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ABSTRACT

This study aimed to investigate the characteristic values of the human-seat interface in a
normal sitting posture, and to numerically mode the load on the chair seat for the structural
design of chairs. The stress distributions and the characteristic values of seat were measured
under normal sitting posture by using a human body pressure distribution measurement
system considering the effects of gender and body mass index (BMI). The stress distribution
on the seat was then numerically modeled using three modeling methods. The observed
results and the numerical analysisresults were compared. The results showed that an inverted
U-shaped pressure distribution was observed in normal sitting posture. The stress was
concentrated on the ischial tuberosity with a maximum value of 0.066 MPa. The ratio of the
load on the seat to the gravity of the human body weight was about 65.3%. The numerical
model established using the body pressure mapping method was superior to those of the
uniform load method and the standard loading pad method in terms of stress distribution,
maximum stress, and contact area.

KEYWORDS:Chair, body pressure, finite element method, modeling method.
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INTRODUCTION

Chairs are commonly used furniture in our daily lives and work, which not only affect
work efficiency but also affect people’s comfort and health. Designing high-strength and
ergonomic furniture has been being a hot topic of many studies (Zhu and Niu 2022, Tang et al.
2022, Xiong et al. 2023, Xu et al. 2023, Zhu et al. 2024a,b,Lin et al. 2023, Qi et al. 2024,
Zhou et al. 2022, Zou et al. 2024a,b). With the rise and development of computer-aided
engineering technology, the finite element method (FEM) has been widely used in the
structural strength and ergonomic design of furniture (Bai and Guan 2022, Miao et al. 2024,
Xia et al. 2024). Modeling the human body and seat interface has become a hot topic.
However, it is also a difficult task. In order to find an optimal method for modeling seat
loading, the following literature review summarizes two aspects: the ergonomic design of
the chair and the methods for modelling the human-seat interface.

Previous studies have done numerous investigations into the comfort and health of chairs,
including the factors influencing body pressure distributions considering various parameters
such as the seat height and the angle of the chair. Concerning the investigating subjects, these
studies mainly focus on the domestic chair (Yu et al. 2023, Chen and Bian 2024, Deng et al.
2024a,b), educational and office chair (Naddeo et al. 2018, Sang et al. 2023), wheelchair (Bao
et al. 2013, Zou et al. 2024c), and aircraft chair (Vink and Lips 2017, Liu et al. 2021).
The factors investigated in these studies were seat depth and height (Liu et al. 2021),
inclination angles of seat and back (Yu et al. 2023), and mattress firmness (Chao et al. 2021,
Zhu et al. 2024c, Denes et al. 2022, Luo et al. 2023, Zhou et al. 2024). The aim of these
studies was either to improve the comfort of chairs or to evaluate the consequences caused by
long-term sitting on a chair, such as disease of the shoulder, neck, and lumbar, and then
improve the design of the seat. Their attention was mainly focused on the comfort and health
of humans, not on chair structure.

The finite element method (FEM) has become a versatile method widely used in various
fields of engineering without exception for biomechanics and furniture structures. The FEM is
commonly regarded as a supplement to experimental tests to reduce costs and predict trends.
Therefore, the accuracy of FEM is a prerequisite. Previous studies have studied the strength of
furniture and body pressure on seats separately. Some researchers model the load on a seat
with a uniform load, which is undoubtedly a simple method to realize the aim. Yu et al. (2021)
investigated the mechanical behavior of a traditional Chinese wooden chair using ANSYS.
They created the FE model by applying a uniform load on the seat to study the stress
distribution of the chair frame. Some researchers studied the loading-carrying capacity using
FEM by applying the load directly to the four stretchers with concentrated loads (Ceylan et al.
2021, Hitka et al. 2022). However, unfortunately, the contact stress between the human body
and the seat is not available. Meanwhile, the load on the seat is not suitable for evaluating
the chair frame.Others tried to model the load on the seat through the loading mold according
to the method described in CNS GB/T 10357.3 (2013). Smardzewski et al. (2010) studied
the contact pressure between the human body and the seat cushion using hard and soft loading
pads when modeling the FE model. Compared to the method described in the standard with
a hard loading pad, it is obvious that modeling with a soft loading pad is more suitable as it is
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closer to the human tissue. Although the loading method is identical to the standard,
the loading pad provided in the standard cannot, to a certain extent, reflect the real conditions
at the interface between the human and the seat. To improve the accuracy of the FE model,
the focus came on how to accurately model the human body (Alawneh et al. 2022, Deng et al.
2024c¢). Verver et al. (2004) proposed an FE model for the buttocks that includes a bony
structure, human tissue, and skin, to investigate the pressure between the buttocks-seat
interfaces for comfort analysis. In addition, some researchers have created a whole-body
human FE model to study and evaluate the human-seat interface (Paul et al. 2012, Huang et
al. 2015, Yadav et al. 2021). Among these studies, Grujicic et al. (2009) created a fine
FE model that includes a skeletal model and a detailed soft tissue model. Although fine
modeling of the human body is a direct way to improve the accuracy of the FE model, the cost
of modeling and computation increased too much.

Previous studies have focused on modeling seat pressure distributions by attempting to
reconstruct the human body to investigate the human-seat interface. These studies mainly
focused on the comfort of the human body's contact with the seat. However, the main
objective of this study is to investigate the effects of the seat load modeling method on
the chair frames for further structure design. To achieve this goal, first, the load on the chair
seat was experimentally investigated using a body pressure distribution system considering
gender and body mass index (BMI) to obtain the characteristic parameters for the numerical
model. Numerical models were then created and compared using three methods.

MATERIAL AND METHODS

Materials and configurations of chair

Fig. 1a shows the wood chair made of beech used in this study. The outline dimensions of
the chair are 840x370%x390 mm (height x width x depth). The seat of the chair measured
410x405x18 mm (width x depth x thickness). The cross-sections of the chair legs and
stretcher are 4040 mm, and 25%25 mm, respectively.
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Fig. 1: (a) Wood chair, (b)setup for measuring characteristic values of human-seat interface.
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Testing method

Fig. 1b shows the setup for measuring the distribution of body stress when subjects sit on
a wooden chair without leaning on the chair back, using the TACTILUS human body pressure
distribution measurement system (MATS, SPI, USA). The cushion of the system was placed
flat on the seat. It consists of a piezo-resistive fabric sensor with a measurable area of
480x480 mm. The output data was analyzed by the supporting data collection software also
called TACTILUS. The test procedure consisted of subjects slowly sitting down on the seat
and remaining seated for 5 s to allow the data collection software to obtain stable data.
The data was processed by the software and the following characteristic values were output,
such as an image of the body stress distribution, the contact area (CA), the average contact
stress (ACS), and the maximum and minimum stress. Then the weight on the seat (WOS) was
calculated using Eq. 1. The ratio of WOS to the weight of the test subjects (RWOSW) is:

W,=PxS (1)

where: W, is the weight on the seat (kg); P is the average contact pressure (kg.cm™@); S is
the contact area (cm?).

Experimental designs

The experiment consisted of two parts. The first consisted of measuring the characteristic
values of the test subjects when they were sitting on the chair without leaning against
the backrest. The second part was to numerically model sitting on the chair using different
methods to find the optimal modeling method. In the first part, 10 volunteers, including 5
males and 5 females aged 23-25 years, were selected to perform the tests using the method
described in the testing method section. All subjects were in good health and had no muscle or
ossicular disease. Each subject repeated the tests 3 times, and their means were calculated as
results. Therefore, a total of 30 data sets were collected.

Numerical modeling

The numerical models were established based on the finite element method using
ABAQUS (version 2021, Dassault, USA). The main procedure included the following steps:
1) the geometric model of the chair was created using Solidworks (version 2020, Dassault,
USA) according to the dimensions shown in Fig. 1; 2) and then it was im-ported into
ABAQUS for pre-processing; 3) the beech wood was considered as an orthotropic material
(Hu et al. 2021) and the soft tissue (Akyildiz et al. 2014) of the human as an isotropic material
with all the mechanical parameters shown in Tab. 1; 4) the joints of all the chair members
were tied since the main objective is to model the stress distribution on the seat.
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Tab. 1: Mechanical properties of beech and soft tissue of human.

Elastic modulus Shear modulus Poison’s ratio  |Yield strength
Materials (MPa) (MPa) (Dimensionless) (MPa)
EL Er Er Gr| Gir Grr | Wrr VLR VLT oL OR
Beech (Hu et al. 2021) 12205| 1858 | 774 [ 899 | 595 | 195 |0.502]| 0.705 0.526| 53.62 | 12
Soft tissue (Akyildiz et al. 2014) 0.0648 0.49

Note: L, R, and T mean the longitudinal, radial, and tangential grain orientations of beech, respectively.

The approach to modeling people sitting on the chair is a critical point that directly
determines the accuracy of the model. In this work, three methods for modeling the load
acting on the seat were developed and compared (Fig. 2). Fig. 2a shows the first method
where the load on the seat is modeled by uniformly loading the entire surface of the seat.
The load value on the seat was measured using the test method described in the testing
method section. Fig. 2b shows the second method, in which the load was applied by a hip-
shaped mold according to the test method presented in GB/T 10357.3 (2013) and previous
study (Smardzewski et al. 2010). The contact relationship between the mold and the seat was
modeled as hard surface-to-surface. The value of the load applied to the mold is identical to
that of the experimental tests. Fig. 2c models the load on the seat by mapping the body
pressure data set determined in the experimental tests using the analytical mapping field built
in ABAQUS. It enables the import of body pressure data into ABAQUS in coordinate format.
In the meantime, all other settings in these three models were identical. Element C3D8 was
used to mesh the model. All degrees of freedom of the four legs were restricted.

(@) (b) (c)
Fig. 2: Finite element models modeled by different loading methods: (a) uniform loading

method, (b) standard loading pad method, and (c) body pressure mapping method.

RESULTS AND DISCUSSION

Distribution of body stress

Fig. 3 shows a typical distribution of the body stress when the test subjects are seated in
a normal sitting posture. Although the average contact pressure was higher in the male than in
the female, the distributions were almost identical and tended towards an inverted U-shape.
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The maximum pressure was concentrated on the ischial tuberosity and gradually decreased

around it until it disappeared.
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Fig. 3: Typical body pressure distributions of subjects: (a) female, and (b) male.

Characteristic values of human-seat contact

Tab. 2 summarizes all observed results when subjects are seated in normal conditions. This
includes information about the subjects, such as gender, height, weight, and BMI, and
characteristic values of body pressure such as contact area (CA), average contact stress
(ACS), weight on seat (WS), and the ratio of WS to weight (RWSW). It shows that the mean
values of CA, ACS, WS, and RWSW are 616.8 mmz, 0.070 MPa, 43.06 kg, and 65.3%,
respectively. The RWSW is very close to the ratio of body segments to total weight, which is
calculated based on the human body configuration (Pan 1982).

Tab. 2: Characteristic values of subjects and their body stress.

No. of Gender Height Weight BMI CA ACS WS RWSW
subject (mm) (kg) (mm?) (MPa) (kg) (%)

1 Female 1600 53 20.70 465.59 0.074 34.52 65.13

2 Female 1700 55 20.76 660.41 0.067 44.84 74.73

3 Female 1700 55 19.03 583.75 0.057 33.34 60.62

4 Female 1650 57 20.94 654.08 0.062 40.52 71.08

5 Female 1650 60 22.04 554.91 0.066 36.41 60.68

6 Male 1900 92 25.48 714.57 0.077 55.07 59.86

7 Male 1710 71 24.28 691.36 0.077 53.37 75.17

8 Male 1800 65 20.06 481.77 0.072 34.70 53.39

9 Male 1680 73 25.86 738.48 0.070 51.71 70.84
10 Male 1800 75 23.15 623.14 0.074 46.09 61.45
Mean 172 66 22.23 616.81 0.070 43.06 65.30

COV (%) 5.0 18 10.6 15.22 9.54 19.36 11.18

Note: CA - contact area, ACS - average contact stress, WS - weight on seat, RWSW - ratio of WS to weight.

Mean comparison of characteristic values

Tab. 3 shows the results of the two-way ANOVA for the effects of gender, BMI, and their
interaction on the characteristic values of the human-seat interface when sit-ting on the chair.
It indicates that gender has a significant effect on ACS and WS (Chao et al. 2021). However,
the effect of gender on RWSW is not significant. BMI has a significant effect on WS and CA,
while no significant effect on RWSW. This could be due to the fact that BMI is an indicator
that reflects the body shape of the subjects (Naddeo et al. 2018). In contrast, the value of
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RWSW also indicates the body shape of subjects. Therefore, BMI has no significant effect on
RWSW. However, the interaction of gender and BMI has a significant effect on CA.
Therefore, further mean comparisons were performed using the least square difference.

Tab. 3: Two-way ANOVA of load pressures considering effects of factors.

Factor CA ACS WS RWSW
F p F p F p F p
Gender 2.50 0.125 4.99 0.03372* 7.98 0.00863* 0.01 0.92204
BMI 14.96 4.6e"* 1.11 0.41012 4.59 0.0022* 1.45 0.23401
Gender X BMI 5.49 0.005%* 1.16 0.38179 1.78 0.18007 2.87 0.05267

* Means that the factor has a significant effect on load pressure.

Tab. 4 shows that the BMI, ACS, and WS of males are significantly higher than those of
females. However, CA and RWSW between males and females do not show significant
differences. Both ACS and WS increased with the increase in BMI. However, neither CA nor
RWSW in males showed significant differences from those in females.

Tab. 4: Mean comparison of characteristic parameters of subjects for gender.

CA ACS WS RWSW
Cender ov! (mim) (kg/mm) (ko) (%)
Male 23.0909.8) A | 62685(14.5)A | 0.072(11.4)A | 46.03209)A | 0.652(17.9) A
Female 2022(5.1)B | 567.81(17.82) A | 0.064(142)B | 36.12(17.5)B | 0.656(16.4) A

Note: the values in the same column not followed by a common letter mean significantly different from the other
at a 5% significance level.

Relationships between characteristic values

Fig. 4 shows the relationships between the characteristic values evaluated and BMI using
a linear regression method. It indicates that the correlations between WS and BMI, as well as
CA and BMI have a higher Pearson’s ratio beyond 0.73 than those of ACS and RWSW
relating to BMI. This also indirectly reflects that BMI has significant effects on WS and CA
but not on ACS and RWSW. In other words, these parameters are more significantly
influenced by BMI having higher correlations with BMI (Li et al. 2020).
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Fig. 4: Relationships between BMI and characteristic values: weight on the seat (a), contact
area (b), average contact stress (c), and the ratio of weight on the seat to weight (d).

Numerical analysis results

The experimental data of the No. 3 subject was randomly selected to input into
the numerical models. Fig. 5 shows the results of the numerical analysis modeled with three
methods. The stress distributions on the seat showed that the result of the body pressure
mapping method (Fig. 5¢) was more consistent with the observed results (Fig. 3) than those of
the uniform loading method (Fig. 5a) and the standard loading pad method (Fig. 5b).
Comparing the stress distribution on the chair frame (Figs. 5d,e.f), it can be seen that
the maximum stresses of the three modeling methods were all in the middle of the front

stretcher.

% 0.000

Fig. 5: Stress distributions on the seat and frame of the chair are modeled by different
loading types: (a) and (d) uniform loading method, (b) and (e) standard loading pad method,
and (c) and (f) body pressure mapping method.
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Tab. 5 provides a quantitative comparison between the experimental tests and the three
modeling methods. It indicates that the maximum stress on the seat and the contact area
determined by the body pressure mapping method is identical to those of the experimental
tests. However, the maximum stress and contact areas output by the standard loading pad
method and the uniform loading method are much higher than those of the body pressure
mapping method and the experiments. This may be due to the fact that the standard loading
pad concentrates the load on the bottom of the mold, which has a hard contact in
the geometric model (Huang et al. 2015, Yadav et al. 2021).

Tab. 5: Comparison of results obtained by numerical simulation with experimental test.

Method Maximum stress Contactzarea Maximum stress
on seat (MPa) (mm”) on frame (MPa)
Uniform load 0.449 144940 0.714
Standard loading pad 0.609 26506 0.752
Body pressure mapping 0.066 59500 0.055
Observed 0.066 59500 *

*_ not available.

From the synthesis of the qualitative stress distributions of the seat and frame of the chair
and the quantitative maximum stress and contact area, it can therefore be concluded that
the body pressure mapping method is the optimal method for modelling the load on the seat of
the chair compared to the other two. It provides a sufficient method to simulate
the mechanical behavior of the chair structure. In future work, experimental testing of
the mechanical properties of chairs in normal sitting posture will be further investigated.

CONCLUSIONS

The pressure distributions on seats in a normal sitting posture were investigated
experimentally and numerically. The following conclusions were drawn: (/) an inverted U-
shaped pressure distribution was observed with the maximum stress of 0.066 MPa
concentrated on the ischial tuberosity;(2)although gender has a significant effect on
the average contact stress and weight on the seat (WS), the ratio of WS to human body weight
is 65.3% regardless of gender;(3)the numerical model established using the body pressure
mapping method was superior to the uniform loading and standard loading pad methods in
terms of stress distribution, maximum stress, and contact area.

ACKNOWLEDGMENTS

This research was supportedsupported by the Postgraduate Research & Practice
Innovation Program of Jiangsu Province (SJCX23-0325).All authors would like to show their
gratitude to all voluntary subjects for their participation in this project.

440



WOOD RESEARCH

10.

11.

12.

13.

14.

15.

16.

REFERENCES

Akyildiz, A.C., Speelman, L., Gijsen, F., 2014: Mechanical properties of
humanatherosclerotic intima tissue. Journal of Biomechanics 47(4): 773-783.

Alawneh, O., Zhong, X.Z., Faieghi, M., Xi, F., 2022: Finite element methods for
modeling the pressure distribution in human body—seat interactions: a systematic review.
Applied Sciences 12(12): 6160.

Bai, J., Guan, H., 2022: Study on thermal comfort of wood tabletop materials. Wood
Research 67(2): 326-339.

Bao, J., Bao, C, Li, J., 2013: Study on sitting postures recognition in pressure cushion.
Applied Mechanics and Materials 303-306: 96-102.

Ceylan, E., Giiray, E., Kasal, A., 2021: Structural analyses of wooden chairs by finite
element method (FEM) and assessment of the cyclic loading performance in comparison
with allowable design loads. Maderas. Ciencia y Tecnologia 23(19): 1-9.

Chao, Y., Shen, L., Liu, M., 2021: Mechanical characteristic and analytical model of
novel air spring for ergonomic mattress. Mechanics & Industry 22: 37.

Chen, Y., Bian, J., 2024: Research on color matching model for wood panel furniture
based on a back propagation neural network. BioResources 19(2): 2383-240.

CNS GB/T 10357.3, 2013: Test of mechanical properties of furniture strength and
durability of chairs and stools; Chinese National Standard: Beijing, China (In Chinese).
Denes, L., Bencsik, B., Horvath, P.G., 2022: Chair development on the basis of body
pressure distribution—A research effort. Forest Products Journal 72(s1): 22-28.

Deng, J., Ding, T., Yan, X., 2024a:Effect of two pomelo peel flavonoid microcapsules on
the performance of waterborne coatings on the surface of poplar boards.Coatings
14(8):937.

Deng, J., Ding, T., Yan, X, 2024b: Optimization of preparation process for chitosan-
coated pomelo peel flavonoid microcapsules and its effect on waterborne paint film
properties. Coatings 14(8): 1003.

Deng, J., Ding, T., Yan, X, 2024c: Effect of two types of pomelo peel flavonoid
microcapsules on the performance of water-based coatings on the surface of fiberboard.
Coatings 14(8): 1032.

Grujicic, M., Pandurangan, B., Arakere, G., Bell, W.C., He, T., Xie, X., 2009: Seat-
cushion and soft-tissue material modeling and a finite element investigation of the seating
comfort for passenger-vehicle occupants. Materials & Design 30(10): 4273-4285.

Hitka, M., Nad, M., Gejdos, M., Joscak, P., Jurek, A., Balazova, Z.,2022: The effect of
body mass on designing the structural elements of wooden chairs. BioResources 17(2):
3378-3397.

Hu, W., Chen, B., Zhang, T., 2021: Experimental and numerical studies on mechanical
behaviors of beech wood under compressive and tensile states. Wood Research 66(1): 27-
38.

Huang, S., Zhang, Z., Xu, Z., He, Y., 2015: Modeling of human model for static pressure
distribution prediction. International Journal of Industrial Ergonomics 50: 186-195.

441



WOOD RESEARCH

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Li, X., Shen, L., Califano, R., 2020: The comparative study of thermal comfort and sleep
quality for innovative designed mattress in hot weather. Science and Technology for the
Built Environment 26(5): 1-23.

Lin, Q., Zhang, X., Zhu, N., Kusumabh, S., Umemura, K., Zhao, Z., 2023: Preparation and
investigation of an eco-friendly plywood adhesive composed of sucrose and ammonium
polyphosphate. Wood Material Science and Engineering 18(4): 1202-1211.

Liu, Z., Rotte, T., Anjani, S., Vink, P., 2021: Seat pitch and comfort of a staggered seat
configuration. Work 68(s1): 1-9.

Luo, Z., Xu, W., Wu, S., 2023: Performances of green velvet material (PLON) used in
upholstered furniture. BioResources 18(3): 5108-5119.

Miao, Y., Yan, S., Xu, W., 2024: The study of children’s preferences for the design
elements of learning desks based on AHP-QCA. BioResources 19(2): 2045-2066.
Naddeo, A., Califano, R., Vink, P., 2018: The effect of posture, pressure and load
distribution on (dis) comfort perceived by students seated on school chairs. International
Journal on Interactive Design and Manufacturing 12: 1179-1188.

Pan, H., 1982: Study on the measurement method of the center of gravity of human body.
Journal of Chengdu Sport University 8: 112-116.

Paul, G., Miller, J., Pendlebury, J., Miller, J., 2012: The contribution of seat components
to seat hardness and the interface between human occupant and a driver seat.
International Journal of Human Factors Modelling and Simulation 3(3/4): 378-397.

Qi, Y., Sun, Y., Zhou, Z., Huang, Y., Li, J., Liu, G., 2023: Response surface optimization
based on freeze-thaw cycle pretreatment of poplar wood dyeing effect. Wood Research
68(2): 293-305.

Sang, R., Yang, F., Fan, Z., 2023: The effect of water-based primer pretreatment on the
performance of water-based inkjet coatings on wood surfaces. Coatings 13(9): 1649.
Smardzewski, J., Prekrat, S., Pervan, S., 2010: Research of contact stresses between seat
cushion and human body. Drvnalndustrija 61(2): 95-101.

Tang, L., Lu, L., Guan, H., 2022: Modern optimized design and anti-bending property of
traditional corner joints. Journal of Forestry Engineering 7(4): 166-173.

Verver, M., Van, H.J, Oomens, C.W.J., Wismans, J., Baaijens, F.P.T., 2004: A finite
element model of the human buttocks for prediction of seat pressure distributions.
Computer Methods in Biomechanics and Biomedical Engineering 7(4): 193-203.

Vink, P., Lips, D., 2017: Sensitivity of the human back and buttocks: The missing link in
comfort seat design. Applied Ergonomics 58: 287-292.

Xia, L., Han, Y., Yin, T., Zhu, Y., Yan, X., Li, J, 2024: Effects of mixed microcapsules in
different proportions on aging resistance and self-healing properties of waterborne
coatings for Tilia europaea L. Coatings 14(8):1042.

Xiong, X., Cao, M., Ma, Q., Xu, X., 2023: Research on group classification and
processing method of special-shaped parts of solid wood furniture. Journal of Forestry
Engineering 8(6): 186-192.

Xu, X., Xiong, X., Yue, X., Zhang, M., 2023: A parametric optimized method for three-
dimensional corner joints in wooden furniture. Forests 14(5): 1063.

442



WOOD RESEARCH

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Yadav, S., Huang, C., Mo, F., Li, J., Chen, J., Xiao, Z., 2021: Analysis of seat cushion
comfort by employing a finite element buttock model as a supplement to pressure
measurement. International Journal of Industrial Ergonomics 86: 103211.

Yu, M., Sun, D., Zou, W., Wang, Z., Jiang, X., Yao, L., Kong, J., 2021: Mechanical
analysis of new Chinese style wood chairs using ANSYS. Journal of Forestry
Engineering 6(3): 178-184.

Yu, S., Zheng, Q., Chen, T., Zhang, H., Chen, X. 2023: Consumer personality traits vs.
their preferences for the characteristics of wood furniture products. BioResources 18(4):
7443-7459.

Zhou, C., Huang, T., Zhang, Z., Wu, Z., Ye, Y., Cao, Z., 2022: Investigation of ageing
suitability of sofa backrest angle using EEG and EMG multi-signals. Journal of Forestry
Engineering 7(6): 202-210.

Zhou, C., Guo, J., Zhang, Y.,Huang, T., Kaner, J.,2024: A home health management app
designed in the post-epidemic era using empirical evidence based on the demand
collection of elderly users. Humanities and Social Sciences Communications 11(1):619.
Zhu, J., Niu, J., 2022: Green material characteristics applied to office desk furniture.
BioResources 17(2): 2228-2242.

Zhu, Y., Wang, Y., and Yan, X.X., 2024a:Preparation of chitosan-coated Toddalia
asiatica (L.) lam extract microcapsules and its effect on coating antibacterial properties.
Coatings, 14(8):942.

Zhu, Y., Wang, Y., Yan, X, 2024b: Effect of microcapsules of chitosan-coated Toddalia
asiatica (L.) lam extracts on the surface coating properties of poplar wood. Coatings 14(8):
1013.

Zou, Y., Xia, Y., Yan, X, 2024a: Effect of melamine formaldehyde resin encapsulated
UV acrylic resin primer microcapsules on the properties of UV primer coating. Polymers
16(16): 2308.

Zou, Y., Xia, Y., Yan, X, 2024b: Effects of compound use of two UV coating
microcapsules on the physicochemical, optical, mechanical, and self-healing performance
of coatings on fiberboard surfaces. Coatings 14(8): 1012.

Zou, Y. Xia, Y., Yan, X.,2024c: Effect of UV top coating microcapsules on the coating
properties of fiberboard surfaces. Polymers 16(15): 2098.

443



WOOD RESEARCH

RUNZHONG YU, YAN LIU, WENGANG HU*
NANIJING FORESTRY UNIVERSITY

CO-INNOVATION CENTER OF EFFICIENT PROCESSING AND UTILIZATION OF

FOREST RESOURCES
COLLEGE OF FURNISHINGS AND INDUSTRIAL DESIGN
NANIJING 210037
CHINA
*Corresponding author: hwg@njfu.edu.cn

ARIF CAGLAR KONUKCU
IZMIR KATIP CELEBI UNIVERSITY
FACULTY OF FORESTRY
DEPARTMENT OF FOREST INDUSTRIAL ENGINEERING
35620, IZMIR
TURKEY

444



