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Fig. 1 3-D FE model of spiral case
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Fig.2 The effect of radial wrap angle of cushion layer on shear between stay rings and concrete
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Tab.1  Shear between stay rings and concrete under cases with different thickness and deformation modulus
of cushion layer
R B S By Q/MN
d/mm E/MPa (E/d)/(MPae+m ) I} 0° 45° 90° 135° 180° 225° 270° 295° 315
X —0.93 —8.70 —14.28 —12.82 —4.61 4.25 6.98 6.66 2.70
0-1 20 Y —3.30 —2.61 5. 14 14.43 19.73 17.64 9.46 5.54 2.44
0.5 100 X —0.59 —4.33 —6.53 —5.43 —1.41 2.53 4.76 4.08 1. 40
Y —2.56 —1.98 1.72 5.69 7.75 6.41 1.46 —1.08 —3.44
X —0.49 —3.16 —4.68 —3.81 —0.87 2.04 3.68 3.06 0.92
_ 0-8 160 Y —2.33 —1.91 0.75 3.57 4.98 3.93 0.03 —2.04 —4.03
? X —0.45 —2.70 —3.97 —3.26 —0.72 1. 80 3.21 2.68 0.70
1.0 200 Y —2.24 —1.88 0. 34 2.72 3.93 3.00 —0.47 —2.29 —4.16
X —0.35 —1.57 —2.24 —1.83 —0.37 1.12 1.97 1.58 0.21
2.0 100 Y —1.95 —1.78 —0.56 0.75 1. 40 0.80 —1.43 —2.71 —4.04
28 000 5 600 000 X —0.15 —0.15 —0.15 —0.15 —0.15 —0.15 —0.15 —0.15 —0.15
Y —1.36 —1.36 —1.36 —1.36 —1.36 —1.36 —1.36 —1.36 —1.36
_ X —1.10 —11.47 —18.97 —17.36 —7.06 3.09 6.91 6.58 3. 60
0-1 ? Y —3.63 —3.68 6.28 18.44 25.84 23.66 14.02 9.60 6.33
20 10 50 X —0.76 —6.33 —9.95 —8.60 —2.64 2.94 6.06 5.28 2.00
Y —2.91 —2.16 3.29 9.47 12.93 11.10 4. 56 1.22 —1.44
X —0.46 —2.83 —4.13 —3.41 —0.85 1.72 3.18 2.65 0.62
0 200 Y —2.24 —1.92 0.32 2.74 3.98 3.05 —0.46 —2.34 —4.25
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Fig.3 The effect of E/d on the relationship
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between shears of stay rings and concrete

and the flat wrap angle of cushion layer
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Fig.4 The effect of E/d on shear of stay rings
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Analysis of shear property of stay rings for spiral case
with cushion layer under unbalanced hydraulic thrust
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Abstract: The stay rings of spiral case bear a considerable horizontal shear under unbalanced
hydraulic thrust, and an excessive shear will endanger the stability and safety of the whole spiral case
structure. A 3-D FE model for spiral case is established by taking into account the contact slippage
between the steel liner and surrounding concrete and cushion layer. A detailed study on the effect of
the radial wrap angle, the flat wrap angle, the ratio of deformation modulus to thickness of cushion
layer and the constraint of surrounding rock on the shear property of stay rings is conducted. The
experimental results indicate that the downward extension of the soft cushion layer radial wrap angle
will increase the shear on stay rings. The alteration of flat wrap angle changes the rigidity distribution
of structures surrounding steel spiral case, which has a remarkable influence on the shear of stay
rings. The alteration of the ratio of deformation modulus to thickness of cushion layer changes the
shear value between stay rings and concrete, the share proportion of transverse unbalanced hydraulic
thrust by stay rings, and the spatial distribution of shear on stay rings. The constraints of

surrounding rock have no influence on the shear of stay rings with other conditions unchanged.

Key words: spiral case; cushion layer; stay ring; shear; ratio of deformation modulus to thickness



