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Investigation of Early-Age Concrete Strength Development
Using Hardening Accelerator
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ABSTRACT In this study, performance of hardening accelerator types which promote setting and hardening of cement has been
reviewed in order to develop early age strength of concrete with compressive strength of 21~27 MPa after examination of strength
development of the concrete at early age according to curing temperature and unit cement(binder) content. As results, soluble mineral
salt showed better hardening acceleration effect than organic salt in the scope of this study. Also, hydration reaction accelerating
effect of C;S by Soluble mineral salt is effective on development of early age compressive strength and it was shown that the Pt’s
hydration reaction accelerating effect was the best. Construction duration reduction can be expected by securing compressive
strength for prevention of early aged freezing damage in 25hour-curing time under curing temperature at 15°C. Also, it was shown
that compressive strength of specimen cured at 5°C was similar with plain specimen cured at 10°C. Therefore, it is expected that fuel
costs and carbon dioxide can be reduced when the same construction duration is considered.

Keywords : cold weather concrete, curing temperature, unit cement contents, early-age strength, hardening accelerator
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Table 1 Experimental design

Factors Levels
I Curing temperature (°C) 10, 15, 20
Unit binder contents (kg/m’) 300, 330, 345
Curing temperature (°C) 10
I Unit binder contents (kg/m®) 330

inorganic salts : 4

Accelerator type organic salts : 3
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Table 2 Physical properties of used materials

Kinds Properties

* OPC (KS L 5201, Type 1)
* Density 3.15 g/em®, Blain 3,318
cm?/g
Ground Granulated |* Type 3 (KS F 2563)
Blast Furnace Slag | Density 2.86 g/cm3, Blain 4,300
(BFS) cm’/g

* Type 2 (KS L 5405)
* Density 2.14 g/cm®, Blain 3,964
cm’/g
Sea sand (S1) |* Density 2.61 g/em’, FM 2.53
Crushed sand (S2) |* Density 2.60 g/cm’, FM 3.09

* Crushed gravel
* Density 2.61 g/cm’, FM 6.61

* Polycarboxylic acid group
* Density 1.05 g/em’

Cement

Fly Ash (FA)

Coarse aggregate (QG)

Superplasticizer

Table 3 Mix proportion

W/B| S/a Unit weight (kg/m?)

Name
(%) | (%) | W |OPC|FA|BFS| S1 |S2| G

300P | 65.0 | 49.0 | 195| 210 | 45 | 45 | 344|516 | 896

I 300 [65.0(50.0|195|300 | - | - |355]532|887
330 |59.1|49.0| 195|330 | - | - [343]514|892
345 |56.5|48.0| 195|345 | - | - |334|500|903

II'| 330 [53.0/49.0|180|330| - | - [351|526|912




Table 4 Classification of concrete accelerators

Kinds Main substance
Chloride CaCl,, NaCl, KCl
. . Ca(NO,),, NaNO
Nitrite/Nitrate i ¢
Soluble Ca(NO3)2, NaN03, KNO3
mor%:mlc Carbonate CaCOs, Na,COs, K,COs
salts
Sulphate CaS0,, Na,S04, K,SO,
Thiocyanate NaSCN, KSCN
Aluminate Al(OH), AlLO;
Soluble o Ca(HCOO),,
Carboxylic acids
organic Y Ca(CH;C00),
salts Alkanolamines TEA, TIPA

Table 5 Evaluated accelerators in this study

Kinds Accelerators

Calcium nitrite (Cn), Sodium nitrate (Sn),
Sodium nitrite (Sni),
Potassium thiocyanate (Pt)

Soluble
inorganic salts

Calcium formate (Cf),
Sodium acetate (Sa),
Triethanolamine (TEA)

Soluble
organic salts
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Fig. 1 Slump and air contents with binder contents
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Fig. 2 Early-age strength with curing temperature and unit binder contents
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Table 7 Prediction of 5 MPa reaching time of concrete
using accelerator (hr)

Curing temperature (°C)
Accelerator
20 15 10 5
Plain 27.9 335 41.9 55.8
Cn 22.8 27.4 343 45.7
Sna 24.6 29.6 37.0 493
Sni 22.7 27.3 34.1 455
Pt 21.0 25.2 314 41.9
Cf 253 304 38.0 50.6
Sa 26.5 31.9 39.8 53.1
TEA 22.6 27.2 34.0 453
345 26.9 322 40.3 53.7
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