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Time-dependent compressive strength of concrete in freeze-
thaw environment
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(a. Collage of Civil Engineering; b. Key Lab of Structural Engineering and Earthquake Resistance (XAUT), Ministry
of Education, Xi’an University of Architecture and Technology, Xi’an 710055, P. R. China)

Abstract: With the increase of service life, the concrete strength of existing RC building structure degradates.
To study the change law of the time-dependent compressive strength of concrete under freeze-thaw
environment, the compressive strength of concrete of existing RC buildings in Harbin, Jilin and its surrounding
areas was tested on the spot by combining ultrasonic-rebound stress test with core-drilling method. By
normalizing and merging 924 groups of concrete compressive strength data, nonparametric test method was
adopted to determine the probability distribution function of the normalized concrete strength, and the
relationship between relevant parameters and service age was analyzed by regression analysis. The test results
show that under freeze-thaw environment, the modified time-varying model of ultrasonic-rebound stress test
satisfies the linear variation law, the time-dependent concrete compressive strength obeys normal distribution,

the variation of mean value and standard deviation of concrete relative compressive strength with service age can
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be fitted by quadratic polynomial model and linear model respectively.

Keywords: [reezing-thawing; concrete strength; time-dependent model; durability of RC structures
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Table 1 Core drilling correction coefficient of ultrasonic-

rebound stress test under different service ages

%7 FEAR I 1)/ FEAR i [CNES
1 8 12 1.08
2 17 24 1.06
3 20 12 1.09
4 27 12 1.10
5 29 12 1.11
6 41 24 1.14
7 42 12 1.18
8 43 36 1.16
9 44 12 1.14

10 48 12 1.17
11 53 24 1.14
12 54 12 1.18
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Fig. 1 The relationship between coefficient of core

correction and service time
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Table 2 Threshold values of related coefficient test

p-2 c

7 0. 666
10 0.576
15 0.482
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Fig. 2 Normal fitting of subsample frequency distribution
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Table 3 K-S test results of each subsample after merging

date in 1 year as a unit

i BRI /o BEAECE D, D
1 11 45 0.121 0.203
2 22 36 0.210 0.227
3 23 36 0.171 0.227
4 28 81 0.102 0.151
5 29 36 0.209 0.227
6 30 81 0.144 0.151
7 31 48 0.177 0.196
8 32 39 0.163 0.218
9 33 39 0. 200 0.218

10 34 39 0.201 0.218
11 35 36 0.177 0.227
12 36 36 0.129 0.227
13 50 72 0.138 0. 160
14 51 36 0. 826 0.227
15 55 84 0.110 0. 149
16 58 99 0.122 0.137
17 62 81 0.150 0.151
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Table 4 K-S test results of each subsample after merging

date in 5 year as a unit

4T BEARR W /2 BEAR KR D, D¢
1 12.5 45 0.194 0.203
2 22.5 72 0.115 0.160
3 27.5 198 0.093 0.097
4 32.5 201 0.094 0.096
5 37.5 36 0.198 0. 227
10 47.5 72 0.142 0.160
11 52.5 120 0.108 0.124
12 57.5 99 0.123 0.137
13 62.5 81 0.148 0.151
14 51 36 0.826 0. 227
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Fig. 3 The distribution of sample size after merging date

in 1 year as a unit
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Table 5 Mean value and standard deviation of

subsamples after merging date in 1 year as a unit

AW /a FEA KR HH o ifie 22
11 45 1.083 0.053
22 36 1.173 0.053
23 36 1.121 0.061
28 81 1.102 0.087
29 36 1.106 0.096
30 81 1.158 0.082
31 48 1.195 0. 100
32 39 1.128 0.116
33 39 1.149 0.137
34 39 1.035 0.062
35 36 1.103 0.104
36 36 1.010 0.104
50 72 0.900 0.119
51 36 0.871 0.122
55 84 0.851 0.155
58 99 0. 808 0.156
62 81 0.796 0.152
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Fig.4 The variation of sample mean, standard deviation

with age after merging date in 1 year as a unit
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Fig.5 The relationship between mean of normalized strength

and service time after merging date in 1 year as a unit
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Fig. 6 The relationship between standard deviation of
normalized strength and service time after merging date in

1 year as a unit
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Fig. 7 The distribution of sample size after merging date

in 5 year as a unit
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Table 6 Mean value and standard deviation of

subsamples after merging date in 5 year as a unit

FEAR IR 1] /a REA B ) {H P 22
12.5 45 1.083 0.053
22.5 72 1.147 0.062
27.5 198 1.126 0.091
32.5 201 1.126 0.119
37.5 36 1.010 0.104
47.5 72 0.900 0.119
52.5 120 0. 857 0.146
57.5 99 0. 808 0.156
62.5 81 0.796 0.152
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with age after merging date in 5 year as a unit
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Fig.9 The relationship between mean of normalized strength

and service time after merging date in 5 year as a unit
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5 year as a unit
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Fig. 11 Comparison of mean-age relationship after

merging data in 1 year and 5 years respectively
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Fig. 12 Comparison of standard deviation - age

relationship after merger data in 1 year and 5 years
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