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Fig. 1 Simulation model
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Fig. 2 Effective plastic strain around the opening of the vessel with the wall thickness equal to that of the nozzle
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Table 1 The effective strain of the junction varied with the geometrical size of the reinforcing ring

SH/H § (5‘,875,)/81 § (sh»\'isi)/sj § (sh»\'isl)/sl
0. =5"° . =10° . =15°
0.5 0. 081 —43% 0.067 —53% 0.057 —60%
1.0 0.043 —70% 0.022 —85% 0. 020 —86%
1.5 0. 020 —86% 0. 008 —94% 0. 009 —94%
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Fig. 3 Effective plastic strain around the opening of the vessel at different nozzle thicknesses
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Fig. 4 Effective plastic strain around the opening of the vessel with a reinforcing ring (¢, =5
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Fig. 5 Effective plastic strain around the opening of the vessel with a reinforcing ring(p,=10°)
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Fig. 6 Effective plastic strain around the opening of the vessel with a reinforcing ring(p, =15
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Table 2 Simulation results of the model for the thick-walled nozzle with a reinforcing ring (¢, =10)

€. max €n,max
oH
h/H=1 h/H=5/3 h/H=1 h/H=5/3
1.0H 0.022 0.012 0. 057 0.021
1.5H 0.008 0.003 0.011 0. 005
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Fig. 7 The explosive containment vessel used in the experiment and its reinforcing design
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Fig. 8 Structural response of the nozzle
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Fig. 9 Structural response of the reinforcing ring
Wl 8 S48 1 W 72 S0 6 235 5 5 (BB 400 295 2R 2 Jal 1) R S o) DA A — JE B BB VAR T il 1 9 Pk
I RAR T I m BPEASTE . 9 S wbuik B b i AR ST 45 L 5 R A IS R WA TR AR LR L ST 1)



722 DS 1 5 et i %35 %

AR Ab T 4IRS BBH R e T LA & A A N ) A i AR T s S 0y ik TR R A . ik L E L2
H R 25 B 5 S0 45 SR AR TR fa $4 5 AR — 300, B0 E T R TH RS SR T SR

BB A A4S 2] A 5256 28 25 AP IR P 0, = 0°,2. 5°,5. 0,7, 5°,10. 0° 4L By 8 PE A FE 43 %1 4 0. 009.,0. 008,
0.007.0.008.0.009;#% +=0,10,20,30 mm AR EMEARIE 73 52 0. 008.,0. 005.,0. 002,0. 001, L4
Ji X ER ST K R AT T I A A5 B BRI AR S I AR IR A 1. 2% . BT L SRR A A T FL AL Y 9
PEARTEAR T8 A 1 S8 M AR T, 30 0F T 40 7 5 A AT S

3 ZRERE

2275 T ) 25 S TR v o 0 3 S 06 FH B5ROE 438 1 25 0 8 T LA SR BT R4 T 1 BB 53, X B (e 45 2R A
IR FOR PEAT SCR B UE . DRSS R, 5 /3 M BRoe R B 8 L5 S BROT AF SR L L5k A 10° A Kb ik
B 1R R 5 7 58 5 AT LU RUREAIRZS i T AL AL 9 B8 PE AR TE L 38 31 B AR 1 b s ROCR

MR VEAS A T LA IR I R F B2 A d ER RS AR B i 5 RF . O TR IR KR ae ik
THH AL T 5 TR AR AR I o BT X 3 8 45 4 RO T Je B FL 5 365 1 1) T L Ak 44 4 i 7 B 491 1) BF 5
P4 E
[1] Wei E, Rudolph J. Finite element analyses concerning the fatigue strength of nozzle-to-spherical shell intersections

[J]. International Journal of Pressure Vessels and Piping, 1995,64(2):101-109.

[2] WeiB E, Rauth M, Rudolph J. Fatigue behavior of oblique nozzles on cylindrical shells submitted to internal pres-

sure and axial forces[J]. International Journal of Pressure Vessels and Piping, 1998,75(6) :473-481.

[3] Dekker CJ, Stikvoort W J. Pressure stress intensity at nozzles on cylindrical vessels: A comparison of calculation
methods[J]. International Journal of Pressure Vessels and Piping. 1997,74(2):121-128.
[4] Dekker CJ, Brink H J. Nozzles on spheres with outward weld area under internal pressure analysed by FEM and

thin shell theory[]J]. International Journal of Pressure Vessels and Piping, 2000,77(7) :399-415.

[5] Dekker C J, Bos H J. Nozzles: On external loads and internal pressure[ J]. International Journal of Pressure Ves-
sels and Piping, 1997,72(1):1-18.
[6] LiuJ S, Parks G T, Clarkson P J. Shape optimisation of axisymmetric cylindrical nozzles in spherical pressure ves-

sels subject to stress constraints[ J |. International Journal of Pressure Vessels and Piping, 2001,78(1) :1-9.
[7] EZREEEELEER. R AR GB150. 1~150. 4-2011[S]. b 5T . o [ b5 e AL . 2011,
(8] SRR FEIR 5 M 25 45 2 Aar 55 28 1 45 4y o) 0 A 92 [ D). P9 22 - PY L % BEARBF 52, 2012,

Reinforcing design of openings of a spherical explosive containment vessel

Cheng Shuai, Zhang De-zhi, Liu Wen-xiang
(Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: Reinforcing design for the opening on a certain experiment-used spherical explosive contain-
ment vessel was carried out referring to the pressure vessel code GB150-2011. The relationships be-
tween the effective plastic strain around the opening and the geometrical parameters of the nozzle and
the reinforcing ring were investigated by numerical simulation. And a reinforcing scheme was pro-
posed which included a nozzle with the wall thickness equal to 5/3 times of the wall thickness of the
main spherical shell and a 10°-reinforcing ring with the same thickness to the main spherical shell
wall. Experiments were performed to validate the reliability of the simulation results and the rational-
ity of the reinforcing scheme.

Key words: mechanics of explosion; reinforcing design; reinforcing ring; spherical explosive contain-

ment vessel; plastic deformation; opening (i kAia=)



