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ABSTRACT

This paper discusses the validities of insulating curing of cold weather concreting at early stage by applying
insulation forms. Tests were carried out using modified insulating form combining existing insulating form and
various other insulations in order to develop improved insulation form. Temperature history of concrete using
various insulating forms and insulation was measured to determine most effective combination of insulting form.
According to results, as for the wall form, under the curing temperature of -10 C, the temperature of concrete
using Euro form drops sharply before 24 hours and lasts below 0C for 7 hours. The temperature of concrete
using the form combining Polypropylene panel, styrofoam and plywood panel keep above 0 C. And, it is confirmed
that the form mentioned above has a favorable effects on enhancing strength development of concrete and the cost
to make the forms shows more reasonable than that of existing forms. However, as for the combination methods
of insulation form for slab, which is composed of insulating form at the bottom of slab and various surface curing
materials at the top of slab, in case of exposed condition at the top of slab, temperature history of concrete goes
below 0 C after 10 hours. In case of the combination of vinyl sheet and curing blanket, it drops below 0 C after
42 hours. However, in case of the combination of vinyl, styrofoam and curing blanket, it does not go below 0 C
until 55 hours. Accordingly, compared to the case of exposure and the combination of vinyl and curing blanket, it
indicates that the combination mentioned above has more effective insulating performance.
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Table 1 Experimental plan

Series Factors Levels
W/C (%) |1 40
. Aiming
Mix=| slump (cm) 1 15%1

ng Anti-freeze
agent 1 8
(CX%)
I Euro form
Mock Form type [0 FRP+Styrofoam+plywood

| S (Wall 5| T FRP+Isopink+plywood -

stru-

cture assumption) IV PP+Styrofoam+plywood
V PP+Isopink+plywood
Fresh -
concrete 2 Slump, Air content
Exp- Compressive strength

(Maturity 20, 30, 60, 120,
3 180, 300, 840D - D),

Temperature history, Core
compressive strength (7,28D)

erim.| Hardened
concrete

Mix- - .
ing The same with Series [
1 Exposure
I Vinyl+curing sheet
M Vinyl+styrofoam(50mm)
+Vinyl film
Mock Upper v Vinyl+s§yrofoam
U surface of (100mm)+vinyl film
Stl'l?— slab 8|V Styrofoam(100mm)+vinyl
cture insulating VI Vinyl+styrofoam(50mm)
11 method type +curing sheet

VI Vinyl+styrofoam(100mm)
+curing sheet
VIl Styrofoam(100mm)+
curing sheet

Slump, slump flow,

Fresh Air content, unit weight,
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Table 3 Physical properties of cement

Exp-| concrete 7 setting time, freezing
erim, temperture, chloride content
Hardened . .

concrete The same with series I

Table 2 Mixture proportions

Specific | Blgin S?fégg* Setting time CZ@SEZSSVG
gravity | (en'/g) | oy |  (min) Geareh

Ini. | Fin, | 3ds. | 7ds. | 28ds.
226 | 409 | 231 | 308 | 410

315 3,303 | 0.08

. p Unit
AE Anti |Unit volume :
W/C S/a| water | —fr. (ng) \éV] agnkal)t

W
(%) | (kg/m’) |(%) | reducing | agent
agent®)| (%) | C|S|G|C|SI|G

40 | 18 | 45| 035 8 14728013431 463|721 898

# E71% 45L15%] NEAE 8% E9shs Aoz
A, TEA FF-E Table 19 Mock-up 78 2]

|
shEo WA A as. o, 2dge 2ad
2 3713 343k, A3 2aged
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Table 4 Physical properties of aggregates

) ] . Unit Solid volume
Aggre~ | Specific | Absorption weight | percentage of shape

gates | gravity | ratio (%) | o om s |7 Lanation (%)

Fine

agg. 257 1% 1,598 61.0
Coarse

oy 262 0.84 1531 565

Table 5 Physical properties of chemical admixture

Specific
Material Ingredient | Type | Color gravity
(207C)
Anti-freeze | \Gevie | Fluid | Green 122
agent )
AE water
reducing | Naphthalene | Fluid | D4k 115
agent
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Table 6 Physical properties of material for
insulating form

. Thermal e

Base Thick- - | Specific

Use Material |ness(mm) (chgl%lcﬁ}t) gravity
Euro form | Plywood 75 0.140 0.65
FRP 5 0.200 16
Insulatin, PP 5 0.150 1
torm | Styrofoam 10 0.031 0.02
Isopink 10 0.008 0.03

Plywood 75 0.150 0.65

U Vinyl 0.02 0.033 0.05
surfore of | Vinyl film | 0.05 0.033 0.05
labageri?q Curing sheet| 10 0.100 0.14
S onals| Styrofoam 50 0.031 0.02
alenal | Styrofoam 100 0.031 0.02

T 7Pk T=100 me] 2Ej2E o2 W53l
EHEE DAAFH HPodAE Algz M 2A%
A ez Frlete] $AATE KS F 24369 Z5H
AYAF AgYHoR 24801, FELEE JI0XD

an 457 FAAY T 2= AL SAN(T-type)
& Wigs & ¥Ead $o] Data logger® 258 574
sl Faldon, die AL 03%_'— 74] AG-100&
olg3ted AAletglth. dst2az|ee] 482 KS F 2405

T s aEE Ay
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Fig. 1 Mixing of concrete
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Fig. 2 Composition of insulating form
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Fig. 3 Plan view and position of thermal couple
according to insulating form Series 1
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Fig. 4 Plan and section view of slab specimen
Series II
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Table 7 Experimental constant of logistic model by
regression analysis

W/C | Mix. ratio of Const.
(%) |anti-freez.(%) Constant value R S.D
Foo 392
40 8 k 320 | 098 | 19.44
m 571
450
—— Analysis
< 400 ® Measurement [fr e LA
= 350

300 -
250 »
200 !
150
100
50

Compressive strength (kgf/cnf,

F.=392/(1+exp (-3.2 - logM+5.7))|

0 n
10 100 1000
Maturity ( °D - D)

Fig. 5 Analysis of compressive strength
development by logistic model
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Table 8 Test results of fresh concrete
.. Slump | Slump flow | Air content | Unit wejght

Classif. (cm) (cm) (%) (kg/m%}'%
Result|{ 156 28 4.7 2326

Chloride| Freezing
Classif.| content | temperat. Setting time (h)

(kg/m®) ()

Initial. setting [Final setting
result | 0.068 =47
9 115
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