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FOR THE

Degree of Bachelor of Science

SUBJECT:
Cement Testing.

A. D. TERRELL, 1899.
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CEMENT T-STIWG.

Derivation of Soms Empirical Formulae,Showin,c Relation Between

Breaking Strength and Varlous Punctions Which Enter Into Cement Testing.

For a Thesls in 1898 I did some work on cement testing with
very satigfactory results,but I did dbut 1little more than get a few ideas
as to how to conducet the experiments to best advantage.

For the :»ressent vear I have taken up the work for furthsr
investigation.

Some of the parts done last ysear are being varified hLy Mr.
Tayman and myself,

Investigations along the line of cemert testing are shown by
current literature on the subject to be very varied in methods,and
methods of procesdurs.

Some are based on chemical analyses and some on physlcal
tests,

Physical tests seem to be the most favored tests and are the
ones taken up 1in my investigations.
Chemical Compounds in Cement.

Lime,S11icates of Galeium and Aluminum,Calcium Aluminates,
Farrites of Calcium and Sllico-Alumino Ferritds of Calcium,

Cement rfom a general polnt of view may be classes as natural
angd artificial cements,

The deteriating agents of cemernts are internal and extermal,.

Internal agencles are deficlency of active hydraulle constituents
and presence of free lime or magnesia,the slacking of which after
gsetting has begun,leads to eracking of the mortar.

External agencles will vary according to the surrounding

medium into which the cement is placed,Thls may be fresh water,damp
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earth,or sea~water., Tempsratire apparently plays a great parttag‘
external agencies.
The subsequent result*s are obtained froa the tensile strength
per squarse inch and various c¢trar functions. |
Apparatus,
The apparatus is practically the sume as used Iin my work of

1898, The most inmportant being:

1l Moulds,

2 Testing machine,

3 Sieves,

4 Others of minor importance,such as ;hermometers,

scalesy,trowels,eto,

The moulds are brass. They are made by Tinius Olsen & CO. and
are of "Standard Type".

The testing machine was one of Rheile's msake, The folliowing
being a rough diagram of partse

The sleves used were made of brass wire cloth and of "standard
mesh."

The cement was a good Portland cement. It was taken from the
barrel in quantities sufficient for a given experiment,and well
mixed. The mixing was to insure,as nearly as possible,an average
composition Tor sach m»riquette.

The cement was all sieved through a No. 20 mesh sieve,in
order to zet out large 1lumps and any foreign material that might bde
in it,such as chips,etc.

Sulphides.,

I have made up some tests with sluphide of iron added to the

cement both in raw and roasted condition,to ascertain the effect on

the cement,if any.
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The sulphilide used was groind to pass through an eighty mesh
sleve.
Water,
The water ised was sometimes cisterm and sometimes well water.
Preliminary Tests.

Pinenesgi« The tensile strength depends greatly upon the
fineness of grinaing,thererore this test should always be made.

If time permittegd, it would have made a very interesting experiment
to find a curve showing the relation between tensile strength and
varying fineness of the cement.
Sieves.
Sieves used for test of fineness were:viz,

No. 50 (2500 meshes to the square inch).

No.100 (10000 meshes to the square inch),

No. 80 (6400 meshes to the square inch).

By taking average of several results I obtsined the following
percent rsejected by a No. 50 sieve.9percent.,Percentage that passed
through No. 50 and was rejected by No, 80 4.1 percent. Percentage
that passed through No., 80 and was rejected by No, 100,15,1 percent,

Soundness.,

The test for soundness was made by mixing up some cement and
shaping it into little pats. There was'no si gn of cracking or
bulging.

Mixtures.

The experimeuts with varying quvantity of water and sulphides
were made by mixing the constituents by weight

The sulphides and cement were thoroughly mixed before being

made into briquettes.
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Experiments.

Experiments for this thesis were carried on similar tc those
of last year,the object of each being to show graphically,ad if
possible an analytical relation,betwsen varying functions,

Tt 18 hard to keep the different things comnstant, such as
temperature,setec.

The temperature of the room and water was recorded Tor asch
bateh of briquettes,

Experiment No. I.

The object of Experiment No, I was to find the relation
between tensile strength per square inch and the time after mixing,
everything else remaining constant.

The briquettes remained out of water after being made up.

The amount of water used was 375 grams. to 1500 grams of
cemsnt,or one=fourth as much water as cement.

These ie?e made up in batches of eleven each. In breaking,one
was taken from sach batch at stated infervals of time and an average
of strength at these equal intarvals was culenlated,

There were ten datches,so there would be an average breaking
strength of ten briquettes for sach point on curve,

Experiment No: II
Among the experiments of last year this 1s one I have attempted
to varify, It is to find relation between teusile strength per
square inch and time after mixing,all other conditions remaining
as nearly constant as could be kept with facllities at hand.

The equation used for the discussiom of curve last year ap=-

parently satisfies that of this yeaf. The discussion of the curve

will be given later,
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Experiment No, IIX

One of the experiments carried out in my work is that of
trying w6 effect the amount of water in which briquettes are placed
will have on the tensile strength. The amount of water varied from
that in air t® several thousand c¢.¢. The Lriquettes were made up
with 375 grams of water per 1500 grams of cement.

Bxperiment No., IV,

In mixing cerient and cement mortars the amount of water
used seems to change the character of the resulting mixture . For
this fourth experiment I have tried to see what this effect of
change of quantity of water is,

The briquettes were made up in batches of tem,and sach batch
of briquettes broken at a giwen interval of time after mixing. As
the amount of water increases,the cross~section decreasses.

The cross sectlous in plotting were all reduced to the bases
of one sqguare ineh.

"he above briquettes after being made are left in air. The
setting takes place from outside toward the center,as the medium in
which cement sets would have to penetrate to the center by passing
through the outer surface first.

Experiment V and VI,

In reading up some references I have found a few results onm
the effect of impurities in c¢ement. Some of the data were collected
from tests made by varying quantity of gypsum etec.

I have tried two experiments with iron sulphide, In No, & the
sulphide was ground to pass through an 8D mesh sieve and then added
to the cement in different percentages, For No. VI the sulphide was

roasted after being ground to & 20 mesh.
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After the roasting 1t was ground to pass through an 80 mesh,

Discussionr of Curve No.l.

The curve on Plate 1 was plotted from data on page .Strength
per square inch being plotted as ordinates and time as abscissae,

*he curve 1s shown ir black ink. The curve drawn through the

points plotted resembles that of an equllateral hyperbole referred to
X Y as axes,

All reference in derevation of curve will be in Figure 1.

0 D
y 1 &
E — k|~ |- X Wﬁ:/’:’%ﬁ’;/

AT e W
]
Si
vl 0 .J} X
Let us assume that the equation referred to X Y axis 1s,
XY=C === == === === =« - = === - (1)

C being a constant.

Tet S=G J -the average strength in pounds per square inch
alfter mixing.

t -G k = time 1n days after mixing before the

briquettes were
broken.
a -0 H-distance of x' axis from X axis.
b--F B. " of y' axis from Y axis.
St average strength of ten briquettes for one day after
mixing.

t? - time of break ing of first batch after mixing.
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As the curve does not pass through the origin 0. we cuin not
deal with it readily unless we take some known poin’,such as B for
reference., The coordinates of this point being s' and t' referred to
the X'Y' axes,

Let us pass x' y' axes through B and use it as an origin,and
transferring the equation to these new axes.

v for any variable point on the curve

-~

The values of x and
such as @ are:
X (b-t-t")
Y~( a-s+s?')
Substituting the values of x and y in equation (1) we have:-
(b+t-1t?) (Aa=8+8')=¢c = = = = = = = = = & = = = -~ =(2)
The value of x y=c¢ is (ab' for the point B. Therefore for ¢ we
can substitute the value (& b). Fquation(2) then becomes.
B (t=t') [a- (s=s') = @b = = = wm oo - - (3)
Multiplying out
ab=b (s=s')+a(t=t') = (t=t') (s~s') =adb
Caicelling ihe ab's ézd collecting
(t=t') ;a-(s—s'if= b(s=s?)
 Dividing through by (t=t')

+y=_b(s=s")
a f (sfs ) & (t-t")

Dividing next by (s=s')

a _ s=s' 1
b, (s=s") b (8~s?') tet?

or
a ! 1 X’y _ 1 1 h e s e e m e o om om 4’
B s=s", Db~ t~-1t7 (4)
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a
Dividirz (4) by — we have
b

L ) 1
g8 = 8' - aa t-1t!
or
1 b 1 1
= g = s' = 'a'" t - t' +E OB e we em e e we me e ._ (5)

By inspection we see that (5) is in the general form of an equation

1
to a straight line b being the slcpe and — the intercept on
& a
1
s - 5' axes,
. 1
If we then plot 1 as ordinates and T———
s - g' t © t' as abscissae,

we will get a straight line if our assumption fs true.

The points plotted from value of 1 gVJL 1 (gives in Table
S = s!' v t - t!
of data for this curve) are shown on Plate I,

We see from this pdot that a straight line will apparently satisfy
the points,
Let us next investigate the mearing of the constant involved in

this equation.
1

From the intercept on the axis the value of L taken
from the plot i1s - ., . - s - 8¢ a
Prom which a:-—l~—~e5454.5
.0023

Likewise
gnatangftaken from the plot is =.,0035

For the value of a =434.5, and b = tan =,0035 #e find
b=-a tan~<1.52, *

S' andt! are the other constants that erter but whose value are
given in the Table.

Having obtained the value of these constants,we may simplify
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equation (5) by putting in their valu es.

S' = 24,7
t'— 1
a = 434.5
b — 1.52
(5) then becomes —L = ,0035 f““‘g;—‘} +  ,0023

8 = 24.7 Lt w1

or ¢ - L.05681t = .97216 _ _ _ _ _ _ _ _ . _ . (6)

10012 + ,00236 %t

By makirg 8S=0 we get t =22 hours 19.2 minutes which shows
from calculations and also from the plot of the curve that there is a
certal n length of time after mixing before the cement acquired any
strength. This being the case it seems rational to call this (t) at
which cement begins to show strength,the time of setting.

Yhe equation (5) is a gendral one used in experiment No .X1)
and probably can be applied to any neat cement. The bonwstarts varying
hhwever for each case in hand.

One of the most favoring features of equation (6) is that the
strength approaches a finite limit at an infirite time. In the
present discussion this finite value is-a+t8' - 434.5+ 24,7 =459.2 1bs.
per square inch. This result is a very rational one for the curve
appraaches very nearly a. horfizonlal lire after comparatively short time.

With this ¢ rve the strength reaches a large percent of its

maximum in a very short period.
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Discuésion of Curve No,II,
To verify the work done on this experirment last year,the data
on page|: were obtalned.

The points on the curve were plotted from Table II.

It had the same gereral form of the curve gotten in 1898 and on
applying the equation derived,it was found that it satisfied all the
conditions.

The derif¥ation of-the equation will be found in the dis="
cussion of cvrve No.I, |

The general form beingi-

1 b /1 M1
= ( “f’a
s - g! alt - tvY
The valtes of 1 and 1 were plotted giving practic=
S - s!? t - t? :

ally a straight line.
The constants were investigated and their values ohtained as

before

.-__ 1

a = the intercept on —Z—+ gyi¢= .0015 from which a = 666.6
%:tan =to the slope of the line =.0065,

By combining the values of & and b we find b = 4.32
a
A+s' gives the strength that briquettes would reach at an infinite

time,being the distance from x to X axis. As the asymptote meets a

curve et infinity,by making t= « we get value of s=a+s' thust-

s = § et T

1 1
a

T = from which

a=8 - s!

or 8=4a4 8' = 666,64+ 31.1=697.7 po'nds per square lnch,
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You may obtain the distance of the 1 asymptote from y axis By
8 - s!
taking values of b and t' direct from above calculations,cr by naking

s= <
When s- . equation (6) in previous discussion begomes:-
1 _ b 1 1 |
T -8 & t-t'Ta
Divicding through by 1 multiplying out and trarsforming we get
t=t' - b *

t= 1-4.32 = =3,32
This value t has no physical nmeaning.

By substituting all the constants obtained,equation

1 _ b 1 + 1 becomes equal to
s - s ~— a t - t! &
g . L1.04665%t = 84425

.004 + ,001&¢
By making s = O
t =19 hours. 14.4 minutses.

This value of t gives the time a$ which the cemsnt sets.

For the c¢ement used this year it tookh longer time for 1t to
set than that used last year.

It seems rational to draw the conclusion that this is the
eqration which fits the relation hetween breaking strength and time for
cement 1n general.

The experiment for this particular case was carried on

similar to experiment No.I of last year.
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Discussion of C rve No., III,
To obtain data for thils curve the average of eleven briqguettes
was tarxen at end ¢l forty days. The briquettes were placed elsven in a
bateh,in water. This quantity of water was varied from zero to
practically an infinite améunt.
The averages obtained were plotted on (Plate III)., The data
will be found at end of discussion.
The breaking strength was plotted as ordinates and the
quantity of water as abscissae.
On plotting it was found that a fairly smooth curve could hbe
drawn through the points. A deficiency of ﬁoints made it hard to tell
what sort of an equation would come near fitting the curve,

v
xy;:= ¢ referred to X Y axis might fit. For the following

discussion I will use equation Xy=¢ = = = = = = = = = = « -~ =« - (1)
J % C —
g = X

Let A B=b =distance of Y axis from y and C D= a =distance of X axis
from x.

Y' is the breaking strength with a zero quantity of water and has

a known value. .

From equation (1) we may shbstitute for x and y their values in

terms of x.angq yr,
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Take any point E on the curve,ths

X=X,4+b

and y=a - Yy,

=c-‘un‘—-

xy =(x14+b) (a - y,

Prom the point B on the curve,we see that tha value of ¢ may be gilven

paptially in known quantities,
¢ = bla - y')
By substituting this vilue of ¢ in equation (2) we get

(xy +b) (a =y )= bla - ¥")

Multiplying out we get
X, & - X, y,+ab ~ by=ab - by!

collecting terms.
ax;= xyr =b ( y» = y')

or x, {a -y, )=b(y, - y')

dividing by (y, = y')

a=-y' _b
V,~ ¥'7 x,
or a -Y' b
y,~ v’ Y- ¥ ox,
X
——————————— (3)

or
yr = ¥
By inspection we see that equation (3) is in general form for an

equation to a straight line,which being the case we ought to obtain a

]
straight line on plotting T;T“:";T and v, ¢f our assumption is true,
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X,

—

Yy = ¥ was plotted as ordinates and y, as abseissas, A s8“raignt
line apparently satisfies the points khus plotted.

8t us next Investigate the congtants which enter this equation,

Y' 1s known as it 1s the first point on the curve and liss on the
y axis.

ab 1s the Intercept on the X1 axis and v 1s the slope of the

y =7

line,or the tangent of ths angle the line makes with y axis,

The value of b is negative as we can readlly see it should be
from the curve,
be 9.6
ab=¢6 1o
from which a= 97
By substltuting thess values 1n equation (3) we can transform our
equation into the following,
X

L S 8/0 = g4y
¥y, ~J9;

The valus (a) is the strength that a briquette would reach with an
infinite amount of H20 (water) present and(b) bdeing negative would havs
no physical meaning.

As this was an entirely new experiment 1t was diffieult to tell
whieh points would be the most valuable on the curve, Since the curve
was plotted it shows very plainly that we should heve several polnts
batweenr the value 850 c¢.c. and O ¢. ¢. To get these 1t would be necessary
to construct some kind of special.apparatus 80 that you eould cover your

briguettes with a msre fllm of watsr.
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The conclusions to be drawn from this experiment as seen now is
that the quantity of water in which the cement sets has very little to do

with the strength after a very small quantity of water is used.
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Discussion of Curve No.IV,
This curve 1s one obtained by plotting the data on page ¢
These data were gotten as descrited in experiment IV,

The amount of water as plotted is that used per bateh and not
for a single briquette. The resulting curves however would be similar as
the amount of water per briquette is directly proportional to the
amount per batch.

By examining the plot it is plain to see that the curve reaches
a maximum verticle ordinate. This maximum value apparently occurs about
the value of 375 pounds per square inch.

1t can also be seen that the curve weuld pass through the origin.
We however naturally come to this conclusion from the fact that with no
water present there would be no opportunity for the cement to set.

1f instead of the moulds in the last few points on the curve
being partly filled with cement and partly with water until the cement
held all the water 1t could holdin its interstices,the strength would
in all probability,reach a maximum and remain at a constant strength

throughout.
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NDiscussion of Curve No, V,
This curve can be found on plate V, The data used in
plotting will be found on page.
The strength per square inch was plotted along the verticle and
the percentage of sulphide along the horizontai.
A very smooth curve satisfies most of the points., For investw
igation T have tried to fit an hyperboliec equation to the curve. As this
was an entirely new experiment I did not get the points situated in the
best position ¥o be of most value in working up the curve.
Por an equation let us assume.
XY= K referred to X Y as axes = = -~ = = = = (1)
K represents a constant
8 = average strength of five briquettes in pounds per square
inch,
p = percentage of the sulphide in the cement.

( a and b) = the distance between xX axis ahd yY axis respect=

ively. y

§1= OF 7

m<h~>§
X
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For reference we will take known pcint F.

o

Tet C be any point on the curve whose c¢o~orainates are x and y.

AB =1
LF = a
EC = x-p +a
Ch - y=8 =25
Sﬁbstituting thess values in equation (1) we get.
(p+a) (y = d)=K = = - - =~ =~ - IR R (2)
The value K is equal to a (3% = b)
Putting thils value of K in equation (2) we have
(p+a( (S = b)=K=a(s' - b)
Multiplying out and reducing to simple form we get.
§ = —=---2L 4 b === s s e e s = e = m - (3)
This equationpis the general form for a straight line and if our

and

assumption is correct we should get a straight line on plotting s

S'-@,

— i W e

P
Not havinzg a satisfactory vailue for s' I assumed the value 490,
By plotting s along the vertical and S' - salong the horizontal = an
p .
approximately straipght line was obtained. This line is shown on plate

(1).
_ P AV PRI S
a = tan =18.72= B VN / ! ‘.
b= 232=1intercept on the s axis
The curve seems satisfactory but there may be other things which
b
would enter agﬁ I used a lquzer proportion of sulphide.

Prom the zurve as it is now we would draw the conclusion that the

sulphide has some strength when no cement is present at all,



!
s08. -

4a0

SR ...%exckn&r;yeﬂ)(.xml/dllde.
20 S0

44 I 7

g

Yo

0




/

A

7

D)

‘ a/uera/ &
Strerighh
of 7ert

/Ia

e e e

/€VC€/( fje Zoe |

o

§w¢///6/@

,,
s- s

§fr‘enjﬂ%

Z//ieaf
r/zwé/yés

Wrraus S__

/JfllﬂbLB%ts

0.0

g

77

g

H

716

Lo

6.7

H64 é

g e ot gt e

,277

B P p—

.

. m—

ary| Fo | jef | suF
RZaw Nz 706
Sl 18 Lh | 147
932, a0 89 | 1308
3324 300 | Sz r/é7é
E 25;// ‘JM: - /?‘7‘ Jw.3é |




(24)
Discussion of Curve Mumber VI,

"he data formthis curve were obtained similar to the one in
No. ¥, The plot will be found on Plate (1) and the data on page -

The strength per squar= inch was plotted as ordinates and per-
cent of poasted sulphide as abscissae. It cau readily be seen that the‘
strength decrsases pretty rapidly with addition of reasted suplhide.

The points are somewhat scattered in order to be atle to tell
a great deal in regard to the curve,

The data I have oht*ailned can only give some general idea as
to the results to which we looked forward in the beginning of the
experiment.

Prom these data some one may be able to perform the experiment
and draw more conclse conclusions than can be done at présent.

From a 1ittle test briguette that was made it seems doubtful
if the raw (roasted sulphide) would have much if any strength.

résides what has, been done this year on the cement tésting
2 . e ;,-;h‘?(}

N : .
\z“\" ux g L2

¢ Upgrre ¥
there is a number yiet to be investipated.

The question of temperature is among the most important.
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