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Compressive Strength and Fluidity of Low Temperature Curable Mortar Using High

Early Strength Cement According to Types of Anti-freezer, Accelerator for Freeze
Protection and Water Reducing Agent
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Abstract

In order to examine the possibility of practical use of concrete at low-temperature environment using high early
strength cement with cold resistance admixture, an experimental study on workability, freezing temperature and
compressive strength of the mortar with different types of anti—freezer, water reducing agent and accelerator for freeze
protection at low-temperature were evaluated. Compressive strength was increased in use of anti—freezer, especially
SN anti—freezer was higher than CN anti—freezer. Omin flow was increased, the 20min flow was decreased. And 20min
flow was improved in use of FR, RT water reducing agent. CF, LS accelerator for freeze protection, regardless of the
type of water reducing agent, compressive strength was increased.

Keywords : high early strength cement, anti-freezer, low temperature curable mortar, accelerator for freeze protection,
water reducing agent
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Table 1. Design of experiment

Factors Levels
W/C(%) 1 45

Mixed ratio(C:S) 1 1:3

Target flow(mm) 1 120+20

- Sodium nitrite (SN)

Anti-freezer tyoe 2 . Gajsium nitrate (CN)
Anti-
freezer Anti-freezer
replacing ratio 1 15
(on/o)
- Calcium formate (CF)
fréggglegfgt)er(;{%n 5 - Lithum sufiate (LS)
type - Sodium carbonate
Accelerator (SC)
Mixture  for freeze
protection Accelerator for
freeze protecton 3 - 0, 0.1, 0.2
ratio (Cx%)
- Superplasticizer type
(SP)
Water reducing 3" Fluidity retention type
Water agent type (FR)
reducing - Fluidity retention and
agent Retarding type (RT)
Water reducing
agent replacing 1 - 0.6
ratio (Cx%)
Flow test 1 - 52T, 20£5%2)
: Freezing AN o
Curng  yemperature test' 1 40, 0%2)
condition
Compresswe BT o
strength test’ ! 5€C, 0%2)
- Flow (Omin, 20min)
Experi- Fresh mortar 2 . Freezing temperature
ment - Immediately
de-moulded
compressive strength
(3, 7, 28 days)
Hardened mortar 2 -+ 3 hours after
de-moulded
compressive
strength3)
(3, 7, 28 days)

1) Sealed curing for preventing of moisture evaporation
2) Temperature (C), humidity (%)
3) 3hours at 20°C after de-moulded specimen
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Table 2. Chemical and physical properties of cement

Physical

Chemical composition (%) properties

lg- ) Density  Blaine
Loss SiO,  AOs Fex0O3 Cal MgO SOs (g/cms) (sz/g)
137 2116 477 339 6206 265 326 3.12 4,220
Table 3. Particle size distribution ratio of cement
Distribution ratio (%)
Median (zm)
< fum 1~10um 10~44um > A4 ym
8.14 1.9 49.2 376 1.3
Table 4. Physical properties of aggregate
Maximum Unit
Division size of Fineness  Density  Absorption volume of
aggregate  modulus  (g/lem®) (%) weight
(mm) (kg/m®)
Standard
sand 2.0 2.60 2.61 1.0 1,600
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Table 5. Physical properties of anti-freezer

. Main Density
Division N 3 Shape Color
composition (glem”)
Anti-freezer Sodium - )
[SN] nitrite 1.23 Liquid Light yellow
Anti-freezer Calcium - )
[CN] hitrate 1.21 Liquid Light yellow
Replacement Ratio (Waterto Antifreezer) (%)
0 10152025 50 75 100
0 --Q'I“--..I\Q;@-I L L L L L L L L L L L L L L L L
g7 e
£ 10 R
2 TR e
5 & ..
215 -
i e -
w-20 - & . (9]
3 < Sodium nitrite, SN T
225 7Y
© Calcium nitrate, CN
-30

Figure 1. Freezing temperature of anti-freezer
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Table 6. Physical properties of accelerator for freeze protection

Solubility in
- Main water Densi
Division composition  (g/100mL, (g/cmp)/ Shape  Color
207)
Accelerator  Calcium )
[CF] formate 16.5 215  Powder White
Accelerator Lithium :
ILS] sulfate 325 2.12 Powder White
Accelerator  Sodium )
1SC] carbonate 24.5 240  Powder White

Table 7. Physical properties of water reducing agent

o Main Densit
Division Type composition (g/cm%/ Shape  Color
Water .. Carboxylic
reducing SuDeerel?St'C' acid 1.07 Liquid bEr)gv:/kn
agent [SP] copolymer
Water .- Carboxylic
reducing reFtlrLa“r?t:g/n acid 1.07 Liquid b?gvxr/kn
agent [FRI copolymer
Water Fluidity Carboxylic Dark
reducing  retention and acid 1.06 Liquid brown
agent [RT] Retarding copolymer
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Figure 2. Mortar flow depending on time with anti-freezer, water reducing agent and accelerator for freeze protection
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Figure 4. Compressive strength with variation of anti-freezer, water reducing agent and accelerator for freeze protection at ages
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Compressive Strength and Fluidity of Low Temperature Curable Mortar Using High Early Strength Cement According to Types of Anti-freezer, Accelerator for Freeze Protection and Water Reducing Agent
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