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Improved sensitivity analysis method for calculating
the deformation parameters of the rock-fill dam

CHEN Hui, LIU Donghai, QI Lan
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract; To improve the calculation accuracy of the Duncan-Chang E-B model regarding the deformation of the
rock-fill dam, the single factor analysis method based on finite element calculation nodes in the whole zone of the
computational dam is proposed together with the orthogonal experimental method based on the double discriminant
method in this study. The sensitivity of dam deformation due to the compacted density of dam and the model
parameters is studied, so as to ascertain the main influencing parameters of the dam deformation. A case study
indicates that the dam deformation is significantly influenced by five parameters i. e. ¢,,K, ,p,R; and K, and their
spatial differences deserve further research with emphasis. The methods proposed in this paper overcome the
disadvantages of traditional single factor method, in which the samples are lack of representatives. With these
methods, the significance level of parameters sensitivity can be determined in a quantitative way, thus improving
the comprehensiveness and precision of the sensitivity analysis and providing some reference for the reasonable

selection of model parameters that require spatial assignment in the refined analysis of rock-fill dam deformation.

Key words: rock-fill dam; dam deformation; Duncan-Chang model; model parameters; sensitivity analysis;
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Table 1 Sensitivity analysis parameters of single factor in the main rock-fill area
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Fig.1 Typical dam section and finite element

nodes of the main rock-fill area

@/ (%) Ap/(°) Ry K n K, m
2.21 49.1 7.0 0. 62 733.6 0.31 200. 2 0.42
2.65 63.8 9.1 0. 81 953.7 0. 40 260. 3 0.55

3 1.77 34.4 4.9 0.43 513.5 0.22 140. 1 0.29

(a) BE KM () A T5 T -0.10
2 BESHTABZE(HEA.m)

Fig.2 The calculated displacement contours by using standard parameters ( units:m)
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Table 2 Values of the orthogonal experiment factors and levels

FHZE K K K, Ry m n ®y/ (%) Ap/(°) p/(g+em™)
1(HHESE) 733.6 200.2 0.62 0.42 0.31 49.1 7.0 2.21
2( S 30% ) 953.7 260.3 0. 81 0.55 0. 40 63.8 9.1 2.87
3(SHEN 20% ) 880. 3 240.2 0.74 0.50 0.37 58.9 8.4 2.65

4( BB 20% ) 586.9 160. 2 0.50 0.34 0.25 39.3 5.6 1.77
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Table 3 Design schemes of the orthogonal experiment and calculation results

TEK K, Ry m n ©/(°)  Ae/(°) p/(g-em™) iREF V/m H,/m H,/m
1 1 1 1 1 1 1 1 1 1 -1.727 -0.1380 0. 394
2 1 2 2 2 2 2 2 2 2 —1.543 -0.0579 0.393
3 1 3 3 3 3 3 3 3 3 -1.584 -0. 0694 0.372
4 1 4 4 4 4 4 4 4 4 -2.074 -0.2710 0.453
5 2 1 1 2 2 3 3 4 4 —1.453 -0.0218 0.251
6 2 2 2 1 1 4 4 3 3 -2.047 -0.6920 0.762
7 2 3 3 4 4 1 1 2 2 —-1. 895 -0.1900 0.527
8 2 4 4 3 3 2 2 1 1 -1.758 -0.0108 0.347
9 3 1 2 3 4 1 2 3 4 —-1.961 -0.2650 0. 556

10 3 2 1 4 3 2 1 4 3 -1.265 -0.0145 0.230

11 3 3 4 1 2 3 4 1 2 -1.412 -0.0227 0. 260

12 3 4 3 2 1 4 3 2 1 -2.672 -0.8710 0.759

13 4 1 2 4 3 3 4 2 1 -1.940 -0.1160 0.416

14 4 2 1 3 4 4 3 1 2 -1.776 -0.5500 0.714

15 4 3 4 2 1 1 2 4 3 -1.496 -0.1260 0. 403

16 4 4 3 1 2 2 1 3 4 -1.986 -0.0507 0.311
17 1 1 4 1 4 2 3 2 3 -1.795 -0.0245 0.343
18 1 2 3 2 3 1 4 1 4 -1.525 -0.1780 0. 497
19 1 3 2 3 2 4 1 4 1 -1.717 -0.5589 0.618

20 1 4 1 4 1 3 2 3 2 -2.047 -0.0545 0.322

21 2 1 4 2 3 4 1 3 2 ~1.808 -0.1980 0.486

22 2 2 3 1 4 3 2 4 1 -1.339 -0.0318 0.234

23 2 3 2 4 1 2 3 1 4 —1.450 -0.0247 0.269

24 2 4 1 3 2 1 4 2 3 -2.128 -0.1210 0. 400

25 3 1 3 3 1 2 4 4 2 ~1.449 -0.0169 0.256

26 3 2 4 4 2 1 3 3 1 —-1. 606 -0.0820 0. 380

27 3 3 1 1 3 4 2 2 4 -2.038 -0.4590 0.718

28 3 4 2 2 4 3 1 1 3 -1.815 -0.0563 0.279

29 4 1 3 4 2 4 2 1 3 -2.232 -0.7930 0. 681

30 4 2 4 3 1 3 1 2 4 -1.611 -0.0984 0. 446

31 4 3 1 2 4 2 4 3 1 -1.575 -0.0710 0. 386

32 4 4 2 1 3 1 3 4 2 ~1.864 -0.2410 0. 409
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Table 4 Results of influencing factors on V by Table 5 Results of influencing factors on
range analysis m V by variance analysis
IS K, K, K; K, Rj IS f/ l///m2 Fj
K -14.012 -13.877 -14.218 —-14. 480 0. 603 K 3 0.008 6 2.15
K, -14.364 —14. 488 -13.167 —-16. 344 3.177 K, 3 2.3420 585.50
R; —-14. 008 -14.337 -14. 682 -13. 560 1.122 R, 3 0.0286 7.15
m -14.208 -13. 886 -13.984 -14.509 0.623 " 3 0.0096 2.40
n 3 0.0112 2.80
n -14. 499 -14.076 -13.782 -14.230 0.717 % 3 0.3157 78. 90
¢ -14.202 12821 -13.200  -16.364  3.543 Ap 5 0.0074 185
Ap  -13.824  -14.414  -14.199 14150  0.590 o 3 0.2010  50.25
o -13.695  -15.622  -14.614  -12.656 2.966 P 7 0.0040
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Table 6 Sequencing comparison between the single factor analysis and the orthogonal experiment method

B IR e 1) VL SR UR Y K _E S B HE T K1) S B HE T
FHE (808 ) @o>p>K, >R;>K>m>n>Agp @y >R >K>p>K, >n>Ap>m @0 >R >K>K, >p>n>Ap>m
R (28080 ©o>K, >p>R>K>m>n>Ap @y >K>R>K) >p>n>Ap>m @y >Ri>K>K) >p>n>Ap>m

TEACRE (M 2250 H7) 0o >K, >p>R>n>m>K>Ap @y >R>K>n>p>A@>K, >m @y >p>K>R>K, >Ap>m>n
TEAZIE (7 0T K, >@y>p>R>n>m>K>A¢ @y >Ri>K>n>p>Ap>K, >m @y >p>R>K>m>K, >Ap>n

3.4 MW KIMF EEGITHR

ORATSE JR T  A BOR B 1] BRI S E TRERIBIESE , T R A A R A HAT
iR S BT B0 B A RN U T ) 22 B A 300, 55 100 m, IUTBUSE 10 m, B R WU 1 2 2, 3%
HESECT WA BT Z R A 5 Fs

(a) B E 7 A% o OF St L
E5 MURMFEEESHETUBEE(BA:m)
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Table 7 Results of parameters sensitivity analysis for the regular dam section
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