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Structure Optimization of Rectangular Vessels
Based on Limit Load Analysis

TAN Wei',LU Yanling **, DONG Jinshan®
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2. School of Mechanical and Power Engineering, Nanjing University of Technology , Nanjing 211816, China;
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Abstract ; Aiming at the limitations of conventional computing for rectangular containers, a structure optimization method
for rectangular vessels based on limit load analysis was put forward. The chamber structure of rectangular vessels was
analyzed though nonlinear finite element analysis,and the most dangerous point’s load-displacement curve was available
by Newton iteration method, then the limit load value of the structure was obtained on the basis of the twice elastic slope
method. Combined with the orthogonal experimental method, the influence of various factors on the test target was
analyzed. Results showed that rib thickness had the biggest influence on limit load, then rib height and shell thickness.
The structure quality decreased by 43.5% on the basis of satisfying the ultimate bearing capacity and fatigue strength,
which the optimization effect was obviously providing basis for related optimization design based on limit load in the
future.

Keywords : rectangular vessel; limit load analysis; orthogonal experimental method ; nonlinear FEM ( Finite Element

Method ) ; Newton iteration method
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Figure 1 ~ Structural sketch map
A1 EREHRT
Table 1  Structural size of cavity mm
L L, L, 8 r B, H,
1 900 1 050 750 5 60 100 50
8 Ly N Ly L, 5,
8 230 7 1280 980 25

2 IEXRWARIE

IESSRE B RN Z R Z K1 LA TS
) —FP BT B 52, S AR R 1SS 1 DA 4 Tl 6 v Pk ik
R BA RN — R B AT, X e R
(ORI A 350 40 B R 5 AT F A 4 s R —
TP 25T RORE = AR B ik .

B e P X A IR 28 iy b2 SR AR T Y 3 >
PRI, B R RE R & 0o fif7 JEE 5 S, R il i 2 H,
AR TR R 3 K B8 73511k 3,4
A5 mm;8, 535K 3,4 F15 mm; H, 435k 50,55 #1160
mm, FARRY R R FK T SR g 2 HEan R 2 Mk 3
FIr7s

22 EEHARFRNKF

Table 2 Main factors and levels mm
S
KT —
FRIARBEIE & TR AL 8, T e BE A
1 3 3 50
2 4 4 55
3 5 5 60
23 ERABA
Table 3 Orthogonal test table
R ois IR s 8 H,
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

3 A&MEBRITONT
3.1 HRTEEMEIERE
EAHERL g S30408 , finsie ffi #4 8 Q235B, A it
AR AR , B BT A BRI AR S S, B T 2
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R4 FERTAMHE RS
Table 4 Main performance parameters of

materials at normal atmospheric temperature

B R/ IR, VR

g PR kst O R
P: MPa MPa

S30408 195 0.3 205 137

Q235B 201 0.3 235 116
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Figure 2 Mesh of model
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Figure 3  Loading and boundary

conditions of model
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Table 5  Limit load of computing

Ky BRE AR || ey RER AR
b7IR=3 faij/MPa  fij/MPa p2IR=2 fii/MPa  fij/MPa
1 0.296 0.197 6 0.481 0.321
2 0.395 0.263 7 0.446 0.297
3 0.529 0.353 8 0.445 0.297
4 0.365 0.243 9 0.559 0.373
5 0.501 0.334
RO MESH
Table 6 Max-min difference analysis MPa
HE K K, K, ky ky ky  ER
3 1.220  1.428 1.450 0.407 0.476 0.483 0.076
oy 1.107  1.341 1.569 0.369 0.447 0.523 0.154
H, 1.222  1.453 1.476 0.407 0.484 0.492 0.085

KT MR T E 2

Table 7 Variance analysis of limit load

YI(E M 0.446 333 ,0 {4 0. 083 344

i BZEFTM S AWE D HWITM,  F{i SBFEKFEP
8 0. 008 8 2 0.0044 45927 0.0213
8 0.035 5 2 0.0177 184.650  0.005 3
H, 0.010 9 2 0.0054 56.847 0.0172

k% 0.000 1 2 0.000 0
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3 AN PRI ZR R PR 2 A 1) 52 o S AR 2, b e i Y
SR AR 8, , HeUE s i & B2 H, , fe i 72 AR
FOJSERE 6o R g A BIR B far B A, TR0 Al 22 4, i 6 6
IR S 6(3)6,(3) H, (3) , BIEEH] 6 =5 mm,
8, =5 mm,H, =60 mm,
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Table 8 Variance analysis of volume

Y(E A 1.129 760, 0 {54 0. 128 007

HE BYEFIIM AmE Ly FE  BFKTFP
s 0.061 4 2 0.030 74 724.692  0.001 37
8 0. 065 4 2 0.03274 772.227  0.001 29
H, 0.004 0 2 0.00200  47.337  0.020 68

5% 0.0000 2 0.000 04
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Figure 4  Curve of load-displacement
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Figure 5 Twice of fatigue stress amplitude
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