


IAREm,

3 1293 00871 2915

. ~_-—.~‘ s, !
Li. .2y !
Michigzn §*-*-







INTRODUCTION

The effect of hydrated lime on the tensile and eom-
pressive strength of mortar and conorete has long been &
source of argument between The Portland Cement Association
and the National Lime Assosciation.

In a letter submitted by The Portland Cement Association
they quote the following items taken from & paper entitled
"Effeoct of Hydrated Lime and Other Powdered Admixtures in
Conerete™ by Professor Duff A, Abrams of the Strustural
Material Research lLaboratory.

(1) "In general the addition of powdered materials re-
duced the strength of conocrete approximately in proportiom
to the quantity of admixture. Some exceptions are noted
below,

(2) "In usual conorete mixtures, each 1% hydrated lime
(in terms of the volume of cement) reduced the compressive
strength 0.56%; 1% by weight of cement reduced the strength
1.2%. The reduction in strength caused by replacing cement
with an equal value of hydrated lime was about 1,76 times
that caused by adding hydrated lime.

(3) "High ealcium and high magnesium limes produced the
same effeot.

(6) "Rich soncrete mixes showed a greater loss in
strength due to powdered admixtures than the leaner ones.
Lean mixes (1:9 to 1:6) and in those with aggregates graded
too coarse for the quantity of cement used, the strength
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was little affeocted or elightly increased by admixtures
up to 50%.

(7) "The wetter mixes showed a greater loss in strength
than the dry, due to the addition of hydrated 1lime.

(8) "The effect of admixtures wes in geherasl independ-
ent of the age of the eement.

(10) "Hydrated lime and other powdered admixtures used
in these tests slightly increased the workability of the
leaner mixes (1:9 and 1:6) as measured by the slump test.
Ordinary mixes (1:5 and 1:4 were little affected; richer
mixes (1:3 and 1:2) were made less plastic.

(13) "Hydrated lime had little effeot on the absorption
of dry conorete, increased the evaporation of water from wet
concrete and produced no beneficigl effect on the strength
of concrete stored in air.”

Also the following is a ocopy of the statement, (sub-
mitted to the author by lstter) of T. H. Hart, Manager of
Construction, Department of the Lime Aesociation.

"Hydrated lime is used in concrete for the purpose of
making it work smooth, fat and buttery. It produces an effect
which no amount of water can produce, and permits the use of
a dryer batch‘than would otherwise be poseible. This leads
directly to greater strength, (if the water is carefully
eontrolled) and at the same time gives & better flow thru the
mixer, better discharge from the mixer, flow in chutes and
hoppers, better flow around reinforcement and complicated

forms; smoother white surfaces, less segregation, etc. A
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long train of advantages are inter-related. These have
never been measured mathematiocally. In most of the tests,
the water has not been properly controlled and investigatore
have reported a reduction in strength which was not reaslly
caused by the lime itself, but by the water whieh they
added (quite unnecessarily) with the lime."

Mr, Hart makes several statements that eonfliet with
those of Professor Abram. Mr. Hart says, ' Hydrated lime
is used in conerete for the purpose of making it work smooth,
fat and buttery. It produeces an effect whieh no amount of
water oan produce and permits the use of a dryer bateh than
would otherwise be possible.’ Professor Abrsm eontradicts
the above when he states that, "Hydrated lime and other
powdered admixtures used in these tests slightly inereased
the workability of the leaner mixes (1:9 end 1:6) as measured
by the slump test. Ordinary mixes (1:5 and 1:4) were little
affected; richer mixes (1:3 and 1:2) were made less plastie.'

Mr, Hart also claims that when a proper amount of water
is used the addition of hydrated lime will eamse a stronger
eonorete while Professor Abram states that,'In general the
addition of powdered materials reduced the strength of con-
srete approximately in proportion to the qﬁantity of admixt~
ures.' Also, 'The wetter mixes showed a greater loss in
strength than the dry, due to the addition of hydrated lime.'
Prafessor Abram's only statement in favor of lime is that it
inocreases the evaporation of water from wet conerete.

Some one must be in error and therefore it seems to de

the policy of one association or the other to make ineorrect
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statements for simply commerciel reasons., A sonsideration
of the above quotations and discrepancies observed in other
general sources of information lead to the idea of running
& series of tests on hydrated lime snd mertar for which
were made & large number of standard brignets and 2 inch
oubes for tension and compression tests respectively. The
tests were run by laboratory methods whieh will be desoribded
as the different tests a£§ taken up later.

The idea eonveyed by Mr, Hart in his letter has been
followed a® nearly as possidle in eliminating plasticity as
s variable from the tests and to study the effect of hydrated
lime on the strength of mortar, The normal consistancy was
determined for easch test so that plasticity was kept eonstant,

A neat sement mix; 1:£ mortar and 1:3 mortar were severally
made up into three groupb of briguets and cubes. The percemt-
age of lime was varied from 0% to 304 by a stepped variation
nf 5% and was tested at the end of 7, 14 and 28 days respeot~
ively.

MATERIALS.

Cement. Burt cement which is of the rock variety was seoured
from a losal dealer 1nvLanaing for use in the tests.
Iime. A eormemeial hydrated lime manufactured by the Ohio
Hydrate & Supply Compeny was secured from the same dealer as
was the eement.
Band. The msand was secured from gravel taken from & pile

in the cement laboratory and sereened through a 1/8" sieve.
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TESTS OF MATERYALS,
l, Bormal Consistenecy Test,

The ¥ieat test for normal consistency was used. 500
gns, of cement was taken in each case with a measured quantity
of water. The cement and Water were mixed for one-half minute
with a trowel and then thoroughly mixed and kneaded dy hand
into & thiock paste. The mass was then passed 6 times from'
hand to hand and then pressed into the large end of a tapered
hard rubber ring. The ring was placed on a glads plate and
the top of the cement ‘was smoothed off by a single cut with
a trowel,

The glass plate and the ring were placed under a rod
having & diameter of 1 em. and weighing 300 gms. The penetra-
tion in 30 seconds was determined by a scale graduated in
millimeters. Yor normal consistency the penetration should
be 10 mm. for 30 see. The results of the tests are shown in
Table 7.

It not being possible to determine the normal eonsistenocy
of & mortar with the Vieat method a 1:3 mix of eement and
Ottawa sand was mixed to the proper normal eonsistensy, the
proper values being taken from a table on Page 838 in Hool
end Johnson's Concrete Engineers' Handbook. All the 1:2
mortar and 1:3 mortar mixes were tried out with different
quantities of water until the conauton-oy appeared to de like
that of the sample made up of the proper oonsistency. The
values determined are given in Table 7.



Per Cent
of

10

16

20

Av,
Use

Use

Use

Use

Use

Use

Use

TABLE BO. VII.

Teble of Normal Consistency.

Neat Cement,

Per Cent
of
water

25 4
£5-1/2
26
26-1/2
26-1/2
27

27
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2642
26

27
e7-1/2

27-1/2

28-1/4%

28-3/4
ae-lfz

.
9-1/2
£9-1/2
29-1/2

30 %
80.6
30,5
51 %
31

31

80 ¢

1:2 Mix

Penetration

9 M¥m,
8

16

13

8
11-1/2
9

10.6
12,54

8 Rne
10

12.5%

18 mm,
3.
13,494

7 om,
12
11

13.85%

7 mm,
14 mm,

14.3%

14.75%

16.2%

1:3 Mix

11, 4

11.3%

11.6%

11.9%
12.2%

12,.6%

12,8%
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2. Tension Tests,

Standard briquet's one-inch thick and with a cross-
sectional area of one square inch at the omnter were made
for all tension tests.

Heat Cement. Twelve briquete of neat cement of normal
consistency were made for each mix of 0%, 5%, 104, ete., to
808 . Pour were tested at the end of 7 days, four at the end
of 14 days and four at the end of 28 days., The forms eontain-
ing the test pieces were placed in moist air for 24 hours and
then the forms were removed and the dbrimets were placed in
water at a temperature of aspproximately 70° P until tested.

The results obtained from the tests are tabulated in
Table I and comparative ocurves are shown in Disgram I, All
the results of these tests will be sammed up and compared
with the other tests in the conclusions. The diagram shows
that the briquets were stronger on the 28th day than on the
14th day and stronger on the l4th day than on the 7th day.

If an average curve was drawn fer 6ash day's test it wounld

be sprroximately parallel with the other ones. This graph

bears out what Professor Abram says, 'In general the addit-
ion of powlered materials reduced the strength of conerete

approximately in proportion to the muantity of admixture'.

The diagram gives average results,

1:2 Mortar Mix. The same number of text pieces with
the same variation of lime were made up for this test, as
in the Neat Cement. The pieces were tested on 7, 14 and
28 day periods as was the Neat Cement. The results are
given in Table II and comparative graphs shown in Diagram II.
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0% of Lime

% of Lime

1c
10% of Lime

1p
154 of Lime

1B
20% of Lime

1P
25% of Lime

1¢
30% of Lime

Ave,

Ave,

Ave,

Ave,

Ave,

Ave,

Ave,

14 Day 28 Dey
720 710
700 850
790 810
725 845
3z
640 660
660 650
520 7656
540 845
B0
610 670
510 660
495 695
, 6
#. &t
480 560
570 650
560 650
540- 450
B27.5 75
410 530
480 520
i 2
470 k
0 B4Z.5
430 620
420 525
440 585
g%g 480
o5 .5
410 520
440G 570
440 530
%ég 495
5 48

mote; Averages are given in pounds per square inmch,
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rable No, 2

BRIQUETS
L : 2 - Nix;
7 Day 14 Day
24 475 : 510
0% of Lime 380 590
460 ¢
rve, T 3
370 410
§§ of Lime 440 380
415 420
Ave, m
2¢ 310 415
10% of Lime 325 . 435
i 340 360
sve; 559 i
2D 330 330
15% of Lime 280 340
330 885
Ave; ﬁ a!.ﬁ
2B ; 210 300
of Lime 2. 285
tw lg gso
aves TH )
2F 250 270
25% of Lime 240 815
260 :gg
Ave, 70 7.5
26 210 226
of Lime 250
20% -4

200
S 2
sve, Bis

Note: Averages are givem im pomnds per sguare inch,
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Table No, 3

BRIQUETS
13: 5. MIX;
7 Day 14 Dy 28 Day
5; 360 4056 410
0% of Lime 315 375 435
2 i i
Ave; 30 Eood )
3B 270 325 405
5% of Lime 235 315 370
295 :szg gga
' g . 60.
Ave;, 5 ?r& BBE.5
30 230 275 350
10% of Lime 240 285 375
zg 340 355%
Ave, &‘I.s g'g.s B57.5
3D 220 240 305
156% of Lime 220 275 335
120 250 ggs
‘ 2 0
ive, T o E
38 260 255 280
20% of Lime 220 260 290
i 1o i
' « 270 8
Ave; % 58 p1:1:4
3§ 190 285 275
25% of Lime 190 220 260
160 185 gzg
Ave; 5 % Tes
a6 170 190 215
30% of Lime 190 210 285
170 205

Note: Averages are givenm in pounds per square inoh,
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All that was said about the nsat cement tests applies
to this test., There &re & few variations in the diagram
as for instance: The 5f point on the 1l4th day shows a
low test; while the 104 point on the l4th day shows a
high test. The variations on the tensile tests have been
chamged up to the personal equation, beeause the variations
have not held constant for the 7, 14 and 28 day graphs.
1:3 Mortar Mix., The same number of test pieces with
the same variation of lime were made for this test as in
the neat cement and 132 mortar mix, These briquets were
seasoned as were the neat cement and 1l:2 mortar mix. The
average results are summed up in the Conclusions, The
results are given in Table III and comparative graphs shown
on Diagram III. What was said of the neat cement mix and
1:2 mortar mix applies to the 1:3 mortar mix, as shown by
the graph.
In all the tensile tests the graph proves vhat Professor
Abram has said and what was quoted in his paper as Item I.

COMPRESSION TESTS,

Two-inch ocubes were made of neat cement 1:2 and 1:3
mortar with a eross soctioz;al area of four square inches,
for compressive tests. All blocks were set up in plaster of
paris before being broken to eliminate uneven surfaces.

Neat Cement. Twelve subes of neat cement of normal
consistency were made for each mixj- 0%, 5%, 105, ete., to
306. Four were tested at the end of 7 days, four at the
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end of 14 days and four at the end of 28 days. The blocks
were seasoned the same as the briquets,

The results are tabulated in Table IV and comparative
graphs are shown in Diagram IV. The graph shows a decided
difference between the tests of the oubes and those of the
briquets. The test of the 7 day cubes is very similar to
that of the 7th day driquets and also the 14th day., The
28 day are stronger than the 14 dsy test pieces at 04 and
6%. Then the 28 day dropped below the 14 day; rose above
at 16%; went below to 204 and contimmed so to 304, The
graphs show that in rich mixtures after a certain age the
mortar begins to lose strength, The only way that it ean
be accounted for is that on drying,the lime sets up farces
that cause very mmall oracks invisible to the naked eye and
88 a result of the emall eracks, the strength is reduced.
Thie is one of Professor Abram's theories. This graph not
only shows that age decreases the strength, dut that
Professor Abrams first item is chscked again.

1:2 Mortar Mix, The same number of cubes with the same
variation of lime were made for this test as were for the
neat cement, These cubes were seasoned the same as the
other ones,

The results are given in Table V and comparative graphs
shown in Diagrem V. The 6% tests of the 14th day is the
same as 5% tests for the 28th day which shows that age de-
cresses the strength and ggein the 28th day, 104 tests fall
below the 14th day 10%. PFrom here on the graph is similer
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CUZRBS - 2 in,
NBAT CEMENT -- CONPRESSIVE STRENGTH

7 Day 14 Day 28 Day
1A 22140 25905 Over -
0% of Time 25760 25940 31000

21000 27135

+ 19690 26725
Ave, "5537 ~BB07 BOO0

18130 19620 27145

16890 24200 31000

17416 23220 24680

14460 22110 27600

Ave, 21T “Bb73 BI6L
1C 12080 24140 21020
10% of Lime 13515 16500 18510
16055 19775 17065
12960 20400 21885
Ave, THI3 5176 z
1D 13240 20495 18090
15% of Lime 14630 16225 23340
15520 21670 23390
© 14680 23070 24440
Ave, “30 091 5579
4 11920 21850 20990
20% of Lime 13750 22200 21860
13720 21715 18600
¢ % 20750 19330
Ave, o407 D040
1F 13310 13690
25% of Lime 11270 18900
13380 20040
+ 12840 14710
Ave, ~ 3175 270
G 9510 13725 12760
205 of Lime 10460 16260 15425
10590 15020 15050
9840 14210 13230
Ave, TE5Z5 7oL 3550

te: Aversges are given in poands per sguere inch,
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Table ¥o; 5

@ ro
e
o
12)
g

5% of Lime

20
105 of Lime

200 of Lime

2F
25% of Lime

88

% of Lime

e RWIX"

7 Day

12075
8000
9800
9850
Ave, Z

10370
9550

10840
Ave, 560

8430
8710

9920
Ave, TIZIZ

87256
7886
9000
8000
4ve, 7ZI0T

7770
7250
7370
7000
Ave, TB37

6310
6750
6530
6435
527

A ve,

5415
5540
6120
5850
Ave, Y433

CUHEES - 2 in,
-- COMPRESSIVE STRENGTH
14 Day

12525
10926
10460
12150

Wote: Averages are givenm in pounds per 8guare inech

28 Day

16720
15695
17630
16900

12380
141056
12270
14105

4

9110

8615
8960
9050
7710
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Table No, 6

34
0% of Iime

3B 4
875 of Lime

3¢
| 10 of Lime

3D

157 of Lime

20% of Lime

3F
25% of Lime

3G
30% of Lime

Ave,

Ave,

Ave,

Ave,

Ave,

Ave,

Ave,

CUBES - 2 in,

7295

1 : 3 MIX -~ COMPRESSIVE STRENGTH
7 Day 14 Dey
6350 9860
7630 9550
7060 7500
s020 gr50
7440 6015
6855 7950
6800 7355
n® 5710
T751
6410 4710
6180 6540
5760 . 6670
it 6725
4685 5575
4870 6560
4545
=TT o
4510 5015
4100 6140
o 1361
4550 5495
4225 5035
5058 5758
TI50 %3!
5400 4475
3200 4070
5510 485
e =

Hote: Aversges are given in pouads per square inch,
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Cvbe mold and cuvbe

Cube Festing machine






to that of the briqueta. The variation may be due more
to the personal equation,

1:83 Mortar Mix. The same number of cubes with the same
variations were used in this test 2s in the other tests,
The cubes were seasoned as were all the other cubdes,

The results are given-in Table VI and ocomparative
graphs shown in Diagram VI, This graph shows that the age
is not effective as far as this test goes. This still
further proves Professor Abram's first item in his paper.
There is & slight variation in the 5% ana 104 eubes at 7
and 14 days, dut this is due to the personal equation,

CONCIUSIORS.

From the tests preformed it seems proper to conclude
that under no oondition does rich mixtures of mortar (neat
cement, 1:2 and 1:3) with lime inorease the tensile and
compressive strength, but bears out the statement of
Professor Abram's in which he says, 'In general the addit-
ion of powmlered materials reduced the strength of conerete
epproximately in proportion to the guantity of admixtures.'

There may often be places where the' value of lime for
produeing eolor, ets.,, will cut~weigh the importance of
high strength, but under ordinary oconditions lime should be
left #ut of conorete.

Finally, the investigation outlined herewith plainly
indicaetes that Mr. Hart's statements are in error. Possl-
bly he has been led to extravagant clsims by the enthusiasm
of advertising eampaign, a not uncommon oo rrence in business.
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APPENDIX I

The following is & list of the dooks, articles

and papers ocovering work on oconcrete from which mueh

valuable information was obtained in the preparation
of this thesis.

1.

4,

6,

Conerete Engineers Handbdbook,
Hool and Johnson,

Effeet of Hydrated lLime on Portland-Cement Mortars.
Henry S, Spaockman, .

The Effect of Hydrated Lime on Portland-Cement
Mortars.
Professor Harry Gardner.

Letter <+ Portlend Cement Assosciation,
Jo B, Freeman.

Letter - Eational Lime Associstion.
r. HQ Hart.

Letter <« Iewis Institute.
Professor Duff A, Abrams,






APPEREDIX 1II.

The following is a ocopy of the plan for the work
on this thesis submitted previous to the beginning of

the work,

Subject: The effect of hydrated lime on the
tensile and ocompressive strength
of mortar.

Proportions: Neat, 2:1 and 3:1

Peroentages (bg weight) of 1ime: O = 6 « 10 =« 15
2 - 25 - 300

Age: 7, 14 and 28 days.

Humber: 21 kinds x 3 different ages x 4 for each
test = 252 briquets,

NHumber of eubes: The same as for briguets - 252,



ICHIGAN STATE UNIV. LIBRARIES

31293008712915

"






i




