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Reinforcement for large openings in cold spring structures
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Abstract: The main design calculation methods applicable to the reinforcement of spherical shell openings
were systematically summarized focusing on the simulation of pressure bearing structures in a large-scale
deep-sea cold seep environment. Then, as an example, the reinforcement effect was studied based on equal
area method, pressure area method, and limit analysis method respectively under the conditions of opening
ratio of 0.1-0.6 and pressure of 21 MPa for a $5000 mm spherical shell. Quantitative analysis was conducted
on the influence of the reinforcement length of the spherical shell and the reinforcement length of the
connecting pipe on the stress distribution of the local structure in the joint zone between the ball and column,
and a scaled model was used for verification. The results indicate that the dense reinforcement method needs
less reinforced area and is more economical for high-pressure large-opening reinforcement design, and that
the increase in the reinforced lengths of the spherical shell and the connecting pipe will effectively reduce the
stress concentration factor at the junction and improve the ultimate strength of the local structure. However,

the increase in the length of the connecting pipe has a certain marginal effect. On the premise of
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manufacturing feasibility, the reinforcement length of the spherical shell should be increased as much as
possible. The structural stress calculation results based on finite element method are in good agreement with
the measured results.

Key words: deepsea; cold seep; pressure-bearing structure; large opening
05 5

TR 2R NI ASN AR & B 980, S N6 sl (R ik AU i . i T a2 i i Al i R Rk 24
B BRI Hh T2 SRR R 5 1, B2 SARNE B I L5 o J U B8 U5 e o e v 45 252 1)
RS o DRI, 7 ok 33 e R VA A LR £ R S i VR S PR A . LRI PR 55 A A A R H Ay
B BT, TR RS AR BB s ORISR h TR Y PR PR BE AT, Vo IR L Ll ST AR
il A S FRBE B AR T L, TR AR 255 TR PR B P20 4 ik e

KR PE GG SR AT G54 CR AR SRR ) R TRV SR ISR LR A A% O, R Heag
TAERETI& . BT T2 LRI R FFALEUR 255 E, 58 R & 4, R 2. T
KA FUEM T 2L, R T B R SSR EIFFL . TFFLES SR AOREREE T 55 . FL1 Y I ) 4
L SH R S AL, TS | LR 0 T P A A ) R R e e AR AN FF LB A 0, 78, 7 kst
G IR KA S IR, AE3C AR i B 5 | S 55 IR o 0 T VR AMEIFFL S BN 25 M 7R 2 MR 1Y) T I, 75
BEHEAT AN T, AN 7 VAR N A — A DG T AR T B A A OCHLE o B Y AL R B K el 4544
BB, B TR ARER T 25 R 22 AR, 5 B80S TORSF el i R e . TR, 75 20T
K AR LS R IFFLAN SR ARBI ST, YEA 740 HUAB ARG, A 22 7 FL X il 2k 7 F1 43 A, KiEA PR T
THREESR, DI S BRIV SRR R 2540 22 2k

FEFLANSR 7 A [ LA AR TP AT AR, T GB 1502011 12545 ). HG 20582
2020 il A T2 85 0 BE TR0 AE ) LA S A BT e T HAm i IB 4732-1995 Cad il i 1 25 as— A i i Hhm e )
5 AF XA T AL | AT A | R S AT T LE

5 TR LT 100 D U 2 A 05 30 TP L AL ST o o b ek ) A T R S R oh T I FLTIT 2 25 i B v R R 45,
BT AR 25 25 AR MR 1 SR, LATEBR IR/ INFL o 3 SE R, 3808 5 e AR S PR 45 M A7 AE 22
ST YT AL E AR, G5 R AR D B HOE, WEITFLR /D BRI, TSR R 15, JF LI
FPRESEAL, i B AT /LSRG, MR A 22

JE TR R IR T CHE 1 R ) 25 48 F ), DAAS 88 SC AR i A 2R B8 71 5 W i 0 AH P hy Al
FLJ AR SR EFL AR BT ks i s 0 A AR 5 FE 4 T LR 25 A B BRRH 45, & — i (U 43
BT,

e IR A3 BT ik 2 3 [ e ) 84 PO 28 B2 25 (PVRC) AR Al B A 04 s M v UL s 1, K 2% B2 b
SRR Rz, A2 | L T ERFE HEAE S TR R BIIR, B 10 50 2 i i i ) T4 L AR IR LA
KZ . TEhIE AR A

1 #MEFTIERT L

BEXFROREEVS AR LA, T Bt — 25 W AN D i A 45 1, 98 AN [l bt 25 40 JE =X g 2k 21
SRS, IR N AT B IS T 28 o LA SRR ERSEHF AL N FEXT 42, 40 IR FHAE AR . )
TR . B R v AT AN IR B, BETHE 1R 21 MPa, 45  20MnNiMo, ¥ -1 B 3, BR5E 1
4 ¢5000 mm, $E45 ELAR 39 $500~¢3000 mm, B 35 45 SIFFLAUA , MR T FLR N 0.1~0.6, 417
RSB T AR LT AR TR, AR 1 B, nIAR DL A



55 9 1 3 RAE s RIS IR I FAUR R RTT - 1437

— R R T AL R T AR MR
500 Oooifﬁ[mfﬂ‘zz}%'ﬁ%%ﬂlaﬁﬂ AN

400000 -
£ 300000
< 200000 F

100 000 - ez

o ez

0 01 02 03 04 05 06 07
r/Ri

L1 ARsRITIERS H A
Fig.1 Comparison of reinforced area obtained from different methods
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Tab.1 Calculation Cases for spherical reinforcement length
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Fig.5 Effects of reinforcement length of spherical shell on ultimate strength
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Tab.2 Calculation Cases for pipe reinforcement length
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Fig.9 Variation of ultimate strength with the length of pipe reinforcement
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Fig.10 Effect of reinforcement length on ultimate strength
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