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Cross-scale crack evolution analysis for face slab in concrete faced
rockfill dams under strong earthquake
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Abstract: It is crucially important for seismic safety evaluation of high concrete faced rockfill dams (CFRDs) to accurately
locate the weak area of the panel and to quantitatively assess the damage of the face slab. In this study, the cross-scale model
for CFRD is established using the interface element with asymmetric nodes and Quadtree for refined simulation of slab and
cushion interaction. The cohesive zone model for concrete, the generalized plastic model for rockfill and the state-dependent
elasto-plastic interface model are combined and used to describe the strong nonlinearity and failure process. On the above basis,
the cross-scale crack evolution analysis method under strong earthquake is established and the coupled SBFEM-FEM analysis
software is developed in the explicit earthquake wave motion input method frame. The dynamic failure analyses of slabs are
performed for a 200-m-high CFRD considering the reinforcement ratio, vertical earthquake and water level of reservoir. The
results indicate that the developed method can visually represent the seismic cracking evolution, conveniently locate weak areas
of face slab, quantitatively determine the damage severity, and evaluate the aseismic measures. The research results may
provide an effective method for the aseismic design and assessment of ultimate aseismic capacity of concrete slab. The
proposed method can be extended to the failure analyses of other concrete structures and three-dimensional investigation and
application easily.
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Fig. 1 Cohesive zone model and interface elements

SRR B, BRI IR 98 R

vl E el

t={"t= =Ks , (1)
t| |k, k ||8

A, ¢t NN AR, b, t 53 NG T R AT )
NiJ1, 6, O 0 AINREETEIRY)AAFE, & AL
B, KNI ERERE . 7285 M AE R4,
— MG FE S A R A YA 2 [ A EAE R, RIEOGH



5% 6 1] fLPEn, S5 SRR AR iR IS R mOT 245 0 b 991
MM N FOFII LI 30 BEERES AT 12.7 mm BT S,

TR JE, WK AER . €& XA
B d RRACWIFER IR, #1055 IR

k,=(1-d)k,, ,
“ } @

s =0=d)k, o

W AE s d AR S, REL:

d= 5f(5max _50) , (3)

5max (5f _50)
Sa=A(8,) +82 (4)
(6,)=(5,+|5,D/2 (5)

K, 8 WIS, Oma AN 52 KA 2K
fit%, & NEEVIRN AR, i, I
BRI RS RN S KR RN

A S, (-8,
t_{ts}_(l d)K{5S}+dK{ 0 } o (5)
FHR BRI N I 2 el R TEAR, B

5 1
G= jo (8IS =1, (6)

A, g NRNGEIRIE . FRMENR A 44 LS~ J5

TR
2 2 2
t
< n >J + (ZLIJ + (tS_QJ =1 ° (7)
tnO tSO ISO

0 6/1() ()‘nr S n

— St ; S50 St O

i )

(b) Y1

2 FS|AFMAHBKE

Fig. 2 Relationship between traction and displacement
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Fig. 5 Relationship between load and displacement at loading
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Fig. 6 Time histories of crack extension
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Fig. 7 Time histories of strain at observing points
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Table 1 Parameters of slab and bedrock
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Fig. 9 Acceleration histories of input ground motion
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Table 2 Influences of reinforcement ratio on crack width
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