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Earthquake-induced permanent deformation of rockfill dams
based on cumulative damage theory

FANG Huo-lang', GAO Yuan', YIN Ge', YAMAGUCHI Yoshikazu®, SATOH Hiroyuki’

(1. Institute of Disaster Prevention Engineering, Zhejiang University, Hangzhou 310058, China; 2. Public Works Research Institute,
Ibaraki-ken 305-851, Japan)

Abstract: Based on the Tatsuoka's cumulative damage theory of soil strains under irregular loadings, a numerical analysis
method for the earthquake-induced permanent deformation of rockfill dams is proposed. The mechanical experiments of the
rockfill materials are carried out by use of the large static and dynamic triaxial apparatus, and the material parameters related to
the stress-strain relationship and cumulative strain model are determined. By use of the proposed method, the
earthquake-induced permanent deformation characteristics of the rockfill dam under construction and after completion are
studied respectively for the Iwate-Miyagi Nairiku earthquake of M7.2 on 14 June 2008 in Japan. The results show that the
earthquake-induced settlement computed by the proposed method is basically consistent with the measured one under the
construction of the dam. Moreover, the predicted value of the earthquake-induced settlement at the crest after the completion of
the dam is within the reasonable range by comparison of the measured data of the other similar dams.
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Fig. 3 Flow chart of permanent deformation analysis
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Table 1 Material parameters for static analysis
47k I Duncan-Chang#i ! 234 S
WAE/(tm®) R/ (Em ) k n Ry G F D c/kPa 0IC)
Lo 2.07 2.10 282 0.56 0.79 0.34 0.10 8.30 15.5 36.0
SUR/f:9 2.08 2.15 947 0.32 1.00 0.30 0.34 7.21 24.0 37.0
HHX 2.01 2.11 1074 0.13 0.74 0.24 0.18 10.68 66.0 415
Fhih E=4400 MPa, v =0.25
Fz 2 BAHEMNSE
Table 2 Material parameters for dynamic analysis
T B b B IR R H L FHLE t
4k P IR o AL L _
/MPa G./G,=1/(1+y/y,) h=h,/(1-G./G,)
. vl G,=33507"" 7, =6.52X10" h,=0.17
I T
R R G,=295o0:" 7, =1.06X 107 % h, =0.18
T N G,=523 0" 7, =4.20x10"* S8l h,=0.16
JUR/Yr=
S et G, =628 /0" y, =474 10 A h, =0.16
o N G,=474 02" 7, =4.45%x10" A h,=0.14
X
R R G,=737 o ¥, =4.80X 10 h,=0.14
%3 BRANTRESY
Table 3 Parameters of cumulative strain model
i A AR A=alxg?” B=blxg” C=clxg”
al a2 bl b2 cl c2
Lok LA 0.23 0.60 -0.40 0.33 0.19 0.21
" A Fn 2.15 0.90 -0.51 0.08 0.19 0.25
S LA SR, = 0.22 0.87 -0.45 0.09 0.21 0.15
e SRkl AxNE-C 0.44 0.07 -0.17 0.00 0.06 1.46
i T A 0.57 2.01 -0.96 0.17 0.38 0.03
X
HEAx A 0.47 0.07 -0.17 0.00 0.37 1.46
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Fig. 14 Permanent deformation after construction of dam
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Fig. 15 Contour of horizontal permanent displacement
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Fig. 16 Contour of vertical permanent displacement
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