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Abstract: Based on the dual mortar method within the framework of computational contact mechanics, the transient heat
conduction theory with nonconforming meshes is derived. A new thermo-mechanical coupled method is proposed to account
for the temperature-induced stress and nonlinear contact behavior in concrete-faced rockfill dams (CFRDs). It is implemented
numerically in the authors' in-house finite element code and then used to simulate an ideal CFRD under the solar radiation
effect. The numerical results indicate that the solar radiation in summer can cause a significant temperature increase to the
concrete face above the reservoir water. The maximum temperature reaches up to 51.6 °C and hence contributes a considerable
additional value to the axial extrusion stress of the concrete face. The maximum stress is 22.3 MPa and occurs at the central
valley near the dam top. The high values of extrusion stress are located at a thin layer near the outer surface. The numerical
phenomenon coincides with the common features of extrusion damage from the practical CFRDs, confirming that the thermal

stress induced by the summer solar radiation is one of the major factors causing extrusion damage.
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Fig. 1 Extrusion damages and calculated extrusion stresses of
concrete face in Tianshengqiao-1 CFRD
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Table 1 Thermal parameters of different materials

Mk ep/(106T-m 3-°C' 1) K(J-ms!-Ch hd/(Tm2s°C a, a, /(107°C)
A 1.63 1.227 12 0.60 8.5
R 1.63 1.227 12 0.60 8.5
HEK X 1.63 1.227 12 0.60 8.5
pUR/iy 1.96 1.717 12 0.60 3.0
R 1.99 1.472 12 0.60 3.0

THIR 2.45 2.453 20 0.65 1.0
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Table 2 Parameters of £-B model for rockfill materials

W o/(C) Ap/(C) K n R Ko m

EHE 555 113 1350 0.28 0.80 780 0.18
e 53.0 11.0 1000 026 0.79 700 0.16
HEK 550 122 1300 031 0.79 800 0.12
o 535 10.7 1250 031 0.78 720 0.16
WE 544 10.6 1200 030 0.75 680 0.15

* 3 MBBREERSH
Table 3 Material parameters of creep model for rockfills

Wik} a b c d m ma m3

FEHE 0.0012 0.0008 0.96 0.0012 0.39 0.41 0.63
W 0.0017 0.0010 0.74 0.0015 0.47 0.48 0.66
FEZK 0.0017 0.0008 0.96 0.0012 0.39 0.41 0.63
¥ 0.0012 0.0008 0.97 0.0013 039 041 0.63
#Z0.0012 0.0007 0.95 0.0011 040 041 0.62
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