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Effect of Fine Particle Cement and Recycled Aggregates as Alkali Activator

on the Engineering Properties and Micro-Structure of High Volume Blast

Furnace Slag Concrete
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Abstract

The aim of this study is to investigate experimentally the effect of the combination of fine particle cement with high
Blaine fineness (FC) and recycled aggregates on the engineering properties and micro structure of high volume blast
furnace slag (BS) concrete with 75% BS and 21 MPa. FC manufactured by particle classification at the plant with
Blaine fineness of more than 7000 cm2/g was used as additional alkali activator for high volume blast furnace slag
concrete made with recycled fine and coarse aggregates. FC was replaced by 15, 20 and 25% OPC. Test results showed
that the incorporation of FC resulted in an increase in the compressive strength compared to BS concrete without FC
by as much as 30% due to accelerated hydration and associated latent hydraulic reaction. It was found that the use of
FC and recycled aggregates played an important role in activating BS for high volume BS concrete by offering

sufficient alkali.
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Table 1. Experimental plan

Factors Levels
W/B (%) 50
Target air content (%) 4515
Target flow (mm) 120£25
BS contents (%) 75
75:25:0
Mixture  Binder combination 75:10:15
BS:OPC:FC (%) 75:5:20
75:0:25
Crushed stone, River sand
Aggregate types Recycled Coarse Aggregate(RCA)
Recycled Fine Aggregate(RFA)
- Slump
Fresh concrete - Air contents
- Setting time
Experi- - Compressive strength
ment (3, 7, 28, 42 days)

Hardened concrete - Corbonation depth
- SEM (7, 28 days)

- Porosity(28 days)

Table 2. Mixture proportions of the concretes

) W/B W S/a Weight (kg/mS)
Mixture 3 (o

(%) (kg/m’) (%) OPC FC BS G S SP
Plain 50 180 47 360 0 0 903 683 1.62
FCO 50 180 47 90 0 270 893 675 162
FC15 50 180 47 36 54 270 893 675 1.62
FC20 50 180 47 18 72 270 893 675 1.62
FC25 50 180 47 0 90 270 893 675 1.62
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Table 3. Physical properties of OPC

Setting(min) Commpressive
Density  Blaine Crystalline strength  (MPa)
(glem®)  (cmPlg) form Intial  Final 3 7 28
set set day day day
312 3390  MPOWOET 4o 594 346 421 479
form
Table 4. Physical properties of FC
) ) Compressive
Setting(min)
Density  Blaine  Crystalline 9 strength  (MPa)
(glem?)  (cmP/g) form ; .
9 g Ini. Final s 7d 984
set set
312 7613 MPOWAEr eq o9 356 425 486
form
Table 5. Chemical composition of FC
Chemical component (%)
LOI S|02 A|203 F8203 CaO l\/IgO SOs Kgo
054 2124 5.01 3.68 62.91 2.00 3.17 1.31

Table 6. Physical and chemical properties of BS

Densiy  Blaine  LO. Moisture Chemical component (%)
o) tent

(@em?)  (emo) (%) Coﬂ/jn( SOs MgO S0, CaO

2.90 4254 191 0.23 195 526 342 425

Table 7. Physical properties of Natural aggregates

Aggreg  Density Water Passing 0.08 mm
ates (glem?) absorption (%) sieve size (%)
NCA 2.67 6.48 0.58 -

NFA 2.58 2.86 2.63 2.87
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Table 8. Physical properties of RCA

Percentage of

Densigy Water Weight of unsit absolute
(g/em”) absorption(%)  volume(kg/m’) volume(%)
220 3.14 4.20 1 546 59.1
Table 9. Physical properties of RFA
Density FM Water Passing 0.08 mm
(glem?) absorption (%) sieve size (%)
2.20 2.76 6.20 2.40
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Figure 1. Process of fine particle cement manufacturing
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Figure 2. Slump and air contents according to FC contents
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