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Fig. 1 N-order fractal dimension sequences of points
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Tab. 1  Predicted results of predictive fractal dimension
PL13-2 PL16-2 PL19-2
ToU e

TRABRET EHIER7 TR EGIRI=REN TR EGIRIEREN
D(1) (15,16 -1.072 03 -1.074 29 -1.071 86 -1.077 93 -1.029 62 -1.025 10
D(1) (16,17 -1.073 21 -1.077 38 -1.073 14 -1.081 28 -1.030 11 -1.026 27
D(1) (17,18 -1.074 39 —1. 080 47 -1.074 43 -1.084 63 -1.030 74 -1.027 44
D(1) (15,19 -1.075 58 -1.083 55 -1.075 72 -1.087 98 -1.031 23 -1.028 61
D(1) (19,20 -1.076 76 —1. 086 64 -1.077 01 -1.091 33 -1.031 70 -1.029 77
D(1) (20,21 -1.077 95 —-1.089 73 -1.078 31 -1.094 68 -1.032 21 -1.030 94
D(1) (31,2 -1.079 12 -1.092 82 -1.079 60 -1.098 03 -1.032 72 -1.032 11
D(1) (2.2, ~1.080 32 ~1.095 91 ~1.080 90 ~1.101 39 -1.033 24 -1.033 27
D(1) (33,20 ~1.081 51 ~1.098 99 ~1.082 20 ~1.104 74 ~1.033 76 ~1.034 44
D(1) (24 05 -1.082 70 -1.102 08 —-1. 083 50 -1.108 09 —-1.034 27 -1.035 61
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Tab.2 Measured values of dam displacement

PL13-2 PL16-2 PL19-2
H b
SEMAE N/mm D (1) (; 1) SEIAE N/mm D (1) ;) SCMAE N/mm D (1) ;1)
2013-06-22 28. 84 28.159 9 27.469 9
2013-06-27 29.97 -1.027 99 29.250 0 -1.027 66 27.760 0 —-1.007 60
2013-07-02 31. 14 —1.048 04 30.129 9 —-1.040 48 28.049 9 -1.012 91
2013-07-07 31. 69 -1.049 12 30.909 9 -1.051 14 28.290 0 -1.016 55
2013-07-12 32.77 -1.069 02 31.940 0 -1.069 90 28.649 9 -1.024 27
2013-07-17 33.35 -1.072 57 32.470 0 -1.072 22 29.159 9 -1.036 26
2013-07-22 33.46 -1.063 85 32.479 9 -1.060 63 29.190 0 -1.031 44
2013-07-27 33.72 -1.062 45 32.840 0 -1.062 94 29.250 0 -1.029 08
2013-08-01 33.98 -1.062 31 33.340 0 -1.070 18 29.3299 -1.028 19
2013-08-06 34.24 -1.063 00 33.110 0 -1.055 37 29.420 0 -1.028 12
2013-08-11 34.47 -1.063 38 33.6100 -1.064 89 29.489 9 -1.027 69
2013-08-16 34.75 -1.065 74 33.799 9 -1.064 61 29.579 9 -1.028 21
2013-08-21 34.89 -1.064 25 33.860 0 -1.060 93 29.590 0 -1.026 22
2013-08-26 35.28 -1.070 58 34.229 9 -1.067 25 29.690 0 -1.027 56
2013-08-31 35.48 -1.071 21 34.639 9 -1.074 57 29.639 9 -1.023 94
®3 (BBMNERNENRESER
Tab.3 Comparison of absolute relative errors of predicted values
IR Ei(ERS
A H 1 FEME/ mm
T {E/ mm AFXT 5 25 45 % B % T {E/ mm FRRT i 25 28 X E/ %
2013-09-05 35.4100 35.677 3 0.754 87 35.7553 0.975 10
2013-09-10 35.560 0 35.878 8 0. 896 51 36. 028 4 1.317 28
2013-09-15 35.880 0 36.074 8 0.542 92 36.299 8 1.170 07
2013-09-20 36.330 0 36.265 7 0. 176 99 36.569 8 0. 660 05
2013-09-25 36.730 0 36.4517 0.757 69 36.838 6 0.295 75
P2 2013-09-30 36.470 0 36.6329 0.446 73 37.106 6 1.745 41
2013-10-05 36. 060 0 36. 810 2 2. 080 39 37.373 8 3.643 28
2013-10-10 35.3300 36.985 0 4. 684 36 37.640 4 6. 539 62
2013-10-15 34.520 0 37.156 2 7.636 74 37.906 7 9.810 97
2013-10-20 35.020 0 37.324 6 6.580 78 38.172 8 9. 002 86
2013-09-05 34.060 0 34.721 6 1.942 45 34.9252 2.540 19
2013-09-10 34.650 0 34.9212 0.782 68 35.208 5 1.611 88
2013-09-15 34.849 9 35.1153 0.761 55 35.490 4 1. 837 80
2013-09-20 35.330 0 35.304 4 0.072 46 35.771 1 1. 248 64
2013-09-25 35.4399 35.489 2 0.139 11 36.051 0 1.724 26
pLi6=2 2013-09-30 35.479 9 35.670 1 0. 536 08 36.330 3 2.396 85
2013-10-05 35.689 9 35.847 5 0. 441 58 36. 609 2 2.575 80
2013-10-10 35.020 0 36.021 7 2. 860 37 36. 887 7 5.333 24
2013-10-15 34.520 0 36.193 1 4.846 76 37.166 1 7. 665 41
2013-10-20 35.060 0 36.361 9 3.713 35 37.444 5 6. 801 20
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(&%)
TR GRS
P EpG) SEMHE/ mm
T ./ mm AAXHR 22 4 X B % T ./ mm ARXHR 224 X6 B %
2013-09-05 29.809 9 29.857 0 0. 158 00 29.722 2 0.294 05
2013-09-10 29.829 9 29.927 3 0. 326 52 29.803 9 0.087 15
2013-09-15 30.049 9 29.998 3 0.171 71 29.885 0 0. 548 82
2013-09-20 30.170 0 30. 064 5 0. 349 69 29.965 5 0. 677 67
2013-09-25 30.280 0 30.129 0 0. 498 68 30.045 7 0.773 85
P2 2013-09-30 30.370 0 30.192 0 0. 586 10 30.125 4 0. 805 32
2013-10-05 30.500 0 30.253 8 0. 807 05 30.204 8 0.967 73
2013-10-10 30. 469 9 30.314 4 0.510 33 30.284 0 0.610 21
2013-10-15 30.290 0 30.373 8 0.276 59 30.362 8 0. 240 48
2013-10-20 30. 469 9 30.432 1 0.124 13 30.4415 0.093 22
4 % iE
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Fractal geometry monitoring model for dam deformation
based on improved grey model

LI Meng'**, BAO Teng-fei'>*, YANG Jian-hui*, REN Jie"*’
(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering , Hohai University , Nanjing
210098, China; 2. National Engineering Research Center of Water Resources Efficient Utilization and Engineering
Safety , Hohai University , Nanjing 210098, China; 3. College of Water Conservancy and Hydropower Engineering ,
Hohat University, Nanjing 210098, China; 4. Datang Environment Industry Group Co., Lid., Beijing 100097,
China)

Abstract; In this paper, the fractal geometry theory is used to predict dam deformation, which can help to monitor
the dam safety accurately. It is difficult to use a constant dimension fractal model to analyse and forecast the dam
deformation data. Therefore, a variable dimension fractal model is applied to analyse dam deformation. Firstly, the
monitoring data are taken into a transform of cumulative sum of N order. Then, we calculate fractal dimension
sequence of each order and choose the best sequence. Finally, the dam deformation forecasting data are calculated
in turn. Considering the problem that the traditional prediction method of the fractal dimension is uncertain and that
the amount of required monitoring data is large, the prediction of the fractal dimension is made to establish an
improved dam fractal geometry monitoring model by use of a grey model. Analysis results show that, based on
practical engineering, by comparing the prediction precision of the traditional fractal geometry monitoring model and
the improved model, the prediction accuracy of the improved model is better, and the model has the stability of

prediction and the resistance to volatility.

Key words: dam deformation; monitoring model; fractal theory; grey model; displacement prediction



