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Influence of Spatial Variability of Tensile Strength on Seismic Cracking of Gravity Dam
LI Zefa, WU Zhenyu*, LU Xiang, PEI Liang, YANG Zhe
(State Key Lab. of Hydraulics and Mountain River Eng., College of Water Resources & Hydropower, Sichuan Univ., Chengdu 610065, China)

Abstract: Since the uneven construction quality and the inherent heterogeneity of concrete, the material properties of the gravity dam have spatial
variability. The spatial variability of the concrete strength parameters will affect the seismic performance of dams, while it is rarely considered in
the current seismic dynamic analysis of gravity dams. The random field theory was employed to generate the spatial variation random field of con-
crete tensile strength. The Midpoint method was used to discretize the random field and then Cholesky decomposition and linear transformation
were performed on the generated correlation coefficient matrix. A series of independent standard normal distribution sample matrices were util-
ized to generate corresponding correlation lognormal distribution sample matrices to simulate the spatial variability of tensile strength. Consider-
ing the spatial variability of concrete tensile strength, the seismic nonlinear dynamic analysis of Koyna gravity dam was carried out by using Con-
crete Damaged Plasticity model. Based on the statistical significance, the dynamic response characteristics of the dam, such as the number of
cracks, the depth of cracks, the distribution range of cracks on the upstream surface and the displacement of the dam crest were studied. The res-
ults showed that, after considering the spatial variability of tensile strength, the dynamic response of the Koyna gravity dam has obvious disper-
sion, and the additional cracks on the upstream causes the horizontal displacement of the dam crest to be downstream, the vertical displacement to
be uplifted, and the residual displacement to be increased. Meanwhile, the mean depth of crack is larger than that of homogeneous assumption,
and the extent of dam damage is generally aggravated. The actual observed cracks in the Koyna gravity dam are within the calculated crack distri-
bution. The parameter sensitivity analysis showed that the mean value and variability of the dynamic response of the dam increases with the in-
crease of the coefficient of variation of tensile strength, while they are not sensitive to the horizontal autocorrelation distance of tensile strength.
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Modeled zone for Koyna dam—foundation system
and finite element mesh for dam
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Tab. 2 Statistical characteristics of cracks and residual displacement of dam crest
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Tab. 3 Statistical characteristics of cracks and residual displacement of dam crest corresponding to variation coefficients of

tensile strength

EREH

TRAC g SURRIEM TSR m

BifE 427 10.84 5.53

bR 1.54 2.16 0.99

0.1 A R AL 0.36 0.20 0.18
5% fi Al 1.05 8.05 431

95%3 A 7.04 13.53 7.39

Bl 4.09 10.61 6.14

bRtz 2.52 222 1.17

0.2 5 R H 0.62 0.21 0.19
5% hiAE 0.70 6.95 432

95% 53V 7.77 13.56 7.99

¥IfH 451 10.60 6.62

bRz 3.17 237 1.35

0.3 A5 R H 0.70 0.22 0.20
5% N fH 0.43 6.86 4.54

95% 53V 10.18 14.11 8.86

LT S Sy A i DL 5% 4 /mm
HMegsH wELR/m SETR/mM ERKEEmM BMNEEm K EH
71.29 47.03 11.42 2.39 209 4.8
2.35 5.48 1.71 1.10 1.99 0.6
0.03 0.12 0.15 0.46 095 0.13
67.56 38.57 8.81 1.37 070 3.52
75.18 55.07 14.00 453 544 530
72.18 42.11 12.05 2.48 357 471
311 7.56 2.23 1.28 276 0.88
0.04 0.18 0.19 0.51 071  0.19
67.49 30.11 8.59 133 -0.90 3.1
76.60 54.57 16.12 497 763 6.15
73.11 39.06 12.32 2.61 483 525
3.88 8.77 2.55 1.38 402 128
0.05 0.22 0.21 0.53 083 024
67.36 24.18 8.58 1.30 -1.55  3.37

78.83 53.90 17.42 5.79 23.74  7.16
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Tab. 4 Statistical characteristics of cracks and residual displacement of dam crest corresponding to different horizontal

autocorrelation distances

) LTI A48 o A 1 5% 4 B /mm
ACPAHOCHE RS /m SRR BUEERE/m R T /m
FAU LK FRE L /m S N MY/m RO /m MR /m K EH
YIH 4.10 10.44 5.96 71.96 43.44 11.84 2.15 2.88 437
bRz 2.42 2.17 1.15 2.77 6.97 2.29 0.85 283  0.83
3 A5 R 0.59 0.21 0.19 0.04 0.16 0.19 0.40 0.98 0.19
5% Rl 0.70 7.17 432 66.87 32.06 8.61 1.33 221 3.00
95% 53 A 7.84 13.78 8.02 76.03 55.03 15.65 5.16 7.04  6.03
B3f (e} 4.09 10.61 6.14 72.18 42.11 12.05 2.48 3.57 471
FrifEZE 2.52 2.22 1.17 3.11 7.56 2.23 1.28 276 0.88
10 W RHL 0.62 0.21 0.19 0.04 0.18 0.19 0.51 0.71  0.19
5% i 0.70 6.95 432 67.49 30.11 8.59 1.33 -0.90 3.31
95%3 Al 7.77 13.56 7.99 76.60 54.57 16.12 4.97 7.63  6.15
¥iE 433 10.51 5.90 72.09 40.95 12.49 2.68 374 4586
bRz 2.59 1.94 1.18 3.13 8.36 2.69 1.29 233 071
70 R 0.60 0.19 0.20 0.04 0.20 0.21 0.48 0.62 0.15
5% Pl 0.68 7.41 425 67.06 26.41 931 1.35 -0.22  3.79
95%73 Al 7.98 13.34 7.80 76.86 53.10 16.06 5.24 7.80  6.22
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