250 V.M. Malhotra

technique. Briefly, the above method consists of monitoring the amount of electrgf
current passed through a 102-mm diameter by 51-mm thick concrete specimen whep

potential difference of 60V dc is maintained across the specimen for a period of six hou§

Chloride ions are forced to migrate out of a NaCl solution subjected to a negative chagf
through the concrete into a NaOH solution maintained at a positive potential. rg

The conditioning of the concrete disc specimens for the test procedure consists of o
hour of air drying, three hours of vacuum (pressure <1 mm Hg), one hour of additio:
vacuum with specimens under de-aerated water, followed by 18 hours of soaking in wat
The total charge passed, in coulombs, is used as an indicator of the resistance of
concrete to the passage of chloride ions. '

The test results encompassing a number of investigations involving the use of seve}
different fly ashes have indicated that the resistance of high-volume fly ash concretemr
the penetration of chloride ions, as measured by the charge in coulombs, is very high. Te§
values of the charge ranged from 150 to 973 coulombs for concretes tested at ag}
ranging from 28 to 91 days. Itis generally agreed that for low permeability concretes, i
value of the charge in coulombs passed through the specimens should not exceed 100/
and for very low permeability concretes this value should preferably be less than 600.
silica fume concrete incorporating 400 to 500 kg/m? of portland cement and 10 per c&
silica fume, chloride-ion penetration tests yield charge in coulombs generally less than8ll

Carbonation

Limited data on carbonation tests performed on broken portions of cores drilled
five years from a large block of high volume fly ash concrete have been obtained. T¢
block was cast in December 1985 and moist cured for 28 days. Following that the biod
was left in a room with limited ventilation and at a temperature of about 23°C and!
relative humidity of 40 to 50 per cent. The average carbonation depth was less than fl

mm after 5 years.

Control of Expansion Due to Alkali-Aggregate Reaction

The undesirable expansion of concrete due to reaction between the cement alkaiéf
and certain types of silica in aggregates is a universal problem. Research at CANMET#'E

elsewhere has shown that the above alkali-silica reactions in concrete can be contro
by incorporating good quality fly ash as a partial replacement for cement. The genf!
recommended levels of cement replacement by fly ash are between 25 and 40 per ¢

As described earlier, high-volume fly ash concrete incorporates about 56 per cent?
fly ash as a percentage of ‘total binder, together with large dosages of a superpl
It was, therefore, considered prudent to perform investigations to ensuré that
contribution of alkalies, both from the fly ash and the superplasticizers, will not advers

astici?f
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affect the ability of high-volume fly ash concréte to con [
| : trol or considerabl
above expansive reaction when reactive aggregates are used. iy il

In order‘ to determine the_ role of high-volume fly ash concrete in controlling expansion
_due to-alkgh—aggregate reaction, two concrete mixtures were made, one control and one
incorporating ASTM Class F fly ash (13). The coarse éggregate used was 19-mm crushed

limestone; this limestone contains a highl ive sili
: esto y reactive silica phase an i
of expansive reaction in concrete. . S ke Moty

A numberlof 75 XD X _305-mm prisms were cast and subjected to the following
seven test regimes to determine the expansion due to the alkali-silica reaction

Test regime 1: Continuous curing of th i i i i intai
q ot g € prisms in a moist-curing room maintained at

Testregime 2,3: Continuous curing of the pri i i
prismsin 5% NaCL solution maintai
and 80°C after an initial moist curing for 24 h. L

Testregime 4.5:  Continuous curing of prisms in 1 normal NaOH solution maintained at
38 and 80°C after an initial moist curing for 24 h.

Testregime 6,7:  Continuous curing of prisms in 1 normal KOH solution maintained at
38 and 80°C after an initial moist curing for 24 h.

The prisms were exposed to the above regimes for a period of 275 days

Th i i
i prg Ct:;fj rr:s{::gl;sd wtr;lght ha:re peen published elsewhere indicated that, regardless of the
; est prisms cast from the high-vol i
B e e L gh-volume fly ash concrete did not
spite of the very reactive c i
R . _ oarse aggregate used in the concrete
ts confirm the previously published d
! \ : ata that fl
effective role in controlling the alkali-silica reactions in concrete. oy

LIMITATIONS

The . . - - - ags -

- c?:;zll(i)tr |l;‘:"llt3tl0l"l§ m_the ut|I|zatlaon of high-volume fly ash concrete is the availability

Bty Th; 0¥;Sh|WI'thlr! economic haulage of the construction site and adequate silo
er limitations include the compatibility between fly ash/cement and

of g

Superplastici i i i
Plasticizer. This needs to be investigated as each source of fly ash is unique. In

Some in initi i i
stances the initial and final setting of the high-volume fly ash concrete may be

'etarded by several h i
ours. This problem can likely b i
brarkgrag L ke s y be resolved by changing the type and

The perfor i
" E :
relativel ance of high-volume fly ash concrete subjected to de-icing salts is

Y po i
: chom;e%rdizdffurth'er resgarc_h is needed before the use of this type of concrete can
or this application involving this kind of exposure.
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Table 1- Physical Properties and Chemical Analysis of Various T
Fly Ashes Used in High-Volume Fly Ash Concrete

Fly Ash A | Fly Ash B

Control
Fly Ash L

. Fly Ash 8
————————————————————————— 2 Fly Ash 8
< Fiy Ash L

Physical Properties

Fineness - passing 45 um, % 78.8
- Blaine, m?/kg --

Specific Gravity 2.38

Continuously Moist-Cured

COMPRESSIVE STRENGTH, MPa

Chemical Analysis

Air-Cured After 7 Days Molst-Curing — — — _ _

Insoluble residue
Silicon dioxide (SiO.)
Aluminum oxide (ALO;) 22.2 o1 | i
Ferric oxide (Fe.0.) 15.7 17 28 56 91 3|e
Calcium oxide (Ca0), total g;? XGE dists 5
Magnesium oxide (MgO) 91 Fig. 2 - Compressi ;

Sulphur trioxide (SO.) 1.40 air-cﬁrejsé\;igittriz:gth development of test cylinders under moist-cured and
Sodium oxide (Na,0) 0.58 A

Potassium oxide (K.0) e vd : Eféiireference 12
Loss on ignition 0.32 :

45-1 - Specimen size: 150 x 300-mm cylinder

T T T
Camaat: ASTM Type |
Fiy Ash: Low Calclum Varlely
Coarse Agg.: Crushed Limestone (18-mm max,)
Fine Apg.: Natural Sand
: AE.A: Synthetic Resin Type
ik g : 8.P.: Haphthalens Based Product F" Ash : 215 kg’ms
Cement : 156 kg/m?

Fly Ash : 215 kg/m3

W/C + F)= 0.31

Cement : 155 kg/m3

Specimen Size: 152 x 305-mm Cylinder

Fly Ash 3

Fly Ash &
Fly Ash 1

’_""/,_l Fly Ash 2

Fly Ash 2
Fly Ash 4 Fly Ash 3
Fly Ash 4

Fly Ash 8
- Fly Ash 1

CREEP STRAIN, x 10 ~°

& 8 Fiy Ash &

Cement: ABTM Type I
Fly Ash: Low Calglum Varlety
Coares Agg.: Crushed Limssione (19-mm max,)

Fine Agg.: Matural Sand

AEA: Synthetic Resin Typs
8.P.: Maphthalens Based Product 200 300

COMPRESSIVE STRENGTH, MPa

Specimen Bize: 162 x 306-mm Cyliader AGE UNDER LOADING, days

Fig. 3 -

Creep strains for high-volume fly ash concrete.

X 1
200 300 400

AGE, days F
rom reference 14.

e fly ash concrete ¥§

Fig. 1- Compressive strength development of high-volum
155 kg/m?® of cement.
From reference 14.
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Control

_X Fly Ash L |

—OFly Ash S

—A Control *

e srlein RN e - Fly Ash L

=0 Fly Ash §

7 days Initial water curing
gidays initial water curing

DRYING SHRINKAGE STRAIN,x10-8

Control Concrete: 365 kg/m® cement
0.31 W/C
Fly Ash Concretes: 155 kg/m3 cement 1
215 kg/m? fly ash
0.31 WIC+F)

L
300 400 500

DURATION OF DRYING, Days

Drying shrinkage of high-volume fly ash and control concrete after 7 and |
days of initial water-curing.

From reference 11.
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