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Tab.1 Static material Duncan-Zhang E-B parameters
o/(grcm *) K n R, C/kPa /(%) P, K, m
£ X 2.15 950 0.562 0.89 40 36 100 600 —0.076
[l 3 4 7 2.24 650 0.604 0.89 40 35 100 450 0.107
o R 2.2 1000 0.6 0.87 30 38 100 700 —0.1
Wit IR BE+ 2.413 342.7 0.18 0.62 25 27.8 100 2134 0.29
HiiZ 2.06 1031 0.36 0.9 35 53.5 100 810 —0.16

R2 MBS NEHEBUFEERBERE RKAERENSY

Tab.2 Dynamic equivalent linear viscoelastic model and parameters of permanent deformation model for materials

A

ky k, n v max /% G Cs Cy Cs
A X 17.1 1657 0.571 0.35 0.21 0.69 0.53 0 9.12 0.35
[l 3 7 e 17.1 1450 0.57 0.35 0.21 0.69 0.53 0 9.12 0.35
i Y 15.7 1450 0.627 0.328 0.22 0.56 0.42 0 8.25 0.4
WEIREE+ 20 1979.4 0.4 0.345 0.2 0 0 0 0 0
e 16.2 3895 0.46 0.35 0.1 0.74 0.43 0 9.55 0.38
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Tab.3 Selected static and dynamic random parameters
o/(g-cm ?) K o/() A n v Ama
R EL % B 75 L s B AR L = g OGS
Wi W L M . W . e B . i
0,=50
wI#EE 206 025 1031 025 535 025 162 03 0.16 0.2 035 0.1 0.1 0.3 8/1 _ mm
,=5
‘ _ ) 6,=30m
WAX 215 0.2 950  0.25 36 0.25 17.1 0.25 0,571 0.15 0.35 0.1 0.21 0.25 5 —3
v om
[l 3t 0, =40m
2.24 0.2 650 0.2 40 0.2 17.1 0.25 0.57  0.15 0.35 0.1 0.21  0.25
it C 0 5,=5m
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Fig. 8 Probability distribution of horizontal peak acceleration on dam crest
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Tab.5 Statistical table of horizontal peak acceleration response of dam crest
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Fig. 10 Horizontal peak acceleration content diagram of dam
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Fig. 11 Vertical probability distribution of permanent deformation

© B s B © B
99.5|— mEsk 99.5|— sk 99.5|— mpEsk
| os|— FHRA MM  os|—FRE A oS\ —TFREAMH
S | — EREss 8 | — EREA s | — LEEk
e 701 o T0r 2 T0F
= 40} = 4o} = dof
b o10r b 10F b 10f
1 1 1
00155701 02 03 04 05 06 00 0T 02 03 04 05 00105017 02 03 04 05 06
W Jm) 7K AZETE / m W ) 7k AZET / m Bl K A / m
(a) L1 (b) T2 (c) T3
(a) Case 1 (b) Case 2 (c) Case 3

E 12 Bk A AR TE IE 2503 A0 K 56

Fig.12 Test of normal distribution of vertical permanent deformation

®6 EmEAXAERFITR

Tab. 6 Statistics of vertical permanent deformation
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2 0.2799 0.267 0.2643 0.4600 0.1703 3.206 <<0.05 [0.2698,0.2907]
3 0.3195 0.268 0.3059 0.5303 0.1959 3.388 <<0.05 [0.3077,0.3317]
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Tab.7 Classification of subsidence rate
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Fig. 13 Content diagram of subsidence rate of dam crest
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Tab. 8 Horizontal peak acceleration and magnification
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Research on seismic response of asphalt concrete core dam-overburden
considering the spatial variability of material parameters

WANG Zong-kai, SONG Zhi~giang, LIU Yun-he, WANG Fei
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’an University of Technology,
Xi'an 710048, China)

Abstract: The spatial variability of overburden and dam material parameters significantly affects the seismic response of asphalt
concrete core dam-overburden system. This paper proposes a space random field simulation technology based on number theory se-
lection, and the random point sets distribution optimization is realized by using number theory selection method. The spatial correla-
tions of material parameters and the spatial variability of material parameters are considered using normal or lognormal distribution
and Gaussian autocorrelation relationship, respectively. Random parameter library is generated by covariance decomposition in Py-
thon, and secondary script development is carried out for Abaqus finite element software. Based on the Monte Carlo method, the
random field simulation and "non-invasive" random finite element calculation considering the spatial difference and correlation of
dam-overburden material are realized. Taking an actual project as an example, the sensitive parameters in the static Duncan-Chang
E-B constitutive model and the dynamic equivalent linear viscoelastic constitutive model are regarded as random parameters. The
statistical law and probability distribution tests of the mean value, variation coefficient and 95% confidence interval limit value of
the horizontal peak acceleration of the asphalt concrete core dam and the vertical permanent deformation of the dam are analyzed.
The influence of ground motion intensity on discrete degree of random response and transcendence probability relative to determi-
nate value is also analyzed. The result shows that the point selection method through number theory can significantly optimize the
random point set distribution and improve computational efficiency. The randomness of material parameters will cause the seismic
response of the dam to increase with a high probability, and the spatial difference of dam body and overburden materials has a great-
er impact on the peak horizontal acceleration of the top of the dam and core wall than on the permanent deformation. The statistical
results of the seismic response of the dam do not necessarily conform to the normal or lognormal distribution. Ignoring the spatial
variability of material parameters will cause an underestimation of the 50% to 90% probability of the seismic response of the as-
phalt concrete core dam-overburden system under different conditions and different indexes. The dispersion of the seismic response

results of the overburden layer is greater than that of the dam body and core wall.
Key words: asphalt concrete core dam; seismic response; overburden; spatial variability ; stochastic finite element
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