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Experimental Study on the Evaluation of Frost—Resistance of
High-Strength Concrete Damaged by Frost at Early Age in Cold Climates
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ABSTRACT

One of ways to make high-strength concrete is for the mix contain particles graded down to the finest size : this
is achieved by the use of fly ash, silica fume which fills the spaces between the cement particle and between the
aggregate and the cement particles. And, the mix needs a sufficient workability. This is achieved by the use of a

superplasticizer.

This study is to investigate frost resistance of high-strength concrete at early age, with ratio of tensile strength
and recovery of compressive strength, when high-strength concrete is placed in cold climates.
According to this study, it is necessary to ensure 4 % of air content, 5 kgf/em® of tensile strength, at least, for

frost resistance of high-strength concrete at early age.

Keywords @ high-strength concrete, frost resistance, ratio of tensile strength, recovery of compressive strength,

air content
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Table 1 Experimental factor

W/C (%) 37, 32, 28

Aiming

+0. + +
air—contens (%) 25%03 40703 55%03

Freezing and thawing

temperature -18 ~ 10
Maturity
( °D-D) 16.67, 20.00, 2627, 36.67

Fresh Air content, Slump, Slump-flow,

Test concrete Unit weight

items Hardened Tensile strength,
concrete Compressive strength
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Table 3 Properties of materials

- Ordinary portland cement
- Specific gravity : 3.16
» Brain : 3,330cm2/g

Cement

- River sand
- Specific gravity : 2.68,
-FM. : 240

- Absorption :

Sand
1.44%

- Crushed stone

- Specific gravity : 2.64,
-FM. : 673

- Absorption : 3.13%

- Size : 20mm

Gravel

- Superplasticizer
. Polycarboxylic ether type
- AE agent
. Surface active agent of rosin type

Chemical
admixture
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Table 2 Mix proportion of concrete
W/C Aimed | Dosage s/a Water Unit VOlfl-ilme Unit We3g bt
. (£/m") (kg/m")
air content | of SP contenst
(%) (%) (%) (%) (kg/m") C S G C S G
2.5 48.0 330 357 871 942
37 40 473 158 135 320 357 427 845 942
55 457 300 357 792 942
25 470 309 349 816 921
32 4.0 2.0 46.1 162 160 299 349 506 789 921
55 444 279 349 737 921
25 456 216 329 729 869
28 40 447 176 199 266 329 629 702 869
55 42.8 246 329 649 869
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Table 4 Method of freezing and thawing test
ASTM C 666 This study

Freezing | Freezing | Thawing |Freezing | Thawing
and -17.8%£1.7C {44£1.7C| -18TC 10T

thawing
cycle 6~12 cycle/day 6 cycle/day
Relative D.M of
End of elasticity 60 % 6 cycle/day
test
or 300 cycle
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Mix &
manufactured
specimens
Water 10C Sealed
curing curing
Maturity Freezing and
¢ D-D thawing
1667, 20.00 ’ 6 cycle
2667, 36.67 83 D+:D)
Aiming .
Tensile tensile Tensile
Strength
strength (F,)| strength
, (fo)
(Fa")
28 days
Compressive ‘Water
strength curing
(Fo)
28 days
Commpressive
strength
(12%)
Fig. 2 Process of experiment
For
Assumed tensile

Tensile strength (kgf/cm?)

strength

Fn
Tensile strength A
before freezing and H
thawing /o f,
Tensile
8.3°DD strength after

|<_—’| freezing and

thawing

© Ratio of tensile strength (%) =

Fu

Fn’ .

fn

:‘,L

Maturity (*D-D)

fn

%100

’
n

Tensile strength before freezing and thawing test
Assumed tensile strength
Tensile strength after freezing and thawing test

Fig. 3 Output method of ratio of tensile strength
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Table 5 Test results of fresh concrete

w/C Dosage of SP| Aiming air Slump Air content | Slump-flow | Unit weight terlr\l/ﬁxrigt%re
(%) %) content (%) (cm) (%) (cm) (kg/ 1) A
25 20.3 24 345 242 10.0
37 40 198 3.7 330 2.39 120
55 217 52 415 2.36 10.0
25 20.8 26 34.0 243 125
32 20 40 210 38 335 2.40 11.0
55 . 219 55 345 2.35 12.0
25 16.8 2.3 26.0 2.44 17.0
28 40 20.1 39 305 2.39 19.0
55 182 54 270 2.37 125
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Fig. 4 Test results of tensile strength
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Fig. 6 Effect of air content according to maturity before freezing and thawing
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Fig. 7 Compressive strength after freezing and
thawing according to water cement ratio
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