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Multi-axial strength and safety index of concrete arch dams

QIAN Xiangdong, LI Xuzhan
(College of Mechanics and Materials, Hohai University, Nanjing 210098 , China)

Abstract; In order to calculate the multi-axial strength of concrete and design a concrete structure considering the
multi-axial strength of concrete, a general method for calculating the multi-axial strength under an arbitrary multi-
parameter strength criteria is presented in this paper by using the overload factor of equivalent ratio, K, . Taking a
completed arch dam as an example, the equal proportional overload factor, K, , and the failure distance factor,
K.y, are calculated, respectively, and compared with the safety factor of uniaxial strength. Then,the necessity of
designing a concrete arch dam according to the multi-axial strength is pointed out. Based on the definition of Ky
and the analysis of an example, it is suggested that K, should be consideredas an index for the safety design and

the checking of multi-axial strength of arch dams.

Key words: concrete; arch dam; multi-axial strength; overload factor ofequivalent ratio; failure distance factor;

safety index
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Table 1 Parameters of concrete and bed rock
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Fig.3 o, of the arch dam
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Fig.7 Strength safety factor of the foundation surface
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Table 2 Strength safety factor of the upstream surface

[ %4 Ak 0 J7/MPa Fefliin e 4 R A4l 3157 71/ MPa Ak 22 4 R

m g g, g3 Kyp K, KoL Ty ) T3 Kyp K, KoL
610 2.38 -0.12 -0.31 1.51 1.57 1. 46 1.73 0.05 -0.24 2.17 2.20 2.02
590 1.76 -0. 30 -1.07 1.82 1.99 1.95 1.35 -0.33 -0. 88 2.29 2.59 2.53
560 2.91 -1.06 -2.47 1.12 1.20 1.17 1.48 -1.09 -1.93 1.78 2.36 2.25
520 4.44 -1.91 -3.77 0.83 0.79 0.76 3.12 -1.92 -3.36 1.05 1. 12 1.08
480 5.82 -2.20 -4.38 0. 67 0. 60 0.59 4.53 -2.09 -3.92 0. 82 0.77 0.75
440 3.93 -2.52 -4.31 0. 90 0.89 0.85 5.58 -2.67 -4.72 0.71 0.63 0. 61
400 5.33 -2.64 -4.77 0.73 0. 66 0. 64 5.30 -2.66 -4. 64 0.73 0. 66 0. 64
370 8.09 -2.84 -5.13 0.52 0.43 0.42 8.49 -2.83 -5.32 0.50 0.41 0. 40
350 11. 11 -1. 14 -3.68 0.31 0.32 0.31 10. 36 -1.37 -3.70 0.34 0.34 0.33
332 7.56 -2.97 -4.63 0.55 0. 46 0.45 9.40 -3.19 -4. 88 0.45 0.37 0.37
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Table 3 Strength safety factor of the downstream surface
R/ Akt 0 J3/MPa et e 4 A A4k 32157 71/ MPa Ak 22 4 AL

m T g, g3 Kyp K, Ko, gy ) g3 Kyp K, Ko,
610 0. 60 0.08 -0.50 4.71 5.83 5.63 0.93 0.17 -0.30 3.92 3.76 3.72
590 0.53 0.29 -2.70 2.12 6. 60 4.75 0.51 0.31 -1.97 2.49 6. 86 5.32
560 0.95 0.59 -4.88 1.49 3.68 2.63 0. 87 0.63 -3.79 1. 65 4.02 3.00
520 1. 06 0.61 -6.52 1.34 3.30 2.22 0.90 0. 64 -6.10 1.40 3.89 2.51
480 1.43 0.72 -6.91 1.25 2.45 1.79 1. 15 0.76 -6.98 1.29 3.04 2.05
440 1.32 0.73 -6.90 1.27 2.65 1.89 1.26 0.78 -8.06 1.23 2.78 1.84
400 1. 66 0.99 -9.61 1.13 2.11 1.45 1. 64 0.99 -9.07 1. 14 2.13 1. 49
370 1.42 0. 80 -11.94 1. 11 2.46 1. 46 1. 66 0.93 -12. 15 1.08 2.11 1.33
350 0.53 -0.19 -13.88 1.17 2.52 1.98 0.74 -0.17 -12.87 1.17 2.72 1.90
332 1.32 0.27 -10.79 1. 15 2.65 1.62 1.28 0.52 -11.43 1. 14 2.73 1.59
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