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THE OPTIMIZATION OF RIBS POSITION BASED ON STIFFENED PLATES MESHLESS
MODEL WITH NONLINEARITY?

Peng Linxin * ¥ Li Zhixian * Xiang Jiacheng * Qin Xia *?
: ( School of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China)
f ( Key Laboratory of Disaster Prevention and Structural Safety of Ministry of Education, Guangxi Key Laboratory of Disaster Prevention and
Engineering Safety, Guangxi University, Nanning 530004, China)

Abstract In the stiffened plate's meshless model, the ribs' position is critical to the mechanical performance of the
stiffened plate under various working conditions. Based on the first-order shear deformation theory and the moving-least
square approximation, a meshless model of the stiffened non-rectangular plate considering nonlinearity is proposed and
the position of the ribs is optimized based on the genetic algorithm. Firstly, the meshless model of the stiffened plate is
obtained by discretizing the plate and ribs with discrete nodes. Secondly, the bending governing equation for the
geometrically nonlinear problem of the stiffened non-rectangular plate is derived from the Von Karman large deflection
theory. Then, the governing equation for the free vibration problem of the stiffened non-rectangular plate is derived from
the Hamilton principle. Finally, the genetic algorithm is introduced with the position of the ribs as the design variable and
the minimal deflection or the maximal natural frequency of the center point of the non-rectangular stiffened plate as the
objective function to optimize the position of ribs. In the process of ribs' position optimization considering the influence
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of geometric nonlinearity, only the displacement transformation matrix needs to be recalculated when the ribs' position
changed, and the mesh reconstruction is totally avoided.In this paper, first taking the single-rib rhombus plate under
global load as an example, the comparison with the theoretical results is carried out and the validity of the method is
verified. Then, taking the minimum center point deflection and the maximum natural frequency of the stiffened plate as
the optimization objective, the stiffened plates with different shapes and different rib' arrangements under local load were
optimized, and then the convergence and stability of the proposed method were studied.

Key words meshless method, ribbed non-rectangular plate, first-order shear deformation theory, genetic algorithm, rib

position optimization
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Table 1 Results of rib position optimization of the skew

stiffened plate under uniformly distributed load

Present  Deflection/ Theoretical Deflection/ Relative errors/

results x/m mm results x/m mm %

1 0.757877  9.55306 0.75 9.35654 1.0502
2 0.746311 9.44857 0.75 9.35654 —0.4918
3 0.752845 9.42753 0.75 9.35654 0.3794
4 0767312  9.82657 0.75 9.35654 2.3083
5 0.747522  9.41837 0.75 9.35654 -0.3304
6 0.524013 12.17842 0.75 9.35654 30.1333
7  0.751636  9.47291 0.75 9.35654 0.6219
8 0.764767 9.72500 0.75 9.35654 1.9690
9 0.754664 9.39735 0.75 9.35654 0.2181
10 0.744043  9.50517 0.75 9.35654 —0.7943
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09t
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= 0.8
0.7 +
0'6 1 1 1 1 1
0 2 4 6 8 10

number

8 AT EAR N A SR 5 BB AR (0]

Fig. 8 Comparison of the presented solution and the theoretical solution
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Fig. 9 Population distribution of single rib optimization iterative
process under uniform load (the 9th result)



25

3376 i

i

e

Ji7s (REEALE x = 0.75 m R AREBIEAUR), IF AR
ATy 2 A I8 W 4% (0 AL S e D0 A 2 1) R A

FEIE.

52 = n%l;u,-—xf (69)
Ao, n WREARZ R, HIMEEANMAIECH , BUE A 20,
BEMLAS 5 x, AL S, & b B, AS )
x =0.75 m, FIAAFIRE . AR 10 IR, 20 IR 30 IKIH)
JI 725334 0.1593, 0.0155,0.0142, 0.0018.

b Pl 9 ] A B A A B B, R R
PARBWIG 22, MEZE D 0] AR EET, IEARIR
HA B — 8 H I 25 RS, UE I T g EA A R
PE. EHEE 10 ACFES 20 ACRHEI 70 A R IR, 72 [F]-— 4R
FREE (EE AN PR Z 1)) A7 Ee AN A2 A0 [H 1,
T TR AR B i A rh MR 2 2 P L Y,
AR S 52T BisH, 51k E
I B A B A T ) 4 R B A (x =
0.75 m) FEIT, 2 10 ACH AP S I 17 AR B
PEAAR, FL2 5 30 AR, Bl b e A 2 A1 H) B
PeJme, B & ROl Sl T s, e, eI aa R v 4y
A B A AIANMAALE 0 ~ 1.5 m Y@ A BEHL HL2 5o A,
i B T 1A% SR AE A 2 P 48 R 1 B AL RN 4 =)
SHLPERE.

(2) 5 6 Il E 4 50t 5 6 Bk —
R 10 K 20 K 30 IREIFIE 73 AT g Sl an 14l 10
JioR, 522k B A R 5y R 0.189, 0.049, 0.061,
0.052. 45 B W] BAE A IREL )38 I, FE AR B Ak
I3 AT RGBT A2 W 1) S AR S A, AR B AT —
AR A (T S LA ), BLAE kA i A5 v i
BT PR E DR O, B s — A I T M A
B x=0.762 m, /L5 10 AR K. X EEZH
T 48 R AR A AR T RR 085 7 52 3R AT L 8] e 9 11 £
P SR, o b B AR R AL AL T — kb
M6 A BN 22 (R BORE, 0 e 8 3 0 P 582 22 1Y)
BN L 5 57, B R ARk 1, A
T R AR

PL A0 B s AR SC 73] BAFR ) 4% 1) dee 1
7B, FE AR 8 A R SRR 0 A A5 I o [ B )
R R RN S AN SRR T eT e B Sk T
Jr iR B AR AR IS, 5 LI 2 T, X b T T A
SR B AR AR UEHER .

(4 2022 5 54 &
1.4+ ° %o °
]
1.2+ °
o
1.0+t e
EO8E o S
= °
0.6 + °, ° °
0.4+ ° °
02+t
° (]
0 5 10 15 20
number of individual on population
(a) FIUAFIHE
(a) Initial population
1.4+
1.2+
] 9 ]
1.0+
E 08 ] o Q90 9
B e
0.6
o o 9 o 0 o
0.4+
02+
0 1 1 1
0 5 10 15 20
number of individual on population
(b) IR 10 K
(b) The tenth generation
1.4+
1.2+
1 0 o9 o
g 0.8
=
0.6 +
9900000000000 9900 (]
0.4+
02+
0 1 1 1
0 5 10 15 20
number of individual on population
(c) AR 20 X
(c) The twentieth generation
1.4+
1.2+
1.0+ °
g 08
E
0.6 f
9000000020020 0000 Q90
0.4+
02+t
0 1 1 1
0 5 10 15 20
number of individual on population
(d) R 30 K

(d) The thirtieth generation
K10 At A T S SIS AT RE IR R 23 A (B 6 Tkt
CAEN)
Fig. 10 Population distribution of single rib optimization iterative
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12 W

MRS HE T ARZ A AR T 2% fr B IR M A LA

4.1.2  JRER B H IR S S A B AL

TE 411 15 SAG0 () BE At T4 389 A Ay 50R R 3
AT, B K/ANSCR 100 kKN/m2, &S HORAS,
11 Fis. BT H IR T 5, 45 LK 2, KI5
10 RH S 25 R, A (b 2 AL /b
(5.05741 mm), H% x = 0.662906 m N F AL fiE.
10 ZAMIEEFPRE . B4R 10 ¥R, 20 YR EL K 30 UK ) Fh
FE AT OUE 12 (AT E x = 0.662906 m), HAFA
77 22453 514 0.057, 0.036, 0.022, 0.014. 45 B KW b
5 AR AR T ER 1) 358 14 Tl 38 T [n) B A s E AT, e 24w
SR AR B e 15 FH R b 22 T AR A 428 1) r 18 P2 o
ANINIIE STEERE Y CAS

X

%/— 100 kKN/m?

'

K11 R ar 28T B 4 25 AR
Fig. 11 Single-stiffened skew plate under local load
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Table 2 Results of rib position optimization under local load

No. rib position x modpoint deflection/mm
1 0.631570 5.11805
2 0.670169 5.51728
3 0.669 569 5.51653
4 0.646 980 5.52643
5 0.752411 5.53346
6 0.665 160 5.51104
7 0.694 006 5.12778
8 0.650185 5.52243
9 0.667421 5.51386
10 0.662906 5.05741
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Ary .
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Fig. 12 Population distribution of single rib optimization iterative

process under local load
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Table 3 Results of double ribs position optimization under (c) The twénﬁeth generation
local load L4t
No. x/m x/m Midpoint deflection/mm b2y
1 0.66152 0.65521 5.99517 c :):Z: ’
2 0.75392 0.749 56 6.06845 = 0.6 ko °5’6”:’:? 7777777777777777777777
3 0.65161 0.60261 5.99052 oal °o |
4 0.66089 0.44267 6.45433 ozl oo
5 0.69129 0.75687 6.10183 N
6 0.65012 0.62133 5.97900 0 02 04 06 08 1.0 12 14
7 0.75985 0.69062 6.10205 x/m
(d) IEAL 30 K
8 0.75541 0.55256 7.05198 (d) The thirticth generation
9 0.65195 0.68862 6.10291 14 JRATEAER R XU S ARAG KA FR KA 53 A
10 0.70822 0.74912 6.11253 Fig. 14 Population distribution of double-rib optimization iterative
process under local load
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Fig. 15 Circular stiffened plate with two stiffeners
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Table 4 Results of rib position optimization of circular

stiffened plate
No. Rib position 0 Base frequency/Hz
1 1.52898 67.30954
2 1.54031 67.43255
3 1.54906 67.52759
4 1.55704 67.61421
5 1.25632 65.27400
6 1.41489 66.07094
7 0.93944 61.49203
8 1.52631 67.28055
9 1.43149 66.25119
10 1.41976 66.123 86

O/rad

O/rad

O/rad

O/rad

E

3379
1.8
L6 b .
]
141 ° ° R
1.2+ ° R
]
1.0+ 0o © o
0.8} °
0.6 | o o
04t ° ° .
02F o o
0 5 10 15 20
number of individual on population
(a) VAR
(a) Initial population
1.8
16 '*”g”vv [ 2 T @
1.4+
12+e °
1 0 | ] 99000 Q9000
0.8}
0.6 |
0.4}
0.2}
0 5 10 15 20
number of individual on population
(b) A 10 K
(b) The tenth generation
1.8
Lop .. *00-----0 e 00-0-9---
14+t °
121 o °
1 0 | (] (] (]
0.8}
0.6 |
04}
02}
0 5 10 15 20
number of individual on population
(c) AR 20 X
(c) The twentieth generation
1.8
1.6 0-0-000-0-0--00-0-0-000-0-0--- 0
1.4+
1.2+ ° °
1.0+
0.8}
0.6 |
0.4}
02}
0 5 10 15 20
number of individual on population
(d) 1A% 30 K

(d) The thirtieth generation

16 A AR 5 S DA ARG RE R A 20 A1

Fig. 16 Population distribution of single rib optimization iterative

process of circular stiffened plate



3380 ] i 7 ik 2022 4 % 54 %
422 XUMZACEDAL 16— 5
L S B R BB A 17 R, R = ol °
120 °:° ° .o
0.8 m, h;=0.06 m, h,, £, ¥ 0.01 m, E=210 GPa, Lol o
=03 FBUBER LA 4 1A I, SO & Eosf e g )
N N TS ® -
I R4 U1 O ) A28, A b = RAR ) — B B 0.6 1
BRSO, M4 T A4 LI BEE A J 53 50 )
0,4 115 x (K348) A 0,(W 4 115 y I8 40), £ LI
WA 0, e[0, n/2], 0,0, n/2]. KA SCHTIR ) 7 0 02 04 06 g(;.rijld 10 12 14 16
VEBEAT 10 RARAL A3 B FIEEBOE R 2005 50 1 2 (a) WIH R
20), AL LA RO UHE T 30, TEI T %0 n = (#) Initial population
1.6
10, 10 AR HT 45 AL 5. 14}
FWIEE 8 vk S 4 R s, 22 TR A ) 428 ol 4R 12} o
JEQL RS BN (48.1778), kM4 1 6, =0.36818 R °
RN £ 08} b,
rad FI4 11 0, =0.37342 Ry s, 55 8 IRiH4IK) < 6l e @ o
HIERPRE . A 10 2. 20 IR 30 IR IRIRIHE S A1 0 04} “ ,,,,,,,,,,,,,,,,,,,,,,,,,,
18 Fiu (RELALE 0, = 0.368 18 rad A4 11 0, = 02f %oy, % °
0.37342), FEATT 253714 0.825, 0.291, 0.154, 0.07. 0 02 04 06 08 10 12 14 16
6,/rad
stiffener I lz (b) AR 10 &
9 (b) The tenth generation
> //E:y e 1.6
\\\ N . 1.4}
X\l stiffener II 121
o 1ot 1
£08f , o ©
ES 0!
0.6 F : °
17 BU4 I [ 04l P9,
Fig. 17 Circular stiffened plate with two stiffeners 0:2 o :":,o 7;‘ 777777777777777777777777777
F5 MENEEIRSAE R ILGER 0 020406 g(jgd 1o L2 1a 16
,/ra
Table 5 Results of double ribs position optimization of (0) 4% 20 %
semicircular stiffened plate (c) The twentieth generation
No. 0,/rad 0y/rad Base frequency/Hz 1.6
141 :
1 0.45601 044118 46.0592 2l
2 0.57187 0.56237 42.4454 o 1o
3 0.43837 0.43800 46.5886 = 087 o
0.6} ;
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(d) AR 30 Ik
8 0.368 18 0.37342 48.1778 (d) The thirtieth generation
9 0.39179 0.404.00 48.005 4 18 I R T 4 DA AR I A2 1 Bl 4 A1
10 0.33078 031961 48,0986 Fig. 18 Population distribution of double-rib optimization iterative
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