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Abstract Based on the macroscopic and microscopic structural characteristics of bamboo, two bionic bamboo structures
were proposed: a thin-walled tube with variable wall thickness with reinforcing joints ( Tube-a) and a thin-walled bamboo-like
tube with ribs in a double circle (Tube-b). The energy absorption characteristics of the bionic structures under three-point
bending loading were investigated with the help of Abaqus tool, and the conventional circular tube structure was introduced for
comparative analysis. The results show that Tube-b has the best performance, its peak crushing force is reduced by about
18.396% compared with the circular tube structure, and its specific energy absorption and energy absorption efficiency are
improved respectively by about 50. 8% and 38.797%. To further investigate the energy absorption characteristics of the
bamboo-like structure, the effects of parameters such as loading angle, wall thickness property @ and cross-section property 8
on the energy absorption characteristics of Tube-b were explored. It is found that the comprehensive performance of Tube-b is
better under 0° ~20° loading; the energy absorption efficiency of Tube-b can be improved appropriately by adjusting the wall
thickness property, and the specific energy absorption of Tube-b can be improved appropriately by adjusting the cross-section
property. This study can provide some references for the design of improving the energy absorption characteristics of thin-walled
structures.

Key words Bamboo; Bionic; Thin-walled structure; Finite element; Energy absorption property

Corresponding author: ZHANG HaiYan , E-mail; tsxk5376@ 163. com

The project supported by the National Natural Science Foundation of China( No. 52075185).

Manuscript received 20231010, in revised form 20231111.

*20231010 W BIWIHE, 20231111 WeEME R . ER AARERESTE (52075185) B8,

s JRIGHE, Zr, 1983 4R, WG A, DUGK, WITRHE 2GR B, EZE 7 AU | RERER . iR A A,

s JEAE ) 55, 1980 4FA:, TTARSTMIN, DUK, AEREEE TRV, LB, BRI 0 MU | RN E M R U ] 1
AR MBI S TR,



832 HL Ui G

53 2024 4

0 35

WRBELE VR ZALAS i —Fl, A ik (1%
RS LA BB A (e e, 132 T s AR L 424
TR A A A RS R RO
B RE LA JEIE T IE 25T, AN BN HIE A
BHAR I UATIEAR AT . FER BT I, WA 454 4
B AR B 2l A Z 058 N 5L T T RE 45
P FERR LT AR 1, AR = A TR K
NI AR G B B B N AN IR A R T T &R
SRS TS

M AN TR A BRI BR , AR, b ik — 4
e VR BE S5 A8 1 RE S W M R B AT N BURE HDOREE 1R T
iz B KA YRR R Z 1) AR TE, 1E AR,
TRE Z FLAS A 1 A W) )5 7Y 3 B0 AR 2 R s 2 R
Kbk, Horp AP2K T B S AR R AT M
AN E T S E TR Y e R
AR SHARMA D 2805 DL ih 8 5 R W1 58 %
G PR T WA AL R A, I DL K R L
RN R A 1 984T T 280k 58, PALOMBINI
F L 20 BT 245 045 0 (0 R ik JL A TR, 2 o
T AR A 458, I BT T % 05 A A A R A
il R DRI =S R B0 RE R R I BE
MOHAMMADI H 25" 431 T {5 A5 e o5 v BE S5 #4151
M F B ZR g T3 = 7 A 2 A T R Y i T
Tk FERESCEES DUE BT B B R L 4 25 4
TENRFFENT G 48 T 051 SoCiBESS H , I Bh kR
PRSI T 0T T 5 A 25K A 78 2 A 2R g e A e
P IR T 05 AR S5 A R . T B REAE ) A Bl ot

7 ey

KA B 23 SRR B 1 1 05 A2 W BE SN by, 1 — 2 4l id
S BRSPS O 1 D5 A 2 R AL GE i BE S M e = o
T A ERE . AREURSE B R T A AT
(7 2E PR RE T LA S RO IR 4R T — P () A v
GEKG O — PR T LRSS AR R PERE , 18] FH R 17 1TV
AT T BT,

PryBA LT 0 1 PR RE, BE A8 18 1V 4% Fh &2 %
FUARACE, FLLO M £E 20 T ML Jm A, BT
IHE , A S Z5 LRIV P A RUBE 3 2, XAy (R 245
PR SRR E A7 LI 5 FEKs 1 2 AT Bl T 384 5k 45 4 I
REAR IR A9 0 I 412 R R, o7 Y 22 W BE A 45 4 1) i 1T
s AR B A BR IT 75 Bk ok X L 43 A 05 A A 25 4 5 4%
G2 R W B 45 Ay 1 IR R AR 5 — 20 Ml il i S KAk
IIHTARAT TN A BE IR R o SO P B X
LA TERERI I

1 St KR fhists

1.1 (AR IET

WA 1 PR 5L T 2 WEE A REAE 1 5 7y v R 245
Mt . K 1(a) JBR T ARA T, AT
R, P g e B HRAR BERS HIRBT AR LY
Wests KR fr . F L 1(h) o] LUK 3R, AR 2540 5
—FRAR Y B 23 A R AN TR 2 ol B JEL A0 70 A P
RS AE P A7 1 JIT 260 ok 1 b B [ A 454, TR
TERTIR BT AR |, B8 T — g B o 35 (1 48
BE JELHL BEAS 2544 ( Tube-a) , W1 1(¢) 7R, Tube-a 45
kb e N R AR D, 4 50 mm, D, N 55 mm, D, N
60 mm,BEJZ T, 5 10 mm,T, &5 mm, T, & 2.5 mm,¢
2 mm,

_____

P p 1 !
1
|, g : /l —J' 1 : Tx 1
< " ; 1 ; 1
] ‘ : | 1
1 ] ) 1 D, !
1 X 1 :
: i ! : - 1
1 3 ! 1 1
X T, >l 1 i |
I : : | . '
: ) I ! & ]

1 { 1
" I ]
| s ! > : !
:Bamboo | ' 1
1 joint ! 1 !
3 ! 1
: | : Dz 1

1

L l- [ ; :
T, =l | 1 s |

1 1
1 | : 1 T\ !
1 | | 1
] \ : | D, 1
~ 1 S !
RO | :_ ________________ !

(a) fr ¥ EAL (b) YBTH (c) i 445 Hi(Tube-a)
(a) Bamboo prototype (b) Longitudinal section (c) Bionic structure(Tube-a)

P BT LSS R AE Y 0 1 T BE S A T

Fig. 1 Design of bamboo-like thin-walled structures based on macrostructural features
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Fig.2 Design of bamboo-like thin-walled structures based on microstructural features
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Tab.1 Material parameters of aluminum alloy 6061T6

0 il
Parameter Value
FPERR R Elastic modulus/GPa 70
JFMA EePoisson's ratio 0.3
25 Density/ ( g/cm3 ) 2.7
JE SR Yield strength/MPa 250

2.2 FERTEBMIEIE

RS UEASHIFGY v iy 8 57 A PR TR AT AL, S
257 SCHR[ 227109 k) = 2 o A SN 3 S i
o Hod ) m AR o A R Sk, gk
3 mm/min,, FEONEREEHE A RE (B, A2 R 35 mm,
BEELN 2 mm, K EE R 250 mm; Ji &6 P 52 88 5 IE
150 mm, MZEHE 8 60 mm, X iz SCHk ) 2544 =
BBCE, TS R 5 ST A R X L Ol an 14 4
B .



834 M

5k

53 2024 4

R P
Rigid indenter

RS

Thin-walled structure #8

i 5 37 B2
Fixed support

K3 AR

Fig.3 Finite element model

R2 MBREESTER

Tab.2 Results of mesh sensitivity analysis
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2 84 600 889. 362 0.2
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Fig. 6  Deformation patterns of different structures under the three-point bending
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