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Freezing—Thawing Phenomenon and Durability—Improving Method
of Plain Concrete Exposed to Outdoor in Winter Season
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Photo 2 Larger view of pore crack in concrete

Table 1 Requirements for special exposure conditions
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Maximum water —cementitious Minimum ¢! normal weight and
Exposure condition materials ratio, by weight, normal light—weight aggregate concrete, psi
weight aggregate concrete [MPal]
Concrete intended to have low permeability when exposed to water 0.50 4000 [28.0]
Concret d to freezi d thawing i ist conditi t
nerete exposed to freezing and thawing in a moist condition or to 045 4500 [31.5]
deicing chemicals
For corrosion protection of reinforcement in concrete exposed to
chlorides form deicing chemicals, salt, salt water, brackish water, 0.40 5000 [35.0]
seawater, or spray from these sources.
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Fig. 1 Principle of vacuum drainage method
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Fig. 2 Features of vacuum drainage method
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This makes penetration of molsture hard
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Table 2 Outline of experiment

SEDIAL

Number of specimens
Concrete Vacuum water - — -
Strength drainage repellency Freezing & Thawing Compressive strength
(300cycle) (1, 3, 7, 28days)
1 O 3EA
O 12EA
2 X 3EA
24MPa
3 O 3EA
X 12EA
4 X 3EA
5 @) 3EA
30MPa X 12EA
6 X 3EA
Table 3 Mixture of concrete by strength
% 9] A 2 2 (kg/m)
Specification | W/B (%) | S/A (%) —
W B oPC SC F/A ST S2 G AD
25—24-150 48.0 48.5 170 354 177 177 - 422 437 936 2.48 (BX0.7%)
25-30-150 41.5 47.4 170 410 205 205 - 402 416 931 3.69 (BX0.9%)
SC" Slag cement  S1™: River sand ~ S2™": Crushed sand
. = ) E“:— =L O =1
Table 4 Physical property of gravel Qlste] A&sIAATE 53], 24MPa AR EL] -5 Hn|&
RS 0] 9-38) A J = EZ o]&3s Ao 3k
density absorption fineness X]- °c= ] aor A% E}AE “ELE] ] ek 2O E HlY
o) | 6 | modis ol STk Sk glol, el Z471Z o8 e
2 h | 2. 1. . = =
Omm Crushed grave] 68 0 6.3 o]‘%ﬂ\guﬂ *:,@@J_’/} %_ﬂ_/[:%;: 185kg/m3—e‘ L}‘E]-‘/“E]‘ ]]_'g‘

Table 5 Physical property of sand

R
Crushed sand

fineness modulus
3.63
1.79

absorption (%)
2.63 1.9
2.54 1.2

density (g/cm®)

river sand
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(b) Freezing and thawing
specimens

(a) Freezing and thawing test
equipment
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(c) Model of freezing and
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(d) Coefficient of elasticity
measurement

Fig. 4 The progress offreezing and thawing test
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Fig. 5 Compressive strength test results of cylinders
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Fig. 6 Freezing and thawing test and evaluation result
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