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Structural optimization design of seating based on the mechanical
properties of wood

DENG Yijun', HU Jingchu®

(1. School of Packaging Design & Art, Hunan University of Technology, Zhuzhou 412008, Hunan, China;
2. Central South University of Forestry & Technology, Changsha 410004, Hunan, China)

Abstract: [Objective] Current wooden chairs commonly suffer from insufficient support, structural deformation, and poor stability,
negatively impacting user experience and durability. To address these issues and enhance the structural performance and usability of
wooden chairs, this study investigates the critical role of wood’s mechanical properties in chair design and proposes an optimized design
based on these characteristics. The aim is to improve load-bearing capacity, stability, and material utilization efficiency. [ Method] The
compressive and flexural strength of different wood types (e.g., pine, oak, beech) was systematically analyzed, along with the influence
of grain direction and moisture content on material strength. Based on these findings, a mechanics-driven optimization design was
proposed, focusing on improving the connection structure between the chair frame and seat to enhance overall support. Finite element
analysis (FEA) using ANSYS software was then conducted to simulate stress distribution and structural stability, ensuring design
rationality. [Result] Physical prototype testing demonstrated that the optimized chair exhibited a 22% increase in compressive
efficiency under static and dynamic loads, a 37% improvement in backrest support, and a reduction of over 25% in lumbar pressure due
to ergonomic enhancements. Additionally, material stiffness increased by 19%, stability improved by 23%, validating the effectiveness of
grain optimization strategies. The optimized design also minimized material waste, improving wood utilization while maintaining cost-
effectiveness and environmental sustainability. [ Conclusion] Structural optimization based on wood’s mechanical properties effectively
enhances the durability and comfort of wooden chairs, providing a scientific foundation for furniture design. Future research could
further explore the optimal pairing of different wood types with structural designs and incorporate sustainable materials (e.g., bamboo,
engineered wood) to develop more efficient and eco-friendly solutions for the wooden furniture industry.

Keywords: mechanical characteristics of wood; chair structure; computer simulation; load-bearing performance; material deformation

WiSHHA (Received) : 2025-06-08 EITHHA (Revised) : 2025-09-15

EeTE: WHaAFE TR AELBE (22A0424) 5 IS AHE RO TAEF S 0T SRS (XIKX25B189) ;
WA HAHETREHIRBE (25C0377) .

F—1EE: BHY (120767504@qq.com) , @IBEE, wit. BEEE: HEW] (hujingchu@l63.com) , #¥Z, W-LEFRAERN.
SISctgs: MHE, IR 2T AR s SRR B R SR DAL BETE (9], P R AR RS R 2 2441 ,2026,46(6):223-230.

DENG Y J, HU J C. Structural optimization design of seating based on the mechanical properties of wood[J]. Journal of Central South
University of Forestry & Technology,2026,46(6):223-230.



224 XEEsy, 2.

BT AR A7 2R I R S A AR AL BT

56 1

JE AR AE 9 N TR S A AR B R I R B2
—, HEEM T R E R A Ak e
HE2Z 4. fRHE Market Reports World 45 H4 I 78 41
P, AERAH] EERT 2024 F T IZ AN 3 901.86
JiETt, HAER . MR R SERE A 5 BT AR
[T 65%, HEIE 60% M E FH B8 # SR FH  AK BRA Jifi
S APRIE U AM R R AR GO AN R 1 52
R, EA MR F R E S, Bl
W B AR RSP R 58 B A 40.75 ~ 57.44 MPa”,
MRS HAMUA 33.62 MPa™, XM Jy4 e 2= 7 5
SRR R TG PR AR . R I 4 5K 2L ol 4k
BAGHIE ARG IS RER, S eERE
B Bt ik 21.05%" . A% 48 A T R R R H B
TH SR AIME Sk 7 58 468 ) L, 5% B HH KM %% 1m) S
REAE AR 78 70 AL BT SR B B, AR
PSR RS M 8 ~ 12 % ), (HZH" M
KRGS 7 Mt A /. AR e, i
T R A T SR AR 4B TR S RT AE R A R =
15% HIRI 3T A #R e 77 20%, X 15 B I T 44
R R A=W E G 25N E. #EInE
PEAE AR R R %0 T8, 1t fe B T
BARE. FFAUES, &R JE R R SN
ERALE G ERAETE 41%7 . fER BAEMIR, Fm
R B A B A R o i ke iR g AL, soTh
5 1 I A P R ()RR B 1 8%, LA [ 25 i Ak 11 ™.
XL SRR, SRS AR AL ) 2R S AT

500

XHPE IR S M e, A BT A A P R e
T BRSO R TR IR 0 R s Pl (HR
ERNETIPIE 2 Lt Ly AL S U S R S Y
BARGH ARG R A, SIS 5K
FATEOU T MPERERE FED /225 . R, AR M
NS R SR B I E B OC RR A, ORE K
N PR TE A &5 K 5 EL 77 i 5 4 ) [ B B BOR AR
Z—

1 R NEHEELSIZThrIER

VERRIR AR A KL, A A BRE 1) )%
REAE, X8 g SR M T 5 W B0 b RS A G B 1
F o MR SE R A5, AME I 40 B 45 44 R A0F T 5
EHEP RIS LL A, B W ) PR R
XN N 22 R RE T B R S 418 T SRl
WREE R, A P 2 AL 53 IR 1 B ke 71
TX Tl k) 365 A FLAE 7K 52 A0 K g ) B ) SR
B 1B TR AR 85 S e fa s, o
PUE 5 S S AR A S S0 7 ) 7K 52 R T 1R e
B W ba A TAT SCH A PUE B8 £0°8 40 MPa, 11 T
HOH T AN IZER L2 — P B sREAE
DR e S AR R R i b, L S T R R A 2
(7 ERE ] -

G RoR: aEEE 1 m W&
B K25 H T T 95 800 N, {H L BREFRHEH R 4%
PEF B BUE = 2 30%, TR A 45 RE A i 1 R

450
450
400 -
£ 350+
§ 300
%” 250
Z o0l
% 200
B 150 110 .
100 + 80 80 -
sop © - il 23
(m s : W i s 0§ &
0 - M . . . . . . .
~ ~ i i el el el el ~ ~ el i el el
"] & 4 4 R R =} =} % % =} I~y r r
Eoowm ow om0 0B B 2 &4 w2 B = =
w0 X 8 8 K X £ £ ¥ & £ @
> @ ® g £ s m ® 8 2 &K &
®oom N # 2 ¥ ® X e
W= koW @ H  ® o# 3 I
= = = # 5
X 5 ¥ % =
= = 2 § X
B
s Type
I BERAKRMEIFE MR

Fig.1 Mechanical property indicators of commonly used wood
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Table 1 Analysis of optimized design parameters for wood seating
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Table 2 Summary of verification tests for chair optimization design
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