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Calculation model of carbonation depth in concrete cracks

Tian Wenling'*, Chang Xiangyu', Wang Haoyu', Yu Jianfu'
(1. School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401, P. R. China;
2. Civil Engineering Technology Research Center of Hebei Province, Tianjin 300401, P. R. China)

Abstract: Reinforced concrete structures generally work with cracks. Base on the studies at home and
abroad, a crack influence coefficient about concrete carbonation y.. is defined. Mortar and concrete
specimens with prefabricated cracks have been made for carbonation test. And the effect of water cement
ratio, carbonation time, environment relative humidity, crack width, crack depth on y. is analyzed. A
calculation model about carbonation depth in concrete cracks is obtained. Actual projects have been
implemented to validate the model. It is shown that the model is applicable when the width of cracks in the
range of 0. 06~0.7 mm, and the bridge operation time have no significant effect on ..
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Table 1 Mortar mix ratio

KR/ w/ K/ 28 d Bt HE 5 B
KK ) ] .
(kg*m ) (kgem*) (kgem *) FH{H/MPa
0.4 735 1470 294 54.0
0.5 714 1428 357 45.2
0.6 694 1 388 417 33.4

x2 RBELIEAL

Table 2 Concrete mix ratio

K/ B / w/ 5~10 mm A/ 10~20 mm fEA/ WK/ K/ 28 d Y SR
(kgem ?) (kgem?) (kg *m %) (kg *m %) (kg *m %) (kg * m %) (kg *m %) ¥{H/MPa
298 99 761 274 821 3.6 143 49.1
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B EOT RO T AR AR L R R SR TR
BE+ PREShRMETR Y 28 A IETREE L IR A RS .
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Fig. 1 Carbonation picture of prefabricated crack specimen
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Table 3 Carbonation depth of mortar specimens with

different water cement ratio and carbonation time

w/C T/d X./mm X/mm Ve

0.4 3 0.4 0.3 1.33
0.4 7 1.1 0.4 2.75
0.4 14 2.7 1.3 2.08
0.5 3 5.5 2.7 2.04
0.5 7 9.1 3.8 2.39
0.5 14 11.0 5.7 1.93
0.6 3 9.2 4.5 2.04
0.6 7 13.0 6.2 2.10
0.6 14 22.0 9.8 2.24

F4 FEANEFENMRERRELXGFORLRE
Table 4 Carbonation depth of concrete specimens with

different crack widths and depths

d./mm w /mm X./mm X /mm Ye
10 0.1 11.9 11.0 1. 08
10 0.2 13.9 10. 6 1. 31
10 0.3 16.3 10.7 1.52
20 0.1 12.9 12.0 1.08
20 0.2 14.6 11.0 1.33
20 0.3 16.6 11.2 1.48
30 0.1 13.5 9.5 1.42
30 0.2 16.2 10.0 1.62
30 0.3 17.3 10. 4 1. 66
40 0.1 14.2 10. 8 1.31
40 0.2 16. 8 10.7 1.57
40 0.3 18.4 11.1 1. 66
50 0.1 14.3 11.3 1.27
50 0.2 16.9 10.9 1.55
50 0.3 18.3 10. 3 1.78
60 0.1 14.3 11.6 1.23
60 0.2 16.9 10.3 1. 64
60 0.3 18.5 10.7 1.73
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Table 5 Comparison between model calculation

values and experimental values

d./mm w/mm Ve Yeil Yok o Yet/Yek Ve /Yot
20 0.1 1. 08 1. 080 3.51 1.00 3.25
20 0.2 1. 33 1.327 5.41 1.00 4.07
20 0.3 1.48  1.481  6.51 1.00  4.40
30 0.1 1.42  1.308  4.43 0.92 3.12
30 0.2 1.62  1.595  5.95 0.98 3.67
30 0.3 1. 66 1.707 7.01 1.03 4.22
40 0.1 1.31  1.308  3.90 1.00 2.98
40 0.2 1.57 1.595 5.56 1.02 3.54
40 0.3 1.66  1.707  6.57 1.03 3.96
50 0.1 1.27 1. 308 3.73 1.03 2.94
50 0.2 1.55 1.595 5.46 1.03 3.52
50 0.3 1.78 1.707 7.08 0.96 3.98

g5
d./mm  w/mm Ve Yeil Yok o Vet /Yex Yer/ Yok
60 0.1 1.23 1. 308 3.63 1.06 2.95
60 0.2 1.64 1.595 5.78 0.97 3.52
60 0.3 1.73 1.707 6.81 0.99 3.94
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Fig. 4 Comparison diagram between model calculation

values and experimental values of the model of this

paper and Zhu Yuanxiang’s model
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Table 6 Comparison between model calculation values and measured values (engineering example)
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Fig. 5 Carbonation depth test of core samples

e R 2 REEL "y RH/ X/ X/ Yeit/ vex/
¥ KW w/mm o/mm y Ve Yeit Ve ‘ ,
2R [ S5 2 () mm mm Vel Ve
1 1999 22K C40 0.06 57 59.94 12.0 20.0 1.667 1.799 2.603 1.079 1.561
2 2003 1% C30 0.07 80 58. 96 19.5 32.0 1.641 2.072 1.618 1.263 0. 986
3 1999 2% C40 0.08 41 60. 53 12.5 25.0 2.000 2.054 2. 885 1.027 1. 442
4 2001 12k C30 0.08 69 59.79 8.0 15.5 1.938 2.132 4. 369 1. 100 2.254
5 2003 1% C30 0. 10 156 58. 96 17.0 37.0 2.176 2. 449 2.218 1.125 1.019
6 2001 12k C30 0. 10 71 59.79 11.0 25.0 2.273 2.351 3.552 1.034 1.563
7 1992 12k 250 = 0. 10 200 64.93 20.0 33.0 1. 650 1. 788 2.197 1. 084 1.332
8 2009 22K C50 0.10 88 60.71 5.0 10.0 2.000 2.244 6. 460 1.122 3.230
9 1986 12 400 5 0.10 58 60. 93 18.5 38.0 2.054 2.219 2.512 1. 080 1.223
10 1992 1% 250 5 0.12 200 64.93 19.5 34.0 1.744 1. 909 2.469 1. 095 1.416
11 1986 1% 400 5 0.12 65 60. 93 17.5 40.0 2.286 2. 369 2.909 1.036 1.272
12 1992 1% 250 5 0.12 59 61.18 15.0 33.0 2. 200 2.339 3.210 1.063 1. 459
13 2009 2% C50 0.13 120 60. 71 4.5 11.0 2. 444 2.458 8.183 1. 006 3.348
14 1986 12k 400 5 0.13 71 60. 93 17.5 42.0 2. 400 2.430 3.028 1.013 1.262
15 2003 1% C30 0.14 86 58.63 12.5 33.0 2. 640 2. 785 3.569 1. 055 1. 352
16 1992 1% 250 5 0. 14 200 64.93 19.0 38.0 2.000 2.001 2.737 1. 001 1.368
17 2009 22K C50 0. 14 132 60. 71 4.5 11.0 2. 444 2.512 8.492 1. 028 3.475
18 1992 1% 250 5 0.14 62 61.18 15.5 37.0 2. 387 2.452 3. 355 1.027 1. 405
19 1992 12k 250 5 0. 14 65 61.18 16.5 36.0 2.182 2.452 3. 152 1.124 1. 444
20 1993 12k 250 5 0.15 138 60. 99 22.0 49.0 2.227 2.523 2.421 1.133 1.087
21 1986 1% 400 5 0.15 75 60. 93 18.0 42.0 2.333 2.531 3.162 1. 085 1. 355
22 1992 1% 250 5 0.15 67 61.18 16.0 37.0 2.313 2.499 3. 364 1. 080 1. 454
23 2009 2% C50 0.16 143 60. 71 5.0 12.0 2.400 2.603 8.171 1. 085 3. 404
24 1986 1% 400 5 0.16 74 60. 93 18.5 44.0 2.378 2.574 3.177 1. 082 1. 336
25 1992 1% 250 5 0.17 66 61.18 17.0 41.0 2.412 2.578 3.371 1. 069 1. 397
26 1992 12 250 5 0.18 200 64.93 20.0 38.0 1. 900 2.132 2.948 1.122 1.552
27 1986 12k 400 5 0.18 78 60. 93 18.0 45.0 2.500 2. 646 3. 464 1. 058 1. 385
28 1987 1% 400 5 0. 20 46 60. 92 17.0 36.5 2. 147 2.707 3.833 1. 261 1.785
29 2003 1% C30 0. 20 88 58.63 13.0 36.5 2.808 3.034 4,102 1. 080 1.461
30 1992 12k 250 5 0. 20 200 64.93 19.0 41.0 2.158 2. 180 3.271 1.010 1.516
31 1999 22K C40 0. 20 63 59.94 12.0 31.0 2.583 2. 845 4.752 1.101 1. 840
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o L W RESL w/mm  d./mm RH/ X/ X./ . - - Yeit/ Y/
Efy o KT O BEHR % mm mm Yem Yem
32 1999 22K C40 0. 20 86 59.94 10. 0 27.0 2.700 2. 845 5.702 1. 054 2.112
33 1999 22K C40 0. 20 88 59.94 10. 5 28.0 2.667 2. 845 5.430 1.067 2.036
34 1999 22K C40 0. 20 68 59.94 11.0 28.0 2.545 2. 845 5.184 1.118 2.037
35 1999 22K C40 0. 20 93 59.94 11.0 29.0 2.636 2. 845 5.184 1.079 1. 966
36 1999 22K C40 0. 20 85 59. 94 10.5 29.0 2.762 2. 845 5.430 1. 030 1. 966
37 1999 22K C40 0.22 79 59. 94 11.0 30.0 2.727 2.897 5.437 1.062 1.994
38 1999 22K C40 0.22 82 59.94 11.0 29.5 2.682 2.897 5.437 1. 080 2.027
39 1987 1% 400 5 0. 24 128 61.59 17.0 45.0 2. 647 2.705 4.199 1.022 1.586
40 1987 1% 400 5 0.25 136 60. 92 20. 0 53.0 2.650 2.819 3. 643 1. 064 1. 375
41 1987 12k 400 5 0. 25 151 61.00 18.0 46. 5 2.583 2.807 4. 048 1. 087 1.567
42 1993 1% 250 5 0. 50 146 60. 99 21.0 58.5 2.786 3.048 4. 630 1. 094 1.662
43 1999 22Kk C40 0.70 52 60. 53 12.0 38.0 3.167 3.195 8. 889 1. 009 2. 807
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