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Improved Firefly Optimization Algorithm for Location of Minimum

Factor of Safety Considering Spatial Variability

CHU Xue-song, LI Liang
(School of Civil Engineering, Qingdao University of Technology. Qingdao 266033, Shandong. China)

Abstract: The short-sighted strategy was introduced into the original firefly algorithm, and a
typical short-term stability problem of undrained slope was considered. The random field of
corresponding parameters was constructed considering the spatial variability of soil material.
Finally, the influence of the number of firefly individuals N and the moving step B on the search
efficiency of the algorithm was discussed. The results show that under the same other conditions,
the standard deviation of the firefly algorithm results with the short-sighted strategy is smaller
than that of the firefly algorithm without the short-sighted strategy, which indicates that the
short-sighted strategy can improve the searching ability of the algorithm. Increasing the number
of firefly individuals N will also improve optimization ability of the algorithm, but the calculation
time T of the algorithm is proportional to N*'. From the point of view of the average safety
factor, the reasonable value of the moving step 8 is between 0 and 2. Under the same parameters,

the standard deviation of the safety factor searched by the firefly algorithm with larger fluctuation
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range is smaller than that with smaller fluctuation range. It is proved that the complexity of the

optimization problem of minimizing the safety factor of slope stability decreases with the increase

of the fluctuation range. Considering the spatial variability characteristics of soil materials, the

parameters or different optimization algorithms should be transformed to ensure finding the

minimum safety factor and instability mode.

Key words: slope stability; firefly algorithm; safety factor; reliability; failure mechanism
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Safety Factor of Slope
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Fig. 2 Illustration of Spatial Variability for

Homogeneous Slope
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Tab.1 Realization of Random Field at Two Fluctuation Ranges
AV R AR LJZE G TR HEAKSR B/ kPa
Cy C, C; Cy Cs Cs C; Cg Cy Cio Cn Cip
Ry 35. 34 41. 27 48. 14 46.51 36.62 43.68 37. 44 32.90 50. 11 45.51 42.35 39.50
R, 39.70 41. 43 40. 83 48. 10 43.06 32.80 37. 60 35. 40 35.79 40.79 27.92 27.15
Ry 37.91 36. 69 38.11 29. 82 39.02 39.90 37. 47 40. 57 37.87 34. 49 49.13 37. 46
Ry 40. 31 42.14 27.35 28.56 31. 39 41. 25 37.20 54.87 27.96 28.47 49.78 48.67
Rs 46. 54 34.98 45. 44 31.03 41.75 49. 56 40. 08 45. 83 41.56 31.65 27.75 41.05
! Rs 41. 87 47. 64 36. 21 44. 43 42. 86 37.63 46.52 40. 58 37.70 36.67 41.59 55. 30
R7 55.25 30. 51 37.08 38. 84 38. 96 51.38 33.27 49. 14 47.82 35.91 41. 08 54. 96
Rs 31.33 35.33 47. 30 48.99 34. 94 34.16 39. 82 36. 56 34.19 41. 36 44. 26 38. 81
Ry 41.11 43.96 35.46 31.87 33.09 42.34 44.53 47.61 29.90 33.91 34. 47 24. 46
Rio 39.29 48.32 33.16 28. 89 37.82 35.96 31.67 33.69 31.06 31. 81 22.88 25.78
R, 27.98 27.81 27.79 27.42 26.78 27.06 27. 24 27.70 27.96 28. 20 28.07 27.51
R, 40. 42 40. 19 39.85 39.71 38.99 39.15 39.16 39.76 39.57 40. 06 40. 17 40. 65
R; 70. 42 70. 54 70. 31 68. 87 68.73 67.37 67.10 67.17 69.53 72.06 72.80 72.31
Ry 41. 26 41.52 41. 40 41.71 42.95 42.32 42.70 43. 20 43. 88 43. 64 42.12 41. 56
Rs 38.98 39. 54 40. 10 40. 20 40. 50 41.04 40. 33 39. 84 39.99 40. 48 39.33 38.97
hooo Rs 41.08 41. 56 42.99 43.39 43.22 42. 26 41. 64 41.93 42. 80 43. 66 43. 88 43.05
Ry 21.08 21.16 21.14 21.33 21.57 21.26 21.58 21. 80 21.73 22.19 22.13 22.06
Rs 39. 80 41.61 41.98 41. 86 43. 04 43. 44 43. 31 42.69 42. 43 43.09 43. 81 44,01
Ry 38.01 37.74 38.15 38.09 38.08 38.19 38.19 38.26 38. 34 38.68 38.07 38.58
Rio 30. 74 30. 34 30. 16 29. 82 28.81 28.29 28. 34 27.69 26.78 26.72 26.98 27.03
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