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Study on mechanical properties of concrete
under freeze-thaw cycles after its dipping in solutions
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Abstract: To understand concrete mechanic properties under various pH values of water surroundings
and freeze-thaw cycles, accelerated corrosion test, uniaxial compression test and three-point bending
test with initial crack were conducted to examine macroscopic mechanical properties and fracture
strength of concrete after its dipping in solutions with diffrent pH values and then undergoing freeze-
thaw cycles. In addition, the scanning electron microscope (SEM) images of concrete obtained were
analyzed by image-pro plus (IPP) software to reveal the deterioration of concrete experiencing corrosion
of surroundings and freeze-thaw cycles together. Results show that although the pH values have

different relations with separate mechanical properties, damages towards mechanical properties from
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freeze-thaw cycles go up with the decrease of pH values. The internal microscopic deteriorations of

concrete specimens after dipping in solutions with different pH values are similar. There is a quadratic

function relationship between the loss variable and the number of freeze-thaw cycle. The damage

variable formulas applicable to situations with various pH values of solutions and different freeze-thaw

cycles are finally derived.

Keywords: concrete; water surroundings; freeze-thaw cycles; macroscopic mechanical properties;

SEM; damage deterioration; failure mechanism
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Fig.1 Three-point bending specimen with
prefabricated crack
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Fig.2 Freezing-thawing test
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Tab.1 The mix ratio design for every 1 m’of concrete

Kkg  fATikeg  Wike  Kkg O BUkFIke  KIKEE
415 1251 589 166 4.15 0.4
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Fig.3 Sketched profile of three-point-bending test
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Tab.2 Compressive strength of concrete cube specimens
dipped into solutions of various pH values under
various freeze-thaw cycles

YU /MPa
nlIx
S(pH{E=3) J(pHfE=11) Z(pH{HE=7)
0 44.419 58.868 52.936
20 37.865 52.987 46.981
40 30.225 49.026 43515
60 24393 45.068 35.560
80 17.217 37.263 29.362
100 9.937 25.224 19.428
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Fig.4 Relationship between freeze-thaw

compressive strength under various pH values
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Tab.3 Maximum load and flexural strength of concrete
prismatic specimen in three-point bending test under
various freeze-thaw circles

S*(pHfE=3) J*(pH{E=11) Z*(pH{E=7)
n/x
Ppo /KN R/MPa  Pu /KN R/MPa P /kN  R/MPa
0 8.777 9.14 6.609 6.88 6.937 7.23
20 6.731 7.01 5.854 6.09 6.168 6.43
40 4.672 4.86 4.421 4.61 4.670 4.87
60 3.841 4.01 4.042 4.21 4.021 4.19
80 2.701 2.81 3.191 3.32 2.963 3.09
100 1.435 1.49 2.290 2.39 1.867 1.95
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Fig. 5 Relationship between freeze-thaw circles and flexural
strength at various pH values
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Tab.4 Three-pointbending fracture toughness Kjc belonging to
prismatic specimens of different groups under different
freeze-thaw cycles respectively

2

KIC/MPa-mml
n/x
S*(pH{H=3) T*(pH{H=11) Z*(pHfE=7)
0 43.472 32.736 34.362
20 33.335 28.994 30.554
40 23.141 21.900 23.131
60 19.023 20.022 19.917
80 13.379 15.804 14.677
100 7.108 11.344 9.248
Broe - pHfif 3
o 401 ——pH1{H 7
g 35| a— pHH 11
o
[aW
=

0 20 40 60 80 100
n/k
Bl6 TFpHET, HFrRBERIHESHRIDENXR
Fig. 6 Relationship between freeze-thaw circles and fracture
toughness at various pH values
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Fig.7 SEM images on specimens dipped into solutions with different pH values under various freeze-thaw circles
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Fig. 8 The obtention of partial IOD and the whole
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Tab.S Concrete damage variables under various freeze-thaw
circles and pH values

IR e n/ix LL27N(0))) X1#{10D LR
0 10652206 167239 0.0157
20 10015310 285436 0.0285
40 11135927 502230 0.0451
S*(pH{HE=3)
60 15558328 953725 0.0613
80 13465541 985677 0.0732
100 7826487.8 601856 0.0769
0 12450365 115788 0.0093
20 12362969 241077 0.0195
40 17116541 505747 0.0313
T*(pH{E=11)
60 9625141.1 329179 0.0342
80 9613941.9 402824 0.0419
100 14179346 706131 0.0498
0 11581132 134341 0.0116
20 9823756.1 197457 0.0201
40 11603026 404945 0.0349
Z*(pHfH=7)
60 12037819 483920 0.0402
80 7744 605.1 380260 0.049 1
100 13331693 738575 0.0554
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Fig. 9 Relationship between damage variables and freeze-
thaw circles at pH=3
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Fig. 10 The relationship between damage variables and
freeze-thaw circles at pH=7
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Fig. 11 The relationship between damage variables and
freeze-thaw circles at pH=11
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Fig. 13 Relationships between compressive strength loss and
freeze-thaw damage variables
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