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Carbonation durability performance and carbonation prediction model of
shotcrete permanent support structure after frost damage

Wang Jiabin , Li Heng , Guo Qingjun , Chen Xiang
(School of Civil & Architecture Engineering, Xi’an Technological University, Xi’an 710021, P. R. China)

Abstract: Shotcrete permanent support structure of long highway tunnels in high-latitudes and high-
altitudes area is subjected to the action of freeze-thaw damage and carbonation which degraded structure
durability performance and increased the tunnel maintenance and operation cost. Carbonation durability of
frost-damaged-shotcrete was investigated by using freeze-thaw cycles in air firstly and then accelerated
carbonation method. With the evaluating indicator of carbonation depth and relative compressive strength,
the deterioration law and influence factor of carbonation depth were researched. Results show that frost

damage accelerated the carbonation rate and carbonation depth was deeper with the relative dynamic
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elasticity modulus decreased. The relative compressive strength of frost damage shotcrete increased with the

increasing of carbonation depth. However, when frost damage degree was more than 10% ., the influence of

relative compressive strength on frost damage shotcrete was not obvious. Furthermore, the carbonation

depth prediction model of shotcrete was established considering frost damage degree, shotcrete mixture

parameters and concrete forming mode by using IBM SPSS statistical software to analyze the test data. The

overall error between the predicted value and the experimental data was less than 20%, and the standard

error was 0, 16. This indicates that the model has good applicability.

Keywords: tunnel engineering; shotcrete lining; frost damage; carbonation depth; prediction model
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Table 1 Mineral composition of cement %

CsS C,S C3A C,AF HE MK GkRah

49.35  19.63 6. 20 9.82 5.00 5.00 5.00
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Table 2 Mix proportion and compressive strength of concrete
. A&t/ (kg e m3) YU 3 B / MPa

K i A B 7K WA WOoKR B 1d 7d 28 d 90 d

C43F10 411 892 892 46 197 0 4.57 0 9.4 33.7 40.1 57.3
S49F10 360 921 921 40 197 0 4. 00 16. 00 8.0 19.7 26.4 38.6
S43F10 411 892 892 46 197 0 4.57 18. 28 10. 2 23.5 28.8 41. 6
S38F10 468 862 862 52 197 0 5. 20 20. 80 14.1 25.9 35.3 47.0
S43F0 457 892 892 0 197 0 4.57 18.28 14. 8 25.9 30. 7 37.8
S43F20 365 892 892 92 197 0 4.57 18. 28 8.8 21.6 34.3 48. 8
S43F30 319 892 892 138 197 0 4.57 18.28 6.3 20.4 33.8 47.2
S43F10SF40 411 892 892 46 197 40 4.57 18.28 11.8 25.4 31. 8 43.2
S43F10SF50 411 892 892 46 197 50 4.57 18.28 13.7 28.1 36. 1 46.5
S43F10SF60 411 892 892 46 197 60 4.57 18. 28 14.1 32.0 38.7 49.5
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Temperature system and experiment image
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Table 3 Size and number of specimens
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Fig.2 Carbonation depth of frost damage shotcrete S43F10
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Fig. 3 Microscope of frost degradation shotcrete S43F10

Table 4 Pore structure parameters of frost degradation

shotcrete S43F10

O G WAL/ % <AL
WREL <20 nm  20~50 nm 50~200 nm >>200 nm /%
0 52. 39 30. 51 13.29 3.81 14.58
50 46.07 34.62 15.15 4.17 14.92
100 39,22 38. 21 17.18 4. 89 15. 90
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Fig. 4 Carbonation depth of frost damage shotcrete
(water-binder ratio of 0.38, 0.43 and 0.49)
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Fig. 5 Carbonation depth of frost damage shotcrete
(fly ash replacement of 0, 10%, 20% and 30% )
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Table 5 Carbonation coefficient k... of shotcrete specimen after freeze-thaw cycles

‘ VR F 5 K b By R A5 1/ % M B it/ (kg e m™?) 5
A i/ % 0. 49 0.43 0.38 0 10 20 30 40 50 60 R+
ker 0 1.613 1.556 1.476  1.610 1.556 1.462 1.569  1.174 1.065 0.888 1.697

5 1.677 1.615 1.507  1.663 1.615 1.497 1.597  1.199 1.088  0.907 1.736
River 10 1.777 1.701 1.564  1.738 1.701 1.556 1.652  1.238  1.12  0.934 1. 801
15 1.903  1.822 1.660  1.872 1.822 1.640 1.791 1.296 1.178  0.975 1.905
5 1.040 1.040 1.020  1.030 1.040 1.020 1.020  1.020 1.020 1.020 1.020
kg:' 10 1. 100 1. 090 1. 060 1. 080 1.090 1. 060 1. 050 1. 050 1. 050 1. 050 1. 060
15 1.180 1.170 1.120  1.160 1.170 1.120 1.140  1.100 1.110 1.100 1.120

M5 AR LA L OR OR R0 O TR B ik RIS SR BE LK OB KB B N AT iR
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Fig. 10 Relationship between k... and k. of carbonation

shotcrete with and without freeze-thaw cycles
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Fig. 11 Comparison on calculated and test value of

concrete specimens
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