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Determination of the Protecting Periods of Frost Damage
at Early Age in Cold Weather Concreting

s stolE*
Han, Cheon-Goo Han, Min-Cheol

ABSTRACT

Protections from the frost damage at early ages are one of the serious problems to be
considered in cold weather concreting. Frost damage at early ages brings about the
harmful influences on the concrete structures such as surface cracks and declination of
strength development. Therefore, in this paper, protecting periods of frost damage at early
ages according to the standard specifications provided in KCI(Korean Concrete Institute)
are suggested by appling logistic curve, which evaluates the strength development of
concrete with maturity. W/B. kinds of cement and curing temperatures are selected as test
parameters. According to the results, the estimation of strength development by logistic
curve has a good agreement between calculated values and measured values. As W/B and
compressive strength for protecting from frost damages at early ages increase, it is
prolonged. It shows that the protecting periods of FAC(Fly Ash Cement) and
BSC(Blast-furnace Slag Cement) concrete are longer than those of OPC(Ordinary Portland
Cement) concrete. The protecting periods from frost damage at early age by JASS are
somewhat shorter than those by this paper.
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Table 3 Design of experiment

Variables Levels
Ordinary Portland
cement(OPC)

Binders (3 Fly ash cement(FAC)
Blast furnace slag
cement(BSC)
Mix- W/B(%) |3 40, 50, 60
ing
Slum 2 21%1cm (W/B 40%)
p 18+ 1cm (W/B 50~60%)
Air content |1 4.5%1.5(%)
Curing -10, 5. 10, 20(T)
temperature
Fresh X
Expe- concrete Slump, Air content
riment| Hardened Compressive strength
concrete

e Section size | thin |medium| thick
Xpose
(1) exposed to water 150 120 100
continuously
(2) not exposed to water| 50 | 50 50

Table 4 Mix proportions of concrete

Table 2 Protection period from frost damage at early age

Bind |W/B|S/A |AE/C|SP/C| W Volume( ¢ /m')
~ers (%) (%) (%) (%) (kg/m’) C F.Al 8 aQ

(days)
Medium size of section
Cement P-RH +0PC + .
BC
OPC accelerate type B
Expose type agent
(1) exposed to| 5¢C 9 5 12
water continuo N
~usly 10T 7 4
(2) not 5C 4 3 5
exposed .
to water 10T 3 2 4

P-RH @ High early strength portland cement
BC : Blended cement

48

40 | 39 10.002)0.84] 179 |146| - |244 |382
OPC| 50 |39 |0.26 | - 182 |116| - (256 {401
60 |40 10.18 | - 181 196 | - |264 414
40 | 38 10.003|1.00| 178 |105| 62 |231|377
FAC}50 |39 | 0.3 - 182 | 81 | 49 251392
60 140 | 0.4 - 180 | 67 | 40 1267 |401
40 [ 37 10.003|0.85) 183 [156| - |228|38¢
BSC|50 |39 |04 | - 181 |123| - (254 (397
60 {41 | 0.4 - 180 {102} - |275[39¢

" A.E water reducing agent
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Fig. 1 Strength development of concrete using blended cement with age
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Fig. 2 Strength development of concrete using blended cement with logistic curve

Strength development with

W/B : 40~60%

Table 10 Coefficients of logistic curve

turit = | Curing temperature
maturity S o0 Coef OPC FAC BSC
ATy e ey ~fici W/B(%) W/B(%) W/B(%)
development by prediction | = Logistic curve -ents 40 50 60 40 50 60 40 50 60
model Fo |499 |379 |300 [492 |382 {309 [516 [410 |339
Determination of coefficient] k [ 211]231]245|185(1.87|1.88|2.19 218|217
O Feo, k., m
of logistic model
m | 4.38 (506|551 429 |468|494|518 546|564
[ Optimization of coefficient | = | W/B 40, 50. 60% | R* |0.974]0.972{0.992]0.990{0.972|0.972] 0.980 | 0.980| 0.978

Fig. 3 Procedure of applying logistic curve
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Table 11 Proposed protection periods and maturities for frost damage at early age
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