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Abstract

In this paper, finite element method is applied to simulate the stress distribution at the structure of a
plate with a large retangular opening under the transverse pressure with the concentration on the
reinforcement methods and effects. It is found that the maximum stress occurs at the round corner of
the nozzle at the opening and the stress is mainly the bending one. Unlike on a cylinder, a reinforcement
ring is not effective to reinforce the plate with rectangular opening. By increasing the bending stiffness,
adding the nozzle thickness or applying reinforcement ribs can effectively reinforce the strength of the
plate with opening. Specifically, when the reinforcement ribs are parallel to the short edge of the nozzle
at the opening and close to the round corner, the reinforcing effect is the most significant.

Keywords

Plate with Opening, Reinforcement Design, Stress Analysis

FARFEF AT LG R T R BRI

XNEER, &5
Jbsfb TR, ML TR, b

Email: yesialsocan@163.com, giancf@mail.buct.edu.cn

Wehs HEA: 201745 H23H; FHBEM: 20174F6 H4H; KA HM: 201746 H9H

R

ACRRAFRICE, BT HE R R ILEPAREEAER TR 240 KRR, HRTR T mEH R
TTESHBEMR, RUBKN A HWAAERTAZRERING ML, GHENNAFERSHA; MEH
BIFALEHMAR, FRARBHREFTHRMR, EEE/REKR, MhTHENT SN HNE, FE

XESIH: MR, B4 E. FHEERIFALE AR KR T AN YR TR SHR, 2017, 6(2): 116-127.
https://doi.org/10.12677/met.2017.62017



http://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2017.62017
https://doi.org/10.12677/met.2017.62017
http://www.hanspub.org

MER, BA S

AN RAIR AN R A BRETT LR E 5 PARERL N AR, Rl R SRS AT TRL 5
EFFAAMER, HRMRREE.

XK ia
ARITAL, #hERBETE, RIS

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

TEE IR E SRR, T EZESRFFFLAE A S . TR T8 MmiEsv:, &
JIFRBAEINEG PHEF T, STETFFLMER IR S I %, BRAR T S5 MR ERE ), DRI TF FLAR SRR T
F2 R Sy A5 2R LT Ik R v B B A

AT R R T D AR R O T KT ALE R, HITFLER O GB150-2011 HH il i
MO RESR P S5 AR AT W R[]« 7F HG/T20852-2011 Fh ik 1 FE T 15 A AL i R I FLAb a5, {5
HAH LS FH FIFRFLIFEAR[2] . T RIFFLIRE, E A R BRC Ar BUE T 5, (24
BT KETESUHRETERIFAL, EX TR FFALI B0 W3] [4] [5] [6]. 75 TRESEBRA, HRLAIAN
SRR TSR AN AR NSRRI SR A RN . BT RO TSR, AR A PR oA
LT LIRS AN RS LEAR RN B A 1 R MR, X EE AN R 15 XA K IR F LA R RS e o

2. WHEEBE
2.1 FARERAFILGHHEUREESH

AR ANSYS15.0 BAEF S0 FAR TFFLIRIT (8 77 o SR AR T 4580 N R PSP E O JFAE AL, I
TETFALAC B MR T T B (R RREEEY) o AR XA, BORARZE R (1 14 JEAT IR . AN IR o 45 44 1) T B A
R 1~ 4 Fos. SPARFEE F RSN Q345R, #MEARE E = 1.99 x 1011 Pa, yAFALL u=0.3. JLf4h
M BARZHAN L 1 iR,

22. WFFHRE

JE 1R R

1) 7EPAR PRI LA B N AR AR it N 0.3 MPa & 775

2) 7F P s it T 0 eh P R SRR I S R Ry, HAE N 4.75 MPa.
PRSI :

TEXT AR LI IR, SPAR SN A Gt i A= 4 3

2.3. BTk R R MR TT R

KA SHELL181 otk 7y Wik . SHELL18L Hyc hHA 4 15 fifgii s, &1 ARG 6 MEH
JEIE A0 ST AR AT AT

WS (R 53 75 BEEAT AR G oG Mk, B S5 AR AiA . 76 1.2 FrRi SRR T, DAAIAR TCAE A
AR5 AL BRI (1 B ) R P AR AT 45 SR LA, OARS TE PRI LR 2. 36 2 VLA, WIgR ek Mg

()



http://creativecommons.org/licenses/by/4.0/

RER, &A=

FOFCRARERERL, S8 T T A -
3. BRTHEESREI LS
3.1. AEERTEMTHENITTEER

15 oMy LRI L34, 5 P P Y1842 MPR) L T TS BE A S B, 527
Yo SIRE BE I (41 6 9554 NIRRT, 2% B MR A A (E(142.2 MPa) i T T4

Table 1. Geometrical parameters
M IROET RS RES 2

SEAR S T R IF LA ZERRE
[ ~F# B 4% D/mm 3216
[P BT 4R )R mm 20
[ FAR AT FLR ~H/mm 1922 x 1222
FEALAL R F )R SFimm 192
B N ERREE Imm 265
BB YIIREE L /mm 22

Table 2. Grid independence test
7= 2. g T K MK

SR RS ) 20 mm SR RS ) 10 mm MR ZE
B R ER f1/MPa 142.3 1455 2.2%
T KIS i 52 77/MPa 842.1 830.8 1.4%
ELEMENTS AN SYS

R15.0

TYPE NUM

Figure 1. Geometric model of thick-walled reinforcement
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Figure 2. Geometric model of reinforcement ring
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Figure 3. Geometric model of reinforcement ribs in vertical distribution
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Figure 4. Geometric model of reinforcement ribs in horizontal distribution
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Figure 5. Distribution of membrane plus bending stress intensity (MPa)
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Figure 6. Membrane stress intensity distribution (MPa)
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Figure 7. Plots of membrane plus bending stress vs. nozzle thickness
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Figure 8. Plots of membrane stress vs. nozzle thickness
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Figure 9. Distribution of membrane plus bending stress intensity when the thickness is 30 mm (MPa)
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Figure 10. Plots of membrane stress vs. nozzle thickness
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Figure 11. Plots of membrane stress vs. nozzle thickness
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Figure 12. Plots of membrane stress vs. nozzle thickness
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Figure 13. Plots of membrane stress vs. nozzle thickness
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Figure 14. Plots of membrane stress vs. nozzle thickness
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