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Long-term anthropometric changes (1980 to 2025) of young adults (aged 
18 to 25) were evaluated in the Czech Republic and Slovakia to inform the 
design of wooden beds. Both populations exhibited identical 
anthropometric parameters and secular trends: mean body mass 
increased by 6.2 kg (~1.4 kg/decade) in men and 7.1 kg (~1.6 kg/decade) 
in women. To address these changes, updated single-bed dimensions are 
proposed, extending the bed length from 200 cm to a minimum of 220 cm 
(recommended: 240 cm) and increasing the width from 90 cm to a 
minimum of 100 cm (recommended: 141 cm). A 3D finite-element (FE) 
model evaluated structural performance under a design load of 250 kg, 
which surpasses the reference single-user body mass (~110 kg) specified 
in EN 1725:2023. The analysis identified the side rails as the most critical 
structural components. Stiffness was verified against the Eurocode 5 (EN 
1995-1-1) L/300 criterion (an 8.0 mm limit for a 2400 mm span). Maximum 
vertical deflections (6.2 mm for oak and 8.2 mm for spruce) and lateral 
deflections (5.2 mm and 6.8 mm, respectively) demonstrated that oak 
satisfies the stiffness requirements, whereas spruce marginally exceeds 
the allowable deformation limit. The findings confirm that current furniture 
design standards fail to align with the anthropometric realities and require 
updates. 
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INTRODUCTION 
 

Temporal changes in the biological characteristics of human populations are 

referred to in scientific literature as secular trends (Boas 1912). These trends are primarily 

reflected in an increase in mean body height and a more rapid rise in body mass than in 

linear growth (Tanner 1981). The secular increase in stature is mainly attributed to 

https://orcid.org/0000-0002-6567-7333
https://orcid.org/0000-0002-0001-5064
https://orcid.org/0000-0002-5784-8008
https://orcid.org/0000-0001-9077-8753
https://orcid.org/0000-0002-2797-5911
https://orcid.org/0000-0003-0076-3190


 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Hitka et al. (2026). “Capacity of modern wooden beds,“ BioResources 21(4), 10777-10803.  10778 

improvements in nutritional quality, advances in medical care and public health, better 

socioeconomic and hygienic living conditions, and the effects of heterosis, understood as 

hybrid vigor resulting from population admixture (Wolański 1984; Cole 2003). While the 

increase in average human height reflects a positive trend driven by improved health, the 

contemporary secular trend in body weight poses a significant social challenge (Cardoso 

and Caninas 2010). BMI increases are heavily influenced by excessive caloric intake of 

highly processed foods and by hypodynamia, characterized by reduced physical activity in 

favor of a sedentary lifestyle (Stubbs and Lee 2004). 

The Body Mass Index (BMI), developed by Adolphe Quetelet in 1832 and later 

popularized in population-based studies by Keys et al. (1972), serves as a tool for assessing 

the proportionality of body mass gain. Despite its well-documented limitations, particularly 

in individuals with high muscularity (Keys et al. 1972), BMI is widely recognized as an 

effective metric in population studies of overweight and obesity, including those conducted 

within the ergonomics framework (Sweatt et al. 2024). This measure is complemented by 

the waist-to-hip ratio (WHR), which is utilized in medicine and anthropometry to evaluate 

fat distribution and identify body shape patterns (WHO 2008). While indices based on 

direct body composition assessment – such as body fat percentage (BF%) and the fat-free 

mass index (FFMI) – provide more detailed metabolic insights, their application in 

industrial ergonomics is constrained by greater measurement complexity. Consequently, 

BMI remains the predominant metric used in this field (Gažarová et al. 2022). 

These secular population dynamics provide a foundation for applied engineering 

anthropology. Aligning furniture dimensions with ongoing secular trends requires up-to-

date anthropometric data to ensure functionality without excessive material consumption. 

Conversely, furniture manufactured according to outdated standards, dating back 30 to 40 

years, exhibits insufficient structural integrity, inadequate clearances, or overly constrained 

lateral dimensions relative to the physical requirements of current populations (Woo et al. 

2016; Pérez-Gosende 2019; Gejdoš and Hitka 2022).  

In the context of the secular trend, furniture can be categorized into two distinct 

groups: trend-insensitive and trend-sensitive. The group of furniture that is insensitive to 

the secular trend primarily comprises storage units, such as cabinets, shelving units, and 

chests of drawers. Because these products do not maintain constant, direct contact with the 

user’s body, somatic changes are secondary to their primary utility. Minor fluctuations in 

average height (2 to 3 cm) or body weight do not significantly alter their design 

assumptions, which are instead determined by available spatial layout, aesthetics, and 

storage volume. The impact of the secular trend in this category is limited strictly to the 

ergonomics of reach zones: while increased body height facilitates easier access to upper 

shelves, a significant increase in body mass can make utilizing low-positioned 

compartments uncomfortable, as it requires deeper trunk flexion. 

Conversely, trend-sensitive (or body-support) furniture includes products in direct, 

prolonged contact with the user’s body, such as seating, beds, tables, and desks. Within 

this category, the secular trend directly necessitates adjustments to both functional 

dimensions and load-bearing parameters. Seating furniture exhibits the highest sensitivity; 

increases in the population’s transverse dimensions and average weight require wider seat 

pans and enhanced structural strength. Similarly, standard single-bed dimensions – 

typically 200 cm long by 90 cm wide in Europe, and 191 cm long by 99 cm wide in the 

United States – are increasingly insufficient for younger generations with larger body 

builds. These anthropometric shifts also extend to workstations, where taller users require 

expanded clearance for the lower limbs and higher working surfaces. At 75 cm, standard 
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desk heights do not match Generation Z’s body measurements, leading to poor posture. A 

particularly critical issue is the insufficient load-bearing capacity of standard chairs 

(frequently limited to 120 kg) and beds (up to 150 kg), which fail to accommodate modern 

weight distributions (Hitka et al. 2024). Translating this anthropometric change into design 

practice, however, requires more than an enlarged dimensional envelope: the product’s 

load-bearing system must be re-verified, because the mechanical response of a furniture 

frame does not scale linearly with the mass of its user. 

From a mechanical standpoint, a wooden bed is a frame structure whose reliability 

depends less on the strength of the individual members than on the interaction between the 

side rails, the slat-support system, and the corner connections (Eckelman 2003; 

Smardzewski 2015). Since the pioneering finite-element (FE) studies of wooden furniture 

frames (Gustafsson 1995, 1997), numerical simulation has progressively replaced – or at 

least rationalized – costly destructive performance testing, and it is now routinely used to 

predict the rigidity, the stress distribution, and the failure modes of frame-type furniture 

with acceptable accuracy (Smardzewski 1998; Kasal 2006). Analyses carried out for whole 

bed frames under the loading schemes of EN 1725:2023 have consistently identified the 

side rails as the most heavily stressed components. When a user sits on the edge of the bed, 

the load is transmitted through the mattress and the slats as an eccentric action that produces 

simultaneous vertical deflection and lateral (outward) displacement of the rail; the latter is 

a frequent precursor of slat disengagement and sudden collapse (Réh et al. 2019; Hitka et 

al. 2022; Matwiej et al. 2025). For a user of 150 kg, the stresses in a spruce support beam 

of conventional cross-section exceed the design strength determined according to EN 1995-

1-1:2004 (Eurocode 5) by 60 to 75%, so that a change of cross-section, a change of material 

(e.g., beech instead of spruce), or an additional central support becomes unavoidable, 

whereas the side board of a conventional 2000-mm-long bed still remained within the 

allowable stresses (Réh et al. 2019). Because the relevant furniture standards specify no 

explicit deformation limits, serviceability is usually verified against the L/300 deflection 

criterion adopted from EN 1995-1-1:2004; under such a criterion the modulus of elasticity 

of the timber, and not its strength, becomes the governing design parameter, and the shear 

stresses concentrated at the slat-support interface and at the rail-to-post connection must 

additionally be checked against the design shear strength of the material (İmirzi et al. 2015; 

EN 338:2016; Hitka et al. 2024). 

The corner joints that connect the side rails to the headboard and footboard are 

equally critical because service failures in frame furniture originate predominantly in the 

connections rather than in the members themselves (Eckelman 1988, 2003). Several 

decades of experimental work have produced quantitative design data on the bending 

moment capacity (BMC) and the rotational stiffness of furniture joints: of rectangular 

(Erdil et al. 2005; Eckelman et al. 2016) and L-shaped mortise-and-tenon joints under 

compression and tension (Likos et al. 2012; Kasal et al. 2015), of joints reinforced with 

glued corner blocks (Kasal 2006), of doweled frame joints loaded in shear (Kasal 2008), 

and of demountable, screw-fastened corner joints typical of ready-to-assemble beds (Simek 

et al. 2010). These studies consistently demonstrate that joint performance is governed by 

wood species and density, tenon geometry and grain orientation, the presence of shoulders, 

adhesive type, and fastener spacing, and that joints behave as semi-rigid elements whose 

substitute (equivalent) stiffness has to be introduced explicitly into the numerical model of 

the whole structure; otherwise the predicted deflections are underestimated (Smardzewski 

et al. 2014; İmi̇rzi̇ et al. 2015). For users with above-average body weight, the required 

joint capacity increases disproportionately: for a 150-kg user, the cross-sections of the leg 
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frame and of the side rail of seating furniture had to be enlarged by 20% and 25%, 

respectively, to maintain an acceptable degree of safety (Hitka et al. 2018). Verification of 

such requirements relies on the standardized test methods of EN 1725:2023 and ISO 

19833:2018; however, both documents calibrate their recommended loads to a reference 

user mass of approximately 110 to 120 kg and – like the furniture standards in general – 

prescribe no explicit serviceability limits for deformation. 

Furniture sensitive to secular trends should incorporate current anthropometric data 

to accommodate changing population dimensions and support ergonomic comfort (Hitka 

et al. 2022). Unfortunately, the availability of ergonomic, aesthetically pleasing solutions 

for exceptionally tall or overweight individuals remains limited, leading to discomfort in 

both public and private spaces (Siu 2005; Daniel 2024). The literature reviewed above also 

reveals three persistent gaps. First, structural analyses of beds have been performed almost 

exclusively for the traditional 200 cm × 90 cm geometry and for design loads of 110 to 150 

kg, i.e., for the late-twentieth-century population (Réh et al. 2019; Hitka et al. 2022; 

Matwiej et al. 2025). Second, the effect of the slat support position on the lateral 

deformation and stress state of the side rail has not been quantified for the extended bed 

lengths and widths required by contemporary users. Third, no study has coupled long-term 

secular trend data with a frame-level FE verification conducted under a design load 

corresponding to the upper percentiles of present-day body mass. A common 

misconception is that high-strength furniture requires massive, specialized construction, 

supposedly preventing mass-produced, aesthetically pleasing, and cost-effective 

manufacturing (Bai et al. 2024). This view stems from a traditional association of durability 

with high material volume and expensive resources. In reality, modern materials science 

and advanced structural optimization allow for the design of lightweight, affordable 

products. These solutions can maintain an attractive design while still meeting rigorous 

standards for load-bearing capacity and durability (Jasińska et al. 2024; Nawi and Yusof 

2024).  

The close economic cooperation and cultural-historical proximity between the 

Czech Republic and the Slovak Republic justify a comparative analysis of the physical 

development of their inhabitants, specifically tailored to the requirements of the furniture 

industry. Specifically, this study aims to: (1) quantify the secular trends in body dimensions 

among Czech and Slovak young adults to assess the rate of morphological change; (2) 

perform a comparative statistical analysis to verify if population homogeneity justifies 

unified furniture standards across both nations; and (3) establish evidence-based 

recommendations for single-bed dimensions and strength requirements, verified by finite-

element analysis of the bed frame under a design load representative of the upper 

percentiles of contemporary body mass. 

 
 
EXPERIMENTAL 
 

Empirical measurements of selected anthropometric characteristics of the 

population in the Czech Republic and the Slovak Republic were conducted in 1980 and 

1985 during the Czechoslovak Spartakiads. The sampling cohort consisted of 1,115 men 

and 1,010 women in 1980, and 1,593 men and 1,725 women in 1985. Subsequently, 

measurements were carried out between 2007 and 2009 on a sample comprising 93 men 

and 119 women from the Czech Republic, as well as respondents aged 18 to 25 years from 

across the Slovak Republic (85 men and 65 women). Additional measurements were 
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performed in 2023 to 2025, involving 522 women and 822 men from the Slovak Republic 

and 134 men and 173 women from the Czech Republic (Table 1). 

 

Table 1. Description of the Research Sample 

Year Czech Republic Slovak Republic 

Men Women Men Women 

1980 678 642 437 368 

1985 1,142 1,291 451 434 

2007-2009 93 119 85 65 

2023-2025 134 173 822 522 

 

The 18 to 25 age group was selected because it represents full skeletal maturity 

while minimizing age-related body composition changes (sarcopenia, compression 

fractures) that do not reflect genetic-environmental trends. 

The measured sample data were described using standard measures of central 

tendency and variability – arithmetic means (𝑥̅) and standard deviations (sx) – which 

characterize the magnitude and dispersion of the individual measured values. For both 

characteristics of each observed trait, relative differences (dif %) were calculated according 

to Eqs. 1 and 2, 

𝑑𝑖𝑓%𝑥̅ =
𝑥̄1−𝑥̄2
𝑥̄1+𝑥̄2

2

        (1) 

𝑑𝑖𝑓%𝑠𝑥 =
𝑠𝑥1−𝑠𝑥2
𝑠𝑥1+𝑠𝑥2

2

        (2) 

where 𝑥̅1 and 𝑥̅2 represent the sample arithmetic means, while 𝑠𝑥1 and 𝑠𝑥2 denote the 

sample standard deviations of the first (Czech) and second (Slovak) populations, 

respectively. 

In addition to a simple comparison of descriptive statistics, the study tested the 

equivalence of the arithmetic means and standard deviations of selected traits for the two 

populations examined – the Czech and Slovak – given the sample-based nature of the 

measured data.  

The purpose of these tests was to determine the statistical significance of 

differences in the sample arithmetic means and standard deviations of the anthropometric 

traits under consideration, ensuring that, at a chosen significance level α, the observed 

differences in descriptive statistics could not be attributed solely to sampling error. 

When assessing the equivalence of arithmetic means between the two populations, 

the null hypothesis H₀: μ₁ = μ₂ was tested, stating that the mean values of the anthropometric 

traits in the Czech and Slovak populations are equal. Testing the equality of means, 

assuming independent samples and unequal variances in the underlying populations, was 

carried out using the classical test statistic given by Eq. 3, 

𝑡 =
𝑥̄1−𝑥̄2

√
𝑠𝑥1
2

𝑛1
+
𝑠𝑥1
2

𝑛2

          (3) 

which is compared with the critical value of Student's t-distribution, 𝑡𝛼/2(𝑓), with 𝑓 = 𝑛1 +

𝑛2 − 2 degrees of freedom, where n1 and n2 represent the sample sizes of the first and 

second populations, respectively. The null hypothesis H0: 𝜇1 = 𝜇2 is accepted at the chosen 

significance level 𝛼 if |𝑡| ≤ 𝑡𝛼/2(𝑓)and, conversely, is rejected if |𝑡| > 𝑡𝛼/2(𝑓). If the null 
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hypothesis is not rejected, it can be concluded that the difference between the sample means 

𝑥̄1 − 𝑥̄2 is small enough to be attributed solely to sampling variability. Conversely, if H0 is 

rejected, then at the chosen significance level, it is inferred that the difference in sample 

means 𝑥̄1 − 𝑥̄2 is too significant to be explained exclusively by sampling error. 

Similarly, the null hypothesis H0 that the standard deviations (or variances) of the 

measured traits are equal across the two populations can be tested. This test is based on the 

sample variances 𝑠1
2 𝑠2

2 and employs Fisher's F-distribution. The test statistic F is computed 

as the ratio defined in Eq. 4. 

𝐹 =
𝑠1
2

𝑠2
2 

          (4) 

To simplify result interpretation, the larger of the two sample variances is 

conventionally assigned to the numerator of the F test statistic. Therefore, the indices 1 and 

2 accompanying the symbol s2 serve purely notation-based purposes. The conclusion of the 

test is then drawn by comparing the calculated value of the F statistic with the critical value 

of the F-distribution, 𝐹1−𝛼/2(𝑓1,𝑓2)corresponding to the two degrees of freedom 𝑓1 = 𝑛1 −

1 a 𝑓2 = 𝑛2 − 1. The null hypothesis H0: 𝛿1
2 = 𝛿2

2 regarding the equality of variability of 

the anthropometric trait in the Slovak and Czech populations is rejected if 𝐹 >
𝐹1−𝛼/2(𝑓1,𝑓2). 

 

 

RESULTS AND DISCUSSION 
 

Secular Trend in the Czech Republic and the Slovak Republic 
A comparative analysis of secular trends from 1980 to 2025 reveals insufficient 

evidence of systematic anthropometric differences between men in the Czech Republic and 

the Slovak Republic. As detailed in Table 2, the statistical comparison demonstrates that 

these variations were not significant.  

 

Table 2. Statistical Comparison of Anthropometric Parameters between Czech 
and Slovak Men 

Variable t-statistic p-value 

Body height −0.867 0.477 

Body mass −0.508 0.662 

BMI 0.491 0.672 

 

It should be emphasized that conclusions regarding regional population 

homogeneity are based strictly on the inferential statistical testing of sample means and 

variances (Tables 2 and 3), whereas the graphical trend lines serve primarily as visual 

representations of long-term population dynamics. This high degree of population 

homogeneity, as confirmed by the statistical tests in Table 2, is visually illustrated by the 

corresponding trend lines showing similar temporal trends for male body height (Fig. 1), 

male body mass (Fig. 2), and male BMI (Fig. 3). Figure 1 demonstrates a curvilinear 

trajectory of male height, with rapid increases between 1980 and 2007 (+2.8 cm) followed 

by deceleration in 2007–2025 (+1.0 cm), consistent with the approach to genetic height 

potential. The Slovak trend line (orange) shows a slightly steeper slope after 2007, though 

this difference remains statistically non-significant (p = 0.477). 
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Fig. 1. Secular trend of male body height (1980–2025) 
 

Figure 2 reveals a near-linear increase in male body mass across all measurement 

periods, with no evidence of a plateau. The comparable secular trajectories of Czech (blue) 

and Slovak (orange) trends visually illustrate the shared demographic pattern, while the 

consistent upward slope indicates ongoing weight gain despite height stabilization—a 

hallmark of the obesity transition (Ng and Popkin 2012). 

 

 
 

Fig. 2. Secular trend of male body mass (1980–2025) 

 

Similar consistency was observed in the female populations, as summarized in 

Table 3. The statistical data indicate no significant differences in female body height (Fig. 

4) or female body mass (Fig. 5) between the two countries. However, while the difference 

in female BMI (Fig. 6) remained statistically non-significant, the p-values for body mass 

and BMI approached the significance threshold, suggesting a possible emerging trend that 

warrants close monitoring in future studies. 
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Fig. 3. Secular trend of male BMI (1980–2025) 

 

Table 3. Statistical Comparison of Anthropometric Parameters between Czech 
and Slovak Women 

Variable t-statistic p-value 

Body height 0.269 0.813 

Body mass 2.940 0.099 

BMI 2.472 0.132 

 

 
 

Fig. 4. Secular trend of female body height (1980–2025) 

 

Figure 5 shows the steepest secular trend among all measured parameters: female 

body mass increased continuously from 59.2 kg (1980) to 66.3 kg (2023–2025), with the 

Czech population (blue line) exhibiting marginally higher values in recent cohorts, 

reflected in the borderline-significant p-value (p = 0.099, Table 3). 
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Fig. 5. Secular trend of female body mass (1980–2025) 

 

Figure 6 illustrates a concerning epidemiological pattern: the female BMI trend line 

shifts from the low-normal range (22.0 kg/m² in 1980) toward the population mean (23.6 

kg/m² in 2023–2025), approaching the threshold at which obesity prevalence begins to 

accelerate (WHO, 2000). The divergence between the Czech (blue) and Slovak (orange) 

lines after 2007 warrants monitoring in future studies. 

 

 
Fig. 6. Secular trend of female BMI (1980–2025) 

 

Over the 45-year observation period, quantitative analysis revealed that changes in 

body mass have substantially exceeded changes in stature. Male body mass increased 

significantly by 6.2 kg (an 8.5% increase, equating to a linear trend of +1.4 kg per decade). 

Female body mass exhibited an even more pronounced shift, increasing by 7.1 kg (12.0%, 

or +1.6 kg per decade). In contrast, the increase in body height was much more modest: 

male stature rose by 3.8 cm, while female stature increased by 3.2 cm. This differential rate 

of change—rapid weight gain coupled with slow height growth—resulted in a net increase 

in BMI of 1.2 kg/m2 for men and 1.6 kg/m2 for women. Consequently, the population mean 

has shifted dangerously close to the WHO-defined overweight threshold (BMI ≥ 25 kg/m2) 
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(WHO 2000). Ultimately, the longitudinal data from these 45 years indicate substantial 

shifts in the somatic profiles of the studied populations. While stature appears to plateau—

particularly in the most recent cohorts—body weight and BMI continue to rise, with no 

evidence of stabilization. These divergent trends provide a compelling argument for 

revising current furniture strength and load-bearing standards to better accommodate 

modern users. 

When comparing t‑statistics and p‑values for men and women from the Czech 

Republic and the Slovak Republic across height, weight, and BMI (Fig. 7), it can be 

concluded that higher t‑statistics indicate larger differences between the groups. In contrast, 

p‑values below 0.05 indicate statistical significance. For both men and women, the 

differences between the Czech Republic and the Slovak Republic are not statistically 

significant (p > 0.05), meaning that height does not differ notably between the two 

countries. 

 

 

 
Fig. 7. Comparative graph of t‑statistics and p‑values for height, weight, and BMI among men and 
women from the Czech Republic and Slovakia 
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For body weight, the difference among men was not statistically significant. Among 

women, the difference was close to the significance threshold (p = 0.099), suggesting a 

mild trend toward higher weight among Czech women than among Slovak women. For 

BMI, the difference among men was not statistically significant, while among women it 

was again close to the significance boundary (p = 0.132), likely reflecting the trend 

observed in weight combined with comparable height. 

Overall, it can be concluded that, among adult male and female populations in the 

Czech Republic and the Slovak Republic, no statistically significant differences were found 

for any of the variables analyzed. However, among women, a slight trend toward higher 

body weight and BMI was observed in the Czech population, though these differences did 

not reach statistical significance (Fig. 7).  

 

Strength Characteristics of Single Beds Depending on Dimensional 
Parameters 

Based on the secular trend in the Czech and Slovak populations, a positive trend 

was evident in both sexes. Since increases in body height and body weight are closely 

related to the strength characteristics of furniture’s structural elements and joints, the 

following section defines a computational model of single-bed strength. 

The overall dimensions of a single bed – length (Lp), width (Bp), and sleeping 

surface height (Hp) – must accommodate the user’s body while ensuring the required 

structural rigidity and load-bearing capacity. The bed length (Lp), combined with the 

section modulus and the mechanical properties of the selected timber species, directly 

determines the overall strength performance of the bed frame. Following the methodology 

of Hitka et al. (2022), the recommended spatial requirements presented in Table 4 are 

derived from the 95th percentile male standing height, with bed width parameters 

specifically adapted for individuals with higher BMI, while Table 5 outlines specific 

dimensional adjustments for users with higher BMI, with the width parameter significantly 

expanded to ensure safety and comfort. 

 

Table 4. Recommended Dimensional Parameters of Single Beds according to 
Room Size 

 95th Percentile Body Height Value Used Recommended Value 

Length (Lp) Small space 220 cm 

Medium space 230 cm 

Large space 240 cm 

Width (Bp) For all lengths 141 cm 

Height (Hp1) For all lengths 66 cm 

Source: (Hitka et al. 2022) 

 

Table 5. Recommended Length and Width Dimensions of Single Beds for Users 
with Higher BMI 

Bed length (cm) Bed width (cm) Bed width (cm) Bed width (cm) 

200 

100 120 141 220 

240 

Source: own research and (Hitka et al. 2022) 

 

The dimensional matrix in Table 5 reflects the need for modular design approaches 

that accommodate the spectrum of contemporary body sizes. The standard width (100 cm) 
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corresponds to traditional European single-bed dimensions, while the extended width (120 

cm) addresses users at the 75th to 90th percentile for body mass. The largest width (141 cm) 

is calculated based on the 95th-percentile male biacromial breadth (47 cm), with bilateral 

clearance allowances, consistent with recommendations in ISO 7250-1:2017 and empirical 

studies of turning space requirements for high-BMI individuals (Wiggermann et al. 2017). 

The constant sleeping surface height (Hp = 66 cm) is derived from the mean knee height of 

users aged 18 to 65 to facilitate safe transfers, particularly for bariatric users with reduced 

mobility (Hignett and Lu 2010). 

 

Computational Model of a Single Bed and Strength Analysis Results  
The design of furniture intended for people with higher BMI must account for their 

anthropometric parameters. This mainly concerns their body size, but significant attention 

must also be paid to their weight, which can exceed that of the standard population. A 

typical single-bed design with slats supported by a frame in the middle of the bed is shown 

in Fig. 8a.  

 
 

Fig. 8. Typical single-bed design: a – overall view; b – FEM model; c – dimensioned technical 
drawing 

 

Table 6. Main Overall and Functional Dimensions of a Single Bed  

Parameter Name Designation Unit Values 

Length of a single bed (Fig. 8c) Lp (mm) 2000 2200 2400 

Width of a single bed (Fig. 8c) Bp (mm) 1000 1200 1410 

Bed slat support – dimensions of cross-
section (Fig. 9) 

b0 × h0 (mm) 40  40 

Position of slats support – hop (Fig. 9) hop,min ; hop,max (mm) 10 + h0 ; hbsr – 10 

Design body mass for higher-BMI users mb (kg) 250 

Based on: (Hitka et al. 2022) 
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The components critical to bed strength, classified by mechanical properties, are 

represented by colors, as shown in Fig. 8b. The dimensional model of the bed structure is 

shown in Fig. 8c, and its basic dimensions are given in Table 6. 

As depicted in Table 6, Lp represents the length of the single bed, Bp denotes the 

width of the single bed, b0 × h0 indicates the cross-sectional dimensions of the slat support 

(ledger strip), hbsr corresponds to the height of the bedside rail (hbsr is illustrated on Fig. 9), 

hop specifies the vertical position of the slat support relative to the bottom edge of the 

bedside rail, and mb defines the design body mass for higher-BMI users. Furthermore, the 

allowable vertical range for positioning the slat support along the bedside rail height (hbsr) 

is defined by the interval hop,min ; hop,max = 10 + h0 ; hbsr − 10 to ensure structural safety 

and assembly feasibility. Specifically, the lower bound hop,min = 10 + h0 ensures a minimum 

edge distance of 10 mm from the bottom edge of the side rail to the bottom edge of the slat 

support (where h0 is the height of the support itself) to avoid wood splitting or stress 

concentrations near the edge, whereas the upper bound hop,max = hbsr − 10 ensures that the 

top edge of the slat support stays at least 10 mm below the top edge of the side rail, 

preventing the mattress or slats from sliding off while maintaining overall structural 

integrity. 

The 250 kg design load was selected to accommodate: (a) a single user at the 99.9th 

percentile for body mass (≈150 kg), (b) mattress weight (≈10 kg), (c) a safety factor of 1.5, 

and (d) potential dynamic loading scenarios. It should be noted that the value of 250 kg 

used in this study does not represent the static mass of an individual user, but the total 

equivalent design load (Fdesign) applied to evaluate the structural margin of safety. While 

the secular trend data (Figs. 2 and 5) establish the maximum anticipated user body mass 

(mb), the selection of a 250 kg design load complies with standard bariatric furniture testing 

guidelines and accounts for a structural safety factor (k ≈ 1.5 to 2.0) combined with 

dynamic impact effects (e.g., rapid sitting down) and potential dual-occupancy scenarios 

(such as a caregiver sitting on the edge of the bed alongside the user). 

This section investigates the mechanical strength of the bed components and their 

structural resistance to extreme loading conditions. Beyond the slats, the bedside rail 

constitutes the most heavily stressed structural element. The critical loading state occurs 

when a user sits directly in the mid-zone of the bedside rail. Under this condition, the total 

body mass is transmitted via the mattress and slats, inducing a peak force on the slat support 

system, which is modeled as perfectly bonded to the bedside rail. To account for a higher-

mass user's anthropometric profile, this concentrated load is distributed across the support 

areas corresponding to the three central slats (Fig. 8c). 

The force effects cause eccentric loading of the bedside rail, resulting not only in 

its vertical deflection but also in lateral deformation. Based on these considerations, the 

primary focus is on analyzing deformation and strength in the bedside rail. Of course, the 

load on the connections of the bed components cannot be overlooked. These are mainly 

the connections between the bed’s sideboards and the headboard and footboard. These 

connections can take many forms. For these reasons, it would be necessary to perform 

strength analyses for each design version of the connection. Given the objectives of this 

article, the strength analysis of the connections between the bed’s structural components 

will not be included in the study. Reliable and safe use of the bed under the considered load 

states requires meeting the strength and deformation conditions defined by limit states. 

In general, the following strength limit condition must be met when assessing the 

strength of bed components (Eurocode 5), 
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Sd  Rd , (5) 

where Sd is the value caused by action effects (the internal force, stresses, etc.) caused by 

the load, and Rd is the design value of the resistance (i.e., load-carrying capacity). 

All design strength values for a given material are defined as follows, 

 
M

k
d

f
kf


= mod , (6) 

where fk is the characteristic strength value for a given wood material, kmod is the 

modification factor considering the loading process and moisture, and M is the partial 

factor for the material property. 

The bedside rail, which is a beam in geometric terms, must meet not only strength 

requirements but also deformation requirements. Since furniture-specific standards do not 

prescribe explicit deflection limits for non-structural applications, the L/300 serviceability 

criterion was adopted from Eurocode 5 (EN 1995-1-1:2004), while the mechanical 

properties used for the analysis correspond to the strength classes defined in EN 338:2016. 

The structural behavior of the bedside rail is satisfactory if its maximum vertical 

displacement (uy,max) caused by the load is less than the limit value, i.e., the recommended 

maximum permissible deflection in the furniture industry is Lp/300. 

The dimensions of the bed (Fig. 9), the dimensions of the cross-section of the 

bedside rail (Fig. 9b), as well as the weight parameters of the person, used in the 

computational analyses, are in accordance with the statistical data in the study (Hitka et al. 

2022), and are presented in Table 6. 

The structural analysis of the bed was performed using finite element analysis (FEA) 

software ANSYS Mechanical 2024 R1 (ANSYS, Inc., Canonsburg, PA, USA). To perform 

strength analyses of the bed, a computational model was created using the 3D volumetric 

finite element SOLID186. In the computational model, perfect adhesion of the slat support 

to the bedside rail is assumed. Orthotropic wood properties (Table 7) are assigned to the 

bed model components created in ANSYS, in accordance with their orientation relative to 

the global coordinate system (Fig. 8b). 

 

Table 7. Assigning Mechanical Properties to the Bed Components According to 
the Coordinate System in the FEA Model 

Mechanical Properties  

 

 

 

  

 

 

 
Young's modulus (GPa) EL  Ex Ey Ez Ex 

ET  Ey Ez Ey Ez 

ER  Ez Ex Ex Ey 

Shear modulus (GPa) GLR  Gxz Gxy Gxz Gxy 

GLT  Gxy Gyz Gyz Gxz 

GRT  Gyz Gxz Gxy Gyz 

Poisson's ratio (–) LR  xz xy xz xy 

LT  xy yz yz xz 

RT  yz xz xy yz 

L – longitudinal, T – tangential, R – radial 

 

Due to the symmetrical bed design, the loading condition, and also the analysis 

objectives, the strength and deformation analyses can be performed on a half computational 

model (Fig. 9a). In cross-sections of bed components that are cut by the “x-y“ symmetry 

plane, the boundary conditions consider the predicted symmetry of the bed computational 
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model (i.e., uz = 0). All degrees of freedom are removed from the areas of the bed legs that 

are in contact with the floor. 

In the computational model, two types of wood (spruce and oak) are considered as 

materials for bed production. The basic mechanical properties of both types of wood 

(Niemz et al. 2023) are given in Table 8. 

 

 

Fig. 9. Half computational model of the single bed analyzed: a – assignment of physical 
properties to the components – based on the component color; b – cross-section dimensions of 
the bedside rail 

 

Table 8. Mechanical Properties of the Analyzed Wood Species 

Mechanical Properties Oak Spruce 

Young’s modulus (GPa) 

EL 13.0 10.0 

ET 0.92 0.45 

ER 1.58 0.80 

Shear modulus (GPa) 

GLR 1.15 0.60 

GLT 0.80 0.65 

GRT 0.40 0.04 

Poisson’s ratio (–) 

LR 0.044 0.041 

LT 0.027 0.033 

RT 0.330 0.350 

Source of data: (Niemz et al. 2023) 

 

Mechanical properties, listed in Table 8, are assigned to the bed components in the 

computational model so that the orientation of the wood fibers in the bed components 

(Table 7) is consistent with the global coordinate system of the computational model (Fig. 

9a) created in the FEA software used. 

The design strength values of both wood species (spruce, oak) are determined using 

the characteristic strength values in EN 338:2016 and using Eq. 6. In Eq. 6, the parameters 

kmod = 0.7, and M = 1.3 were used to determine the strength design values (Table 9). 

The results of stress-strain analyses for the bed's dimensional parameters (Table 6) 

and mechanical properties (Table 8), as well as the load corresponding to a 250 kg person, 

are presented in the following section of the paper. Deformations and stresses for the oak 

bedside rail (hbsr × tbsr = 200 mm × 25 mm) are presented; these include vertical deflection 

uy (Fig. 10), lateral deformation uz (Fig. 11), and tensile stress sx (Fig. 12). 
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Table 9. Strength Design Properties for the Considered Types of Wood 

Strength Characteristics Strength Properties (MPa) 
spruce oak 

Characteristic strength 
value 

bending fm,k 30.0 50.0 

tensile ft, 0, k 19.0 30.0 

ft, 90, k 0.4 0.6 

compression fc, 0, k 24.0 30.0 

fc, 90, k 2.7 6.2 

shear fv,k  4.0 4.5 

Corresponding design 
value of resistance 

bending fm,d 16.2 26.9 

tensile ft, 0, d 10.2 16.2 

ft, 90, d 0.2 0.3 

compression fc, 0, d 12.9 16.2 

fc, 90, d 1.5 3.3 

shear fv,d 2.2 2.4 

Source of data: EN 338:2016 

 

 
 

Fig. 10. Vertical deflection uy of the bedside rail (oak wood) (Lp = 2400 mm; Bp = 1410 mm; hbsr = 
200 mm; tbsr = 25 mm; hop = 100 mm; mb = 250 kg) 

 

 
 

Fig. 11. Lateral deflection uz of the bedside rail (oak wood) (Lp = 2400 mm; Bp = 1410 mm; hbsr = 
200 mm; tbsr = 25 mm; hop = 100 mm; mb = 250 kg) 
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Fig. 12. Tensile stress sx, of the bedside rail (oak wood) (Lp = 2400 mm; Bp = 1410 mm; hbsr = 
200 mm; tbsr = 25 mm; hop = 100 mm; mb = 250 kg) 

 

The dimensions of the cross-sectional area of the bed bedside rail (hbsr  tbsr) have 

a crucial influence on its vertical deflection. The dependencies of the vertical deflection of 

the center of bedside rail (oak) on the thickness of tbsr (for hbsr = 200 mm) and on the heights 

of hbsr (for tbsr = 20 mm) for the whole range of considered positions hop are shown in Fig. 

13a and Fig.13b, respectively. 

 

 
Fig. 13. Vertical deflection, uy, at the center of the bedside rail (oak and spruce wood) (Lp = 2400 
mm; Bp = 1410 mm; mb = 250 kg) 

 

The effect of the slat support position (hop) on the lateral deflection of the bed 

bedside rail is shown in Fig. 14. The influence of the wood type (oak, spruce) and the 

thickness of the tbsr on the vertical and lateral deflection of the bedside rail (hbs = 200 mm) 

at the upper point of the slat support, which is in the position hop = 100 mm, is presented 

in Fig. 15. 
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Fig. 14. Lateral deflection uz in the center of the bed bedside rail (oak) – lowest/highest slat 
support position (Lp = 2400 mm; Bp = 1410 mm; mb = 250 kg) 

 

Fig. 15. Vertical uy and lateral uz deflection on the slat support, at the center of the bed bedside 
rail (Lp = 2400 mm; Bp = 1410 mm; mb = 250 kg) 

 

The lateral deformation of the bedside rail (cross-section hbsr  tbsr = 200 mm  20 

mm) for different values of hop is shown in Fig. 16. The structural position of the slat 

support governs the critical state of lateral deformation in the bedside rail. A low support 

configuration induces an outward lateral displacement at the rail's lower edge, which can 

lead to slat disengagement and subsequent structural failure. In contrast, positioning the 

support at the top of the rail produces an inward lateral deflection along the rail's upper 

edge. This inward movement acts as a stabilizing mechanism, effectively preventing the 

slats from falling out. 

The tensile stress sx (Fig. 17) depends on the cross-section (hbsr  tbsr) of the side 

board of the bed, but also on the position of the slat support hop. 
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Fig. 16. Lateral deflection uz of the bedside rail - for oak (Lp = 2400 mm; Bp = 1410 mm; hbsr = 200 
mm; tbsr = 20 mm; mb = 250 kg) 
 

 

 
 

Fig. 17. Maximum value of tensile stress, sx, in the bedside rail – for oak (Lp = 2400 mm; Bp = 
1410 mm; mb = 250 kg) 
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The maximum values of deflections of the bedside rail (Lp = 2400 mm; Bp = 1410 

mm; mb = 250 kg) were calculated for the smallest cross-sectional dimensions considered hbsr 

 tbsr = 200 mm  20 mm and for hop = 50 mm. The maximum vertical deflection, uy, of the 

bedside rail is 6.2 mm for oak and 8.2 mm for spruce. The maximum value of lateral 

deflection uz (pushed outwards) is 5.2 mm for oak and 6.8 mm for spruce. 

 
Discussion 

The anthropometric data collected between 1980 and 2025 confirm a high degree 

of homogeneity among the studied populations, justifying the application of unified design 

standards for both the Czech Republic and the Slovak Republic. Student’s t-tests revealed 

no statistically significant differences (p > 0.05) in key dimensions, most notably in body 

height (p = 0.813 for women; p = 0.477 for men). This stability confirms that ergonomic 

parameters for worktops and seating determined for one population remain fully applicable 

to the other. However, although differences in body mass were not statistically significant, 

the lower p-values observed in women (p = 0.099 for weight; p = 0.132 for BMI) suggest 

an emerging trend toward greater morphological diversification, warranting close 

monitoring in future design practice. These longitudinal observations underscore a 

pronounced secular trend characterized not only by a moderate increase in average stature 

but, more critically, by a disproportionately rapid escalation in body mass (Duranková et 

al. 2019). Consequently, conventional load-bearing specifications—such as the 120 kg 

limit for standard seating—are becoming increasingly inadequate for a more diverse user 

demographic with higher BMIs.  

This regional trend aligns with Western European patterns, though a 10– to 15–

year delay is associated with post-communist socioeconomic changes (Popkin 2006). 

Similar dynamics occurred in neighboring Poland, where Łopuszańska et al. (2015) 

recorded weight increases of +1.2 kg/decade for men and +1.4 kg/decade for women – 

close to the +1.4 and +1.6 kg/decade identified in this study. In contrast, Western nations 

reached these stabilization phases much earlier; for instance, male height plateaued in the 

Netherlands 15 years before it did in Central Europe (Schönbeck et al. 2013). This delay 

reflects the regional nutrition transition, influenced by rapid deindustrialization after 1990 

(Henson and Sekuła 1994) and by increased car ownership, which shifted regional transport 

patterns toward Western norms (Pucher and Buehler 2008). However, while stature growth 

has slowed in the Czech and Slovak populations, BMI values continue to rise, with no 

evidence of stabilization (Figs. 2, 5, 6). Unlike in France, where public health programs 

stabilized obesity rates in the 2000s (Lioret et al. 2009; Olds et al. 2011), the absence of 

similar interventions in Central Europe suggests continued increases in body mass. These 

findings provide an empirical basis for the update to structural strength standards for 

modern furniture proposed in this study. 

The literature highlights a shortage of high-capacity furniture on the market, with 

standard weight limits restricted to the range 110 to 150 kg, creating a gap in seating and 

bed design (Réh et al. 2019; Starchon et al. 2024). Addressing this capacity gap in the high-

load-bearing furniture segment (especially beds) does not require heavy, massive 

constructions. Through structural optimization and materials engineering, high-load 

furniture can remain lightweight and visually subtle. Furthermore, integrating adjustable 

parameters—such as seat height or firmness—helps mitigate ergonomic issues associated 

with increasingly sedentary habits. The data in Table 10 quantify this anthropometric 

mismatch, demonstrating a clear divergence between current regulatory standards and 

contemporary population parameters. 
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Table 10. Gap Analysis between Conventional Standards and Recommended 
Single-bed Dimensional Parameters 

Parameter Current Standard Recommended (this study) Gap 

Length 200 cm (EN 1334:1996) 220 to 240 cm +20 to 40 cm 

Width (single) 90 cm (EN 1334:1996) 100 to 141 cm +10 to 51 cm 

Load capacity 110 kg (EN 1725:2023) 250 kg +130 kg 

 

The “gap” shown in Table 10 suggests that furniture manufactured to existing 

standards is effectively obsolete for a significant portion of the Central European 

population. These data provide an empirical argument for transitioning to adaptive 

furniture design, in which the “design standard” is regularly redefined to prioritize the 

safety and comfort of contemporary users. The empirical findings for young Czechs and 

Slovaks, along with published data for the Polish population, confirm that these secular 

changes represent a broader regional trend. These empirical observations carry practical 

significance for manufacturers of wooden furniture. 

To evaluate the structural suitability of the analyzed wood species in wooden bed 

design, the computed deflections were verified against the serviceability limit state 

criterion. According to the structural design guidelines for timber elements specified in 

Eurocode 5 (EN 1995-1-1:2004), the maximum allowable deflection for structural 

members under variable loading is limited to L/300. For the considered bedside rail span 

(Lp = 2400 mm), this stiffness threshold corresponds to a deflection limit of 8.0 mm. The 

finite element analysis demonstrated that the oak rail satisfies these requirements, with its 

maximum vertical deflection (uy = 6.2 mm) remaining well within the safety margin. 

Conversely, the spruce rail (uy = 8.2 mm) marginally exceeded the Eurocode 5 permissible 

limit. This underscores the influence of the material’s lower modulus of elasticity (E) and 

indicates that, while the 200 × 20 mm cross-section is structurally adequate for premium 

hardwoods, it requires geometric optimization, such as increasing the rail’s thickness or 

depth. 

These mechanical evaluation results demonstrate the need to revise current 

regulatory frameworks. Specifically, the reference load specification in EN 1725:2023 for 

domestic wooden beds should be increased from the currently assumed single-user body 

mass of approximately 110 kg (1100 N) to a minimum of 250 kg to ensure structural safety 

for higher user percentiles. The documented increase in population BMI indicates that 

conventional design standards no longer reflect contemporary user requirements (the so-

called “retro-normative” design standards). Consequently, updated strength standards and 

optimized structural dimensions are required to maintain long-term safety and functional 

durability. 

 
Study Limitations 

This study has several limitations. First, the age restriction (18 to 25 years) excludes 

older cohorts whose body composition is affected by sarcopenia or vertebral compression. 

Second, the available empirical data were limited to height, weight, and BMI, omitting 

parameters such as shoulder breadth, hip width, and sitting height; consequently, specific 

bed dimensions were derived from the cited literature. Furthermore, the absence of body 

composition metrics (fat vs. lean mass) limits the interpretation of BMI. Finally, sample 

size imbalance across measurement periods (particularly the small 2007 to 2009 cohort) 

affects the statistical power of the analysis. 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Hitka et al. (2026). “Capacity of modern wooden beds,“ BioResources 21(4), 10777-10803.  10798 

CONCLUSIONS 
 

1. This 45-year anthropometric study of over 8,000 young adults in the Czech and Slovak 

Republics demonstrates that secular biological changes in the regional population have 

outpaced current furniture design standards.  

2. Comparative statistical analysis reveals that the Czech and Slovak populations maintain 

a high degree of somatic homogeneity, showing no statistically significant differences 

in body height, mass, or Body Mass Index (BMI) (p > 0.05). This long-term similarity, 

rooted in a shared socioeconomic history and congruent contemporary lifestyle 

transitions, justifies maintaining unified furniture dimensions and structural standards 

across both markets, allowing for standardized production and uniform safety 

protocols. 

3. The data confirm a secular trend marked by decelerating height growth alongside a 

steady increase in body mass. Since 1980, the average body mass has increased by 6.2 

kg in men and 7.1 kg in women (+1.4 and +1.6 kg per decade), whereas mean height 

increased by only 3.2 to 3.8 cm. Consequently, existing industry standards no longer 

meet the ergonomic and structural needs of the current population.  

4. To accommodate the 95th percentile of the contemporary population, the following 

regulatory and design adjustments are recommended: 

a. Extension of the nominal bed length specified in EN 1334:1996 from 200 

cm to a minimum of 220 cm, with a recommended standard length of 240 

cm. 

b. Extension of the minimum single-bed width specified in EN 1334:1996 

from 90 cm to a minimum of 100 cm (with a recommended width of 141 

cm to provide optimal ergonomic comfort. 

c. An increase in the reference load baseline in EN 1725:2023 from 

approximately 110 kg (1100 N) to a minimum characteristic design capacity 

of 250 kg. 

5. Finite element simulations show that supporting a 250 kg static load does not require 

excessive timber volume. While oak components of standard dimensions fully satisfy 

Eurocode 5 serviceability limit states (umax ≤ L/300), lower-density softwoods such as 

spruce require targeted cross-sectional optimization to achieve the required rigidity 

without increasing dead weight. 

6. To eliminate the identified anthropometric mismatch, technical standards should be 

updated using current biometric datasets, standardized load-capacity labeling should 

become mandatory, and national anthropometric trends should be reviewed every 10 

years. 

Ultimately, these findings provide a clear empirical framework for updating furniture 

strength standards and structural design rules to better align with modern demographic 

requirements. 
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