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Abstract: Concrete carbonization is one of the major reasons for the degradation of reinforced concrete (RC)
structures, which reduces their durability, serviceability and safety. Therefore, the reasonable prediction model

of concrete carbonation depth can provide a reference for durability evaluation and service life prediction of RC
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structures and be of great significance. Firstly, 273 sets of measurements of China natural carbonation depth of
concrete from publications in China and foreign journals were collected and depicted with the histogram.
According to the Kolmogorov-Smirnov goodness of fit test, it was found that the measurements of carbonization
depth follows Gamma probability distribution. Subsequently, in terms of the Chinese national standard GB-
T51355-2019 model and the international standard CEB-FIP-2010 fib-model along with the natural
environment of RC structure concrete carbonization, the main factors affecting the process of concrete
carbonization were analyzed, concluding that concrete aging compressive strength, relative humidity,
temperature, curing mechanism, CO, concentration, shelter and rain are the main influencing factors.
Secondly, due to the fact that the natural carbonization process of RC concrete is a random, monotonic and
increasing one, the Gamma stochastic process model was thus used to characterize it. Using the model and the
above main influencing factors as explanatory variables, a new Gamma generalized linear regression model for
the natural carbonization depth prediction of concrete was established. Finally, the natural carbonation depth of
real RC structure concrete was calculated by the proposed model, and compared with the measured data as well
as the predictions by the Chinese standard model and the international fib-model. It was shown that the proposed
model has better accuracy in predicting carbonation depth of RC structural concrete (error<<30%) than the
existing national and international standard models do, and can be used as a potential surrogate model.

Keywords: reinforced concrete structure; carbonation depth; influencing factor; Gamma generalized linear

regression model; maximum likelihood method
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AIC = —2InL + 2/ (16)
BIC=—2InL + kInN (17)
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Fig.2 Boxplot of model’s obtained on K = 20fold cross-

validations under different functions
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Table 3 Identification of Gamma.Am model parameter

and its validation (Final model)

BRISH iR bl 2% 2-fH p-1E
¢ 0.282 514 0.041 7106 6.77 0. 000

Bo 0.547 29 1. 206 365 0.45 0.000
B, -106. 073 22.761 25 -4.66 0. 000
B, 0.943 757 0.222 006 5 4.25 0. 000
B, -85. 803 4 15.787 9 -5.43 0. 000
Be., 1.273 779 0.408 204 8 3.12 0.002
Bw, -0.050 21 0.014 647 3 -3.43 0.001
Bl 2 826. 234 546. 944 2 5.17 0. 000

£2 GammaAm[(EFERSHINFNERERE

Table 2 Identification of Gamma.Am model parameter and its validation

LR 13 Po By, :81«'\ /?/:m /8(‘“5 /8W( lglu.m
Gamma. exponential 0. 000 0. 000 0. 000 0.000 0. 000 0.000 0.262 0.000
Gamma. Arrhenius 0. 000 0. 650 0. 000 0. 000 0. 000 0.002 0.001 0. 000
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Fig.3 Comparison of the calculated results based on the

models with field measurements
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