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Abstract

Blast furnace slag (BFS) have many advantages that are related to effective value improvement on applying to
concrete while side effects of blast furnace slag also appear. Thus, research team conducted an experiment with high
volume slag to see if the attribute of waste alkali accelerator for mixing rate, mixed use of NaOH and Na2SiO3, and
early strength agent for mixing rate for replacement ratio and for the types of the stimulants in order to increase the
use of blast furnace slagls powder. As the result of the experiment, when it comes to compression strength, all of the
alkali stimulants have been improved as the replacement rate increases except for sodium hydroxide. Among the alkali
stimulants, sodium silicate was high on dynamic elastic modulus and absorption factor. In case of early strength agent,
the mix of mixing 1.5% and blast furnace slag 75% have showed high strength enhancement. In event of Waste Alkali
accelerator, it has showed different consequences for each experiment.
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Dynamic and Durability Properties of the Low-carbon Concrete using the High Volume Slag
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Table 1. Use of utilization of blast furnace slag
Property Main use

. Fluidity High flowing concrete (improvement on
small energy concrete of construction, etc)

2. Improvement setting
retardation effect

Bulk continuous casting concrete, etc

3. Low heat mass oconcrete (Basis of large structure eto)

4. curing 28 days strength Reduction of amount of unit cement

5. Improvement long-term
strength

Improvement on durability of structures,
reduction of amount of unit cement

6. High—strength High-fise RC building

7. Improvement water tightness  Underground, marine and underwater

structures

8. Improvement blockage of
chloride

Coast structure, floating, marine structures

9. Improvement seawater
resistance

Floating, marine structures

10. Improvement chemical
resistance

Chemical plant buildings, spa building acid r
ain measures

11. Inhibition of alkali silica
reaction

High durability of buildings

* Concrete Standard Specification Commentary
(KOREA CONCRETE INSTITUT , 2009)
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Table 2. Experimental factor and level by replacement ratio
of alkali accelerator

Experimental Number
factor Level of level
Clg%rgggiit% - Blast furnace slag 1
w/s" - 30(%) 1
- Sodium hydroxide (NaOH)
Alkali - Sodium silicate (NaxSiOs)
accelerator - Sodium carbonate (NaxCOs) 5
- Sodium sulfate (NaxSOq)
- Potassium silicate (K2SiOs)
Alkali
accelerator <1, 3,5, 7, 10(%) 5
content
Curing - air dry curing : 20+2(C) i
condition air dry curing - 20
- Fluidity, Freeze-thawing
Assi(ta:%rgent resistance, Compressive2 strength,

absorption rate

1) W/B = water to binder ratio
2) It is carried out only at 3% of addition ratio of alkali accelerator
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Table 3. Mortar mixtures containing combined NaOH and
Na2SiOs alkali activator

Unit Weight (g) Alkali HR
)
\(\g? B(E/S) activator  WR®
o o Wz) CS) BFS S4) (9 (%)
30
(Control) 48 1392
40 50 1408 2320 2320
75 1160 3480
100 ~ 4640 NaOH
(341.38)
11360 N2,Si0 0.5
30 3248 1392 313
(Control) ’
50 50 1870 2320 2320
75 1160 3480
100 - 4640

1)BFS : Blast furnace slag, 2) W : Water, 3)C : Cement
4)S : Fine aggregate, 5HRWR : High-range water reducer
¥ C:S=1:245
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Table 4. Mortar mixtures containing early strength agent

Early Unit Weight (g)
W/B strength BFS
(%) agent (%)
(%) W C BFS S
30 840 360
50 600 600
40 1,15, 2 480 2940
75 300 900
100 - 1200
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Table 5. Experimental factor and level using
waste alkali accelerator

Table 6. Mix using waste alkali accelerator (paste)

Alkali Waste
WB - (g) B(S)S (NaOH alkall
0) (NaOH) (g)

759 150

712 1000 1000 50 200

665 250

759 150

712 600 1400 50 200

665 250

759 150

712 400 1600 50 200

665 250

® s 150
712 1000 1000 40 200

665 250

759 150

712 600 1400 40 200

665 250

759 150

712 400 1600 40 200

665 250
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Figure 1. SEM of blast furnace slag  Figure 2. XRD of blast furnace slag

) No. of
E | f Level .
xperimental factor eve level Table 7. XRF analysis of blast furnace slag
Replacement ratio giléiacs Chemical composition (%)
of blast furnace - 50, 70, 80(%) 3 atio
S|ag n S\Oz A\gOs F9203 Ca0 MgO SOa MnO Pan T\OQ L.O.l
W /B - 0.45 1 ggtnst 3580 1387 052 411 360 236 033 002 120 024
Alkali accelerator . o
content 2, 2.5(%) 2
. 4.2.2 ¢ AFA
Waste alkali ?‘}%E] }—' ]
accelerator content -9, 12, 15(%) 3

Curing condition - Air dry curing : 20+2(C) 1
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Table 8. Type of alkali accelerator

Kind of accelerator Phase Specific gravity
Sodium silicate (NaSiOs) White powder 2.13
Sodium hydroxide (NaOH)  White powder 253
Sodium sulfate (NazSO4) White powder 2.40

Sodim cetbonate White powder 270
Potassium silicate (K»SiOs) Liquid phase 1.60
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Table 9. Physical properties of fine aggregate

Classifica  Density  Fineness Uni%\ggme Peor?eongspanirsgng
tion (g/em) modulus ; va (O
(kg/m) sieve (%)
Fine
aggregate 2.61 2.70 1,640 1.2
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Figure 4. Compressive strength development for alkali
accelerator content and type
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Figure 5. Dynamic modulus of elasticity by type of alkali
accelerator
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Figure 6. Weight change for type of alkali accelerator
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