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A creep deformation prediction model for shelf boards in

furniture engineering design

Lian Heyuan' ChangLe' Zhang Fan' Kang Lulu' Xu Shiyi' Wang Yujie*> Liang Shuang’
(1. School of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China;
2. BBMG Tiantan Furniture Co., Ltd, Beijing 100013, China)

Abstract: [Objective] To enhance the long-term service safety and design reliability of solid wood
furniture shelves, this study investigates the creep behavior of black walnut (Juglans nigra) edge-glued
boards under sustained loading and develops a creep constitutive model and performance prediction
methodology suitable for shelf durability design and deformation forecasting. [Method] We conducted a 42-
day three-point bending creep test to examine the viscoelastic response of the material under characteristic
stress levels of 2%f.,, 6%f,,, and 10%f,, (f, is the average modulus of rupture). Using nonlinear fitting, we

comparatively evaluated the goodness-of-fit of the power-law model, the standard linear solid model, and the
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Burgers model. Based on parameter evolution analysis, we established a generalized creep constitutive
equation that accounts for stress dependence and proposed an optimized structural parameter design method
for solid wood shelves grounded in long-term deformation control thresholds. [Result] (1) The Burgers
model emerged as the optimal constitutive model (R* > 0.992; RMSE ranging from 1.88 x 107 to 7.71 x
10°%), effectively capturing instantaneous elasticity, delayed elasticity, and steady-state viscous flow.
(2) Model parameters exhibited pronounced stress dependence: the delayed elastic modulus increased
exponentially with stress, while the relaxation time decayed following a power law, indicating a transition
from quasi-linear creep at low stress to nonlinear creep at high stress. The proposed generalized constitutive
model accurately predicted long-term deformation across the stress range of 2%f,, to 10%f,,. (3) The
parameter optimization method derived from this model enables scientific determination of critical
dimensions (such as thickness and span) for furniture shelves based on target service life and allowable
deformation, thereby facilitating performance-driven precision design. [Coneclusion] This study establishes
a mapping framework from material-level creep parameters to component-level design parameters. The
proposed model and optimization methodology offer theoretical tools for the durability design and safety
assessment of solid wood furniture shelves, supporting a paradigm shift in furniture engineering from
empirical practices toward predictive performance-based design.

Key words: furniture design; solid wood shelf; creep; constitutive model; Burgers model; durability design;
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Fig. 1 Schematic of the black walnut edge-glued panel structure
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Tab. 1 Experimental design of creep tests
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Tab. 2 Moisture content test results of black walnut edge-glued panels

T H R/ B A B KR % WIS J5 B K % A/ (kg-m ™)
S 12 13.57(SD: 0.85; CV: 6.20%) 10.19(SD: 0.26; CV:2.59%) 599.16
A e 12 13.94(SD: 0.99; CV: 7.09%) 9.93(SD:0.72; CV:7.27%) 603.92
TIME 12 13.76 10.06 601.54
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Fig. 3 Displacement-load curve from the four-point bending test
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Tab. 3 Basic mechanical properties of black walnut
edge-glued panels
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Fig. 4 Creep strain-time curves

10 ¢
9 i
i : o 2% f, |
L 6% for !
7p R 10%f,
N ;@Bﬁ&: :
X O R B
B s
L .
BRI 3
=
2r @ i
1

5 0 5 10 15 20 25 30 35 40
] 107575
BIs S 2 o 2RI 1] i £k

Fig. 5 Average creep strain-time curves



188 b mw # kK % R

548 4

Equ
33 AMEBNE 5%k

BT BN EPHRAE 3 BRI KR R (] —
RIAR IR, N 3 Pl S AR R o3 AT S HAU A
GE R, AN AR T A Bk ARG AR AT N R
fERE IAFAE 3 2 57, WEE R WE 6 ~8 . XK
FH R R A 357 MR ZE A N PR 4B R, 5 15
B ESH R 4~ 6 s,

WG4 RN, FEXT LA AL 1, Burgers 158 3%
B B3 B PERE(R?: 0.992 ~ 0.994; RMSE: 1.88 x
1070~ 7.71 x 107°)5 ARiE £ PE AR B LEAR S 7 2%
N5 Burgers fY 25 RELIT, (HEARBS I (R?: 0.992 ~

24 ¢
——
23t 905050
22t 24 //
Sa1t 2.3 Pt
S20t ) S —
= 28 30 32 34 36 38
19r o I (2%,)
RO A 2 ‘
187 BRI [ AL £ i 2
- - Burgerst AL 5 Hh £k
17 1 1 1 1 1 1 1 1

-5 0 S 10 15 20 25 30 35 40
A ] % 1075/s

Bl 6 2%, BLI7KF T IGARRA A& 45 R

Fig. 6 Fitting results of the creep model at the 2%f,, stress level
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Fig. 7 Fitting results of the creep model at the 6%f;, stress level
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Fig. 8 Fitting results of the creep model at the 10%f;, stress level
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Tab. 5 Fitted parameters of the standard linear solid
model under different stress levels

NA1KF  E/MPa  E,/MPa n,/(MPas)  R* RMSE
2% 11242 40091 1.95x10° 0992 1.87x10°
6%/ 17316 74634 3.66x10° 0993 2.74x10°
10%fry 14757 43183  1.99x10° 0992 8.35x10°
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Tab. 6 Fitted parameters of the burgers model under different stress levels

N AR E,/MPa E,/MPa n,/(MPa-s) 7,/(MPa-s) R RMSE
2%, 11242 40 251 2.50 x 10" 1.94 x 10" 0.992 1.88x10°°
6%/ 17 340 82334 1.91 x 10" 3.37 x 10" 0.994 2.50 x 107°
10%f:, 14 786 47311 1.16 x 10" 1.83 x 10" 0.994 771 x 107
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Fig. 9 Variation of Burgers model parameters with stress level
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