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Abstract: To overcome the limitations of insufficient design spaces in existing Bio-inspired reinforced-
plate design(BRD) methods resulting from the modeling strategy of the ground structure method (GSM) ,
a diffusion-based growth scheme inspired by the vein growth patterns of plants was proposed. The scheme
simulated the formation processes of plant venation to identify efficient stiffener layouts that enhanced the
buckling load-bearing capacity of the structure. An improved optimization modeling framework was ad-
opted, using S9R5 Shell elements and B32/B31 beam elements to simulate the plate (leaf) and stiffeners
(veins) respectively. A scheme of node pre-storage and reserve/updating employed to expand the flexibil-
ity of stiffeners by increasing the updating-range of active nodes. Rectangular thin plates were investigated
as representative examples. buckling analyses under various parameters, boundary conditions (SSSS and
SFSF) . and loading cases were conducted to validate the effectiveness of the proposed method. The nu-
merical results demonstrate that the diffusion-based growth scheme yields more efficient and clearer stiff-
ener layouts compared to existing growth strategies.

Key words: reinforced shell; diffusion-driven growth; structure topology; linear buckling analysis;
ground structure method
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Fig.7 Design model of square simply supported
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Tab.l1 Numerical results of square plate simply

supported on 4 edges(SSSS,k=25% .AV=2.5%)

plate(SSSS) e ) R T o T
) : (AVH %)) (A5, A0 (%))
with 0 0.00 1.5910 0.00
Case 1(a) 38 +2.54 2.5788 | +62.09
Case 1(b) 39 +2.54 2.4583 | +54.51
Case 1(¢c) 35 +2.51 2.5506 | +60.31
gt e s Case 1(d) 40 +2.49 2.7857 | +75.09
- T 7T\
k=30 k=35 k=38

B8 Casel(a):MfAMBERAV=25%)
Fig.8 Case 1(a):grow from 4 corners(AV =2.5%)
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k=30 k=35 k=39
9 Case1(b): iR EHMAERAV =2.5%)
Fig.9 Case 1(b):grow from the midpoints of the 4
sides of the square plate(AV = 2.5%)
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Fig.10 Case 1(c¢) :grow from the central region of the
square plate(AV = 2.5%)
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Fig.11 Case 1(d) grow from 9 nodes distributed in the

square plate(AV = 2.5%)

K 12,52 143 5k Case 1( 7a) DU Fh A [H] 4]
U A= BT A R A 2k AR AR R A B 2
Heo ATLLE M 4 A AR 2.5 06 I, O B - T
iR 521 (Case 1(a~d) ) — B 2 K5 A, 53 51 1
i 54.51%~75.09% A4F . K H Case 1(d) 54
0 06 5 A B T R R R AL M T Case 1
(a~c) s A, 43 B HE 7 20.94 %6 .37.75% . 24.51% K
S, R AR (K 12) W 3 a8 i A K o 72
T I RCRE L BN R B s A S OF BAR ALK F]
W S L AH 4B 3% AR P ] ES ) T R E AR K O .
AR A I L B A, 0 R 5 RS A e Ty R
R R R B AR L i EE B LA ik ES
ATRLVE i AR 1 E* 8w » % BRD fin i 55
EAERKARENY TSR,

XoF e 2 SRR WYk T 2 et ol 1) A T ol 5 2
rh e L B8 A A9 R RE I R T A A L
U R A H R BIR A A X A i DI, i R
S P g5 T R w0 AR AR KT R
AL TE S A AR A SR L T L o A
KA DX IRBE E W) IR 2R KRR BN T 5 B i
o Gl 5 SE B0 0 XF H g Uk R WYL e TR R
SIREEH e U1~ 2) /Nieer B G B Noceas N
B0 SRR . 5 R BE B D R A A
Y B2 o O 2 Y U (T T ke
32 EXEMRWZIERHEH

HE— 25 S BT A K T 5 Al A=
FORF L G AT S AR R Al 32 T R 3549 (Case
2~3). BRI EE M S 3,171 Case 15—
BB 105080 . BT 13 i AE JE AR B 9 5 AN [+)
Tz % AR A 2 A i n 7 3L b it A R 2R AR
R W ST AR g5 M RS KR BE 88 Ol a = 1200
mm, b= 900 mm, s, = 3 mm, I FEw B H g=

- 460 -

1.000
0917
_._ 03833 V=
io6. &k i AV=2.5% 5 150
- AV o3 k=25% N 125 Ty
80F . pr_, [l M 'S {100 2
£ 6o e w=15 22105
2 i Bl =
3 40 3 i
1 2150 &
20 § 25 B
* t*****,.** *-”****** 0 0 =
0 10 20 30 40
YRGB k
(a)Case 1(a)
i
loop = Ak R o
- AV -~ 0;583 °\c %
N T = £ igg =
L eor—gr_ i = 8
3 40 = 2
g 2 150
20 £ s
£425 B
0
0
WMRTIEARD k
(b)Case 1(b)
1.000
0917 7.
toop— Ah - £ AV=25% 13 1150
sob TAY R K=25% o | 2 {125 %
O T e Rl B k=20 k=40 2'3 {100 2
X 60 R 0167 =
2} —»EAk_l 9083 % 75 =
3 Sl B
S 40 1150 &
= 8
20 o Z{25 E
o o

0 5 0 15 20 25 30 35
YHHERE k
(c)Case 1(c)

o _
0:833 = 0,

1007~ A4, ver A 20‘5 %3 150
0300 k=25% N o
g0 AV §§§§ k=40 IS 28 TJ
L 60 ot 2 g 100 %

< 75
3 40 - &
1 150 &8
20 X & A £425 B

1 ) . L Heatare . 0 0

0 5 10 15 20 25 30 35 40
ExiprIjeas

(d)Case 1(d)
E12 AREEXHR-—MEHERSERHE
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Fig.12 Iterative process of the first buckling mode of
square plate under SSSS BC condition
(SSSS.AV=2.5%)
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Fig.13 Design model of rectangle plate with simply
supported BC condition (SSSS)
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Fig.14 Design result of rectangle plate with simply

supported on 4 edges under four-sided axial pressure

(a: b=14: 3 with SSSS BC condition, AV =5%)
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Fig.15 Design result of rectangle plate with simply

supported on 4 edges under unilateral axial pressure

(a: b=14: 3 with SSSS BC condition, AV =5%)
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2 EMEIMEGMELER(a: b=4:3. AV=5%)
Tab.2 Numerical results of rectangle plate with simply supported on 4 edges(a : /=4 : 3, AV=5%)

P Case 2 . Case 3
EWRQAVAY%)) | EliEF 5 ax45%)) WRRAVAY%)) | FElliEF L a(%)
Ip 0 0.00 3.3160 0.00 Wk 0 0.00 9.0370 0.00
17D / +5.22 3.8876 +17.24 17¢ / +5.22 10.5650 +16.91
15 +0.91 3.8123 +14.97 5 +0.37 9.70220 +7.36
el 146/ 25 +1.53 4.0328 +21.60 Fl 15a 15 +1.10 10.3470 +14.50
= 250 =250
Newy 10 |5 +4.43 45845 | +3825 | N | 35 +3.21 11.8090 | +30.67
62 +5.17 4.9271 +48.59 47 +5.13 13.2090 +46.17
25 +1.46 4.0062 +20.81 5 +0.37 9.7022 +7.36
el 14b/ 50 +2.84 44178 +33.23 Pl 15b 15 +0.97 10.2790 +13.74
= 15¢ =15%
Newm 10 | 75 +4.15 48734 | +4697 | N 5% e +3.77 119580 | +33.32
90 +5.06 5.5211 +57.45 45 +5.08 13.0540 +44.45
25 +1.54 4.0067 +20.83 5 +0.37 9.7010 +7.35
Pl 14c 50 +2.94 4.4512 +34.23 Fl 15¢ 15 +1.14 10.3630 +14.67
=15¢ =159
Neo, 5% s +4.29 48240 | +4548 | N 5% e +3.67 12.2990 | +36.10
87 +5.02 5.0161 +51.27 45 +5.09 13.3050 +47.23
~ Al —AV % ER_, — ~Al AV » ER_, —ER_
F450 s
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E16 EREIN—MEHERERFER(w: b=4: 3,AV=5%)
Fig.16 Iterative process of the first buckling mode of rectangle plate with simply supported on 4 edges
(a:b=4:3,0V=5%)
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Fig.18 Example of a rectangular plate with bilateral
simply supported(SFSF ) and unilateral

axial compression
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Fig.17 Case of orthogonal grid stiffened rectangle plate(a : b =14 : 3.AV=5%)
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Fig.19 Design result of rectangle plate with simply
supported on ane edge under unilateral axial pressure
(a : b=2 : 1 with SFSF BC condition)
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Tab.3 Result of rectangle plate with simply supported

on ane edge under unilateral axial pressure
(a : b=2: 1 with SFSF BC condition)

B ARBCVAECY%)) | R T (A%, A28 %))
Wi 0 0.00 0.4848 0.00
25 +0.79 05854 | -+20.76
19 50 +1.44 0.6491 | -+33.88
Cased 75 +2.09 0.6889 +42.10
k=15%
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Fig.20 Iterative process with CFSF BC condition
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