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SUMMARY OF RESULTS

To evaluate bruclitic limestone samples for use as
concrete aggregnate, two identical test mixes were prepared and two
series of test cvlindevs and beams were moulded.

Mix 225 made with crushed brucitic limestone as coarse
and fine aggregate produced abnormal temperature rise and pre-
mature stiffening of the concrete. Test specimens of this series
showed high expansion and poor durability.

Mix 226 made with the same coarse aggregate but using
natural sand as fine aggregnte produced good concrete, Uomn-
pressive strength of this concrete was 25% higher than that of
mix 225, The’ relatxve dynamic modulus of elasticity of test
beams, based on the ultrasonic pulse veloclty measurements,
af ter 99h cycles of freezing and thawing was 80% of the inltial
modulus, an indication of durable concrets,

#Hond, Construction Miterials Section, Mineral Frocessing
Div381on Dop-rbment of Mines and Technical Surveys, Ottawa,
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INTRODUGCTION

This investigation was-undertaken at the request of the
Aluminum Company of CGanada, Limited, to determine the suitability
of brucitic limestone from Wakefield, Que., for use aw concrete
aggregate.

Brucitic limestone is being quarried by the company and
processed into magnesia and hydrateg lime at its Wakefield plant,
which is 22 miles north of Ottawa on the Gatineau river. Se-
leoctive quarrying and processing of the ore resulted in large
stockpiles of rsjected raw material.

A 600-~1b sample of the rejected crushed brucitic lime-
stone, which has been seprrated into coarse and fine aggregate
size fractions, was submitted by Mr, T, Palvio, Development
Chemist, for evalu-tion in concrete mixes,

SCOPE OF INVESTIGATION

Brucitic limestone has been used for concrete work in
the Wakefleld area butbt, as far as is known, only as the coarse
aggregate or cnushed stone. Very little is known on the use of
this material in concrete as fine aggregate or sand.

The relatively high magnesia content necessitates the
testing of the rock incorporated in concrete both as a coarse
and fine aggregate.

The strength development and soundness of the concrete
was debermined on test specimens under standard moist-curing
conditions,

Frost resistance was determined by freezing and thawing
tests, conducted according to the ASTM test method C 291-61T by
rapidlv repeated cytles of fireezing in air and thawing in water,

Visual exsminntion of concrete test specimens and the
study of weight, length and ultrasonic pulse velocity changes
provided necessary information for eveluation of concrete du-
rability and soundness of the aggregate,



BRUCTITIC LIMESTONE AGGREGATE

Crushed brucitic limestone sseparated in screened frac-
tiong (Table 5) for coarse and fine aggregate in quantities suf-
ficient for concrete test mixes wasz supplied by the Aluminum

. Company of Canada, Limited, from its Wakefisld VWorks,

Petrographic Description (1)

The term "brucitic 11mestone" 1s used to designate lime-
stone containing granules of brucite evenly disseminated in a
carbonate matrix. Brucite consists of magnesium hydroxide and 1is
a soft mineral with a hardness between that of gypsum and talc.
It has a pearly lustre, and most commonly 1is coloiurless, whilte,
grey, or pale green, Wetting the specimen makes the contrast
between the brucite and the limestone more apparsnt, Outcrops
of brucitle: .limestone have a distinctively pitted surface caused
by the less resistant brucite being removed by weathering agencles
and leaving pits in the limestone of the same size and shape as
the original brucite granules.

Mineralomical Analvgias

A thin section of the brucitic limestone aggregate from
Wakefield, Que,, and a polished section of a. concrete beam were
used for microscopic study. Staining techniques were used to
essjst in the identjfication of minerals. : '

The aggregate consists of fragments of brucitic lime-
stone up to 3/l in. sige, varying in colour from white to dark
grey. -The colour darkens with iInereasing proportions of brucite,

- dark serpentine, graphite and sulphide. The distribution of the
coarse aggregate particles in concrete by the colour and brucite
content is spproximately as follows:

1. Dark particles, per cent ~=m=mememewmm—wo. w=e=h0
( = 20% bruecite; 5 to 30% serpentine, graphite)

2+ Med, grey particles, per coent =wmmrccrcaccme- - 20
(5 to 20% brucite; 5 to 30% serpentine, etc,) .

3. Light particles, per cent ==emmeceueana- ,———— -0

(-<f5% brucite; 0-30% serpentine, etc,)

The average (approximate) mineralogical composition,
from a study of the minus 3/l to plus 1/2 in. material and po-
lished sections of the conerete, is glven in Table 1.

% From the Mineralogical Report Sample No. CM-13l, June 13, 1 62
by Dr. J.A. Soles Minerolopist Mineral Processing Division,
Mines Branch,




TABLE 1

Mineralogicél Gomposition

Mineral Proportion, Grain Size,
b mm

Calcite 70.0 0.2 to-ly
Dolomite 1.0 ., 0.2 to 2
Brucite 19.l 0.5 bo 2
S¢rpentine 9.0 0.1 to 1
Graphite 0.1 0.01 to 0.1
. Pe~sulphide, 0.5 0.1 to 0.5

oxide

Two photomicrographs of the brucitic limestone are given
in Mipure 1, showing brucite as spherulitic growths of fibres
in a medium-grained matrix of calcite. Dolomite occasionally
rims brucite, serpentine nodules are ubiquitouw, and graphite and
sulphides are scattered,

A more detailed description of brucite granules - in the
1limestone §rom Wakefield, Que., is given by Goudge (1) and
Buchanan(2),






Chemicnl Analvsis s

A chemicsl ansalysis of a representative sample of bru-
citic limestone from Wakefield, Que., used for the concrete ag-
gregate in this investigntion 18 glven in Table 2.

TABLE 2.

Chemical Analvsis

Chemical Constituents Per Cent
(by weight)

Magnesium Oxide 20.0
Calcium Oxide 35.0
Loss on Ignition 37.0
Silicon Dioxide 5.0
Rp0g 3.0

Total 100.0

Brucite consists of magnesium hydroxide, Mg(OH)., %n?
hes a magnesia content of 69.1% and water content of 30,9% (1
Analyses of the brucitic limestone from the various deposits in
this ares are remerkably uniform and show magnesium oxide and
calcium oxide to be present in proportions closely corresponding

to those of pure dolomite. This supports the theory that deposits
of brucitic limestone were formed from dolomite by thermal me-
tamorphism, during which the magnesium carbonate of the dolomlte
dissociated to form the oxide (periclase) and carbon dioxide, while
the calcium carbonate, owing to its higher temperature of dis-
soclation, is not broken down., The periclase S0 formed is an
unstable mineral and changes by hydration to brucite.

CaMg (COg)g ==~mmmw-= 3-0aC05+C05+Mg0 (periclase)
MgO+Ha0  =~=-=-=-- Mg (OH)m (brucite)

% Chemical analveis was supplied in a letter dated March 7, 1962,
by Mr. T. Palvio, Development Chemist, Aluminum Company of
Canada Limited, Wakefield, Que.



Specific Yravity and Absorption Tests

Bulk specific gravities, (saturated, surface-dry basig)
and absorption percentages of the aggregate samples were deter-
mined in accordance with ASTM, Standard Methods of Test C 127-59
and C 128-59, Test results are given in Table 3. '

TABLE 3.

Specific Gravity and Absorption

Aggregate | Specific Absorptibn
" Sample Gravity %
Coarse Agg.
(=2 in. + No. lt) 2.55 1.43
| Pine Agg. '
] (-1\106 ﬂ? ’ 2.’-'-0 1-53

Sulphate SéundnessvTests

Brucitic limestone coarse aggregate was tested for
soundress in accordance with the ASTM Test Method C 88-59T.

In this test three size fractions of the aggregate
were subjected to 5 cycles of alternate immersion and drying,
using saturated magnesium sulphate solution.

' Test results are shown in Table l.

TABLE L

Sulphate Soundness Losses

Slze Original Fraction Weighed-

Fractions Fractions, Loss, - .Loss,

o % : % .
1/2 to 3/} in. 35 h.5 1.58
3/8 to 1/2 in. 30 5.6 1.68
No., I to 3/8 in. 35 6.1 2.2l
Totals 100 | 5.50




The soundnoss loss of 5.5% obtained in these tests is
well below the smnecilication limits set up by the different apen-
cies, ~s follows:

1. C8A Standards for Concrete
A23-1060, Sact. T L R 15%

2. ASTM Std, Specifications for
Concrete Appregrtes C33~50-~nmmm- 18%

3. Dept. of Highwavs, Ontario
Specs for Voncrste P-vements, Sect. 502---12%

CONCRuTE TRST MIXES

Two 1dentical air-entrained concrete test mixes were
prepared, ~OUns was made with crushed brucitic limestone as coarse
and fine aggregnte. The other mix was made wibth natural sand,
uging the same tvpe of coarse aggregnte.

Materials

Crushed brucitic limestone aggregate was supplied in
geparate sizes by the Aluminum Cowmpany. '

Natural concrete sand from laboratory stock was used
as fine aggrepate in the second best mix.

The aggregates were blended to meet ASTM gradings shown
in Table 5.

TABLE 5

ASTM Ageregate Gradings

Coarse Aggregate ‘Tine Aggregate
Sieve Per Uent Sieve Per Cent
Size Passing Size Passing

3/l in. 100.0 No. I 100.0
1/2 in. 65,0 Wo. 8 ©0.0
3/8 in. 35.0 No. 16 67.5
Mo, 0.0 No. 30 2.5
o, 50O 20.0
No., 100 6.0




A normal portland cement, produced by the Canada Cement
Company Limited, Plant No. 3, Hull, Que., was used in all test
mixes, The chemicql ~nalysis and compound composition of this
cement are shown in Table 6.%

TABLE 6

Chemlcal Andlv 318 of Cement

Chemical  Analysils - | Compound Composition
% %

3102 21.05
A1z0s 5.66 CaS h7.1
Foz0s 3,03 28 2ly.9
Ca0, (combined) 62,22 CaA 9.9
ACqO,'(free) 0.83 C4AF 9.2
MgO, 2.75 | CaS0y | .2
50 et | Mgo
Naz0 0.48 Ignition loss '
Kz0 0.56 Alkalles b
Ignition loss 0.8

Total 99.86 Total 99.9

Design of Test Mixes

Mixes were designed- by the ubsolute volume method, ac=-
cording to the following conditions: ,
(a) The ratlo of fine to coarse aggregate was ex-
.pressed in absolute volume percentage as L1:59

% Chemical analysis of cement by Cannda Cement Company,
Limited, Plant No. 3, Hull, Quebec,



(b) Cewent content was 5 1/2 bags per cubic yard of
concrete. Discrepancies of + 1/10 bag were al-
lowed to meet the desired unit welight and slump.

(c) An air-entraining admixture (Darex) was added in
amounts sufficlent %o produce 6+1% air, as measured
by a pressure-type air meter.

Preparation of Mixes

Ench mix was prepared as a 2 cu ft batch. Aggregate
was sosked in water for 2l hours before use., At the end of this
gonking period the excess of water was removed by draining for one
hour, and the wet aggregote was weighed to determine the amount
of absorbed and free surince water.

A counter-current, Lancaster type 2 cu ft mixer was
used., After all materlals were added, the constituents were
mixed for 2 minutes, allowed to rest in the mixer for 2 minutes,
then re-mixed for additional 2 minutes.

The two test mixes were made on two consecutlive days,
September 13 and 1l, 1961.

Properties of Freghly Mixed Concrete

The test mix made with brucitic limestone, both as
coarse and fine aggregate, showed abnormal temperature rise and
premature stiffening of the concrete. Ixtra water was added
three times to keep the concrete mixture workable until all teat
specimens were cast in moulds,

Unit weight, slump and air content wdre determined for
each test mix. <Thils data and the computed mix proportions for
one cubic vard of concrete are shown in Table 7.
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TABILE 7

Concrete Mix Data

, Test Mixes

_ No. 225 - No, 226
Type of Aggregate '
Conrse Aggregrtee—— -~ Bruc, Iimestone | Bruc.Iimestons
Pine Aggrepgate =————— ~ Bruc.Limestone | Natural Sand
Mix Proportions
(per cu yd)
Comont, 1b ==wmmem ———— 72 L7l
Coarse Aggregate, 1lb - 1671 1710
Fine Aggregnte, 1lb === 1160 : 1261
Water, 1b m=m=mmmm——- - a7 305
Total Weight, 1b/cu yd. 3720" 3750
Darex, oz 5.5 .
Mix Properties
Unit Weight, 1b/cu ft - - 137.75 138.9
Slump, in, =ee---—eee- _ 3 3
Air Content, % =mmmm=w= _ 2 5 1/2

Moulding and Curing Test Specimens

A series of seven li x 8 in. test cylinders and nine
31/2 x I x 16 in. test beams wers moulded from each of the two
batches of concrete. .

Test chinders were moigt-cured until they were tested
for compressive strength at the age of 7 'and 28 days, and dt the
end of the freezing-and-th-owing test.

Benm specimens were moist-ciured for 1ll.-davs.,  Six beams
of each batch were placed in the freeze-thaw unit, the three
companion beams were kept In the moist-curing room for reference
Lhrovghout the freeze-thaw cycling period.
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TESTS OV STANDARD CURIED CONCRETH

Test Procsdures ~nd Results

For the purpose of comparison of the two concrete mixes,
the tests were conducted to detarmine the following properties of
the stonderd molst-~cured concrete test specimens:

1. Density of concrste

2. Gompressive strength

E. Mlexural strength

L« Welght change

5. Length change

6. Ultrasonic pulse velocity

Density of concrete was determined after 1l days of
moist-curing in saturated, surface dry condition.

Compressive strength measurements of standard moist-
cured test cylinders were made at 7 and 28 days' age. '

While test beams of series 225 deteriorated rapidly in
freezing and thawing, control beams and cylindersstored inthe moist-
curing room were kept for long~term observation and measurements.
F3n111v these henms were tested at the end of the nine months
period,

The three moist-cured control beams of series 226, to-
gether with their companion freeze-~thaw specimens, were measured
for length, welght and ultrasonic pulse vealocity at the begin-~
ning and at the end of the freeze~-thaw cye¢ling, when they werse
broken in flexure by the third-point lo~ding method (ASTM C 78-59),

Dat~ obtained on the standard moist-curcd test specimens
were averaged from three test results and are compiled in Table 8.

Discussion of Test Results

The density of hardened concrete series 225, made with
all-brucitic limesbone aggregate was 1.76 1b lower per cu £t
than that of series 226, in which fine aggregate of a higher
gpecifilc gravity was used.
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TABLE 8

Test Results on Standard Cured Test Specimens

Test M1xoe s
T
° 8t s No. 225 No. 226
Density, SSD, 1b/cu £t —mmemmmmmms 139.28 1ly1. ol
(1l days moist-cured) .
Cylinder Compr. Strength .
T=dny, P81l =mmrmememe e 1735 ' 2365
28-dny, Pl ~mmmemmme— e 2h65 3080
135-day, p8l =sr—meemme e ———— e 3685
270-day, Pl ~—r-mmmrecemee e ee— 2820 -———
_Teéts on . Beams
Flexural Strangth: _ - |
135-day, psl —-eesmmmmm e —— 565
270-day, PSl mm=mrcmcccec—ceeeee 545 -
Weight change, 1hmday, B o et o o e +0,9 +0.,9
135"‘d5y,% """""""""" +105 +1.5
Length change, 1ll-day, # ~-=cem--m +0,0128 -0,0012
135-day,% ~==mm———- +0,02I5 +0,0035
Pulgse Vdocity: ‘
V,, U-day, fps ——-mmmememme e ‘ 13020 1290
Veins 135-day, £ps ==--ccmmmsemae | ceeo- 15020
Vag e 2707day, £ps ~-=mommmmco--- 13710 |  eeme-
Velocity change, % mm=-mm—mcroc——- +5.5 +5,1

The 28-day compressive strength of concrete series 226
wag about 25 per cent higher than that of series 225. This may
be attributed to the difference in water/cement ratios of the
two mixes. The higher water consumption in the mlix was caused
apparently by some chemical reaction and an abnormal temperature
rise during the mixing.

No direet cowparison of flexural strength of the two
concrate mixes 18 possible becausd test beams were broken at
different ages, It 18 apparent from the test results that a
higher strength was shown by test beams of serles 226, That is
confirmed also by about 10% higher initial pulse velocity (% )
of series 226 test specimoens,
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The gain in weight during moist-curing was the same
for both series of concrete, i.e. 0,9 and 1.5 per cent after
1l and 135 days, respechbively. These fairly high values of weilght
gain are due to the high absorption of brucitic limestone.

The length measurements in series 225 indicated con-
tinous expansion of test specimens during the moist-curing pericd
whereas measurements in series 226 showed shrinkage at 1l days,
followed by expansion of test specimens at later ages. The ave-
rage expansion of conerate test beams after 135 days of moilst-
curinrg in series 225 was 0.0245%, whereas in series 226 at the
same age only 0.0035%. Linear expansion of concrete series 225
was seven times greater than thot of series 226, Illowever, this
amount of expansion 1s not an indication of concrete deterio-
rntion under moist-curing conditions. The fact that concrete re-
mains structurally sound is substentiated by the incrense of com-
pressive gtrength and ultrasonic pulse velocity of test specimens
during the moist-curing time.

Similar concrete test beams v.reynred by thisg laboratory
with a shalev limestone coarse ageregate, after 140 davs of con-
tinuous moist-curing, showed 0.05% expansion without any noticeable
effect on the normal concrete strength gein.

The U.S., Bureau of Reclamation has set a tentative limit
of 0,07% as a maximum permisscble expansion after 300 cycles of
wetting and drying for acceptrble concrete in exposed structures.

CONCRETE DURABILITY STUDIES

The objective of these tests was to study the dura-
bility of concrnte mnde with brucitic limestone aggregate.
Although durebility cannot be measured dirsctly, prolonged ex-
posure of concrete to repeated freezing and thawing may produce
measur~ble changes in test specimens, These changes may indicate
internal deterioration of concrete. Measurements made on the
test speclimens after repeated freezing and thawing produce data
which could be used for evaluating the relative frost resistance
or dur=abilitv of concrete.

Freezinpg ~nd Thawing Procedurs

In thils investipgation, concrete dur-bility was studied
by exposing tost specimens to repidly repeated cygles of freezing
in air end theowing in water according to the ASTM test method
C 201-61T,. One complete cvele, from LOr3 °F to 0+3 °F and back
to [0+3 °F, raquired about 3 hours. The automatic freeze~thaw
unit ¥ used in this investigation produces 8 cytles in 2l hours.

32 Manufectured by the Cen~dinn Ice Machine Companv, Ltd., Toronto, Ont.
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After 1l days of initial moist-curing, the temperatures
of all test beams were reduced to hQi3 °F by placing them in the
freeze~-thaw cabinet at the -thawing phase of the cycle for one
hour prior to testing. Initial weights, lengths, and ultrasonic
pulse velocity measurements of all beam specimens were taken at
this temperature. Six beams of each batch were then placed in
the freeze-thaw cabinet and subjected to repeated cycles of
freezing in alr and thawing in water.

The three companion beams were kept in :the moist-curing room
for reference purposes throughout the freeze-thaw cycling period.

Test Procedures nnd Results

The following measurements and tests were made to evaluate
the resigstance of concrete test beams to accelerated freeze-thaw
cyeling:

Measurement of length changes
Determination of weight changes
Measurement of ultrasonic pulse velocities
Determinstion of modull of rupture

Visual examination of test specimens.

UviEw o=
* * * * | ]

The freeze-thaw beam specimens were weighed and measured
for length changes once a week. At the same time beams were . ‘
tested for signs of internal deterioration by measuring ultra-
sonic pulse velocities. All wessurements were made at a tems :
perature of hQi3 °F. A visual appraisal was made of the beams ,
for any surface deterioration. .

Concrete of series 225 under exposure to freezing and
thawing deteriorated rapidly, developing map-cracking on the sur-
faces of test benms at the end of first days!' cycling. During
the next day, cracking of concrete resulted in complete disin-
tegration of test. specimens. . At the end of 16th cycle, when
lifted by the end, the beams broke under their own weight.

Great care was used to remove all six test speclmens
from the freezer chest in an unbroken condition, Figure 2 shows
the crncked test besms 6 nnd 9 of series 225 after 16 cycles of
freezing »nd thawing,

No length measurements of these test specimens were
possible becnsuse beams expanded beyond the maximum range  of the
laboratory comparator. Also lmpossible were the ultrasonic pulse
velocity measurements because the conhact points on the beam
ends had been damaged. ‘ ’

These tests indicate that the durabiiity of concrete
geries 225 was very poor and 1t could not resisi the destructive
actblon of freezinpg and thawing.



The fthree companlon beam and cylinder specimens of this
seriles had been kept in the moist-curing room for testing pur-
poses at a later age. The results of these test specimens after
270 days of molst-curing have also been included in Table 8,

The test specimens of series 226 were more durable.
Freeze-~thaw cycling was continued until the end of 297 ¢ycles,
when three beams were measurcsd and broken, %The test on the ce-
mrining three beams was continued bill 99& cvcles of freezing
and thawing. The final measurements were then taken on the
three freeze-thaw and also on the three standard-cured companion
reference specimens. The test results on freeze~-thaw specimens
for both series -re com:iled in Tsble 9, For series 225 only
initial measurements were made.

TABLE 9

Test Results on Freeze-Thaw Test Specimens

Te st Mixes
Tests No. 225 No. 226

1. Flexural Strength

Stand. moist-cnred, psi~ - - - 5h6 (2704) 565 (1354)
After 297 cycles (37d) pgi- - 3% 70
t 99l n (135d) psi- - n 1163 (-18.0%)

2. Welpght Change

After 99l cycles, %~ = = = = A 3% -0.3

3. Length Change

After 297 cycles, %= = ~ = = - 3 +0, 026
" qogly L A 3 +0. 06l
I, Pulse Veloclty
Vo, O cvcles, fps-= = = = = = 13,020 1,290
Vfin’ 297 ovo]es fpsS= = = = 3% 1h 160/ -0.9%)
Veip, 99 ", fhs- - - - 3 12, 780( 10. (1

3+ No messurements mode becmuse test wos discontinued after 16
cveles of freezing ~nd thawing.

Visual exnmination of the test specimens of series 226
1fter QQH cvcles of freezing and thawing showad that test beams
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Discussion of Yest Results

The rapid deterioration of concrete specimens of series
225 in freezing and thawing indicate the poor durability of con-
crete made with crushed brucitic limesbtone sand. <The abnormal
rise in temperature during the mixing required addition of wore
water and more of the ailr-entr-ining agent (Darvex A.E.A.). How-
aver, the air content in the wix finally measured was only 2%
which 13 not sufficient for the durabilitvy of concrete.

The origin of the exothermic reaction causing flash set
of cement with brucitic limestone sand shounld be studied further.

The test specimens of series 226 weve in excellent con-
ditiong after 2907 freeze-thaw cvcles. Lven after 99h ¢ycles test
benams were still in good shape with the flexural strength reduced
by only 18% and length increased by 0.06L%,

Paul Klieger(3) has set 0.07% as the 1limit of expansion
for durable concrefe after 300 cycles of freezing and thawing. That
will be equivalent approximately to a ljO0 per cent reduction of
the dynamic modulus of elasticity.

Ultrasonic pulse velocity values obtained on concrete .
test beams before and after freeze-thaw cycling were used to
compute the relative dynamic moduli of elasticity, which are di-
rectly proportional to the squares of pulse velocitiles 1), The
numerical value of relative dynamic modulus of elasticity, in
per cent wag calculated by the following equation:

Py = 'F1in x 100

2

V"

Where: E: = relative dynaomic modulus of elasticity in per cent.
cycles of freezing and thawing

V, = initial ultr-sonic pulse velocity.

Vein final ultrssonic pulse velocity in concrete spe-

cimens after C cycles of freezing and thawing.

il

The relative dynrmic modulus of elssticity P, for con-
crete fost beams of series 226 after 99l cycles of freezing
and thawing averaged to

%pu = 80%

This is another indication of good durability of concrete
series 226,
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GONCLUSIONS

The sample of brucitlc limestone from the Wakefield area,
when incorporated as coarse aggregnte in air-entrained con-
erete, showed good strength performance and durability when
used with natural sand as fine aggregate.

The use of sand manufactured from brucltic limestone seems
to impart undesirsble properties to conecrete, and further
investigation work 1s recommended.
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