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SUMMARY OF RESULTS

Freeze~thaw durability studies were carried out on
eight concrete test series to evaluate the relative performance
of different admixtures to be used in concrete for the
Manicouagan-2 project.

The investigation showed that the concrete test
specimens suffered no significant damage at the completion of
1,000 freeze~thaw cycles.

The residual flexural strengths of the test series
at the completion of 1,000 freeze~thaw cycles were between 83.5
and 108,9 per cent except for series 580 containing Cyrigel
and series 644 containing Darex, for which the corresponding
strengths were 70.1 and 59.7 per cent, respectively.

The relative dynamic moduli of elasticity of the test
specimens from the different series were greater than 96 per
cent, indicating excellent durability of concrete.

X Scientific Officer, and ﬁkuead, Construction Materials Section,
Mineral Processing Division, Mines Branch, Department of Mines
and Technical Surveys, Ottawa, Canada,.
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RECHERCHES SUR LA DURABILITES DU BETON DESTINE
A L'ENTREPRISE MANICOUAGAN 2

par

V.M. Malhotra* et N.G. Zoldner gt

) v e . _
RESUME DES RESULTATS

. Les auteurs ont étudié la durabilité du béton, dans des
conditions dé gel-dégel, au cours de 8 séries d'essais faits pour
juger du comportement relatif de différents mélanges & béton
pour l'entreprise Manicouagan 2.

Ils ont constaté qu'apres avoir subi 1, 000 éyc.les de gel-
dégel, les échantillons d'essai de béton n'ont pas été gravement
" endommagés., '

- A la fin de ces éxpéi"iencés, les résistances résiduelles
3 la flexion de ces échantillons variaient de 83.5 a 108.9 p. 100,
sauf ceux de la série 580 qui contenaient du Cyrigel (70.1 p. 100)
et de la série 644 qui contenaient du Darex (59.7 p. 100). ‘

Les modules (coefficients) d'é 1ast1c1te dynamiques
_relatifs des échantillons d'essai des différentes séries, avaient un
taux supérieur a 96 p. 100. C'est 12 1'indice de 1'excellente dur-
_abilité du béton. : D o

*Agent sc1ent1f1que et **chef, Section des matériaux Je construc-
tion, Division du traitement des minéraux, Dlrectlon des mines,
ministere des Mines et des Relevés technlques, Ottawa, Canada
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INTRODUCTION

The Quebee Hydro-Electric Commission (Hydro-Quebec) has started
the development of & huge hydro-electric power project in northern Quebec,
about 200 miles northeast of Quebec City. The project consists of 3 dams
and related power generating stations on the Manicouagan River and 2 dams
on the Outardes River.

The Conecrete Laboratory Inc., Montreal, has been retained by the
Commission to carry out investigations on concrete mix design and concrete
materials to be used in the construction of Manicouagan-2 dam of the above
project, The main structure of this part of the project is a concrete
gravity dam of a hollow~joint type, This will probably be the largest void
structure of its kind in the world., A total of 1,5 million cu yd of concrete
are required for the dam, which will be 2300 ft long and 240 ft high,

Arrangements were made with the Mineral Processing Division of
the Mines Branch to conduct freezing and thawing tests on concrete beam
apecimens prepared by the above laboratory.

_ The purpose of this investigation was to study the relative dura-
bility of concrete test beams prepared from eight identical mixes using
different air-entraining and water-~reducing admixtures,

CONCRETE MIXES

A series of eight concrete mixes were designed and prepéred, and
test specimens were moulded by the Concrete Laboratory Inc., Montreal.

The details as regards the materials used, mix design data, and

the test results on fresh concrete were supplied by the above laboratory,
and these are given below,

Materials Used

Cement

Modifled type IT cement, specially manufactured to the specifi-
cations of the Hydro-Flectric Commission of Quebec by St. Lawrence Cement
Company Ltd.,(Villeneuve plant, Quebec City), was used in the preparation
of concrete mixes, The chemical composition and the calculated potential
compound composition of the cement are given in Table 1,




- TADLE 1

Chemical Analysis and Compound Composition of Cement

‘ . U .
Cement Constituents| % Compound Composition _%'

810y 22,50
A1504 5,28 CgS 28,0
Fep03 4.85 CoS 44.0
Ca0, free ' ' 0.34 CaA 5.8
| ca0, tota1 60.35 CF 14.7
¥g0 -] 2.88 Others | 7.5
503 | 210 Total | 100.0
Ignition Lossg - 0,58 )
Ingoluble Residue ‘0.28
. Total 99.16

. Aggregates

The coarse aggrega&e used was a coarsengrained pink granite from a
quarry near the dam site,

Fine aggregate. consisted of a blend of two grades of natural sand,
2 medium sand friom region “A" (70 per cent)and a fine sand from region "B"
(30 per cent)

: The gradings of the coarse aggregate and blended fine aggregate
are given in Table 2. :

¥ The abbreviations used are:

C38 = Tricalcium silicate

8 = Dicalciunm siliéate

CgAh = Tricalcium aluminate

C4AF = Tetracalcium alumine~ferrite
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TABLE 2

Grading of Aggregates

Coarse Aggregate Fine Aggregate
Sieve Size Per cent Passing Sieve Size Per cent Passing
14 in, 99.6 No. 4 mesh © 96,9
1 in, 60.4 No. 8 mesh 90.6
# in. 41,0 No. 16 mesh 78.9
% in,. , 23.8 No. 30 mesh 51.7
3/8 in. 13.3 No. 50 mesh 20 .4
No. 4 mesh 1.9 No. 100 mesh 4.6
| No. 200 mesh R

Some physical properties of both the crushed coarse aggregate and
blended natural sand are given in Table 3, .

' TABIE 3

Physical Properties of Coarse and Fine Aggregates

Crushed Natural
Granite Sand

Specific Gravity . 2,72 2,63
Unit Weight, 1b/cu fi . 93.0 108.0

Mix Proportions by
Weight, 7% 60 40




Admixtures

Seven of the eight concrete mixes contained a combination of an
air~-entraining and a water-reducing admixture produced by 'different manu-
facturers as listed below. The eighth mix contained no admixture.

1.

2,

3.

4.

5.

6.

T,

DAREX AFA -  Air-entraining agent
WRDA -  Water-reducing dispersing agent

Manufactured by Dewey and Almy Chemical, a division of
W. R, Grace & Co., Montreal 32, Canada.

PROTEX AFA -~ Ailr-entraining agent
FDA-IX - Protex dispersing agent

Manufactured by Autolene Lubricants Compeny, Denver 9,
Colorado, U.S.A.

VINSOL NYX ~ Neutralized vinsol resin air-entraining agemt

.MARACON MC - Maracon water-reducing agent

Manufactured by Marathon Corp., a division of American
Can Company, Menasha, Wisconsin U.S5.A. '

MBVR ~  Master Builders vinsol resin air-entraining
C agent
POZZOLITH - Master Builders dispersing agent ‘
Manufactured by the Master Builders Company, & division
of American-lMarietta Companyj Cleveland 3, Ohio, U.S.A,

PX A2 - Modifjcation of N.V R+, Sternson air-
, entraining agent :
PORZITE 73 -~ ~ Sternson water-reducing additive
" Manufactured by G, F. Sterne & Sons Limited, Brantford,
Ontario Canada,

CYRIGEL, - Air-eniraining and water-reducing agent

Manufactured by Les Industries Chimiques de Voreppe,
France.

DAREX -  Adir-entraining agent

Manufactured by Devey and Almy Chemicals, a- d1V1310n of
W. R. Grace & Co., Monireal 32, Canada,

Mix Design Data

The same mix design was used for all the test mixes, Design data
for a typical mixare given in Table 4.




TABLE 4

Design Data of a. Typical Concrete Mix

Mix Proportions per cu yd

Cement, Aggregates, 1b Water,] W/C Ratio
1b 1b (by weight)
Coarse Fine
4056 2025 1345 220 0.54

Properties of Fresh Concrete

The properties of fresh concrete, i.e,, air content, .unit weight
and slump, are given in Table 5.

TABLE 5

Properties of Fresh Concrete

Series Properties of Fresh Concrete

No. Admixtures Siump, in.| Unit-weight| Air content,
) ) 1b/cu ft o

B 280 Darex ATA, WRDA 4,3
B 316 Protex, PDA IX S1lump Was 4,8

. B 402 Vinsol NVX, Maracon MC] varied 4.6
B 430 MBVR, Pozzolith from not 4,0
B 491 PX AZ, Porzite T3 : 0 \ 4.7
B 580 Cyrigel %o recorded 4.0
B 612 | None . 3/8 in, 3.0
B 644 Darex ATA 3.8
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CONCRETE TEST SPECTMENS

From each of the eight test mixes, six 3 x 4 x 15 in, beams were
prepared for durability studies, After initlal moist-curing for 14 to 21
days, all test beams, packed in moist sand boxes, were delivered ‘to the
Mines Branch laboratories in Ottawa where they were further moist-cured
until the test specimens reached 28 days of age. '

Every-test beam was provided with stainless steel reference
inserts embedded in each end for length measurements.

: A11 beams were received in good, undamaged condition and were
provided with fresh markings and seriusl numbers.

CONCRETE DURABILITY STUDIES

Although durability cannot be measured directly, prolonged
exposure of concrete to repeated freezing and thawing may produce measur-
able changes in test specimens, These changes nay indicate deterioration
of concrete, Measurements made on the test specimens aftet freeze-thaw .
cycling provide data which can be used for evaluating the relative frost
resistance or durability of concrete. g '

Freezing and Thawing Pfocedure

" In this invcstigation, test specimens were exposed to rapidly
repoated cycles of -freezing in air and thawing in water according to the
ASTM Test Method C 291-61T. :

'However, the standard procedure for th1s work -has been
altered at the request of the Hydro-Quebec by extending the period of
initial moist-curing from 14 to 28 days.

, The automatic freeze~thaw unit ‘used in this investigation
performs 8 oycles per day, One complete cycle, from 40 % 3°F to 0 % 3°F
and ‘back to 40 %t 30F, requires about 3 hours,

' ' At the end of the initial moist-curing periqd the temperature
of each set of 3 test beams was reduced to a uniform 40 I ¥ 3op by placing
the beams in the freeze-thaw cabinet at the thawing phase of the cycle for
one hour. The initial and all subsequent measurements of the freeze-thaw
and the reference test specimens were made at this temperature.

" Mfanufactured by the Canadian Ice Machine Company, Ltd., Toronto, Ont,




After initial measurements of the test boams were taken, three
beams were placed in the freeze~thaw cabinet and the three companion beams
vere kept in the moistwcuring room for reference purposes,

' The tests were started on September 74 1962, and were terminated
on February 5, 1963, at the completion of 1000 Z 8 freere-thaw cycles,

Tests

The following tests were made to evaluate the resistance of concrete
teat beams to accelerated freezing and thawing:

1. Veight doterminations

2. Length measurements

3. Pulse velocity determinations

4. Regonant frequency determinations

5. Determination of flexural strength
6. Visual examination of test specimens

The freeze-thaw test specimens were weighed, measured and tested

by ultrasonic pulse velocity and resonant frequency methods at regular
intervals of about 100 cycles.

At the completion of 1000 cycles, both freeze-thaw and reference
beams were measured, tested and broken for flexural gtrength determination.

Test Methods

Test specimens were weighed with a probablé accuracy of % 0,001 1b,

Length measurements were made on an Ames comparator, having a dial
reading of 0,0001 1n.

Ultragonic pulse velooity vas determined by a UCT electronic
concrete tester¥, This ingtrument operates at 100 ke with 0.1 microsecond
sensitivity. -

Tranaverse freqnency wag determined by Electro Sonometer** using
ASTM Standard M2thod C 215-60%, This instrument operates on 50/60 cpe with
20 cps dial reading accuracy.

Xanufactured by A. E, Cawkell Electronic Engineers, 6-7 Victory Arcade,
The Broadway, Southall, Middx., England,

Myanufactured by Electro Products Laboratories, Chicago 40, Illinois, U.S.A,

*Standard Method of Test for Fundamental Transverse, Longitudinal, and
Torsional Frequencies of Concrete Specimens (C 215«60) 1961.ASTM Book
of Standards, Part 4, p. 771,




Concrete flexural strength was determined by teating 8 x 4 x 15 in,
beams according to ASTHM Standard Method C 78-59* | using the third point
loading system, The beams were tested in a manually operated, lever type
Tinius Olsen testing machine, the uccuracy of which in the 10,000 1b range
is 1 1b. -

In addition to the above tests, visual inspection of the specimens

wag carried out after every 100 cycles of freezing and thawing. Photographs
of the freeze-thaw test beams and of the companion reference beams were taken
at the completion of 1000 cyeles to show the scaling and deterioration effects,

Test Results

The results of various tests are shown in Tables 6 to 8,

Table 6 shows weight, length, pulse velocity, and transverse
regsonant frequency results at zero and at completion of 400 and 1000 freeze- -
thaw cycles, Also included in this Table are the results of flexural
strengths and visual observatlons of the test beams,

The relative weight loss and length changes in. per cent, are shown
in Table T, - A gauge length of 13 6 in, has been taken for calculation of the
changes in length.

In Table 8 are given the per cent relative losses in pulse velocity
and transverse frequency, These have been calculated as the difference
between the percentage gains in the results of the reference and freeze~thaw
test specimens at completion of 1000 freeze~thaw cycles. (The 1000 freeze.
thaw cycles- correspond to a total curing period of 148 days for the reference
- specimens), ,

The relative dynamic modulus of elastzomty, for the purpose of
discussion, was calculated from the following equa&ion, a8 given in the
ASTM Standard Method C 291-61T.

Pg = x 100'per cent,

N2
vwhere: N = fundamental transverse frequency at 0 cycles
of freezing and thawing, . ‘

' Np - fundamental transverse frequency after ¢
cycles of freezing and: thawing. -

*Standard Method of Test for Flexural Strength of Concrete (Using Simple
Beam with Third-Point Loading) (C 78-09) 1961, ASTM Book of
Standards, Part 4, p. 734,




TABLE 6

Test Resulis on Beams Subject o Freeze~Thaw Cycles

Test Resul‘!:s!t )

Test No. of Description of test beams
Series Admixtures| freeze-thaw Heieht Len X! mransverse Pulse Flexural after exposure to 1000
No. cycles ;'_% ? ng;th '| Frequency,| Velocity,| Strength, cycles of freezing and thawing
: °ps fps psi
‘ 0 15.726 | 0.0910 2010 13,880 -
B-260 | Darex ARA, 400 15,754 | 0,0913 2025 14,350 - Slight surface scaling
HRDA 1002 15.707 | 0.,0934 2000 14,450 525
Prot 0 16.062 | 0.0723 2030 14,650 - :
B-316 | SOUT 400 16.026 | 0.0729 2010 14,580 - S1light surface scaling
A 1X 1002 15.996 | 0.0750 2000 14,720 690
Vinsol NVX, 0 15.911 | 0.0723 2040 14,410 - L. }
B-402 | Maracen MC 400 15,871 | 0.0738 2025 14,310 - No visible signs of
1001 15.846 | 0.0745 2010 14,400 875 deterioration
0 16,108 | 0.0992 2030 14,410 -
B30 | VR, 400 16.096 | £.0873 2625 14,510 - 5iight surface scaling
Pozzolith 1001 16.079 | 0.1012 2025 14,660 640
0 16,099 | 0.0888 2050 14,730 -
B-491 | PX A2, 400 16.115 | 0.0639 2000 14,990 - Slight surface scaling
Porzite 73 1000 16.112 | 0.0905 2010 14,810 635
0 16,376 | 0.1117 2010 14,650 - L. .
B-580 | Cyrigel 400 16,548 | 0,1140 2000 14,690 - No visible signs of
1001 . 16.043 | 0,1185 2010 14,850 495 deterioration
0 16.683 | 0,0712 2000 14,920 - ‘ :
B-612 | None 400 16.282 | 0.0730 2000 14,890 - Slight surface scaling
1002 16.270 | 0,0719 2000- 15,000 670
0 15.882 | 0.0971 2000 14,820 -
B-644 | Darex AFA 400 115.989 | 0.1030 1995 14,920 - Some damage at the edges of
992 15,970 | 0.1074 2010 15,120% 465 one bean -

fEach result is a mean of tests on three beams except for series 612, for which only two beams were tested.

i:kga*uge length = 13,6 in.

*The individual pulse velocities were 15,600, 15,350 and 14,410 fps respectively.

o



TABIE' T

Per Cent Relative Weight and Length Changes®

Test Feight of Beams, 1b cetats Length of Beams®™ in, verat

Series . £ ¥ —Thow Relative |~ . ” elative
No. | Admixtures Reference racze-d ‘Loss, __Reference Freeze-Tuaw o
N | Per Cent] @+ S |Per Cenmt{Per Cent| 1 . | 1L + |Per Cent| L ++ L+ | p $| e,
28 148 | Gain ° 1000 Loss 28 18 | Charge 1000 | S0 per Cont
B-2e0| - © 7| 15.855 | 16.953 | 0.61 | 15.726 | 15.707 0.12 | 0.73 | 0.1230{ 0.1356| 0.0190 | 0.0910 | 0.0034 | 0.0175 -6.0015
B-316 g_:ti’ 16,176 | 16.340 | 1.01 | 16.062 | 15.996 0.41 | 1.42 | o.0886| 0.0913| 0.0197 | 0.0723{ o0.0750 | 0.0188 +0.0001
Vinsol NV ‘ ~ ‘ . :

B02| o U] 15.736 | 15.803 | 0.43 | 1s.911 | 15.846 0.41 | 0.84 | 0.1353 0.1366{ 0.C094 | 0.0723 | 0.07¢5 | o0.0161 +0.0167
B-430 ﬁif;lith 16,167 | 16.217 | 0.31 | 16.108 | 16.079 0.18 | 0.45 | 0.0484 0.0497] 0.0005 | 0.0982 | 0.1012 | 0.0146 +0.0051
B-491 gr‘:zi o 73| 164116 | 16,181 .| 0.40 | 16.099 | 16,112 0.08 | 0.48 | 0.1060] 0.1062{ 0.0014 | 0.0888 | 0.0505 | 0.0124 +0.0110
| B-580| Cyrigel | 16,257 | 16.337 | 0.38 | 16.376 | 16.043 2,04 | 2.42 | 0.1171] 0.1175] 0.0029 | 0.1117 | 0.1165 | 0.0850 +0.0321
B~512 | None 16.251 | 16,306 | 0.34 | 16,683 | 16.270 2.48 | 2,82 | 0.,0702] 0.0719] 0.0124 | 0,0712 | 0.0718 | 0.0051 -0,0073
B-644 | Darex ARA | 15,960 | 15.981 | 0.13 | 15.982 | 15.970 0.07 | 0,20 | 0.1008f 0.1113] 0.0108 { 0.,0971| 0.3074 | 0.0754 40,0545

XEach result is a mean of tests on three beams except for series 612, for which only two beams were tested,

¥; Juge length = 13.5 in.

+Reight and Length of beamsat 28 and 148 days,

¥Height and Length of beamsafter 0 and 1000 cycles of freezing =and thawing.



Per Cent Relative Loss of Pulse Velocity and Transverse Frequemcyit

TABIE 8

Tltrasonic Pulse Velocity, ¥, fps

Test’ Fundamental Transverse Freguency, N,cps
Series | Admixtures) Reference Beams Freeze~Thaw Beams Relative Reference Beams Freeze~Thayw Beams Relative
No. + 1 ¢ + | Per (.:enf v 71 v ++ | Per Cent loss, ;- N+ | Per ceat N+ ] N ++ | Per Cent loss,
28 148 . Gain 0 1000 Gain |Per Cent 28 148 Gain S 1000 Chanze Per Cent
B-280 Darex AR\, 14,230 ¢ 15,700 10.30 13,830 14,430 +4,10 6,20 2010 2455 22,0 2010 2000 0.5 22,5
= WRDA ‘
Protex
B=318 DA IX, 14,880 18 ,300 9.30 14,650 14,720 +0.47 8.03 1980 2460 24,2 2030 2000 =1.5 25.7
Yinsol NVX - 5
B-402 Maracon MC P 14,620 { 15,300 8.10 14,410 14,400 0.0 8.10 2040 2455 20.4 2040 2010 =1.35 21,9
MEVR, i
B-~430 Pozzolith 14,600} 16,000 9.60 14,410 14,680 +1.73 T.87 2000 2450 22,5 2030 2025 =0.3 22,8
B-491 Px A2, 14,990 { 15,990 6,70 14,730 14,810 +0,54 6,16 2040 2460 20.6 2050 2010 -1.8 22.5
Porzite 73 ? ’ * ’ 3 ° * * ¢ e
B-580 ] Cyrigel 14,850 | 15 ,750 8.19 14,890 14,850 +1.09 5.01 2010 2450 21.9 2010 2010 0.0 21.8
B-612 } None 14,990 16,200 8.10 14,920 15,000 +0,53 7.57 2040 2480 20.6 2000 2Q00 0.0 20.6
B-544 | Darex AEA 15,030 { 16,100 T..10 14,820 15,120 +2,02 5.08 2000 2450 22.5 2000 2010 +0.3 22,0

¥Zach result is 2 mean of tests on three beams except for series 612, for which only two beams were tested,
+ Pulse veleocity and transverse frequency at 28 and 148 days.

++ Pulse velocity and transverse frequemcy at 0 and 1000 cycles of freezing and thawing.
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The flexural strength test results for the reference as well as
the freeze~thaw test beams are summarized in Table 9, Also included in the
table are the residual strengths which have been calculated by dividing the N
flexural strength of the freeze-thaw beams at completion.of 1000 cycles by
" those of .the reference beams at the corresponding curing age, and expressing
it as a percentage.

TABLE, 9

Summary of Flexural Strmngth Test Results

| Flexural Strength of Beams™
Batch | pdmixtures -
No. Reference “After 1000 gi?éﬁg%%,
' freeze~thaw cycles Per cent
B-280 | Darex, WRDA' 630 525 83.5
B-316 Protex, FDA IX 635 690 108.9
B-402 | Vinsol NVX, ‘ '

; Maracon MC , 730.- - 675 - . 92.5
B-430 | MBVR, Pozzolith 710 640 90.1
B-491 | TxAZ, Yorzite T3 690 , 635 921
B-680 | Cyrigel 705 495 ; 70.1
B~G12 | None 720 670 ) 93.0
B-644 | Darex AEA 780 465 | 597K

XEach result is a mean of 3 test beams, except for series B-612, for which
only 2 reference beams were tested.

Miow residual strength is due to a very low sirength of one beam, the
individual beam strengthe being 435, 650 and 310 psi, respectively.

Photographs of the beams at the completion of 1000 cycles of
freezing and thawing are shown in Figures 1 to 8. Also included are the
photographs of the reference beams for series B-612 and B-644 for com-
parison purposes, ' : -
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Discussion of Results

The results compiled in Table 6 and pho{ographs in Figures 1 to 8,
shov that none of the test beams under test suffered serious damage at the
completion of 1000 cycles of freezing. and thawing.

The resultis in Table 7 show that the moist-~cured reference beams
gained 0,13 to 1.01 per cent in weight, whereas the freeze-thaw test speci-
méns Suffered a loss ranging from 0,07 to 2.48 por cent, giving a ‘relative
loss in-weight from 0.2 to 2,82 per cent, which is rather small congidering
that the beams had been subjected to 1000 cycles of freezing and thawing,

The reference beams after 148 days of moist storage showed a
maximum expansion of about O .02% (Series B~316) whereas the maximum ex-
pansionsat 400 and 1000 cycles of freeze-thaw mre 0,04 and 0,08 per cent
respectively, Thus, the expansion of the beams is well within the 1limit of
0.07 per cent set by Paul Klleger(l) for durable concrete after 300 cycles
of freezing and thawing.

The relative dynamic moduli of elasticity for the test beams are
_greater than 96 per cent, indicating an excellent durability of concrete,
‘This high durability was confirmed also by the ulirasonic pulse velocity
measurements, which showed a gain for all the test beams after 1000 cycles
of freezing and thawing.

Table 8 indicates that at completion of 1000 cycles of freezen
thaw, the specimens did not show significant changes. from the conditions at
zero cycles, However, the beams have actually deteriorated to some extent
as compared to the reference specimens, which increased in strength during

the curlng period.

The residual flexural strengths as given in Table 9, vary from
59.7 to 108.9 per cent of the reférence beam strengths, The 1owest gtrength
was obtained for Series B.644 specimens, one beam of which was the nost
affected by freeze-thaw cycling. The ultrasonlc pulse velocity of this
particular beam was 1065 fps 1ower than. the average of the two companion
beams of the same sorles.

Tt is interesting to note that the beams of Series B-612 (without
any admixture) had suffered no damqge after 1000 freeze-~thaw cycles, - This
is probably because the sand used in the mixes occludes air into the mixture
(air content of Series B-612 = 3.0 per cent) which may account for the
excellent performance of this series when subgected to freeze-thaw cycling.
Whether concrete mads with the sand from this source would perform equally
well in the field is open to question because it has been shown(2) that the
accidental air entrapped by sand from a single source varies from day to
day and with different conditions of storage and exposure, This could well
mean very strict field quality control if the sand from this source has to
be used for the dam concrete.

_ The visual appraisal of the test beams after exposure to 1000
cycles of freoze-thaw has been recorded by photographs shown in Figures 1-8.
"The photographs show the beams to be in excellent condition in spite of. the
large nunber of freeze-thaw cycles to which they have been subjected.
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CONCLUSIONS

The durability studies show that all concrete test specimens,
with or without admixtures, performed excellently at completion
of 400 freeze~thaw cycles. At the end of 1000 cycles, concrete
specimens containing Cyrigel and Darex as admixtures, showed
relatively more deterioration than the other concrete specimens,
including the test beams containing no admixtures,

In evaluating the relative performance of admixtures in
concrete series under test, it is suggested that the results of
this investigation should be interpreted in conjunction with
the findings of other tests on the same concrete, as outlined

. in ASTHM Specification C 233.-60T, "Methods of Tests for Air-

Entraining Admixtures for Concrete",
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