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Remaining service life prediction method for concrete aqueducts based on third-moment
time-dependent reliability index
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Abstract: A time-dependent performance function for the aqueduct structure was established based on concrete carbonation depth. The
first three statistical moments were obtained using the point estimate method, and the calculation results of time-dependent reliability
indices by three third-moment methods were comparatively analyzed. Furthermore, remaining service life prediction method for
aqueducts based on the time-dependent reliability index was proposed. By taking the Shazibei Aqueduct in Hunan Province as an
example, the failure probability and reliability index under the concrete carbonation failure mode were calculated, and the remaining
service life prediction formula was obtained through data fitting. The results indicate that the third-moment method based on lognormal
distribution exhibits the best accuracy and applicability, which is highly consistent with the Monte Carlo simulation results, with an
error of 0.42%. The third-moment methods based on the square normal distribution and exponential function have higher calculation
efficiency, but the errors are 8.23% and 9.31%, respectively. The proposed method can be used for life assessment and maintenance
of aqueducts under carbonation failure conditions.

Key words: aqueduct; time-dependent reliability index; point estimate method; third-moment method; life prediction
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Fig.1 Schematic diagram of elevation of Shazibei Aqueduct (unit: m)
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Fig.2 Finite element model of of Shazibei Aqueduct
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Fig.3 Axial tensile stress nephogram of Shazibei Aqueduct
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Table 3 First three moments of performance function calculated by seven point estimate method and MCS method

{diF 7 AT (PR 21 k) MCS #: (315 200 TR LA L) FHXTR 2/ %

FR/a Bl/mm ARMEZE/mm i ¥fE/mm  FRifEZE/mm (REE HEwE/10°  HE R RE
10 15.2267 7.0277 0.9598 15.2153 7.0366 0.9559 100 0.0749 0.1265 0.4080
15 13.6342 7.0492 0.9510 13.6380 7.0487 0.9467 20 0.0279 0.0071 0.4542
20 12.3276 7.0559 0.9484 12.33438 7.0517 0.9331 10 0.0584 0.0596 1.6397
25 11.2071 7.0623 0.9458 11.2061 7.0772 0.9557 10 0.0089 0.2105 1.0359
30 10.2209 7.0685 0.9433 10.2150 7.0407 0.9272 2 0.0578 0.3948 1.7364
35 9.3380 7.0745 0.9409 9.3474 7.0590 0.9372 2 0.1006 0.2196 0.3948
40 8.5379 7.0802 0.9386 8.5124 7.0792 0.9364 2 0.2996 0.0141 0.2349
45 7.8062 7.0858 0.9364 7.7871 7.0983 0.9346 2 0.2453  0.1761 0.1926
50 7.1324 7.0911 0.9343 7.1323 7.0837 0.9416 2 0.0014 0.1045 0.7753
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Table 4 Failure probability and time-dependent reliability index of aqueduct calculated by MCS method

i HIAERR a Py B 14 AW EL/10°0
10 0. 000272 3.4581 0.0857 100
15 0. 002300 2.8352 0.0295 20
20 0. 008 400 2.3889 0.0242 10
25 0.019 889 2.0501 0.0157 10
30 0.036310 1.7948 0.0163 2
35 0.057770 1.5738 0.0128 2
40 0. 083350 1.3829 0.0105 2
45 0.112480 1.2134 0.0089 2
50 0. 140308 1.0789 0.0078 2
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Table 5 Failure probability and time-dependent reliability index of aqueduct calculated by three third-moment methods

R PE = B =M FRE =B
4ER/a Py Ban-1 AR R 2E/ % Py B2 X R2E/ % Py Bsn-3 FHXT IR 22/ %
10 0.000689 3.52669 1.98 0. 001382 3.07682 11.03
15 0.002723  2.83830 0.11 0. 005482 2.55375 9.93
20 0.010035 2.38472 0.17 0.016807 2.18061 8.72
25 0.021377 2.04290 0.35 0.016934 2.1768 6.18 0.032611 1. 88851 7.88
30 0.042973 1.77076 1.34 0.040787 1.7956 0.04 0. 053546 1.65061 8.03
35 0.062736 1.54618 1.75 0. 064 230 1.5292 2.83 0.075740 1.45152 7.77
40 0.093341 1.35607 1.94 0.099715 1.3215 4.44 0.107 084 1.28154 7.33
45 0.123584 1.19206 1.76 0. 131229 1. 1506 5.18 0. 134252 1.13421 6.53
50 0.150057 1.04850 2.82 0. 157986 1.0055 6. 80 0. 158089 1. 00494 6. 86
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Fig.5 Failure probability curves Fig. 6 Time-dependent reliability index curves
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