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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.13549 3 0.65976 7 2.2101 7
2 Error 0.14319 5 0.58809 3 0.95679 5
3 Error Function 0.59694 15 23.472 15 24.996 15
4 Exponential 0.22361 12 2.8654 11 4.883 12
5 Exponential (2P) 0.22361 13 2.3273 10 4.883 13
6 Gen. Extreme Value 0.0899 1 0.18547 1 0.46789 2
7 Gumbel Max 0.10409 2 0.19831 2 0.17849 1
8 Hypersecant 0.16468 7 0.64488 6 3.0031 9
9 Laplace 0.18707 8 0.77019 8 3.0506 10
10 Logistic 0.14929 6 0.59798 5 2.9012 8
11 Normal 0.14 4 0.59758 4 0.55356 3
12 Pareto 2 0.23211 14 2.972 12 4.8263 11
13 Pert 0.20342 11 2.0462 9 1.9592 6
14 Phased Bi-Exponential 0.19558 9 3.4906 14 0.77648 4
15 Rice 0.20157 10 2.9815 13 6.3998 14
VS 50 oudodls (LS ¥ CanBge 50 8398 &g Sy Ay 9 oylol Y Jgur
Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution
Statistic Rank Statistic Rank Statistic Rank
Cauchy 0.17163 7 131 9 7.3571 12
2 Error 0.18186 9 0.88411 6 2.5522 5
3 Error Function 0.78459 15 62.222 15 226.85 15
4 Exponential 0.31815 13 4.4838 11 13.971 14
5 Exponential (2P) 0.14604 5 4.56 12 0.01626 1
6 Gen. Extreme Value 0.10002 1 0.29247 1 1.7526 4
7 Gumbel Max 0.11575 4 0.32641 2 2.7509 7
8 Hypersecant 0.1894 10 0.92167 7 2.6248 6
9 Laplace 0.21571 11 1.1892 8 6.1366 11
10 Logistic 0.17423 8 0.83624 4 3.4872 9
11 Normal 0.1537 6 0.85508 5 3.512 10
12 Pareto 2 0.34643 14 5.3203 13 12.536 13
13 Pert 0.11534 3 3.1611 10 0.06494 2
14 Phased Bi-Exponential 0.29206 12 8.0877 14 0.12183 3
15 Rice 0.11235 2 0.59208 3 3.1554 8
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.17149 8 1.9921 10 6.8441 13
2 Error 0.18981 11 1.4877 7 6.2112 11
3 Error Function 0.64602 15 37.061 15 73.892 15
4 Exponential 0.23777 13 2.648 12 0.53302 1
5 Exponential (2P) 0.13926 3 1.5801 8 3.0758 5
6 Gen. Extreme Value 0.10204 1 0.27325 1 2.0812 2
7 Gumbel Max 0.11025 2 0.48575 2 3.6247 7
8 Hypersecant 0.18136 10 1.398 6 6.3824 12
9 Laplace 0.20549 12 1.7867 9 8.0439 14
10 Logistic 0.17309 9 1.2617 5 451 10
11 Normal 0.16317 6 1.2236 4 3.1118 6
12 Pareto 2 0.24932 14 2.8982 13 3.7558 9
13 Pert 0.15449 4 2.6231 11 3.0588 4
14 Phased Bi-Exponential 0.16012 5 3.6378 14 3.6762 8
15 Rice 0.1705 7 1.1679 3 3.0084 3
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.13262 2 0.64845 3 0.87184 1
2 Error 0.1632 7 1.4135 5 4.3633 6
3 Error Function 0.72086 15 52.862 15 168.32 15
4 Exponential 0.28347 12 4.6887 12 25.865 12
5 Exponential (2P) 0.15389 5 1.8183 10 2.2244 3
6 Gen. Extreme Value 0.10399 1 0.32543 1 1.0476 2
7 Gumbel Max 0.15137 4 0.64222 2 10.198 11
8 Hypersecant 0.18771 9 1.4347 7 3.9078 4
9 Laplace 0.1632 6 1.4135 6 4.3633 7
10 Logistic 0.19993 10 1.5079 8 4.6771 8
11 Normal 0.21528 11 1.766 9 5.0279 9
12 Pareto 2 0.30222 13 5.3678 13 28.806 13
13 Pert 0.14674 3 2.545 11 3.9806 5
14 Phased Bi-Exponential 0.34646 14 12.267 14 28.869 14
15 Rice 0.1862 8 1.0416 4 5.5446 10
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.13268 5 1.3314 9 0.49359 1
2 Error 0.14199 8 1.0212 7 5.7643 8
3 Error Function 0.63322 15 51.857 15 139.44 15
4 Exponential 0.22188 13 2.9208 11 11.415 14
5 Exponential (2P) 0.21079 12 3.3033 13 10.131 12
6 Gen. Extreme Value 0.06467 1 0.18077 1 1.8189 3
7 Gumbel Max 0.07523 2 0.21579 2 0.57258 2
8 Hypersecant 0.14227 9 1.121 8 4.668 7
9 Laplace 0.15766 10 1.508 10 9.1035 11
10 Logistic 0.14117 7 0.97932 5 5.802 9
11 Normal 0.13988 6 0.93717 4 6.6258 10
12 Pareto 2 0.22533 14 3.0248 12 11.41 13
13 Pert 0.08864 3 0.32293 3 3.0557 5
14 Phased Bi-Exponential 0.18044 11 5.8678 14 1.8656 4
15 Rice 0.13125 4 0.98956 6 4.5534 6
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.14633 2 1.9619 2 6.2173 3
2 Error 0.22872 8 3.9111 7 9.0055 5
3 Error Function 0.60714 15 32.204 15 64.92 15
4 Exponential 0.25283 12 4.1082 10 29.031 14
5 Exponential (2P) 0.15526 4 2.0216 3 5.4791 2
6 Gen. Extreme Value 0.08794 1 0.40894 1 4.5446 1
7 Gumbel Max 0.177 6 2.7476 4 24,955 13
8 Hypersecant 0.22701 7 3.9263 9 10.495 8
9 Laplace 0.22872 9 3.9111 8 9.0055 6
10 Logistic 0.23544 10 4.1127 11 13.605 10
11 Normal 0.24557 11 4.6357 13 19.832 11
12 Pareto 2 0.25746 13 4.198 12 22.013 12
13 Pert 0.15223 3 3.4833 6 9.6778 7
14 Phased Bi-Exponential 0.16397 5 3.206 5 8.5709 4
15 Rice 0.27061 14 6.1081 14 11.157 9
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic ~ Rank
1 Cauchy 0.12108 2 1.2452 2 1.0121 1
2 Error 0.27788 12 4.3205 8 15.656 6
3 Error Function 0.61599 15 28.466 15 65.515 15
4 Exponential 0.26924 11 4.3297 10 335 13
5 Exponential (2P) 0.16776 3 2.6424 3 11.731 5
6 Gen. Extreme Value 0.1053 1 0.48717 1 4.1903 2
7 Gumbel Max 0.20033 6 3.4176 4 20.018 8
8 Hypersecant 0.25655 9 4.3169 7 31.917 10
9 Laplace 0.27788 13 4.3205 9 15.656 7
10 Logistic 0.2498 8 4.5375 11 32.485 11
11 Normal 0.24499 7 5.1811 13 33.451 12
12 Pareto 2 0.26555 10 4.2776 6 33.91 14
13 Pert 0.18201 4 4.8285 12 11.064 4
14 Phased Bi-Exponential 0.19515 5 4.1448 5 10.408 3
15 Rice 0.33521 14 7.3246 14 28.596 9
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Kolmogorov-Smirnov Anderson-Darling Chi-Squared
No Distribution

Statistic Rank Statistic Rank Statistic Rank
1 Cauchy 0.12909 2 0.95558 2 1.5871 1
2 Error 0.18292 10 1.9194 4 4.5481 5
3 Error Function 0.57295 15 28.772 15 53.943 15
4 Exponential 0.17943 7 3.8768 11 8.3628 11
5 Exponential (2P) 0.17943 8 2.7368 10 8.3628 12
6 Gen. Extreme Value 0.09469 1 0.278 1 1.7814 2
7 Gumbel Max 0.13371 4 1.1873 3 6.073 8
8 Hypersecant 0.17836 6 1.9525 6 3.8849 4
9 Laplace 0.18292 11 1.9194 5 4.5481 6
10 Logistic 0.18846 12 2.1148 7 3.3236 3
11 Normal 0.20075 13 2.5826 8 5.1077 7
12 Pareto 2 0.18285 9 3.9501 12 8.3666 13
13 Pert 0.12931 3 2.6147 9 7.75 9
14 Phased Bi-Exponential 0.17129 5 5.2647 13 7.8174 10
15 Rice 0.23191 14 6.6322 14 9.182 14
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No Distribution Kolmogorov-Smirnov Anderson-Darling Chi-Squared
Statistic Rank Statistic Rank Statistic Rank

1 Cauchy 0.16687 1 0.70267 2 1.2933 7
2 Error 0.37886 11 1.9885 8 3.4596 11
3 Error Function 0.52454 15 7.2578 15 2.1655 9
4 Exponential 0.23717 4 0.73247 4 0.47156 3
5 Exponential (2P) 0.24233 6 2.8964 12 0.81814 6
6 Gen. Extreme Value 0.19906 2 0.6337 1 0.04734 1
7 Gumbel Max 0.30115 7 1.2412 5 0.0734 2
8 Hypersecant 0.38249 12 2.0335 9 3.8314 13
9 Laplace 0.4051 13 2.3452 10 4.1819 14
10 Logistic 0.37509 10 1.9535 7 3.5107 12
11 Normal 0.36626 9 1.901 6 2.982 10
12 Pareto 2 0.23764 5 0.7283 3 0.47747 4
13 Pert 0.36402 8 6.2319 13 1.7894 8
14 Phased Bi-Exponential 0.22031 3 2.5285 11 0.51402 5
15 Rice 0.50989 14 6.316 14 13.864 15
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Tunnel Summary
‘Ige:npt?:'irysupport In this paper, Probability Density Function (PDF) for thickness of the
Sﬁ Oltacrletley shotcrete cover in tunnel temporary support is investigated. Based on collected

Probability distribution function data from a recently constructed tunnel in Iran, the proper PDF is suggested.

Random variable To achieve this, three goodness of fit statistical methods are considered to find
the appropriate distribution function. The results show that the Generalized
Extreme Value distribution function has the best rank with respect to other
distribution functions.

Introduction

One of the most important issues in the reliability analysis of the structures is proper selection of the distribution
function for existing random variables. In tunnels, the problem of temporary supporting system involves many random
variables including thickness of the shotcrete. In this research, based on the data obtained from an existing tunnel in
Iran, the probability distribution function for the shotcrete thickness is determined by using curve fitting techniques.

Methodology and Approaches

Different distribution functions have been studied and compared based on three well-known goodness of fit tests, called
Chi-Squared, Kolmogorov Smirnov and Anderson Darling. For this purpose, nine points in each section and 43
individual sections are considered in the tunnel route. It is reasonable an individual point in all sections is considered to
obtain a distribution function. Also, 15 types of distribution functions are chosen to have an appropriate fit over the
data. The EasyFit software is utilized for assessment and finding the appropriate distribution function using the three
mentioned goodness of fit tests.

Results and Conclusions

According to the results, the Generalized Extreme Value Distribution is recommended for PDF of shotcrete thickness in
tunnel supporting systems. It is noted that this distribution function has the best rank in all three goodness of fit tests.
Although the results are obtained by using data from a specific tunnel project, they can be improved by considering
more data from other projects. The distribution function can be used to obtain uncertainties of thickness of shotcrete in
reliability analysis of tunnels.
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