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Abstract

Concrete exposed to severely low temperature below -20C should be provided with proper heat supplying curing to
protect the concrete from early frost damage at the time of pouring. meanwhile, so far, effective heat curingmethods of
the concrete under severely low temperature are not well established in Korea. For this reason, the objective of this
paper is to provide effective heat curingmethod of concrete exposed to severely low temperature to protect early frost
damage by varying the combination of heat curingmaterial combinations. Temperature history,maturity development
and core strength results are investigated. Fourmock-up specimens simulating slab, wall and column were prepared
and heat insulation, heat supplying and both were applied. Test results indicate that the combination of quadruple layer
bubble sheet(4BS) and embedding of heating cable has desirable performance for a slab, and heat supplying curing
inside heat enclosure and heat generationmat also shows desirable performance for a wall, and for a column, use of
EPS heat insulation has proper performance against early frost damage, which reaches 45°D-D and helps the
concretemaintain above 0°C within 3 days. Themethodsmentioned above are believed to be optimum protection from
early frost damage of the concrete under -20C.
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Prevention of Early Frost Damage of the Concrete under Severely Low Temperature according to Heat Curingmethods
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Table 1. Experimental plan

Factors Levels
W/B (%) 50
Target slump 150+15
Mixture (mm)
Air contents (%) 45%15
Binder OPC 80% + FA 20%
composition
Air temperature N
(C) 20
-Slab(4BS+HC)+Wall(HE)+Column(HE)®
, cuin -Slab(4BS+HC)+Wall(HE)+Column(HE)”
Experi- Combina%on -Slab(4BS+HC)+Wall(HE)+Column(HE)®
ment -Slab(4BS+Heater+Housing)+Wall(HM)+
variable Column(HM)”
Curing periods - Initial curing : 7 days
Specimen - Slab+Wall+Column
ofmember
Experim- Hardened - Temperature history(7 days)
ent concrete - Core strength (28 days)

d 4BS+HC:Quadruple layer bubble sheet+5W heating cable, HE : Heating
insulation with 50mm(Specimen 1)

v 4BS+HC:Quadruple layer bubble sheet+15W heating cable(Specimen 2)

o 4BS+HC:Quadruple layer bubble sheettembedded 15W heating cable
into concrete (Specimen 3)

d 4BS+Heater+Housing:Quadruple layer bubble sheett+electrical heater
+Housing (Specimen 4)

Table 2. Mix proportion of the concrete

: 3
WB  Sa Weight(kg/m®)
(%) (%) Water Cement Flyash Gravel Sand WRA AEA
50 46.7 162 260 64 938 822 2083 0.208
22 2y 2244 x§H =
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4BS + Heating cable with 5W and 15 W (Specimen 1&2)

. — ¢ . .

) :_ Insulation(50mm)
Form

Column  €— Concrete

<; Insulation(50mm)

Form

(a) Heating combinations of specimens 1 and 2
Slab(4BS+heating cable) +Wall (Insulation) +column(Insulation)

4BS Heating cable with 15W

. e Insulation(50mm)

Form

Column  <— Concrete

; Insulation(50mm)

Form

(b) Heating combinations of specimen 3 Slab(4BS+heating cable
embedding into concrete)+Wall(Insulation) +column(Insulation)

Enclosure for heating

BS
& Insulation(50mm)
Form

Concrete

1 — Heating mat with 120W

Form

Electrical heater with
1000 W

(c) Heating combinations of specimen 4 specimen : Heating
enclosure+ Slab(4BS)+Wall (Heatingmat) +column (Heatingmat)
Figure 1. Heat curing combinations according to specimens
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Table 3. Heat curingmethods

Temperature
Curing ) ) Duration
combin Member Curingmaterials Heating A (days)
() (0
Sab 4BS+ 5w:35C
) Heating cable(5, 15w) 15w:65C
Insulating+
Heating cable Wall EPS insulation
Column EPS insulation
-20 7
_ Siab 4BS -
Insulation+ Heating enclosure
Heating Wall Heatingmat
enclosure 10
Column Heatingmat
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Figure 2. 4BS+heating cable combination

Table 4. Physical properties of bubble sheet

Thickness  Air-cell volume
(mm) (mm)

Heat conduction
(W/m-K)

Surface curing
material

Bubble sheet 3 7 0.03

Table 5. Physical properties of heating cable

Diameter Power Maximum heat
(mm) consumption(W) temperature (C)
5 35
1~3 15 65

Table 6. Physical properties of heat insulation

Appearance Thickness Density Heat conductivity
PP (mm) (kg/m®) (W/m-K)
50 over 1.5 less 0.043

/i

Table 7. Physical properties of heatingmat
Power Maximum heat
consumption(W) temperature (°C)

Thickness

Appearance (mm)
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B Thermocouple

Heat insulation(100mm)

(a) Location of T Specimen thermocouple (slabmember)

8 Thermocouple

[ ] D‘ ]
g 8
v .
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E B [ ] [ ]
200 g 600
= | v |
(b) Location of T Specimen thermocouple (wall and

columnmember)
Figure 3. Installment of thermocouple and heating cable
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Figure 9. Relationship between core strength andmaturity
and equivalent age
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Prevention of Early Frost Damage of the Concrete under Severely Low Temperature according to Heat Curingmethods
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