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A Fundamental Experiment on Preventing Frost Damage at Early Age of Mortar in

Low Temperature using Reduction Slag
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Abstract

In this research, it used cement powder and reduction slag, which generates high hydration heat in hydration
reaction without heat cure below -5TC degree. Purpose of final research is preventing freezing and thawing by
making the compressive strength SMPa in 3days below zero temperature due to own heat of concrete. and it is the
result of physical characteristic and thermal property evaluation of reduction slag. Because reduction slag generates
high hydration heat, compressive strength development is excellent. By generating highly hydration heat by Ci2A7 and
CsA 1n reduction slag, compressive strength is developed in low temperature. In case of displacing only reduction slag
without SOs, it is indicated that quick-setting occurs by shortage of SOs. For preventing quick-setting, gypsum is
used essentially. According to this research result, in case of using reduction slag and gypsum as a ternary system,
compressive strength developed 5MPa in 3 days below zero temperature. It is identified to prevent early frost damage

of concrete below zero temperature.
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Figure 1. The hydration rate of the cement compound
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Table 1. Mixing design of mortar
Cement (g) Anti-F
Specimen \f!//f); (\g) S%r;d nllAgerﬁs “
OPC Slag Gypsum (Wx%)
Plain 450 0 0
o/s 360 0 0
50 225 1350 20
O/S/G1 360 72 18
0/S/G2 3375 90 22.5
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Table 2. Compound composition of cement

Compound composition (%)

Type
CsS CsS CsA C.AF

OPC 56 20 9 9

Table 3. Characteristics of sand and gravel

Division Tvoe Density  Fineness Water
yp (g/em®  modulus  absorption ratio (%)
Sand  Washed sand 2.50 2.86 1.02

Table 4. Characteristic of Anti—Freeze agent

Standard usage Specific gravity — Alkali

Tvee 2(C/100kg) 20°C) (o) ~ Chloride (%)

Cﬁﬁﬂ‘gjﬁr?d 3~ kg 142~145 003 oot
3.3 AEwH ¥ 5Ny

Table 5= A% =5 Uehd #o|t}, &2 A9 Ad
2 37 & B 243 EYd B AE, &
A5 W7FE Esielon EAlof digh 24 Ade o
Y& 19 = BN}, Bow gyt aea v A
S AXNEIS) =3 dhEe 1] BN W RS
A 717] di2e] GEE ASAIE At aEA
AYE B9l SHEH 1Y HEELS -5TE A5t
B3

7} [} s -5 CE ézé% Fe- 30%7101]*1 i&ﬂ
=290

Table 5. Measurement Items

Experiment method ltems Standard
XRF -
XRD -
Feature analysis
of Reduction slag Blaine test KS L 5106
Density test KS L 5110
Particle size analysis -
) ) Flow test KS F 2476
Analysis of physical
properties Setting time test KS L 5108
Compressive strength KS L ISO 679
Thermal Conduction calorimetry -
characteristic ' )
analysis Adiabatic temperature _

rise test

Table 6= XRF &-4¢] &gt OPCe}t &l 19] 3}

oH A s yehd Aol shlEdae] 4E
X237} sld&a = OPC Hih AlO;9| ARo] Hol
Lo} Qe Aoz eyt webi $:31do] OPCH

= Yehts Aoz AlREr) ¥l shdsdas

SO:S ETIeIA] Q= Ao AL E o 2= QJ9i}

Table 6. Chemical composition of OPC and reduced slag

Chemical composition (wt.%)

Specimen

lg-Loss  SiO, ALO; Fe0O3 CaO  MgO SO3
OPC 120 2186 495 366 6170 275 2.16
Reduction

slag 0.80 366 3322 283 4989 530  0.00
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Figure 2. Analysis result of XRD on reduction slag
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Table 7. Result experiment blaine, density of
OPC and reduction slag

’ Blaine Densi
Specimen (cm?g) g/CmEV

OPC 3,390 3.15

Reduction slag 5,320 2.82
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Table 8. Analysis result of Particle size of

OPC and reduction slag

Distribution ratio (%)

1~10um  10~44um  44um~
OPC 15.02 9.5 439 45.1 1.5

Reduction slag 513 14.3 53.7 30.1 1.9

Median
(aam) ~1{um
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Figure 3. Result of particle size of OPC and reduction slag
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