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Application of Shaped Charge Cutting in
Emergency Repair of Reservoir Discharge

CAO Ang ,ZHAO Gen LI Wei-chao ,YAO Er-lei
(Key Laboratory of Geotechnical Mechanics and Engineering of the Ministry of Water Resources,
Changjiang River Scientific Research Institute , Wuhan 430010, China)

Abstract: One wedge gate valve of venting steel pipe of a reservoir diversion tunnel in Hubei Provence failed to
work properly,which caused a great safety threat to the operation of the reservoir. Therefore , effective measures should
be taken to empty the reservoir in order to complete the rush repair of gate valves before the flood. According to the
engineering characteristics and emergency needs,shaped charge blasting technique was selected to cut the vent steel
pipe. and annular cutting and local rectangular cutting were designed and compared. According to the material and
shape of shaped charge cutter, ANSYS/LS-DYNA and field tests were used to simulate and analyze the shaped
charge cutting effect, where the fluidic velocity after penetrating the steel plate was taken as the evaluation index.
Then the optimal blasting height of the cutter(top width =6 mm, bottom width =30 mm, height =25 mm, and liner
angle =90°) was determined to be 13 ~ 17 mm. The practice showed that the steel pipe with a thickness of 14 ~
16 mm can be cut successfully using the shaped charge cutter with a linear charge density of 380 g/m. Besides, the
detonation mode, installation and blasting cutting effect of shaped charge cutter in practical engineering were intro-
duced in detail ,which provides a successful example for the similar engineering.
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Fig. 1 Vent steel pipe and dark rod wedge gate valve

structure layout drawing( unit;mm)
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Fig. 2 Schematic diagram of two linear
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shaped charge cutting
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Fig. 3 Schematic diagram of the laying position of

the linear shaped cutting cable(unit;mm)
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Fig. 4 Schematic diagram of cross-section of

linear shaped charge cutting( unit:;mm)
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Table 1 The constitutive models and state

equations of materials
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Table 2 Explosive calculation parameters

oy po/ | b psGPa a/GPa
(grem™)  (em-ps™)
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Bl 9.796 4.0 1.39 0.36
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Fig. 5 Cutting effect under different explosion heights
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Table 3 Jet velocity after penetration with
different blasting heights
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Fig. 6 Laying situation of the linear shaped charge

cutting and cutting effect after blasting
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Fig. 7 Cutter installation diagram
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Fig. 8 On-site blasting equipment installation
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Fig. 9 Steel pipe incision after shaped energy cutting
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