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Fig. 1 Typical profile of Hardfill dam 3 Fig. 2 Typical stress-strain curve of Hardfill material *
1 Hardfill
2 Hardfill Table 1 Parameters for integral stability
21 calculation of typical Hardfill dam
/ / / /
3 GPa kg m~3 MPa °
Hardfill 8 0.20 2300 0.60 38
15 0.25 2500 1.50 40
1 8 0.20 2300 0.35 35

(@ TR A

3 Hardfill

(b) EJRN A

MPa

Fig. 3 Stress characteristics of typical Hardfill dam units MPa
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Fig. 4 Failure process of typical Hardfill dam
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3 Fig. 5 Relation curve of yield ratio of
dam base and safety factor
ki1 =1.40 £k, =1.92 k=2.69.
3
Hardfill 2
Table 2 Parameters for integral stability
Hardfill calculation of typical gravity dam
1:0.8 2 / / / /
) ) GPa kg m~3 MPa °
2 25 0.167 2400 1.10 50
15 0.250 2500 1.50 40
Hardfill 25 0.167 2400 0.85 38
6
Hardfill Hardfill k=1.96
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3. (a) k1=1.00, k&,=1.00 (b) £1=1.40,k=1.00  (c) k=140, k,=1.40
6
Fig. 6 Failure process of gravity dams with same heights
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4.1.2
Hardfill 5 Hardfill 4.
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Table 3 Sensitivity analysis of elastic modulus Table 4 Sensitivity analysis of material shear strength
ky ky k
2 k k
Ey/GPa  E/GPa  EuE / / / /oM 2 k
2 15 0.13 1.40  1.75  2.45 MPa MPa
5 15 0.33 140 1.90 2.66 0.2 30 0.15 30 140 1.30 1.8
8 15 0.53 1.40 1.92 2.69 0.4 34 0.25 32 1.40 1.50 2.10
12 15 0.80 1.40 1.92 2.69 0.6 38 0.35 35 1.40 1.92 2.69
15 15 1.00 1.40 1.92 2.69 0.8 42 0.55 38 1.90 2.0 3.80
8 5 1.60 1.40 1.90 2.66 1.0 45 0.65 40 2.45 2.0 4.90
4.2 Hardfill
4.2.1
Hardfill 5 5. Hardfill
5 Hardfill
Table 5 Sensitivity analysis of
slope ratio of Hardfill dam
k ky k
1:0.5 1.40 1.80 2.52
422 1:0.6 140  1.90  2.66
1:0.7 1.40 1.92 2.69
3 1:0.8 1.46 2.0 2.92
7 1:0.9 1.55 2.0 3.10
. Hardfill 6 Hardfill

13

Table 6 Sensitivity analysis of
Hardfill dam heights

/m ky ks k
50 1.87 2.00 3.74
70 1.40 1.92 2.69
100 1.40 1.65 2.38
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Integral stability of Hardfill dam

XIONG Kun' > HE Yun-long’®> LIU Jun-lin® 3
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2. State Key Laboratory of Hydraulics and Mountain River Engineering  Sichuan University
Chengdu 610065 China
3. State Key Laboratory of Water Resources and Hydropower Engineering Science
Wuhan University  Wuhan 430072 China

Abstract An appropriate dam safety evaluation method was studied according to the design concept of the Hardfill dam.
Based on the elasto-plastic finite element method the integral stability of a typical Hardfill dam was analyzed and the
sensitivity analysis was made to assess the effects of the material parameters and structural characteristics on the integral
stability of the dam. The results show that the failure mode of the Hardfill dam is mostly integral sliding along the
interface between the dam and foundation when the synthesis method based on the intensity reserve is used. The shear
yield zone expands from the dam toe towards upstream along the interface which leads to the slide failure of the dam.
Compared with the gravity dam on the same foundation the trapezoid Hardfill dam is much more stable. The failure mode
and integral stability of the Hardfill dam are affected little by elastic modulus but dramatically by shear strength of the
dam. The slope radio and height of the dam have small impact on the dam failure modes. The dam toe is the weakest area
of the whole dam body and its strength should be improved by increasing the cement content of the Hardfill material

properly in the design and construction.

Key words Hardfill dam integral stability elasto-plastic finite element
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