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Table 1.
cement, Saskatchewan Fly ash and Condensed Silica Fume :
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Chemical Analysis and Physical Properties of CSA Type 10 (ASTM Type 1)

Chemical Analysis Cement Fly Ash

Silica Fume

ASTM C 150 ASTM C 618

CSA.A 23.5

Si0;

Al,03

Fe,03

Ca0, total

ca0, free
Si0;+A103 + Fe,03
50,

MgO

Alkalies as Na,0
C;5

C,5

C3A

C4AF

Loss on ignition
Moisture content
Insoluble residue

PHYSICAL PROPERTIES

95.41
1.09

0.32

0.24

0.73

85.0 min

Autoclave expansion 0.74

Time Vicat, minutes 75

Compressive Strangth

at 3 days, MPa (psi)
7 days, MPa (psi) 31.7(4600)
28 days, MPa (psi) 37.0(5370)

45-mm sieve retained, % 0.5

Blaine fineness, m*/Kg 401

Drying shrinkage increase

at 28-days, %

Specific gravity

Pozzolanic Activity Index:

with portland cement at

28 days, % of control

with lime at 7 days (psi)

Water Requirement:

% of control

0.8 max
45 - 375
24 .5(3550) 12.4(1800)
19.3(2800)
27.6{4000)
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Table 2. Proportions of Concrete Mixtures and Properties of Fresh and Hardened Concret; ¢

Fly Cementitious Materials wic super- Air - Unit Compressive Strengths
ash Kg/m? plasti- weight (MPa)

wt. cizer (ave. of 5-75 x 150
mm cylinders)

% Kg/m? Kg/m?

cement CSF 5 hrs* 28days | 56days 5 hour results Fly ash content, %

<4
0 +20%
e CSF concrete

35%

" ntrol

A 70%
X 80%

HP-CO - 393.2 0.0 0.0 | 0.28 | 11.8 2 2494.3 32.1 44.3 544
HP-C1 - 365.1 0.0 | 405 | 0.28 | 12.0 - 2526.8 59.0 66.7 68.0
HF-20 20 278.3 79.6 | 39.8 | 0.27 7.78 - 2503.1 56.7 721 69.3
HF-35 35 210.0 | 134.4 | 38.6 | 0.27 7.55 = 2429.6 37.7 56.1 59.3
HF-50 50 166.4 | 193.4 | 39.3 | 0.27 7.67 - 2468.5 28.9 53.4 55.4
HF-60 60 117.0 | 233.9°| 39.4 | 0.27 7.69 = 2475.6 15.9 54.1 548
HF-70 70 76.9 | 2735 | 39.3 | 0.26 6.51 - 2472.0 12.0 41.7 421
HF-80 80 39.4 | 312.6 | 38.9 | 0.25 6.95 = 2443.8 4.4 27.9 342
HA-20 20 273.2 781 39.0 | 0.27 9.96 4.3 2450.9 - 67.5 70.6
264.2 FE.SRE 37 ) |02 9.63 8.2 2369.6 = 57.4 66.6
HA-50 50 154.7 | 193.2 | 38.7 | 0.27 9.87 4.4 2429.7 z 50.5 583
145.0 | 181.1 36.3 | 0.27 9.25 8.7 2277.8 - 48.3 497

sl

Compressive strength (MPa)

For 5-hour accelerated curing, the strength was calculated as the average of 3-75x150 mm cylindes &
Aggregate to cement ratio was maintained at 5.0. : A indiye)
Coarse aggregate to fine aggregate ratio was maintained at 1.22. E
Maximum size of coarse aggregates was 3/4 in. (20 mm ). = - Fig. 2. Compressive strength of concrete versus Age

Fig. 3. Non air-

entrained Concrete specimens after the Freezing and thawing test.
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Freezing and Thawing
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Fig. 4. Average weight 10SS of freezing and thawing specimens Versus mixture tyf # Concrete specimens after the Freezing and thawing test.
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SEM micr
ograph of normal 100% type 10 cement-concrete [Magnification x 1850]

. = shows Ca(OH
Fig. 5. Durability Factor DF.nn) vs. Fly ash re lacement levels. ! ), platelets and C i : ;i
ig y (DF300 y P : 28-days of curing, SH fibres bonding well with coarse aggregates after




Fig. 8

Fig. 9.
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Freezing and Thawing

SEM micrograph of 20%flyash + 10%CSF concrete after 28days moist cui 'fg. 10. SEM micrograph of 20%flyash+ 10%CSF concrete after 28days moist curi
3 uring

Magnification x 1850.

SEM micrograpﬁ of high flyash concrete (5
of unreacted flyash with the paste separate

containing 8.2% entrained air; Magnification x 1850.

011, SEM mi
M micrograph of normal concrete after freezing and thawing test [Magnification

0%flyash + 10%CSF), reveals bor"s X 855]. Heavy deposition of whiti : !
d by a fine gap l!\:’tagnificatioﬂx2021 products evident. 3 of whitish Ca(OH), and radial growth of hydration
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Fig. 12. SEM micrograph of s
[Magnification X 655].

flyash + 10%CSF concrete after freezing and th3 f
Fairly dense CSH matrix, formed by consumptm"m
lanic reactions. Platy Ca(OH), and rounded V'

Fig. 13. SEM micrograph of 20%
[Magnification x 655].
Ca(OH), in secondary pozzo
flyash particles, absent.

ilica fume concrete after freezing a_nd thawin &
Dark, dense matrix with absence of radial growths &

Freezing and Thawing

Fig. 14a SEM micrograph of high flyash (50%) + 10%CSF concrete after freezing and
thawing test [Magnification x 885]. Needle-like crystals of ettringite scattered
throughout the matrix - on hydration products and in the rounded sockets of
unreacted flyash particles.
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Fig. 14b EDS of the surface of a rounded unreacted fly ash particle of Fig. 14a ( Al-
aluminium, Ca-calcium, Si-silicon, Au-gold coating )
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Fig. 14c EDS of the needle-like ettringite in matrix of Fig. 14a ( Al-aluminium, Ca-calcium
S-sulphur, Si-silicon, Au-gold coating ) 1

fig. 16. SEM micrograph of high flyash concrete (50%flyash+ 10%CSF), reveals a partly
reacted flyash particle with its envelope broken and with needle-like crystals of
ettringite scattered around, after 300 freezing and thawing cycles [Magpnification x
23001.

plateletslﬂf

allisec n products in cr_acks, after_ freezing and thaVﬂS g. 17. SFM micrograph of 20% flyash + 10% CSF air-entrained concrete reveals a matrix

cycles [Magnification x 1310]. Some needle-like ettringite crystals aré a E with numerous air-void sockets filled with needle-like crystals, after 300 freezing
' and thawing cycles [Magnification x 655].

SEM micrograph showing cracked matrix ot normal concrete with
Ca(OH), crystallised over hydratio

observed.




