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Abstract: The expanding fracture of ductile alloy cylinder subject to the explosion includes multiple fracture modes, such as
tensile, shear, and mixed tensile-shear fracture. The mechanism and the factors influencing the fracture processes are still
enigmatic and far from understood. In this paper, the smoothed particle hydrodynamics (SPH) method is used to simulate the
explosion experiment of 45 steel cylinders shell with different charges of JOB-9003 and RHT-901. The shear fracture, tension-
shear mixed fracture modes and the evolution process of cylindrical shell with different charges are discussed. The simulation
results are consistent with the experimental trend. The SPH results show that due to the propagation and reflection of shock
wave between the inner and outer surfaces of cylinder during the loading stage of detonation wave, the distribution of
equivalent plastic strain on wall-thickness of the cylinder is a convex shape, i.e. the strain in the middle of wall-thickness is
larger than that of in the inner and outer walls; when loading by a higher explosive pressure (JOB-9003), the fracture cracks

initiate from the middle of wall-thickness, and then develop to the inner and outer walls along the direction of maximum shear
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in loading stage, showingthe shear fracture mode. However, under the loading caused by charge RHT-901 with relatively low
pressure, although the crack still starts from the middle of wall-thickness and propagates along the shear direction, the shear
crack could not grow through the section of the wall completely in the loading stage; then the cylinder experiences the stage of
free expansion, the stress state of unbroken zone changes into triaxial tensile stress state and the structural instability, similar to
“necking” occurs in the unbroken zone. Consequently, the cracks turn from the shear direction to the necking zone along the
radial direction, showing the mixed tensile-shear fracture mode. The proportion of tension and shear cracks is related to the
occurrence time of structural instability. The results show that the explosion expanding-fracture process of a metal cylinders
involves the interaction between shock wave and cylinder structure, and cannot be treated as that of a series of expansion rings.
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Table 1 1The fracturecharacteristics and failure modes of 45 steel cylindersunder
different explosive conditions and geological parameters™™

" EyidNun R R FRXE I K T 2450 0 45
s
AMER/mm NA#Er/mm NA2R/mm B h/mm £ te/ us & tr/ s &/s™! LES TRy
JOB-9003 (5L>) 20 0 20 4 0.40 7.5 1.31 19.5 7.1x10* 4lig§)
4 0.24 8.8 0.43 154 29x10*  FBTIRA
RHT-901(%5 ) 30 20 30 NN
5 0.18 7.8 037 158  25x10°  FEIRA
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(a) JOB-9003 charges (b) RHT-901 charges

1 BfHiH55 SPH A6zl
Fig. 1 SPH model with different explosive charges
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Table 2 Constitutive parameters of 45 steel™

Johnson-Cook#x 15 Grii neison kA 2
A/MPa B/MPa n m c go/s7! c/(m's™) s Yo
350 600 0.307 0.804 0.07 2x10 4600 1.49 2.17
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#3 ME IWL A5 IEHERSH
Table 3 JWL EOS parameter of thecharges”®

124 A4/GPa B/GPa w R, R, Ey/(GJ'm™) p./GPa pl(kg-m™) D/(m-s™)
JOB-9003 842.0 21.81 0.28 4.6 1.35 1.0 35 1884 8740
RHT-901 503.0 9.065 0.35 43 1.10 7.6 27 1658 7800
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Fig. 3 The radial expanding velocity of the outer surface of cylindrical shell
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Table 4 Comparison betwwen SPH simulation and experimental results

FEZ HHER/mm BEJELh/mm ik & t/us & t/us & t/us & /s W
Sy 0.40 75 131 19.5 7.1x10* X 5]
JOB-9003 20 4 -
L 0.37 7.3 0.37 73 1.07 17.2 7.1x10* XL g5 4]
S 0.24 8.8 0.43 15.4 2.9x10* higiRA
4
L 0.30 13.1 0.31 13.5 0.41 17.3 2.7x10* PiyiRA
RHT-901 30 . .
Sy 0.18 7.8 0.37 15.8 2.5x10* hERA
5
L 0.21 11.9 0.23 12.8 0.30 16.1 2.1x10* PigiRA

PE— % NAR 30 mm. BEJEAY SR 4. 5 mm B9 45 GAEFETE RHT-901 250 25K N ZR T 1R 24 3E 175k
TEAAEL, B 4 A AR P N AR S R AL B . I 4 AT A ST 5 S BR AT AR 8 A 78 B R
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4 RHT-901 =5 K2R NI R/A BOAESER MK BT 2 R 45 2
Fig. 4 Simulation results on fracture process of the cylindrical shell with different R/4 under RHT-901 charge
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(c) Damage evolution for shear fracture
K5 JOB-9003 ¥EZGNMAR T 45 PHSEAMREER 7| NEAK K i 2438 A b 7
Fig. 5 The explosive pressure, expanding deformation and fracture for 45# steel cylindrical shellwith JOB-9003 charge
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XFF N4 30 mm, BEJE 4 mm [ 45 40FEFE, 7E450 RHT-901 JEZ/EH T, Wi 25 4% 30 mm,
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