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Characteristics of Ternary Blended Cement Concrete Using Fly Ash and Silica Fume for
Post-Tensioned Concrete Pavement Application
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Abstract

Post-tensioned concrete pavement(PTCP) was developed to built long-span concrete pavement(120 m span) and to maintain
long-term service life(over 40 years) of concrete pavement. In the present study, research for high-durable concrete was con-
ducted to utilize the advantage of PTCP construction method efficiently. First of all, 20% of fly ash(by binder weight) was
replaced to control alkali silica reaction. Second, silica fume was applied to improve the water-permeability and early-age strength.
Results of tests for mechanical properties, water-permeability resistance, and surface-scaling resistance of ternary blended cement
concrete showed that the early-age strength was improved significantly with addition of silica fume. The water-permeability resis-
tance was improved from “Low” to “Very Low”(ASTM C 1202). However, surface-scaling resistance was decreased with an
increase of silica fume, therefore, content of silica fume should be kept in less than 5%(by binder weight) to assure field appli-
cation considering durability. The results of air-void analysis showed that durability factors were improved since spacing factors
were estimated as 250415 micron in adjusted mixtures.

Key words : Concrete pavement, Post-tensioned concrete pavement, Silica fume, Fly ash.
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Fig 1. Concrete placement in field.

Fig 2. Cracking in pocket.
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Table 1. Physical properties and chemical composition of fly ash

Classification Items Requirement Result
SiO; (%) above 45.0 55.8
Chemical composition Water content (%) below 1.0 0.14
1g. loss (%) below 5.0 3.9
Density (g/cm®) above 1.95 225
) 45 ym Sieve (*%) ; Sieve method below 40 30
Fineness
Specific surface area (cm?/g) ; brain method above 3,000 3,495
Physical Properties
Flow rate(%) above 95 101
o 28 days above 80 94
Index of activity (%)
91 days above 90 112
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Table 2. Physical properties of admixtures

Item Requirement (i;gfgdliiu;iirj) Flowmix 3000H HRAEWR
Density (g/cm?) 1.050+0.02 1.055 1.04 1.056
pH 6.31 2.50
Depletion Rate (%) 24.3 20.0
Bleeding Rate (%) 48.0 46.0
Total Alkali (kgg/m®) below 0.3 0.008 0.10 0.05
Relative Elasticity above 80 94.1

Table 3. Physical properties and chemical composition of
undensified silica fume

Classification Items Requirement Results (%)
SiO, >85% 93.21
Fe,O3 0.60
ALO; 0.47
SO; <2% 0.85
Ca0O <1% 0.58
Chemical MgO 0.36
composition KO 0.39
Na,O 0.37
TiO, 0.21
P,0s 0.15
LOI <6% 2.81
pH 5
Specific Gravity 222
Physical | Specific Surface 30 m?/g
properties Bulk Density 345 kg/m?
Particle Size 0.05~1 micron
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Table 4. Concrete mix proportions

Unit Weight (kg/m?) Estimated results
. W/B | S/a ili i i
Variables % % Fly Slllca Cement | Water | Sand | Gravel | S.P* Flowmix HRAEWR***| Slump Alr
(%) | (%) | ash |fume (ke) ke) | ke) | (ke) (%) 3000H** (%) (mm) content
(kg) | (kg) (%) (%)
Control €336-
. FA20%- 36 | 40 | 84 - 336 151 687 | 1,050 | 0.9% 70 2.0
mixture
SF0%
C352-
FA20%- 33 40 | 88 - 352 145 686 | 1,048 0.5% 0.4% 80 4.0
SF0%
Adjusted €332-
- FA20%- 33 40 | 88 | 22 352 145 675 | 1,032 0.5% 0.5% 45 4.0
mixtures
SF5%
C352-
FA20%- 34 | 40 | 88 | 44 352 150 660 | 1,009 0.5% 0.5% 40 4.7
SF10%****
S.P* ; superplasticizer(applied in field)
Flowmix 3000H** ; poly-carbonic S.P
HRAEWR*** ; high-range air entraining water reducer
(C352-FA20%-SF10%**** ; unit cement weight 352 kg - rate of fly ash replacement 20% - rate of silica fume 10%
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Fig 3. Compressive strength.
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Table 5. Results of water-permeability resistance test

. 14-days 28-days 56-days
Variables
Results Level Results Level Results Level
Control mixture C336-FA20%-SF0% 4,835 High 3,172 Moderate 1,082 Low
C352-FA20%-SF0% 4,789 High 3,174 Moderate 1,229 Low
Adjusted mixtures C352-FA20%-SF5% 1,434 Low 1,057 Low 810 Very low
C352-FA20%-SF10% 1,478 Low 534 Very low 483 Very low
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Table 6. Comparison of air content between fresh and hardened concrete

Air content(%)
in fresh concrete

Air content(%)
in hardened concrete

Variables

Image analysis

Pressure method

Tom Bottom Avg.

Control mixture C336-FA20%-SF0% 1.3 1.27 1.30 1.29
C352-FA20%-SF0% 4.0 4.00 435 4.18

Adjusted mixtures C352-FA20%-SF5% 4.0 4.05 430 4.18
C352-FA20%-SF10% 4.7 430 420 425

*Top ; 5 mm position from upper surface of cylindrical specimen

**Bottom ; 55 mm position from upper surface of cylindrical specimen
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Table 7. Durability factor with spacing factor

. Specific .
Variables fSpacmg surface area l?urabll(:ty
actor (um) (mm?/mm?’) factor (%)
C336-FA20%-SF0% 465 19.81 8.2
C352-FA20%-SF0% 249 22.07 94.7
C352-FA20%-SF5% 262 21.25 943
C352-FA20%-SF10% 234 24.01 95.1
available)’2.2 ¥ 713} T},

[Range #1]D.F =-0.0298xS.F+102.12

{S.F ; SF<262} ¢))
[Range #2]D.F =-0.0045xS.F2+2.3076xS.F-199.74

{S.F ; 262<S.F<288} 2)
[Range #3]D.F =-0.461xS.F+222.55

{S.F ; 288<S.F<480} 3)
[Range #4]D.F =0 (Not available)

{S.F ; S.F>480} 6]
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