥
1 i}

Cruzhning"
7 1"

air

water
alr
water
air
wveater

1 the ernd of twenty-elght days the re-

thc pieces were broken and the two inch cubes

106-148 equals 127#.

one sq. inch, -
noow - 164-136 v 150#
4 " " - 210-216 " 213#
L - 350-360 " 355#
2 inch cube - 2000-2100 Y 2050#
n " - 2550.

"Gt was treated in the same mienner as "A®

Tensil strength, 12 dcys in

Flexural

Tensil

"

Flexure

"

n

"

"

vater

air

water

air

water

Crushing in air, only one test only

2C0= 007 epucls 200

3006 " 308#
lio test.
u T

" n
520-490 equals 505#
780-770 " 77 5#
" 3580#

wpr'l2 day test. — By oversisht no specimens of clear

ccment blocks were made.

But rfor "P" one part and fine

gravel tvwo parts, sifted through meshnes one-fourth inch

square and not capable of passing meshes one tenth inch

square, washcd perfectly clean.
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Tensil strcength in air (only ) one test, 190 1lbs.

28 day test air, (only) 148-145 ecuals 146 1/2 #

Crushing ( one specimen.) 3200 #.
1PY gnd sharp sand (wesned ) - "P" one part to sand 2 parts
12 day test.
Tensil, one specimen- 183#
Flexure,llone iadc,.
Crucihing " "
28 day test.
Ternsil, 180~ 165 ecuals 172 1/2#
Flexure,380- 300 (200) ecuals 340#
Cru=hirg, lione ilaae.
v 12 day test,-
None lLiade.
28 day rest in air,-
Tensil 35 - 52 = 38 equals 35 (nearly)
Flexurec, lione lade.
*L" and gravel accerding to giuge used in "PY and gravel
12 day test in air,
Tensil, one specimen only 20#

28 day test,
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Terzil 15 - 16 - 701 cquals G65#
"L® 28 day tes: in water, -
Tencil, onc specimen equals 36#
Flexure 629 - 701 " GB5F
Crushinrg 1200
"c* and sand, "C" 1 part, scnd 2 parts.

28 day test,-

Tensil 21 - 26 - 28 equals 25#
Flexure 110- 106- 110 "  109#
Crushirg, lonc :lade.

"P" and Soap.

The soap was mixed in by first dissolvind@n soft
water avout all the hard soap 1t could nold in solution.
This was pcrhaps not a very practical experimernt, b-t it
might comc into practice around scwers vhere the pipes
were joincd vy cements.

The detrimerntal effeet was quite marked, as the
average tcnsil strain above wnhich the samples broke in
tverty-eight d:ys was only 55#, whilie "P" and clear water
and sand was 146 1/2#.

"P" and Sugar.
Sugar 1is uscd in the mortars in India and is prob-

ably all right in such countries where there is not much
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cmpness to dissolve the sugar out.

l‘ade a soluticn of sugor and water in about the pro-
portion of aucut one tecaspoon ful to one ordinary drinking
glass of water. The effect was quite marked on the stren-
gth of the ceoment, as the average tensil strength was in-
crcascd from 146 1/2 to 175,0r rather from 55 with soap to
175 with sugar. One striking peculilarity of the compound
is the immense quantity of heat devcloped in "settingt,
especially in the flexure pieces when not mueh surface is
exposcd to itne oir,.

The hard surface and hardness itnroughout wvas very
noticeable, whiiec thc inercasc 0. quiexness of setting was
very grcat. The fact of the mattcr is that the ccrment "set
8o very qulek that the cutcr surface commcneced to contract
and erack before the moisture within had time to let the
inmer moist part of the mass contraet accordingly. The re-
sults was mciyy of the specimcens viere cracked up so as to be
quite unreliablic for testing.

Flerurc stood an avercge of 190# (nearly)

"P" and broken granitc.

Broke & pleee o7 grenitc rock into

Pieces of gauge perscribed for gravel in experiments above
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The object of 1hls experiment was to see if the shape of

the pieces to wnich the coment clung had anything to do with

the strength of the mass. "Poor brick" In making the bri-
quettes prevented satisfactory results. Right here it may
be well to state that as the stone contained in the cement
does not of itself add to the strength of the ccment, the
strength of an inch square cross—scction of thc mass would
depernd a good deal on the cmount of cement and the levness
of the stones at thils section. I thercfore do not feel
safc in ¢iving the results of cxperimenis in whieh the in-
gredients had grains much larger itnan ordinary sand.
Besides the experiments on cements of twelve and

twernty-eight ccys settiing, I made scveral tests on cements
eight ocnd eicht and one-half months old. Some of the more
importsnt of thesc I will ~ive belows

Water lime and sand 1 to 1 gave an average of 113#
tensil strain in ailr.

Portland ccment and send 1 to 1 in air 312#

" " n (] n n o o " 285#
" " Alone - - - - - B8O
" " and sand 1 to 3 155#

Ordinary lime and send (1 to 2) gave a tensil strength

of 38#
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Purc vater limc gave for air (or water one month and
ailr the remainder ) 478#

Same air @li the time. 3465
Oving to disturbences of yieces during the winter vacation
it was hard to decide whieh set of briquettes was which.

Ordinary lime and sand, (1 to 1) gave an average
breaking ternsil stress of 95#

Portlond (1) Sand (1) and Adamant plaster (1) gave an
average of 1045

An experiment for thce rise of temperature in lime while

"glacking" showed in a sample of lime [resh from a new

barrel an inecrease of from 8l degrces Farh. to 209 degrees
Farh. cquels 128 degrces Farh, The volume of the lime in-
creased -rom 1 to 4.

This gractically cnds the list of experiments., As I
g8ald in the becinring I consumed & large per.cent of the
amount of time available for experiments in malling pat-
terns, getting things into shipe and finding out the best
way of performing experimentse.

It vould be useless to put a mess o figures relating
to other expcriments made by eminent authorities, but I

will givc a nwumber of references to books articles in the
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collcge library.

For gcological classilication and distribution of
hydraulic lime stone etc. probably no betier authority can
be cot than 2 A. Gilimore. A. il 1in his viork on "Limes
Hydraulie Cements and Llortars." 1In the same book valuable
points of information regarding tests and manufacture of
cerents of all description avound.

The relative costs of c-ients and the most approved
methods of testing and analyzing cements, thcir use etce.
will be found fully stated and described in "A Tretise on
Masonry Construction" by Ira O. Baker C. E., proressor of
civil engineering, University of Illinois. Boih of the
bookd just mertioned furnish almost every varlety of infor-
mation reccesary; but therc orc several irportant allusions
to the Engincering News which I deem quite intcresting and
importcnt. Amorng them are:

Manufacture o Portland Cement from slag"- July 19490
Also Dec. 7'89.

Adhesive stirength of sulphur, lead and Portland Cement
for anchoring bolts, July 20, '90.

Soda in Portland Cement, " Oct. 11, '90.

An improvement in"clips" for cement testing, Dec. R0,
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'90.

Does Salt Water inercase the strength of cement mortar
Dec. 20, '90.
"The effcet of heat on Cement Mortars." July 14, '02.

"Cemecnt Joints Tor water pipes." July 14,'92s
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