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Abstract. Quenching as a heat treatment method is commonly used to control the mechanical 

properties of steels. This article deals with the modelling and simulation of quenching of steel 

chisel using a multi–phase model. The process of the heat treatment is non stationary phase due 

to temperature variation with time. In this study, the problem of heat transfer in three dimensional 

phase was transformed into a two dimensional axisymmetric case. ElmerFem solver was used for 

the heat transfer through different cooling media such as water, oil and salt bath. The results from 

heat solver were used for austenite transformation modelling by applying Johnson–Mehl–

Avrami–Kolmogorov equation in TTT diagram. The Scheill's decomposition was used for 

anisothermal transformation of austenite. The hardness prediction was done according to simple 

mixture rule where total hardness of the steel was calculated based on volume of the phases and 

their Vickers hardness. 

 

Key words: numerical simulation, FEM, heat treatment, ElmerFEM. 

 

INTRODUCTION 

 

Quenching is used as a heat treatment method for controlling the mechanical 

properties of steel such as tensile strength, toughness and hardness. The quenching 

process promotes the formation of different microstructures namely ferrite, pearlite, 

bainite and martensite that depend on the cooling rate as well as the chemical 

composition of the steel. The quenching application of the material is subjected to heat 

treatment above the austenitization temperature (approximately 900 °C) which involves 

continuous and rapid cooling in a quenching media such as water, air and oil. During 

quench hardening process, heat flux is rapidly transfered to the coolant which varies in 

time hence the HTC (heat transfer coefficient) cannot be calculated or measured by 

standard techniques. In such cases, the effective procedure is the formulation of the 

boundary inverse heat conduction (Telejko, 2004; Buczek & Telejko, 2013). 

Constitutive modelling of the quenching process can be performed within the scope 

of standard generalized materials under the assumption that the thermodynamic state of 

the material can be completely defined by a finite number of state variables 

(Archambault & Azim, 1995; Fall et al., 2011; Hasan et al., 2010). Phase transformation 
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from austenite to martensite is non diffusive process meaning that the amount of volume 

fraction is only a function of temperature which can be described by the Koistinen–

Marburger law (Eq. 1). On the other hand, microstructures such as ferrite, pearlite and 

bainite formations are diffusion controlled transformation which are time dependent. 

The diffusive transformation kinetics are described by Johnson–Mehl–Avrami–

Koglomorov (JMAK) equation (Eq. 2). The evolution of these phases transformation can 

be predicted through an approximate solution using data from Time–Temperature–

Transformation diagrams (TTT). 
 

𝑉𝑀 = 1 − 𝑒−𝛼×(𝑀𝑠−𝑇) (1) 

 

𝑉𝑃,𝐵 = 1 − 𝑒−𝑘×𝑡𝑛
 (2) 

 

where: α and Ms are both constants determined by material type, k is the overall rate 

constant that generally depends on temperature, n is the Avrami’s exponent 

(Kolmorgorov, 1937; Avrami, 1939a; Avrami, 1939b; Johnson & Mehl, 1939; Avrami, 

1940a; Avrami, 1940b; Marder & Goldstein, 1984; Kirkaldy, 2007; Sinha et al., 2007). 

This article describes the modelling and simulation of quenching of steel chisel 

using a multiphase constitutive model proposed by (Çetinel et al., 2000; Ferguson et al., 

2005; Carlone et al., 2010). 

 

MATERIALS AND METHODS 

 

The process of heat transfer during quenching of a steel chisel (Fig. 1) is 

nonstationary due to the variation of temperature with time. In this work the problem of 

heat transfer in a three dimensional phase was examined. 

 

 
 

Figure 1. Real chisel computerization. 

 

The nonstationary problem of heat transfer within a component in the quenching 

process is described mathematically by simple differentiation with respect to the volume. 

Based on that the heat transfer equation (Eq. 3) was derived as follows: 
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where:  k – thermal conductivity; Q – is the inner heat–generation rate per unit volume; 

T – temperatuure; q – heat transfer coefficiente; 𝜌 – densitye; c – heat capacitye; t – time. 

 

The Neumann boundary conditions were used for the simulation of the heat cycles 

in quenching media like air, water and oil whiles the heat flux was determined 

experimentally in cylinder shape samples by inverse methods (Telejko, 2004). 

The equilibrium transformation temperatures during cooling were also determined 

experimentally by thermal analysis. The ferrite transformation started below the Ac3 

temperature whiles the pearlite transformation occurred at the Ac1 temperature when 

a volume fraction of pro–eutectoid ferrite reached an equilibrium volume fraction. The 

bainite and martensite transformations occurred below bainite and martensite 

temperatures respectively. Table 1 gives the transformation temperatures of different 

steel samples. 
 

Table 1. Transformation temperatures of different steel samples 

Temperature phase change Ac3=TF (°C) Ac1=TP (°C) TB (°C) TM (°C) 

High boron steel – B1 810 741 606 382 

High boron steel – B2 830 743 593 411 

Boron27 840 675 525 335 

 

Table 2. Chemical composition of different steel samples 

Chemical composition C Si Ni Cr Mn Mo Cu 

High boron steel – B1 0.6 0.3 0.05 0.4 0 0.01 0 

High boron steel – B2 0.3 0.3 1 1.5 0 0.05 0 

Boron27 0.2 0.2 0.1 0.3 1.3 0 0 

 

The ElmerFEM solver (CSC – IT Center for Science (CSC), 2013) was used for 

calculation of thermal field of the steel samples. The simulation results were obtained as 

matrix of nodes and temperatures. Two kinds of mathematical models were used for 

deducing microstructure field from temperature field based on TTT (Time, Temperature, 

Transformation) curve which is used for kinetic transformation of austenite at constant 

temperature. In addition, CCT (Continuous Cooling Transformation) curve was used for 

kinetic transformation of austenite in water and oil quenching media (Smoljan, 2006; 

Malinowski et al., 2012). 

The diffusional transformation reaction was based on equation (Eq. 2). The 

constants for these equations were determined from a nonlinear optimization of the 

experimental data. Table 2 shows the values used for the three transformation products 

resulting from a diffusion–controlled reaction of ferrite, pearlite and bainite. The 

temperature dependencies of constants were fitted by Gaussian function and these 

dependencies were used as input algorithm (Marder & Goldstein, 1984; Çetinel et al., 

2000; Ferguson et al., 2005). The C–curves of a calculated IT diagram for boron steel 

using equation (Eq. 2) for each product structure and the data points indicate the 

determined experimental values for the starting and final transformations during 

isothermal heat treatments. 

The actual temperature variation is continuous cooling rather than isothermal 

variation. But austenite transformation under Ms temperature can develop a partial 
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transformation of bainite. By applying Scheil superposition principle (Scheil, 1935), the 

actual continuous cooling transformation can be calculated by isothermal transformation 

model. Here the time period was discretized based on the assumption that within each 

time step is Δt at constant temperature involving isothermal transformation. For the 

corresponding constant Ti, were parameters bi, ni and τi (transformation starting time, i.e. 

incubation period). By dividing the time step Δt by incubation period τi, increment of 

inoculation rate ΔEi was the volume transformation during the former time step Vi. By 

substituting it into equation (Eq. 4) then the time period was obtained for the volume 

transformation reaching Vi under Ti+1 isothermal transformation condition that is virtual 

time ti+1 as described below. 
 

𝑡𝑖+1 = [
−𝑙𝑛(1 − 𝑉𝑖)

𝑘𝑖+1
]

1
𝑛𝑖+1

 (4) 

 

The microstructures were calculated from arrays {T (t)} and {V (t)} during the 

simulation period. Equations (Eq. 5 to Eq. 9) described below were included in the 

computer algorithm. 

 

𝑉𝑓𝑚𝑎𝑥 = (
0.8 − 𝐶

0.8
)

−1

+ (
0.8 − 𝐶

0.8
)

−1

 (5) 

 

𝑉𝑓 = ∑ −𝐾𝑓 × 𝑁𝑓 × 𝑡𝑁𝑓−1 × 𝑒−𝐾𝑓×𝑡𝑁𝑓
× (1 − 𝑉𝑓𝑚𝑎𝑥)

𝑛

𝑖=1

 (6) 

 

𝑉𝑝 = ∑ −𝐾𝑝 × 𝑁𝑝 × 𝑡𝑁𝑝−1 × 𝑒−𝐾𝑝×𝑡𝑁𝑝
× (1 − 𝑉𝑓)

𝑛

𝑖=1

 (7) 

 

𝑉𝑏 = ∑ −𝐾𝑏 × 𝑁𝑏 × 𝑡𝑁𝑏−1 × 𝑒−𝐾𝑏×𝑡𝑁𝑏
× (1 − 𝑉𝑓 − 𝑉𝑝)

𝑛

𝑖=1

 (8) 

 

𝑉𝑚 = 1 − 𝑒−𝛽×(𝑇𝑚𝑠𝑡𝑎𝑟𝑡−𝑇) × (1 − 𝑉𝑓 − 𝑉𝑝 − 𝑉𝑏) (9) 

 

where: Vf is the volume of ferite phase, Vp is the volume of pearlite phase, Vb is the 

volume of bainite phase, Vm is the volume of martensite phase, Kf (Kp and Kb) are the 

overall rate constant of feritic, pearlitic and bainitic transformation that generally 

depends on temperature, Nf (Np and Nb) are the Avrami’s exponent for feritic, pearlitic 

and bainitic transformation that depends on temperature, t is the time, T is the 

temperature, Tmstart is the temperature martensite start transformation and β is the 

coefficient of martensite transformation volume that depends on temperature. 
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The structure composition of steel cooling depends on the actual hardness defined 

as: 

𝐻𝑉 = 𝑉𝑃 × 𝐻𝑉𝑃 + 𝑉𝐵 × 𝐻𝑉𝐵 + 𝑉𝑀 × 𝐻𝑉𝑀 (10) 

 

Amount of phases proportion is an equal unity defined by (Li et al., 2001; Liu et 

al., 2003; Pietrzyk & Kuziak, 2011; Xie et al., 2013) as: 

  

𝐻𝑉𝑀 = 127 + 949 × 𝐶 + 27 × 𝑆𝑖 + 8 × 𝑁𝑖 + 16 × 𝐶𝑟 + 21 × 𝑙𝑛𝑉𝑟 (11) 

  

𝐻𝑉𝐵 = −323 + 185 × 𝐶 + 330 × 𝑆𝑖 + 153 × 𝑀𝑛 + 65 × 𝑁𝑖 + 144
× 𝐶𝑟 + 191 × 𝑀𝑜
+ (89 + 53 × 𝐶 − 55 × 𝑆𝑖 − 22 × 𝑀𝑛 − 10 × 𝑁𝑖 − 20
× 𝐶𝑟 − 33 × 𝑀𝑜) × 𝑙𝑛𝑉𝑟 

(12) 

  

𝐻𝑉𝐹,𝑃 = 42 + 233 × 𝐶 + 53 × 𝑆𝑖 + 30 × 𝑀𝑛 + 12.6 × 𝑁𝑖 + 7 × 𝐶𝑟

+ 19 × 𝑀𝑜
+ (10 − 19 × 𝑆𝑖 + 4 × 𝑁𝑖 + 8 × 𝐶𝑟 + 130 × 𝑉) × 𝑙𝑛𝑉𝑟 

(13) 

  

where: C, Si, Mn and others represent different kinds of chemical elements respectively 

(wt.%); Vr represents cooling speed at 700 °C (°C h-1). 

 

From Eq. 10, it is not difficult to predict fraction of phases if the hardness of cooling 

microstructure and the hardness of microstructure constituents’ are separately known 

(Eq. 11 to 13). Results of austenite decomposition depend on the chemical composition 

and steel history. The characteristic cooling time relevant for structure transformation 

for most steel is the time t8-5. The characteristic cooling time was determined through 

series of algorithm where an average value of heat gradient between500 °C and 800 °C 

was found as illustrated in (Fig. 2). 

The calculation of hardness was done by retrieving the temperature of nodes file. 

The analysis was performed for N nodes corresponding to the mesh of model. The 

temperature parameters of the nodes of the model were introduced (inlet) into the 

calculation of the volumetric representation of ferrite, pearlite, bainite and martensite. 

In each step the temperature difference between the node in time was compared 

with the possible formation (or can be written as nuclei) parameters relevant phase 

(temperature and time dependence of TT diagram, for the structure formation) Fig. 2. 

The volume phase of the lower temperature node of ferrite formation (Ac3) was 

described by Eq. 6 whiles if that of pearlite formation (Ac1) with higher temperature 

node but higher than bainite formation was given by Eq. 7. On the other hand, the volume 

phase of bainite formation with temperature node higher than martensite was defined by 

Eq. 8 and that of volume phase of martensite formation with lower temperature node 

was given by Eq. 9. Equation (Eq. 10) was used to calculate the total hardness of 

individual phases. Data were saved to a new file that has the same format as the source 

file which can be opened in the program Paraview. This cycle was repeated for each 

temperature nodes file to the last file with nodes. 
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Figure 2. Schematic of computer algorithm. 

 

 

RESULTS AND DISCUSSION 

 

A mathematical model for the prediction of temperature of nonstationary heat 

transfer in relation to time of a quenched steel chisel was used. The initial properties of 

the steel and the boundary conditions were used in the model to verify the results using 

ElmerFem software. The temperature distribution and curves are illustrated in Figs 3 and 

4 respectively. 
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a)    b)    

 

Figure 3. Temperature distribution of a quenched chisel at 5 (a) and 15 (b) sec cooling in water. 

 

 
 

Figure 4. Cooling curve of modeled chisel in two positions (near to hole – position 1 and far from 

hole – position 2). 

 

Distribution of microstructure fields of the quenched chisel is presented in Fig. 5 

whiles the hardness fields of the quenched chisel is shown in Fig. 6. The results showed 

a good distribution of softer microstructure around a hole in chisel, where their sharp 

notches were often placed by cracked initiation (Liu et al., 2003; Liu et al., 2004; Guo et 

al., 2009; Chen et al., 2012). The problem with low fracture toughness of the martensite 

structure was solved using lower heat flux around hole as well as technological solution 

using ceramics holders in hole and around hole. 
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Figure 5. Distribution of microstructure fields of the quenched chisel – high boron steel B1. 

 
Using models of steel B2 and Boron 27 

produced two microstructure mixtures namely 

martensitic and ferritic. These mixtures are non 

homogenous because ferrite is usually acicular 

on the boundary of austenite (Liu et al., 2004). 

They are also more brittle than other mixtures 

of microstructure in the steel and they have a 

high degree of damage of the intercrytalline 

fracture (Jam et al., 2014). Therefore the 

martensitic structure get better wear resistant 

properties than softer microstructures 

(Chotěborský, 2013; Chotěborský & Hrabě, 

2013). Samples of chisel were not analyzed on 

microstructure. In this article are discussed 

only circle sample (3 pieces of each steel) 

tested steels after heat treatment cycle of 

similar properties like modeled microstructure. 

 
 

Figure 6. Hardness field of high boron 

steel B1 after quenching in water. 

 

But microstructure volume of tested steel was different after heat treatment in 

comparison with modeled samples. Errors were observed from the modeling of the 

specific heat coefficient, heat flux, computed transformation diagrams. Equations 

(Eqs 10 to 13) increased the difference between modeling and experimental results. Also 

real chemical composition, grain size, number of crystal lattice and thermal history 

directly influenced the results of experimental steel as well as the difference between 

modeling and experimental results. These analyses showed errors around 15% volume 

of microstructure phases similar to published results (Liu et al., 2003; Huiping et al., 

2007; Lee et al., 2010; Lee et al., 2013). 
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CONCLUSIONS 

 

A simply method for axisymmetric modeling of heat FEM in agriculture tools is 

possible. 

JMAK equation can be used for prediction of microstructure. 

A relatively good relationship between modeled and measured microstructures was 

observed compared to modeled and measured volume of microstructural phases. 

Experimental and modeled results showed errors around 15% of predicted 

hardness. Hardness is one of the interested mechanical properties but the presented errors 

were very high. These models setup can be useful for different technological procedures 

with heat cycle during processing and for prediction of microstructure. 
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Abstract. The poor compatibility between the highly hydrophilic wood fibres and the 

hydrophobic polymers is associated with a loss of mechanical properties. Therefore, to improve 

the interfacial adhesion between the polymer matrix and wood flour (WF), a chemical 

modification of WF is an appropriate solution. This study analyzes the influence of different 

chemical modifications of WF on the mechanical properties of wood-plastic composites (WPCs). 

WPC test samples were prepared from birch (Betula) WF with a mesh size of 0.63 mm as the 

filler material and polypropylene (PP) as the matrix material. WF was chemically modified by 

six different methods to increase its adhesion to, and compatibility with, the polymer matrix. The 

six chemical methods used were: alkaline (NaOH) modification, polyvinyl alcohol (PVA) 

modification, silane treatment with 3-aminopropyltriethoxysilane (APTES), acetylation with 

acetic anhydride, cyanoethylation, and wood fibre esterification. The composites were produced 

using a twin-screw extruder and the test samples were prepared by injection moulding. The 

composites’ mechanical properties (three-point bending test), Charpy impact strength and 

thermal properties were tested. In addition, SEM micrographs of WPC surfaces were generated. 

WF as a filler material enhanced the flexural properties, while impact strength decreased, making 

the material more rigid and brittle. The test results revealed that the chemical modifications of 

WF improved the mechanical properties and crystallinity of WPC materials, while the melting 

temperature decreased. However, the influence of the chemical modification on the mechanical 

and thermal properties of WPC varied by method. 

 

Key words: wood-plastic composite, wood flour, chemical modification, mechanical properties, 

thermal properties. 

 

INTRODUCTION 

 

In recent years, wood-based renewable composites have garnered much attention, 

both scientific and commercial, due to their light weight, eco-friendliness and low cost, 

as well as worldwide environmental awareness. Natural fibres are considered potential 

alternatives to glass or carbon fibres in fibre-reinforced thermoplastic composites 

because of their nature-friendliness, recyclability, biodegradability and low cost 

compared to mineral fillers (Ashori, 2008; Lu et al., 2008). According to previous 

research, natural fibres are less abrasive than inorganic mineral fillers and therefore 

cause little damage to moulding and mixing equipment (Acha et al., 2006). 

However, the usability of natural fibres in composite materials is still limited due 

to their hydrophilic nature, which leads to poor compatibility with the hydrophobic 

mailto:heikko.kallakas@ttu.ee
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polymer matrix. This may also result in composites with poor mechanical properties and 

decreased durability. Here, chemical modification of wood is used to alter its structure, 

enhancing interfacial adhesion between the polymer matrix and wood fibres and thus 

improving the physical and mechanical properties of the composite material (Gwon et 

al., 2010b; Těšinová, 2011). The chemical modification of wood flour (WF) has been 

studied by many authors. It has been reported that chemical modification can clean the 

wood fibre surface, stop the moisture absorption process, and increase the surface 

roughness. Different chemical modification techniques have been used, such as alkaline 

treatment, benzoylation, silylation, peroxide, acetylation, esterification, maleated 

coupling, etc. (Kalia et al., 2011). With alkaline treatment, the amount of crystalline 

cellulose is increased, impurities and swelling of the wood fibres are reduced, resulting 

in a smaller number of hydroxyl groups. The swelling of the wood fibres depends on the 

alkali concentration (Kim et al., 2011). Silanes efficiently connect with the superficial 

hydroxyl groups of the wood fibres and induce hydrolysis, condensation, and bond 

formation, producing chains between the polymer matrix and wood fibres. It is reported 

that silane modification enhances the properties of composite materials (Farsi, 2010; 

Kim et al., 2011). 

Acetylation of wood has been widely used for modifying wood with acetic 

anhydride, which results in the esterification of accessible hydroxyl groups in the cell 

wall with acetyl groups. Previous research has shown that acetylated wood fibre based 

WPC materials exhibit enhanced mechanical properties, decreased moisture content and 

an improved resistance to brown-rot decay compared with unmodified WPC materials 

(Khalil et al., 2002; Segerholm et al., 2005). Generally, these chemical modification 

methods all improve the overall properties of WPC materials compared with unmodified 

composites. Based on previous studies it is also believed that the interfacial adhesion 

between the polymer matrix and the chemically modified WF is significantly increased 

(Gwon et al., 2010a). 

The aim of this study was to investigate the influence of the chemical modification 

of WF on the interfacial strength of WPC. Therefore, WF was modified with six different 

chemical agents. Chemically modified WF was compounded with polypropylene (PP) 

resin and WPC test specimens were prepared by injection moulding. The mechanical 

behaviour of these composites was evaluated after the flexural and impact test. 

 

MATERIALS AND METHODS 

 

Materials 

In this study, PP was used as a matrix material for WPCs. The PP obtained from 

the company Borealis Polymers OY is a heterophasic copolymer (block copolymer) with 

a density of 0.905 g cm-3 and a melt flow index (MFI) of 3.5 g 10 min-1. The wood filler 

from hardwood (birch (Betula)) chips was supplied by the firm UPM Kymmene Otepää 

AS and then refined to a mesh size of 0.63 mm using the disintegrator device DS-A. For 

a chemical modification of the WF, a reagent grade sodium hydroxide (NaOH), 98%; 

polyvinyl alcohol (PVA); 3-aminopropyltriethoxysilane (APTES), 98%; acrylonitrile, 

99%; dimethylformamide (DMF), 99%; and acetone, 99.5%, were purchased from 

Sigma Aldrich Chemical Co. For acetylation, acetic anhydride (AA), 98.5%, acquired 

from Merck Millipore chemicals, vinyl acetate (VA), 99%, from Fluka Chemical Corp, 

toluene from LACH-NER, s.r.o. and ethanol were used. 
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Alkaline modification of WF 
Different concentrations of NaOH were selected based on previous studies 

(Doczekalska & Zborowska, 2010; Doczekalska et al., 2014) to investigate the effect of 

removing impurities and increasing crystalline cellulose content on the mechanical 

properties of WPCs. The chosen concentrations of NaOH for WF treatment were 5 wt% 

and 17.5 wt% (based on the mass of the WF). WF was treated in the chosen solutions of 

NaOH at room temperature (25 °C) for 90 min. The NaOH solution was prepared in the 

laboratory by dissolving NaOH granules in water and the solution was then poured onto 

the WF. After activating, the WF was rinsed with distilled water to neutralize the excess 

NaOH and then oven-dried at 60 °C for 24 h. 

 

Polyvinyl alcohol modification of WF 

PVA has excellent adhesive properties and therefore could be used for cross-linking 

wood fibres to polymer matrix. In this experimental method, an aqueous solution was 

prepared with 5 wt% of PVA (based on the mass of the WF) to compare it with other 

modifications. WF was treated with the PVA solution at room temperature (25 °C). The 

PVA solution was prepared in the laboratory by dissolving PVA powder in distilled 

water and then poured onto the WF. After treatment the WF was oven-dried at 60 °C for 

24 h. 

 

Silane modification of WF 

For silane modification, the WF was treated at room temperature (25 °C) with an 

aqueous APTES solution. The concentration of APTES chosen for comparison with 

other modification methods was 5 wt%. On the basis of previous research in WF 

modification (Gwon et al., 2010a), 5 wt% of APTES (based on the mass of the WF) was 

added, prior to treatment, for the purpose of hydrolysis in a solution of ethanol/distilled 

water at a ratio of 9:1 (where ethanol is highly volatile and the objective was to obtain 

fast-drying WF) and at a pH value of 5. The stirring time was 10 min. A silane solution 

was then poured onto the WF and treated for 2 h; after the treatment the WF was oven-

dried at 60 °C for 24 h. 

 

Acetylation of WF 

The acetylation of WF was carried out by two different methods to compare 

acetylation by boiling and acetylation using a co-solvent and a catalyst to increase the 

reaction rate. The effect of the two different acetylation methods and using the catalyst 

on the mechanical and physical properties of WPCs were investigated. The first method, 

based on a previous study (Ibach & Clemons, 2006), was straightforward and consisted 

in boiling the WF in AA. The WF was boiled in AA in a 1 l round-bottom flask with a 

stirrer for 4 h. The modified WF was then washed with distilled water and oven-dried at 

60 °C for 24 h. 

In the second method (Cetin et al., 2011), the WF was transferred to a round-bottom 

flask with a condenser containing a DMF solution with AA. The reaction was carried 

out using potassium carbonate (K2CO3) as a catalyst for 1.45 mmol g-1dry wood. The 

amount of AA used in the solution was 70 mmol g-1 dry wood. The reaction was 

performed at 100 °C for 4 h. After the reaction, the modified WF was Soxhlet extracted 

by means of distilled water for 6 h and then by means of toluene/acetone/ethanol solution 
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(at a ratio of 4:1:1 vol/vol) for 6 h to remove unreacted chemicals and by-products. After 

extraction the WF was oven-dried at 60 °C for 24 h. 

 

Esterification of WF 

WF esterification was carried out at the conditions established in a previous study 

(Wei et al., 2013). WF was weighed into a 3-neck round-bottom flask fitted with a 

condenser, an overhead stirrer and a thermometer. WF was reacted with VA at an amount 

of 12.5 mmol g-1 dry wood, 15 g of K2CO3 and 600 ml of DMF. Heat was then applied 

using sand as the heating medium because of the high temperature; the reaction mixture 

was stirred continuously at 120 °C for 6 h. After this, the reaction mixture was filtered 

to remove any excess reagents and the WF was then washed with distilled water and 

rinsed with acetone. After washing, the WF was oven-dried at 60 °C for 24 h. 

 

Cyanoethylation 

WF was cyanoethylated according to a method found in previous research (Ghali 

et al., 2011). Prior to cyanoethylation, the WF was treated with a NaOH solution (5 wt% 

based on the mass of the WF) for 2 min at room temperature to about 90% wet pickup. 

After the alkaline treatment, the WF was put into a round-bottom flask containing 

acrylonitrile/toluene solution (at a ratio of 50:50). The reaction was performed at 60 °C 

for 60 min. When the reaction was finished, the WF was thoroughly washed with 5% 

acetic acid solution and then with distilled water. After washing, the WF was oven-dried 

at 60 °C for 24 h. 

 

Composite processing 

After modification, the WF was weighed and the composite mixtures for all the 

samples were calculated at a ratio of 65% polymer and 35% WF. The mixture of the 

composites is shown in Table 1. The composites were compounded in a twin-screw 

extruder Brabender Plasti-Conder PLE 651 at 195 °C at a screw speed of 40 rpm. The 

compounded materials were then ground to produce granules. Test samples were 

prepared by injection moulding (Battenfeld BA 230 E) using the previously made 

granules according to standard ISO 178:2010. The conditions for injection moulding 

were as follows: temperature 170–185 °C from feed zone to die zone; injection pressure 

7 MPa; screw speed 40 rpm; cooling time 15 s. The molten mixture was injected into 

two-bar shape moulds to produce flexural and impact test samples. The dimensions of 

the test samples were 63 x 10 x 4 mm. 
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Table 1. Make-up of the composites 

Sample PP (wt%)  WF (wt%)  Modification Modification (wt%) 

1 100 0 – – 

2 65 35 – – 

3 65 35 NaOH 5 

4 65 35 NaOH 17.5 

5 65 35 PVA 5 

6 65 35 APTES 5 

7 65 35 AA 5 

8 65 35 AA and DMF 5 

9 65 35 VA and DMF 5 

10 65 35 Acrylonitrile 5 

 

Mechanical properties 

The flexural properties were determined with the three-point loading system 

Instron 5866 according to ISO 178:2010. The testing was carried out at room 

temperature 20 °C, at a crosshead speed of 20 mm min-1 and a test span of 60 mm. Five 

samples were used for each composite. For each composite, its flexural strength and 

modulus of elasticity (MOE) were calculated. In addition, Charpy impact strength was 

determined for single-notched samples according to ISO 179-1. Notched impact strength 

was tested with a Zwick 5102 pendulum impact tester at room temperature 20 °C and 

nominal pendulum energy of 4 J. The energy absorbed by breaking the test sample was 

measured and Charpy impact strength was calculated. 

 

Differential scanning calorimetry 

WPC samples were tested by differential scanning calorimetry (DSC) to measure 

the thermal transition of the composites. DSC was performed by means of the Mettler 

Toledo FP900 Thermosystem with FP90 Central Processor (control and evaluation unit) 

and FP85 Measuring Cell fitted with cooler system using a nitrogen atmosphere at a flow 

rate of 20 mL min-1. WPC samples were weighed at about 10 mg, placed in a small 

aluminium crucible and subjected to a temperature program. The heating and cooling 

conditions for WPC samples were 30 to 250 °C and 250 to 30 °C with heating and 

cooling rates of 10 °C min-1, respectively. For each WPC sample its melting temperature 

(Tm), melting enthalpy (Hm), crystallization temperature (Tc), crystallization enthalpy 

(Hc) and crystallinity (Xc) were determined. 

 

Scanning electron microscopy 

The unmodified and modified composite surfaces and cross-sections were 

evaluated microscopically by means of the field emission scanning electron microscope 

(FE-SEM) ZEISS Ultra-55 with GEMINI In-lens SE detector. The acceleration voltage 

used was 20 kV. Samples were prepared by cutting and mounting a microtomed cross-

section. After that, the samples were coated with gold. 
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RESULTS AND DISCUSSION 
 

Flexural properties 

The flexural strength of WPCs with different wood modifications is presented in 

Fig. 1. The results show that the addition of WF to the PP matrix increased the flexural 

strength; this effect is enhanced by different chemical modifications of the WF, which 

make the material more rigid and brittle. However, some chemical modifications 

demonstrated a decrease in the flexural strength compared to unmodified WF 

composites. 5% NaOH, PVA and AA modified PP/WF composites showed the lowest 

values of flexural strength (33.1 MPa, 33.3 MPa, and 33.4 MPa, respectively), which 

indicates poor interfacial adhesion between the PP matrix and WF. Adding 35% WF to 

the PP matrix increased the flexural strength of the composites by about 10% with 

unmodified WF. A similar increase in flexural strength with 30–40% unmodified WF 

has also been noted in previous studies (Stark & Rowlands, 2003; Karmakar et al., 2007; 

Ndiaye et al., 2012). However, these previous studies also show that when adding a 

maleic anhydride grafted polypropylene (MAPP) coupling agent to the composite 

mixture the increase in flexural strength is significantly higher. The best flexural strength 

values were obtained by the WF esterification method (38.5 MPa), which increased 

flexural strength by about 7% compared to unmodified WF (36.2 MPa). The conclusion 

here is that interfacial adhesion between PP and WF improved with the esterification of 

WF. 

As seen from Fig. 1, an increase in the NaOH concentration from 5% to 17.5% 

results in a 12% higher flexural strength (from 33.1 MPa to 36.9 MPa, respectively). 

Alkaline treatment increases the fibre surface roughness and possible reaction sites on 

the fibre surface, which helps to improve the mechanical properties of WPC through 

mechanical interlocking and chemical bonding (Gwon et al., 2010a). The mechanical 

properties of WPC materials are influenced by removing impurities from WF. Based on 

the results presented in Fig. 1, it can be concluded that at an increased alkaline content 

the mechanical properties of WPC are also enhanced. However, previous research has 

shown that at an alkaline content increased to more than 10 wt%, the flexural strength 

starts to decrease slightly as a result of corrosive interactions between wood fibres in the 

composites caused by excessive alkali that weakens the WF surface (John et al., 2008; 

Gwon et al., 2010a). Therefore it is important to choose an optimum amount of NaOH 

to achieve strong mechanical properties of WPCs. 

Two different methods of WF acetylation were also tested and the mechanical 

properties were compared. The flexural strength results in Fig. 1 show that just boiling 

the WF in AA even decreases the flexural strength of WPC compared to unmodified 

WF-based composites. However, another method using the solution of AA and DMF 

with a catalyst (K2CO3) gave better results, increasing the flexural strength slightly, by 

2%, compared with unmodified WF (from 36.2 MPa to 37.1 MPa, respectively) and by 

11% compared with acetylation by boiling in AA (from 33.4 MPa to 37.1 MPa, 

respectively). Therefore, acetylation with the AA and DMF solution with a catalyst 

(K2CO3) was found more effective with regard to enhancing the mechanical properties 

of WPCs. An enhanced acetylation of wood in the presence of a catalyst and an 

improvement in the mechanical properties of WPCs has also been shown in previous 

studies (Cetin, et al., 2011; Özmen et al., 2013). Acetylation replaces the OH groups of 
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wood cell wall polymers with acetyl groups, so that they become hydrophobic and thus 

compatible with thermoplastics. 
 

 
 

Figure 1. Flexural strength of chemically modified and unmodified WF/PP composites. 

 

With acrylonitrile and APTES modification of WF, the flexural strength was also 

higher than with unmodified WF composites. With cyanoethylation, the wood OH 

groups are modified with acrylonitrile and wood is made hydrophobic and compatible 

with polymers. With acrylonitrile, the composites’ flexural strength (37.3 MPa) was 

increased by 3%, and with APTES (37.0 MPa), it was 2% higher than with unmodified 

WF composites. However, previous research (Kim et al., 2011) has shown a significantly 

higher improvement in flexural properties with APTES modified PP/WF composites 

(about 80% compared to unmodified composites) when the WF is modified with NaOH 

prior to silane modification. The increase in flexural properties with APTES 

modification is explained by a stronger interface between WF and PP compared to 

unmodified composites. This enhances flexural stress distribution in the composites. 

Silane-reactive chemical groups provide covalent bonding with the OH groups of wood 

fibres and another chemical group connects with the polymer by creating interfacial 

adhesion between the polymer and WF. 

The flexural MOE values of different composites are shown in Fig. 2. The results 

demonstrate that significantly higher values of flexural MOE were achieved by four 

different chemical modifications: 5% NaOH, PVA, APTES and AA. APTES gave the 

highest flexural MOE value (2.6 GPa) and compared to unmodified WF composites, the 

value increased from 1.00 GPa to 2.56 GPa, respectively, making the composite stiffer. 

On the other hand, WF esterification gave the lowest values of flexural MOE (0.91 GPa). 

Therefore, it can be concluded from the flexural properties that most of the 

chemical modification methods tested in this study improved the flexural strength 

values, which indicates that interfacial adhesion between WF and PP was increased. The 

increase in bonding between WF and PP may be due to the fact that chemical 

modification reduces the number of hydroxyl groups in WF and modification with 

NaOH leads to the removal of extractives and hemicellulose from the WF. 
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Figure 2. Flexural modulus of chemically modified and unmodified WF/PP composites. 
 

Impact strength 

The Charpy impact strength of single-notched specimens of unmodified and 

modified WPC samples is shown in Fig. 3. The single-notched impact test was chosen 

because the pendulum impact tester did not provide sufficient energy to break un-

notched PP samples due to the high elasticity of the PP matrix. This is the reason why 

many other researches have also previously used the single-notched impact test for WPC 

impact testing. With all the composites, the addition of WF to the PP matrix lowered the 

impact properties significantly (about threefold) compared to pure PP; this is also in 

accordance with previous research (Bledzki & Frauk, 2004; Bledzki et al., 2009). When 

incorporating WF in the PP matrix, impact strength is decreased due to the stress 

concentration regions in WPC that require less energy to break the composite, making 

the material more brittle. The results show that only the PVA and acrylonitrile 

modifications of WF had a slightly higher impact strength (4.72 kJ m-2 and 4.56 kJ m-2, 

respectively) compared with unmodified WF composites (4.44 kJ m-2). All the other 

modified composites exhibited a lower impact strength compared with the unmodified 

ones. The lowest impact strength was demonstrated by APTES modified WF composites 

(3.56 kJ m-2) – 25% lower than that of unmodified WPC samples. APTES silanol groups 

can create strong bonds with the hydroxyl groups of WF and thus improve interfacial 

adhesion between WF and the polymer matrix. 

The chemical modification of WF improves the interaction between WF and the 

polymer matrix, resulting in strong bonding, and therefore the breaking of the 

composites needs relatively low impact energy. Composites with weaker interfacial 

bonding have higher impact strength because micro-cracks can occur in the impact test, 

propagating along the fibre/matrix interface and causing debonding, which leads to a 

higher energy-absorption capacity of the WPC (Ray et al., 2001; Nourbakhsh & Ashori, 

2010). Therefore, an impact test shows the effect of chemical modification on the 

interfacial bond in the composites, which also affects the mechanical properties of WPC 

materials. 
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Figure 3. Impact strength of chemically modified and unmodified WF/PP composites. 

 

Differential scanning calorimetry 

All the WPC samples (unmodified and modified) were measured with the DSC 

system and the data of the composites is shown in Table 2. Thermal analysis 

demonstrates that the addition of WF to the polymer matrix decreased the Tm by  

1.3–4.3 °C. The addition of 35% unmodified WF to the polymer matrix decreased the 

Tm by 1.7 °C, while the largest decrease, by 4.3 °C, was provided by NaOH (17.5 wt%) 

modified WF composites. Hm values decreased significantly when WF was added to 

the polymer matrix. It was interesting that PVA modified WF composites gave only 

14.1 J g-1 of Hm compared to pure PP (54.6 J g-1 of Hm) and therefore a lot less energy 

is required to melt the composite. With WPC samples, the highest Hm was obtained 

with APTES – it was just 17% lower than pure PP. Therefore, the APTES modification 

of WF requires a lot more energy than other modifications to melt the composite. The 

same trend was also noted in a previous study (Kim et al., 2011). 

The Tc of the WPCs with PVA and NaOH (5 wt%) modified PP/WF composites 

was higher than with other modifications and unmodified composites, indicating a better 

nucleation ability of PVA and NaOH (5 wt%) modified WPCs. Accordingly, these act 

as nucleating agents, increasing the rate of crystallization of polymers and thereby also 

the crystallization temperature (Ayrilmis et al., 2014). Other WF modifications show 

lower Tc values (0.6–5.8 °C), which indicates a weakened nucleation ability with these 

modified WF composites, resulting in a better interfacial adhesion between PP and WF. 

Wood consists of cellulose with a crystalline structure, and hemicellulose and lignin with 

an amorphous structure, thus reducing the crystallinity of composites. Therefore, the 

improved interfacial adhesion in these composites is explained by the hindered 

movement of PP chains, decreasing the crystallization rate of PP in the WPCs (Ndiaye 

& Tidjani, 2012). 

All WPC samples except AA+DMF modified WF composites show a decrease in 

the Hc results compared to pure PP. Most of the WF modifications decreased the Hc 

compared to unmodified composites. However, APTES, AA and AA+DMF modified 

composites increased the Hc by 7%, 1%, and 36% respectively, compared to 

unmodified WPCs. Previous research (Ayrilmis et al., 2014) has shown that the 
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modification of WF can increase the Hc by inducing a formation of crystals in 

heterogeneous nucleation spots. This increases the crystallization rate in the WPCs. 

The crystallinity Xc of all the composites was reduced with the addition of WF to 

the polymer matrix. The lowest Xc was obtained with the PVA modified composite of 

only 6.2% crystallinity. Most of the modified composites increased the Xc compared to 

unmodified composites. The highest Xc was achieved with APTES (Xc = 21.3%) and 

17.5% NaOH (Xc = 20.2%) modified composites – just 19% and 26% lower than pure 

PP, respectively. The decreased crystallinity of WPCs shows that the formation of 

polymer crystals is hindered by WF in the composites. However, the higher crystallinity 

of APTES modified composites may be explained by the better interfacial adhesion 

between WF and the PP matrix. Previously it has been reported that APTES modification 

provides the highest increase in Xc (Kim et al., 2011). 

 
Table 2. DSC results of the unmodified and modified WPC samples 

Sample PP/WF 

(wt%) 

Modification Modification 

(wt%) 

𝑇𝑚
𝑎   

(°C) 
∆𝐻𝑚

𝑏  
(J g-1) 

𝑇𝑐
𝑐  

(°C) 
∆𝐻𝑐

𝑑  
(J g-1) 

𝑋𝑐
𝑒 

(%) 

1 100/0 – – 173.0 54.6 107.5 1,950 25.4 

2 65/35 – – 171.3 32.6 107.6 1,760 15.3 

3 65/35 NaOH 5 171.7 36.0 109.2 1,420 18.9 

4 65/35 NaOH 17.5 168.7 40.5 102.4 1,380 20.2 

5 65/35 PVA 5 169.5 14.1 116.3 868 6.2 

6 65/35 APTES 5 171.5 46.7 103.3 1,880 21.3 

7 65/35 AA 5 171.3 40.4 107.5 1,780 19.2 

8 65/35 AA and DMF 5 172.1 22.6 106.9 2,400 10.5 

9 65/35 VA and DMF 5 170.1 38.2 101.7 1,620 19.0 

10 65/35 Acrylonitrile 5 169.6 34.5 103.8 1,520 15.4 
aMelting temperature; bmelting enthalpy; ccrystallization temperature; dcrystallization enthalpy; 
ecrystallinity 

 

Scanning electron microscopy 

SEM pictures of the surfaces and cross-sections of modified and unmodified WPC 

samples are shown in Fig. 3. With a chemical modification of WF there is a better 

dispersion of wood and adhesion with the polymer matrix. With unmodified composite 

samples (Fig. 4a and 4b) cavities and voids are present in the composite surfaces. Also 

PVA modified composite surfaces (Fig. 4g and 4h) reveal voids and separate wood 

particles, representing a non-compatibilized system. Therefore, these composites have 

poor interfacial adhesion between WF and the PP matrix. With modified composites, 

micrographs show fewer cavities and voids and more homogenous surfaces, which also 

indicate an improved interfacial adhesion between WF and the PP matrix. Smooth and 

uniform surfaces with a good dispersion of WF in the PP matrix can be seen in Fig. 4m, 

4n, 4q and 4r, which shows a strong compatibility between WF and the PP matrix with 

AA+DMF and Acrylonitrile modifications. With other chemical modifications, minor 

cavities and voids are present on the surfaces of WPCs, reducing the interfacial bonding 

of PP and WF. These SEM observations clearly explain the enhanced mechanical 

properties of modified WPCs, so that the stronger interaction between WF and PP also 

improves the mechanical properties of WPCs. 
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a)  b)  

  

c)  d)  

  

e)  f)  

  

g)  h)  
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 Fig.4 (continued) 

i)  j)  

  

k)  l)  

  

m)  n)  

  

o)  p)  
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 Fig.4 (continued) 

q)  r)  

  

Figure 4. SEM micrographs of the surfaces and cross-sections of unmodified and modified 

composites: a) unmodified WPC surface; b) unmodified WPC cross-section; c) 5% NaOH 

modified WPC surface; d) 5% NaOH modified WPC cross-section; e) 17.5% NaOH modified 

WPC surface; f) 17.5% NaOH modified WPC cross-section; g) PVA modified WPC surface; 

h) PVA modified WPC cross-section; i) APTES modified WPC surface; j) APTES modified 

WPC cross-section; k) AA modified WPC surface; l) AA modified WPC cross-section; 

m) AA+DMF modified WPC surface; n) AA+DM modified WPC cross-section; o) VA+DMF 

modified WPC surface; p) VA+DMF modified WPC cross-section; q) Acrylonitrile modified 

WPC surface; r) Acrylonitrile modified WPC cross-section. 

 

CONCLUSIONS 

 

This study focused on the influence of WF modification on the mechanical 

properties of WPC. The chemical modification of WF with seven different chemicals 

was evaluated. It was found that chemical modification enhances the flexural properties 

of WPC materials due to an improved compatibility between WF and the polymer 

matrix. WF esterification showed the best flexural properties, indicating strong 

interfacial adhesion between WF and the PP matrix. The results of an impact strength 

test showed that the chemical modification of WF lowers the impact strength needed for 

breaking the WPC material. This is due to the fact that the debonding effect of the WF/PP 

matrix absorbs more impact energy with modified composites than with unmodified 

ones. The largest decrease in impact energy was observed with APTES modified 

composites. It can be concluded that the chemical modification of WF results in 

improved mechanical properties of WPCs. The results varied slightly by method but it 

is possible to choose an optimal modification method for the best mechanical 

performance of the composites. 

In the DSC analysis, Tm, Hm and Xc decreased with chemically modified 

composites. Most of the composites with chemical modifications showed higher values 

of Xc compared to unmodified composites, suggesting better interfacial adhesion 

between WF and PP. SEM micrographs showed that the surfaces of the modified 

composites had fewer voids and cavities, resulting in a more homogeneous material with 

improved mechanical properties. 



652 

REFERENCES 
 

Acha, B.A., Reboredo, M.M., Marcovich, N.E. 2006. Effect of coupling agents on the thermal 

and mechanical properties of polypropylene–jute fabric composites. Polym. Int., 55,  

1104–1113. 

Ashori, A. 2008. Wood–plastic composites as promising green-composites for automotive 

industries! Bioresource Technol. 99, 4661–4667. 

Ayrilmis, N., Dundar, T., Kaymakci, A., Ozdemir, F., Kwon, H.J. 2014. Mechanical and thermal 

properties of wood-plastic composites reinforced with hexagonal boron nitride. Polym. 

Compos. 35, 194–200. 

Bledzki, A.K., Frauk, O. 2004. Creep and impact properties of wood fibre–polypropylene 

composites: influence of temperature and moisture content. Compos. Sci. Technol., 64,  

693–700. 

Bledzki, A.K., Jaszkiewicz, A., Scherzer, D. 2009. Mechanical properties of PLA composites 

with man-made cellulose and abaca fibres. Compos. Part A: App. Sci. Man., 40, 404–412. 

Cetin, S.N., Özmen, N., Birinci, E. 2011. Acetylation of wood with various catalysts. J. Wood. 

Chem. Technol. 31, 142–153. 

Doczekalska, B., Bartkowiak, M., Zakrzewski, R. 2014. Esterification of willow wood with 

cyclic acid anhydrides. Wood Res. 59, 85–96. 

Doczekalska, B., Zborowska, M. 2010. Wood chemical composition of selected fast growing 

species treated with NaOH Part I: structural substances. Wood Res. 55, 41–48. 

Farsi, M. 2010. Wood–plastic composites: influence of wood flour chemical modification on the 

mechanical performance. J. Reinf. Plast. 29, 3587–3592. 

Ghali, L., Msahli, S., Zidi, M., Sakli, F. 2011. Effects of fiber weight ratio, structure and fiber 

modification onto flexural properties of luffa-polyester composites. Advan. Mat. Phys. 

Chem. 1, 78–85. 

Gwon, J.G., Lee, S.Y., Chun, S.J., Doh, G.H., Kim, J.H. 2010a. Effect of chemical treatments of 

wood fibers on the physical strength of polypropylene based composites. Korean. J. Chem. 

Eng. 27, 651–657. 

Gwon, J.G., Lee, S.Y., Chun, S.J., Doh, G.H., Kim, J.H. 2010b. Effects of chemical treatments 

of hybrid fillers on the physical and thermal properties of wood plastic composites. Compos. 

Part A: App. Sci. Man. 41, 1491–1497. 

Ibach, E.R., Clemons, M.C. 2006. Effect of acetylated wood flour or coupling agent on moisture, 

uv, and biological resistance of extruded woodfiber-plastic composites. For. Prod. Soc. 

139–147. 

John, M.J., Francis, B., Varughese, K.T., Thomas, S. 2008. Effect of chemical modification on 

properties of hybrid fiber biocomposites. Compos. Part A: App. Sci. Man. 39, 352–363. 

Kalia, S., Dufresne, A., Cherian, B.M., Kaith, B.S., Averous, L., Njugana, J., Nassiopoulus, E. 

2011. Cellulose-Based Bio- and Nanocomposites: A Review. Int. J. Polym. Sci. 2011, 35p. 

Karmakar, A., Chauhan, S.S., Modak, M.J., Chanda, M. 2007. Mechanical properties of wood–

fiber reinforced polypropylene composites: Effect of a novel compatibilizer with isocyanate 

functional group. Compos. Part A: App. Sci. Man. 38, 227–233. 

Khalil, H.P.S.A., Rozeman, H.D., Ismail, H., Ahmad, R., Ahmad, M.N. 2002. Polypropylene 

(PP)-Acacia Mangiumcomposites: The effect of acetylation on mechanical and water 

absorption properties. Polym. Plasts. Technol. Eng. 41, 453–468. 

Kim, T.W., Lee, S.Y., Chun, S.J., Doh, G.H., Paik, K.H. 2011. Effect of silane coupling on the 

fundamental properties of wood flour reinforced polypropylene composites. J. Compos. 

Mat. 45, 1595–1605. 

Lu, X., Zhang, Y., Liang, Y., Yang, J., Zhang, S., Suzuki, E. 2008. Kinetic studies of 

hemicellulose hydrolysis of corn stover at atmospheric pressure. Korean. J. Chem. Eng. 25, 

302–307. 



653 

Ndiaye, D., Diop, B., Thiandoume, C., Fall, A.P., Farota, K.A., Tidjani, A. 2012. Morphology 

and Thermo Mechanical Properties of Wood/Polypropylene Composites. Polyp. 415–428. 

Ndiaye, D., Tidjani, A. 2012. Effects of coupling agents on thermal behavior and mechanical 

properties of wood flour/polypropylene composites. J. Compos. Mat. 46, 3067–3075. 

Nourbakhsh, A., Ashori, A. 2010. Wood plastic composites from agro-waste materials: Analysis 

of mechanical properties. Biores. Tech. 101, 2525–2528. 

Ray, D., Sarkar, B.K., Rana, A.K., Rose, N.R. 2001. The mechanical properties of vinylester resin 

matrix composites reinforced with alkali-treated jute fibres. Compos. Part A: App. Sci. 

Man., 32, 119–127. 

Segerholm, K., Walinder, M., Larsson, B.P., Walkenström, P., Westin, M. 2005. Wood plastic 

composites made from acetylated wood: Effects on water vapour sorption behaviour and 

durability In: Proceedings of the 9th European Panel Products Symposium. Llandudno, 

Wales. UK. pp. 233–242. 

Stark, M.N., Rowlands, E.R. 2003. Effects of wood fiber characteristics on mechanical properties 

of wood/polypropylene composites. Wood. Fiber. Sci., 35, 167–174. 

Těšinová, P. 2011. Advances in Composite Materials – Analysis of Natural and Man–Made 

Material. InTech, 584 p. 

Wei, L., McDonald, G.A., Freitag, C., Morrell, J.J. 2013 Effects of wood fiber esterification on 

properties, weatherability and biodurability of wood plastic composites. Polym. Deg. Stab., 

98, 1348–1361. 

Özmen, N., Cetin, S.N., Mengeloglu, F., Birinci, E., Karakus, K. 2013. Effect of wood acetylation 

with vinyl acetate and acetic anhydride on the properties of wood-plastic composites. 

BioRes. 8, 753–767. 

 

 



654 

Agronomy Research 13(3), 654–661, 2015 

 

 

 

Influence of dusty micro-particles contamination on adhesive 

bond strength 
 

A. Krofová* and M. Müller 

 

Department of Material Science and Manufacturing Technology, Faculty of 

Engineering, Czech University of Life Science, Kamýcká 129, CZ-16521 Prague, 

Czech Republic;  *Correspondence: krofovaa@tf.czu.cz 

 
Abstract. A necessity for a bond creation is one of common attributes of production companies. 

An adhesive bonding technology is a method of a connecting. This method is suitable for 

workings with a single and serial production. Many research projects dealt with a preparation of 

adhesive bonds, degradation aspects etc. An area, which has not been properly investigated at 

present, is an influence of a contamination of the adhesive bonds by dusty micro-particles, 

e. g. from a ventilation of assembly shops, production hall etc. The research was focused on the 

evaluation of the influence of dusty micro-particles contamination of the two-component epoxy 

adhesive at the hardening process. The dusty micro-particles were gained from the filtering 

equipment used in a production hall. Sizes of gained dusty particles were analysed on sieves of 

dimensions 315 μm, 250 μm, 160 μm, 90 μm. Subsequently, these particles were added in various 

ratios into the mixture of the adhesive during its preparation. The adhesive bonds containing the 

dusty particles of the sizes 250 µm, 160 µm and 90 µm showed the fall of the adhesive bond 

strength. The adhesive bonds containing the dusty particles of the size 315 µm showed the mild 

increase of the adhesive bond strength. The failure area did not change owing to the contamination 

of the adhesive bond with the dusty particles. 

 

Key words: adhesive bond, elongation, failure area, dusty micro – particles. 

 

INTRODUCTION 

 

A necessity for a bond creation is one of common attributes of production 

companies. An adhesive bonding technology is a method of a connecting. This method 

is suitable for workings with a single and serial production. Many research projects dealt 

with a preparation of adhesive bonds, degradation aspects etc. An area, which has not 

been properly investigated at present, is an influence of a contamination of the adhesive 

bonds by dusty micro-particles, e.g. from a ventilation of assembly shops, production 

hall etc. The adhesive bonds enable to substitute welding seams and mechanical 

connecting elements, help to decrease the material fatigue and failure around the heat-

influenced area.  

Undesirable changes of the adhesive properties occur not only when using products 

but they can already occur at own process of the working of adhesives and at their storing 

(Müller & Valášek, 2014). 
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The adhesive bonding is a modern method of connecting different materials. This 

method is still seldom spread in spite of its advantages just because of its low durability 

at exposing to unfavourable influences. An assumption for securing the service life of 

the adhesive bond is keeping basic processes at its creation. The essential factor is a 

cleanness of a working environment under given conditions under which the bond is 

created and also a character of degradation processes influencing strength of whole 

construction. This undesirable but inevitable factor has to be analysed. 

The dust which can be found all in the air is a significant source of a rise of the 

dangerous working environment. It is a restriction which cannot be avoided in a common 

practice. 

Many studies researching the air quality in various environments were performed 

in past (di Giorgio et al., 1996; Jones, 1999). Spaces in which people are moving when 

doing various working activities were also investigated (Bluyssen, 1996; Karwowska, 

2003; Kic & Chládek, 2010; Kic & Růžek, 2014), farms and agricultural plants for 

poultry-farming too (Karwowska, 2005; Kic et al., 2007; Kic et al., 2012; Nimmermark 

et al., 2009). The dust is a general term for solid particles of a mean smaller than 

0.075 mm. It consists of cells of a human skin, a small amount of a vegetable pollen, 

human and animal hair, textile fibres, paper fibres and many other materials which can 

be found depending on the particular environment (Nõu & Viljasoo, 2011). We can 

suppose on a basis of general pieces of knowledge that the pollution of adhesives will 

cause a fall of a resultant adhesive strength of the adhesive bond. Zhang el al. state in 

their work that the adhesive is more resistant to water and its strength is increasing when 

adding starch particles into the adhesive (Zhang et al., 2015). 

By adding fractions into the macro–molecular materials (which are also polymers) 

it comes to changes of a chemical chain on which the properties of the polymers depend 

(Ducháček, 2006). Generally it can be said that the change of the molecular mass of the 

macro–molecular materials influences their mechanical properties in both ways-in 

positive as well as in negative one (Ducháček, 2006; Valášek, 2014). 

However, the cohesion mechanism of the adhesive bond depends on an adhesion, 

a cohesion and a wettability of the adhesive bonded surface. During the hardening e.g. 

of two-component epoxy adhesives the epoxy resins react with hardeners and they create 

macro-molecules. The polymerisation process influences the resultant strength of the 

adhesive bond. It can be supposed that it comes to lowering of the resultant adhesive 

bond strength at the adhesive bond contamination during the hardening process (the 

polymerisation). 

The aim of this work was to perform laboratory experiments focused on the strength 

of the adhesive bond polluted with the dust gained from the filtering equipment used in 

production halls using the information gained from available references and by means 

of recommended introduced standard processes. Results should serve for the evaluation 

of the influence of two-component epoxy adhesives contamination with dusty micro-

particles on the adhesive bond and because of the fact that the bond cleanness is the main 

factor causing the failure of adhesive bonded constructions it is necessary to comprehend 

and explain their degradation processes. Pieces of knowledge will be subsequently used 

at the evaluation of properties of the adhesive bonds at their creation depending on the 

environment contamination. 



656 

MATERIAL AND METHODS 

 

The research was focused on the evaluation of the influence of dusty micro-

particles contamination of the two-component epoxy adhesive Glue Epox Rapid F 

(marked as a matrix in the text) at the hardening process. The dusty micro-particles were 

gained from the filtering equipment used in a production hall.  

In the production hall there were e.g. these technologies: blasting cabin, a working 

place of connecting and dividing of materials. A source of higher dusty particles in the 

filtering equipment was obviously the blasting equipment.  

Two-component epoxy adhesive Glue Epox Rapid F was prepared by mixing a part 

A (a low-molecular epoxy resin) and a part B (a polyamide hardener). A ratio for mixing 

the parts A : B was 100 : 45 of mass parts. A processing time of the adhesive bonded 

mixture at the temperature 22 ± 2 °C is max. 10 minutes. An exceeding of the processing 

time influences the adhesive bond strength in the negative way (it decreases) (Müller & 

Valášek, 2013). 

Sizes of gained dusty particles were analysed on sieves of dimensions 315 μm, 

250 μm, 160 μm, 90 μm (Fig. 1). The dusty micro-particles were of an irregular shape. 

The size of used dusty particles was given by a sieve analysis (that means by size of used 

sieves). The particles below 90 μm were not used. A reason was an impossibility to set 

the size. 

Subsequently, these particles were 

added in various ratio into the mixture of the 

adhesive during its preparation. 
 

 
 

Figure 1. Dusty particles of size 90 μm. 

The mass ratios of test specimens 

are following 100,000 mg of a matrix: 

250 mg, 500 mg, 750 mg and 1,000 mg 

of dusty particles. The influence of the 

dusty particles contamination was 

investigated at the adhesive bonds 

according to the standard CSN EN 1465 

(2009). 

The basis of adhesive bonds 

laboratory testing was the 

determination of the tensile lap-shear 

strength of rigid-to-rigid bonded 

assemblies according to the standard 

CSN EN 1465 (2009) (Equivalent is BS 

1465). The tests were performed using 

the steel S235J0 specimens of 

dimensions 100 x 25 x 1.5 mm. 

 

The surface preparation is important and should guarantee good strength on the 

boundary of adherents. Steel adherents were firstly mechanically surface treated with 

blasting by a synthetic corundum (Al2O3) with a size of a fraction F80. Using the 

profilograph Surftest 301 following values were determined: Ra 1.83 ± 0.25 μm, 

Rz 10.42 ± 0.88 μm. Then the surface was cleaned and degreased using acetone P6401 

and prepared to the application.  

The adhesive bonds were created until 5 ± 2 minutes after adding the dusty particles 

into the matrix. 
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An even thickness of the adhesive layer was reached by a constant pressure 

0.5 MPa. The lapping was according to the standard 12.50 ± 0.25 mm. The adhesive 

bonds were hardened for 48 hours at the laboratory temperature (22 ± 2 °C). The 

adhesive layer thickness in the adhesive bonds was 0.15 ± 0.15 mm. The real thickness 

of the adhesive layer was set on the basis of the picture analysis in the cut of the adhesive 

bonds by means of the microscope. 

The tensile strength and the elongation tests were performed using the universal 

tensile strength testing machine LABTest 5.50ST (a sensing unit AST type KAF 50 kN, 

an evaluating software Test & Motion). A speed of the deformation corresponded to 

6 mm min-1. 

The failure type according to CSN ISO 10365 (1995) was determined at the 

adhesives bonds. 

 

RESULTS 

 

The adhesive bond strength (without the contamination with the dusty particles) 

was 12.02 ± 0.76 MPa. It showed a fall at the adhesive bonds contaminated with the 

dusty particles of the sizes 250 µm, 160 µm and 90 µm. The fall was in the interval 

0.79 to 18.85% (all concentrations). The adhesive bond strength increased at the 

adhesive bonds contaminated with the dusty particles of the size 315 µm. The strength 

increase was in the interval 4 to 5%. A graphic presentation of the results of the adhesive 

bond strength prepared by 3D graph with method of the smallest squares can be seen 

from Fig. 2. 

 
 

Figure 2. Influence of concentration and size of dusty particles on adhesive bond strength. 
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The elongation of the adhesive bond (without the contamination with dusty 

particles) was 1.27 ± 0.10%. It showed a fall at the adhesive bonds contaminated with 

the dusty particles of the sizes 160 µm and 90 µm. The elongation fall was in the interval 

0.69 to 20.08% (all concentrations). The elongation of the adhesive bond increased at 

the adhesive bonds contaminated with dusty particles of the sizes 315 µm and 250 µm. 

It can be supposed that it was not the impurity but the filler at this size.  

The elongation increase was in the interval 9.84 to 75.50%. 

A graphic presentation of the results of the elongation of the adhesive bond 

prepared by 3D graph with method of the smallest squares can be seen from Fig. 3. 

 

 
 

Figure 3. Influence of concentration and size of dusty particles on elongation of adhesive bond. 

 

F-test is used for testing a significance of a difference of two dispersion variances. 

A value of the criteria p was gained by a calculation in the programme Statistica. 

F-test was used for the statistical comparison. The zero hypothesis H0 presents the 

state when there is no statistically significant difference (p > 0.05) among tested sets of 

data from their mean values point of view. 

The results of F-test are from the point of view of the influence of dusty particles 

concentration on the adhesive bond strength following: the hypothesis H0 was confirmed 

at the dusty particles of the size 250 µm (p = 0.3730), so there is no difference among 

particular tested concentrations in the significance level 0.05. The hypothesis H0 was not 

confirmed at other sizes of the dusty particles: 315 µm (p = 0.0262), 160 µm (p = 0.0016) 
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and 90 µm (p = 0.0046), so there is a difference among particular tested concentrations 

of dusty particles in the significance level 0.05. 

The results of F-test are from the point of view the influence of the size of the dusty 

particles on the adhesive bond strength following: The hypothesis H0 was confirmed at 

the concentration of the dusty particles 1,000 mg (p = 0.1991), so there is no difference 

among particular tested sizes of the particles in the significance level 0.05. The 

hypothesis H0 was not confirmed at other concentrations of the dusty particles: 750 mg 

(p = 0.0061), 500 mg (p = 0.0003) and 250 mg (p = 0.0012), so there is a difference 

among particular tested sizes of the dusty particles. 

The results of F-test are from the point of view of the concentration of the dusty 

particles on the elongation of the adhesive bonds following: the hypothesis H0 was 

confirmed at the sizes of the dusty particles 250 µm (p = 0.0505) and 160 µm 

(p = 0.0656), so there is no difference among particular tested concentrations in the 

significance level 0.05. The hypothesis H0 was not confirmed at other sizes of the dusty 

particles 315 µm (p = 0.0263) and 90 µm (p = 0.00009), so there is a difference among 

particular tested concentrations of the dusty particles in the significance level 0.05. 

The results of F-test are from the point of view of the influence of the size of the 

dusty particles on the elongation of the adhesive bonds following: the hypothesis H0 was 

not confirmed at all concentrations of the dusty particles: 1,000 mg (p = 0.0044), 750 mg 

(p = 0.0014), 500 mg (p = 0.0009) and 250 mg (p = 0.0056), so there is the difference 

among particular tested sizes of the dusty particles in the significance level 0.05. 

A composite comes into being at the contamination of the adhesive bond with the 

dusty particles. The resultant strength of the adhesive bond usually decreases at the 

composite materials filled with various particles. More significant changes of the 

strength occur by acting the created adhesive bond by degradation processes. Also a 

storing and a transport have similar influence on the creation of the adhesive bond 

(Müller el. al., 2009 & 2013; Balkova et. al., 2002; Doyle & Pethrick, 2009, Liljedahl 

et. al., 2007). The fall of the adhesive bond strength ranged in the interval 2 to 18% at 

the tested adhesive (Müller, 2013). 

Exposing of the adhesive bonds to impurities, water, extreme temperatures or 

chemical stuffs can influence the process of the adhesive bond failure (Nolting et al., 

2008). The fall of the adhesive bond strength is also connected with it. The change of 

the strength of the adhesive bonds caused by the adhesive bond production was smaller 

than 19%. 

Sargent (2005), Doyle & Pethrick (2009) and claim that the changes in the 

environment can act both the way by which the physical properties of the adhesive 

change in time, and the strength of the boundary of the adhesive – adherent. 

Undesirable changes of mechanical properties usually occur at the contamination 

by the particles at the adhesive bond creation (Brown, 1999; Ducháček 2006; 

Mleziva, 2008; Valášek 2014). 

The adhesive bonds without the dash of the dusty impurities are of adhesive-

cohesive failure area (Fig. 4). The failure area of the adhesive bonds contaminated with 

the dusty particles did not change (Fig. 5). 
 



660 

  
 

Figure 4. Adhesive-cohesive failure area – 

adhesive without dusty particles. 

 

 

Figure 5. Adhesive-cohesive failure area – 

adhesive contaminated with dusty particles of 

size 315 μm and concentration 1,000 mg. 

 

 

CONCLUSION 

 

Following conclusions can be deduced from the research focused on the influence 

of the contamination with the dusty micro-particles on the adhesive bond strength: 

 The adhesive bonds containing the dusty particles of the sizes 250 µm, 160 µm and 

90 µm showed the fall of the adhesive bond strength. The strength fall of the 

adhesive bond did not exceed 18%. The adhesive bonds containing the dusty 

particles of the size 315 µm showed the mild increase of the adhesive bond strength. 

 The dusty particles above 160 µm caused the increase of the elongation of the 

adhesive bonds. 

 The failure area did not change owing to the contamination of the adhesive bond 

with the dusty particles. 
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Abstract. The formation of cellular core for sandwich wall constructions made of perforated steel 

band is presented in the paper. The information about the main mechanical properties of 

perforated tapes and plates is provided. Basic technological methods for obtaining cellular 

structures from perforated metallic tape achieved from waste material by stamping are suggested. 

The main attention is focused on the analysis of the compressive strength of key elements of 

obtained cellular structures. Examples of the use of cellular structures made of perforated metallic 

materials in sandwich wall constructions are given. The main benefits of perforated metallic 

materials usage in sandwich wall’s construction are outlined. 

 

Key words: metallic sheets and profiles, perforation, cellular core, sandwich wall. 

 

INTRODUCTION 

 

Perforated metallic materials have a big potential to be used in different building 

constructions. Stiffness, strength and elastic/plastic properties of perforated metallic 

materials open up good opportunities for their wide range of use in the building industry. 

For example, they could be used as spacers for wall and floor constructions, 

reinforcement materials (Kalva, 2011), fixtures and connectors for nodes of wooden 

constructions, etc. (Ozola, 2011). Because of high strength, light weight, good painting 

abilities and easy installation, perforated materials are becoming widely used in the 

design of decorative building facades and frame structures of light party walls (Mironovs 

& Lisicins, 2015). The application of perforated metallic materials for electromagnetic 

shielding (Mironovs et al, 2014) and acoustic barrier constructions is also known 

(O’ Donell & Associates, Inc. 1993). 

The aim of the current investigation is to propose sandwich wall structures based 

on different type of cellular cores made from perforated metallic materials. 

Currently sandwich cores are composed mainly of light, thin profiled aluminium 

sheets without perforation. Such structures are very light and durable enough for their 

application in aircraft or in light door constructions (Solina, 2012). However, that type 

of constructions suffers from an inability to withstand a lot of pressure or impact. It is 

possible to increase structural strength and stiffness by using a denser metal (eg. steel) 

or increasing thickness of the sheet, which also significantly increases the overal mass 

mailto:mihails.lisicins@rtu.lv
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of construction. Using perforated metallic sheets it is possible to reduce the initial weight 

maintaining sufficient overall structural strength ans stiffness. 

 

MATERIALS AND METHODS 

 

The properties of perforated metallic materials as end products directly depend on 

the mechanical and technological properties, intended perforation types, shapes, sizes, 

steps and other characteristics of used material. The technology of perforation also 

affects mechanical properties of the perforated end product. In order to select the 

required perforation technology and related equipment we should know the mechanical 

properties of the used material – density, tensile strength, hardness, etc. 

The main materials for producing perforated construction elements are the steel, 

aluminium and copper. Sheet materials from aluminium and copper could be used in 

construction due to their high corrosion resistance and architectural impression, but steel 

– due to its relatively high strength. Besides, aluminium alloys are lightweight and have 

sufficiently high strength, they have good machinability during perforating and 

durability. Copper is widely used for roof covering. The oxide layer provides high 

corrosion resistance and, consequently, durability. Copper sheets have good 

machinability during perforating as well as good weldability. Nevertheless steel 

perforated materials have better perspectives for use as a material for cellular building 

structures and constructions due to their lower cost and higher strength. 

The weight of perforated aluminium products will be lower, but at the same time, 

the final products from perforated aluminium will have worse tensile strength properties 

compared to other materials, referred to in Table 1. Harder workable materials due to 

their mechanical properties are steel and different copper alloys. However, the strength 

of constructions is much better. 

 
Table 1. Mechanical properties of metallic materials used in the production of perforated tapes 

and plates 

Materials 
ρ, 

3m

kg
 

σt, MPa HB, (MPa) Marks of material 

Steel 7,700–7,900 320–930 1,310–2,550 C50E, C22E, C8E, 

S235JRG2 

Aluminium alloys 2,700 60–310 520–847 АМg2Н2, АD31Т1 

Copper alloys 8,920–8,980 220–640 1,186–2,430 М1–М3 

 

Mechanical properties of different types of metallic materials (tapes, plates) 

changes during punching (Figs 1, 2). Relationships shown, characterise the yield strength 

ratio and effective elastic properties depending on the percentage of perforation 

(O’Donell & Associates, Inc. 1993). The above mentioned relationships achieved for a 

perforated plate with round holes in a standard staggered 60° pattern are shown in Fig. 3. 

It is evident that the perforation reduces the yield strength ratio and effective elastic 

properties. The modulus of elasticity and Poisson’s ratio of metallic material shows ultra-

rapid changes. 

Main methods for manufacturing of different types of cellular building 

constructions from perforated metallic materials are stretching, corrugation, plate 



664 

shearing, cut-sheet and stretching, perforated tape twisting, method of interlacement, 

profiling and welding (Bogojavenskij et al., 1978; Wadley et al., 2003). The right choice 

of method is directly affected by the properties of raw and perforated materials. For 

example, the method of stretching requires a slightly high strength of glued locations of 

connected plates (enough to allow the stretching of the structure) which in the case of a 

thin cell wall is usually provided with modern adhesive polymers. The value of force 

necessary for stretching the cells steadily approaches the strength of adhesion between 

the plates, when the ratio of the cell wall’s thickness against the cell size increases. In 

this case, for the production of a honeycomb structure with a higher relative density, 

another method of manufacturing (corrugation) or method of joining the elements 

(welding, soldering) is necessary. 

 

 
 

 
 

Figure 1. Yield strength ratio depending on 

percent of perforation (fy* – yield strength 

of perforated plate; fy – yield strength of 

unperforated plate). 

Figure 2. Effective elastic properties   

depending on the percentage of perforation 

(E* – elastic modulus of perforated plate;  

E –elastic modulus of unperforated plate;  

v* –Poisson’s ratio of perforated plate;  

v –Poisson’s ratio of unperforated plate). 

 

 

The usage of perforated metallic 

materials opens up new possibilities for 

the production of fundamentally new 

cellular materials and constructions. 

There are a variety of cellular structures 

with different types of structure and 

mechanical properties that can be 

produced using different profiling and 

bonding methods. The usage of such 

structures in sandwich panel core raises 

particular interest. 
 

 
 

Figure 3. Perforated plate with round 

holes arranged in 60° angle. 
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Formation of cellular core using perforated steel tape 

In the experimental investigation we used samples of perforated steel tapes, 

obtained as waste in the production of driving chain (Products, 2013). This structure was 

made from bands of LPM–1 – trade mark of JSC ’DITTON Driving Chain Factory’, 

Latvia (Table 2). 

 
Table 2. Mechanical and geometrical characteristics of perforated steel band produced by 

punching 

Type of band & geometrical 

characteristics 

Material Permeable 

area, % 

Thickness, 

mm 

Tensile strength, 

N mm-2 

 

Steel 

S235JRG2 
66.97 1.50 320.70 

 

Samples of cellular structures were made from perforated steel tape using profiling 

and welding. Profiling was made in crosswise direction (Fig. 4) Previously profiled tapes 

were joined. As a result, cavities were generated between the tapes (Fig. 5). Subsequently 

cavities may be filled, for example, by insulating filler. 

 

 
 

Figure 4. The crosswise profiling of 

perforated steel tape (width 100 mm, 

thickness 1.2 mm). 

 
 

Figure 5. Cellular structure from S235JRG2 

perforated tapes produced by RSW. 

 

 

It was experimentally determinated that profiling of tape of C50E steel is hard to 

implement and possible only with high curvature. For example, there was cracking 

observed with a bend radius of less than 30 mm for several types of tape. 
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The profiling by bending in the case of C8E steel was much easier. This material is 

soft and ductile. There were different profiles experimentally obtained by bending in the 

profiling machine – with a radial curvature of 90° and a greater angle curvature. 

LPM–1 sample of tape can be bent even slightly less than 180° due to its thin 

dimension. 

Previously profiled tapes were joined by resistance spot welding (RSW) using 

experimental AC RSW equipment ’Impulse KM’ earlier elaborated in Riga Technical 

University. The outer diameter of the spot weld is in the range of 4–5 mm. Preliminary 

experiments were revealed that resistance welding is an appropriate technology for the 

generation of cellular structures (Calva & Eagar, 1990; Mironovs et al., 2012). RSW 

welding parameters are given in Table 3. 

 
Table 3. RSW welding parameters for steel S235JRG2 welding 

Welding 

parameters 

Welding current 

range, kA 

Electrode 

force, kN 

Weld time, sec  

(50 Hz cycles) 

Conditions 8–9 3.5–4.0 0.18–0.20 

 

Assessment of deformation of cellular core 

One of the aims of modeling cellular sandwich wall core structure with complex 

shapes and structures of the material is the determination of their deformation properties. 

Experimental tests performed on the compression setting Zwick Z100. 

Evaluation of mechanical properties was carried out using an elaborated model of 

the basic element (Fig. 6) of the structure shown in Fig. 7. 

 

 
 

Figure 6. The model of cellular 

structure basic element. 

 
 

Figure 7. Cellular structure made of perforated bands. 

 

RESULTS AND DISCUSSION 

The compression load-bearing capacity of cellular structure basic element ranged 

from 2,644 N to 2,815 N. The maximum deformation by the y-axis is 1.0–1.4 mm. The 

average load capacity (2,744 N) results in average deformation 1.17 mm. 

It is possible to predict structural behavior also using FEM calculation. The 

maximum deformation using FEM calculation model for viewed structure was 1.15 mm, 
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which is at 1.17% lower than experimental results. The difference between results 

obtained by computer simulation and experimental work is in the range of 5%. Thus, 

computer simulation is a feasible way to predict the deformation of geometrically 

complex cellular structures, using perforated bands (Mironovs et al., 2013). 

The compressive strength test results for the metallic core elements of the cell 

structure are shown in Table 4, where: H – height of cellular structure; As,eff – effective 

cross-sectional area; Fc,max – maximal load carrying capacity; ∆lc,Fmax – maximal 

deformation; ԐFmax – maximal strain, σc – compressive stress. 

 
Table 4. Compressive strength test results for the metallic core elements of the cell structure 

No. H, mm As,eff Fc,max, N ∆lc,Fmax, mm ԐFmax, % σc, N mm-1 

1. 83 14.40 2,773.20 1.0 1.20 192.58 

2. 83 14.40 2,643.93 1.5 1.81 183.61 

3. 83 14.40 2,814.98 1.0 1.20 195.48 

Average results: 14.40 2,744.04 1.17 1.40 190.56 

 

It is also worth noting that all the welds passed the above-mentioned load, and 

hence the strength of the pins provided no less strength than that of the construction. The 

local loss of load carrying capacity was observed 

in the walls between perforation (Fig. 8). 

One of the application possibilities of cellular 

core made of perforated metallic materials is 

sandwich wall panels. 

The facing skins of a sandwich panel can be 

compared to the flanges of an I-beam, as they carry 

the bending stresses to which the beam is 

subjected. One facing skin is in compression, the 

other – in tension. The core resists the shear loads, 

increases the stiffness of the structure by holding 

the facing skins apart, and improving on the  

I-beam, it gives continuous support to the flanges 

or facing skins to produce a uniformly stiffened 

panel. The core-to-skin adhesive rigidly joins the 

sandwich components and allows them to act as 

one unit with a high torsional and bending rigidity. 

The separation of the skins by the core increases 

the moment of inertia of the panel with little 

increase in weight – in such a way an efficient 

construction with good bending and buckling 

strength is obtained. 

By splitting a solid laminate down the middle and separating the two halves with a 

core material, the result is a sandwich panel. The new panel weighs a little more than the 

laminate, but its flexural stiffness and strength are much greater (Table 5). By doubling 

the thickness of the core material, the difference is even more striking (Petras et al., 

1998).  

 

 
 

Figure 8. View of deformed basic 

element of cellular structure and the 

load bearing capacity local failure 

places. 
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Table 5. The efficiency of thickness of sandwich panel core 

 
   

Relative bending stiffness 1 7.09 37.09 

Relative bending strength 1 3.59 9.29 

Relative weight 1 1.03 1.06 

 

By use of perforated metallic tapes or plates the weight of the sandwich panel can 

be reduced even more. In that case, the load carrying capacity of the panels will be 

reduced. However, in most cases it is enough to provide functioning of the construction 

under load (especially in the case of facade panels). The use of perforated sheets also 

provides additional opportunities for the installation of fastenings of the panels 

depending on the constructive solution. There are the opportunities to join the elements 

of the core of the sandwich panel by wire, sleeves, nuts, etc. Using perforated steel waste 

materials, the compressive strength of the cell structure is sufficient (Table 4) to ensure 

safe work of panels even in floor constructions, but lower costs significantly increase the 

economic efficiency. 

Sandwich panels shown in Fig. 9 and Fig. 10 are diverse in terms of the types of 

profile and their distribution. Profiles can be based on the perforated tape with different 

widths and thicknesses. The percentage of open area (perforation) also may vary. The 

profiling of tape may vary depending on the engineering solution of the construction and 

expected load. Profiles of the core can be arranged upright (Fig. 9) or flatwise (Fig. 10) 

relative to the cladding. All these parameters are chosen according to the mechanical 

properties of the profiles (and their material) and expected service circumstances of the 

end product (panel). For example, profiles arranged upright have a greater load carrying 

capacity, but those placed flatwise – better connection options with cladding sheets, as 

well as mechanical energy absorption capability. Core sheets are commonly completed 

with profiling in the transversal direction. The method of stretching, corrugation or 

slotting (especially in the case of the perforated metallic waste materials) can be 

efficiently used for production of the core. 

 

 
 

Figure 9. Example of sandwich wall panel based on perforated and profiled metal tape placed 

upright without an insulation layer (a) and with an insulation layer (b): 1 – lower metallic sheet; 

2 – perforated and profiled metal tape; 3 – upper metallic sheet; 4 – layer of glue, 5 – facing 

(finishing) material; 6 – insulation material. 

 

b) a) 
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Figure 10. Example of a multilayer sandwich wall panel for absorption of mechanical energy 

based on perforated and profiled metal tape placed flatwise. 

 

Cavities between the plates of the panel may be empty or filled by thermal or 

acoustic insulating materials. The upper cladding sheet of the panel can consist of only 

one layer, for example, in the case of interior facing panels, or multilayer, where the 

lower layer smoothly splits the load, but the upper layer is decorative and connected to 

the upper layer with a layer of glue (Fig. 11) or a damping layer is applied on top – in 

the case of floor panels. 

Artificial or natural stone materials – granite, marble, limestone, sandstone, etc., 

may create the upper decorative layer. 

Panels based on a metallic cellular structure can be used as load carrying or non-

load carrying constructions. They can be used not only for sandwich walls, but also floor, 

stairs and door constructions, scaffolding and gantry constructions, pre-manufactured 

and pre-fabricated garages, car shelters, bus stops, shower and toilet modules. 

 

The main benefits of perforated metallic materials usage in sandwich panel’s 

constructions are: 

 weight reduction (compared with non-perforated metallic materials); 

 noise reduction or viсe versa – the acoustic effects; 

 ventilation possibilities; 

 durability, vandal proof; 

 fire resistance. 

 

CONCLUSIONS 

 

Perforated metallic materials (tapes, plates, strips) have a big potential to be used 

in construction. It was shown that by profiling and welding it is possible to produce 

different cellular structures that match with filler material and decoration. 

The computer simulation is a feasible way to predict the deformation of 

geometrically complex cellular structures, using perforated bands as well as for form 

optimization in regard to the effective use of the material. Experiments (computer and 

mechanical testing) prove, that a cellular structure from perforated steel S235JRG2 strip 

have a high compressive strength, when the average carrying capacity is 2,744 N. 
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One of the possible applications of perforated metallic materials in building 

construction, is sandwich panels. Such sandwich panels could be used as supporting or 

decorative structures. According to the core material and core location in the panel, the 

sandwich panels could be with high stiffness as well as with good absorption ability of 

mechanical energy. Filling of the cellular structure with insulating filler allows heat-

insulating and sound-insulating properties of the sandwich panels to be improved. 
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Abstract. The article introduces new results on designing multilayer cutting tool holder. 

Experimental study of metal turning process workpieces shows efficient dynamic damping of 

oscillations. The coefficient of oscillations absorption and damping is increased due to large 

dissipative force of the material holder oriented in different deformation directions of holder 

material. 

 

Key words: flat rolled stock, heterogeneity of structures, oriented deformation, adjustable 

anisotropy, multi-layered damping tool holder. 

 

INTRODUCTION 

 

Dynamic stability of the manufacturing system, reduction of vibration level 

generated in the process of cutting are prerequisites for stable chip formation. Meeting 

these requirements is crucially important for the automation of the process (Weitz, 

2002). It is known that the vibration generated in the process of metal cutting leads to 

essential obstruction for automated manufacturing. Premature failure of tools, accidents 

of machines and facilities are some of potential consequences. Increased stability of the 

manufacturing system stability due to reduced level of self-oscillations is important issue 

for metal cutting industry. Main challenges are met when dealing with final machining 

of parts by automatic NC machines (Anastasiadis & Silnikov, 2002; Maksarov & Olt, 

2008; Maksarov & Olt, 2010). 

A number of fundamental research papers are devoted to studying of self-

oscillations at metals cutting. The chip forming process at turning operation and the 

importance of manufacturing system stability at mechanical processing have been 

explained. Analyses of the methods and techniques that ensure stability of manufacturing 

systems confirm that these methods allow increasing stability of a manufacturing system 

in a varying degree and techniques. Several of those methods are applied successfully in 

practice at mechanical processing. Nevertheless, at present there is no universal method 

that allows effective suppression of vibration generated at turning. 

In terms of dynamic stability the subsystem of the cutting tool is mainly affected 

by vibrations at final turning. Free damped oscillations, forced oscillation, parameter-

induced oscillations and self-oscillations occur as a result of the impacts within the 

manufacturing system. Frequency equal to forcing frequency or frequency of the 

complicated periodical processes stipulated by nonlinear properties of the system are to 
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be expected. Intensity of forced oscillations is especially high in resonant modes, which 

are inadmissible in cutting machines when performing final machining. 

 

MATERIALS AND METHODS 

 

At turning, in conditions of constrained cutting, the resultant cutting force P is 

composed of three mutually-perpendicular force components (Fig. 1). Pz is cutting force 

or tangential force tangent to the rake face and matching direction of the main motion; 

Рx is axial or feed force acting in parallel to the workpiece axis in direction opposite to 

feed motion; Рy is radial force directed perpendicular to the axis of the processed 

workpiece. 

 
 

Figure 1. Diagram of cutting forces at turning, where: s is feed direction and v is cutting speed. 

 

Development of a damping tool equipped with a multilayer holder with anisotropic 

properties is one of the most effective methods to ensure stability of the tool subsystem 

at final turning of cylindrical parts. Turning process with a tool equipped according to 

the suggested method show reduced level of self-oscillations occurring in cutting process 

due to designed disorientation in texture of anisotropic plates of a prefabricated 

multilayer holder. This allows effective dissipation of oscillatory wave energy at 

interfacial boundary between the holder plates. This method allows essential 

improvement in endurance of the tools cutting edge and extension of processing 

capabilities in regard to selection of effective cutting modes. Additionally ensuring 

compliance with demands of dimensional and geometric accuracy specification of 

processed surfaces. 

The method suggests the using intrinsic anisotropy of holder plates by the method 

of pressure shaping. Plastic deformation of steels by hot rolling leads to change in 

direction of the structural constituents and inclusions along its direction thus forming 

mechanical deformation texture besides crystallographic texture. It is suggested to 

manufacture a cutting tool holder out of a pack of plates preassembled by planes parallel 
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to the holder support surface; at that the plates are cut out of flat rolled stock with 

longitudinal, transversal and vertical orientation in plane regarding direction. After 

which they are assembled into a pack with the texture gain-boundary angle between the 

plates. Oscillations occurring in process of mechanical processing of the holder rod at 

low deformations are described by Hooke’s law. Friction resistance at fixed connections 

between the plates and internal friction in the holder material must be considered. 

Inelastic effects of internal friction stipulated by available texture of the material and 

related to dislocations migration lead to irreversible hysteresis losses inside the metal at 

mechanical oscillations (Barmin, 1972; Ashkenazi, 1980; Borodkin, 1981; Anastasiadis 

& Silnikov, 2002). The holder plates should be oriented so that at transition from one 

plate to another one deformation is changed per 90  10° as related to action to the holder 

of the main tangential component of cutting force. Under action of cutting force in the 

upper layers of the holder mainly maximum tensile stresses σt occur while in the lower 

support layers compression stresses σc appear. 

The Fig. 2 shows structure of a straight-turning tool holder with plates having 

oriented structure. The plate 1 is cut so that its surface has longitudinal orientation in 

regard to the direction of rolling. At that cross-section plane of the plate 1 is oriented 

transversally in regard to the direction of rolling. Plane of the plate 2 is oriented across 

the direction of rolling while its cross-section plane is oriented along the direction of 

rolling. Plane of the plate 3 is oriented vertically in regard to the direction of rolling and 

its cross-section is oriented in longitudinal direction. Accordingly all plates have 

different texture of deformation in their plane and cross-section, different physical and 

mechanical properties, including damping properties, as related to action of forces 

(cutting force components) (Weitz, 2002; Maksarov & Olt, 2010) loading the holder. 
 

 
 

Figure 2. Structure of the straight-turning tool holder with plates having oriented structure. 

 

At oscillations occurring in process of mechanical processing behaviour of the 

multilayer holder cross-section at low deformations is described by means of Hooke’s 

law considering friction resistance at fixed connections between the plates and internal 

friction in the holder material (Vishnyakov, 1979; Vishnyakov, 1989). 
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In result of imperfect elasticity of metals the lines of stress deformation curve do 

not match at loading and unloading and form a hysteresis loop (Fig. 3). Its square area 

characterizes energy dissipated in one loading cycle. Internal friction is related to static 

hysteresis when shape and square area of its loop are not stipulated by temporary 

relaxation processes and therefore they do not depend on oscillation frequency, 

oscillation amplitude and material of the holder (Maksarov & Olt, 2008; Maksarov & 

Olt, 2010). 
 

 
 

 

Figure 3. Hysteresis loop of stress σ deformation ɛ curve: ɛel is elastic deformation;  

ɛin is inelastic deformation. 

 

While transiting the boundary between the plates the oscillatory wave changes its 

direction, and in result dissipation of vibration energy takes place. Dissipation of energy 

is insignificant at low value of the plate texture disorientation. 

As is known, metals with a lattice of a space-centred cube have essential anisotropy 

of their properties (Vishnyakov, 1979; Vishnyakov, 1989; Glebov, 1990). Well-

pronounced ductile-to-fragile transition is often observed in them, and this transition is 

defined by availability of fragile inclusions, temperature, conditions of load application 

and other factors. Annealing and recrystallization of flat rolled stock lead to 

redistribution of inclusions and change in texture. This change in texture leads to 

decrease in strength and viscosity in normal direction to a sheet. 

 

RESULTS AND DISCUSSION 
 

Table 1 is showing testing results of mechanical properties. Samples of flat rolled 

stock of steel ВСт3 brand with thickness from 30 up to 40 mm (Glebov & Duchovni, 

1990). The testing results provide evidence of significant anisotropy of mechanical 

properties, especially plasticity, Poisson’s ratio and impact toughness. 

Unloading 

Loading 

ɛin 

ε, mm 

ɛel 

σ, N mm-2 
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Table 1. Mechanical properties of a steel sheet 

Direction of 

rolling 

Yield limit  

σy, MPa 

Ultimate strength 

σu, MPa 

Plasticity  

σ, % 

Posson’s 

ratio Ψ, % 

Impact toughness 

RCU, J cm-2 

Lengthwise 237 402 35.9 63.3 42 

Transverse 235 402 29.4 55.3 29 

Crossed 322 402 7.0 11.8 16 

 

Anisotropy of mechanical properties in materials may be high and it depends on 

stress-deformation profile at testing. Fig. 4 shows changes in conventional yield limit for 

low-carbon steel with 3% of Si depending on angle toward rolling direction where 

anisotropy reaches 30%. 

 

 
 

Figure 4. Change in conventional yield limit depending on angle towards the rolling direction. 

 

Dependency of Young’s modulus for chromium-molybdenum steel in the rolling 

plane on rolling direction upon hot deformation is specified in Fig. 5 (Miklyaev & 

Friedman, 1986). The figure demonstrates that difference in Young’s modulus is 15% 

upon rolling and 10% upon annealing, which is related to deformation structure. 

 

 
 

 

Figure 5. Change in Young’s module depending on angle towards the rolling direction:  

1 – upon rolling; 2 – upon annealing. 

σ 0.1 MPa 

α, degrees 

E, GPa 

 

α, degrees 
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At static loading of the samples, at stages of elastic and elastoplastic strain, 

anisotropy of the characteristics is insignificant; it increases sharply at the yield pint and 

more towards bigger plastic deformation. In many practical cases mechanical texture 

causes anisotropy of the properties. Two mechanisms of considerable impact are 

possible: 

 influence of crystallographic texture relative to anisotropy of elastic modulus 

and respective deformations; 

 influence of non-metal inclusions relative to progressive increase of the surface 

area in process of alloy deformation and destruction considering that critical 

length of cracks, for example, for steel with yield strength of 1,700 MPa is 0.2–

0.5 mm. 
 

The Fig. 6 shows cracks with non-metal inclusions represented as elongated lines 

with sulphide and oxide inclusions. These inclusions have direct impact on the 

anisotropy of the impact toughness. 
 

 
 

Figure 6. Non-metal inclusions: a, b – 100 times increase; c – 200 times increase. 

 

In order to determine direction of texture in the holder plates and to assess 

anisotropy values, tests were performed to define mechanical properties of the material 

used for manufacturing of the designed multilayer holder. 

The tests were carried out on a universal testing machine TIRAtest 2820. That is a 

measuring system capable of measuringforce and changes in linear dimensions of the 

metal samples for tension, compression and bending at static load modes.  

The testing was performed on specimens made of hot rolled steel 45 (as per  

GOST 1577-93). 

The samples were cut out of the surveyed flat rolled stock in three perpendicular 

directions (Fig. 7): lengthwise rolling (samples B), perpendicular rolling (samples C) 

and cross direction rolling (samples A). 
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Figure 7. Points of the samples cutting out of the surveyed flat rolled stock. 

 

The samples were made according to requirements of the standard GOST 1497-84, 

type V, number 7, with initial diameter of a sample of d0 = 5 mm and initial design length 

of l0 =5 d0 = 25 mm. Turning of the samples was carried out according to the drawing 

(Fig. 8) with allowance of 0.5 mm at the surface with initial diameter of a sample of 

d0 = 5 mm for heat treatment. Heat treatment was performed in the following sequence: 

tempering – heating up to temperature of 850° С, cooling medium – oil; temper drawing 

– heating up to temperature of 200° С, cooling medium – air. Hardness test for each 

sample was made by ТР 5014 hardness tester. Then final turning of the initial diameter 

was made up to the size of d0 = 5–0.012 mm. 

 

 
 

Figure 8. Drawing of a sample. 

 

Samples A 

Samples C 

Direction of rolling 

Surveyed flat rolled stock  

Samples B 
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The Table 2 presents testing results for the samples of flat rolled stock received by 

elongation method. 

 
Table 2. Average values of mechanical properties for the samples out of flat rolled stock 

Rolling 

direction of a 

sample 

Sample 

hardness,  

HRC 

Ultimate 

strength 

σ0.2, MPa 

Tensile 

strength, 

σt, MPa 

Plasticity  

σav, % 

Poisson’s 

ratio Ψav,  

% 

A 37 1,281 1,350 0.71 6.29 

B 37.2 1,219 1,334 5.03 28.38 

C 36.8 1,212 1,365 2.36 18.8 

 

 

CONCLUSIONS 

 

For commercial steels anisotropy of their mechanical properties is stipulated mainly 

by structural heterogeneity. In addition there are influences from the quantity and 

morphology of non-metal inclusions.Parameters of microstructure have less significant 

effects. 

It is shown that increaseing structural heterogeneity of a material its dampening 

quality also increases and this fact may be used to reduce self-oscillations. This principle 

is used for for increasing the performance quality of the manufacturing subsystem: 

cutting tool in process of high-speed turningoperation. 
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Abstract. This study was focused on the analysis of the deformation characteristics of the 

polymer composite with continuous phase in the form of two-part epoxies and discontinuous 

phase (reinforcing particles) in the form of fibres of false banana (Ensete ventricosum). The aim 

of the experiment was to describe the mechanical behaviour of polymeric composite reinforced 

by fibres of false banana under tensile loading and to determine the modulus of elasticity and 

deformation energy. The fibres of Ensete ventricosum, originally from Ethiopian region Hawasa, 

were used in this experiment. Reinforcing fibres were prepared in sizes of lengths 1–2, 2–3, 3–5, 

5–6, 7–8, 9–10, 15, 20, 25, 30, and 35 mm with randomly fibres arrangement in matrix. The fibres 

with length of 1–2, 2–3, 3–5, 5–6, 7–8 and 9–10 mm were used in short fibres composites and 

fibres with length of 10, 15, 20, 25, 30 and 35 mm in long fibres composites. The composite 

material was created with 2 wt.% of the filler. The modulus of elasticity of the short-fibre 

composite material was increased of 28 ± 12% by adding Enset fibres as the filler. The modulus 

of elasticity of the long-fibre composite material was increased of 46 ± 14%. The influence of the 

fibre length on the value of the volume deformation energy was not proved. 

 

Key words: agriculture, deformation energy, tensile strength. 

 

INTRODUCTION 

 

Currently worldwide environmental and economic interests stimulate research in 

designing new materials whose substantial portion is based on natural renewable 

resources in order to avoid further pressure on the environment (Alves et al., 2010).  

A constantly increasing trend of using organic fibre as a reinforcement in composite 

materials based on epoxy resin has been seen in recent years. The organic fibre can be a 

suitable substitute of synthetic fibres because they are available in a fibre form at low 

costs (Aseer et al., 2013). They reach relatively high specific strength and a rigidity 

owing to their low density. Replacing of the synthetic fibres by the organic ones has a 

lot of advantages which can be rationalized also by means of an ecological equlibrium. 

Plastic composite materials reinforced with natural fibres become more significant in 

constructional applications. E.g organic fibre from a coir, kenaf, oil palm and a jute have 

suitable mechanical properties which are used in various industrial applications (Hpsa  

mailto:mizera@tf.czu.cz
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et al., 2001; Lu et al., 2003; Sharifah & Martin, 2004; Harun et al., 2008; Mominul Haque 

et al., 2009). However, they also have some disadvantages owing to their low plasticity 

(Keller, 2003). This can be removed by connecting the natural fibre with the natural or 

the synthetic polymer when a light composite material with required mechanical 

properties is gained. One of the suitable plants with great potential for the production of 

natural fibres is Ensete (Ensete ventricosum) also known as false banana (Tsehaye & 

Kebebew, 2006). The Ensete doesn’t produce edible fruits and it is not categorized as 

usual banana plants (genera Musa). It is a perennial herbaceous plant that grows in 

Ethiopia and it is primarily intended for human consumption and animal feeding 

(Vincent et al., 2013; Herak et al., 2014). Over centuries the Ensete fibres have been 

extracted from the leaves of this plant as major material for the weaving, ropes and cord 

production, as well as for baskets production (Diriba et al., 2013; Yirmaga 2013). 

Composite material reinforced with Ensete fibres could be used for the production of 

parts for automotive industry. The aim of this experiment is to describe mechanical 

properties of the composite material reinforced with the fibres of the plant false banana 

Ensete ventricosum and determine a volume deformation energy. 

 

MATERIALS AND METHODS 

 

Preparation of test samples 
The fibres from the plant Ensete ventricosum originated from Etiopia (region 

Hawasa) were used for a production of test samples of the composite material.  

A humidity of the fibres 8.7 ± 0.74% (d.b.) was set by a standard method in a drying 

equipment according to (ASAE S410.1 DEC97, 1998). Samples of 100 g mass from a 

batch of Ensete fibres were randomly selected for the moisture content determination. 

The mass of each samples was determined using an electronic balance (Kern 440–35, 

Kern & Sohn GmbH, Balingen, Germany). The true fibre density 710 ± 45 kg m-3 was 

determined gravimetrically (Blahovec, 2008) This means that the mass of individual 

samples from a batch of fibres, randomly selected and measured using an electronic 

balance (Kern 440–35, Kern & Sohn GmbH, Balingen, Germany), was divided by the 

volume of sample. The volume of the individual sample was determined by weighing 

the sample in toluene and applying the principle of buoyancy (Kim et al., 2012). The 

results obtained were expressed as mean of three replicates. 

A maximum tensile stress 537 ± 77 MPa according to (ASTM D3379-75) was set 

at the sample of the fibres. Further, the fibre mean 0.1887 ± 0.0464 mm was set by means 

of a picture analysis by an optical microscope (Zeiss Jenavert, Carl Zeiss, Jena, 

Germany). Gained results were expressed as an average value of twenty replicates. 

Ensete fibres were used as the filler from which fractions of a length of the fibres 

for short-fibre composites: 1–2 mm, 2–3 mm, 3–5 mm, 5–6 mm, 7–8 mm and 9–10 mm 

were created. The length of the fibres for long-fibre composites were chosen following: 

10 mm, 15 mm, 20 mm, 25 mm, 30 mm and 35 mm. 

The epoxy resin GlueEpox Rapid was used as a matrix. It is a two-component resin 

prepared from a bisphenol A and epichlorhydrin. This epoxy resin is suitable as a casting 

material. It serves as the matrix at the production of composites (Müller, 2014; Valášek, 

2014). The composite material was created by mixing of the matrix and the filler in a 

ratio 50:1 (2%). This material was used for the preparation of test specimens (Fig. 1) 

according to the standard (ČSN EN ISO 3167, 2004). The composite systems containing 
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100 g of the resin GlueEpox Rapid and 2 g of the reinforcement in the form of the fibres 

Ensete were tested within the research. Moulds for casting of the test specimens were 

produced from a material Lukapren N. Dimensions of the test specimen are present in 

Fig. 1. 
 

 
 

Figure 1. Test sample – Tensile strength (ČSN EN ISO 3167, 2004). 

 

Laboratory tests 

To determine the relationship between tension force and deformation, a device 

(Labortech, MPTest 5.050, Czech Republic) was used to record the course of 

deformation function. The tensile test was performed according to (ČSN EN ISO 527-2, 

2012). A deformation speed at the tensile test was 6 mm.min-1. Set values of tensile 

forces were transformed by means of an equation 1 to the tensile stress and deformations 

were transformed by means of an equation 2 to the relative deformation. 
 

S

F
  (1) 

 

where:  σ – tensile stress in sample, MPa; F – tensile force, N; S – appropriate cross 

section area of sample, mm2, 
 

0L

x
  (2) 

 

where:  ε – strain, -; x – elongation of sample, mm; L0 – gauge length, mm. 

 

The elongation of the sample was determined from crosshead displacement. 

Modulus of elasticity was determined as a slope of line which was specified by fitting 

stress strain curve. The slope of fitted line was calculated by Marquardt Levenberg 

algorithm (Lourakis, 2005; Marquardt, 1963) using computer program Mathcad 14 

(MathCAD 14, PTC Software, Needham, MA, USA), (Pritchard, 1998). 
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The volume deformation energy was set as an area below a curve ‘stress – strain’ 

from zero to a maximum value of the deformation according to an equation 3. 
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  (3) 

 

where:  α – volume energy, J m-3; i – indicates the additional amount of strain in which 

the stress was determined (step of measurement – 0.001 mm), -; σn – tension stress at 

appropriate strain, MPa; σn+1 – tension stress at the sequential strain, MPa; εn – strain, -; 

εn+1 – sequential strain, -. 

 

RESULTS AND DISCUSSION 

 

The specimen of the composite material was analysed by means of the optical 

microscope. A disposition of the fibres in the composite material and their size is visible 

in Fig. 2. 
 

 

 

 

Figure 2. Specimens of composite material with Ensete fibres and disposition of fibres in matrix. 

 

Modulus of elasticity of the short-fibre composite material with Ensete fibres is 

presented in Fig. 3. The modulus of elasticity increased by adding various lengths of the 

fibres comparing with the specimen of the epoxy resin without the fibres where the 

modulus of elasticity 2.173 ± 0.132 GPa was reached. The highest modulus of elasticity 

3.217 ± 0.326 GPa was reached at the short-fibre composites at the specimen with the 

length of the fibres 10 mm. The polymeric materials are generally of relatively low 

values of the modulus of elasticity. The elasticity modulus is increased when 

crosslinking of the structure by means of e.g. natural Ensete fibres. The modulus of 

elasticity is increased also by adding of the natural fibres from a flax and jute into the 

epoxy matrix of the composite material (Ku et al., 2011; Arrakhiz et al., 2013). This 

quality was also certified at the fibres of the false banana Ensete ventricosum (Fig. 3). 

At first, a two-choice F – test was used for a statistical comparison of particular 

measured values for an analysis of an agreement of variance. After verifying the 
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agreement of variance. T-test of a significance of differences of two chosen means was 

subsequently used. Resultant parameters of T-test are stated in Table 1. Particular 

measured values for different lengths of the fibres were compared with the set of data of 

the epoxy resin without the fibres. It is visible from the Fig. 3 that the modulus of 

elasticity was increased at all short-fibre composite materials reinforced with Enset 

fibres which is evident also from the coefficients of T-test stated in Table 1. Measured 

deformation energy at the short-fibre composites is presented in Fig. 4. Similar trend is 

also at polymeric particle composites when small concentration of particles with sizes in 

the order of units and tens of micrometers leads only to mild improving of cohesive 

properties, that means the strength (Valášek et al., 2014). The statistical evaluation of 

the volume deformation energy is presented in Table 1. 

 
 

Figure 3. Dependence of modulus of elasticity on length of used fibres in short-fibre composite 

material. 

 

Table 1. T-test Modul of elasticity and Volume Energy for short-fibre composites. Statistical 

comparison with pure specimen of epoxy resin without fibres 

T-test Modul of Elasticity Volume Energy 

Length of F. Tstat tcrit Pvalue Tstat tcrit Pvalue 

(mm) (-) (-) (-) (-) (-) (-) 

1–2 2.929 2.306 0.019 5.507 2.306 0.001 

2–3 3.446 2.364 0.011 1.374 2.364 0.211 

3–5 3.859 2.364 0.006 2.393 2.306 0.044 

5–6 4.284 2.306 0.003 1.377 2.364 0.202 

7–8 3.988 2.306 0.004 2.249 2.364 0.059 

9–10 5.433 2.306 0.001 1.949 2.306 0.087 

T-test H0: µ1 = µ2 (p>0,05) 

 

It is obvious from the Table 1 that the statistically significant change of the volume 

deformation energy did not occur by adding of Ensete fibres in stated ratio. Thus, the 

influence of the length of Ensete fibres in the composite material on the value of the 

volume deformation energy was not proved. 
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Figure 4. Dependence of volume deformation energy on length of used fibres in short-fibre 

composite material. 

 

Modulus of elasticity at the long-fibre composites is presented in Fig. 5. The highest 

modulus of elasticity 3.341 ± 0.452 GPa was reached at the composite with the length 

of the fibre 35 mm. Particular specimens of composites were compared with the epoxy 

resin without the fibres where the modulus of elasticity was set as 2.268 ± 0.128 GPa. 

The two-choice F – test for the analysis of the agreement of variance was again used at 

first for the statistical comparison of particular measured values. After verifying the 

agreement of variance, T-test of the significance of differences of two chosen means was 

subsequently used. Resultant parameters of T-test for long-fibre composites are stated in 

Table 2. The modus of elasticity at the long-fibre composite materials was increased by 

adding of reinforcing fibres which is shown by the coefficients of T-test presented in 

Table 2. 

 
 

Figure 5. Dependence of modulus of elasticity on length of used fibres in long-fibre composite 

material. 
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Table 2. T–test Tensile Strength and Volume Energy for long-fibre composites. Statistical 

comparison with pure specimen of epoxy resin without fibres 

T-test Modul of Elasticity Volume Energy 

Length of F. Tstat tcrit Pvalue Tstat tcrit Pvalue 

(mm) (-) (-) (-) (-) (-) (-) 

10 3.989 2.306 0.004 0.193 2.364 0.852 

15 4.056 2.306 0.004 0.090 2.306 0.931 

20 3.962 2.364 0.005 0.157 2.364 0.160 

25 4.052 2.306 0.004 0.372 2.262 0.718 

30 3.574 2.306 0.007 0.464 2.306 0.655 

35 4.482 2.364 0.002 0.275 2.228 0.789 

T-test H0: µ1 = µ2 (p > 0,05)   

 

 

Measured volume deformation energy at the long-fibre composites is presented in 

Fig. 6. The statistical evaluation of the deformation energy at the long-fibre composites 

is stated in Table 2. The statistically significant change of the deformation energy did 

not occur at the long-fibre composites by adding of Ensete fibres in stated ratio which is 

certified also by the coefficients of T-test stated in Table 2. 

 

 
 

Figure 6. Dependence of volume deformation energy on length of used fibres in long-fibre 

composite material. 

 

Ensete fibres are of suitable mechanical properties and that is why they can have a 

great potential for utilization in the composite materials. Adding of various types of 

fillers into the composite materials can modify their mechanical properties. (Valášek et 

al., 2014). One of possible treatments for improving of the mechanical properties of the 

composite materials reinforced with natural fibres is a chemical treatment of the fibres. 

A hydrogen bond in a structure of a net of the fibres is removed by using sodium 
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hydroxide (NaOH) and a surface energy and a roughness of the fibre surface are 

increased (Lee et al., 2009). 

The application of tested composite system is in the area of cementing and hollow 

reinforcements in constructions of bonds. The reason is a rise of the construction rigidity. 

Further, for eliminating of a penetration of degradation mediums (fertilizers) and 

humidity at agricultural machines. Used typ of matrix is of increased resistance to the 

influence of liquid contaminants (Müller, 2013). 

 

CONCLUSIONS 

 

The aim of this study was to set the mechanical properties of the composite 

materials prepared from the fibres of the plant false banana Ensete Ventricosum. It was 

ascertained following: 

 Untreated Ensete fibres added as the filler into the composite materials increase the 

modulus of elasticity. The matrix reached the modulus of elasticity 

2.173 ± 0.132 GPa. The modulus of elasticity was increased at the composite 

materials with the length of the fibres in the interval 1–2 to 7–8 mm comparing to 

the matrix without the fibres of 28 ± 12%. The modulus of elasticity was increased 

at the composite materials with the length of the fibres in the interval 9–10 to 35 mm 

of 45 ± 14%. The marginal values of the modulus occur at the material (composite) 

without fibres and of the composite with the length of the fibres 8–9 mm. 

 The influence of the length of the fibres on the change of the deformation energy 

was not proved. The matrix reached the volume deformation energy 

0.721 ± 0.054 J m-3. The average value of the deformation energy was reached 

0.582 ± 0.098 J m-3 at the composite materials with the length of the fibres in the 

interval 1–2 to 7–8 mm. The average value of the deformation energy was reached 

0.759 ± 0.125 J m-3 at the composite materials with the length of the fibres in the 

interval 9–10 to 35 mm. 
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Abstract. The purpose of this research paper is to determine the heat conductivity of a granular 

heat insulation material made of coniferous greenery (fine twigs and needles), and the suitability 

of the material for application as heat insulation. In order to achieve the objective, a three-factor 

experiment plan was developed, and 11 samples produced. The thermal conductivity coefficient, 

moisture content, and density of the samples was determined. A full analysis of the experiment 

plan was compiled on the basis of the obtained results. The analysis results suggest that size 

composition, density, and tree species affect the thermal conductivity of the material. It was 

discovered that smaller spruce greenery insulation material pellets have a smaller thermal 

conductivity coefficient, which indicates a better capacity for retaining heat. 

 

Key words: needles, coniferous, heat insulation, forestry residue. 

 

INTRODUCTION 

 

Bioeconomy has turned a new page in the development of using and evaluating 

biomass. It is important to find the right applications with the greatest added value 

(European Commission strategy, 2012). One of the fields where this can be done is 

increasing the energy efficiency of buildings. The question of the thermal insulation of 

buildings and development of innovative heat insulation materials as well as their 

introduction into everyday use is becoming more and more topical. It is essential for 

sustainably-minded people to have natural materials in their home, and for these 

materials to have minimal influence on climate change and cause the least possible harm 

to the environment and human health throughout their life cycle. 

The environmental impact of a product during its full life cycle, including the 

production stage, can be reduced by using cleaner production strategies (Blumberga, 

2010). A cleaner production strategy includes using resources sustainably, and striving 

towards non-waste production. This can be achieved if by-products or residues are 

integrated into the production processes where new products are made from by-products 

or residues. Using by-products or residues would reduce the consumption of new raw 

materials. This principle can be used for biomass resources. Therefore, raw materials 

and energy sources, their total volumes and impact on the environment are taken into 

account in the process of inventing new products so that after the industrial product is 

developed, its impact and unnecessary resource consumption are kept to a minimum 

(Haggar, 2007). 

In Latvia, forests take up more than 51% of the total land area. Forest massifs are 

dominated by coniferous trees (54% of the total forest area) (NFI data, 2012). Forests, 
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and coniferous trees in particular, are the largest natural resource in Latvia. As such, the 

resource is widely used in different industries and exported abroad (CSB Database, 

2013). Despite the importance of this resource and the large cutting volumes, forest 

residues are still not properly used; neither are small branches. At the moment, the only 

industrial use of coniferous needles in Latvia is the production of coniferous extract. The 

maximal amount of needles utilized for extract production is 800 t per year (Pollution 

permit, 2010). Consequently, thousands of tons of coniferous greenery (fine softwood 

branches with needles) are left to decompose at the clearings. Taking into account the 

work volumes of the forestry section in the Baltic States, it would be technically possible 

to obtain about 700 thousand tons of coniferous greenery (needles and small branches) 

(Muizniece & Blumberga, 2015). Therefore, it is worth finding an economically and 

environmentally sound solution for the sustainable use of this biomass resource. 

Consequentially, authors of this paper propose an innovative idea for the production 

of an ecological heat insulation material using the needles and small branches of 

coniferous trees (greenery). The proposed idea combines both the rational use of 

coniferous logging residue, and the production of an ecological heat insulation material, 

which is friendly to the environment and human health throughout its life cycle, while 

respecting the principles of cleaner production. 

So far, there are no scientific publications with information on an insulation 

material that is produced from needles or coniferous greenery. There is no information 

on the physical or mechanical properties of such a material. In previous studies 

(Muizniece et al., 2015) the thermal conductivity coefficient of this heat insulation 

material in the form of plates made of coniferous greenery has been determined to be 

λ = 0.056 W (m K)-1, and the thermal conductivity coefficient of freely poured pine 

needles was identified to be λ = 0.037 W (m K)-1. These values are similar to natural heat 

insulation materials already widely used in the market. For example, wood fibre panels 

(λ = 0.045 W (m K)-1), cork panels (λ = 0.043 W (m K)-1), hemp fibre panels 

(λ = 0.041 W (m K)-1), coconut fibres (λ = 0.045 W (m K)-1) (Ingrao et. al., 2014), flax 

fibres (λ = 0.045 W (m K)-1) (Kymalainen & Syoberg, 2008) and cotton stalk fibres 

(λ = 0.059 W (m K)-1) (Zhou et. al., 2010). Previous studies have revealed that freely 

poured pine and spruce needles have different thermal conductivity coefficients. This is 

explained by the difference in the dimensions of air gaps between the needles (Muizniece 

et al., 2015). There are no studies on the influence of the species of coniferous trees used 

for the production of the material on the thermal conductivity of the material in case it 

is produced from milled greenery. Such a study could determine whether the species of 

coniferous trees or their proportions in the greenery should be considered in producing 

heat insulation materials. However, there are several issues that should be studied. The 

most important of them is poor adhesion (without additional binding substances) of the 

heat insulation material in the form of plates, which limits its transportation, usage and 

dimensions. The decomposition and formation of fine dust fractures was observed in the 

case of freely poured coniferous needles. The fine fracture is denser and, therefore, has 

a lower capacity for retaining heat. As a solution for preventing this problem, it has been 

proposed to produce poured granular heat insulation materials from coniferous tree 

greenery. A three-factor experiment plan was developed, and the experiments were 

performed in order to determine the efficiency of such a material, as well as its properties 

and the factors influencing it. 
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MATERIALS AND METHODS 

 

Experiments were planned carefully before the production and testing of the 

granular coniferous greenery heat insulation material – this allowed to determine the 

proportion and extent of the influence posed by selected factors in a more efficient 

manner, providing the best results. The thermal conductivity coefficient, the main 

indicator describing the efficiency of heat insulation materials, was selected for 

expressing the results of this experiment. 

The thermal conductivity coefficient of a heat insulation material can be influenced 

by material bulk density, porosity, density, moisture content and other properties of the 

material (Popovs, 1990). Only three factors associated with the production of the 

granular coniferous needle heat insulation material that can directly or indirectly 

influence the thermal conductivity of the material were selected for the experiment. 

These factors are: granule size (granulometry), tree species (spruce or pine) used, and 

whether or not the material is washed and re-dried before the measurements. 

Particles of milled greenery are not so fine that it would be possible to create very 

small granules. This must be taken into account when producing a granular heat 

insulation material from milled coniferous needle greenery. Also, smaller-sized granules 

would crumble faster. Therefore, the minimal value for this factor was set at 3–8 mm 

(fine granules) and maximal value at 16 mm (large granules). 

Previous experiments showed (Muizniece, 2014) that granules produced from 

milled conifer greenery and potato starch do not disintegrate after being soaked and kept 

in water for a few hours. After re-drying, their mass decreases but volume and shape stay 

the same. This indicates that water washes out fine particles, while the material becomes 

lighter and more porous. Porosity is a very important factor that influences thermal 

conductivity. Light and porous materials retain heat better. Therefore, the third factor 

examined is whether the granules are washed and re-dried or not washed. First, the 

thermal conductivity coefficients were determined for coniferous pellets that had not 

been washed. The pellet samples were rinsed as follows: samples were soaked in clean 

water for 2 hours and occasionally lightly stirred, water was decanted and the samples 

were dried again. The processed samples underwent repeated heat flow measurements, 

and their thermal conductivity coefficients were determined. 

 
Table 1. The experimental plan with factor values of the granular coniferous greenery heat 

insulation material 

Factors 
Sample No. 

1 2 3 4 5 6 7 8 9,10,11 

Size 

composition, 

mm 

<8 >16 <8 <8 >16 <8 >16 >16 8–16 

Species 

(pine or 

spruce) 

pine spruce pine spruce spruce spruce pine pine mix 1/1 

Washed or 

unwashed 

unwashed washed washed washed unwashed unwashed washed unwashed mix 1/1 
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During the experiment, the maximal and minimal values of factors were varied in 

a number of ways, thus testing all possible combinations for a certain number of factors, 

see Table 1. 

In total, 11 samples were made (Fig. 1), from which three were made with the 

average factor values. First, fresh (water content at least 50%) coniferous greenery mass 

was milled with a milling machine (PM120 Vibrotehnik), then sieved with a sieve (mesh 

size 10 mm), then processed repeatedly with a fine sieve (mesh size 3 mm). The ground 

greenery mass was then manually mixed with a binder made from water and potato 

starch (1:10). The prepared mass was forced through an appropriate mesh (depending on 

the required granule size), then processed in the analytical screeners (Retsch 

analysensieb AS400) for 3–6 min, where the mass was rolled into spherical or elliptical 

granules. Granules were dried in a thin layer in a drawer-type drying stove (BMT 

ECOCELL) at 105°C for about 24 h. Once the pellets were dried, heat flow 

measurements were performed with the heat flow sensor Hukesflux DT01 in order to 

determine the thermal conductivity coefficient. Heat flow measurements were performed 

according to the standard method ISO 9869 Thermal insulation – Building elements – 

In-situ measurements of thermal resistance and thermal transmittance (ISO standard, 

2014). 
 

 
 

Figure 1. Samples of coniferous greenery granules (sample No. 1 on the left and sample No. 8 

on the right). 

 

Heat flow measurements were performed with a heat flow meter consisting of four 

thermocouples and two heat flow sensors. Parallel to measuring the samples, one pair of 
thermocouples and a heat flow sensor were attached to a reference surface with a known 

thermal conductivity coefficient for measurement reliability and accuracy control. In this 

experiment, the reference surface was extruded polystyrene with the theoretical 

conductivity coefficient value of λteor. = 0.035 W (m K)-1. The sample – freely poured 

coniferous granules – was placed in a vertical position between two 3 mm thick 

corrugated cardboard sheets with λteor. = 0.18 W (m K)-1. The experimental stand was 

placed in a closed chamber to avoid the influence of ambient conditions (wind and sun). 

Heat flow measurements were carried out at the average warm temperature (hereinafter 

warm environment) of +26 °C and at the average cold temperature (hereinafter cold 
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environment) of -4 °C, the temperature range being 30 °C. Each of the samples was 

measured 3 times to verify the accuracy of results and obtain the average value of the 

thermal conductivity coefficient. Since freely poured coniferous granules were placed 

between sheets of corrugated cardboard, it was necessary to deduct its impact on the 

results.  

In order to determine whether the obtained thermal conductivity results were 

reliable, measurement error was calculated for each result using the data processing 

program Statgraphics. The coefficient was τ95 = 1.412 with the confidence probability of 

95% in case of 3 measurements. If the proportion of the sum of differences between each 

measurement and the arithmetical mean compared to the standard deviation is smaller 

than τ95, all measurements can be considered reliable. Regression analysis was performed 

to determine the correlation between the thermal conductivity coefficient and the 

selected experimental factors, i.e., density and moisture content. 

Even though the granules were dried, they absorbed some moisture from air before 

and during the measurements. So the thermal conductivity was determined for an air-dry 

material. Therefore, moisture content, as it was at the time of the measurements, was 

determined (according to the standard method LVS EN 14774-2:2010) for all samples 

to identify the moisture content to which the certain thermal conductivity coefficients 

corresponded. Material density can also have an influence on thermal conductivity, so 

the average density of each freely poured coniferous needle granule sample was 

determined (according to the standard method LVS EN 15103:2010). 

Insulation material samples were made out of coniferous (spruce and pine) forest 

residue granules. Small branches with needles were harvested in the 2014/2015 winter 

(felled forests). The median time period from the collection of coniferous forest residues 

to the production of insulation material samples was 1 month. The average moisture 

content for the raw material was 50%. The necessary materials for sample making were 

collected only from forest residues, not from growing trees (this will be also tried if 

industrial production is proved to be viable). Thus, the cleaner production principle was 

observed – the residues of another process were used as a raw material. 

 

RESULTS AND DISCUSSION 

 

The mean thermal conductivity coefficients of the granules, sample moisture 

content and density are summarized in Table 2. As you can see from the obtained results, 

the thermal conductivity of the samples is in the range of 0.0452 W (m K)-1 to 

0.0916 W (m K)-1. Fine (<8 mm) washed and repeatedly dried spruce needle granules 

have the lowest thermal conductivity. The highest thermal conductivity was observed in 

case of large (>16 mm) unwashed pine needle granules. Granule size has a significant 

influence on the thermal conductivity of bulk heat insulation materials because the 

volume of the air gaps between the granules depends on granule size. The larger the air 

gaps, the higher the thermal conductivity coefficient of the material. Consequentially, 

smaller-sized granules retain heat better. 

The calculation of measurement error at a given confidence probability of 95% 

(coefficient τ95= 1.412) showed that all the measurement results are reliable. 
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Table 2. Raw data and obtained thermal conductivity coefficients for coniferous forest residue 

granules 

Sample 

No. 

Thermal 

conductivity 

coefficient, 

W (m K)-1 

Moisture 

content,  

wt%, d 

Density, 

kg m-3 

Size 

composition, 

mm 

Species Washed or 

unwashed 

1 0.0674 5.24 205 <8 pine unwashed 

2 0.0767 4.63 175 >16 spruce washed 

3 0.0578 7.22 188 <8 pine washed 

4 0.0452 3.53 170 <8 spruce washed 

5 0.0821 5.89 192 >16 spruce unwashed 

6 0.0630 2.92 185 <8 spruce unwashed 

7 0.0637 5.27 208 >16 pine washed 

8 0.0916 9.68 225 >16 pine unwashed 

9 0.0654 6.64 203 8–16 0.5 spruce / 

0.5 pine 

0.5 washed / 

0.5 unwashed 

10 0.0666 6.64 205 8–16 0.5 spruce / 

0.5 pine 

0.5 washed / 

0.5 unwashed 

11 0.0687 6.64 205 8–16 0.5 spruce / 

0.5 pine 

0.5 washed / 

0.5 unwashed 

 

Regression analysis proved that a material’s density has a significant influence on 

thermal conductivity. This was also observed in the experiment with insulation granules 

made of needles. As you can see in Fig. 2, less dense freely poured needle granules have 

a better (lover) thermal conductivity coefficient. 
 

 
 

Figure 2. Correlation between thermal conductivity and the density of the material samples  

No.1–8. 

 

This is demonstrated by the correlation coefficient, in this case 0.602, which 

indicates a strong causal link between the thermal conductivity coefficient and density. 

The fewer air gaps there remain between coniferous granules in the material, the better 

it retains warmth. 
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As it was mentioned before, the density of the sample material can influence the 

accuracy of determining the thermal conductivity coefficient. This was also observed in 

the performed experiment (Fig. 3) in case of the correlation coefficient 0.630, which 

indicates to a correlation between these two values. 
 

 
Figure 3. The dependence of thermal conductivity on the moisture content of material samples 

No. 1–8. 

 

A strong correlation between the thermal conductivity coefficient and sample 

moisture content was observed during this experiment. In practice, the impact of the 

moisture content cannot be this high because the samples had low moisture content 

values (3–10%). 

A regression analysis for the thermal conductivity coefficient and pellet size reveals 

a close relationship between the coefficient of thermal conductivity and bulk density of 

coniferous granules. A strong correlation was observed in this case, the correlation 

coefficient being 0.737. 

The obtained results prove that the second experimental factor – species of 

coniferous tree – also affects thermal conductivity. Granules produced only from spruce 

greenery had better thermal conductivity coefficients than other materials of the same 

size, notwithstanding whether the granules were washed or not washed. However, 

regression analysis showed that this effect is very weak, as evidenced by the correlation 

coefficient of -0.123. 

The results showed that rewashed granules had better thermal conductivity 

coefficients (0.554) in all cases, suggesting a moderate impact. Washing the granules 

had an impact on the thermal conductivity coefficient because the granule mass, and, 

therefore, the bulk density of granules, decreased. Mass, density and thermal 

conductivity changes due to sample washing are summarised in Table 3. 

Washing leads to a significant decrease in granular mass – an average of 15.5% – 
which, in turn, decreases the density of bulk granules about 7.6–8.9% (8.2% on average). 

The reduction of the thermal conductivity coefficient is different for each sample, and it 

is not proportional to the decrease in mass and density. The highest thermal conductivity 

coefficient reduction was observed for large pine pellets, which had the highest 

coefficient of thermal conductivity. 
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Table 3. Mass, density and thermal conductivity changes (%) in granules as a result of washing 

Sample 
Difference in density, 

% 

Mass difference,  

% 

Difference in thermal 

conductivity, % 

Fine pine granules (3) 8.3 -18.4 -14.2 

Large pine granules (7) 7.6 -15.3 -30.5 

Large spruce granules (2) 8.9 -11.5 -6.6 

Fine spruce granules (4) 8.1 -16.8 -28.3 

Average: 8.2 -15.5 -19.9 

 

A full analysis of the experimental design was carried out to express pre-established 

correlations in the form of a single linear regression equation. Not all three factors 

studied in this experiment are expressed in numerical values. Therefore, in the second 

step (species) and the third step (washed and re-dried or un-washed granules) of 

calculations, the factors were given the maximal value of 1 and minimal value of 0 

(spruce – 1, pine – 0, washed – 1, unwashed – 0). For the first factor, the minimal 

numerical value is 8 and the maximal is 16. The full regression equation after its 

simplification with the natural values of thermal conductivity coefficient λ (W (m K)-1) 

can be expressed as follows: 

 
λ = 0.06844 + 0.00252(g – 12) – 0.01518(sn – 0.5) + 0.00384(g –12)(ep – 0.5)(sn – 

0.5) 
(1) 

 

where:   g is size composition (mm); sn is washed or unwashed material; ep is species 

(spruce or pine). 

 

The experiment and analysis of the obtained data show that the thermal 

conductivity coefficient of granules produced from coniferous tree greenery is 

significantly influenced by the size of the granules (size composition), and whether the 

granules are washed or unwashed. The second factor (species of trees) also influences 

the thermal conductivity coefficient. Material made from fine (< 8mm) washed spruce 

greenery had the best thermal conductivity coefficient (λ4 = 0.0452 W (m K)-1). We can 

conclude that in order to make good heat insulation material from needles, its size 

composition must be up to 8 mm and it is preferable to use spruce greenery. The material 

must also be washed and re-dried. 

Several significant problems were discovered during the experiment. The most 

significant of them is forming chunks of fine granules; the essence of the problem is in 

the separation of fine particles rather than the disintegration of the granules themselves. 

It is possible that the granules would decompose completely with time. To avoid this 

problem, it is necessary to use stronger adhesive materials. In order to maintain the safety 

of the material to the environment, the new adhesive should be of natural origin and safe 

to the environment and human health throughout the product life cycle. The 

combustibility of the material is the second biggest problem. This can be solved by 

adding antipyrine. Additional studies are required in order to find solutions to address 

the brittleness of the granular coniferous greenery heat insulation material. 

Scientific literature offers information about the physical properties of the different 

types of granular insulation materials, although information is not as extensive as in the 

case of board-type insulation materials. The production of granular insulation materials 
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from vegetable raw materials is relatively rare but there is information on granular 

insulation materials produced from waste, most often glass. If it would be possible to 

avoid the crumbling of the natural granular insulation material, and if it would retain its 

physical properties, such granular insulation materials would already exist. The 

properties of some of them have been compared with the results of this study (see Fig. 4). 

As it can be seen, there are granulated insulating materials that have a much lower 

thermal conductivity coefficient, such as silicon-aerogel granulate and foam glass 

granules. However, the coniferous granular insulation material tested in this study has a 

lower thermal conductivity than the most widely known granular insulation material: 

expanded clay granules. Further research is needed to study the properties of this 

granular material. 

 

 
 

Figure 4. Comparison of the thermal conductivity coefficients of coniferous needle granules and 

other natural granulated heat insulation materials (Ayadi et al., 2009; Reim et al., 2004; Ingrao  

et al., 2014). 

 

CONCLUSIONS 

 

Thermal conductivity coefficients of granular coniferous greenery insulation 

materials and the factors influencing this indicator were studied by implementing a three-

factor experimental plan.  

The experiment showed that the thermal conductivity of freely poured heat 

insulation materials depends on the size of granules and whether or not the raw material 

is washed and re-dried (therefore reducing its density).  

The thermal conductivity coefficient of the material made from fine (< 8 mm) 

washed spruce greenery granules (λ4 = 0.0452 W (m K)-1) is equivalent to existing and 

already widely used natural heat insulation materials. If solutions are found to prevent 
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the disintegration of the granules and to reduce their combustibility while maintaining 

environmental safety throughout the life cycle in future studies, the physical properties 

of the material would be more advantageous in comparison to the heat insulation 

materials already on the market. 
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Abstract. The paper deals with a testing of composite materials reinforced with fabric, which 

were obtained after a recycling process of used tyres and a matrix is on a base of reactoplastics. 

The aim of the research was to set a possible utilization of unsorted textile waste from the process 

of the tyres recycling in the area of the polymeric composite systems. The subject of performed 

experiments was the hybrid polymeric composite, whose continuous phase was in a form of a 

two-component epoxy adhesive and a discontinuous phase (reinforcing particles) in a form of 

Polyamide PA (fibres) and rubber particles (granules of different sizes). An influence of a tensile 

stress, an elongation and an impact strength on the newly suggested hybrid composite materials 

were experimentally tested. 

 

Key words: hybrid polymeric composite, mechanical properties, morphology of fibres, tyre 

recycling. 

 

INTRODUCTION 

 

Used tyres, or tyres, whose parameters do not meet the requirements specified by 

the relevant rules of the road safety are recovered or disposed in accordance with the 

law. A principle of the ecological liquidation of tyres is a separation of various types of 

materials from which the tyres consist of. The output products of the recyclation are the 

recycled rubber and other parts of the tyres that mean textile fibres and steel wires. 

Nowadays the number of worn tyres reaches 10 millions each year in all the world (Fang 

et al., 2000; Valášek et al., 2013). Technologies dealing with the recyclation of products 

from the ecological liquidation of tyres have been constantly developing. 

We can obtain a valuable raw material - crushed rubber from used tyres. It is widely 

used as an ingredient in asphalt, concrete filler, layer base of roads, rail crossings, 

coatings, paints, running tracks, playgrounds etc. Separate steel parts are also used in 

engineering and metallurgical industries. The last component of used tyres is the fabric. 

Fibres from the process of the tyres recyclation are of polyamide how it is visible from 

the results of the thermal analysis (Parres et al., 2009). 

A shattering of tyres for a purpose of gaining a granulate is one of effective 

possibilities of their recyclation. This material is possible to use as a filler for a 

production of other rubber products and composite materials. An utilization of the textile 

waste is problematic because of a contamination with the rubber granulate. Various 

exploiters of this waste reach considerable differences in a composition of the textile 
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waste / rubber granulate (Parres et al., 2009; Knapčíková et al., 2014). It depends on a 

production technology and on a degree of purification in cyclone. A reason for that is a 

fact that this waste does not belong among primarily gained secondary raw-material. 

The epoxy resins are typical reactoplastics. They dispose of three-dimensional 

structure. They show higher rigidity, strength and heat stability. The epoxy resins are 

brittle and prone to the initiation of cracks (Valášek, 2014; Valášek et al., 2014). The 

epoxy resin properties can be changed by adding appropriate types of fillers. Shi Ai Xu 

et al. (Shi Ai Xu et al., 2013) present an example of the modification of the epoxy resins 

by means of a liquid rubber (CTBN liquid rubber). They reached an improvement of 

failure properties of the epoxy resins. 

Reactoplastics are used for the material recycling of various types of the waste 

(Valášek & Müller, 2014). 

The aim of performed experiment was to describe the change of mechanical 

qualities of the epoxy resin filled with the recycled rubber and textile fibres from process 

of tyres recyclation with changeable amount of the filler. 

A basic assumption for an optimum choice of materials is the knowledge of the 

applied material behaviour. The aim of the research was to set a possible utilization of 

unsorted textile waste from the process of the tyres recycling in the area of the polymeric 

composite systems. The research was realized according to the requirements of two 

significant firms dealing with the tyres recyclation in the Czech Republic. 

 

MATERIALS AND METHODS 

 

The subject of performed experiments was the hybrid polymeric composite, whose 

continuous phase was in a form of a two-component epoxy adhesive (RAPID F) and a 

discontinuous phase (reinforcing particles) in a form of Polyamide PA (fibres) and 

rubber particles (granules of different sizes). 

Epoxy resins are suitable for filling with organic as well as inorganic particles 

(Valášek & Müller, 2014). The adhesive RAPID F is a low-molecular epoxy resin 

prepared from bisphenol A and epichlorhydrin. It is distinguished for high liquidity and 

increased speed of a hardening. The processing time is till 10 minutes at the temperature 

23 ± 5 °C. The hardening is reached at least in 24 hours. The resin secondarily hardens 

during several days. The hardening of the resin is an exothermic reaction. The hardening 

process was watched by means of a thermocamera. The resin temperature before mixing 

was ca 22 °C. The temperature increased to 28 till 30 °C after mixing of the resin and 

the hardener. After adding the filler into the matrix the temperature ranged in the interval 

29 to 34 °C. The matrix was chosen according to the requirement of the firm using this 

type of the resin in the production. The fibres were not treated before mixing with the 

resin. This requirement came out from an expected practical application. It was required 

only the storing temperature ranging in the interval 15 to 27 °C. 

An influence of a tensile stress, an elongation and an impact strength on the newly 

suggested hybrid composite materials were experimentally tested. 

The concentration of the components was expressed in volume percentage. 

Two products of significant firms dealing with the tyres recyclation process were 

used for the research (Fig. 1). The fillers in the Fig. 1 were prepared by two different 

producers and each of the fillers contains different ratio of the rubber and the textile 

fibres. A different representation of the rubber fraction portion followed from the 
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analysis of these two products. The evaluation was performed by means of a sieve 

analysis. 
 

 
 

Figure 1. Filler (left: filler for composites A, B, C; right: filler for composites D, E, F). 

 

Following composite systems were tested in the research (Table 1)  

 
Table 1. Tested variants of composite systems 

Composite type Mass of filler  

(a rubber, a fibre)  

(g) 

Characteristic – volume 

ratio (fibre/rubber/matrix)  

(%) 

Composite A   2 0.18/1.85/97.98 

Composite B   5 0.44/4.64/94.95 

Composite C 10 0.88/9.22/89.90 

Composite D   2 1.61/0.72/97.67 

Composite E   5 4.03/1.79/94.18 

Composite F 10 8.06/3.58/88.36 

 

A mean of recycled fibre and rubber particles was evaluated on a basis of a picture 

analysis. The evaluation was performed in a microscope Jenavert PA HD with a camera 

ARTCAM 300 MI. A width of the fibre was 16.32 ± 4.21 μm. The length of the fibre 

was 2667.47 ± 2079.47 μm. Also Parres et al. (2009) state a huge variability of the length 

of recycled fibres. The average size of rubber particles was 410.38 ± 146.30 μm. 

The hybrid composite systems were tested from two points of view. The first one 

was the material testing. The reason is an application in a form of a production of self-

contained products. The second point of view – in the interaction with the adherent that 

means the adhesive bond. The reason is a hypothetical utilization as the filled adhesive. 

By mixing of the specified matrix – filler phases ratio the composite was made, 

which was used for the preparation of test specimens according to the specified 

standards. The composite mixture was left for the total hardening for 330 hours. The 

secondary hardening of the composite mixture was ensured.  

Fifteen test specimens were always prepared for testing. The test specimen was not 

tested in the case that a defect was ascertained by a visual check. Own testing was 

performed at 10 pieces of test specimens. The surface roughness was measured on the 

profilograph Surftest 301 (a value of cut off was 0.8 mm). The surface roughness of the 
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matrix was Ra 0.29 ± 0.05 μm, Rz 1.80 ± 0.42 μm in the bottom part of the specimen 

and Ra 0.48 ± 0.14 μm, Rz 2.85 ± 0.66 μm in the upper part of the specimen. The surface 

roughness of the composites A to F was 0.37 ± 0.10 μm, Rz 2.17 ± 0.37 μm in the bottom 

part of the specimen and Ra 1.20 ± 0.41 μm, Rz 5.90 ± 2.09 μm in the upper part of the 

specimen. 

The theoretical density of the composite systems was calculated on the basis of the 

physical relationships, the real density was stated on the basis of the ratio of weight and 

volume of the composites (Berthelot, 1998). An important first-class quality of the 

composite system – porosity (P) was calculated according to the equation (1): 
 

The

aTheP


 Re
  (1) 

 

where: P – porosity (%); ρThe – theoretical composite density (g cm-3); ρRea – real 

composite density (g cm-3). 

 

The porosity of the composites A to F was 5.6 to 8.1%. The porosity was caused 

by a presence of air bubbles in the matrix and by the distribution of the filler in the 

matrix. 

Tensile test: The test specimens for 

the tensile properties determination 

according to the standard CSN EN ISO 

527-1 (Plastics – Determination of 

tensile properties – Part 1: General 

principles) were prepared according to 

the standard CSN EN ISO 3167 (Plastics 

– Multipurpose test specimens). By the 

destructive testing the tensile strength 

and the elongation were determined. 

The moulds for casting of the test 

specimens were made from the material 

Lukapren N using prepared models. The 

shape and sizes of moulds meet the 

corresponding standards (Fig. 2). 

 

 
 
Figure 2. Mould and casts of test specimens 

for tensile test. 

 

Adhesive bonds: The basis of adhesive bonds laboratory testing was the 

determination of the tensile lap-shear strength of rigid-to-rigid bonded assemblies 

according to the standard CSN EN 1465 (Equivalent is BS 1465). 

Specimens of all the tested materials were obtained identically – cutting from the 

semi-products in the hydraulic guillotine sheet metal machine. Laboratory tests of the 

adhesive bonds were performed using the standard test specimens made according to the 

standard CSN EN 1465 (dimensions 100 ± 0.25 x 25 ± 0.25 x 1.6 ± 0.1 mm and lapped 

length of 12.5 ± 0.25 mm) from the constructional plain carbon steel S235J0. 

The surfaces of 1.5 mm thick steel sheets were at first blasted using the synthetic 

corundum of a fraction F80 under the angle of 90°. Using the profilograph Surftest 301 

the following values were determined: Ra 1.28 ± 0.12 μm, Rz 6.2 ± 0.86 μm. 
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Then the surface was cleaned and degreased using acetone and prepared to the 

application. The surface preparation is important and should guarantee good strength on 

the boundary adherent/adhesive/adherent (Novák, 2011; Hricová, 2014; Legutko et al., 

2014). An even thickness of the adhesive layer was reached by a constant pressure 

0.5 MPa. The lapping was according to the standard 12.5 ± 0.25 mm. 

The tensile strength and the elongation test (the adhesive bond, the cast of the test 

specimens) were performed using the universal tensile strength testing machine 

LABTest 5.50ST (a sensing unit AST type KAF 50 kN, an evaluating software 

Test&Motion). A speed of the deformation corresponded to 6 mm min-1. 

 

Impact strength: The impact strength was set in an apparatus Dynstat determined 

for the testing of plastics. The test specimen preparation and impact tests were performed 

according to the standard CSN 64 0611 (Determination of the impact resistance of rigid 

plastics by means of Dynstat apparatus). By the destructive testing the impact strength 

was determined.  

 

RESULTS AND DISCUSSION 

 

Tensile strength of composites showed lower values compared with the matrix (the 

epoxy adhesive) – see Fig. 3. The composite systems A, B and C showed higher tensile 

strength than the composite system D, E and F because composites A, B, C consist of 

smaller percentage of the fibres. It is obvious from the results that the textile fibre acts 

the tensile strength in a negative way. 
 

 
 

Figure 3. Tensile test – CSN EN ISO 527-1 – tensile strength of matrix and composite systems. 

 

Fig. 4 shows the results of the tests focused on the evaluation of the elongation of 

the matrix and composite systems. It is obvious from the results that higher ratio of the 

filler decreases the elongation values. 
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Figure 4. Tensile test - CSN EN ISO 527-1 – elongation of matrix and composite systems. 

 

The tested sets were mutually compared using F-test from the point of view of the 

influence of various filler concentrations of cast test specimens on the tensile strength 

and the elongation. 

The zero hypothesis H0 presents the state when there is no statistically significant 

difference (p > 0.05) among tested sets of data from their mean values point of view. 

The tensile strength (p = 0.0000) and the elongation (p = 0.0000) did not certify 

the hypothesis H0, so there is the difference among particular tested filler concentrations 

in relation to the adhesive bond strength and to the elongation in the reliability level 0.05. 

It is obvious from the strength results of the adhesive bonds that the composite 

systems A, B and D reach higher values of the adhesive bond tensile lap-shear ength 

(Fig. 5) than the matrix. The strength results of the interaction with the adhesive bonded 

material (the adherent) show different behaviour compared with the results of the tensile 

test. 
 

 
 

Figure 5. Adhesive bond tensile lap-shear strength – CSN EN 1465. 
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The composite systems A, B, D and E proved higher values of the adhesive bond 

elongation (Fig. 6). Higher concentration of the filler in the area of the adhesive bonds 

acts the resultant tested mechanical properties of the adhesive bond in the negative way 

(Fig. 6). 

 
 

Figure 6. Elongation of adhesive bond – CSN EN 1465. 

 

The tested sets were mutually compared using F-test from the point of view of the 

influence of various filler concentrations on the tensile lap-shear strength and the 

elongation of the adhesive bonds.  

The zero hypothesis H0 presents the state when there is no statistically significant 

difference (p > 0.05) among tested sets of data from their mean values point of view. 

The adhesive bond tensile lap-shear strength (p = 0.0000) and the elongation of the 

adhesive bond (p = 0.0000) did not certify the hypothesis H0, so there is the difference 

among particular tested filler concentrations in relation to the adhesive bond tensile lap-

shear strength and the elongation in the reliability level 0.05. 

Fig. 7 shows the results of the impact strength. The positive influence of the filler 

on the impact strength of the composite system is visible from the results. Higher values 

of the impact strength are reached at the composites D, E and namely F. These 

composites contain higher volume ratio of the textile fibres. 

The tested sets were mutually compared using F-test from the influence of various 

filler concentrations on the impact strength point of view.  

The zero hypothesis H0 presents the state when there is no statistically significant 

difference (p > 0.05) among tested sets of data from their mean values point of view. 

The impact strength (p = 0.0000) did not certify the hypothesis H0, so there is the 

difference among particular tested filler concentrations in relation to the impact strength 

in the reliability level 0.05. 

Results of Dadfar and Ghadami showed that it came to improving the fracture 

toughness owing to increasing content of the rubber modifier (Dadfar & Ghadami, 

2013). It is possible to agree with the results. The filler in the form of the rubber granules 

and the textile waste has a similar function. 
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On the basis of laboratory results it is possible to agree to the statement of Jiao 

Weizhou et al. that epoxy adhesives are of low impact strength and that they are brittle 

(Jiao Weizhou et al., 2009). 

The presumption was certified that the presence of rubber particles lower the tensile 

strength. The mechanical properties showed throughout negative trend (Ferreira et al., 

2013; Kejval & Müller, 2013; Valášek, 2014; Valášek & Müller, 2014). These 

conclusions were confirmed by the results of the research. Adhesive bonds with 

maximum 15 vol.% of the filler do not show the statistically significant fall of the tensile 

lap-shear strength. The experiment results proved the increase of the adhesive bond 

strength. 
 

 
 

Figure 7. Impact strength – CSN 64 0611. 

 

CONCLUSIONS 

 

The knowledge of applied materials behaviour is the basic presumption of the 

optimum material choice.  

The research results proved the possibility to use the waste textile fibres and the 

rubber granules in the composite systems on the basis of the reactoplastics.  

Following statements can be said in the end: 

 The tensile strength was decreasing. The fall of the tensile strength was 80.1% at 

the application of the filler. The composite systems A, B and C (they contain higher 

percentage of the rubber) showed the strength fall of 34 till 44%. The composite 

systems D, E and F showed the fall of 61 till 80%.  

 The elongation of the composite systems was of no explicit trend. 

 The tensile lap-shear strength showed the increase (the composites A, B and D).  

 The impact strength showed increased values at the composite systems which 

contained higher ratio of the textile fibres. 
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The composite material can be used at a renovation of machine parts, for a 

production of new products e.g. a roofing material. 
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Abstract. We show how energy-force knife-grille pair parameters depend on their tightening 

torque which also indicate the node which is the most dynamically and thermally tensed. The 

research demonstrates that the temperature, at the junction of the knife-grille, varies in the 10°C, 

and therefore this is a significant factor in the rate increasing of the grids and knives deterioration. 

From the condition of the screw grille and the knife blade compatibility deformations, we are 

shown the analytical dependence between the structural and technological characteristics, which 

allows us to minimize the depreciation value of the grille and the knife, as well as to reduce the 

energy intensity of the grinding process. 

 

Key words: lattice, the cutter knife, friction, bending, wear, temperature, pressure, distortion, 

efficiency, performance, etc. 

 

INTRODUCTION 

 

The mathematical model of the screw (Aret et al. 2012; Pelenko et al., 2014c; 

2014d) and the results of experiments of the dependence of the energy-force knife-grille 

pair parameters on their tightening torque indicate that the specified node is the most 

dynamically and thermally tensed. 

The experience in the industrial exploitation of the screws confirms this fact, as the 

frequent resharpening of the cutting knives and changing the sets of the screws are the 

common weak point of grinding-cutting equipment (Gorbatov et al., 1977; Chizhikova, 

1978; Andrianov, 1982; Pelenko et al., 2006; Pelenko et al., 2008a; 2008b; 2008c; 

Voronenko et al., 2009). 

The research demonstrates that the temperature, at the junction of the knife-grille, 

varies in the 10 °C, and therefore this is a significant factor in the rate increasing of the 

grids and knives deterioration. Moreover, uncontrolled increase in torque and a knife 

blade lattice nut shell lead to the increasing of the blade node parts mutual friction 

moment and therefore it increases the power consumption by 20–25%. (Pelenko et al., 

2014a; 2014b). 

Advanced analysis of the essence of physical processes which occur in the 

operation of the screw type meat grinders shows that the exerted pressure of the raw 

meat on the bars and a knife reaches (3÷7)∙105 Pa and over. Therefore, based on the 

mailto:elenaverboloz@mail.ru
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terms of the way it is constructed and due to the under the influence of the pressure, the 

grille is bent outwardly with the screw body and the knife being flexed bulge inward. 

Thus, the knife, on the peripheral annular surface, while rotating, creates a significant 

stress concentration at the junction of the knife-grille, which leads to accelerated 

deterioration of both the knife and the grille as well as a rapid and premature blunting of 

the knife. 

The foregoing leads to the necessity of the correct mathematical description of the 

interaction process between the knife and the knife grille of the screw, in order to 

optimize structural and technological parameters of the cutting node. 

 

MATERIALS AND METHODS 

 

For the implementation of the formulated problem, the authors have reviewed the 

literature materials describing this problem, but no specific analytical solutions on how 

to fix these circumstances were found. Thus, our problem was solved using the theory 

of elasticity and strength of materials by making differential equations for the deflection 

of the knife and the lattice of their analytical solutions by taking into account the 

temperature of the bending moment, using the compatibility conditions of deformation 

and lattice cutter knife. 

 

RESULTS 
 

From the perspective view of the theory of elasticity, the knife screw grille is a thin 

circular perforated annular plate. In the most general case of the consideration, more than 

two dozen options of the fixing with clamping nut of the knife grille in the screw body 

should be subjected by the analysis (Vlasov, 1958; Smolentsev, 1963; Timoshenko & 

Voynovskiy-Krieger, 1963; Tymoshenko, 1965; Weinberg, D.V. & Weinberg, E.D., 

1970; Savruk, 1980; Dozhzhel, 1982; Birge & Mavlyutov, 1986; Savruk & Timoshuk, 

1987). 

Fig. 1 shows 20 fixing options (hinged annular support, the ring rigid closure) and 

the loading round plate (uniform loading over the entire area, the annular uniform load 

without bending moment and with him). In addition, the plate can be approximately 

considered as a continuous disc, a disc with a central hole or as a perforated disc with a 

central hole. 

Of the considered variants of the schemes of the grille fixing we put attention on 

the most advantageous, from a practical point of view, the case (Fig. 1., Scheme 14), 

when fixing the annular plate is carried on the inner edge of the ring by the tight clamp, 

and external influence is uniformly distributed as the load ‘q’ over the area of the 

perforated plate and thermal bending moment ‘MТ’. 

This choice is based on the analysis of the process of the mutual deformation of the 

grille and the knife during the screw operation. Indeed, in this case, the deformation of 

the plate is carried out with the bulge going inside the body of the screw, as well as the 

knife, so it is possible to ensure (with the given temperature of the grille deformation) 

the equal displacement values of the annular peripheral sections of the grille and the 

knife blade. It provides a uniform force of the knife and the grille interaction in the place 

of the junction, the exclusion of the stress concentration and the reducing of the 
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deterioration rate of the grille and the blade, as well as the blunting knife. Besides, there 

is the decreasing of the energy losses to friction and the thermal load at the junction. 

For the realization of the reasonable effective concept of the conditions of the knife 

and grille interaction we need to solve two problems. 

Task 1: We need to define the deformation parameters of the selected option for the 

grille (Fig. 1, Scheme 14). 

 

 
 

Figure 1. Loading scheme and fix lattice. 

 

Solutions to the problem defined above are known, but the theory of the plates and 

shells was highly developed and is currently applicable (Vlasov, 1958; Smolentsev, 

1963; Timoshenko & Voynovskiy-Krieger, 1963; Tymoshenko, 1965; Weinberg, D.V. 

& Weinberg, E.D. 1970; Savruk, 1980; Dozhzhel, 1982; Birger & Mavlyutov, 1986; 

Savruk & Timoshuk, 1987) and it has been widely used in practice, especially in high-

tech industries, such as hydro, turbine construction, shipbuilding, aviation, astronautics. 

However, specific solutions to these problems are similar to those stated above, with 

mentioned fixing conditions, had not been found. 

For the development of the desired mathematical model of the screw grille bending, 

we consider the calculation scheme that is shown in Fig. 2. 

The proposed scheme shows a circular ring perforated plate (Fig. 2, pos. A-d) with 

a rigid closure on the inner edge of the ring (Fig. 2, pos. a, c, d) in the conditions of the 

transverse load q which is uniformly distributed over the grid area  

(Fig. 2, pos. a-D). And the bending moment Mt (Fig. 2, pos. a-d) which is caused by 

thermal deformation, linearly distributed over the plate thickness h (Fig. 2, pos. d) due 

to the frictional heating in the knife-grille junction. 
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Figure 2. Scheme of loading and deformation of the lattice. 

 

As it is known (Timoshenko & Voynovskiy-Krieger, 1963), the equilibrium 

equation for the plate element (Fig. 2, Pos. D) can be written as following: 
 

𝑑2𝜑
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𝑟
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 (1) 

 

or, considering the dependence of φ=φ(w): 
 

𝜑 = −
𝑑𝑊

𝑑𝑟
 , (2) 

 

in another form: 
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𝑄
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where:  r – the distance from the point under consideration to the center of the plate, m;  

φ – the rotation angle of the normal to the section under consideration with the coordinate 

‘r’; Q – cutting force per length unit of the cylindrical section of the radius ‘r’, N m; 

D – cylindrical rigidity of the perforated plate, N m. 

 



713 

Equations (1) and (3) may be prescribed in a more compact and easy to integrate 

form:  
 

𝑑

𝑑𝑟
[
1

𝑟

𝑑
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𝑄
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 , (4) 

 

or 
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(𝑟

𝑑𝑊

𝑑𝑟
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𝑄

𝐷
 , (5) 

 

From the equilibrium equation above, we can obtain the dependence of Q = Q(q) 

for a plate with an external load ‘q” which is distributed over the area. It should be 

mentioned that in the plate has a radius center hole ‘b’: 
 

𝑄 ∙ 2𝜋𝑟 = ∫ 𝑞2𝜋𝑟𝑑𝑟 .
𝑟

𝑏

 (6) 

 

Under outward transverse load which is evenly distributed over the area of the plate 

q = const, from the equilibrium equation (6) we obtain: 
 

𝑄 =
𝑞

2
(𝑟 − 𝑏) . (7) 

 

Now the equation of the deflection of the plate (5) takes the form: 
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Integrating this equation for three times, we get: 
 

𝑊 =
𝑞𝑟4

64𝐷
−

𝑞𝑏𝑟3

18𝐷
+

𝑐1𝑟2

4
+ 𝑐2 ln 𝑟 + 𝑐3 . (9) 

 

The integration constants c1, c2, c3 found from the fixing plate condition. 
 

1. At the inner annular edge of the round plate (r = b) there is no movement  

W = 0; as well as the angle of the rotation of the section 𝜑 = −
𝑑𝑊

𝑑𝑟
= 0, so we can write 

for the displacement: 

 

𝑊|𝑟=𝑏 = −
23𝑞𝑏4
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+

𝑐1𝑏2

2
+ 𝑐2 ln 𝑏 + 𝑐3 = 0 . (10) 

 

Given that 
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𝑟
 , (11) 
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for the rotation angle in the cross section r = b, we obtain: 

 

𝜑|𝑟=𝑏 = −
𝑑𝑊

𝑑𝑟
|𝑟=𝑏 =

−5𝑞𝑏3

48𝐷
+

𝑐1𝑏

2
+

𝑐2

𝑏
= 0. (12) 

 

2. On the outside, the plate annular round edge (r=a), that is free from the 

connections, only temperature bending moment MТ is applying, so we can write: 

 
𝑀𝑟|𝑟=𝑎 = 𝑀𝑇 (13) 

 

where  Mr – a radial bending moment intensity per length unit of the circular cylindrical 

section of the the annular plate, H m m-1. 

 

As it is known [13 ÷ 9] the radial bending moment is written in the form: 

 

𝑀𝑟 = −𝐷 (
𝑑2𝑊

𝑑𝑟2
+

𝜈

𝑟

𝑑𝑊

𝑑𝑟
) , (14) 

 

where  v – the Poisson's ratio for the material of the plate. 

 

For the curvature of the plate according to (11) the following relation: 

 
𝑑2𝑊

𝑑𝑟2
=

3𝑞𝑟2

16𝐷
−

𝑞𝑏𝑟

3𝐷
+

𝑐1

2
−

𝑐2

𝑟2
. (15) 

 

Substituting (11) and (15) into the equation (14) yields: 

 

𝑀𝑟 = −
𝑞𝑟2

16
(3 + 𝜈) +

𝑞𝑏𝑟

6
(2 + 𝜈) − 𝑐1(1 + 𝜈)

𝐷

2
+ 𝑐2(1 − 𝜈)

𝐷

𝑟2
. (16) 

 

In view of (13) we can write: 

 

𝑀𝑇 = −
𝑞𝑎2

16
(3 + 𝜈) +

𝑞𝑏𝑎

6
(2 + 𝜈) − 𝑐1

𝐷

2
(1 + 𝜈) + 𝑐2

𝐷

𝑎2
(1 − 𝜈) , (17) 

 

Solving the system of three equations (10) and (12), (17) with three unknowns, we 

find the integration constants с1, с2, с3. 

 

𝑐1 =
5𝑞𝑏4(1 − 𝜈) + 8𝑞𝑏𝑎3(2 + 𝜈) − 3𝑞𝑎4(3 + 𝜈) − 48𝑀𝑇𝑎2

24𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
= 𝑐1(𝑏, 𝑀𝑇) (18) 

 

 

𝑐2 =
5𝑞𝑏4(1 + 𝜈) − 8𝑞𝑏3𝑎3(2 + 𝜈) + 3𝑞𝑏2𝑎4(3 + 𝜈) + 48𝑀𝑇𝑎2𝑏2

48𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
= 𝑐2(𝑏, 𝑀𝑇) (19) 
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𝑐3 =
23𝑞𝑏4

576𝐷
−

5𝑞𝑏4[𝑏2(1 − 𝜈) + 𝑎2(1 + 𝜈) ln 𝑏]

48𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
−

8𝑞𝑏3𝑎3(2 + 𝜈)(1 − ln 𝑏)

48𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
+ 

 

+
3𝑞𝑏2𝑎4(3 + 𝜈)(1 − ln 𝑏)

48𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
−

𝑀𝑇𝑎2𝑏2(1 − ln 𝑏)

𝐷[𝑎2(1 + 𝜈)𝑏2(1 − 𝜈)]
= 𝑐3(𝑏, 𝑀𝑇) 

(20) 

 

When structuring latter relation, after the numbering of each successive summand 

in с3, we write: 

 
с3 = с3(𝑏, 𝑀𝑇) = 𝑐31(𝑏) − 𝑐32(𝑏) − 𝑐33(𝑏) + 𝑐34(𝑏) − 𝑐35(𝑏, 𝑀𝑇) ,  

 

where: 

 

с31(𝑏) =
23𝑞𝑏4

576𝐷
 ;  

 

с32(𝑏) =
5𝑞𝑏4[𝑏2(1 − 𝜈) + 𝑎2(1 + 𝜈) ln 𝑏]

48𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
 ; 

 

 

 

 

с33(𝑏) =
𝑞𝑏3𝑎3(2 + 𝜈)(1 − ln 𝑏)

6𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
 ; 

 

 

 

 

с34(𝑏) =
𝑞𝑏2𝑎4(3 + 𝜈)(1 − ln 𝑏)

16𝐷[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)]
 ; 

 

 

с35(𝑏, 𝑀𝑇) =
𝑀𝑇𝑎2𝑏2(1 − ln 𝑏)

𝐷[𝑎2(1 + 𝜈)𝑏2(1 − 𝜈)]
 ; 

 

 

The necessity for such structuring is caused by the need to assess the accentuation 

effect on the individual values diameter deflection of the central hole of the grille as well 

as the temperature of the bending moment. 

For the further functional dependence between the thickness of the knife blade δн, 

and blade grille h, we introduce, for the constants of the integration, the modified 

expressions in accordance with the dependencies: 

 

с𝑖 =
𝐵𝑖

𝐷
 (21) 

 

Inserting the obtained values of c1, c2, c3 in relation (9), we obtain the general 

solution for the bending of the circular ring grille in the form of: 

 

𝑊 =
𝑞𝑟4

64𝐷
−

𝑞𝑏𝑟3

18𝐷
+ 𝑐1(𝑏, 𝑀𝑇)

𝑟2

4
+ 𝑐2(𝑏, 𝑀𝑇) ln 𝑟 + 𝑐3(𝑏, 𝑀𝑇)  

or 

 

𝑊 =
1

𝐷
[
𝑞𝑟4

64
−

𝑞𝑏𝑟3

18
+ 𝐵1(𝑏, 𝑀𝑇)

𝑟2

4
+ 𝐵2(𝑏, 𝑀𝑇) ln 𝑟 + 𝐵3(𝑏, 𝑀𝑇)] (22) 
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Taking into account that we are interested in the maximum values of the deflections 

which are reached in the coordinates of the ring r = a, finally we obtain the desired 

quantity in the form of: 

 

𝑊𝑚𝑎𝑥𝑝
= 𝑊|𝑟=𝑎 =

𝑞𝑎4

64𝐷
−

𝑞𝑏𝑎3

18𝐷
+ 𝑐1(𝑏, 𝑀𝑇)

𝑎2

4
+ 𝑐2(𝑏, 𝑀𝑇) ln 𝑎 + 𝑐3(𝑏, 𝑀𝑇) (23) 

 

The first feature of this solution is that when we are using the obtained ratio to 

estimate the deflection of the perforated plate, it is necessary to consider the influence 

of the significant amount of the holes in the output of the screw grille on the cylindrical 

rigidity value, which substantially reduce the value of the moment of the resistance to 

the bending. 

Considering the macro deformation processes and taking into account the 

symmetry of the arrangement of the perforation holes, the additivity of the moment of 

inertia in the bending, as well as neglecting the edge effects of the local stresses 

concentration at the boundaries of the holes, the corrected value of the cylindrical rigidity 

can be written as follows: 

 

𝐷 =
𝐸ℎ3

12(1 − 𝜈2)
(

𝑎 − 𝑛𝑟𝑑 − 𝑏

𝑎
) , (24) 

 

where: nr – number of holes in the perforated section of the annular circular plate (grille); 

d – diameter of the holes of the screw output grille, m; E – Young's modulus of the 

material of the plate, Pa; h – thickness of the grille (the plate), m. 

 

Taking into account the ratios (23) and (24), the equation (22) can be written in 

the form which is convenient for analysis: 

 

𝑊𝑚𝑎𝑥𝑝
=

12(1 − 𝜐²)𝑎

𝐸(𝑎 − 𝑛𝑟𝑑 − 𝑏)ℎ3
[
𝑞𝑎4

64
−

𝑞𝑏𝑎3

18
+ 𝐵1

𝑎2

4
+ 𝐵2 ln 𝑎 + 𝐵3] . (25) 

 

The second feature of the obtained mathematical model of the perforated circular 

ring grille deformation is a consideration of the effect of the temperature bending 

moment МТ on the plate deflection. 

In general, the temperature dependence of the bending moment on the temperature 

difference at the outside and the inside of the screw output grille can be written as: 

 

𝑀𝑇 =
𝐸

1 − 𝜈
∫ 𝛼∆𝑇(𝑧)𝑍𝑑𝑍

ℎ/2

−ℎ/2

 , (26) 

 

where: 𝛼 – the coefficient of the thermal expansion of the plate material, К-1. 
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Suggesting that the temperature distribution T in the plate thickness is linear, we 

can write: 

 

∆𝑇 =
𝑇𝐵 − 𝑇𝐻

ℎ
𝑍 ,  

 

where: TВ, TH – the temperature of the inner and the outer surfaces of the plate, К. 

 

Substituting ∆𝑇 in (26) and integrating, we obtain the desired value of the 

temperature bending moment in the form of: 

 

𝑀𝑇 =
𝐸𝛼(𝑇𝐵 − 𝑇𝐻)

12(1 − 𝜈)
ℎ2 (27) 

 

 

DISCUSSION 

 

In order to calculate the obtained mathematical model (23) of the annular circular 

perforated plate deflection, under a uniformly effect of the distributed over the area 

lateral load and temperature bending moment, which is applied on the outer ring contour, 

we use the following parameters: 

 

q = 3∙105 Pа; b = 5∙10-3 m; a = 30∙10-3 m; 𝜈 = 0,3; E = 2,1∙10-11 Pа; h = 4∙10-3 m;  

d = 3∙10-3 m; nr = 3; Tv = 301 К; Tn = 296 К; 𝛼 = 10-5 К-1. 

 

According to the equation (27), we determine the value of the temperature bending 

moment as following: 

 

𝑀𝑇 =
2.1 ∙ 1011 ∙ 5 ∙ 10−3

12(1 − 0,3)
9 ∙ 10−6 = 11.25 Н  

 

The cylindrical rigidity of the plate is, according to the ratio (24), as follows: 

 

𝐷 =
2.1 ∙ 1011 ∙ (4 ∙ 10−3)3 ∙ (30 ∙ 10−3 − 3 ∙ 3 ∙ 10−3 − 5 ∙ 10−3)

12(1 − 0,32) ∙ 30 ∙ 10−3
= 656.41 Н ∙ m 

 

For the convenience calculation of the deflection we find the characteristic value 

of the denominators in the с1, с2, с3: 

 

[𝑎2(1 + 𝜈) + 𝑏2(1 − 𝜈)] = [(30 ∙ 10−3)2(1 + 0.3) + (5 ∙ 10−3)2(1 − 0.3)] =
= 11.7 ∙ 10−4 + 0.175 ∙ 10−4 = 11.875 ∙ 10−4

 

 

Reference values are the values of: 

ln b = ln(5∙10-3) = –5.298 

ln a = ln(30∙10-3) = –3.507 
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The ratios (18–21) give: 

С1 = –0.1147; 

С2 = 1.4635∙10-6; 

С31 = 0.0114∙10-6; 

С34 = 10.124∙10-6; 

С3 = 5.109∙10-6; 

В1 = –75.290; 

В2 = 960.656∙10-6; 

С32 = –0.1549∙10-6; 

С35 = 2.045∙10-6; 

В3 = 3353.6∙10-6. 

С33 = 3.136∙10-6; 

 

The maximum deflection value of the plate we calculate as the following mention 

in Formula (23) 

𝑊𝑚𝑎𝑥𝑝
=

3 ∙ 10+5 ∙ 81 ∙ 10−8

64 ∙ 656.41
−

3 ∙ 105 ∙ 5 ∙ 10−3 ∙ 27 ∙ 10−6

18 ∙ 656.41
+ 

+(−0.1147)
9 ∙ 10−4

4
= +1.4635 ∙ 10−6 ∙ (−3.507) + 5.109 ∙ 10−6 =

= 5.784 ∙ 10−6 − 3.42 ∙ 10−6 − 25.8075 ∙ 10−6 − 

−5.132 ∙ 10−6 + 5.109 ∙ 10−6 = 23.466 ∙ 10−6(m) ≅ 23.5 mkm 
 

Task 2. Determine the deflection of the knife blade. 

The second problem is not so difficult and its solution can be broken down into 

(Bezukhov, 1968; Pisarenko et al., 1975; Sokolov, 1983) two components. 

The first component of the movement f1 is caused by the knife blade bending, which 

is under the action of the uniformly distributed over the surface load (pressure of raw 

meat): 

 

𝑓1 =
𝑞 ∙ 𝑆(𝑎 − 𝑏)4

8𝐸𝐽
 , (28) 

 

where: S – the blade width, m; 𝐽 – The moment of inertia of the cross section of the blade 

in the bending, m4; 

 

The value of φ is defined by the well-known (Bezukhov, 1968) ratio: 

 

𝐽 =
𝑆𝛿𝐻

3

12
 , (29) 

 

Here δн – the thickness of the knife blade, m. 

Then the expression (28), for the maximum deflection, can be written as 

following: 

 

𝑓1 =
3𝑞(𝑎 − 𝑏)4

2𝐸𝛿𝐻
3  , (30) 

 

The second component of the movement is caused by the bending of the blade 

which is under the influence of the temperature bending moment. 

The feature of the deformation of the knife blade is the omni directional movements 

owing to the load 𝑓1 > 0 and the temperature bending moment: 𝑓2 < 0. 
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Thus, we write for МТ (Birger & Mavlyutov, 1986): 

 

𝑓2 = ∫ ∫
𝑀𝑇

𝐸𝐽
𝑑𝑟𝑑𝑟

𝑎

𝑏

=
−𝑀𝑇

2𝐸𝐽
(𝑎 − 𝑏)2

𝑎

𝑏

 . (31) 

 

The total deflection of the blade takes the value: 

 

𝑓 = 𝑓1 + 𝑓2 =
𝑞𝑆(𝑎 − 𝑏)4

8𝐸𝐽
−

𝑀𝑇𝑆(𝑎 − 𝑏)2

2𝐸𝐽
  

 

or 

 

𝑓 =
(𝑎 − 𝑏)2𝑆

2𝐸𝐽
[
𝑞

4
(𝑎 − 𝑏)2 − 𝑀𝑇] . (32) 

 

After the solution to the second problem (32), we can write the conditions of the 

compatibility of the grille and the knife blade deformation, providing the uniform 

internal stresses in their junction, and, thus, the minimum deterioration rate will be as 

following: 

 
𝑓 = 𝑊𝑚𝑎𝑥𝑝

. (33) 

 

(𝑎 − 𝑏)2𝑆

2𝐸𝐽
[
𝑞

4
(𝑎 − 𝑏)2 − 𝑀𝑇] = 𝑊𝑚𝑎𝑥𝑝

 

 

Taking into account Formula (29), we obtain the ratio for the calculation of the 

required knife blade thickness: 

 
3(𝑎 − 𝑏)2

2𝐸𝛿𝐻
3

[𝑞(𝑎 − 𝑏)2 − 4𝑀𝑇] = 𝑊𝑚𝑎𝑥𝑝
 (34) 

 

𝛿𝐻 = √
3(𝑎 − 𝑏)2[𝑞(𝑎 − 𝑏)2 − 4𝑀𝑇]

2𝐸𝑊𝑚𝑎𝑥𝑝

3
 (35) 

 

Calculations for the same kind of materials of the grille and the knife give the 

value of: 

𝛿𝐻 = √
3 ∙ 625 ∙ 10−6[3 ∙ 105 ∙ 625 ∙ 10−6 − 4 ∙ 11.25]

2 ∙ 2.1 ∙ 1011 ∙ 23.5 ∙ 10−6

3

= √2707 ∙ 10−113

= √27.07
3

∙ 10−3 = 3 ∙ 10−3𝑚 = 3 mm 
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Thus, to ensure the same deformations of the cutter grille and the knife blade, that 

are the equidistant elastic lines, which can ensure the minimal deterioration and the 

minimal knife blunt, should be used the mutual ratio (25), expressed in the terms of ‘h’ 

and (34) in the general case, to write functional iteration (relative MT and Bi) dependence 

δн = δн(h): 

 

𝛿𝐻 =
ℎ

2 √

(𝑎 − 𝑏)2[𝑞(𝑎 − 𝑏)2 − 4𝑀𝑇](𝑎 − 𝑛𝑟𝑑 − 𝑏)

𝑎(1 − 𝜈2) [
𝑞𝑎4

64
−

𝑞𝑏𝑎3

18
+ 𝐵1

𝑎2

4
+ 𝐵2 ln 𝑎 + 𝐵3]

 .
3

 (36) 

 

In actual load conditions of the cutter grille and the knife of the screw, the values 

δн and h, as numerical calculations, are close. 

Considering the special case when we can neglect the presence of the thermal 

bending moment (МТ = 0), the center hole (b = 0) and the grille perforation (nr = 0), from 

the ratio (36) we obtain:  

δн = 2.06 h.  

 

 

CONCLUSION 

 

The mathematical model of the process of the raw meat grinding in the screw 

(Pelenko & Kuzmin, 2009; Pelenko et al., 2012; Pelenko et al., 2013) allows us to 

estimate the level of the influence of each of more than 20 designs – technology and 

kinematic factors on the efficiency (productivity) of the meat grinder. 

We were able to demonstrate that It was revealed that one of the factors affecting 

the quality of the grinding process is the tightening torque of the screw output grille, the 

value of which at this point is only calculated qualitatively. It results in the rapid blade 

blunting and depreciation of the knife – grille pair. 

The methods of system analysis were able to provide the optimal design scheme of 

the screw output grille fixing (Scheme 14). 

The mathematical model of the deflection of the perforated grille has been 

developed, that grill is loaded by the uniformly distributed mechanical stress across its 

surface and the thermal bending moment on the outer annular border. The equation of 

the cutting blade elastic line of the screw knife has been generated. 

Based the condition of the screw grille and the knife blade compatibility 

deformations, we obtained the analytical dependence between the structural and 

technological characteristics, which allowed us to minimize the depreciation value of the 

grille and the knife, as well as to reduce the energy intensity of the grinding process. 
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Abstract. Polymeric materials filled with inorganic microparticles can be described as polymeric 

microparticle composites. These materials combine the various mechanical, physical and 

chemical properties of different phases. Waste microparticles can also be used as filler. Inclusion 

of these waste microparticles can optimize the required mechanical properties and decrease the 

price. This paper describes the possibilities of using recycled waste rubber powder in polymer 

composite systems. The aim of the experiment was to quantify the mechanical properties of epoxy 

resin (Glue Epox Rapid – with increased speed of hardening) and polyurethane (Sika 

Power – resin based on polyol) filled with recycled EPDM rubber powder (29 µm) gained from 

a Czech company and to describe the changes in the mechanical qualities with a changeable 

amount of microparticles. Composites were prepared with a different filler concentration of resins 

(5–35 volume percent).  Cohesive and adhesive characteristics were chosen for the quantification 

of the system. Adhesive strength to the steel adherent was tested by means of lap-shear tensile 

strength. Cohesive strength was tested by means of tensile strength.  Hardness was measured by 

the Shore D method. The described use of waste material is inexpensive and offers the possibility 

of recycling material. The application of waste EPDM powder in the area of resins is a benfitial 

way of material usage which should be preferred. 
 
Key words: epoxy resin, lap-shear tensile strength, material utilization, tensile strength. 
 

INTRODUCTION 
 

The main damaging mechanism of reactive resin is the formation of isolated 

microcracks and their spreading. These microcracks often appear at the interface 

between particles and resin or in the area where air pores occur. An important aspect 

from the point of view of the strength of filled reactive plastics is adhesion defined by 

intermolecular forces at the interface between resin and soaked material. Cohesive 

characteristics are also very important; they define the strength of the mixture itself 

(strength at the interface between microparticles and resin). The optimal processes of 

hardening regarding the epoxy resin as well as the duration of the process are 

significantly affected by the soaking of the additive and theintermediate phase of the 

interaction according to Li et al. (2012). During the cross-linking process when reactive 

resin forms a matrix it is important to respect the technological requirements of the 

resin’s producer – primarily to observe the prescribed hardening temperature and time. 

Adhesion can be observed both at the interface of the filling material and resin and on 

mailto:valasekp@tf.czu.cz
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the boundary of the composite system and the adherent, to which the system is applied 

(Rudawska, 2008). 

The utilization of rubber powder for optimizing the properties of epoxy resin is 

described by Schoberleitner et al. (2013). Subramaniyan et al. (2012) used recycled 

rubber particles for improvement of the mechanical properties of a hybrid 

composite – polyurethane resins filled with fibre (Kenaf). The utilization of recycled 

rubber along with fibres is described by Cerbu & Curtu (2011), who increased the impact 

resistance of the composite on the basis of epoxy resin with glass fibres and recycled 

rubber particles. Zhao et al. (2011) describe that waste rubber particles can be also used 

for thermoplastic materials (EPDM particles). The authors performed experiments to 

assess the effect of the particles on the mechanical properties of polypropylene. The 

results prove that it is possible to improve the tensile strength of filled polypropylene 

with 20 vol.% of EPDM particles, as well as the endurance against impact. Serenko et 

al. (2005) claim that the use of rubber microparticles in a polymer matrix leads to the 

formation of defects, i.e., microcracks, which grow in the direction of the system’s 

tensile stress. 

Mutual interaction between reactive resins, for instance in the form of epoxy or 

polyurethane resins, and additives on the secondary raw material basis forms new 

materials. These materials can have remarkable mechanical characteristics, whose 

definition is crucial for thedetermination of applied areas. The utilization of 

microparticle additives on the basis of reusable materials (secondary materials) has been 

discussed in the papers of many authors. It is an economically favourable and sensitive 

way of recycling that should be preferred among other methods. 

The aim of the experiment is to describe the options for the utilization of anorganic 

microelements on the basis of reusable materials (EPDM of rubber powder) emerging 

during waste recycling in interaction with reactive resin. The following part of the 

experiment explores adhesive and cohesive characteristics in view of tensile strength and 

lap-shear tensile strength. The goal is also to verify the hypothesis about the influence 

of microparticle concentration in reusable material expressed in volume percentages on 

the resulting mechanical properties of resin. 

 

MATERIALS AND METHODS 
 

Preparation of test samples 

The matrix was represented by the two-component epoxy resin Glue Epox Rapid 

and the two-component polyurethane resin Sika Power 7723. Epoxides are suitable for 

the field of agriculture, as they are resistant to degradation (Cierna & Ťavodová, 2013; 

Müller, 2013a; Müller, 2013b). Test samples were created with 5–35 vol.% (vpr) of the 

filler (EPDM rubber powder) in the matrix. The filler was the EPDM rubber powder. 

This type of materials (secondary raw materials) are produced by Gumoeko, s.r.o. 

(Czech Republic), that specializes in recycling old and defective car and lorry tires and 

EPDM rubber used in cars (in accordance with the Waste Catalogue of the Czech 

Republic it is a non-hazardous waste). EPDM rubber (see Fig. 1) is used in the 

production of tubes intended for the distribution of liquids (fluids, brake fluid, etc.). 

EPDM rubber is very resistant to lasting deformation and also has a wide temperature 

range of use; it is resistant to soaking in addition to having a good resistance to polar 
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fluids and mineral acids. Gumoeko, s.r.o. processes the waste on the technological line, 

which produces rubber granules fractioned to the required size with a sieve. 

 

   
 

Figure 1. Product from the production line: EPDM rubber powder. 
 
The resin and filler mixture was prepared by mechanical mixing. The formation of 

air bubbles during mechanical mixing was prevented by using an ultrasonic vat. The test 

samples were cast into forms made of silicone rubber and hardened according to the 

technological requirements of the resins’ producer (see Fig. 2). The porosity was set 

based on the difference between the theoretical and real density which characterizes the 

quality of composite systems. 
 

 
 

Figure 2. Models for forming, forms, test samples (for testing hardness, tensile strength, abrasive 

wear). 
 
Laboratory tests 

The standard CSN EN ISO 868 was used as a guide for determining the hardness 

of the composite systems. The hardness of test samples was also determined via the 

Shore D method. The dimensions of the tested specimens were 35 x 25 x 9 mm. 

Test samples meant for determing cohesive strength by means of tensile strength 

were prepared according to the requirements of the standard CSN EN ISO 3167. 

Specimens were tested on a universal testing machine. The speed of cross beam motion 

was 6 mm min-1. The settings for the tensile characteristics test were in accordance with 

the standard CSN EN ISO 527. 
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Overlapping assemblies were made for the lap-shear strength test in the boundary 

adherent-filled system according to the standard CSN EN 1465. The surface of the 

1.5 mm thick steel sheets (S235J0), onto which the composite system (filled resin) was 

applied, was at first blasted using the synthetic corundum of the fraction F80 under the 

angle of 90°. In this way the average surface roughness of Ra = 1.44 ± 0.21 µm, 

Rz = 9.1 ± 0.34 μm was reached. Then the surface was cleaned and degreased using 

perchlorethylene. Surface preparation is important and should guarantee the good 

strength of the boundary adherent (Affatato et al. 2013; Novák 2011). 
Two-body abrasion was tested on a rotating cylindrical drum device with an 

abrasive cloth (grain size P220; Al2O3 grains) according to the standard CSN 62 1466. 

On the drum device, the tested sample is in contact with the abrasive cloth, which covers 

60 mm. During one drum turn of 360° the tested sample may have not been in contact 

with the abrasive cloth surface. The consequent impact of the tested sample with the 

drum simulates actual impact. The applied pressure force was 10 N. The mean of the 

tested samples was 15.5 ± 0.1 mm and their height was 20.0 ± 0.1 mm. 
One-factor ANOVA, reliability level α = 0.05 was used for statistical evaluation. 

The T-test was used for statistical comparison, while the zero hypothesis H0 (p > 0.05) 

shows that the statistical sets of data are comparable. 
 

RESULTS AND DISCUSSION 
 
The optical analysis determined the average size of rubber powder particles to be 

28 ± 16.6 µm, see histogram Fig. 3 (left). The size of most particles falls into the interval 

20–30 µm (40%). The morphology of rubber EPDM dust particles is shown in Fig. 3 

(right). 
 

 

 

 

Figure 3. Histogram of the size of particles, EPDM rubber powder (right), morphology of a 

particle of EPDM rubber powder (left). 
 

The lowest average porosity 5.03% was detected on the tested samples with resin 

Glue Epox Rapid (7.04% Sika Force 7723). Porosity and density of filled resin are shown 

in Table 1.  



727 

Table 1. Density and porosity of filled resins 

Resin (EP/PU) 
vpr  

(%) 

Density 

(g cm-3) 

Porosity 

(%) 

Glue Epox Rapid 5 1.15 5.34 

Glue Epox Rapid 10 1.15 4.42 

Glue Epox Rapid 15 1.15 5.06 

Glue Epox Rapid 20 1.15 4.19 

Glue Epox Rapid 25 1.14 6.22 

Glue Epox Rapid 30 1.14 4.32 

Glue Epox Rapid 35 1.14 5.67 

Sika Force 7723 5 1.48 6.38 

Sika Force 7723 10 1.46 8.69 

Sika Force 7723 15 1.44 5.95 

Sika Force 7723 20 1.42 8.90 

Sika Force 7723 25 1.41 7.63 

Sika Force 7723 30 1.39 6.27 

Sika Force 7723 35 1.37 5.46 

 

The hardness of the filled resin (Shore D) is shown in Fig. 4. While the ratio of 

EPDM rubber powder in the resin increased, the hardness decreased from about 11.2 to 

78.7 ± 1.0 (Glue Epox Rapid), the hardness of the polyurethane resin Sika Force 7723 

decreased from about 16.7 to 50.9 ± 2.4. The coefficient of variation related to the 

measuring did not exceed 4.8%. 
 

 
 

Figure 4. Influence of the EPDM rubber powder on resin hardness – Shore D. 
 
The decrease in lap-shear strength was proved with increasing the percentage of 

EPDM rubber powder (see graphical illustration and results of ANOVA, Fig. 5) in the 

mixture but the presence of 5% EPDM powder did not lead to a statistically 

demonstrable decrease in shear strength, see the results of a statistical analysis in Table 2 
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(zero hypothesis H0 confirms the hypothesis – there are no statistically significant 

differences between the compared sets of data, Glue Epox Rapid p = 0.38 and Sika Force 

p = 0.37). The higher percentage of rubber EPDM powder in these resins led to a 

decrease in hardness. The presence of rubber EPDM powder significantly increased the 

dispersion of measured values; this dispersion is revealed in the values of the coefficient 

of variation (up to 18% for Sika Force 7723). 
 

 
 

Figure 5. Impact of rubber EPDM powder on lap-shear tensile strength. 
 

 
Table 2. Statistical analysis (T-test) – lap-shear tensile strength 

T-test H0;  µ1 = µ2;  (p > 0,05) vpr (%) 

Resin 5 10 15 20 25 30 35 

0%: 5–35% / Glue Epox Rapid(EP) 0.38 0.01 0.00 0.00 0.00 0.00 0.00 

0%, 5–35% / Sika Force 7723 (PU) 0.37 0.03 0.00 0.01 0.00 0.00 0.00 

 

The used resins were characterised by cohesive failure. While the percentage of 

EPDM rubber powder (20–30%) increased, a predominate and special cohesive failure 

(SCF) occurred. The thickness of the layer filled resin between the adhesive and 

adherend increased with a higher percentage of EPDM rubber powder. 
Tensile strength decreased verifiably while the percentage of EPDM rubber powder 

in the resin (see Fig. 6) increased. The strength of the resin Glue Epox Rapid decreased 

from about 36.61 MPa to 13.48 ± 2.39 MPa and the strength of the Sika Force 7723 

decreased to the value 2.34 ± 0.78 MPa (3.49 MPa decrease). The coefficient of variation 

of the measurement increased with the inclusion of microparticles (filler) and reached 

the value of 33.5% (Sika Force 7723: 35%). 
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Figure 6. The influence of rubber EPDM dust on tensile strength. 
 

The statistical analysis is shown in Table 3: there is a statistically significant 

difference between the compared sets of data in all cases. Abrasive wear resistance 

decreased when EPDM rubber powder was added (see Fig. 7). 
 

Table 3. Statistical analysis (T-test) – lap-shear tensile strength 

T-test H0;  µ1 = µ2;  (p > 0,05) vpr (%) 

Resin 5 10 15 20 25 30 35 

0%: 5–35% / Glue Epox Rapid (EP) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0%, 5–35% / Sika Force 7723 (PU) 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

 

 
 

Figure 7. Abrasive wear resistance of test samples (volume losses) – abrasive cloth P220. 
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The experiment proved that the used epoxy polyurethane resins are able to form a 

new material with microparticle fillers on the basis of a secondary raw material. The 

viscosity of the used epoxy and polyurethane resins allowed to cast the samples without 

any difficulty. These conclusions are in compliance with the statements of many authors 

(Partridge, 1989; Müller, 2014) who confirmed the suitability of epoxy and polyurethane 

resins filled with different kinds of particles in their papers. Porosity was proved in the 

casted filled resins on the basis of their weight and volume (the difference between 

theorectical and real density). Porosity also became evident during the optical analysis 

of surface refraction performed with a stereoscopic microscope. The porosity of 

individual samples did not reach 10%. The higher values of porosity of the filled resins 

in question could be caused by the secondary characteristics of microparticles but may 

be also arise from the procedure with which the microparticle and resin mixture was 

prepared. 
The occurrence of air bubbles could be decreased, for instance, with the use of 

vacuum for the preparation of filled resin. The low tensile strength of resin filled with 

the microparticles of rubber confirms the conclusion of Sereneko et al. (2005), who show 

that the use of rubber microparticles in the polymer matrix leads to the formation of 

defects, i.e., microcracks, which spread in the direction of the tensile force of the system. 

The defects were evident on the refraction surfaces in the surroundings of the rubber 

particles. The decrease in the tensile strength of the resin filled with rubber dust (EPDM) 

is confirmed by Schoberleitner et al. (2013). These conclusions were proved correct 

owing to the experiment that was performed. 
 

CONCLUSIONS 
 

The results of this paper provide a range of application areas for the products 

produced by companies involved in waste processing. The results can be also used by 

companies that did not offer their products to be used for the purposes of this experiment, 

as well as companies which use epoxy or polyurethane resins. 
The use of secondary raw materials generally reduces the cost of resins (Valasek, 

2014). The price of the Resin Glue Epoxy Rapid (15 EUR Kg-1) may be reduced by 29% 

(i.e. 4.4 EUR) with a 35% inclusion of rubber particles. However, it is necessary to take 

into account the reduced mechanical properties described in this paper. The advantage 

in areas of application can be rubber’s ability to dampen impacts. For example, in 

agriculture, Müller et al. (2013) refer to the possibility of using adhesive bonds (resin) 

filled with rubber particles to fix the functional areas of soil processing tools – rubber‘s 

ability to absorb impacts can be used, while the shear strength of the material is good. 

The experiment confirmed that filled resins with a 5% concentration of the filler in both 

epoxy and polyurethane resins have the same shear strength as unfilled resins. 
 
ACKNOWLEDGEMENTS. This paper was written in the course of the grant IGA TF 2015, 
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microparticles determined with an experimental approach (2015:31140/1312/3107). 
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Abstract: This paper describes Plantograf V12, which is used for the investigation of the pressure 

distribution between an object, e.g. a foot sole or a tire tread pattern, and the transducer. It can be 

used for analysing steps, assessing the great joints and improving stability, as well as in the fields 

of sport medicine and car industry. The system processes variable time pressure signals in real 

time. The instrument has 16,400 sensors (with a diameter of 2.5 mm each in a matrix arrangement 

of 128 x 128) concentrated in the active area as large as 500 x 500 mm; it is able to sample and 

process up to 1,000 frames per second. A full frame is created by all 16,400 sensors. The pressure 

distribution frame is represented in 256 colour levels in a 2D or 3D model view and it is possible 

to post-process the measured data on a PC. The design of the electrodes, the properties of the 

transducers, the operating software and the pressure distribution measurements in biomechanics 

are presented in this article. 

 

Key words: Plantograf, conductive elastomer, electrodes, pressure distribution, tactile 

transducer. 

 

INTRODUCTION 
 

Plantograf V12 is a tactile transducer that is able to pick up tactile information from 

a particular object and convert this information into an electrical signal. This sensor is 

used in the following applications: measurement of static and dynamic pressure 

distribution, human steps analysis, sitting position analysis, pressure distribution, the 

analysis of a flat human foot, and the analysis of the status of great joints (Volf et al., 

1997; Volf et al., 2001). Plantograf V12 should fulfil the following conditions: the sensor 

should not affect the measured pressure distribution results, it should measure both static 

and dynamic load, and it should have sufficient sensitivity and accuracy in each point of 

the sensor matrix for the given application. These parameters are specified in a table of 

technical parameters of the Plantograf. This paper focuses on the description of the 

Plantograf V12 matrix design, the optimal electrode size determination, and the 

properties of the operating software. 
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MATERIALS AND METHODS 

 

Transducer design 

Plantograf V12 was designed with a view to minimizing the influence on the matrix 

measuring points and maximizing the matrix point sensitivity. The matrix design is 

shown in the patent application. Conductive elastomer CS 57–7 RSC is used as a 

converter between the force and electrical resistance (CS 57–7 RSC, 1980; Souza et al., 

2005; Soares et al., 2006; Barman & Guha, 2006). Part of the Plantograf V12 cross-

section is shown in Fig. 1. Both electrodes are corroded onto a single Cuflex film (the 

commercial name for elastic printed circuit) placed on the bottom part of the sensor 

matrix. Between the electrodes, changes in elastomer resistance are measured (Trinkl et 

al., 2011). The surface of each electrode is completely covered. The conductive 

elastomer and the electrodes are protected from mechanical wear by a non-conductive 

flexible material – the protective coating (Volf et al., 2012). 

 

 
 

Figure 1. Cross-section of Plantograf V12. 

 

Fig. 2 shows the principal layout of the electrodes at two adjacent sensors of the 

transducer. Real layout is more complex and it is realized by a multiply printed circuit. 

The arrow at the picture indicates the direction of the current between two circular 

electrodes of the sensor. It means that the current flows from the inner electrode through 

the conductive elastomer to the outer electrode. The common electrode, supplied by a 

voltage of 1.8 V, is used to mutual separation of individual sensors, which prevents – by 

hardware – the mutual interaction of the sensors. 
 

 

 

Figure 2. Four tactile sensors of the measurement matrix (the arrow indicates a change in sensor 

resistance). 
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Plantograf V12 uses new electronic circuits that are protected by a European patent 

(Novak & Volf, 2013). The electronic circuits consist of high-speed analogue-to-digital 

converters (ADC). Every ADC with an 8-bit resolution digitizes the signal from a simple 

RC circuit, where R represents sensor resistance. The counter measures the discharging 

period of capacitor C in the RC circuit. There are 128 such RC circuits – as many as the 

number of columns in transducer sensors. As a result, a full transducer line is converted 

at once. The converted samples are then processed for visualization (frames). All 

functions and control are integrated into a Xilinx Spartan 3 FPGA. These changes 

allowed the miniaturizing of the circuit and improved the speed of the whole system 

significantly. Currently the estimated rate is approximately 1,000 frames per second for 

a real time measurement. The sensors’ resistance values correspond to a digitized signal 

using 8 bit ADC (i.e. 0–255 levels). 

 

Software description 

The device is designed to measure pressure (point value) from the contact forces’ 

transducer, record it and provide a basic assessment. All previously measured data can 

be reverse-read to SW and processed (as if they were just measured), or they can be 

monitored and processed externally. The programme is not created as a closed unit; 

rather, it is a modular concept. SW is created by WIN 32 Microsoft NET C (DirectX 

graphic output). The users can easily create their own (for example mathematical) blocks 

using the so-called libraries. The device can be easily run from a connected PC. During 

each measuring, several parameters can be set independently, e.g. visualization of the 

recording speed, change of transducer signal gain from 0.5x to 5x, zero set of the input 

signal, trigger mode of recording, and synchronizing with other recording devices. All 

the recorded data can be stored in several data formats, e.g. working DAT files, TXT 

text files, BMP pictures or DivX or XviD video records. 

The operating software provides not only the monitoring and storage of the 

measured data, but also basic processing. During the monitoring, various operations are 

possible, such as displaying and rotating the frames, displaying the pressure centre and 

the histogram, creating custom horizontal and vertical cuts or selected regions and 

calculating their own pressure centres, creating a custom colour scale, making 2D and 

3D visualizations, creating video files from the recorded values, and lastly exporting the 

measured data into EXCEL. Besides display operations, the software also allows 

mathematical processing, e.g. creating a file record for a selected cut or region and 

including the cut course in all the (selected) frames. The record may also contain 

additional statistical data (minimum, maximum, sum, average value, COP, histogram 

etc.). 

 

RESULTS AND DISCUSSION 
 

Optimal electrode size determination 

A basic measurement task was carried out to determine the optimal electrode type 

for the application to give the sensors maximum measuring sensitivity. The measurement 

was performed automatically at a robotized workplace. All the measurements were 

performed in a static mode. The applied pressure was calculated from the diameter of 

the known electrode and the applied force was measured by the Hottinger transducer 
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DF2S-3. In this testing process the sensor’s properties relative to the electrodes’ design 

were measured; six different designs of the sensor electrodes were evaluated. 

The sensor electrodes had the following sizes and names: ØE = 2 mm, Ød = 0.4 mm, 

M = 0.1 mm – LH; ØE = 2 mm, Ød = 0.1 mm, M = 0.1 mm – PH; ØE = 2.5 mm, Ød = 0.4 

mm, M = 0.25 mm – LD; ØE = 2.5 mm, Ød = 0.1 mm, M = 0.25 mm – PD; ØE = 3.5 mm, 

Ød = 0.4 mm, M = 0.25 mm – OB; ØE = 3.5 mm, Ød = 0.4 mm, M = 0.25 mm – SB. 

The sizes of the measured sensor electrodes are displayed in Fig. 3. 

 

 
Figure 3. Sizes of the measured electrodes. 

 

 

 
 

Figure 4. Relative dependence of sensor resistance on the loading force G for different electrode 

types. 

 

Electrodes OB and SB have the same electrode size. Construction number 5 has 

placed the conductive elastomer separately only at the measuring sensor. Construction 

number 6 has got the conductive elastomer over its whole surface of the sensor matrix. 

Three different sensors for every design were selected for measurements. For the every 

selected sensor loading and unloading characteristic in the force range of 0.5 N – 9.5 N 

was measured 10 times. Uncertainties type A, B and C were calculated. Because of 

lucidity, only average values of the measurements are shown in Fig. 4. 
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Technical parameters and output of Plantograf V12 

Electrodes of the type LD were selected for the final Plantograf V12 design. The 

following technical parameters were obtained: 

Patient mass up to 150 kg; rated pressure range 5–100 kPa; permissible overload 

(lower sensitivity) 1.4 MPa; tire loading 3,000 kg; permissible overload (higher 

sensitivity) 14 MPa; transducer active area 500 x 500 mm; number of sensors 16,400 

pcs; sensor diameter 2.5 mm; transducer supply voltage +5 V; digital output 256 levels; 

frame frequency 1 kHz. 

 

Some of the areas of applications of the device are presented in Figs 5 and 6. Fig. 5 

shows images of human soles in a biomechanical application of the system. Fig. 6 

demonstrates a potential industrial usage of the system in analysing the pressure 

distribution between a tire and the road, as well as a further capacity of Plantograf – the 

determination of the centre of gravity using special computing software. 
 

   
 

Figure 5. 2D and 3D images of human soles. 

 

   
 
Figure 6. Determination of the centre of gravity and pressure distribution between a tire and the 

road. 

 

The resulting frames have a 256 level colour scale. An unloaded sensor is indicated 

by the colour grey, while loaded sensors are coloured from blue to red, representing a 

fully loaded sensor. 

 

Comparison with the competition 

In comparison with PLANTOGRAF V12, the competing products TEKSCAN, 

RSSCAN and XSENSOR have the following drawbacks, among others: 

 Limited recording period (buffer loading) – very short at high frequencies, longer 

at lower frequencies; one may not even manage to cross the sidewalk without the 

buffer already loading.  
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 Limited access to the data – measuring can be done in one walking direction only; 

the data are already pre-processed by software, RAW data (directly measured data) 

are unavailable; unstable software; the selection of arbitrary sections of the area is 

unavailable; one unanimous mask only; sometimes square regions. The software 

can analyse the sole of the foot only, it is unable to analyse other shapes. 

 The number of sensors in the monitoring area is smaller, just 4,500 (each one 

measuring 5.0 x 7.6 mm). The specified maximum frame frequency of 300–500 Hz 

is comparable with that of Plantograf. 

 In addition to sensor density and speed, the main advantages of our Plantograf 

include the SW modular concept, where SW can be arbitrarily extended depending 

on the needs of the user. Furthermore, the measured data export enables arbitrary 

data processing by the user. 

 

CONCLUSIONS 
 

This paper described the design, properties and technical parameters of Plantograf 

V12. The design of the tactile transducer Plantograf V12 is the newest in the Plantograf 

Vxx line. 

Measurement results show that sensor sensitivity varies by the design of the sensor 

matrix. Design type PH has the lowest sensitivity (Fig. 1), while design type SB has the 

highest one. The results confirm the possibility of using miniature sensors in a Plantograf 

system to measure the pressure between a subject (e.g. a human sole, tire, etc.) and the 

transducer. The device can be utilized efficiently both in medicine and in the automotive 

industry. 
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Abstract. Aim of the study was to measure telework usage and to explore interactions between 

health, workload and telework. Telework is work that is carried out outside the central office, 

involving new technology that permits communication. Work carried out at any time, at any 

place, has been very common in the case of research institutes and universities. This type of work 

has advantages and disadvantages for both an employee and employer. The study of telework was 

carried out in Tallinn University of Technology (TUT) where working at home has been very 

common for a long time. The questionnaires were sent to academic personnel. The study shows 

that academic employees preferred teleworking for better concentration on work and saving time 

and money. There was no significant difference in telework usage by age and teleworkers had 

fewer complaints about tired eyes, arterial hypertension and stress. 

 

Key words: telework, work hours, diseases, stress. 

 

INTRODUCTION 
 

Telework is work that is carried out outside the central office (often, on the go and 

at home), involving new technology that permits communication. Concept of telework 

was first introduced as telecommuting by Jack Nilles in 1976 (Nilleset al., 1976). It has 

much increased in many developed countries in Europe, America and Asia during the 

last decades. People have worked in homes from time immemorial. Teleworking hasn't 

‘invented’ any new places to work and principally new problems. It is a complex 

phenomenon that creates possibilities of a number of issues at present. It is important to 

redesign work life and support the work ability of older workers so that they are able and 

willing to work longer than before (Ilmarinen, 2009). Telework may be one of the 

options that quite easily provide flexibility to work life including older workers. The 

common myth that has to be dispelled is that older people have more difficulties when 

working with information communication technology. 

Work carried out at any time, at any place, has been very common in the case of 

research institutes and universities. This practice supports understanding that work does 

not refer to a physical place, but rather more to a set of activities carried out by people. 

This type of work has advantages and disadvantages for both an employee and employer. 

There are also circumstances when teleworking has more advantages or disadvantages. 

Teleworking proposes new challenges, as it raises the chances of people working in 

places which are not tailor-made as most workplaces. Many people like freedom to 

choose the place for work. 

http://www.ttu.ee/?id=20055
http://www.ttu.ee/?id=20055
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However it may reduce the results of work through less control. People who work 

too many hours from outside the central office experience more stress and health 

problems. In some occasions there is also threat of decreasing physical activity or 

overeating which may lead to increase of body weight. 

According to common understanding telework usage depends on workers age. 

Generally, young people are considered to be more interested in working outside the 

central office by using computers, mobile phones, tablets and internet, but some data 

(Arvola, 2009) were disproving this well-known position – young people were using less 

telework compared to their elder colleagues. 

The average age of academic staff is relatively high compared to most white-collar 

workers and it is increasing at present as is the age of all work-force in Estonia. 

Experienced and qualified academic employees remain on the job for a long time. By 

law no person may be discriminated on the basis of age in Estonia. While most legal, 

organisational, psychological and social aspects of telework have been widely studied 

according to the scientific literature, less attention has been paid to problems connected 

to the age of academic personnel and the influence on their health (see The Oxford 

Handbook, 2012). 

Sharit et al. (2009) studied managerial experience from a large variety of companies 

in the United States. The results presented a mixed picture with respect to the 

employability of older workers as teleworkers, and strongly suggested that less 

experienced managers would be more resistant to hiring older people as teleworkers 

(Sharit & Czaja, 2009). 

 

AGEING AND HEALTH 

 

Ageing is an accumulation of various types of damage in organism. A much longer 

life in healthy and youthful body has been human greatest dreams. Most ordinary people 

think that it is impossible. 

Health depends on workload. High workload of older people is harmful. There is 

close relationship between biological ageing and age-associated pathologies in humans. 

Age associated diseases appear as a result of ageing. They develop from ageing changes 

in the organism. Distinction of ageing from diseases is separating undefinable from 

undefined (Evans, 1988). 

European culture is fixed on eternal youth and middle-age. In official statistics, age-

groups are for youth and middle-aged (20–24, 25–29 years etc.) and mostly up to  

60 years. All older people are ‘older’. Medical research about older subjects is much 

rarer compared in people less than 65 years old. As a result of these peculiarities of 

medical research we don’t know well about hundreds of physiological parameters of 

older persons. We don’t exactly even know what the best weight and blood pressure is 

for older people. Many research articles showed that Body Mass Index (BMI) for  

65+ should be less than 25 (bigger BMI is worse), but many showed that BMI > 25 is 

the best for health of older people. In 13 studies, Chapman (2010) found increased 

mortality only above a BMI of 27–28.5 for 65+. 

There is need for experimental and longitudinal studies. Limitation of longitudinal 

studies on older workers is difficulties for that during years workers change professions 

and causes of this are very different, sometimes unhealthy working conditions. 
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SUBJECTS AND METHODS 

 

The study of telework was carried out in Tallinn University of Technology (TUT) 

where working at home has been very common for a long time. At present many retired 

professors (emeritus) participate in scientific work of the university at home. The 

research sample consisted of 259 academic staff members of TUT who were agree to 

participate and answer questionnaire and whose responses were suitable for analysis. 

The sample size was enough regarding the representativeness of the survey. Actual 

sample size is greater than minimum sample size (100,39) that was calculated as 

following (see Eq. 1) (Arvola, 2006). 
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The purpose of the study was to measure telework usage to identify the factors that 

have influence on health. The questionnaire consisted of open-ended (e.g. factors that 

influence teleworking, personal benefits concerning telework, disadvantages concerning 

telework) and closed-ended questions (incl. telework usage, about teachers’ mastery 

working with ICT equipment, about the size of their family, about the number and pages 

of publications and hours spent on scientific work (working with literature, planning and 

carrying out the research). Data about the time spent commuting between the university 

and home and about income were also included. Respondents were asked also about their 

health complaints concerning particular issues (e.g. high blood pressure and stress) on 

the scale 1–3, where 1 – do not occur, 2 – occurs rarely, 3 – occurs. 

The criteria for participating in survey was occupation (holding academic position, 

e.g. professor, lecturer, researcher). People older than 45 years were considered as older 

workers. Questionnaires were sent to academic staff by e-mail and by paper. Survey 

population was 1,253 academic employees in TUT. Questionnaires were sent on paper 

and by e-mail. 260 questionnaires were completed and returned. 259 of the 

questionnaires were considered to be suitable for analysis. One returned questionnaire 

was removed, because the respondent declared significantly more telework hours  

(70 hours a week) compared to second most intensive teleworker (42 hours a week). 

Therefore final sample size was 259 and response rate was 21%. 

 

RESULTS AND DISCUSSION 

 

Data from survey in TUT showed that older academic staff is productive 

(Kristjuhan & Taidre, 2010, 2012, 2013). The productivity was highest in age group  

56–65 years. Older academic staff published more articles per year compared to their 

younger colleagues. 
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According to telework usage survey in TUT in 2006 teleworking is widespread. 

There were no significant differences in teleworking usage by gender, but men tend to 

do 1 hour more telework a week compared to women. Majority (90%) of academic staff 

members that were 40 years old and younger evaluated their computer skills upper-

medium and professional level (Fig. 1). It was 52% in age group over 50 years. But only 

12 respondents (that was for instance 5% in age group 61–70 years) said that they can 

use a little when asked about their computer skills (e.g. 5% in age group 61–70 years). 

As results show, the vast majority of senior academic staff members do not have 

significant difficulties concerning working with computers. These survey results help to 

reject the common belief of elderly and ICT relationships. Academic staff members in 

TUT use computers regularly for filling their work tasks. Most of the work is organised 

in the way that the physical place of work do not matter and they have the access to 

information system and documents from any place that has internet connection. 

But as the gathered data was measured through self-evaluation, there is still a 

possibility that difference in self-evaluation and objective skills still exists. The survey 

did not provide answer for question if younger employees have higher estimation on 

their computer skills compared to their elder colleagues. 

 

 
 

Figure 1. Computer skills self-evaluation (number of respondents) by age. 

 

Present research shows that usage of telework doesn’t depend on academic staff 

members’ age (Arvola, 2009). Older academic staff used telework just a little more  

(see Fig. 2) than younger ones, but no significant correlation exists between age and 

telework usage. Nevertheless unlike in other age groups it was difficult to find 

respondents up to 30 years old who use telework more than 20 hours a week. In fact 

there was only one respondent in the youngest age group (36 respondents in this age 

group in total) whose estimation on telework usage in a week exceeded 20 hours. 
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With respect to overall stress level perceived working from office compared to 

working from outside the office (e.g. from home) the overall stress was perceived more 

often when working from office (Fig. 3). Most respondents did not perceive stress. 7% 

perceived higher or rather higher stress when teleworking while 49% respondents 

perceived lower or rather lower stress. 

 

 
 

Figure 2. Telework usage and age. 

 

 
 

Figure 3. Perceived stress level of employee when working outside the office compared to stress 

level at the office. 

 

Complaints of stress and hypertension varied according to same pattern by telework 

usage: non-teleworkers complained the most; respondents that teleworked 1 to 20 hours 
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per week had least complaints; and teleworking more than 20 hours per week brought a 

slight increase in complaints that still remained lower compared to non-teleworkers’ 

complaint’s level (Fig. 4 and 5). In Figs 4, 5 and 6 X-axis represents number of responses 

on assessment scale 1–3, where 1 – do not occur, 2 – occurs rarely, 3 – occurs. Telework 

usage did not caused significant increase in complaints of tired eyes, but as for stress and 

blood pressure, non-teleworkers had more complaints (Fig. 6). Survey results were not 

giving solid justification for the increase of complaints that go together with more 

teleworking. 
 

 
 

Figure 4. Complaints on stress. 

 

 
 

Figure 5. Complaints on hypertension. 
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Figure 6. Complaints on tired eyes. 

 

Lifelong employment in universities is enabled only in some countries (e.g. the 

United States). Second careers are possible for older specialists, including former 

academic staff, but academics have substantially changed the characteristics of their 

working activity. They start up their own firms, begin working as consultants and so on. 

Often these changes result in massive changes in lifestyle that can affect their 

competitiveness and health. Should specialists older than 65 be working in universities, 

either full-time or part-time when they want and are productive? 

In the past, it was rare to encounter such aged academic staff among faculty 

members. At present older persons are healthier and the working conditions are better. 

Older people have more time for work – their children have grown up. This means that 

they also have more time to rest and recover their work ability. 

It is often thought that senior academic staff offer experience, while the young offer 

new knowledge. However, knowledge is derived from experience. Peak work ability 

mostly comes earlier, but specialists are employed for their skills when they have yet to 

reach this peak. 
Most specialists are rarely interested in the questions of older healthy (not with 

decrepit) workers. These questions are mainly new for them. They don’t pay attention 

that there are some overlooked important benefits for employers of the old specialists: 

accumulated knowledge, work experience and discipline. 

In order to telework as good working conditions at home as at traditional workplace 

are necessary: good posture, body movements to avoid a static position all the time, task 

lighting, avoiding glare on the monitor. Working conditions can be better at home than 

in office because of greater flexibility. It is important to keep to a 'work day ritual'. 
Compared with traditional workplaces the problems of overwork are more probable and 

workers should not exaggerate. When workers feel tired they can make a pause more 

easily compared to traditional workplaces. Teleworkers do sometimes agreements with 

employer on number of telework hours, e.g. in universities of the United States. 
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Among older academic staff there are more people with disabilities compared to 

younger ones. Older persons have more health disorders acquired during their lifetime. 

These disabilities depend on biological ageing, and their living and working conditions. 

However there is also much positive and these disabilities are mostly not hindrances for 

teleworkers activity. 

The study shows that a majority of academic employees preferred teleworking for 

better concentration on work and saving time and money (see Fig. 7). There was no 

significant difference in telework usage by age and telework didn’t increase complaints 

about tired eyes, hypertension and stress. Research of some other authors (Lundberg and 

Lindfors, 2002) show that blood pressure is lower working at home than at office. 

 

 
 

Figure 7. Factors affecting teleworking preference. 

 

CONCLUSION 

 

The study shows that teleworking among academic staff is widespread and for some 

people even tacit. Irrespective of age academic staff members use ICT (incl. computers 

and internet) obviously and there are no evidence supporting the myth that older people 

difficulties with ICT and teleworking is not for older people. Academic employees 

preferred teleworking for better concentration on work and saving time and money. 

Factor that had least effect on telework preferences was obstacles to commute. There 

was no significant difference in telework usage by age and gender. Teleworkers had 

fewer complaints about health, tired eyes, hypertension and stress. Survey did not 

explained the reasons why more teleworking hours involve more complaints regarding 

stress, blood pressure and tired eyes, but as academic staff very often faces heavy work 

load, it might be caused by simple overwork. 

Further research is necessary to provide new knowledge about telework impact on 

people’s life. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lundberg%20U%5BAuthor%5D&cauthor=true&cauthor_uid=12396068
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Abstract. This thesis addresses the ergonomic problem of conflict between hand-operated 

mechanical brakes and center rests on certain types of vehicles. The hand brake is one of the basic 

means of control of a personal vehicle and its smooth and comfortable mastery directly affects 

traffic safety and driver well-being. The paper outlines a possible solution to this problem through 

the shape of the mechanical handbrake handle. The proposed solution is validated by using 

Tecnomatix Jack, which is primarily intended for solving ergonomic problems in the context of 

Digital Human Modeling. Specifically, in order to verify the solution, the Comfort Assessment 

tool is used, which in itself contains several published studies looking at driver comfort in 

accordance with the bending of specific joints. The results of this thesis can be used for future 

mechanical handbrake designs in cars. 

 

Key words: Handbrake, Driver Ergonomics, Digital Human Modeling, Personal vehicle. 

 

INTRODUCTION 

 

Currently, the issue of the ergonomics of passenger car cabins is considered an 

increasingly important part of the structure of a new vehicle (Ge et al., 2007; Wang et 

al., 2007). An optimally ergonomically-designed driver platform, as well as the crew of 

the car, plays a significant role in vehicle safety and the wellbeing of the driver and 

passengers (Reed, 1998). Today, the economic success of the car often depends on the 

ability to optimally design all of the control and communication elements of the vehicle. 

The mechanical handbrake is among the basic control elements of cars. Despite the 

emergence of many alternative solutions, for example on the basis of electronic controls, 

the mechanical handbrake is still widely used. It can be assumed that conventional 

control of a handbrake will not disappear in the future. However, the conventional 

solution for handling a handbrake, along with the armrest for the right hand (on the left 

side of the car for right-hand driving), creates a classic ergonomic problem whose 

solution has not yet been sufficiently and satisfactorily defined. 

For safe handling of a mechanical handbrake, the driver must involve virtually all 

the major muscles and three major joints of the upper limb – shoulder joint (articulatio 

humeri), elbow joint (articulatio cubiti) and wrist joint (articulatio radiocarpalis). In 

mailto:jabko@tf.czu.cz
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addition, in order to grip the (flexi) handle of the mechanical handbrake, the driver must 

use also use finger joints. In some cases, movement of the torso is also involved, which 

helps the upper limb in reaching the handle. Even though the mobility of the upper limbs 

of a healthy person is very large, there is a range of rotation of each of the joints during 

which a person can feel considerable symptoms of discomfort (Kapandji, 2007). These 

ranges can be achieved when operating conventionally-designed and situated 

mechanical handbrakes while interacting with the armrest. This paper deals with one 

possible solution to this ergonomic problem, which is based on the structural and shape 

adjustment of the handle of the mechanical handbrake. 

In order to resolve the above problem, a hypothesis was formulated that suitably 

adjusting the design of the handle of a mechanical handbrake will decrease the amount 

of flexion required for each of the affected joints, and thus improve the overall level of 

ergonomic solutions for passenger cars. 

 

MATERIALS AND METHODS 

 

All of the measurements described below are shown in degrees and are based on a 

so-called basic anatomic position, which is important for determining the direction and 

extent of bending of each joint and represents the zero reference position for all of the 

derived measurements. This position is defined as an erect position with upper limbs 

hanging loosely at the sides of the body with palms facing forward. The position of the 

lower limbs is not important for the case being evaluated, and will therefore not be 

examined in this investigation. 

 

Software and analytical tools 

In order to accurately identify and test the hypothesis, the Tecnomatix Jack 

software tool was used, which is primarily designed to assess the ergonomics of a person, 

and which contains the analytical tools for evaluating the above hypothesis. 

In practice, it is very difficult to physiologically define the natural range of motion 

of a person’s individual joints. There are a number of values in professional literature 

that are divergent in degrees, and that is why ranges that are defined by the Tecnomatix 

Jack program were used for this study. This program uses the knowledge of several 

ergonomic studies that deal with the comfort of a driver while driving (Porter & Gyi, 

1998; Krist, 1994). It also uses these ergonomic studies, inter alia, for determining the 

ranges of rotation of the joints of the upper limbs specified below.  

Table 1 shows the bending ranges of individual joints of the upper limb as they are 

set out in the basic module of the Tecnomatix Jack program. According to basic human 

physiology findings, the elbow joint can be bent in only one plane, and therefore only 

values of angles on the Y plane are used. 

 

Table 1. Ranges of rotation of the joints of the upper limb according to the Tecnomatix 

Jack program 

Joint X(°) Y(°) Z(°) 

Articulatio humeri 0–180 -45–135 -135–90 

Articulatio cubiti – 0–142 – 

Articulatio radiocarpalis -85–100 -45–45 -113–77 
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Spatial situation of the location of a mechanical handbrake in a passenger car 

Due to the differences in the design of individual types of vehicles, it is evident that 

the structure and relative position of the handbrake handle and armrest will vary in 

individual vehicle models. It is not the aim of this study to describe a specific solution, 

but rather the general principles, and thus a model universal solution was created which 

does not assume the particular dimensions of any real type of vehicle, but instead only 

serves to demonstrate the chosen principle of the solution. This solution, however, is 

generally dimensionally-based on mid-sized VW vehicles. The aim of this study is not 

to identify specific, precise dimensions and values, as they are very variable with respect 

to statistical models of the population. 

In order to create a spatial arrangement model, the following dimensions were 

determined: 

- Height of armrest above the lower level of the seat. 

- Height of the axis of the handle of the handbrake above the lower level of the 

seat. 

- Distance of the axis of the handle of the handbrake from the longitudinal axis 

of the seat. 

As is evident from Fig. 1, the test environment is based on the classic location of 

the mechanical handbrake and armrest.  
 

 
 

Figure 1. Situational drawing of a general seat in a passenger car with armrest and handbrake. 

 

It is clear that in particular due to the influence of height-adjustable seat, the spatial 

situation will change depending on the height of the seat. Therefore, it is necessary to 

select one test position, which in this case represents a distance of 96 mm between the 

top edge of the armrest and the axis of the handle of the handbrake, 7 mm between the 

axis of the handle of the handbrake and the lowest point of the seat, and 336 mm between 

the axis of the handle of the handbrake and the longitudinal axis of the seat. In order to 

operate a conventional mechanical handbrake, as described above, the driver must 

achieve limiting bends, in particular in the wrist Joint (articulatio radiocarpalis), as was 

empirically determined. These torsions are achieved with this solution despite the fact 
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that there is practically a direct interaction between the forearm and the armrest  

(see Fig. 2), and hence this leads to the inconvenient deformation of the forearm. 
 

 
 

Figure 2. Position of the driver when gripping the handle of the mechanical handbrake with a 

classic design  

 
Solution Methodology 

In order to confirm the hypothesis that an appropriate adjustment to the handle 

design of the mechanical handbrake handle will lead to a reduction in the required 

flexion of each affected joint, initial conventional solutions were defined based on the 

classic placement of the mechanical handbrake and armrest in a passenger vehicle. 

Furthermore, structural modifications were designed for the handle, and both solutions 

were implemented as a 3D model and transferred to the Tecnomatix Jack program, where 

they were numerically analysed and verified. 

A 50 percentile male dummy from the ANSUR (Clauser, 1988) database was used 

in the Tecnomatix Jack testing program. It had a height of 176 and weight of 78 kg for 

testing both solutions. At the beginning, the dummies used for all imaging solutions have 

the same working position based on the position of the driver while driving the vehicle. 

A difference in the positions of individual dummies only occurs in the event of rotation 

of joints necessary for achieving a handle of the mechanical handbrake so as to avoid 

penetration between the forearm and the body of the armrest. The bends of other joints 

remain the same so long as there is no rotation caused by movement of the upper limb. 

These secondary movements of joints relate in particular to the spine. 

A simple comparison of the rotation of individual angles of the joints of dummies 

in various positions was used for evaluation, as well as the comfort of the driving 

position according to the Dreyfuss 3D study (Tilley, 2002). The comfort values 

presented in Henry Dreyfuss Associates ‘The Measure of Man and Woman’ (Tilley, 

2002), represent a compilation of comfort values from a variety of sources. These 

sources include Grandjean, Pheasant and NASA studies (Grandjean, 1987; NASA, 1978; 

Pheasant & Chasle, 1986). These data are more general than either Rebiffé or Grandjean, 

applicable to most sitting tasks. In some regards, the Dreyfuss 3D study uses a different 

methodology for evaluating the range of bending of joints than the basic Tecnomatix 

Jack module, wherein, on the basis of own parameters, it defines the level of comfort of 

the driver in a determined position. Yet the main parameters defining the bending of the 

joints of the upper limb and the bending of the torso are defined similarly to the basic 

Tecnomatix Jack module. 
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RESULTS AND DISCUSSION 
 

In order to achieve smaller angles of bending of the individual involved joints, it 

was necessary to choose a design modification that would primarily minimize the 

bending of the wrist Joint (articulatio radiocarpalis). After a series of tests, an optimal 

solution was chosen in which the mechanical handbrake handle was rotated by 110° 

toward the driver (Fig. 3). This structural adjustment was implemented as a 3D model 

and then confirmed in the Tecnomatix Jack program. Based on the methods described 

above, it was experimentally ascertained that such a selected handle shape better 

corresponds to the natural physiological position of the upper limb than the 

conventionally used solution (Fig. 4). 

 

 
 

Figure 3. Overview of the designed structural solution with the handle bent at an angle of 110°. 

 

 
 

Figure 4. Position of the driver whilst gripping the handle of the handbrake with the structural 

design solution in both extreme positions. 

 
Tables 2 and 3 show the resulting measured values of angles during bending of all 

of the involved joints. It is evident from the values that in particular during bending of 

the wrist joint (articulatio radiocarpalis), the newly selected structural solution 

significantly reduced the ranges of bending (Table 1). The original solution forced 

drivers to achieve maximum torsion of the wrist joint on two levels, indicating a high 

degree of discomfort during the control process. 
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Table 2. Ranges of rotation of the joints of the upper limb according to the Tecnomatix Jack 

program 

   

  

Elbow Wrist rotation Shoulder rotation 

Y Y X Z Elevation Ant/Post Rotation 

  Ranges (°)  0–142 -45–45 -85–100 -113–77 0–180 -45–135 -135–90 

New 

handbrake 

Down (°) 11 5 10 77 49 74 -33 

Up (°) 63 4 33 62 21 59 -20 

Classic 

handbrake 

Down (°) 21 -16 -40 77 51 75 -126 

Up (°) 92 -45 8 77 9 58 -35 

 

 
Table 3. Ranges of rotation of the upper torso and rotation of the torso in the area of the L5 

vertebrae according to the Tecnomatix Jack program 

   

  

Rotation of the upper torso Torso rotation - L5 

Flex Axial Lat Y Z X 

  Ranges (°)  -52–84,5 -43–43 -40–40 -6,5–11 -2–2 -4–4 

New 

handbrake 

Down (°) 74 -5 15 11 -1 3 

Up (°) 73 0 0 11 0 0 

Classic 

handbrake 

Down (°) 74 -9 15 11 -1 3 

Up (°) 74 -5 15 11 0 3 

 
In order to achieve optimal gripping of the handbrake, it is also necessary to involve 

the movement of the spinal vertebrae and upper torso. In this area, it is once again 

necessary to base the results on the principle of the depiction of the human body as in 

the Tecnomatix Jack program. Movements of the spine and upper torso are divided into 

two parts – the upper part of the torso bends smoothly via the progressive involvement 

of all of the vertebrae (shown in Table 3 – the values of ‘rotation of the upper torso’) and 

the entire torso as a unit with the pivoting point at the L5 vertebra (shown in Table 3 – 

the values of ‘torso rotation – L5’). In terms of the bending of the spinal vertebrae, the 

changes between the conventional and the modified solutions are not as evident as in the 

case of the upper limb. Nevertheless, it is necessary to specify them within the complex 

perspective on the issue. 

The proposed solution was also subjected to testing using the Dreyfuss 3D study. 

The comfort studies describe comfortable joint posture ranges. The graphs (Figs 5, 6, 7, 

8) shows the name of the joint, a bar graph indicating the current deviation from the 

mode, and text values for the current value, as well as the range and mode of the comfort 

range. The mode is the ‘most often adopted’ posture. Fig. 5 and 6 show the main 

differences in the evaluation of the comfort of the driving position between the 

conventional and modified solutions when the handbrake is in the down position. 
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Figure 5. Conventional solution – down position. 

 

 

 
 

Figure 6. Modified solution – down position. 

 

Figs 7 and 8 show the main differences in the evaluation of the comfort of the 

driving position between the conventional and modified solutions with the handbrake in 

the up position. The dark grey-marked values represent the state when the joints achieve 

bending angles that are defined as uncomfortable. The graphs show that even according 

to the Dreyfuss 3D study, the modified solution exhibit better results than the 

conventional arrangement, in particular in the wrist area. 
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Figure 7. Conventional solution – up position. 

 

 

 
 

Figure 8. Modified solution – up position. 

 

 

CONCLUSIONS 

 

The measured values of the solution of the ergonomic conflict of the mechanical 

handbrake and armrest in a passenger car that are shown above indicate that this solution 

offers the possibility to significantly improve the comfort of drivers. Despite the fact that 

in view of the aforementioned facts it is not possible to precisely dimensionally specify 

the solution, the solution can be utilized as a general concept in terms of an approach to 

the structural solution of the handling of a mechanical handbrake. In the model 

arrangement of the handbrake, seats and armrest position that is described in this paper, 
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important differences were ascertained in the values of the bending of the joints of the 

upper limb between the classic solution and the proposed solution. In particular in the 

case of the wrist joint, these are notable differences, and it can therefore be stated that 

the use of the structural design solution with the bent mechanical handbrake handle 

significantly increased the comfort of the driver. The proposed solution can be described 

as a technologically easily-resolvable change to the cab structure, and it would not be 

necessary to invest economically-significant development and production costs in order 

to implement the solution. 
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Abstract. The aim of this paper is to present results of microclimatic research focused mainly on 

dust pollution in several offices of Departments in the Faculty of Engineering at Czech University 

of Life Sciences Prague. The attention is paid to the dimensions of the room, floor covering, 

furniture, equipment, ventilation, frequency of the use and period of the year. In the frame of this 

research the concentration of air dust was measured by special exact instrument Dust-Track 

aerosol monitor. After the installation of different impactors the PM1, PM2.5, PM4, PM10 size 

fractions were also measured. The obtained results of measurements were evaluated by the 

statistical instruments and concentrations of different size of dust particles were analyzed. Results 

of different indoor conditions were generalized. Based on the results of measurements practical 

recommendations for the design, use, cleaning and ventilation of these types of rooms and 

buildings were summarised in the conclusions. 

 

Key words: air, dust fractions, floor, indoor environment, measurement. 

 

INTRODUCTION 

 

Dust is one of the most common pollutants, which people face in everyday life and 

in their work activities. By dust we understand air pollution particles of matter that 

dispersed in the air create aerosols. Dust is characterized by a concentration, size and 

properties of dispersed particles. On all of those characteristics depends the influence on 

health. The harmful effect of dust on humans is very wide. Evaluation of dust depends 

on the origin, nature and size of the dust particles, on its concentration in the air, but also 

on the length and conditions of action, and on the human individual sensitivity to dust. 

The attention to dust is paid in many research works, e.g. Skulberg et al.(2004), Bouillard 

et al. (2005), Mølhave (2008), Mølhave et al. (2009), Buchholz et al. (2011), Nõu & 

Viljasoo (2011), Brodka et al. (2012). 

Particles of internal dust are generated primarily by internal surfaces and devices 

of buildings, textile materials used in the interior, sloughing skin cells from people, etc.; 

part of household dust comes from atmospheric dust outside. 

Over many years of research, it was found that the effect of solid dust particles on 

health depends mainly on their size. Particles bigger than 100 µm have relatively little 

importance for human health, because due to its considerable weight quickly settle. The 

size of dust particles is 1 to 100 µm, particles larger than 30 µm, are known as coarse 

dust in the environment and in normal conditions also quickly settle. In terms of human 

respiratory tract larger particles do not cause major problems, since they are recorded on 

the hairs in the nose and do not penetrate further into the airways (Hollerova, 2007). 

mailto:kic@tf.czu.cz
http://www.scopus.com/authid/detail.url?authorId=55192972000&amp;eid=2-s2.0-84859977437
http://www.scopus.com/authid/detail.url?authorId=55193496900&amp;eid=2-s2.0-84859977437
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Inhalable fraction of dust means a set of airborne dust particles that can be inhaled 

through the nose or mouth. Respirable fraction means the weight fraction of inhaled 

particles which penetrates into the respiratory tract where is no ciliated epithelium and 

in alveoli.  

Particles smaller than 10 µm (Particulate matter PM10) are of great biological 

importance because they can penetrate behind the larynx into the lower airways. 

Therefore these particles are called inhaled particles or thoracic particles. These particles 

can settle in the bronchial tubes (PM2.5), or penetrate into the alveoli (PM1) or to the 

blood (nanoparticles) and cause health problems (Hollerova, 2007).  

Fromme et al. (2007) evaluated indoor air quality and dust particle fractions (PM10 

and PM2.5) in 64 schools during the winter and summer. The winter concentrations 

PM10 = 91.5 µg m-3 and PM2.5 = 19.8 µg m-3 were significantly reduced in summer 

PM10 = 64.9 µg m-3 and PM2.5 = 12.7 µg m-3. Heidorf et al. (2009) measured PM10 in 

classrooms with objective to study impact of cleaning. Intensified cleaning showed a 

significant decrease in all classrooms from 79 ± 22 µg m-3 to 64 ± 15 µg m-3. 

Problems of dust inside the houses and rooms are also as the dust can be source of 

house dust mites which are present indoors wherever humans live. Positive tests for dust 

mite allergies are extremely common among people with asthma. According to the WHO 

(2000) and Hurley et al. (2005) long-standing increased concentration of dust particles 

PM10 results in an increase in total mortality. 

As the university staff spend a large portion of days in the internal environment of 

buildings and rooms, it is important to know what the situation inside their offices is. 

The aim of this paper is to present results of microclimatic research focused mainly on 

dust pollution in several offices of Departments in the Faculty of Engineering at Czech 

University of Life Sciences Prague. 

 

MATERIALS AND METHODS 

 

This research work and measurements of the actual values were carried out in three 

offices of Departments in the Faculty of Engineering at Czech University of Life 

Sciences Prague. All rooms are situated in the same building, two of them in the same 

corridor in the third floor, one in the second floor. The rooms have the same dimensions: 

floor area about 20 m2, volume 66 m3 and inside is one person. 

The first office (A) is equipped with 12 upholstered chairs and the floor covers PVC 

flooring, the second office (B) is furnished  with 8 upholstered chairs and the floor covers 

carpet covering from wall to wall, the third office (C) is equipped with 5 upholstered 

chairs and the floor covers PVC flooring. 

Offices A and B were during the measurement within normal operating conditions 

(relatively well organised and clean), two days after cleaning. Office C was also two 

days after cleaning, but the lockers were opened, taking out a lot of books, research 

reports, papers, etc., (total chaos, disarray). There was also measured in this office 

another day (C2), immediately after cleaning (wiping down the floor). 

The total concentration of air dust was measured by special exact instrument Dust-

Track aerosol monitor. After the installation of different impactors the PM10, PM4, PM2.5, 

PM1 size fractions of dust were also measured. Measured dust inside the offices is not 

aggressive, it has properties as house dust, therefore, as a criterion for evaluation of the 
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measured values was selected the limit level of outdoor dust, which is 0.050 mg m-3 

(50 µg m-3). 

The 90 data of dust concentration for total dust as well as of each fraction size in 

each room were collected. The obtained results of dust measurements were processed by 

Excel software and verified by statistical software Statistica 12 (ANOVA and TUKEY 

HSD Test).  

 

RESULTS AND DISCUSSION 

 

Principal results of dust measurement are summarized and presented in the  

Figs 1–4 and Tables 1, 2. The Fig. 1 presents results of measurement inside the office A. 

The average concentration of total dust pollution was lower than limit level 0.050 mg m-3. 

About 15% are large particles of dust over PM10, which is not so dangerous from the 

human health point of view. About 54% of dust was size fraction PM1 which can cause 

health problems. 
 

     
 

Figure 1. Concentrations and percentage of size distribution of dust fractions inside the office A. 

 

Fig. 2 presents results of measurement inside the office B. Average concentration 

of total dust pollution was lower than limit level 0.050 mg m-3. About 55% of dust was 

size fraction PM1 which can penetrate into the alveoli and cause health problems. The 

smallest percentage of dust fractions about 8% is the large particle of dust over PM10. It 

can be supposed, that the biggest dust particles are fixed in the carpet. 
 

      
 

Figure 2. Concentrations and percentage of size distribution of dust fractions inside the office B. 
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Fig. 3 presents results of measurement inside the office C. The average 

concentration of total dust pollution was lower than limit level 0.050 mg m-3. About 54% 

of dust was size fraction PM1 which can cause health problems. About 14% are the large 

particles of dust over PM10, which are not so dangerous for the human health. 
 

       
 

Figure 3. Concentrations and percentage of size distribution of dust fractions inside the office C. 

 

The results of dust measurements were compared by statistical analyse (Table 1). 

The total dust concentration in the room C was significantly lower than the 

concentrations in the rooms A and B. Concentrations in the rooms A and B could be 

considered as equal (TUKEY HSD Test, P = 0.43). The other all differences between 

concentrations of fractions in all offices were statistically significant (TUKEY HSD Test, 

P ≤ 0.05). 
 

Table 1. Mean values in µg m-3 of total dust concentration and concentration of dust fractions 

PM10, PM4,  PM2.5 and  PM1 in offices A, B and C. Different letters (a, b, c) in the superscript are 

the sign of high significant difference (ANOVA; Tukey HSD Test; P ≤ 0.05) 

Office Concentration 

total  

Concentration of dust fractions 

PM10 PM4 PM2.5 PM1 

A 47 ± 5a 40 ± 3a 30 ± 2a 30 ± 1a 25 ± 1a 

B 48 ± 5a 45 ± 4b 38 ± 2b 33 ± 1b 27 ± 1b 

C 44 ± 7b 38 ± 4c 31 ± 1c 29 ± 1c 24 ± 1c 

 

The floor covering in the rooms A and C enables easy cleaning by wiping the floor 

with a wet rag. To know the effect of wiping, the measurement of dust was repeated in 

the room C two hours after the wiping of the floor. The results of the measurement (C2) 

are presented in the Fig. 4. 

These results were compared with the measurement before the wiping and 

statistically evaluated (Table 2). The all differences between total dust concentrations 

and all fractions in both measurements were statistically significant (TUKEY HSD Test, 

P ≤ 0.05). 

All dust concentrations (total dust as well as size fractions) in the room C after the 

wiping C2 were significantly lower than before the cleaning. It is obvious from the Fig. 4 

that mainly the percentage of largest particles was reduced from 14 to 5%. On the 

contrary, the percentage of the smallest particles increased from 54 to 72%. 
 

14%

14%

6%

12%

54%

> 10 μm 4 < 10 μm 2.5 < 4 μm
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Figure 4. Concentrations and percentage of size distribution of dust fractions inside the office C 

after the wiping of the floor C2. 

 

 
Table 2. Mean values in µg m-3 of total dust concentration and concentration of dust fractions 

PM10, PM4, PM2.5 and PM1 in office C before and after wiping C2. Different letters (a, b) in the 

superscript are the sign of high significant difference (ANOVA; Tukey HSD Test; P ≤ 0.05) 

Office Concentration 

total  

Concentration of dust fractions 

PM10 PM4 PM2.5 PM1 

C 44 ± 7a 38 ± 4a 31 ± 1a 29 ± 1a 24 ± 1a 

C2 31 ± 3b 30 ± 2b 26 ± 1b 25 ± 1b 22 ± 1b 

 

CONCLUSIONS 

 

The results of measurements in the University offices showed that: 

 average concentrations of dust in offices was not over the level 0.050 mg m-3, 

 the biggest percentage of dust particles are small size particles PM1, 

 rather bigger influence on the indoor pollution by dust has floor covering, 

especially the carpets are the source of dust, 

 floor PVC covering is more suitable for the floor than the carpet, as it enables easy 

cleaning of floor by wiping, which is important for reduction of dust inside the 

rooms,  

 the equipment which is used inside the room, especially the cloth seats furniture, 

rather increases the indoor air pollution by dust, 

 previous factors are more important than the total chaos and disarray inside the 

room. 
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Abstract. The aim of this study was to investigate the effect of weak static magnetic fields on 

human heart rate variability (HRV). So far, literature has mainly focused on the health effects 

induced by strong static magnetic fields. HRV is a temporal fluctuation of heart rate, which the 

literature has shown to be an adequate indicator for assessing the state of the autonomic nervous 

system. By autonomic nervous system one could also assess in real time if and when the organism 

falls into stress. In this blind experiment the subjects were exposed to 150 microTesla magnetic 

field for a few minutes. The heart activity of the subjects (n = 116) was recorded and the dynamics 

of the HRV frequency components i.e. reaction of the sympathetic and parasympathetic nervous 

system analyzed by repeated measures analysis of variance (ANOVA). No statistically significant 

difference (p < 0.05) were found in low frequency (LF), high frequency (HF), total power (TP), 

HF/TP ratio, LF/HF ratio nor between hear rate (HR) means in between the exposure and pre- or 

post-control stages of the experiment. However, observations made by the researchers suggest, 

that a small portion of the population may indeed be affected by slightly elevated static magnetic 

fields but the screening method needs further elaboration. 

 

Key words: static magnetic field, heart rate variability, HRV, autonomic nervous system. 

 

INTRODUCTION 

 

Scientific literature is scarce in regard to studies on weak static magnetic fields 

effects on humans. The literature has mainly focused on strong magnetic fields, such as 

present in industrial processes like electrolysis, aluminum production and other activities 

which consume a lot of electrical current. Also, strong static magnetic fields can be 

encountered close to magnetic resonance tomography (MRT) devices and some other 

medical therapy devices. Close to such instruments the magnetic field may vary extend 

from hundreds of milliTeslas to few Teslas. In comparison, the natural magnetic field in 

Estonia is about 51 microTeslas (µT). The public safety limit for static magnetic fields 

in Estonia is 40 milliTeslas (mT) (MS, 2002). Based on the new European directive 

(2013/35/EU) the maximum allowed occupational exposure is even higher: 2 or 8 
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Teslas (T) depending on whether the environment is controlled or not (EP, 2013). The 

afore mentioned safety limits are set to prevent well known sensory or health effects 

induced by the static magnetic field. The field strength applied in this study is several 

orders of magnitude lower than legal safety limits. Such low field strengths may also be 

encountered near larger ferromagnetic objects, e.g. construction supporting structures 

where a lot of iron is applied. 

HRV is an expression of a heart rate variation in time in between consecutives 

heartbeats (R-R interval). The recorded R-R intervals compose a rythmogram that is 

subjected to a time domain analysis (mean and standard deviation of heart rate) and 

frequency domain analysis (power in the low and high frequency spans and total spectral 

power TP over all of these spans). 

In recent times HRV has found more use as both diagnostic tool and therapeutic 

guide in the field of medicine. HRV has been confirmed as a diagnosis tool for the state 

of the autonomic nervous system (Malik et al., 1996; Melillo et al 2011) and as a 

predictor of survival in heart failure cases (Ho et al., 1997). 

Chronic heart failure is associated with autonomic dysfunction, that can be 

quantified by measuring HRV. A reduction in standard deviation of all normal RR 

intervals (SDNN) identifies patients at high risk of death and is a better predictor of death 

due to progressive heart failure than other conventional clinical measurements (Nolan et 

al., 1998). 

Altered HRV and heart rate dynamics have found to have prognostic significance 

for the progression of coronary artery disease and mortality after certain heart conditions 

(Jokinen, 2003). HRV biofeedback has been successfully used to decrease major 

depressive disorder (Karavidas, 2008). 

HRV has been utilized only by some researchers to investigate the effects from the 

electromagnetic fields. Andrzejak et al. (2008) exposed 32 students to a radiofrequency 

electromagnetic field from a mobile phone call (20min) and found an increase in 

parasympathetic tone while sympathetic tone was reduced: low frequency (LF) / high 

frequency (HF) ratio got lower during the call (Andrzejak et al., 2008). 

Parazzini et al. exposed subjects to a full power (2W) of a GSM mobile phone and 

concluded that there were no statistical significant effect on the main (R-R mean) and 

most of the rest HRV parameters due to the EMF exposure. However, a weak interaction 

between some HRV parameters (SDNN, TINN, and triangular index in time domain and 

LF power in frequency domain analysis) and RF exposure was observed (Parazzini et 

al., 2007). The group’s later analysis using nonlinear dynamics of HRV on the same data 

set, also showed no statistically significant effect due to GSM exposure (Parazzini et al., 

2013). 

Wilén et al. (2007) investigated HRV of the radiofrequency (RF) plastic sealer 

operators (n = 35) and found a significantly increased total power (TP) and very low 

frequency (VLF) power during nightshift amongst RF operators as compared to the 

control group. The RF sealer operators exhibited relative increase in parasympathetic 

cardiac modulation, which the authors hypothesized to be a result of chronic low level 

RF exposure on the thermoregulatory mechanism of the body, rather than from the non-

thermal mechanism on the cardiovascular system (Wilén et al., 2007). 

A study by Bortkiewicz et al. (2006) concluded that worker exposed to elevated 

levels of 50 Hz electromagnetic fields influences neurovegetative regulation of the 

cardiovascular system: the relative risk of decreased HRV was significantly higher in 
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the exposed group as compared to the control (OR = 2.8). According to their findings, 

VLF exhibit significantly more power in the exposed group and even correlate with the 

exposure; also, in the exposed group there were more people with dominant sympathetic 

function (LF/HF>1) (65%) than in controls (47%) (Bortkiewicz et al., 2006). 

All consumer electronics must comply with legally set safety limits, which 1) in 

case of radiofrequency fields are set to prevent health effects from heating of the tissues, 

2) to prevent electric stimulation of peripheral and central nervous system tissues (1Hz-

10MHz) and 3) to prevent vertigo and other physiological effects related to disturbance 

of the human balance organ resulting from moving in a static magnetic field (ICNIRP 

1998; CEC 1989 & 1999; EP 2013). The scientific literature has also suggested other 

health effects, e.g. Bioinitiative report (2010; 2012), but these are yet not well 

accepted/confirmed by the whole scientific community, as the underlying mechanism is 

often unclear and the experiments are not always repeatable (Bioinitiative, 2010 & 2012; 

EHFHRAN, 2010). 

The literature does not however provide studies done involving HRV-analysis and 

weak static magnetic fields from the point of view of this study. However, there exists a 

niche of research of fluctuations in the natural magnetic field of the Earth and their 

induced health effects. Some of these studies have investigated HRV during magnetic 

storms. Cornélissen et al. (2002) in their review article concluded magnetic field 

fluctuations to decrease heart rate variability. Such magnetic storm events were seen 

mostly to decrease spectral power of VLF (< 0.04Hz) and LF band (0.04–0.15Hz) and 

no influence on HF band (0.15–0.40Hz) (Cornélissen et al., 2002; Chibisov et al., 1995; 

Otsuka(ed.) Proceedings, 2000). 

This study was conducted to investigate the effect of weak static magnetic fields on 

human heart rate variability (HRV). 

 

MATERIALS AND METHODS 
 

The current study is about exposing the subject to a weak static magnetic field and 

analyzing the dynamics of heart rate variability. The nominal field strength at the center 

of the subject’s head is ~150 µT which in case of static magnetic fields may be classified 

as very weak. 

The subjects of the study are voluntaries in different ages. The measurements were 

conducted in the companies and other types of organizations and facilities, where the 

members of that organization were invited to participate in the study. People under heart 

medication were excluded from the sample. Also, people who reported their health being 

weak or sick were also excluded from the sample. The test was performed individually 

with each subject. The subject was placed in a private space separated from the test 

operators. The subject had no view on what the operators were doing.  In selecting the 

sitting place for the subject, it was sought that all the emotional stimuli would be 

minimized in the room.  

Other environmental electromagnetic field parameters were also checked prior to 

the test: 1) low and intermediate frequency electric field, 2) low and intermediate 

frequency magnetic field and 3) radiofrequency electromagnetic field. Also the 

electromagnetic emissions from the research instruments were under the control. All 

electronics devices were removed from the measurement area (including mobile 
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phones). By measuring the afore-mentioned components of the electromagnetic field 

almost the entire spectrum of the EMFs were taken under the control. 

In order to exclude other external factors influencing the test, attention was paid 

also to other environmental factors. A national standard EVS-EN 15251:2007 was used 

as a guideline for controlling lighting, noise, indoor air quality (excluding the exchange 

of air) and temperature (ES, 2007). 

The research instrumentation consisted of 1) equipment used for magnetic field 

generation and 2) heart rate measurement instruments. Static magnetic field was 

generated using an electromagnetic air-core coil, distanced 0.3 m from the center of the 

head (Fig. 1). 

 

 
 

Figure 1. The placement of the subject and the magnetic field source. 

 

The set nominal magnetic field (150 µT at the center of the head) was checked by 

magnetometric measurements. Measurements were conducted using a fluxgate triple 

axis magnetometer Walker Scientific FGM-5DTAA. Voltage dynamics at the 

electromagnetic coil’s terminals were checked with a 60 MHz oscilloscope (Hantek 

DSO-2150). 

By moving from the center of the head towards the electromagnetic coil, the 

magnetic field also increases, therefore the backside of the head was exposed to 

somewhat higher magnetic field (~200 µT). The diameter of the electromagnetic coil 

was 0.4m which guaranteed wide exposure to the whole head region. The magnetic field 

was switched on by the operator from a distance, using a specialized control unit. 

Heart rate variability was registered and analysis on the autonomic nervous system 

reaction was performed in real-time with a non-invasive hard- and software system 

Nerve-Express 2.4 (Heart Rhythm Instruments, Inc. NY USA). The system registers 

subject’s each heartbeat (R-R interval) and distributes these into 192-beat episodes. The 

reaction to the intervention is determined by calculating the heart rate variability during 

the selected episode (a period of 192 heartbeats). Frequency domain measures were 

applied to calculate the power in the bands of 0.033–0.07 Hz (low frequency-LF2),  

0.07–0.15 Hz (low frequency-LF1), 0.033–0.15 Hz (LF+LF2), 0.15–0.5 Hz (high 
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frequency-HF) and total spectral power (TP) over all three bands (0.033–0.5 Hz). The 

analysis mainly focuses on the HF band. 

The dynamic behavior of the nervous system is used to assess the effect the 

magnetic field has on the individual.  

The heartrate is registered using a heartrate monitor chest strap sensor, that 

forwards the signal to the hardware receiver by a 5.3 kHz radio signal, which is 

connected to a laptop personal computer (Fig. 2). 

 

 
 
Figure 2. The setup of the research instrumentation and the context of collecting the data. 

 

The subjects were asked to sit in a comfortable position and to refrain oneself from 

sudden or larger physiological movements, since these may alter the behavior of the 

heartrate variability. In order to exclude the effect on cardiovascular activity from 

changing the posture (from walking/standing to sitting), it was also required that prior to 

testing the subject would have been in a sitting position for a sufficient time. 

The subjects were also instructed to avoid any emotional burden during the test – 

this meant avoiding any negative or positive emotional thoughts. In turn the subjects 

were asked to watch outside of the window (at the trees and landscape) or at the 

corresponding picture on the wall or the nature video on the computer screen. During 

the test the room was kept quiet and nobody was allowed to address the subject.  

The operator activated the magnetic field by a remote unit. Nominal magnetic field 

was established and dropped smoothly: 100% magnetic field was deployed in 0.15 sec 

from switching and it dissipated in 1 sec after switch-off. 

Blind experiment criteria were followed in setting up the test. The measurement 

period was divided into episodes of 192 heartbeats, consequently each episode took 

about 2–3 min, depending on the heart rate. During the test there was one exposure 

episode and several control episodes. The subject was not informed when the exposure 

to the magnetic field would take place, neither when one or another episode would start 

or end. The turn of the exposure episode was selected randomly, given that previously 

there had been at least two control episodes. The operator also sought that prior to the 

exposure episode the nervous system would exhibit stability in two pre-control episodes. 

This procedural requirement would minimize the possibility of false positives from 

variations in cardiovascular activity. 
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The values for pre-control (the stage right before the exposure), exposure and post-

control stages were compared using repeated-measures ANOVA with Huynh–Feldt 

correction followed by linear contrasts for pairwise comparisons. All variables except 

HF/TP were log-transformed prior to analyses to normalize the distributions. For HF/TP 

square-root transformation was used. The statistical level of significance was set to 

p = 0.05. The statistical analyses were done using StataSE 12.1 (Stata/SE 12.1 for 

Windows; StataCorp, College Station, TX). 
 

RESULTS AND DISCUSSION 
 

The measurements were performed in Estonia and Latvia. 

The sample (n = 116) consisted of 84 females and 32 males. The youngest person 

was 20 and the oldest 83 years of age. The age distribution of the sample is following:  

20–34y – 40 persons; 35–49y – 41 persons; 50–64y – 25 persons; 65+y – 10 

persons. 

A repeated measures analysis of variance (ANOVA) with Huynh-Feldt correction 

was done to assess if there is change in subjects’ HRV indicators when measured before 

(i.e. pre-control episode, right before the exposure), during (exposure episode) and after 

(post-control episode) the exposure to the magnetic field. The results of the ANOVA 

show no statistically significant effect (p < 0.05), as shown in Table 1 (results from linear 

contrasts i.e. pairwise comparisons, are shown as p-values; the values for HF, TP, 

LF/HF, LF1, LF2 and HR were log-transformed and the values for HF/TP were square-

root transformed prior to analysis). Thus, there is no statistically significant evidence in 

temporal differences for HF, TP, LF/HF, LF1, LF2, HR and HF/TP ratio. Also, each 

pairwise comparison proved neither to be statistically significant (p < 0.05). 

 
Table 1. Tests of differences between pre-control, exposure and post-control for HF (ms²), 

TP (ms²), LF1 (ms²), LF2 (ms²), HR (bpm), HF/TP ratio (n = 116) 

 HF TP LF/HF LF1 LF2 HR HF/TP 

Repeated-measures ANOVA 

overall comparisons 
       

Pre-control (x̄) 3,188.5 7,529.9 3.77 2,118.4 2,072.4 75.6 0.347 

Exposure (x̄) 3,164.4 7,671.2 3.87 2,310.3 2,041.6 75.4 0.352 

Post-control (x̄) 3,392.4 8,604.5 6.32 2,761.2 2,306.5 75.4 0.329 

p-value   0.58 0.79 0.19 0.25 0.22 0.62 0.16 

        

Linear contrasts         

Pre-control vs exposure (p) 0.98 0.80 0.74 0.35 0.12 0.41 0.66 

Pre-control vs post-control (p) 0.37 0.67 0.17 0.09 0.92 0.39 0.16 

Exposure vs post-control (p) 0.38 0.50 0.09 0.46 0.15 0.97 0.06 

x̄ = mean; p = p–value 

 

However, the observations made by the researchers indicate that the effect of the 

magnetic field might still be real for some individuals, which would require a larger 

sample size and more detailed statistics to show with statistical significance. While 

monitoring individual tests in real-time (Nerve–Express software), the researchers 

found, the autonomic nervous system balance fluctuation to correlate with the exposure 

to the magnetic field in a number of cases. Some individuals seemed to react to the 
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magnetic field with a decrease in the spectral components power (LF n = 2; HF n = 9) 

while others showed increase (LF n = 5; HF n = 16). 

Next, a measurement of a 20y old man is presented, representing an individual with 

suspected reaction to the elevated static magnetic field (Figs 3–4). It is a typical case, 

where pre- and post-control stages differ from the exposure stage (3rd). Subject’s heart 

rate variability decreased at the 3rd stage when the exposure to the magnetic field took 

place. Fig. 3 shows weaker variability amplitude at the 3rd stage of the rythmogram, 

whereas at the 4th stage (no magnetic field) the variability recovered. Fig. 4 indicates 

weaker power at the frequency span of 0.04–0.15 Hz (LF); total of four stages are 

pictured, episodes 1, 2 and 4 were without magnetic field. 
 

 
 

Figure 3. Heart rate rythmogram of a twenty year old male subject whose heart rate variability 

decreased at the 3rd episode (exposure); vertical axis – R-R interval (sec); horizontal axis – 

episodes (each episode consists of 192 heartbeats). 

 

 
 

Figure 4. Spectral function of a twenty year old male subject; exposure at the 3rd stage; vertical 

axis – relative amplitude of spectral harmonics (S, msec²); horizontal axis – frequencies (Hz). 

 

The literature does not however provide much studies like this one. HRV decrease 

discussed by Cornélissen et al. (2002), Chibisov et al. (1995), Otsuka(ed.), (2000). 

Proceedings, 2000 are related to the fluctuations in the static magnetic field of the Earth, 

which in essence are time-varying and not static. 

The authors suggest follow-up studies, to utilize questionnaires to find out what 

personal traits and health characteristics may explain the change in the HRV due to the 
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exposure to the static magnetic field. Such questionnaire would also investigate subjects’ 

exposure to other electromagnetic fields in a daily life. 

Future research should encompass more subjects, to have a reliable assessment on 

how much of the population are affected by the elevated magnetic field. Attention should 

also be paid on testing the same individual on more than one occasion – to find out if the 

reaction occurs also on other day or time of day.  

Considering the short length of the exposure, it is also worth investigating if longer 

exposure to the same field strength would result in reaction in more people. Follow-up 

studies should also clarify, why some people exhibit reaction and others not. The 

cofounding factor may be the general status of health, sporting habits, diet and 

environmental sensitivity to other risk factors (e.g. noise). It is also worth investigating, 

if those that reacted to the elevated static magnetic field would also react to other parts 

of the electromagnetic spectrum: 1) low frequency, 2) intermediate frequency and 

3) radiofrequency electric, magnetic and electromagnetic fields. 

 

CONCLUSIONS 
 

This study has suggested that some people may exhibit change in the heart rate 

variability as a reaction to weak static magnetic fields. However the results are not 

statistically significant. The finding may be considered worth of further investigations 

since 1) the used field strength resides below the legal safety limit and 2) the exposure 

was short term (~2½ min). 

Since the magnetic field source was positioned close to the subject, one must also 

consider that the field was not homogeneous. Therefore the affecting factor may not only 

be the elevated magnetic field itself, but also the abrupt gradient of the field. However 

sudden head movements can be excluded as a causing factor, since subjects were well 

instructed to move only slowly, if at all. 

It’s possible that we are dealing with an individual sensitivity – some members of 

the public may react to the magnetic field, whereas others don’t. Atlasz et al. (2006) 

exposed their sample to the radiofrequency electromagnetic field and noticed that 9% of 

the subjects had alterations in their HRV after the exposure, though their sample size 

was small (n = 35). 

 

REFERENCES 
 

Andrzejak, R., Poreba R, Poreba, M., Derkacz, A., Skalik, R., Gac, P., Beck, B., Steinmetz-Beck, 

A., Pilecki, W. 2008. The influence of the call with a mobile phone on heart rate variability 

parameters in healthy volunteers. Industrial Health 46, 409–417. 

Atlasz, T., Kellényi, L., Kovács, P., Babai, N., Thuróczy, G., Hejjel, L., Hernádi, I. 2006. The 

application of surface plethysmography for heart rate variability analysis after GSM 

radiofrequency exposure. J. Biochem. Biophys. Methods 69, 233–236. 

BioInitiative Working Group 2007. Bioinitiative report: A Rationale for a Biologically Based 

Public Exposure Standard for Electromagnetic Fields. 

BioInitiative Working Group, Sage, C. & Carpenter, D.O. (Editors). 2012. BioInitiative Report: 

A Rationale for a Biologically-based Public Exposure Standard for Electromagnetic 

Radiation. http:// www.bioinitiative.org. Accessed 31.12.2012. 



773 

Bortkiewicz, A., Gadzicka, E., Zmyślony, M., Szymczak, W. 2006. Neurovegetative disturbances 

in workers exposed to 50 Hz electromagnetic fields. International Journal of Occupational 

Medicine and Environmental Health 19(1), 53–60. 

CEC-Council of the European Communities. Council Directive 89/336/EEC of 3 May 1989 on 

the approximation of the laws of the Member States relating to electromagnetic 

compatibility (89/336/EEC), Official Journal L 139, 23/05/1989 P. 0019–0026. 

CEC–Council of the European Communities. Recommendation of the Council 1999/519/EC on 

the limitation of exposure of the general public to electromagnetic fields (0 Hz to 300 GHz). 

Official Journal of the European Communities, 30. 7. 1999. 

Chibisov, S.M., Breus, T.K., Levitin, A.E., Drogova, G.M. 1995. Biological effects of planetary 

magnetic storms. Biofizika 40, 959–968. 

Cornélissen, G., Halberg, F., Breus, T., Syutkina, E.V., Baevsky, R., Weydahl, A., Watanabe, Y., 

Otsuka, K., Siegelova, J., Fiser, B., Bakken, E.E. 2002. Non-photic solar associations of 

heart rate variability and myocardial infarction. Journal of Atmospheric and Solar-

Terrestrial Physics 64(5–6), 707–720. 

EHFHRAN–European Health Risk Assessment Network on Electromagnetic Fields Exposure 

2010. Risk Analysis of human exposure to electromagnetic fields, report D2 of EHFRAN  

project. http://efhran.polimi.it/docs/EFHRAN_D2_final.pdf. Accessed 6.12.2014. 

EP-European Parliament. Directive 2013/35/EU of the European Parliament and the Council of 

26 June 2013 on the minimum health and safety requirements regarding the exposure of 

workers to the risks arising from physical agents (electromagnetic fields) (20th individual 

Directive within the meaning of Article 16(1) of Directive 89/391/EEC) and repealing 

Directive 2004/40/EC. Official Journal of the European Union 29.6.2013. 

ES-Estonian Standards Center. Estonian Standard EVS-EN 15251:2007 Source data for planning 

and assessing the energy efficiency of the buildings based on the quality of the indoor air, 

thermal comfort, lighting and acoustics. Inure July 2007 (in Estonian). 

Heart Rhythm Instruments Inc. 2002. Nerve-Express System Guide & User’s Manual, NJ USA. 

Ho, K.K., Moody, G.B., Peng, C.K., Mietus, J.E., Larson, M.G., Levy, D., Goldberger, A.L. 1998. 

Predicting survival in heart failure case and control subjects by use of fully automated 

methods for deriving nonlinear and conventional indices of heart rate dynamics. 

Circulation. 96(3), 842. 

ICNIRP-International Commission of Non-Ionising Radiation Protection 1998. Guidelines for 

limiting exposure to time-varying electric, magnetic and electromagnetic fields. 

http://www.icnirp.de/documents/emfgdl.pdf. Accessed 1.12.2014. 

Jokinen, V. 2003. Longitudinal changes and prognostic significance of cardiovascular autonomic 

regulation assessed by heart rate variability and analysis of non-linear heart rate dynamics. 

Department of Internal Medicine, University of Oulu. 

Kravidas, M. 2008. Heart rate variability biofeedback for major depression. Biofeedback 36(1), 

18–21. 

Malik, M., Bigger, J.T., Camm, A.J., Kleiger, R.E., Malliani, A., Moss, A.J., Schwartz, P.J. 1996. 

Heart rate variability: Standards of measurement, physiological interpretation, and clinical 

use. Eur Heart J 17, 354–381. 

Melillo, P., Bracale, M., Pecchia, L. 2011. Nonlinear Heart Rate Variability features for real-life 

stress detection. Case study: students under stress due to university examination. 

BioMedical Engineering OnLine 10, 96. 

Nolan, J., Batin, P.D., Andrews, R., Lindsay, S.J., Brooksby, P., Mullen, M., Baig, W., 

Flapan, A.D., Cowley, A., Prescott, R.J., Neilson, J.M., Fox, K.A. 1998. Prospective study 

of heart rate variability and mortality in chronic heart failure: results of the United Kingdom 

heart failure evaluation and assessment of risk trial (UK-heart). Circulation 15, 1510. 



774 

Otsuka, K. (ed.). 2000. Proceedings, First International Symposium, Workshop on 

Chronoastrobiology & Chronotherapy (Satellite Symposium, Seventh Annual Meeting, 

Japanese Society for Chronobiology). Kudan, Chiyodaku, Tokyo, 11.11.2000. 

Parazzini, M., Ravazzani, P., Tognola, G., Thuroczy, G., Molnar, F.B., Sacchettini, A., 

Ardesi, G., Mainardi, L.T. 2007. Electromagnetic Fields Produced by GSM Cellular Phones 

and Heart RateVariability. Bioelectromagnetics 28, 122–129. 

Parazzini, M., Ravazzani, P., Thuroczy, G., Tognola, G., Molnar, F.B., Ardesi, G., 

Sacchettini, A., Mainardi, L.T. 2013. Nonlinear heart rate variability measures under 

electromagnetic fields produced by GSM cellular phones. Electromagnetic Biology and 

Medicine 32(2), 173–181. 

SM-Regulation by the Minister of Social affairs. Limit values for non-ionizing radiation in living 

and recreational spaces, learning environments and measurement of the levels of non-

ionizing radiation. RTL 2002, 40, 563, 21.02.2002 nr 38 (in Estonian). 

VV-Regulation by the Government of the Republic. Safety limit values for physical risk factors 

in the work environment and the order of measurement of the prameters of risk factors, 

25.01.2002 nr 54, RT I 2002, 15, 83 (in Estonian). 

Wilén, J., Wiklund, U., Hörnsten, R., Sandström, M. 2007. Changes in heart rate variability 

among RF plastic sealer operators. Bioelectromagnetics 28, 76–79. 

 



775 

Agronomy Research 13(3), 775–785, 2015 

 

 

 

Job specific risk factors, demographic parameters and 

musculoskeletal disorders among military personnel depending 

on type of service 
 

E. Merisalu1,*, M. Vähi2, S. Kinnas3, M. Oja4, K. Sarapuu5, O. Novikov5, 

M. Pärnapuu6, E. Indermitte7, K. Lea8 and H. Orru7 
 

1Institute of Technology, Estonian University of Life Sciences, Institute of Technology, 

Kreutzwaldi 56, EE51014 Tartu, Estonia;  *Correspondence: eda.merisalu@emu.ee 
2Institute of Mathematical Statistics, University of Tartu, Liivi 2, EE50409 Tartu, 

Estonia 
3Institute of Physics, University of Tartu, Ravila 14c, EE50411 Tartu, Estonia 
4Institute of Technology, University of Tartu, Nooruse 1, EE50411 Tartu, Estonia 
5General Head Quarters, Estonian Defence Forces, Juhkendali 58, EE15007 Tallinn, 

Estonia 
6Medical Centre, Medical Company, 1st Infantry Brigade, Estonian Defence Forces, Rae 

Põik 1, EE76806 Paldiski, Estonia 
7Department of Public Health, University of Tartu, Ravila 19, EE50411 Tartu, Estonia; 
8Civil Aviation Admisnistration, Estonia 

 
Abstract. Current study aimed to analyse the prevalence of job specific risk factors (JSRF) and 

musculoskeletal disorders (MSDs) among military personnel depending on demographic factors 

and type of service. An anonymous questionnaire study was carried out in five departments of 

Estonian Defence Forces (EDF) among local service personnel (LSP) and the Peace Corp 

personnel (PCP) arrived back from mission. The average response rate was 38.7% (LSP 31.9% 

and PCP 77.6%). In LSP group there were 44.7% male participants, with mean age 39.2 ± 11 

years, length of service in present position 5.8 ± 4.9 years and work load of 37.9 ± 8.4 hours per 

week. In PCP group 97.4% were males, with mean age 27.5 ± 5.7 years, service length on present 

position 3.1 ± 2.6 years and work load of 84.3 ± 60.9 hours per week. The dominant JSRF in LSP 

was ‘demand for constant concentration’ (76.5%) and night work (57%) in PCP (group difference 

p < 0.0001). ‘Fast movements’ and ‘lifting loads >40 kg’ were the specific tasks most often 

reported in mission. ‘Job insecurity’ was more often reported by the female; ‘night work’ and 

‘work-rest disbalance’ by the male military personnel (p< 0.001).The prevalence of MSDs was 

higher among women and LSP than in men and PCP group (p< 0.05). In LSP mild to moderate 

discomfort reported by 2/3 because of neck-shoulder strain and by ½ because of lower back pain. 

In conclusion, MSDs seems to depend more on demographic parameters and type of service than 

JSRFs. Further studies are needed to focus on predictive factors of MSDs among military 

personnel. 

 

Key words: job specific risk factors, demographic parameters, musculoskeletal disorders, 

military personnel. 
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INTRODUCTION 

 

Musculoskeletal injuries are recognized as a leading health problem in the military, 

but the size of the problem is underestimated. Injury rates during military training are 

high, ranging from 6 to 12 per 100 male recruits per month during basic training and up 

to as high 30 per cent per month for Naval Special Warfare training (Kaufman et al., 

2000). More than 7,000 MSDs were identified in 2006 among nondeployed, active duty 

service members from military medical surveillance in USA. Most of MSDs (82%) were 

classified as inflammation and pain caused by overuse, followed by joint derangements 

(15%) and stress fractures (2%). The knee or lower leg (22%), lumbar spine (20%), and 

ankle/foot (13%) were leading body regions. When these injuries are combined with 

acute traumatic injuries, there could be 1.6 million injury-related medical encounters 

each year in total in US army alone (Hauret et al., 2010). Injury-related musculoskeletal 

conditions are common in young and active population: about 2/3 involve lower back 

pain, followed by cervical and midback pain syndromes. Some predictive factors 

associated with spine-area pain are similar to those observed in civilian cohorts, such as 

psychosocial distress, heavy physical activity or lifestyle. Risk factors specific to 

military personnel include concomitant psychological trauma, extreme noise and 

vibration exposure, heavy combat load requirements, and urban dismounted ground 

operations (Cohen et al., 2012). A study of the Danish army showed similar 

musculoskeletal problems in different service types (infantry, signal, combat service 

support, engineers, and artillery). Working as a gunner for less than 2 years increased 

the risk of reporting neck pain (p = 0.011) and working as a loader increased the risk of 

shoulder pain (p = 0.017) (Nissen et al., 2009). Health statistics of Estonian military 

personnel (2008) demonstrated that MSDs ranked 2nd and occupational injuries 3rd 

among total cases of health problems according to primary health checks in the units of 

Medical Centres, EDF. Duties in service when injuries took place were: a) in service 

(n = 217): direct external causes, e.g. hot war (n = 13), vehicle traumas (n = 21) and 

military training (n = 145); b) sport (n = 152) and c) leisure activities (n = 74). A total 

of 500 injuries were recorded in Estonia in 2007, where half of all cases were lower limb 

traumas, including bone fractures and the same prevalent – microtraumas as cutaneous 

blisters and frictions (Merisalu et al., 2009). Similar results have been shown in previous 

studies about training and combat environment, where the loads have been associated 

with an increased risk of lower limb overuse injuries (foot blisters, metatarsalgia, stress 

fractures, knee pain ets) (Birrell et al., 2007). A study of health of Finnish male military 

personnel showed that the group with the longest sickness absences (> 7 days) exhibited 

lower muscle fitness in three of four tests and shorter running distance compared to the 

groups with shorter sickness absence (p < 0.001). In addition, high Body Mass Index 

(BMI), poor muscle fitness and poor aerobic endurance were associated with increased 

sickness absence (Kyröläinen et al., 2008). Risk factors of neck pain were analysed in 

629 office workers of Belgium military personnel. More than ¾ of respondents reported 

neck pain as life-long problem and more than half of them reported neck pain once per 

week at least (De Loose et al., 2008). 

The study of US Army personnel indicated the need to consider the interaction 

between workplace factors and gender on disability in the military personnel and to pay 

more attention on back-related disorders and prevent musculoskeletal disability risk in 

women (Feuerstein et al., 1997). The study among British Army recruits demonstrated 



777 

that gender was not an independent risk factor for injury, suggesting that lower levels of 

aerobic fitness are the primary cause of the greater incidence of injury among female 

recruits during initial training (Blacker et al., 2008). In US Military Academy stress 

fracture incidence was much higher in women than in men, indicating increased stress 

fracture risk for smaller tibial and femur sizes (Cosman et al., 2013). 

Musculoskeletal injuries are the leading healthcare problem for military members 

in missions. Since 2003 the start of operations in Iraq musculoskeletal complaints 

continued to be a primary cause of disability and have been reported to cost up to $500 

million annually (George et al., 2007). Mortality rate among US military subjects in 

Bosnia-Hertsegovina (1996) was 1 case per 100 soldiers in week (Sanchez et al, 2001). 

There are many factors that lead to musculoskeletal complaints, but the extended periods 

of walking and marching under heavy loads was the major problem. Wearing of combat 

boots and walking long distances with univorm and loads of 20 to 60 kg impact on 

plantar pressure distributions during gait (Goffar et al., 2013). One infantry unit that 

collected data during deployment to Afghanistan in 2003 reported an average fighting 

load of 29 kg, an approach march load (for more prolonged operations) of 46 kg, and an 

emergency approach march load (in which certain transportation resources were 

unavailable) of 60 kg across several missions (Birrellet al., 2007). Musculoskeletal pain 

was common during peacekeeping mission in Swedish military personnel on 6 months 

duty in Afghanistan. About 70% of 344 respondents to a questionnaire reported any 

MSD, where 17% of respondents had pain both in lumbar spine and shoulders and 14% 

in lower extremities. Low pain and low disability were reported by 57% (grade I), high 

pain with low disability reported by 36% (grade II) and any pain with high disability 5% 

(grade III) (Glad et al., 2012). 

So, as shown in the number of studies, the influence of job specific factors and 

gender on mortality are clearly demonstrated among military personnel. The purpose of 

the present study was to describe work related risk factors and prevalence of MSDs 

among Estonian military personnel depending on demographic parameters in local 

(domestic) service and in missions.  

 

MATERIAL AND METHODS 

 

Subjects 
Based on the statistics of EDF (2008) there were in total 3,199 subjects in the EDF 

register. The study group was selected by random sample method and consisted of 841 

subjects from five departments of EDF and named as local service personnel (LSP). The 

Peace Corp personnel (PCP) was time selected, i.e. completed by the subjects (n = 147) 

who arrived from the missions after 6 months duty in Afganistan and Iraq. The total 

sample size was 988 subjects.  

 

Questionnaire 

The questionnaire was compiled following the validated questionnaires used 

among service occupations in the national and international studies (Mykletun, 1997; 

Põlluste & Merisalu, 2007). The questionnaire consisted of nine parts, where 

demographic and general data (age, gender, rank, unit and length of service, working 

hours), questions about working environment (unbalanced work-rest conditions, need 

for constant concentration, job insecurity, monotonous and night work; tasks in active 
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operations: work in constraint posture, fast repetitive movements, lifting loads, creeping 

with loads, computer work) (n = 11) and musculoskeletal problems of different body 

parts (n = 13) were included. The exposure to risk factors was measured on a 3-point 

scale, where: 1 – never, 2 – sometimes, 3 – often. Musculoskeletal disorders (MSDs) in 

different body parts were measured on a 4-point scale; where: 1 – no discomfort, 2 – mild 

discomfort but not disturbing, 3 – moderate discomfort that makes working difficult, 

4 – discomfort leading to sick leave. 

The data was analysed using Statistical Package SPSS.22.0. Frequency tables were 

used to describe the sample by gender, age, work load, service length and risk factors. 

The 2-test and Fisher’s exact test was used to compare differences by gender, JSRFs 

and MSDs between the service groups (LSP/PCP). Spearman and Pearson correlation 

analyses were used to describe relationships between demographic factors (age, service 

length, working hours), JSRFs and MSDs. 

 

Procedure 
The anonymous guestionnaire study was carried out in five departments of EDF, 

from October 2008 to March 2009. The participation was voluntary and anonymous. 

Voluntary participation was promoted with the help of an individual informed consent 

letter, where the purpose of study, possible outcomes and practical benefits were 

explained. The signed informed consent letter in closed envelope and filled questionnaire 

in a separate closed envelope was put into a sealed box. The contract between the 

Estonian Ministry of Defence and the research structure (University of Tartu) was signed 

(25.07.2008 no 9.2.˗10./5450). The agreement with the departments of the EDF and the 

permission of the Research Ethics Committee, University of Tartu were pursued before 

the study (173/T˗16, 21.08.2008). 

 

RESULTS 

 

The study group consisted of 841 subjects from 5 departments. The sample size of 

LSP was 268 subjects (response rate 31.9%) and of PCP 114 subjects (rensponse rate 

77.4%). In total 382 responded, with an overall response rate 38.7% (Table 1). 

 
Table 1. Composition of the study group by the type of service (LSP and PCP) (n, %) 

Name of group Target group 

(n) 

Study group 

(n) 

Response rate  

(%) 

LSP 841 268 31.9 

PCP 147 114 77.6 

Total 988 382 38.7 

 

Demographic and general data of the sample by the service groups are shown in 

Table 2. In the LSP group there were 55.3% (n = 149) female and 44.7% (n = 119) male 

respondents with mean age of 39.2 ± 11.0 years. There was a gender difference in mean 

age – the men were younger than women (p = 0.0001). In the LSP group the mean total 

length in service was 9.5 ± 5.8 years and in the present position 5.8 ± 4.9 years. The 

mean working time in the LSP group was 37.9±8.4 hours per week. The women had 

longer service length and worked longer hours than men (p = 0.0001). By rank they were 



779 

military servants (46.3%), non-commissioned officers (31.7%), officers (20.8%) and not 

defined (1.2%). 

In the PCP group the majority was male (97.4%), with mean age of 27.5 ± 5.7 years, 

with mean service length of 5.9 ± 3.9 years and having worked in the present position 

for 3.1 ± 2.6 years. PCP group worked long hours (on average 84.3 ± 60.9 hours in a 

given week), and female personnel even more (132.0 ± 62.4 hours). The distinct 

differences were observed between gender groups by service length and work load 

(p < 0.0001). By rank there were 57.0% (n = 65) non-commissioned officers, 36.8% 

(n = 42) soldiers and 6.2% (n = 7) officers. 

 
Table 2. Demographic and general data by the type of service and gender (mean, SD, max, min 

and p – difference between the groups) 

Parameter Mean SD Min Max Group difference, p 

Age (years)      

Total LSP 39.2 11.0 20.0 70.0 LSP>PCP 0.0001 

Male 35.5 9.9 21.0 70.0  

Female 42.2 11.0 20.0 67.0 M<F 0.007 

Total PCP 27.5 5.7 20.0 49.0  

Male 27.5 5.8 20.0 49.0  

Female 27.0 4.6 23.0 32.0 ˗ 

Total service length (years)      

Total LSP 9.5 5.8 0.1 40.0 LSP>PCP 0.0001 

Male 10.9 6.0 0.1 40.0  

Female 8.2 5.3 0.2 35.0 M>F 0.005 

Total PCP 5.9 3.9 1.0 18.0  

Male 5.9 3.9 1.0 18.0  

Female 6.8 2.0 4.5 8.0 M<F 0.001 

Years in present position      

Total LSP 5.8 4.9 0.1 40.0 LSP>PCP 0.0001 

Male 5.5 5.6 0.1 40.0  

Female 6.0 4.3 0.2 16.0 ˗ 

Total PCP 3.1 2.6 0.5 13.0  

Male 3.0 2.6 0.5 13.0  

Female 8.0 0 8.0 8.0 F>M 0.0001 

Work load (hours per week)      

Total LSP 38.0 8.2 5.0 50.0 LSP<PCP 0.0001 

Male 37.6 9.4 5.0 50.0  

Female 38.4 6.9 8.0 48.0 M<F 0.007 

Total PCP 84.4 61.0 5.0 178.0  

Male 82.8 60.7 5.0 178.0  

Female 132.0 62.4 60.0 168.0 ˗ 

 

The exposure to the JSRFs in LSP and PCP is shown in the Table 3. The highest 

mean score on the 3-point scale was measured in ‘demand for constant concentration’ 

(2.7) for LSP group and ‘night work’ (2.6) for PCP group. At the same time, ‘demand 

for constant concentration’ was a risk factor for ¾ of LSP and ½ of PCP group. Job 

insecurity because of organisational changes was a more disturbing factor for LSP, 

compared to PCP group (p < 0.0001). ‘Night work’ and ‘disbalanced work-rest ratio’ 

were the most frequent risk factors for PCP, compared to LSP group (p < 0.0001). 
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Table 3. Exposure to job related risk factors (%) by the type of service (LSP and PCP) 

Job specific factor 

Mean, 

on 3-p scale 

LSP/PCP 

Never Sometimes Often Group 

differnce, 

 p 
LSP PCP LSP PCP LSP PCP 

Routine work  2.0/2.0 23.4 23.2 53.3 51.8 23.4 25.0 ˗ 

Night work  1.6/2.6 46.1 1.8 41.4 41.2 12.5 57.0 0.0001 

Work & rest 

disbalance  
1.7/2.0 45.7 28.1 41.1 43.0 13.2 28.9 0.0001 

Job insecurity 

because of 

organisational 

changes 

1.9/1.6 26.3 53.0 56.9 38.1 16.9  8.8 0.0001 

Constant 

concentration 
2.7/2.4  6.2 14.9 17.4 34.2 76.5 50.9 0.0001 

 

Results for exposure to JSRFs on active operations are presented in Table 4. Less 

than half of respondents worked with fast precised movements ‘sometimes’ or ‘often’. 

About 1/3 of PCP lifted loads above 40 kg ‘sometimes in month’. 

 
Table 4. Exposure to the job related risk factors specific to PCP active operations 

Job tasks 

in mission 

Mean,  

3-p scale  

Never Sometimes  Often 

n % n % n % 

Lifting loads 20–40 kg 1.1 98 88.3 12 10.8 1 0.9 

Lifting loads >40 kg 1.4 67 60.4 40 35.1 4 3.6 

Constraint position 1.1 98 88.3 12 10.8 1 0.9 

Fast precised movements 1.5 60 54.1 44 39.6 7 6.3 

Creeping with loads 1.2 92 82.9 14 12.6 5 4.5 

Computer work 1.2 86 77.5 24 21.6 1 0.9 

 

The comparison of musculoskeletal complaints by body region and severity in LSP 

and PCP groups are shown in the Table 5. MSDs were registered more often among the 

LSP group (p < 0.05). In the latter, ‘mild to moderate discomfort’ was reported because 

of neck-shoulder strain (69.2%), the lower back (54.8%) and feet pain (41.4%). Fingers’, 

wrist, neck-shoulder, upper-back and foot pain were the symptoms causing more 

discomfort for LSP group, compared to PCP (p < 0.05). ‘Mild to moderate discomfort’ 

because of knee pain was reported by 45% and neck shoulder strain by 38.7% of PCP 

group. The most frequent cause of sick leave for LSP was lower back pain (1.9%) and 

for PCP – heel pain (2.7%). 

Gender differences of JSRFs are shown in Fig. 1. The men were more often 

exposured to ’night work’ and ’work-rest disbalance’, and the women to ’job insecurity 

because of changes in the organisation’ (p < 0.001). 

’Night work’ correlated negatively with age (r= -0.45, p< 0.001) i.e. younger 

military members and male had higher exposure to ’night work’. Long working hours 

and ’work-rest disbalance’ correlated positively with ’night work’ (r = 0.32 and r = 0.29, 

respectively). 
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Table 5. Musculoskeletal complaints by body region and severity (%) among LSP and PCP  

(p –group difference) 

MSD/ body 

region 

Mean, 

4-p scale 

LSP/PCP  

No discomfort Mild 

discomfort 

Moderate 

discomfort 

Caused sick 

leave 

 
 

LSP PCP LSP PCP LSP PCP LSP PCP p* 

Fingers’ 

numbness  

1.3/1.2 71.9 85.6 25.9 13.5 1.9 0.9 0.4 ˗ 0.022 

Hands’weakness  1.2/1.1 79.8 86.5 16.4 12.6 3.8 0.9 ˗ - ˗ 

Wrist pain 1.4/1.1 71.2 86.5 23.1 13.5 5.8 - ˗ ˗ 0.001 

Elbow pain 1.3/1.1 78.9 88.3 16.5 10.8 4.6 0.9 ˗ - ˗ 

Neck-should 

strain 

1.9/1.4 30.8 60.4 53.6 36.0 15.6 2.7 ˗ 0.9 0.0001 

Hips’ pain 1.2/1.1 81.5 88.3 13.9 10.8 4.2 0.9 0.4 - ˗ 

Knee pain 1.5/1.5 56.4 54.1 37.5 39.6 5.8 5.4 0.4 0.9 ˗ 

Heel pain 1.3/1.2 77.3 82.9 18.5 12.6 3.9 1.8 0.4 2.7 ˗ 

Foot pain 1.5/1.2 57.9 77.5 35.3 21.6 6.1 - 0.8 0.9 0.0001 

Tiredness in feet 1.4/1.2 70.4 80.2 24.9 18.9 4.3 0.9 0.4 - ˗ 

Numbness in 

feet 

1.2/1.1 78.5 85.6 19.2 14.4 2.3 ˗ ˗ ˗ ˗ 

Upper back pain 1.4/1.3 62.8 75.7 32.6 21.6 4.7 2.7 ˗ ˗ - 

Lower back pain 1.7/1.5 43.3 55.0 44.8 39.6 10.0 4.5 1.9 0.9 ˗ 

*Fisher’s exact test 

 
 

 
 

Figure 1. Gender differences of job related risk factors (**p < 0.001, ***p < 0.0001). 
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Gender differences in prevalence of MSDs are shown in the Fig. 2. Neck-shoulder 

strain, pain in lower and upper back, feet, wrist and hands caused more discomfort for 

female service personnel, compared to the men (p < 0.05). 
 

 
 

Figure 2. Gender differences in prevalence of MSDs among military personnel (*p < 0.05, 

**p < 0.001, *p < 0.0001). 

 

Correlation analysis of demographic parameters and MSDs showed that prevalence 

of neck-shoulder strain was higher in female (r = 0.34) and older military personnel 

( r= 0.31, p < 0.001). Distinct intercorrelations were observed between the MSDs in 

different body regions (p < 0.001). Direct intercorrelations were seen between numbness 

in fingers and weakness in hands (r = 0.53), between wrist and elbow pain and numbness 

in feet and fingers (r = 0.48 both), between foot and elbow pain, and wrist and neck pain 

(r = 0.40 in both), knee and heel pain (r = 0.41). 

 

DISCUSSION 

 

In the present study the demographic data, JSRFs and MSDs were taken under the 

analysis. The results were compared between two groups depending on type of service 

– the group of local military service and missions. The women in the local military 

service had higher mean age and longer years in present position and worked longer 

hours than the male counterparts. The women and older personnel were more often 

confronted with ’job insecurity because of organisational changes’ and they reported 

more neck-shoulder strain. The male and younger personnel reported more often ’night 

work’ and ’disbalanced work-rest conditions’. Long working hours correlated positively 

with ’work-rest disbalance’ and ’night work’. 
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A number of preliminary studies have analysed the causes and prevalence of MSDs 

among military personnel (Feuerstein et al., 1997; Birrell et al., 2007; George  

et al., 2007; Blacker et al., 2008; De Loose et al, 2008; Hauret et al., 2010; Cohen  

et al., 2012; Cosman et al., 2013). Our study results showed some similarities with earlier 

research. In LSP group ’mild to moderate discomfort’ was reported by 2/3 of respondents 

because of neck-shoulder strain and among half because of lower back pain. De Loose 

et al. (2008) showed that more than ¾ of respondents in military service had neck pain 

as life-long problem. Nissen and co-authors (2009) demonstrated that higher risk of neck 

pain was seen in gunners working in military service less than 2 years and an increased 

risk of shoulder pain was observed among loaders. Few systematic analyses about 

demographic parameters, JSRFs and MSDs have been published (Feuerstein et al., 1997; 

Blacker et al., 2008; Cosman et al., 2013; Cubata et al., 2014). 

Up to now few research has been done in comparing health risks and MSDs 

between Peace Corp and local military service groups. Hotopf et al. (2006) compared 

the symptoms of regular personnel in UK and peacekeeping corp in Iraq and in latter 

they didn’t see worse health outcomes, apart from a modest effect on multiple physical 

symptoms. In our study the distinct difference in prevalence of JSRF and MSDs in LSP 

and PCP was observed. High work load, ’work-rest disbalance’, work in night shifts, 

’lifting loads’ and doing ’fast precised movements’ were characteristic JSRFs in mission. 

Relatively few health complaints were reported by PCP group. Less than half of them 

assessed ’mild to moderate discomfort’ because of knee pain or neck-shoulder strain and 

few of them (2.7%) took sick leave because of heel pain. Contrary to our results high 

morbidity rate among US military subjects in Bosnia-Hertsegovina was observed, where 

walking and marching under heavy loads was the major problem leading to MSDs in US 

army (Sanchez et al., 2001; Goffar et al., 2013). Musculoskeletal complaints among US 

Peace Corp in Iraq since 2003 continued to be a primary cause of disability and have 

been reported to cost up to $500 million annually (George et al., 2007). Till now no 

calculations about EDF costs have published in Estonia. 

Low prevalence of MSDs among our PCP can be explained by their younger age, 

excellent physical preparedness for missions and relatively short length of military 

service. They were healthy young men able to work long hours in night time. They 

managed well with their health conditions during 6 months’ mission. However, 

according to primary health checks in the units of Medical Centres of EDF, in total 500 

injuries were recorded among local service people in 2007 (Merisalu et al., 2009). 

Thereon, more serious outcomes with musculsoskeletal disabilities and lost lives in 

missions have been registered. Based on the statistics of EDF (2015) since 2004 there 

are 130 peacekeepers injured and 11 death cases registered in Estonia. 

Indeed, we must preserve lives of young military people and decrease high 

prevalence of MSDs, increasing military readiness and decreasing the costs associated 

with poor outcomes and treatment (Gates & Huard, 2005). The human factors 

engineering purpose is to enhance mission effectiveness with enhanced combat systems. 

New technologies enable warfighters to work more effective manner with fewer 

personnel. While the tradeoffs between new technologies and numbers of operators 

needed are complex, strong evidence suggests that these manpower savings can be 

significant and have the potential to accelerate military transformation (Osga & 

Galdorisi, 2007). 
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CONCLUSIONS 

 

The results of the present study demonstrate quite stressful milieu in the local 

military service with demand for constant concentration and high job insecurity because 

of structural changes. These factors were more characteristic to less experienced, female 

and older personnel. The job related risk factors and MSDs significantly differed by type 

of service. Because of military service is ever popular among young women more 

attention could be payed to gender differences in the nearest future. Globalisation of 

military structures, continuing technological modernisation and increasing pressure on 

widening defence ability in Eastern Europe predict higher mental and physical pressure 

and morbidity among military personnel in Estonia. Further studies are needed for 

analysing relationship between JSRFs and MSDs and disability among military 

personnel. Preventing risks in military service enables better management of health 

conditions and guarantees higher work ability of military personnel, depending on age 

and gender. 
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Abstract. Biometric user identification is highly topical these days. The most well-represented 

method is fingerprint identification, to which this study is also dedicated. However, we cannot 

forget other methods such as scanning the bloodstream, retina and iris, facial recognition, etc. 

Four reading devices were tested in this study. Tests were carried out both under standard and 

adverse conditions. Adverse conditions included situations such as cold finger, cooled damp 

finger, heated finger, soaked finger, finger with a layer of instant glue, and dirty finger (soil). All 

tests performed under adverse conditions simulated realistic industrial plant environments. The 

results of the measurements showed that the measured reliability values do not correspond to 

those claimed by the manufacturers. It is necessary to adapt and perfect these biometric 

identification systems for use in industrial areas, as they are often used in these areas as access or 

attendance systems. 

 

Key words: biometrics detector identification systems, fingerprints, user’s false rejection. 

 

INTRODUCTION 

 

Nowadays, there are many methods by which persons at a workplace can be 

identified. These include identification based on entering a password or numerical code, 

as well as chip systems and identification (ID) cards. All of these methods are 

transferable in a certain way. Biometric identification systems have been developed as 

the safest method for entering protected buildings. These systems make identifications 

on the basis of the unique biometric characteristics of an individual (Jain et al., 1997). 

Biometric systems are used not only as identification systems serving for entry into 

guarded buildings (access systems), but also as attendance systems. It is very important 

to be aware of the fact that such systems are used in numerous jobs. They can be found 

in the banking sector, medical sector and automobile industry, steelworks and in a 

number of other fields. This is where the issue of their reliability becomes important. 

Every manufacturer specifies for each scanner the percentage of erroneous acceptance 

and refusal of the user, but the question is under what conditions? For attendance 

systems, verification occurs under standard conditions, wherein, for example, 

fingerprint-based identification requires the verified parts of the finger to be free of 

mailto:nidlova@tf.czu.cz
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impurities. But when these systems are used as access systems, there is a risk of a 

decrease in reliability. One example of such risks is their use in industrial areas, where 

absolute cleanliness of the palm and fingers cannot be expected (Lourde & Khosla, 

2010). For these reasons, a number of measurements were carried out, which indicate 

the need to improve the biometric identification systems, if they are used under more 

adverse conditions. 

 

MATERIALS AND METHODS 

 

The testing focused on the reliability of the selected biometric identification system 

under adverse conditions. Measurements were carried out in the security technology 

laboratory at the Technical Faculty of the Czech University of Life Sciences in Prague, 

and the measurements were carried out under laboratory conditions. These conditions 

are based on standards ČSN EN 50133, ČSN ISO/IEC 19794, ČSN ISO/IEC 19794, 

ČSN ISO/IEC 27006, ČSN ETSI EN 302 77, as well as on the recommendations of the 

relevant manufactures. 

80 test subjects participated in the measurements. The testing was always done in 

twenty cycles. The test subjects included 16 women and 64 men aged 21–62. Two 

devices were selected for the measurements that only identified on the basis of 

fingerprints (scanner TAC-05 MFF and scanner F7), and two dual systems that identified 

on the basis of fingerprints and facial features (Multibio 700 and IFace 302). 

All tested biometric systems had an optic sensor. The use of the first optic sensors 

was recorded between the 1960s and 1970s. These sensors work on the basis of FTIR – 

– Frustrated Total Internal Reflection technology. This is a laser beam or a thick bundle 

of optical fibres illuminating the surface of the finger from below, which is placed to the 

transparent plate of the sensor. The reflected light flux is scanned by the CCD (Charge 

Couplet Device) element. Papillary lines and furrows determine the amount of reflected 

light, wherein the ridges reflect more light than the furrows. However, the CCD element 

does not use the reflection of light from the furrows as a means of evaluation (Hlaváč & 

Šonka, 1992; Jain et al., 1999). 

Erroneous rejection of a user means that an authorized user is not let into a building 

via the identification devices. If this happens rarely, the user repeats the entire 

identification process and is then admitted into the building. Erroneous rejection of a 

person can have many causes (incorrectly placed finger on the scanner, wet finger, cold 

finger, injured finger, dirty finger, etc.). The probability of the erroneous rejection of a 

user can be calculated using the following formula (Ashbourn, 2000; Rak et al., 2012): 

 

FRR =
NFR

NEIA
. 100 [%] (1) 

 

where:  FRR – False rejection of a user; NFR – Number of False Rejections; NEIA – 

Number of Enrollee Identification Attempts. 

 

The measurements were performed both under standard and adverse conditions, 

focusing on the different types of tests that can arise under realistic conditions. Tests 

were divided into the following: 
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 standard identification – this identification was carried out on washed and cleaned 

hands. Based on the results acquired from the standard identification, the 

measurements were then extended to tests under adverse conditions; 

 cold fingers – it was first necessary to cool the fingers of the test subjects to the 

same temperature range of 20–25 °C. This was done by using ice prepared into 

moulds. Each mould was covered with waterproof foil in order to prevent 

dampening the measured finger. This simulated the cold outdoor environment. 

Each measurement was preceded by a fifteen minute cooling of the finger and then 

the finger was placed on the surface of the sensor; 

 cooled damp finger – for cooled damp finger, the measurements were carried out 

in the same manner as for cooling a dry finger, except for the part with the 

waterproof foil. During the measurement, the finger was cooled directly with the 

ice. As the ice melted, it slightly dampened the skin of the finger. The finger was 

then not dried, which caused the required wet surface; 

 heated finger – during this measurement, it was first necessary to determine a 

method for heating a finger to temperature range of 50–55 °C. Initially, the finger 

was heated with hot water in a container, but this method was rejected because the 

water cooled. In order to ensure the same conditions for all of the test subjects, and 

that the measurement was relevant, a USB (Universal Serial Bus) heater was chosen 

to heat the finger, to which a digital temperature sensor was attached. The heating 

temperature was constantly 55 °C, but temperature losses are expected during the 

short movement of the finger from the heater to the sensor of the scanner. That is 

why the specified temperature range is 50–55 °C; 

 soaked finger – soaking of the finger was very important for the testing. Such a 

case may occur during normal work and domestic situations. The fingers were 

soaked using water in a container. The liquid was heated to 40 °C using the USB 

heater. Each subject dipped their finger for 20 minutes. After removing the finger 

from the water bath, it was dried with gauze and tested on the measuring panel; 

 finger with a layer of instant glue – instant glue was selected because it creates a 

solid hard coating. This coating is transparent and very thin. When the glue is 

applied and it dries, the papillary lines deteriorate, while individual scanners make 

verifications according to these lines; 

 dirty finger (soil) – dust acquired from a vacuum cleaner bag was used for these 

measurements. The dust was mixed with peat to prepare the required mixture. Each 

test subject rubbed this mixture between their palms before the measurement was 

carried out. 

 

The values stated by manufacturers were identical for all of the tested scanners, 

namely FRR ≤ 1%. 

Table 1 displays the percentage of reliability of individual types of biometric 

identification systems for standard and adverse conditions. 
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Table 1. Percentage results of user’s false rejection under standard and adverse conditions 

Condition 

TAC-05, 

% 

F7, 

% 

IFace 302, 

% 

Multibio 700, 

% 

Standard identification    2.00   7.50   9.00   9.50 

Cold finger   2.75   8.25   9.15   9.75 

Cooled damp finger    5.25 10.35 12.25 10.75 

Heated finger    1.00   6.75   7.50   8.25 

Soaked finger    5.00 13.25 14.50 10.25 

Finger with a layer of instant glue  96.75 99.75 99.75 99.50 

Dirty finger (soil)  49.19 57.63 65.00 60.00 

 

RESULTS AND DISCUSSION 

 

The measured values proved that identification based on fingerprints is imperfect 

under more adverse conditions. Four scanners from various manufacturers were tested: 

two multi-functional scanners combined with a detection function of characteristic facial 

features, and two normal scanners that evaluated only fingerprints. 

Fig. 1 shows that the average value of false rejection of user under adverse 

conditions for all biometric readers greatly exceed the value specified by the 

manufacturer. All producers specify that the value of the false rejection of user is less 

than 1%. All the tested systems were intended for outdoor use. Therefore, they should 

have succeeded well in the performed tests. It is important to point out that the 

measurement showed that the type of adverse conditions is very important. From Table 1 

it is evident that when papillary lines are better visible, the error value is lower. It would 

be useful for producers to take these measurements into account. 
 

 
 

Figure 1. Graphical comparing of the average values of the false rejection of users under adverse 

conditions for each tested biometrics system and specified by the producers under standard 

conditions. 
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The measurement results clearly show that the use of more modern, dual biometric 

readers is less secure. From the author’s point of view, it is unnecessary to continue 

developing new devices and new biometric methods unless the reliability of existing 

systems is improved. It is important for new systems to avoid the errors of the existing 

systems. These issues are also discussed by the author Yoon, who in his article ‘Altered 

Fingerprints: Analysis and Detection’ refers to the possibility of sabotaging systems 

through the creation of a synthetic fingerprint, etc. He also modifies the algorithm in 

order to be immune to this sabotage (Yoon et al., 2012). In contrast, author Jain focused 

on the development of a new device for identification of a person. As a unique 

characteristic, he chose the entire surface of the palm. Compared to a small fingerprint, 

minutiae are more clearly visible on entire surface of the palms. The tests showed that 

the new device operates with 78% reliability, and it can thus be tested in practice (Jain 

et al., 2009). 

Based the acquired values, it is possible to recommend the users to consider 

whether the rate of reliability of these systems is sufficient for the protection of their 

spaces before using the biometric identification systems. It should also be considered 

that the biometric systems should be combined with other entry protection options such 

as PINs, ID cards, passwords or the possibility of interconnection with security systems 

(Straus & Porada, 2007; Heřman et al., 2008). 

 

CONCLUSIONS 

 

The values stated by manufacturers were identical for all of the tested scanners, 

namely FAR ≤ 0.0001% and FRR ≤ 1%. For systems that only work with fingerprints, 

these values were on average lower than those of combined detectors, which shows that 

when two technologies are combined, some component is always slightly suppressed. 

When acquiring a biometric identification system, it is first necessary to consider 

how important access protection is for the given organization or institution, as individual 

devices vary within an extensive price scale. For attendance or security for a normal 

company, a better-quality fingerprint scanner would be sufficient; this type of 

identification is very fast, but very simple falsification of prints is a problem. For 

stronger protection, it is suitable to use systems tested both under laboratory and normal 

conditions, the result of which are satisfactory for the user. The measurements proved 

error rates and deficiencies in four of the frequently used fingerprint identification 

systems.  

The measurements carried out show that the reliability of scanners is lower than 

stated by the manufacturer, and that is why biometric identification systems are rather 

often used as attendance systems. However, companies that use such systems as access 

systems should be aware of the fact that what they want to protect with them is not fully 

safe. For biometric systems used to protect entry, users should utilize their alternative 

entry possibilities, for instance identification based on biometric data in combination 

with a password, access card or chip, wherein both types of data would be necessary for 

entry. 
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Abstract. The paper concentrates on safety auditing as a tool for assessment of safety system and 

safety management in Estonian manufacturing enterprises. The aim of the research was to 

estimate the safety performance in Estonian manufacturing industry and explore the benefits of 

OHSAS 18001. Different available safety auditing methods are described. During 2014, 8 

(OHSAS 18001-certified organisations) and 8 (non-certified organisations) Estonian enterprises 

from different branches of manufacturing were interviewed using MISHA method which is in 

accordance with the present requirements and is the most comprehensive. The results showed that 

non-certified organisations could be sub-divided into 2 categories: organisations which belong to 

a larger corporation or concern and locally established and owned companies. The latter showed 

the lowest scores as in these firms there are deficiencies in several OHS activity areas. Safety 

activities in a company depend strongly on consistency. Safety needs commitment and systematic 

approach. If one of the key elements of safety management system is missing, then it can be seen 

in the results of other framework elements. Our study demonstrates that OHSAS 18001 certificate 

automatically will not ensure high safety activities in the company. However, following the 

OHSAS 18001 standard gives a good incentive for a systematic safety activity in all levels in the 

company and promotes strong improvement process put in use. MISHA method can be 

successfully used for evaluating safety management systems in manufacturing industry, but it has 

to be kept in mind that some modifications may be needed due to national differences in safety 

activities. 

 

Key words: safety audit, safety management system, OHSAS 18001, safety performance, 

MISHA method. 

 

INTRODUCTION 

 

Safety management system (SMS) is designed in order to deal with occupational 

health and safety (OHS) in a systematic way by the following activities: setting 

company’s safety targets and objectives; designating roles and responsibilities for safety 

personnel; planning and performing the hazards mitigation; monitoring, measuring, and 

improving the on-going system and its effectiveness (Robson & Bigelow, 2010). 

Measurement is a key step in any management process and forms the basis of continual 

improvement (HSE, 2001). If measurement is not carried out correctly, the effectiveness 

of the SMS is undermined and there is no reliable information to inform managers how 

well the health and safety risks are controlled. 
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Various evaluation methods can be used for assessing the different aspects of the 

SMS. The most commonly used methods are: (1) measurement on safety performance 

through injury and accident statistics, (2) safety audits and (3) management reviews. 

Safety performance measurement through injury and statistics rates may be problematic 

due to under-reporting. An emphasis on injury, ill-health and accident rates as a measure, 

particularly when related to reward systems, can lead to such events not being reported 

in order to ‘maintain’ performance. Additionally, injury and accident statistics reflect 

rather the outcomes than the causes. Safety audit, on the other hand, is a means of directly 

and comprehensively measure the implementation and effectiveness of company’s SMS 

and covers all the aspects (Karapetrovic & Willborn, 2000). The primary purpose of 

measuring safety performance is to provide information on the progress and current 

status of the strategies, processes and activities used by an organisation to control risks 

to health and safety. The performance measurement system - auditing - must cover each 

element of the SMS as demonstrated in Fig. 1. For example, the measuring process 

should establish that a written health and safety policy statement exists, meets legal 

requirements and best practice, is up to date; and is being implemented effectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
Figure 1. Auditing and performance measurement within the safety management system 

(adopted from HSE, 2001). 

 

Fernández-Muniz et al. (2007) have significantly expanded the construct in recent 

years, suggesting an effective SMS should contain six important subfactors: safety 

policy, incentives for employee participation, training, communication, planning, and 

control. Fernández-Muniz et al. (2007) included a separate factor of employee 

involvement. Thus, the additional research in safety management area is needed in the 

following areas in SMS-s: safety policy, procedures and rules; training; communication; 
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incident reporting and analysis; safety audits and inspections; rewards and recognition; 

employee engagement; safety meetings/committees; suggestions/concerns; discipline 

(Bakker & Schaufeli, 2008; Frazier et al., 2013; Trauman et al., 2013a; Trauman et al., 

2013b). 

Several safety management related standards, directives, and regulations have been 

published after 1990’s. This progress has been noticeable especially in Europe.  

The BS 8800 (BSI, 1996) has become the first widely spread general safety management 

standard. In 1999 the first version of OHSAS 18000 (OHS Assessment Series) was 

released. The Series consisted of two specifications: 18001 provided requirements for 

an OHS management system and 18002 gave implementation guidelines. It was intended 

to help organizations to control OHS risks. Since its publication, OHSAS 18001 has 

gained considerable acceptance worldwide and has a revised version OHSAS 

18001:2007 (OHSAS Project Group, 2007). The fundamental objective of this standard 

is to support and promote good practice in the area of OHS via a systematic and 

structured management (Chang and Liang, 2009; Fernández-Muniz et al., 2012b). 

Another reason for implementation is the need of competitiveness as it enables the 

organisation to demonstrate to interested parties that the company has an adequate and 

functioning SMS. 

The OHSAS specification is applicable to any organisation that wishes to:  

(a) establish an SMS to eliminate or minimise risk to employees and other interested 

parties who may be exposed to OHS risks associated with its activities; (b) implement, 

maintain and continually improve an SMS; (c) assure itself that the system complies with 

its stated OHS policy; and (d) demonstrate compliance with this standard to others 

(OHSAS Project Group, 2007). 

Several researchers have demonstrated that OHSAS 18001-certified organisations 

have an adequate and functioning SMS in order to control occupational hazards (Chang 

and Liang, 2009; Fernández-Muniz et al., 2012a) and have a stronger management 

commitment, better organized safety training, higher workers’ involvement in safety, 

more efficient safety communication and feedback, explicit safety rules and procedures, 

fairer safety behaviour and reasoned safety promotion policies (Vinodkumar & Bhasi, 

2011; Fernández-Muniz et al., 2012b). Abad et al. (2013) demonstrates that OHSAS 

18001 can be seen as a strategic cost-control tool in order to create and maintain a safe 

working environment and through it, lower the rate of workplace accidents and 

interruptions in the production process.  

Several instruments have been developed (Diekemper & Spartz, 1970; Eisner & 

Leger, 1988; Collision & Booth, 1993; SafetyMap, 1995; Dyjac et al., 1998; Redinger 

& Levine, 1998; Kuusisto, 2000; Bunn et al., 2001; Pearse, 2002; LaMontagne et al., 

2004). Authors of the current study started with D&S method (Diekemper & Spartz, 

1970; Tint et al., 2010b). However after the analyses of different methods, the MISHA 

(Method for Industrial Safety and Health Activity Assessment (Kuusisto, 2000)) method 

was chosen based on its comprehensiveness and compliance with high expectations for 

health and safety. As the results for the MISHA instrument (Kuusisto, 2000) can be 

considered preliminary (compared to other methods which do not apply), since they were 

investigated in only workplace for the final version of the instrument, the authors have 

decided to test this method. 

The aim of this research was to estimate the safety performance in Estonian 

manufacturing industry and determine the benefits of OHSAS 18001 certification. 
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The main objectives were: (1) to evaluate the available safety auditing methods and 

determine the most relevant for manufacturing industry, (2) to conduct safety interviews 

in 16 industrial companies in order to find the gaps in safety activities and performance 

and (3) to examine the positive outcomes of OHSAS 18001 for real safety performance. 

 

MATERIALS AND METHODS 

 

On the basis of critical overview of the existing auditing methods, MISHA method 

(Kuusisto, 2000) as the most innovative was chosen for the current study. The MISHA 

method considers the following area of industrial activities: A. organization and 

administration (safety policy and safety activities in practice, personnel management); 

B. participation, communication, and training; C. work environment (physical work 

environment, psychological working conditions, hazard analysis procedures); D. follow-

up (occupational accidents and illnesses, work ability of the employees, psychological 

work ability). 

To select industrial companies for the research, the database of Estonian 

Association for Quality (2014) was scanned. By January 2014, 178 Estonian companies 

owned OHSAS 18001 certification. The scan showed that 32% of certified firms come 

from manufacturing sector. The authors contacted each of these firms and explained 

briefly the purpose and the scope of the research. Finally eight companies (representing 

main manufacturing areas in Estonia such as printing, textile, metal, food industry etc.) 

agreed to participate which was enough to perform a qualitative study. In order to 

compare the results with non-certified organizations, eight companies with similar 

background were selected. The data collection was performed during 2014, when 8 

(OHSAS 18001-certified organisations, group I) + 8 (non-certified organisations,  

group II) Estonian enterprises from different branches of manufacturing participated in 

25 interviews with employers, middle-level safety personnel and with safety responsible 

persons. Altogether 55 questions were asked from each of the person interviewed 

(MISHA method). Once data collection had ceased, the first author and the interviewer 

(ÕP) re-heard the records, and checked the coding strategy used for consistency and 

ensured that all questions had been answered. The second author (KR) then listened to 

the records and made notes about understanding the answers. After that, the two first 

authors discussed the answers of each company to come to a good level of agreement 

about the results (Table 2, 3 and 4). Table 1 presents the characteristics of the examined 

enterprises – the activity area, lifetime, size, the overall assessment on safety by an 

expert-interviewer, if OHSAS 18001 is implemented, and the persons interviewed 

(position and age). 

 

RESULTS AND DISCUSSION 
 

The results described were derived from on-site observations as well as from 

employee interviews and calculations by MISHA method. According to MISHA 

method, the total activity scores (Table 2) varied 73.94…93.33 for OHSAS 18001-

certified organisations (group I) and 29.10…88.08 for non-certified organisations 

(group II). This demonstrates that normally, companies who have implemented OHSAS 

18001 benefit from it in safety performance as the activity scores are considerably higher 

than for non-certified companies. 
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Table 1. The characterisation of enterprises investigated (N = 16)* 

Id. of the 

company  

The  

activity 

area 

Life- 

time, 

years 

Size, 

employees  

The overall  

assessment 

on safety** 

Likert 

scale*** 

OHSAS 

18001 

imple-

mented 

The persons 

interviewed: position, 

age 

 

K 

(Int 1) 

Textile 

industry 

11–25 50–249 

 

3 – Production manager, 38 

L 

(Int 2–4) 

Plastic 

industry 

11–25 50–249 

 

4 + Quality manager, 41 

Safety manager, 62 

WER, 25 

M 

(Int 5) 

Furniture 

industry 

> 50 50–249  4 + Personnel manager, 64 

N 

(Int 6) 

Heat 

industry 

> 50  50–249  5 + Quality and environment 

manager, 58 

O 

(Int 7) 

Printing 

industry 

1–10  < 50  

 

2 – Production manager, 36 

P 

(Int 8–9) 

Metal 

industry 

> 50 ≥ 250  5 – Safety manager, 35 

Trade union 

representative, 60 

Q 

(Int 10–12) 

Elect-ronics 

industry 

11–25 ≥ 250  5 – Quality manager, 36 

Safety specialist, 42 

WER, 53 

R 

(Int 13–15) 

Food 

industry 

> 50 ≥ 250  4 – Safety specialist, 62 

WER I, 34 

WER II, 39 

S  

(Int 16–18) 

Elect-ronics 

industry 

11–25 ≥ 250  5 + Quality manager, 59 

Safety manager, 39 

WER, 66 

T 

(Int 19) 

Metal 

industry 

> 50 ≥ 250  5 + Safety manager, 64 

U 

(Int 20) 

Food 

industry 

> 50 ≥ 250  5 + Safety manager, 37 

V 

(Int 21) 

Metal 

industry 

1–10 < 50  4 – Production manager, 36 

W 

(Int 22) 

Wood 

processing 

industry 

1–10 ≥ 250  4 + Quality manager, 47 

X 

(Int 23) 

Food 

industry 

> 50 ≥ 250  5 + Safety chief specialist, 68 

Y 

(Int 24) 

Glass 

industry 

11–25 < 50  3 – Production manager, 41 

Z 

(Int 25) 

Textile 

industry 

11–25 ≥ 250  2 – Health and safety 

manager, 67 

*Companies are listed and coded in chronological order; **assessed by expert-interviewer; 

***Likert scale: 1 – poor, 2 – average, 3 – good, 4 – very good, 5 – excellent;  

Abbreviations: Id. – identification; Int – interview, WER – working environment representative. 

 

Table 2 also demonstrates that the activity scores for OHSAS 18001-certified 

organisations vary slightly while the activity scores of non-certified companies differ 

considerably more – which means that the safety level depends on ownership, size of the 
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company, dedication and attitudes of the top management, knowledge and resources 

availability and the consistency of safety activities in the company. However, the scores 

also show that some companies with no OHSAS 18001 certification can function as 

safely as the ones having the certification; mainly due to affiliation to a larger 

international consolidated company with developed safety systems. 

The activity scores of the study showed that non-certified companies can be 

subdivided – 4 companies (P, Q, R and V) belonging to Nordic or global corporations 

(scores 79.80…88.08) and 4 companies (K, O, Y and Z) which are locally established 

and owned (scores 29.10…52.73). It shows that the safety management systems owned 

and run by local businessmen may lack in several OHS activity areas. The reasons may 

lay behind lack of resources, knowledge and skills, time while companies belonging to 

corporations are able to prioritize safety more. Examining results among group I 

(OHSAS 18001-certified organisations), there is no difference in scores between locally 

owned businesses (companies L, M) and international corporations (N, S, T, U, W, X). 

 
Table 2. Activity rating according to framework elements calculated by MISHA method (grey 

rows – OHSAS 18001-certified companies; white rows – without certification; total score=100) 

Identifi-

cation 

A: Organisation 

and 

administration 

B: Training  

and  

motivation 

C: 

Work 

environment 

D:  

Follow up 

Total  

activity  

score 

K 31.88 57.58 60.00 44.44 46.67 

L 85.02 68.69 74.07 42.59 73.94 

M 85.51 78.79 75.56 61.11 78.79 

N 92.75 87.88 80.00 66.67 85.45 

O 24.64 33.33 35.56 22.22 29.09 

P 86.96 96.97 90.00 69.44 87.88 

Q 88.89 97.98 81.48 83.33 88.08 

R 85.51 86.87 74.07 59.26 79.80 

S 91.30 90.91 79.26 75.93 86.26 

T 89.86 87.88 75.56 83.33 84.85 

U 84.06 78.79 71.11 72.22 78.18 

V 89.86 69.70 84.44 77.78 83.03 

W 69.57 81.82 80.00 72.22 75.15 

X 97.10 100.00 88.89 77.78 93.33 

Y 31.88 54.55 57.78 16.67 41.82 

Z 37.68 60.61 73.33 44.44 52.73 

 

Looking at the results according to activity areas (Table 2), the following general 

conclusions can be drawn:  

 The OHSAS 18001-certified organisations gain very high scores for element A 

(organization and administration) which is mainly establishment of written 

documents (formal safety). Non-certified companies have low scores for element 

A when they are locally owned and high scores when they belong to a larger 

consolidated company. 

 The differences for element B (training and motivation) are not as high as for 

element A as training is strictly regulated by national legislation and therefore, each 

company, certified or non-certified, has to follow the requirements. 
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 Scores for element C (work environment) are high; vary slightly for certified 

companies and are lower and vary more for non-certified companies. The 

difference comes mainly from lack of dealing with psychological risk factors. 

 Scores for element D (follow up) vary both for certified and non-certified 

companies. It represents the real safety performance, registration and investigation 

of accidents and absenteeism as well as the measurements of workability of 

employees. As parts of this is not regulated by legislation, the scores are diverse.  
 

Table 3 and 4 represent the mean scores (0–3 scale) according to the activity area 

by MISHA method. Each four-category framework element consists of 3 activity areas 

which are examined by specific 55 items in the form of various interview 

questions/considerations.  

 
Table 3. The mean scores (0–3 scale) according to the activity area (A and B) by MISHA method 

Identifi-

cation 

A1* A2* A3* B1* B2* B3* 

Organisation and administration Training and motivation 

K 0.36 ± 0.67 1.63 ± 0.92 1.50  ± 0.58 1.67 ± 0.58 1.50 ± 1.29 2.00 ± 0.82 

L 2.58 ± 0.50 2.67 ± 0.44 2.25 ± 0.88 1.56 ± 0.77 1.75 ± 1.37 2.75 ± 0.50 

M 2.91 ± 0.30 2.25 ± 0.46 2.25 ± 0.96 2.33 ± 1.15 2.00 ± 0.82 2.75 ± 0.50 

N 3.00 ± 0.00 3.00 ± 0.00 2.50 ± 0.58 2.67 ± 0.58 2.25 ± 0.50 3.00 ± 0.00 

O 0.73 ± 0.65 0.75 ± 1.04 0.75 ± 0.50 1.00 ± 0.00 1.00 ± 0.82 1.00 ± 0.82 

P 2.68 ± 0.56 2.63 ± 0.58 2.38 ± 0.48 2.83 ± 0.29 2.88 ± 0.25 3.00 ± 0.00 

Q 2.76 ± 0.34 2.67 ± 0.36 2.42 ± 0.32 2.78 ± 0.38 3.00 ± 0.00 3.00 ± 0.00 

R 2.76 ± 0.34 2.46 ± 0.43 2.25 ± 0.50 2.56 ± 0.51 2.50 ± 0.43 2.75 ± 0.17 

S 2.97 ± 0.10 2.58 ± 0.43 2.42 ± 0.57 2.78 ± 0.38 2.67 ± 0.27 2.75 ± 0.50 

T 2.82 ± 0.40 2.88 ± 0.35 2.00 ± 0.00 2.67 ± 0.58 2.25 ± 0.96 3.00 ± 0.00 

U 2.64 ± 0.50 2.50 ± 0.53 2.25 ± 0.50 1.33 ± 1.15 2.75 ± 0.50 2.75 ± 0.50 

V 2.55 ± 0.93 3.00 ± 0.00 2.50 ± 0.58 1.67 ± 1.15 1.75 ± 0.96 2.75 ± 0.50 

W 2.36 ± 0.81 1.88 ± 0.83 1.75 ± 0.50 1.67 ± 1.53 2.75 ± 0.50 2.75 ± 0.50 

X 3.00 ± 0.00 3.00 ± 0.00 2.50 ± 0.58 3.00 ± 0.00 3.00 ± 0.00 3.00 ± 0.00 

Y 0.09 ± 0.30 2.13 ± 0.99 1.00 ± 0.00 2.00 ± 1.00 1.50 ± 1.29 1.50 ± 0.58 

Z 0.36 ± 0.92 2.25 ± 1.04 1.25 ± 0.50 1.00 ± 0.00 1.75 ± 0.50 2.50 ± 0.58 

Mean 2.16 ± 1.08 2.39 ± 0.59 2.00 ± 0.57 2.10 ± 0.69 2.21 ± 0.62 2.58 ± 0.58 

*A1: Safety policy; A2: Safety activities in practice; A3: Personnel management; 

B1: Participation; B2: Communication; B3: Personnel safety training. 

 

According to Table 3, it can be seen that B3 (personnel safety training) obtained 

the highest mean score (2.58 ± 0.56) which is not surprising as Estonian legislation 

specifies the requirements for training and in-service training regarding OHS in detail 

(Resolution…, 2000). As seen from Table 4, B3 is followed by C1 (physical work 

environment), by score 2.52 ± 0.37, which demonstrates that companies generally know 

how to control occupational hazards such as physical and chemical risk factors; and 

proves that interviewed companies prioritize workplace risk assessment as one of the 

main requirement in OSH legislation in Estonia. The third highest score, 2.39 ± 0.59 

points, is occupied by activity area A2 (safety activities and practice) where the items 

are strongly related to OHS legislation (e.g. obligations to elect working environment 

representatives, formulating duties for safety manager, etc.). The lowest score, 

1.02 ± 0.44, was calculated for D2 (workability employees) which is very likely 
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connected with Estonian tax system where employer has to give strong evidence of 

expenses on connectedness of employees’ health promotion or otherwise a high fringe 

benefit tax applies (Income Tax Act, 1999). Therefore, employers are not always eager 

to invest in health promotion. 
 

Table 4. The mean scores (0–3 scale) according to the activity area (C and D) by MISHA method 

Identifi-

cation 

C1* C2* C3* D1* D2* D3* 

Work environment Follow up 

K 2.22 ± 0.97 1.33 ± 0.58 1.00 ± 1.00 1.33 ± 0.15 1.50 ± 0.71 1.00 ± 0.00 

L 2.59 ± 0.32 1.78 ± 0.69 1.56 ± 0.96 1.67 ± 0.53 0.33 ± 0.47 2.00 ± 0.00 

M 2.44 ± 0.53 2.00 ± 0.00 2.00 ± 1.00 2.33 ± 0.58 1.50 ± 0.71 1.00 ± 0.00 

N 2.67 ± 0.50 2.33 ± 0.58 1.67 ± 0.15 2.33 ± 0.58 1.00 ± 0.00 3.00 ± 0.00 

O 1.44 ± 0.53 0.67 ± 0.58 0.33 ± 0.58 0.67 ± 0.58 1.00 ± 0.00 0.00 ± 0.00 

P 2.94 ± 0.17 2.50 ± 0.50 2.17 ± 0.29 2.33 ± 0.58 1.25 ± 0.34 3.00 ± 0.00 

Q 2.70 ± 0.35 2.11 ± 0.69 2.00 ± 1.00 3.00 ± 0.00 1.50 ± 0.24 3.00 ± 0.00 

R 2.56 ± 0.60 1.78 ± 0.07 1.67 ± 1.15 2.78 ± 0.38 0.17 ± 0.24 3.00 ± 0.00 

S 2.70 ± 0.51 1.67 ± 1.00 2.11 ± 0.77 2.89 ± 0.19 1.00 ± 0.47 3.00 ± 0.00 

T 2.67 ± 0.50 1.33 ± 0.53 2.00 ± 1.00 3.00 ± 0.00 1.50 ± 0.71 3.00 ± 0.00 

U 2.44 ± 0.73 1.00 ± 1.00 2.33 ± 1.15 3.00 ± 0.00 0.50 ± 0.71 3.00 ± 0.00 

V 2.67 ± 0.50 2.33 ± 1.15 2.33 ± 0.58 3.00 ± 0.00 1.00 ± 0.00 3.00 ± 0.00 

W 2.78 ± 0.67 1.67 ± 1.53 2.00 ± 1.00 3.00 ± 0.00 0.50 ± 0.71 3.00 ± 0.00 

X 3.00 ± 0.00 2.33 ± 0.58 2.00 ± 1.00 3.00 ± 0.00 1.00 ± 0.00 3.00 ± 0.00 

Y 2.11 ± 0.93 1.33 ± 0.58 1.00 ± 0.00 0.33 ± 0.58 1.00 ± 0.00 0.00 ± 0.00 

Z 2.33 ± 0.87 2.00 ± 1.00 2.00 ± 0.00 1.67 ± 0.58 1.50 ± 0.71 0.00 ± 0.00 

Mean 2.52 ± 0.37 1.76 ± 0.52 1.76 ± 0.55 2.27 ± 0.89 1.02 ± 0.44 2.13 ± 1.26 

*C1: Physical work environment; C2: Psychological working conditions; C3: Hazard analysis 

procedures; D1: Occupational accidents and illnesses; D2: Work ability of the employees; 

D3: Social work environment. 

 

The next section presents the responses and differences between OHSAS 18001-

certified organisations and organisations without it related to specific activity areas given 

in MISHA method (Kuusisto, 2000) through quantitative and qualitative data 

(interviews).  

 

A1 Safety Policy 

Interviews revealed that all examined organisations without OHSAS 18001 and 

local ownership do not hold any kind of written safety policy. Safety and health activities 

are performed following the current legislation. As the OHS Act of Estonia (1999) does 

not require a written policy in paper, then in normal conditions, it is not created. These 

companies which belong to a larger corporation have a written policy with the authority 

of the concern.  

The examined OHSAS 18001-certified organisations, had all a written safety 

policy; however the implementation of it was different depending on the affiliation to a 

larger international group/concern. Those companies belonging to an affiliated group, 

are able to make very few modifications in the safety policy as it is usually a fixed 

document. Some changes can be made in order to comply the requirements in national 

legislation. The content and volume of a safety policy depends on policy makers’ 

approach: some have just a few general paragraphs about company’s safety commitment 
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followed by comprehensive implementation guidelines or a more detailed extension (a 

separate document) where main safety activities and procedures are described. Other 

OHSAS 18001-certified organisations have one single extensive safety policy document 

covering all areas (the role and importance of safety, safety goals, main safety activities 

and their administration, description of safety tasks and responsibilities etc.); while only 

a part of it is introduced to employees (often being up on the notice-board of 

manufacturing unit). It came out from the interviews that even when dissemination of 

safety policy among employees is usually quite well-organized, the companies do not 

prioritize informing external bodies such as clients, sub-contractors or authorities, 

although OHSAS 18001 requires it (OHSAS Project Group, 2007). Normally, the policy 

(or a shorter version of it) is presented on the company’s webpage in order to make it 

available for all external bodies. There is often no clear practice how to inform about the 

changes in policy document after the revision. 

One of the safety managers from the food processing industry summarized:  

‘When our partners sign or renew a contract and come to our territory, we introduce 

them the new policy or changes in the policy – usually during the training course’. – 

Company X, Int 23. 

 

Normally, the safety policy lists the required documents such as work instructions 

and instructions for line-managers’ and supervisors’ safety duties, but how to perform 

and follow the duties is often unclear and unwritten. For example, the companies have 

no clear overview or guidelines which tools and knowledge should be used for effective 

safety training, no evaluation is given about the effectiveness of the training etc. In 

several cases, it was stated as follows: 

‘The supervisors’ and line managers’ performance how to train our employees, comes 

with experiences and additional training. There are no guidelines or good tips written 

in paper for them’. – Company L, Int 3; Company M, Int 5; Company S, Int 18; Company 

V, Int 21; Company Z, Int 25. 

 

A2 Safety activities in practice 

In both types of companies – group I and group II, safety personnel and their 

responsibilities are usually designated. In smaller companies, no full-time safety 

manager is hired; often a production manager or personnel manager fulfils the duties 

during the working hours. All companies had elected a working environment 

representative according to the OHS Act (1999). In the larger companies (over 50 

employees), the Working Environment Council has to be appointed/selected; the 

frequency of meetings varies depending on the size of the company and the number of 

discussions needed – from one up to four times per year. 

In both groups of companies, there were deficiencies in safety awareness and 

knowledge: in most companies no system and clear picture existed how safety and health 

aspects can be taken into account in the design of new workplaces and processes. The 

exceptions were 3 OHSAS 18001-certified organisations and 2 non-certified 

organizations who employ their own engineers in order to find out new solutions for 

health and safety in the company. 
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One good example was an enterprise in food industry: 

‘We have a list of health and safety aspects which need to be taken into account when 

creating new workplaces’. – Company X, Int 23. 

 

A3 Personnel management 

In most of the companies, short-term plans about human resources are made; but 

no long-term views are generated. The interviewees explained it with the fact that 

everyday life has shown that market needs change quickly. 

The weakest part in several companies was the policy how to ensure elderly 

personnel’s work ability.  

A company (in paper industry) argued: 

‘We cannot allow ourselves discrimination, so we don’t prefer one group of people to 

another – so therefore, there are no advantages for elderly people’. – Company W, Int 

22. 

Another company (in metal industry) answered: 

‘We only have young workers, so we don’t need to think about the aging workforce yet’. 

– Company V, Int 21.  

 

A few companies (Companies S and R) admitted that they would benefit from a 

document or a guideline where elderly personnel’s’ appreciation is justified. Even when 

there is no such written document available, the companies applied various activities in 

order to maintain the employees’ health (including aging workforce) for instance 

providing a masseuse, massage chairs, thermotherapy, a neurologist, exercise equipment 

on-site etc. 

The smaller the company is, the less the individual career planning is done. An 

example of attitude by production managers (in clothing industry):  

‘There are many sewers, but only 4 positions for line managers. There is practically no 

possibility to make a career if you have chosen to do sewing work in our company’. – 

Company K, Int 1; Company Z, Int 25. 

 

A good example is from another small-scale company (Company V) in metal 

industry where a matrix has been created on a notice-board where workers’ abilities and 

skills are ranked against equipment complexity: the more skills the person has, the more 

complex work can be performed by him and the more possibility he has for career 

promotion. 

Normally, an evaluation about candidate’s health and safety knowledge is not 

performed during the selection of new personnel. The reason lies mainly on low skilled 

workforce availability in Estonia. 

 

B1 Participation 

In many investigated companies, OHSAS 18001-certified or non-certified 

organisations, the weak point is the communication between supervisor and employee. 

The interviews revealed that immediate intervention is not efficiently practiced. Often, 

the communication is limited to certain times per week; for example: 

‘We don’t interfere at once. We have a practice to go and gather all the problems and 

have an audit once a week. Then, we try to find the solutions’. – Company N, Int 6. 
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During interviews, only one company out of 16 admitted that they practice 

immediate intervention also among peers and not only by supervisors:  

‘The best practice in our company is, that my colleague will say to me at once if I do 

something wrong or unsafe’. – Company V, Int 21. 
 

Concerning employee participation into the workplace design, there are almost no 

companies (no differences between group I and group II) who involve employees in 

order to alter workplace safer or healthier. The exceptions are the companies who 

employ design engineers. 

 

B2 Communication 

Companies’ communication practices were generally in high level. Interviewees 

stated that the communication was organized effectively and sufficiently; for instance 

different communication tools were used: wall-boards, e-mails, internal leaflets, intranet 

etc. Some companies in the group II do not practice management information meetings 

for all personnel in regular basis, but in the group I it was predominant. Differences were 

dedicated in suggestions for improvement between group I and II. OHSAS 18001 states 

that there should be a procedure for collecting employees’ suggestions (OHSAS Project 

Group, 2007). In the group II companies stated that suggestions for improvements are 

collected orally (Company O, V and Z) which means that no written procedure exists. 

Among group I, several company representatives mentioned that it is not common that 

the person who makes the suggestion can complete it afterwards. In Company X, the 

interviewee stated: 

‘The persons who have made the suggestions, will have the opportunity to complete the 

proposed improvements (all suggestions that have been evaluated to be suitable for 

implementation)’. – Company X, Int 23. 
 

It means that there will be a team assigned to help him/her to complete it. However, 

several other companies were not convinced that everyone should have this chance as 

they may not have sufficient knowledge and skills for solving the problem. 

In both groups employees were one or another way rewarded for the suggestions 

made (from verbal gratitude to monetary rewards). 

The arrangement of health and safety campaigns in companies is strongly 

connected to company’s practices (no difference between group I and II). For instance, 

companies U, V, X have strong culture for regular campaigns. The most common 

campaigns arranged were ‘Occupational health days’; lectures on HIV, alcohol, 

smoking, healthy nutrition, reflectors; sport activities etc. 

Another example comes from company in wood processing industry: 

‘We have no campaigns, but there are focus areas each year’. – Company W, Int 22. 

 

B3 Personnel safety training 

The need for safety training was evaluated on a regular basis on almost all 

companies. When preparing work instructions, several companies mentioned that 

managers and supervisors participate in preparation of the instructions. Employees 

participate more seldom. All companies stated that employees have seen work 

instructions, but whether they always act according to them, is questionable. A lot of 
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companies (M, N, P, Q, R, U, S, T, W, X) stated that they check on regular basis (audit) 

whether employees follow the instructions or do not. 

Several companies (P, Q, R, S, U, V) stated that they involve employees in all levels 

of the work instruction preparation process. Other companies (K, O, Y, Z) use mainly 

supervisors when preparing the work instructions. It is widely known among companies 

that when instructions are updated, they need to be replaced and the old ones removed 

from the workplaces. As work permits are regulated by Estonian legislation (for 

example, Machinery Safety Act (2002)), then the companies who need these permits, 

keep them up-do-date. 

Generally, all companies are able to assess working environment hazards, 

especially physical hazards such as noise, lighting, indoor climate and manual handling 

of loads. In some level ergonomics assessments are performed as well. It appeared that 

indoor climate and factors influencing it produce the most diverse opinions and 

challenges: 

‘While designing the new building, everything was taken into account in order to install 

the most suitable ventilation system. However, our employees complain about draught 

all the time and have an opinion that the ventilation system isn’t built efficiently’. – 

Company S, Int 17. 

 

All companies in group I show a very high level of assessment of chemical hazards 

and risk of major hazards. These factors are explored thoroughly because of the 

integrated system – all interviewed OHSAS 18001-certified organisations are certified 

also after ISO 14001 (ISO, 2004) which pays special attention to chemicals used in the 

enterprise. Some companies in group II, consider chemical exposure essential as well: 

for instance, in a company in metal industry (Company P), a chemical specialist has been 

employed. 

A very few companies handle off-the-job safety – travelling between home and the 

workplace:  

‘We have drawn instructive lines from the territory to the bus station in order to have a 

safe lift home’. – Company R, Int 11. 

 

The interviews indicated that the maintenance of machines and equipment and the 

cleanliness of the plant area depends rather on the size of the company than the affiliation 

or owning the OHSAS 18001 certificate. In smaller companies, employees are expected 

to keep the workplace in order and clean it after the end of the shift as well as do the 

small daily maintenance. Example from a printing industry: 

‘Our employees fix the small problems themselves. We call for outsourced service only 

when something breaks down and needs a specialist attendance’. – Company O, Int 7. 

 

Some other companies (R, S, W) answered that they have minimized the off-the-

job safety risks by offering a bus to transport the employees home after their shifts. 

The difference arising among OHSAS 18001-certified companies compared to 

non-certified companies is the on-going and continuous improvement activity in order 

to establish better working conditions (see the section B2). 
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C2 Psychological working conditions 

In examined companies, psychological aspects are not considered while designing 

new workplaces. During work process, the working load is usually monitored and 

evaluated – however, psychological factors are often neglected. Some companies ignore 

the problem:  

‘We do not have any stress factors in our company; so we really don’t need to deal with 

it, thankfully’. – Company U, Int 20. 

 

It turned out that working in isolation is often a privilege and not a psychological 

hazard because in recent years, people tend to feel that open-plan offices are 

psychologically more challenging than private offices. However, working alone is a 

problem in some of the investigated companies (U, W) – working in the nature, on sites. 

Some of the physical hazards contribute into psychological hazards as well: 

‘My head is ringing as the production line is next to my office and it disturbs my work 

all the time’. – Company S, Int 16. 

 

There were no differences between group I and group II companies while dealing 

with psychosocial hazards. In conclusion, it can be said that the knowledge about 

psychosocial hazards among managers in Estonia is still low. 

 

C3 Hazards and analysis procedures 

Risk assessment has been conducted in all interviewed companies (however, the 

quality of the assessment was not assessed during the visits to the enterprises). Many 

companies presented the results of measurements of working conditions, however, many 

of them were conducted several years ago and the situation may not be the same 

anymore. In all companies of group I, the risk assessment report lead to the preparation 

of an action plan. Three companies (K, O and Y) in group II confessed that no action 

plan has put together after the risk assessment procedure. 

All companies except one (O) carry out personnel’s health surveillance: they have 

an activity plan on an annual basis. However, the efficiency and quality of occupational 

health service varies greatly. It rather depends on a size of the company than whether it 

is certified by OHSAS 18001 or is not. General trend is the following: the larger the 

company, the more collaboration between the company and occupational health service 

provider. In small companies, an occupational health doctor contributes to the 

maintenance of employees’ health through the health inspection and health control 

decision. Only few companies (P, S, U, X) confirmed that they get a detailed analysis of 

the results on a regular basis (once or twice per year) by occupational health physician, 

but many lack it. A company in furniture industry said: 

‘It would be essential to have the summary of the results sent to the top management – 

this way, they would see the employees’ problems and understand their responsibility 

better’. – Company M, Int 5. 

 

Generally, occupational health service specialists do not participate in employees’ 

training, except in two companies (S, Z, R) who have invited specialists to give some 

lectures about specific health issue. However, this agreement is signed separately from 

general health surveillance service. This is the reason why most companies do not deal 

with it. 
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Safety organizations participate in safety analysis of the companies through 

occupational hygiene measurements and performing risk assessment. There is no good 

practice that the staff of safety organizations represents their results to management and 

employees. This, again, is usually not a part of the contract. Usually, the results of 

measurements and risk assessment is introduced by safety manager. 

 

D1 Occupational accidents and illnesses 

In group I, all companies keep statistics on accident rates and use it as a reference 

when new goals for safety improvement are done. In group II, those who belong to a 

larger affiliation or concern, report on a regular basis which consists the presenting of 

occupational accidents and illnesses statistics. In group II, companies K, O, Y and Z do 

not calculate statistics on accident rates. In Company W (less than 50 employees) they 

act very seriously on accidents and their causes: the root causes are sought, action plan 

is made, reasons are presented to all employees, information goes to wall-boards. When 

we look at the investigation of the near-accidents, then in group I it is done 100%. In 

group II, it is done, too, but not consistently. For example in companies S, W, R the near-

accidents reporting is connected with yearly goals. The company decides how many near 

misses there have to be reported in a year per person as the statistics (Heinrich, 1941) 

shows that the more accidents the more near-misses exist. In these companies who do 

not integrate it to yearly goals, the near-accidents reporting rate is very low. 

Absenteeism is often followed, but as Estonian legislation (Personal Data 

Protection Act, 2007) does not allow the separation of reasons of absenteeism, the results 

are often not analysed and used for goal setting. 

 

D2 Work ability of the employees 

As mentioned in section A3, there is generally no policy how to ensure elderly 

personnel’s work ability. None of the companies had a systematic view for the 

rehabilitation for persons’ whose work ability has decreased. However, some companies 

(P, Q, R, S, U, X, Z) offer various activities in order to maintain the employees’ health: 

providing a masseuse, massage chairs, thermotherapy, a neurologist, exercise, 

equipment on-site etc. 

Most companies answered negatively for the question about redesigning workplace 

for the persons who have difficulties in coping with the work. The answer was simple: 

‘Sorry, we can’t do it and there is no similar work to offer’. – Company R, Int 11. 

 

Or the next explanation: 

‘Our shifts are 12 hours long. If someone wants to work for 6 hours, we have difficulties 

to find another person with the same need’. – Company R, Int 11. 

 

Companies K and S look at each case individually and try to provide the most 

suitable solutions: 

‘We have some workers who work 6 hours instead of 8 because of health reasons. As 

this is done every day, there is no particular work delays or unexpectancies’. – Company 

K, Int 1. 
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In the several companies, the work satisfaction survey is conducted regularly 

(usually outsourced), but psychological hazards questionnaires are hardly used. Some 

companies stated that dealing with this issue depends strongly on the managements’ 

attitudes and knowledge.  

 

A good example of emphasizing the psychological stress factors:  

‘We use occupational psychologists in order to help our supervisors to detect and solve 

the problems between the team members and how to intervene when stress level becomes 

too high’. – Company Z, Int 25. 

 

D3 Social work environment 

As mentioned in D2, companies in group I have a clear system how to measure 

social climate – they conduct regular work satisfaction surveys (except one company) 

either once or twice a year. Often, these surveys come from the concern they belong to 

or are outsourced. Interviews revealed that 4 companies (K, O, Y, Z) do not conduct 

these surveys. Most of them explained that they do not find it necessary in order to 

improve employees’ health.  

 

CONCLUSIONS 

 

In conclusion, following statements can be presented: 

1. According to the results, the companies can be divided into 3 different 

categories: (1) OHSAS 18001-certified organizations, (2) organisations which belong to 

a larger corporation or concern but are not OHSAS 18001-certified and (3) non-certified, 

locally established and owned companies. Clearly, OHSAS 18001-certified 

organizations show the highest scores. 

2. The safety activities in a company depend strongly on consistency. The study 

showed that safety needs commitment and systematic approach. If one of the key 

elements of safety management systems is missing, then it can be seen in the results of 

other framework elements. For instance, lack of safety policy may influence the 

consistency in safety activities, the safety communication and safety knowledge and vice 

versa. These results are in line with the earlier studies (Tint et al., 2010b; Fernández-

Muniz et al., 2012a; Reinhold et al., 2015). 

3. Implementation of OHSAS 18001 automatically will not ensure high safety 

activities in the company. However, holding an OHSAS 18001 certificate, creates a basis 

for a systematic work in the area of safety management, hazards identification and 

prevention, and promotes strong improvement process put in use. Other authors (Ma et 

al., 2001; Fernández-Muniz et al., 2012b) have demonstrated, too, that OHSAS 18001 

is only the first step towards the systematic and successful management of safety work. 

Besides that, companies need to have a favourable safety climate (a strong management 

commitment with the support of their workforce) (Fernández-Muniz et al., 2012b). 

4. Concerning working conditions and occupational hygiene, all companies are 

able to assess work environment hazards. However, in OHSAS 18001-certified 

companies the control of chemical hazards and major accident hazards, is in very high 

level while non-certified organisations show the lower commitment to chemical safety. 

However, there are 2 good examples in non-certified organisations: a company in metal 

industry employs a chemical specialist and a company in food industry who outsources 
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company-specific chemical safety training. Physical hazards like noise and illumination 

are well managed in all interviewed companies, some challenges are faced with thermal 

conditions e.g. temperature, airflow and inefficiency of ventilation system. Ergonomics 

is valued by almost all enterprises; however dealing with it systematically and effectively 

depend on the size and consistency of the company. The maintenance of machines and 

equipment and the cleanliness of the plant area depends rather on the size of company 

than the affiliation or owning the OHSAS 18001 certificate. In smaller companies, 

employees are expected to keep the workplace in order and clean it after the end of the 

shift as well as do the small daily maintenance. The knowledge about psychosocial 

hazards among managers in Estonia is still low and there were no differences between 

group I and group II while dealing with psychosocial hazards. Our study results indicate 

that psychosocial work environment is not only difficult to measure, but problematic to 

detect its dimensions and find suitable solutions and control measures. A study 

conducted in Denmark (Hohnen & Hasle, 2011) showed a similar result – OHSAS 

18001-certified manufacturing company had difficulties in dealing with psychosocial 

work environment as referred too complex, with multiple causes and too complicated 

for management to articulate clearly. 

5. All interviews were conducted by using the MISHA method questionnaires. 

MISHA method offers a more comprehensive possibility to evaluate SMS in present-

day society: it emphasizes among other activity areas on top management commitment 

and safety knowledge, psychosocial hazards and integration of personnel management. 

By reference to previous authors’ experiences with other audit methods (Tint et al., 

2010a; Tint et al., 2010b), for instance D&S method is a rough and outdated method. 

Some criteria in it are very easy to meet, too much emphasis is put on fire and industrial 

hygiene control, less attention is paid to follow-up and auditing. Compared to some other 

methods, developed in the USA (ISRS-Generic (Collision & Booth, 1993, Goodyear 

Tire and Rubber Company audits (Dyjack et al., 1998)), MISHA gives less attention to 

off-the-job safety. Although MISHA method can be successfully used for evaluating 

safety management systems in manufacturing industry, it has to be kept in mind that 

some modifications may be needed due to national differences in safety activities. For 

instance, occupational health service principles and structure vary from country to 

country. 

 

As the result of the investigation and using the elements of the OHSAS 18001, the 

model for safety management in the small and medium-sized enterprises will be 

proposed. 
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Abstract. Occupational health problems often result of poor knowledge of safety requirements 

and inadequate personnel training, especially considering specific tasks at work.  

A questionnaire was distributed to university students to respond, in order to analyse their answers 

and achieve following objectives: (1) to pinpoint the students’ knowledge prior to the start of the 

course; (2) to reveal how many students have had experience with occupational health and safety 

(OHS) topics before starting the course; (3) to determine whether the knowledge of students with 

prior experience is greater; (4) to identify the most difficult topics or domains. The obtained 

results showed that the average test score was 50.2% (n = 151). Students with prior knowledge 

on OHS (n = 53) did not get higher test scores (p-value = 0.12; α = 0.05). The objectives of the 

study were achieved. Further studies considering the efficiency of both teaching and learning are 

to be conducted. 

 

Key words: OHS, occupational health and safety course, knowledge. 

 
INTRODUCTION 

 

Most occupational health problems are conditioned by poor knowledge of safety 

requirements and inadequate (personnel) training. To improve the situation several 

educational institutions (such as universities and vocational education centrums) in 

Estonia provide courses covering different aspects of occupational health and safety 

(OHS) in their curricula. Those courses, (targeted mostly to students of the educational 

institutions itself) are more than necessary, as it is common knowledge that young and 

new workers experience very high rates of occupational injuries. For example in Europe 

workers aged 18 to 24 have 50% higher probability to have an occupational accident 

(Occupational health and safety strategy 2010–2013). This age group of workers is the 

same wherein our study group is. Usually it is believed that the employees’ age is in 

correlation with occupational injury studies (Breslin & Smith, 2006) have shown that 

short job tenure is correlated with occupational injury, rather than young age. On the 

other hand, young people have less work experience, as they are just starting their 

careers. 

To thoroughly understand our motivation to conduct such study in Estonia, a brief 

overview of the situation in states’ approach towards OHS topics is needed. Also an 

overview of the interest group is given. 
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Combining the results from the Statistics Estonia's database on Social Life and The 

Statistical Yearbook of Estonia (2014) data can be obtained considering the number of 

workers injured in registered occupational accidents during the period of 2005–2013. 

The Table 1 refers to the aforementioned data. Do note, as it is mentioned in the 

Statistical Yearbook of Estonia (2014), the data considering the registered accidents at 

work is underestimated, as not all of the occurring  accidents are reported to the Labour 

Inspectorate. The Statistics Estonia has estimated the number to be almost 2.5 times 

higher than reported, based on the Labour Force survey. 

 
Table 1. Workers injured in registered accidents at work during 2005–2013 

Total of employed 

people (in 

thousands) 

2005 2006 2007 2008 2009 2010 2011 2012 2013 

615.6 651.7 657.6 656.0 593.9 568.0 603.2 614.8 621.3 

 Accidents per 10,000 workers (including fatal accidents) 
Below 24 years of 

age 
10.5 11.1 10.5 11.5 8.6 10.1 11.3 12.5 12.5 

Aged 25–34 12.7 12.7 12.7 14.5 11.7 13.2 15.4 16.5 16.8 
Aged 35–44 12.1 11.5 11.3 12.1 9.2 11.4 12.8 13.2 11.9 
Aged 45–54 12.3 12.6 12.9 13.6 10.9 12.0 11.6 13.5 13.2 
Aged 55–64 6.7 7.0 8.1 8.9 7.8 8.7 9.4 10.1 10.9 
Above 64 years of 

age 
1.3 1.2 1.2 1.6 1.2 1.2 1.5 1.6 2.0 

Total of accidents 

per 10,000 workers 
55.7 56.1 56.6 62.1 49.5 56.6 62.0 67.5 67.3 

Total of the 

accidents reported to 

the Labor 

Inspectorate 

3,431 3,653 3,723 4,075 2,939 3,215 3,741 4,148 4,180 

 

Schulte et al. (2005) discuss the option that even if young workers have the 

knowledge on OHS topics, they might not be able to put it into practice, due to their lack 

of experience, and perhaps even due to the lack of self-confidence to raise safety and 

health issues with more experienced co-workers or within the workplace. 

The necessity for personnel training in enterprises and companies remains, as the 

Table 1 and Fig. 1 indicate. The OHS related in-service trainings (i.e. the trainings that 

are enabled to employees during the course of their employment) are seldom if ever 

offered to employees to attend outside the company’s own structure. Järvis et al. 

(forthcoming 2015) have investigated the employee’s possibility to continuously 

improve their knowledge. The results indicated that 30% of the workers state to have the 

possibilities, 35% consider to have no possibilities. Approx. 1/10 of the workers were 

very satisfied with opportunities for both development and gaining knowledge. At the 

same time 50% of the respondents considered their possibilities ‘limited’. The survey 

consisted of 1,757 participants. 

The Ministry of Social Affairs has emitted the ‘Occupational health and safety 

strategy 2010–2013’ wherein is shown the synopsis based on The Labour Inspectorate’s 

study results on occupational accidents and risk assessments. It is claimed, that the 

knowledge of the OHS risks and risk-management is poor, in terms of Estonian 

employers and employees both. The situation could be aggravated because the primary 
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training and tutelage in a work-environment or on a position is often implemented by the 

employer. Järvis et al. (forthcoming 2015) have indicated that 89% of employees 

claimed to receive OHS related information from their employers or supervisors, 82% 

of employers claimed the same. Disjointedness and lack of systematic promotion of OHS 

topics is widespread in Estonia although promotional materials intended for employers 

are composed and distributed by the state. Too often the high-quality work-environment 

is not appreciated. As one of the potential causes of the aforementioned problems, it has 

been referred to the fact, that the OHS topics are not attended to as early as during the 

studies of basic or general education (Occupational health and safety strategy 2010–

2013). 

In reality the condition has somewhat improved since 2010, when the strategy for 

2010–2013 was ratified. There has been some OHS promotion, such as lectures and 

courses from Estonian Labour Inspectorate to both employers and working environment 

specialists. New web-sites have been created and developed for promoting occupational 

safety, providing additional information on the topic and improving the overall quality 

of risk assessments. 

When communing with employers, their attitude shows unwillingness to 

understand that some of specific knowledge on OHS can only be learned during the 

work. Employers expect the trainees or new workers to have good or sufficient 

knowledge on OHS topics, even on positions which require basic or general education. 

On a tangential note – studies on the subject have not been conducted yet in Estonia and 

aforementioned statement is rather an observation than a verified fact. Järvis et al. 

(forthcoming 2015) have found that the employee’s knowledge of OHS topics can 

seldom be considered good as only 6% of employers and as little as 4% of employees 

receive their OHS information from specialists. At other times the info is gained from 

potentially ineligible employer.  

As the employers often believe the workers to have more knowledge on OHS topics 

than employees actually do, the resources to train the worker might be inadequate. 

When enabling the training to the employee, the employers will most certainly 

consider the sufficiency of the training course. But also workers’ a priori knowledge 

must be considered. How to do this? 

To be able to consider the topics of in-service trainings and lifelong learning at all, 

first the qualities of the employee must be considered. As the group of interest of the 

current study is aged 18–24, the extent of knowledge of the young people taking up their 

duties is enquired.  

In our study this will done by comparing the research results of two groups of 

students that have not yet participated in any university OHS courses during their studies. 

One of those groups have no a priori knowledge on the topic, the other group has come 

into contact with OHS topics during their work in enterprises. 

The aim of this study is not to extend the results to generalised population. Rather, 

the study is conducted to obtain data about the knowledge of a part of population by 

answering the following questions: (1) to pinpoint the students’ knowledge prior to the 

start of the course; (2) to reveal how many students have had experience with OHS topics 

before starting the course; (3) to determine whether the knowledge of students with prior 

experience is greater; (4) to identify the most difficult topics or domains. 

The objective is to use the information about student’s a priori knowledge to 

estimate the usefulness of OHS courses in the future. 
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MATERIALS AND METHODS 

 

To conduct the study a questionnaire was created (from now on referred as the test). 

The test was then given to Bachelor study students of Tallinn University of Technology 

to be answered. The test was anonymous; the sample consisted of the volunteers from 

all the students who had to take the Occupational health course during 2014 spring term. 

The testing was carried out in the beginning of their first lesson of the course. 

The selection consisted of 151 students (114 male, 37 female, aged 19 to 24  

from 8 different engineering and technology specialties (Electrical Engineering, Earth 

Sciences, Geotechnology, Electrical Power Engineering, Thermal Power Engineering, 

Product Development and Production Engineering, Mechatronics, Chemical and 

Environmental Technology), of whom 53 had had prior experience in OHS topics due 

to their employment or practice in an enterprise. Specific information considering the 

extent of their prior experience was not collected (whether they had attended to any 

training courses or if they had held e.g. the position of a working environment 

representative). With the help of the questionnaire we aimed to pinpoint the students’ 

knowledge of the topic in beginning of the course, rather than to compare the results of 

students with or without a priori knowledge. 

The 17 multiple choice questions (MCQ) in the questionnaire (shown in Table 2) 

were developed specifically for this study and chosen to show student’s knowledge on 

different OHS topics that are also addressed during the course. It should also be noted, 

that during the course several topics are discussed in great detail. This is due to the fact 

that during the course the students have to acquire knowledge that will be helpful to them 

whether they are future employers or employees in different specialities and work 

environments. 

 

 
Table 2. The questions used in the ‘Educational Diagnostic Test on OHS Topics’ questionnaire 

(some of the questions consisted of several sub-questions) 

No Question Correct answer The average 

score of the 

question (%) 

1. Choose the correct meaning 

to each of the CLP 

Pictograms or safety and 

health signs* 

1a. Strong oxidizer 

1b. Is carcinogenic  

1c. Wear eye protection 

1d. Laser radiation 

45.5 

2. Which of those hazards can 

cause Raynaud Syndrome? 

Excessive vibration 11.3 

3. Which of those blood 

pressure values can be 

considered normal or 

healthy? 

110/75 76.2 
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Table 2 (continued) 

4. Choose the correct 

statement to characterize 

following OHS related 

occupations and positions*: 

4a working environment 

representative 

4b. working environment 

specialist 

4c. ergonomist 

4d. working environment 

council 

4a. is a representative elected by employees 

in occupational health and safety issues 

4b. is an engineer competent in the working 

environment field (who has received training 

concerning the topic and whom the employer 

has authorised to perform occupational health 

and safety duties). 

4c. evaluates the potential effect of physical 

and physiological risk factors on workers’ 

health in work environment. 

4d. is a body for co-operation between an 

employer and the employees’ representatives 

which resolves occupational health and safety 

issues within the enterprise. 

55.6 

5. Which of those relative 

humidity values can be 

considered as the optimum 

for a good work 

environment? 

40–60% 24.5 

6. Which of those can be 

defined as a chemical 

hazard? * 

6a. CO2 

6b. Asbestos 

78.8 

7. Which of those can be 

defined as a biological 

hazard? * 

78a. Blood 

7b. Staphylococcus 

47.7 

8. Which of those can be 

defined as a physical 

hazard?*  

8a. Noise 

8b. Insufficient lighting 

54.0 

9. Which of those can be 

defined as a psychological 

hazard?* 

9a. Bulling 

9b. Boring and monotonous work 

71.2 

10. What is the maximum 

value for domestic noise in 

Estonia, given in dB (A)? 

80 23.2 

11. With which physical hazard 

the term ‘glare’ agrees with 

and what does it mean? 

Lighting – the term indicates lighting 

conditions where the light is too strong, even 

blinding 

40.4 

12. Which of those sentences 

shows the right correlation 

between ’hazard’ and 

‘risk’? 

Risk shows the probability of negative effects 

caused by a hazard 

54.3 

13. Which of those values is 

considered to be sufficient 

maintained illuminance for 

office work? 

500 lx 19.9 

14. Lyme’s disease is a 

zoonosis that is carried by 

which creatures? 

Ticks  12.6 
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Table 2 (continued) 

15. How much can the CO2 

levels inside a renovated 

building exceed the outside 

levels? 

500 ppm 7.3 

16. The question consists of a 

picture, which shows a 

worker and his working 

area. Students need to mark 

all the named problems in 

the MCQ that should be 

attended to improve the 

conditions. * 

16a. Display screen is at the right height 

16b. Hand should be bent ~90° from the 

elbow 

16c. Worker does not need a foot support 

16d. Workers wrists should not rest on the 

table  

16e. The space between the chair and the back 

of the worker’s knee must be approx. the size 

of the workers fist. 

47.0 

17. The question consists of a 

picture, which shows a 

working area. Students 

need to mark all the named 

problems in the MCQ that 

should be attended to 

improve the conditions. * 

17a. Workplace may be uncomfortable due to 

glare due to direct sunlight 

17b. The mould needs to be removed and 

repelled, to eliminate the risk on workers’ 

health 

17c. Illuminance uniformity the working area 

is not sufficient 

17d. Air humidity during autumn is too high 

17e. The temperature is fitting throughout the 

year 

59.9 

This question consists of several sets of multiple choices, in all of which correct answers occur. 

The number of sets is indicated in the answers column. 

 

In order to assure the reliability of the questionnaire no open questions were used. 

Each correct answer gave one point. Scoring was measured by adding up the points and 

calculated into a scale of 100 percent. The questions were created in accord with several 

standards (both Estonian and European), Estonian legislation and best practices of OHS. 

Do note: (1) the questionnaire was created in Estonian and thereby some of the 

questions might seem unreasonable, as the terminology in English might describe the 

essence of some of the phenomenon better than the relevant term in Estonian; (2) each 

set of answers (from questions 1 to 15, included) also had an option ‘I am not aware’; 

(3) The questions 16 and 17 had different structure than all the other 15 questions 

(although they were also MCQs), as 16th and 17th question were designed to evaluate the 

students common sense rather than knowledge of facts. 

During the analysis of results, statistical calculations (t-test) were carried out using 

Microsoft Excel (2013). The significance level was set to 0.05. 
 

RESULTS AND DISCUSSION 

 
The lowest score of the test was 25.7% (20 year old male Electrical power 

engineering student) and the highest of the test was 80.0% (19 year old male Thermal 

power engineering student who, according to his own words, did not have prior OHS 

knowledge). The average test score of all the participants was 48.9% (n = 151). 

As it has been referred to earlier, the test had 2 different types of questions. 
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Therefore Table 3 indicates the scores of the test from different aspects. While 

comparing the average scores, it is obvious that the ‘fact questions’ were more difficult 

to the students than the ‘common sense questions’. 

Students were asked if they had knowledge on OHS topics prior to the course.  

53 students had prior experience in OHS from 1 to 60 months. Students with prior 

knowledge on OHS did not get higher test scores (p-value = 0.13; α = 0.05). Statistically 

significant difference was not observed while comparing different question (Q 1...15 vs 

Q 16...17) and experience groups. 

 
Table 3. Results of the test 

 Minimum 

result (in %) 

Average  

result (in %) 

Maximum 

result (in %) 

Average standard 

deviation 

Whole test  

(Questions 1–17) 
25.7 48.9 80.0 35.8 

1st part of the test  

(Questions 1–15) 
16.0 47.1 80.0 37.3 

2nd part of the test 

(Questions 16–17) 
0.0 53.4 100.0 24.5 

 

The average score for students without experience was 46.9% (n = 98). In 

comparison, the scores of students with at least 6 months of experience in OHS field had 

results that varied from 28.6% to 65.7%. The average score for the 53 students who 

claimed to have any prior knowledge was 51.9%. 

The average scores of the test (and each question) are shown in Fig. 1. 

 

 
 

Figure 1. Individual question’s average score and error bars (on horizontal axis) and the overall 

average score (dashed line). 
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Do note – the questionnaire had its limitations due to the fact that all of the topics 

of the course were known not to be covered in equal thoroughness; therefore it was 

undesirable to create a questionnaire that would be too time-consuming for the students 

to answer.  

As Fig. 1 indicates, the students found questions (Q) 2, 5, 10, 13, 14, and 15 

difficult. The easiest was the question about chemical hazards (Q6) with the average 

score of 78.8%. Students found it difficult to answer to questions with specific diseases’ 

names like Raynaud syndrome (Q2) and Lyme’s disease (Q14). The study also showed 

that students are unaware of the working environment normative values on air humidity 

(Q5), noise (Q10), lighting (Q13) and carbon dioxide (Q15). 

From the radar chart (Fig. 2) one can see how students’ prior experience with OHS 

topics (in months) influenced their average score within different sets of questions. 

 

 
 

Figure 2. Radar chart showing students’ experience in months (outside circle) and students score 

in % (0–90%). The gray area indicates the overall average and values below average of the test. 

Average values of the whole test (the questions (Q) 1–17, black line), average values of different 

parts of the test: Q1–15 (dotted line), Q16–17 (dashed line). 
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Do note, students did not divide evenly between different experiences categories 

(there was 98 students without prior knowledge, 30 students with 1–6 months experience 

and 23 students with experience varying from 6 to 60 months). Fig. 2 indicates that when 

answering to questions 16 and 17 that do not require factual knowledge students received 

(regardless of the students’ experience) higher score values than to questions 1 to 15. 

The average score of question 16 suggests that even though all the respondents have 

personal experience of using a computer workplaces, their own mere experience does 

not allow them to get higher results when answering the question considering the 

ergonomics of the workplace. Despite the fact that the question 16 was rather a common 

sense question than a factual one, students failed to achieve higher results than the overall 

average of the test. Thus being uninformed of even some of the facts, common sense can 

lead to misinterpretation of the situation. But their ability to relate to a certain working 

environment is stronger (question 17), as the results are higher. This could be explained 

by the fact that question 17 consisted of several physical and biological hazards that are 

more obviously dangerous or disturbing than working in a wrong posture. Also, it is 

questionable whether a young and healthy human being who has not practiced 8 hour 

shifts of sedentary work can relate to the hazards of poor posture. 

By the Estonian law the employers are obligated to train and also inform their 

employees on the subjects of: (1) company’s work environment risk assessment; (2) 

measurement results anterior to the assessment and (3) legal normative values. As the 

employers are bind to inform the workers on the measurement results and normative 

values, the topics are also covered in the lectures of the course. Therefore the questions 

considering the normative values have also been included to the test. 

As at least 53 students were working before or during their studies, the test score 

on the subject of normative values should have been higher. This raises several 

questions: (1) do employers inform their employees on normative values or do they 

presume that educational institutions do it instead; (2) how should each worker obtain 

knowledge on new values, if the normative values change due to developments in 

hazards control. During the year 2013 Estonian Labour Inspectorate’s workers visited 

and supervised 2,665 companies. Their visits showed that a lot of companies (n = 1,589) 

failed to instruct their employees (Estonian Labour Inspectorate, 2013). This statistics 

suggests that OHS courses in higher education are necessary, otherwise young 

employees would be uninformed of even the most general knowledge considering risks 

and hazards that can accompany different professions. But employers must admit that as 

each workplace is different, all specific nuances of a workplace cannot be foreseen and 

therefore the students cannot be taught to avoid any particular situations in specific 

environments. During such courses only the fundamentals of risks and hazards can be 

taught, as well as health-sustaining and constructive attitude towards OHS topics can be 

created. Young and/or new workers can only learn OHS skills by themselves. This can 

only be done through their own experience during accomplishing tasks under the 

supervision of a qualified professional and an expert of OHS, rather than be taught in a 

lesson. 
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CONCLUSIONS 

 

The students’ knowledge and experience on OHS topics prior to the start of the 

course were mapped, the most difficult topics and domains were pinpointed. The results 

show that (1) students with prior experience did not get better test scores and (2) 

generally students are unaware of normative values on noise, air humidity, carbon 

dioxide and lighting.  

The questionnaire had its limitations due to the fact that all of the topics of the 

course were not covered in equal thoroughness. Therefore the results might not show 

each student’s definite knowledge.  

The exploration is ongoing, as collected data is still being processed and further 

studies considering the efficiency of both teaching and learning are to be conducted. 
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Abstract. The aim of the paper is to present balneotherapy (mud treatment) effect in the 

rehabilitation and prevention of work-related musculoskeletal disorders (MSDs) of industrial 

workers. Balneotherapy significantly reduces the muscle pain complaints of the employees. The 

m.abductor pollicis brevis muscle tension measured decreased after the balneotherapy. The study 

included overall 114 industrial workers (91 female and 23 male persons from garment and 

woodworking industries) with professional overuse of the upper extremities. The average age of 

the workers was 49.1 (from 22 to 75) years, their average length of the service was 16.2 years. 

The main result of the questioning of the workers about the pain regions: there was quite a high 

incidence of musculoskeletal pain in the investigated workers with a work-related upper 

extremity syndrome: neck 68.4%, shoulders 63.2%, elbows 42.1% and wrists 78.9%. In the 

course of the study, balneotherapy was applied to 19 (13 female and 6 male) industrial workers 

who had pain at least in two regions of the body. The average age of these workers was 50.6 years 

and the average length of the service 21.3. After the balneotherapy, the 19 industrial workers’ 

complaints of pain in the neck and in the wrists decreased from 2.37 to 1.13 points (p = 0.05) and 

from 3.25 to 1.03 points (p = 0.007) respectively on the VAS pain scale. Objective measurement 

of muscle fatigue with a myotonometer showed the decrease in the stiffness of hand muscles (Abd 

poll brev, right: from 278 nM-1 until 342 nM-1, p = 0.006). The results indicated that more 

attention should be paid to the early diagnostics and preventive measures. 

 

Key words: physical overload, musculoskeletal disorders, myotonometry, industrial workers, 

balneotherapy. 

 

INTRODUCTION AND THEORETICAL BASIS 

 

A work-related musculoskeletal disorder (MSD) develops slowly, stealthily; 

however, there is also a possibility that chronic musculoskeletal pathology may develop, 

which is often the cause of permanent incapacity for work. This is why it is essential that 

attention should be paid to early diagnostics of work-related MSDs as well as to 

preventive interference both for changing the working order and for commencing early 

treatment with a view to helping to prevent the development of chronic MSDs and to 

preserve the workers’ ability to work (Reinhold et al., 2008; Oha et al., 2010; Öztürk & 

Esin, 2011; Pille et al., 2014). 

The project studying the incidence of MSDs in working age population, Fit for 

Work Europe, covered 27 European countries, and within the framework of the study a 

report regarding each participating country was prepared. The Fit for Work Estonia 



821 

report was completed in 2011. The report indicated that MSDs reduce the working ability 

of at least half of the workers in Estonia. In 2009, the ability to work was limited in 59% 

of workers aged between 15 and 64 due to long-term hand, foot, back or neck problems. 

The problems are especially frequent in 40- to 65-year old women. Estonia is among the 

topmost EU member states where workers worry most about work damaging their health 

(in the opinion of 59% of the workers as compared to the average of the European Union, 

which is 33% (Zheltoukhova & Bevan, 2011). 

In many European countries, incl. Finland, MSDs come second to psychic disorders 

as causes of permanent loss of ability for work (Martimo, 2010). Most of the MSDs 

cause local discomfort, muscle tension or pain; joint mobility may be impaired, which, 

in its turn, prevents people from coping with their everyday tasks. Almost all MSDs are 

physical load sensitive, even if the disorder is not work-related, physical load may 

aggravate the symptoms. In the most cases, there are combined causes for MSDs. 

However, the physical load of work, work intensity, and working and rest time regime 

have a significant role in the development of various MSDs. Excessive physical load, 

repetitive motion, and forced positions have a burdensome effect (Tammaru et al., 2004; 

da Costa & Vieira, 2010). Overwork brings about an accumulation of potassium and free 

radicals in muscle cells, which may cause damage to muscle cell membranes and to 

mitochondrial energy production (Hägg, 2000; Toomingas et al., 2011). 

In the case of static muscle work, when a muscle contracts, the intramuscular 

pressure increases and the blood flow decreases. Insufficient blood flow may lead to 

oxygen deficiency in the muscle and, consequently, to a number of biochemical 

processes, which may produce pain (Toomingas et al., 2011). In case of non-specific 

muscle pains, their relation to repeated work motions has been proved (Macfarlane 

et al., 2000). 

In Tartu University, a methodology and equipment for diagnosing the functional 

state of skeletal muscles has been developed (myotonometry). The method comprises 

recording, by means of an acceleration transducer, the response of a superficial skeletal 

muscle or a part thereof to mechanical impact, and an analysis of the signal by means of 

a dedicated computer program. The criteria developed make it possible to perfect the 

diagnostics of the functional state of skeletal muscles (Vain, 2002). 

The myotonometric method of muscle study may be used for early detection of 

work-related MSDs as well as for assessment of the difficulty of physical work for 

individual workers (Roja et al., 2006). The basic indicators of the skeletal muscle 

condition are frequency and stiffness. Frequency characterizes the muscle tension. In a 

normal muscle, the muscle tension at rest is slight, but frequency increases when the 

muscle is energized. Stiffness characterizes the muscle’s capacity to resist its shape-

shifting power. The values of stiffness are in the range 150 to 300 Nm-1, depending on 

the type of the muscle (Vain, 2002). 

One of the possibilities of relaxing a muscle and decreasing pain is heat application 

(Dehghan & Farahbod, 2014). The physiological effects of heat therapy include pain 

relief and increases in blood flow, metabolism, and elasticity of connective tissues. There 

is a limited overall evidence to support the use of topical heat in general;  

however, randomized controlled trials (RCTs) have shown that heat-wrap therapy 

provides short-term reduction in pain and disability in patients with an acute lower back 

pain and provides significantly greater pain relief of delayed-onset muscle soreness than 

does cold therapy (Decoster et al., 2005; Folpp et al., 2006; Verhagen et al., 2013; 
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Malanga et al., 2015). 

According to the systematic review by Nakano (2012), the static stretch alone can 

improve the range of motion and this can be potentiated by the application of heat. Heat 

is an effective adjunct to developmental and therapeutic stretching techniques and should 

be the treatment of choice for enhancing ROM in a clinical or sporting setting. The 

effects of heat or ice on other important mechanical properties (e.g. passive stiffness) 

remain equivocal and should be the focus of future study (Bleakley & Castello, 2013). 

The aim of the paper is to present balneotherapy’s (mud treatment) effect in the 

rehabilitation and prevention of work-related musculo-skeletal disorders (MSDs) of the 

industrial (garment and woodworking) workers. 

The hypothesis of the study is: the balneotherapy decreases the muscle tension and 

pain that employees feel? 

 

MATERIAL AND METHODS 

 

Subjects 
The study included 114 industrial workers with professional overuse of the upper 

extremities. There were 91 women and 23 men in the group with an average age of 49.1 

(22–75 years); their average length of service was 16.2 years. The workers were 

investigated by the questionnaire on the pain regions and pain strength. The 19 workers 

of the group who reported pain in the two or more regions of the upper extremities due 

to the work overload, received balneotherapy which took place at the outpatient clinic in 

10 sessions. The data of the investigated subjects are presented in Table 1. 

 
Table 1. The data on the subjects of the study 

 Total number of investigated 

workers N = 114; 23M; 91F 

The workers who underwent the 

balneotherapy N = 19; 6M; 13F 

 Mean SD Range Mean SD Range 

Age (years) 49.1 11 22–68 50.6 9.37 22–65 

BMI (kg m-2) 27 5.4 18–37 26.3 2.42 21–29 

Length of service (years) 16.2 10.2 0.5–48 21.3 13.9 3–47 

M – male persons; F – female persons 

 

Assessment of musculoskeletal pain 
The workers’ musculoskeletal complaints were assessed on the basis of the Nordic 

Questionnaire. The intensity of pain was assessed from 1 to 10 on the Visual Analogue 

Scale (VAS). The questionaries’ forms were filled out by the workers (N = 114). 

 

Hand-grip strength 

The hand-grip pain was measured with hand dynamometry. Three trials for both 

the extremities were carried out (the best of three was taken as the result), in standing 

positions, hands next. 

 

Balneotherapy 
The number of patients in the balneotherapy group was 19 (13 women and 6 men, 

the average age of 50.6 years and with the average length of the service of 21.3 years. 

The workers stated that their average working time was 7.65 hours on each workday. 
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The average body mass index of male and female subjects was accordingly 26.41 and 

26.23. The average handgrip strength of the male subjects was 46.66 kg for the right and 

46.91 kg for the left hand; the respective indices of the female subjects were 27.87 kg 

and 24.96 kg. 

In our study, we used warm (42 °C) mud application as thermal stimulation of the 

painful regions. 42 °C (Seese et al., 1998) has been proved to be the most effective 

temperature for improving the blood flow. During the balneotherapy period, no changes 

were made to their usual work and domestic activities. 

 

Myotonometry 

The Myoton 3 myotonometer was used in the current study. The following 

indicators of the thumb muscles (abductor pollicis brevis and adductor pollicis) were 

measured: frequency characterizing muscular tension and stiffness characterizing the 

property of a muscle to resist the deforming force. Those muscles were selected because 

of the intensive work with repetitive hand movements caused by the muscle tension in 

the thumbs (Radford et al., 2006). 

M. abductor pollicis brevis abducts the carpometacarpal and metacarpophalangeal 

joints of the thumb in a ventral direction perpendicular to the plane of the palm. The 

muscle assists in opposition and may assist in flexion and medial rotation of 

metacarpophalangeal joint. 

M. adductor pollicis adducts the carpometacarpal joint, and both adducts and assists 

in the flexion of the metacarpophalangeal joint, so that the thumb moves toward the 

plane of the palm (Kendall et al., 2005). 

The hand muscles were measured using the Myoton-3 in the sitting position at rest. 

The patient had to sit in a comfortable position and relax the muscles completely during 

the measurement. 

 

Statistics 

The mean and standard deviation (SD) were calculated in the course of the 

measurements. The student t test was used. The statistical significance of the t test was 

p = 0.05. 

 

RESULTS AND DISCUSSION 

 

Assessment of musculoskeletal pain 
The results of the Nordic Questionnaire on the pain regions and of the VAS scale 

on the pain strength were as follows. There were 36 (32%) people who had no pain in 

the neck (Table 2), 32 (28%) people who had pain below 5.0 on the VAS scale, and 46 

(40%) people whose pain in the neck was ≥ 5.0 (severe pain) on the VAS scale. The 

average pain in the shoulder region was the same as in the neck (VAS = 3.5). The number 

of people who had pain in the shoulders was 38 (33%), among them 23 (20%) people 

felt pain below 5.0, and 53 (46%) people’s pain was ≥ 5.0 on the VAS scale. Less pain 

was reported in the elbow joints: there were 50 (44%) people, who had no pain; 25 (22%) 

people had pain below 5.0 and 39 (34%) people’s pain was ≥ 5.0 on the VAS scale. The 

number of people reporting pain in the wrists was the highest. There were 27 (24%) 

people, who had no pain, 26 (23%) people who had pain below 5.0, and 61 (54%) people 

whose pain was ≥ 5.0. The spine was also remarkably painful in our study group: there 
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were 31 (27%) people who had no pain, 27 (24%) people who had pain below 5.0 and 

56 (49%) people whose pain was ≥ 5.0 on the VAS scale. 

 
Table 2. The regions of pain and the number/percentage of workers reported by the Nordic 

Questionnaire and VAS scale 

The body region No pain Pain < 5.0 by VAS  Pain by VAS ≥ 5.0 

Neck 36 (32%) 32 (28%) 46 (40%) 

Shoulders 38 (33%) 23 (20%) 53 (47%) 

Elbow joints 50 (44%) 25 (22%) 39 (34%) 

Wrists 27 (24%) 26 (23%) 61 (53%) 

 

Increased stiffness, tenderness and muscle pain, particularly in the neck and 

shoulder regions, were common work-related complaints in our study group. An average 

level of pain in the group of 114 industrial workers’ (measured on the scale of 0–10) was 

3.5 in the neck and shoulder, 2.7 in the elbow joints, 4.2 in the wrists and 4.3 in the spine 

on the VAS pain scale. Due to the need of different treatment strategies for the mild, 

moderate and severe pain, we analyzed also a group of persons who had mild or moderate 

pain (pain less than 50% of maximum intensity), which could be treated with warm 

application. 

All the 19 persons who were chosen for the balneotherapy group complained of 

two or more local pain regions (Table 3). 13 workers (68.4%, I group) complained of 

neck pain, and the average pain on the VAS scale was 2.37. After the treatment, the pain 

decreased to an average pain level of 1.13 points and the change was statistically 

significant (p < 0.05). We saw the same positive dynamics after the balneotreatment on 

wrists. Wrist pain was declared in 15 cases (78.9%) in this group; that was also the most 

often reported pain region with an average intensity of pain of 3.23 on the VAS. 

 
Table 3. Health complaints assessed by the Nordic Questionnaire and pain by the VAS scale 

Area of pain Complaints  

(number of workers 

and percentage of 

subjects) before 

treatment 

Intensity of pain 

(0–10) 

before treatment 

Complaints 

(number of workers 

and percentage of 

subjects) after 

treatment 

Intensity of 

pain 

(0–10) 

after 

treatment 

Neck 13 (68.4%) 2.37 7 (36.8%) 1.13  

(p < 0.05) 

Shoulders 12 (63.2%) 2.43 7 (36.8%) 1.07 

(p < 0.12) 

Elbow joints 8 (42.1%) 1.87 4 (21.1%) 0.63 

(p < 0.12) 

Wrists 15 (78.9%) 3.25 6 (31.5%) 1.03 

(p < 0.007) 

 

After the treatment, 6 workers (26.3%, II group) still had pain, but the average 

intensity of the pain was 1.03 on the VAS. The change was statistically significant 

(p < 0.007). 

There were two regions: the shoulder and elbow joints, where we saw positive 

changes in the pain on the VAS scale, but these changes were not statistically significant 

in this small group. 
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As a rule, pain was suffered over an extended period of time: 71% of the study 

subjects named 30 days and more as the duration of the pain. 

 

The results of the myotonometric measurements 

The results of the myotonometric measurements were analyzed by means of the 

Student t-test. Objective measurement of the 19 workers’ hand muscles with a 

myotonometer for frequency and stiffness of M. add pollicis brevis did not show any 

statistically significant changes in this group due the balneotherapy (Table 4). There was 

a statistically significant decrease only in the frequency and stiffness of the m. abd 

pollicis brevis. It could be explained that the left hand gets probably less overloaded and 

will repair better and faster. M. abd pollicis brevis is an extensor and therefore its 

stiffness is more important than the flexors’ stiffness regarding the range of motion in 

the joints. 

The questions was raised: is there any comorbidity responsible for persisting 

muscle stiffness? In the II group (6 people) with wrist region tenosynovitis, operated for 

syndr. Canalis carpalis, MCF joint arthrosis, their muscles did not show positive 

changes in stiffness and frequency in myometrical measurements after the treatment 

(Table 4, 5). 

 
Table 4. The II-group (n = 6) muscle frequency 

Muscle site Side Frequency 

(Hz) 

 Frequency 

(Hz) 

  

  before 

treatment 

 after 

treatment 

  

  mean SD mean SD p-value 

Abd poll brev left 18.63 4.72 19.35 4.15 0.71 

 right 18.37 4.18 22.73 4.79 0.01* 

Add poll left 16.1 1.98 16.7 4.47 0.79 

 right 15.6 1.82 17.13 3.06 0.35 

 

 
Table 5. The II group (n = 6) muscle stiffness 

Muscle site Side Stiffness  

(Nm-1) 

 Stiffness 

(Nm-1) 

  

  before 

treatment 

 after 

treatment 

  

  mean SD mean SD p-value 

Abd poll brev left 295.17 72.55 309.0 64.96 0.616 

 right 278.0 65.30 342.0 56.31 0.006* 

Add poll left 272.17 45.35 297.17 48.46 0.110 

 right 280.5 40.94 280.67 38.62 0.990 

*p < 0.05 = significant difference before and after treatment 

 

The I group (13 persons) with no chronic diseases in the wrist region showed 

positive and significant changes in the myometrical measurements – a statistically 

significant decrease in stiffness and frequency of m. abductor pollicis brevis (Table 6, 7). 

The stiffness and frequency of M. adductor pollicis were quite low (left 16.31 and right 



826 

16.45) already before the treatment and did not show any significant changes after the 

treatment. 

 
Table 6. The I group (n = 13) patients muscle frequency 

Muscle site Side Frequency 

(Hz) 

SD Frequency 

(Hz) 

SD  

  before 

treatment 

 after 

treatment 

  

  mean  mean  p-value 

Abd pollicis brev left 19.72 4.97 16.68 4.23 0.0259* 

 right 21.29 3.88 16.21 4.98 0.0065* 

Add pollicis left 16.31 1.97 16.92 3.96 0.4374 

 right 16.45 1.89 16.65 3.03 0.8128 

 

 
Table 7. The I group (n = 13) patients muscle stiffness 

Muscle site Side Stiffness 

(Nm-1) 

SD Stiffness 

(Nm-1) 

SD  

  before 

treatment 

 after 

treatment 

  

  mean  mean  p-value 

Abd pollicis brev left 313.85 63.50 254.46 54.45 0.0022* 

 right 313.31 65.98 248.87 48.32 0.0126* 

Add pollicis left 288.46 42.10 287.31 38.42 0.9123 

 right 285.15 40.56 290.92 39.54 0.5449 

*p < 0.05 = a significant difference before and after treatment 

 

Discussion 

The myotonometrical measurements and the professional analysis of the results 

enable to determine the ‘key’ muscles under tension connected with the exact work 

movements of the person. With the use of the myotonometric muscle testing, it is 

possible to evaluate the level of occupational muscle overload and dynamically follow 

up the ‘key’ muscles after the physio-/balneotherapy. 

After balneotherapy, the 19 industrial workers’ complaints of pain in the neck and 

in the wrists decreased from 2.37 to 1.13 points (p < 0.05) and from 3.25 to 1.03 points 

(p < 0,007) respectively on the VAS pain scale. The change is statistically significant. 

There was no significant lessening of pain according to the pain scale in the study 

subjects whose pain syndrome persisted. The group who had persisting complaints after 

the treatment had chronic problems in the wrist area. It should also be taken into account 

that most of the workers studied (71%) had an established (exceeding 30 days) muscle 

pain syndrome. 

As regards the myotonometrically measured parameters, a certain decrease in 

muscle stiffness could be observed. The changes were better in the extensors 

(m. abductor pollicis) and in the group of people without hard chronic comorbidities in 

the measured wrist region. The stiffness of extensors (abductor pollicis) was higher than 

in the flexors (M. adductor pollicis) already before the treatment. The reason could be 

that the extensors had a higher static overload due the work activity. 
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The assessment of the muscle tension by means of the myotonometric method 

makes it possible to select out the workers who need the treatment and preventive 

measures in order to prevent the development of chronic MSDs. 

There was quite a high incidence of musculoskeletal pain in the 114 investigated 

workers with a work-related upper extremity syndrome: neck 68.4%, shoulders 63.2%, 

elbow 42.1% and wrists 78.9%. The results indicated that more attention should be paid 

to early diagnostics and preventive measures in order to reach the average of the 

European Union, which is 33% (Zheltoukhova et al., 2011). 

 

CONCLUSIONS 

 

On the basis of the study it may be concluded that the work-related musculoskeletal 

complaints of pain could be changed by balneotherapy. Balneotherapy (in our study 

warm mud applications) is one of the old possibilities of treating joint and muscle 

diseases using heat, and therefore can be used for the rehabilitation of the work-related 

MSDs without hard comorbidities. 

In the course of the study, balneotherapy was applied to 19 industrial workers (from 

garment and woodworking industries). By the means of balneotherapy, work-related 

musculoskeletal complaints of pain decreased significantly. Objective measurements 

with a myotonometer showed a decrease in the stiffness of hand muscles. 

Further research will be necessary for working out of the methodology of using the 

myotonometric measurements of muscles in different work conditions. 
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Abstract. In Latvia occupational musculoskeletal disorder – chronic neck-shoulders pain (NSP) 

– is a common complaint in the general population, also in video display terminal (VDT) 

employees in their giving age, working in bank and agriculture system, and such patients with 

chronic NSP load markedly the public health care service. The biopsychosocial influence on pain 

for VDT employees is team learning (TL) with self-management (SM) strategies: pain-blocking 

imagery, mind-body relaxation, cognitive restructuring of unpleasant physical and emotional 

experience, improvement of workplace relations and organizational culture. The aim of the 

research was to evaluate the effectiveness of using TL and SM one month course for bank and 

agricultural advisory services VDT employees, females and males, suffering from chronic 

moderate NSP. The structured self-administrated questionnaire was carried out to find out which 

body parts suffer from pain during workload, information on work-related ergonomic and 

psychosocial risk factors was collected during face to face interviews. During testing for TL and 

SM course with follow-up assessment was selected 21 VDT employees (females = 11, 

males = 10; age between 22 and 50). The intensity of NSP was determined by using the Numeric 

Pain Rating Scale (NPRS), life quality assessment was analysed with Quality of Life Scale 

(QOLS), p-value, confidence interval was calculated. Patients were asked to keep a Pain Diary 

during treatment course. The results indicated decrease in neck-shoulders pain intensity, and 

positive quality of life changes after TL and SM intervention in video display terminal (VDT) 

employees. Statistically significant reduction in pain intensity after TL and SM intervention by 

the biopsychosocial influence on pain according NPRS was among males, and the life quality 

according to QOLS score – among females. The necessity to perform patient's objective clinical 

examinations, subjective tests of self-esteem, to keep a Pain Diary during treatment course has 

been proved in our research. 

 

Key words: chronic moderate neck-shoulders pain, video display terminal employees, team 

learning, self-management. 

 

INTRODUCTION 

 

The experience of pain at work is a complex phenomenon, which includes bodily 

as well as psychosocial and ergonomic risk factors components. There are physical, 

psychosocial, and individual risk factors of chronic moderate NSP (Ariëns et al., 2001; 

Larsson et al., 2007;). Continual negative stress at work can also cause muscle tension 

mailto:henrijs.kalkis@lu.lv
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with pain and depressed mood (Banks & Kerns, 1996). Nowadays chronic moderate pain 

is defined as pain that has lasted longer than three to six months, with scored pain 

intensity at moderate (5–7) on a scale of 1 (no pain) to 10 (worst imaginable) (Thienhaus 

& Cole, 2002). A chronic pain patient is an individual with sensitized nervous system 

and illness behavior experience (Marras et al., 2000; Roja et al., 2007).The 

biopsychosocial influence on pain for such employees in the multidisciplinary treatment 

of pain`s complex is team learning (TL) with self-management (SM) strategies: pain-

blocking imagery, cognitive restructuring of unpleasant physical and emotional 

experience with social distress reduction therapy, improvement of workplace relations 

and organizational culture by education of VDT employees about their unhealthy 

stereotypical work conditions, specific characteristics of work strain, interpersonal 

conflicts, and how to conduct best practice (Korth, 2000; Vince, 2001). Hence, the aim 

of the research was to evaluate the effectiveness of using TL and SM intervention for 

bank and agricultural advisory services VDT employees in their giving age suffering 

from chronic moderate NSP. 

 

MATERIALS AND METHODS 

 

During one year period (2014) 31 patients (females = 16, males = 15), age between 

22 and 50, bank and agricultural advisory services VDT employees suffering from 

chronic moderate NSP, took part in our investigation. Mean duration of pain was 

5.1 ± SD 1.5 months and mean duration of professional experience was 9.2 ± SD 3.0. 

The inclusion criteria for investigation were: chronic moderate NSP; full consent to 

participate in the study, in accordance with the revised Helsinki Declaration, article II; 

all employees wished non-pharmacologic chronic pain relief by TL and SM, because 

they have had a negative previous experience with medication therapy. 

The exclusion criteria for investigation were: acute NSP; cervical herniated disc 

symptoms in the neck; muscle disease; high blood pressure; oncologic problems; 

psychiatric disease; having not been to mandatory medical examinations. 

The structured self-administrated Standardized Nordic questionnaire was carried 

out to find out which body parts suffer from pain during workload with maladaptive 

thoughts and unhealthy postures at workplace (Kuorinka et al., 1987). 

Information on work-related ergonomic and psychosocial risk factors was collected 

during face to face interviews. During testing for TL and SM course with follow-up 

assessment at 3 and 6 months by taking into account the exclusion criteria for 

investigation was selected 21 bank and agricultural advisory services VDT employees 

(females = 11, males = 10). The intensity of NSP before and after TL and SM session 

was determined by using the Numeric Pain Rating Scale (McCaffery & Beebe, 1989): 

the patient is asked to indicate the intensity of current, best, and worst pain levels 

experienced over the past 24 hours on a scale of 0 (no pains) to 10 (worst pain 

imaginable).  

Life quality assessment with The American Chronic Pain Association Quality of 

Life Scale (QOLS; Cowan et al., 2003) was realized in males and females by self-

administered interview format before and after TL and SM course: QOLS is meant to 

help individuals by measuring each 10 activity levels (to work, to socialize, to exercise 

functions, to perform household chores), and consists of 0 to 10 variables (0 = ‘non-

functioning; feel hopeless and helpless about the life’ and 10 = ‘normal daily activities, 
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job, social and family life’). Highest score possible is 100 (in conformity with 0 to 10 

numeric rating scales for each 10 questionnaires), therefore, QOLS rating scores in 

results figure are displayed as Total scores/10. Patients were asked to keep a Pain Diary 

during treatment course. The acquired results were processed, using statistical data 

processing software SPSS.16 (SPSS Inc., Chicago, IL) according to popular descriptive 

statistical methods; p-value, confidence interval (95% CI) was calculated, reliability 

interval (inter-rater agreement) was calculated, and Cohen`s Kappa (k) coefficient was 

determined (coefficient identifies connectivity of the experimental data, the number of 

participants and the correlation of the participants` acceptance of the experimental data) 

(Landis, 1977; Thompson et al., 1998). 

 

RESULTS AND DISCUSSION 

 

It was found that 31 bank and agricultural advisory services VDT employees in 

their giving age suffering from chronic moderate NSP had unpleasant physical and 

emotional experience with stereotyped maladaptive, depressive thoughts about pain, 

stressful unhealthy postures at workplace.  

VDT employees complained about chronic NSP in the last six months, caused by 

workload, psychosocial and individual risk factors, duration of computer use was 6–7 

hours per day. All employees wished non-pharmacologic chronic pain relief by 

biopsychosocial influence on pain. During testing for TL and SM one month course 

10 employees (5 females and 5 males) had exclusion criteria for investigation, 

biopsychosocial influence on pain was denied for such individuals, and they were sent 

to additional examinations in order to particularize diagnosis. 21 employees (11 females 

and 10 males) were under one month TL and SM course evaluation (4 sessions, once a 

week, 60 minutes long one session) by mind-body relaxation training with pain-blocking 

imagery, cognitive restructuring of unpleasant physical and emotional experience with 

positive self-influence, improvement of workplace relations and organizational culture.  

The results (seen in Fig. 1) indicated decrease in pain intensity from 5.57 at the 

beginning of TL and SM course till 1.14 (p < 0.05) at the end of TL and SM course in 9 

females (81%), and accordingly in 8 males (80%) – from 6.33 till 1.0 (p < 0.05). 

Statistically significant reduction in pain intensity after TL and SM intervention by the 

biopsychosocial influence on pain according to NPRS was among bank and agricultural 

advisory services VDT male employees. These results can be explained with analysis of 

the females` Pain Diary entry which is giving evidence that responsibilities for managing 

the work-family interface typically fall on women`s shoulders: negative job and family 

stress can cause muscle tension with pain. It is in accordance with research data about 

generations of female workers, which have no skills to manage their occupational careers 

along with their family ‘career’, occupational and family goals (Thompson et al., 1999). 

Analysis of the acquired QOLS scores in statistically significant the age groups 

allows concluding that after TL and SM one month course for 7 females (63%; n = 11) 

and 3 males (30%; n = 10) the life quality according to QOLS increased, significantly – 

for females (seen in Fig. 2 and Fig. 3). These results can be explained with analysis of 

the females` and males` Pain Diary entry which is giving evidence that VDT male 

employees, chronic pain patients, in the age between 23 and 44 still feel hopeless and 

helpless about the life also after the neck-shoulder chronic pain reduction. It is in 

accordance with research data about depressed males of working age in the workplace 
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without employee-focused intervention approach for prevention of job-related 

psychological complaints (Furlan et al., 2012). 

 

 
 

Figure 1. Pre- to post-intervention changes in composite pain intensity during one month TL and 

SM sessions with follow-up after 3 and 6 months in VDT female employees according to NPRS 

(vertical axis: pain intensity; 95% confidence interval: CI). 

 

 
 

 

Figure 2. Mean QOLS scores for females before and after TL and SM course (vertical axis: 

QOLS scores/ 10; p < 0.05; Cohen`s Kappa –  varies 0.76–0.88). 
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Our study checked out that VDT employees suffering from pain at the beginning 

of the TL and SM course had unpleasant physical and emotional experience at the end 

of the workday, but such mental and physical fatigue after the workday diminished at 

the conclusion of the one month TL and SM course. Self-reported ergonomic and 

psychosocial risk factors associated with NSP during a working day in both sexes were 

‘prolong sitting, static posture, twisting posture’, ‘limited rest period’, ‘stressful 

situations as high demands, time pressure, job strain, conflict of generations, low social 

support from superiors and colleagues’, and ‘dissatisfaction with job and family life’. It 

is in accordance with recent research about chronic working in the sitting position, called 

`forced position` as a cause for pain in the musculoskeletal system, about stressful 

working environment as a cause for pain in musculoskeletal system, also as a cause for 

seediness and bad occupational health (Bergquist, 1984; Bongers et al., 2006; Sirge et 

al., 2014). 

The necessity to perform patient's objective clinical examinations, subjective tests 

of self-esteem, to keep a Pain Diary during TL and SM course has been proved in our 

research. Bank and agricultural advisory services VDT employees noted in their Pain 

Diaries that there were no assessment of postural stress of the trunk and upper limbs in 

connection with musculoskeletal disorders, there were no prevention of musculoskeletal 

disorders and negative psychosocial risk factors in their workplaces, in that connection 

they noted that TL and SM course with education of VDT employees about their 

unhealthy stereotypical work conditions and how to conduct best practice helped to 

improve workplace relations and organizational culture. 
 

 

 

Figure 3. Mean QOLS scores for males before and after TL and SM course (vertical axis: QOLS 

scores/ 10; p < 0.05; Cohen`s Kappa –  varies 0.67-0.86). 

 

Mind-body self-practice and workout for shoulders and arms (by keeping the 

shoulders relaxed during use the keyboards, by moving shoulders, and the like) for 

employees was very important for reducing the intensity and suffering associated with 
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chronic pain, and helping with posture. Females and males in their Pain Diaries noted 

that TL and SM with education was possibility to form effective break time without 

addiction from necessity to have a smoke or to hurry up backlog (81% of females and 

70% of males before TL and SM course had addiction during break time to have a smoke 

or to hurry up backlog). 

Follow-up assessment at 3 and 6 months after TL and SM course indicated lasting 

reduction in pain intensity for males and females, which can be explained by benefits of 

positive self-influence during TL and SM intervention and by activation the participation 

of the employed persons and employers together with the health care specialists in the 

creation of safer work environment. It is in accordance with recent research about 

educational and practical work importance for VDT employees in connection with 

possibility to form positive individual brainwork and conduct it without postural stress 

of the trunk, neck and shoulders (Dainoff, 2000; Robertson et al., 2003; Roja et al., 

2009). 

 

CONCLUSIONS 

 
From this study, it has been concluded that use of TL and SM one month course for 

VDT employees in their giving age suffering from chronic moderate neck-shoulders pain 

is an effective biopsychosocial influence on pain in the multidisciplinary treatment of 

pain`s complex. Positive self-influence regarding bank and agricultural advisory services 

VDT employees of both genders during the TM and SM course with social distress 

reduction therapy allowed for developing healthy self-evaluation and new ways of social 

communication that was proved in our research by the follow-up data. 
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Abstract. The number of ageing people in Estonia is increasing. Convenience for personnel in 

the nursing homes for the elderly and enabling high-quality care is essential. This includes new 

work methods to relieve the physical burden of nursing workers and the mental stress decreasing 

interventions. In the theoretical part of the paper, the physical and psychosocial risk factors of 

nurses and caregivers are dealt with. The aim of the study is to measure the m. abductor pollicis 

brevis fatigue in connection with the physical stress of nurses and caregivers. The experimental 

part of the paper concentrates on the physical stress factors. Electromyography (eMotion EMG) 
is used as the method for the determination of the nursing workers’ thumb muscle’s (m. abductor 

pollicis brevis) fatigue. The results show the linear dependences between the level of fatigue of 

the thumb muscles at the beginning and at the end of an 8-hour workday; between the EMG 

signals from the muscles in the resting state and after a 5-minute strained state. The interviews 

with the nurses showed that the renewal of equipment and rooms in the nursing homes is the main 

factor to prevent the physiological stress at workplaces (pain in the hands, low back pain etc.). In 

the newly built nursing homes with modern equipment, the workers are satisfied and no 

physiological stress was noticed.  

 

Key words: psychological stress, fatigue, nursing homes, nurses working conditions, job 

satisfaction. 

 

INTRODUCTION AND THEORETICAL BASIS 

 

Nursing and caregiving are considered both physically and psychologically 

demanding jobs (Kim et al., 2010). The main risk factors may lead to the musculoskeletal 

disorders (MSDs). The work of nurses and caregivers in the Estonian hospitals and 

nursing homes is considered physically and mentally stressful. The number of ageing 

people and nursing homes in Estonia is increasing. There is a need for new work methods 

to relieve both the physical burden of nursing workers and for interventions decreasing 

the mental stress (Põlluste et al., 2007; Risk…, 2007; Merisalu et al., 2011; Freimann et 

al., 2013). According to the studies on the relationship between nurses’ working 

conditions and musculoskeletal disorders, the focus is placed mainly on these physical 

and ergonomic conditions (Karasek & Theorell, 1994; Trinkoff et. al., 2003; Kim et. al, 

2010). In addition, high physical workload, workplace demands and lack of control over 

work could lead to a stress and illnesses (Leijon et al., 2007). The main health problems 

mailto:jaana.sepp@ttk.ee
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for the medical staff (Anon., 2007) were reported as follows: stress, pain in the lower 

back, aching shoulders and feet, and the heart rhythm disorders. 

Studies of gerontology and nursing (Zimmermann, et al., 2005; Noelker et al., 

2006; Saarnio et al., 2012; Woodhead et al., 2014) emphasize the stress and burnout of 

the nursing staff; the need for the social support and to find the possibilities to enhance 

the job satisfaction for workers in the nursing homes. The relationship and the conflicts 

between the nursing staff and the residents’ families were investigated by Abrahamson 

et al. (2009). 

Long-term care nursing staff (Woodhead et al., 2014) are subject to considerable 

occupational stress and report high levels of burnout, yet little is known about how stress 

and social support are associated with burnout in this population. The results of the study 

showed that the greater occupational stress was associated with more emotional 

exhaustion, more depersonalization, and less with the personal accomplishment. They 

demonstrated that the support from the supervisors and friends or family members, 

reassurance of worth, opportunity for nurturing were associated with less emotional 

exhaustion and higher levels of personal accomplishment. The survey data from personal 

interviews with 338 nursing assistants employed at 22 skilled nursing facilities showed 

that the nurses’ personal stressors require careful attention from supervision. Employee 

Assistance programs and training for supervisors in team building, communication, and 

motivational skills are needed to promote more positive relationships among nurses 

(Woodhead et al., 2014). 

A Finnish study (Saarnio et al., 2012) showed that the nursing staff mostly felt that 

they did not have enough time to provide good care to the patients, and that gave them a 

troubled conscience. They also felt that the demanding work taxed their energy, a 

conscience being that they could not give their own families and loved ones the attention 

they would have liked. 

A summarized report on safety risks in the Estonian nursing homes in the capital 

area was carried out by Peeker (2012). 

To measure the physical risk factors, electromyography (EMG) has  been used as a 

valuable tool for many years (Kumar & Mital, 1996), mainly for the investigation of the 

muscles’ fatigue. It is a technique for evaluating and recording the electrical activity 

produced by skeletal muscles. According to previous studies (Westgaard et al., 1996), 

the use of EMG is based on the problem of musculoskeletal complaints in the workplace. 

EMG was used both for intentional muscular efforts and at electrostimulation and 

reflectory induced muscle contractions’ conditions in order to estimate muscle activity 

(internal exposure) and thereby provide an estimation of the risk of a future development 

of a health problem (Fig. 1). 

Physical burden is a part of the conceptual model presented here for possible 

influences that various factors (individual and in the working environment) may play in 

the development of musculoskeletal disorders, it includes  processes that could occur 

within a person and possible outcomes, which may be influenced by individual factors, 

such as psychological stress. The working environment domain includes the following 

parts: organizational factors (working hours and shift, and type of ward), and physical/ 

ergonomic and psychosocial working conditions (Fig. 1). 
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Figure 1. A conceptual model of the possible roles and influences that various factors may play 

in the development of the musculoskeletal disorders (adapted from Westgaard et al., 1996; 

National Research Council, 2001). 

 

In light of the above theoretical discussion of the literature survey, the research 

questions are: 

1. Is there any difference in workplace ergonomics (fatigue of m. abductor pollicis 

brevis, some additional questions in the course of the interview of the workers) in 

different nursing homes in Estonia depending on the state of the building and/or 

equipment for the ageing people staying there and accordingly in the working 

conditions? 

2. How high is the physical fatigue of nurses and caregivers (EMG measurements)? 

3. Are there any other problems that stress the workers connected with the 

character of their work (consistent care of people with dementia)? 

 

The article proceeds as follows: the next section outlines the materials and methods 

used in the research. The results of the electromyography measurements and some 

additional problems in the workplace ergonomics of nursing homes staff are presented. 

The authors’ recommendations and arguments conclude with a view of implications of 

the new work methods to relieve the physical burden of nursing workers. 
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MATERIAL AND METHODS 

 
The study group 

The study covers four different nursing homes (A, B, C, D) in Estonia (the number 

of nurses involved in the study was: institution A – 12; B – 6; C – 6; D – 10). Most of 

the nurses and caregivers (total number of investigated persons n = 34) were female 

(only 2 male persons). The average age of the nurses (n = 25) and caregivers (n = 7) was 

46 years. Participation in the investigation was voluntary. 

The working conditions of nurses depend substantially on the building where the 

nursing home is situated (on the building state, the existence of the aids, the temperature 

of the air). 

Nursing home A is located in a new building, which is operating from September 

2014. All equipment there is new in contrast to the previous home near the new building. 

Therefore, the nurses were very satisfied with the working conditions. 

Nursing home B is located in a 2-storey house built in 1965; the latest repair work 

was done two years ago (in 2012). The rooms for patients are clean, warm, but the 

possibilities to move from their rooms to the corridor or to the restroom or balcony with 

wheelchairs are restricted by the doorframes. The house was not built for the nursing 

home needs. One male caregiver (45 years old) who lives in the same nursing home 

makes the hardest work (for example, lifting of patients). Even though the working 

conditions for nurses are poor, they were not complaining, as the nursing home is located 

in the rural region where it is very difficult to find a job. 

Nursing home C is located in a small and quiet town in Estonia and the main 

complaints of the personnel were connected with the pace of work, lack of support from 

the side of the leadership etc. Their old building was repaired in the 1980s, but in the 

process of reconstruction it was impossible to consider the nursing needs of the ageing 

people. 

Nursing home D is located in the capital of Estonia. The building was repaired in 

2012. The rooms are clean; the transpired interviews revealed the inconveniences of the 

nurses and the caregivers. Labor turnover there is very high. One of the nurses 

interviewed was on her 2nd workday, the other had been working only for 4 months, but 

there were also some workers who had been working for 12 years and had collected all 

their work experience in the health care area.  

 

Air temperature measurements of the work environment 

Temperature measurements of the air in the nursing homes were done by the multi-

function instrument TESTO 435-2 intended for the indoor air quality measurements.  

The standards for the temperature measurements were as follows: 

 BS EN ISO 7726:2001. Ergonomics of the thermal environment. Instruments for 

measuring physical quantities. 

 CSN- EN 15251:2007. Indoor environmental input parameters for design and 

assessment of energy performance of buildings, addressing indoor air quality, 

thermal environment, lighting, and acoustics. 
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Muscle fatigue measurement equipment 

A 2-channel electromyograph eMotion EMG (Mega Electronics, 2014) connected 

to the computer was used. The computer software allows the determination of the 

frequency spectrum as well as the indicators of the EMG amplitude and integral. 

eMotion EMG is a fully automatic system for quick muscle testing, biofeedback and 

free-mode measurements. It is also possible to measure the fatigue of the muscle. The 

measurements are based on the scientifically validated analysis of frequency change in 

the electromyographic signal of muscles (m. abductor pollicis brevis) (Anon., 1992; 

Soderberg & Knutsen, 2000; Tuulik et al., 2000; Mewett et al., 2004). The duration of 

each recording was 120 sec. The length of the time cycle of the thumb muscle (m. 

abductor pollicis brevis) in the strain state was 5 minutes before the recording of the 

EMG signal. 

 

Fatigue measurements 
The following measurements were carried out: 

1. In the nursing homes A and B, the fatigue of the thumb muscle (m. abductor 

pollicis brevis) in the resting state was measured at the beginning (8.00) and at the end 

of the 8-hour workday (at 17.00); 

2. In the nursing homes B, C and D, the starting point was the measurement of the 

thumb muscle (m. abductor pollicis brevis) fatigue in the resting position and then after 

a 5-minute strained state of the same muscle. The fatigue of muscles was measured on 

the working hand (right or left). 

There are two outcomes from the EMG results: 1) strength of the EMG signal (µV) 

and 2) per cent of the muscle fatigue (max 100). 

 

The statistics 

The correlation between the results of the beginning and the end of the workday 

and in the resting state and after a 5-minute strained state is presented. The ANOVA-test 

and t-test were used for the statistical assessment of the results. 

 

Additional investigations 

In connection with the fatigue measurements, the interviews with the working staff 

were carried out to solve additional problems of the workplace ergonomics. Three 

questions connected with the work based on ‘The stress of conscience’ (Saarnio et al., 

2012) were presented to the workers. Each item had a 10-point scale (1–10), where 

higher scores indicated very much so/ certain or well. 

The interviews were carried out with 34 nursing home’ workers. The investigation 

with the eMotion EMG involved 22 workers (65% of all the investigated persons). 

 

 

RESULTS AND DISCUSSION 

 

The temperature in the nursing homes was > 22 ± 0.6 °C. 

The number of the nurses with school education for health care of ageing workers 

was 5 (16%). The other nurses and caregivers were educated mainly for ergonomics of 

lifting the patients at the workplace (in the nursing homes). 
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The eMotion EMG system allows us to measure the signal from the muscles 

(m. abductor pollicis brevis) and the fatigue of the muscles only in the time range. It 

does not allow us to determine directly the coming from the muscles signals’ frequency, 

but it is possible to measure the signals’ amplitude by the electromyograms. The 

procedure takes max. 15 minutes per person, which is very important, as the nursing 

home workers have really very little time. The results of the measurements of fatigue at 

the beginning and at the end of the workday are presented in Table 1. The muscle is 

tiring during the day. The dependence between the thumb muscle (m. abductor pollicis 

brevis) signal and fatigue at the beginning and at the end of the workday is considered 

to be significant (Table 1; p = 0.004). The correlation between the thumb muscle’s (m. 

abductor pollicis brevis) fatigue at the beginning and after a 8-hour workday (n = 10, 

Table 1) is shown in Fig. 2. 

 
Table 1. The results of the m. abductor pollicis brevis EMG of the nurses and caregivers at the 

beginning and at the end of a 8-hour workday 

Nurse 

identification/ 

the mean age  

The strength  

of the EMG 

signal at the 

beginning of 

the workday 

E1mean, µV 

SD of 

E1mean 

Muscle 

fatigue at 

the be-

ginning of 

the workday 

% of 100 

max. 

The strength 

of the EMG 

signal after a 

8-hour 

workday,  

E2 mean, µV 

SD of 

E2mean 

Muscle 

fatigue after 

a 8-hour 

workday, % 

of 100 max. 

A1-A5*/53.5 503.0 10.2 11.5 290.0 7.7 34.5 

B1-B5*/45.5 415.5 140 16.0 299.5 6.4 38.0 

*A1, A2, A3, A4, A5;  B1, B2, B3, B4, B5 – investigated workers. 

 

 
 

Figure 2. The correlation between m. abductor pollicis brevis thumb muscle fatigue at the 

beginning (x) and at the end of the workday (y), nursing home A&B (Table 1, n = 10). 
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In the nursing homes B, C, D, the EMG signal from the thumb muscles and the 

fatigue of the muscle were measured (n = 17, Table 2). The correlation between the 

thumb muscle’s signal strength in the free state and after the 5-minute strained state is 

presented in Fig. 3 (p value of the results 0.002). 

 
Table 2. The results of the m. abductor pollicis brevis EMG of the nurses and caregivers in the 

resting position and after a 5-minute strained state 

Nurse 

identifica-

tion/the  

mean age  

The strength  

of the EMG 

signal in the 

free state 

E1mean, µV 

SD of 

E1mean 

The  

thumb 

muscle 

fatigue,  

% 

The strength of  

the EMG signal  

in a 5-min.  

strained state, 

E3mean, µV 

SD of 

E3mean 

The 

thumb 

muscle 

fatigue,  

% 

B1-B5/45.5 415.5 14.0 16.0 344.5 5.7 28 

C1-C5/49.5 309 3.1 33.0 322 6.4 42.5 

D1-D7/46.5 291.5 6.6 31.0 269.5 6.9 33.5 

 

The data were statistically analyzed with the ANOVA-test (single factor) and t-test 

(two-sample assuming equal variances). P-value in both tests was between 0.004 and 

0.002. This means that the dependence between the thumb muscle signal and fatigue at 

the beginning and at the end of the workday is considered to be significant (Table 1) as 

the dependence between the EMG signal in the free state and after a 5-minute strained 

state (Table 2). 

 

 
 

Figure 3. The m. abductor pollicis brevis EMG signal strength in the resting position (x) and 

after a 5-minute strained state (y), µV (Table 2, n = 17).  
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The workers were very interested in the results of electromyography. The fatigue 

prevention possibilities were presented to the workers after the measurements. 

The results covering the three questions from the interviews that the authors 

considered important for the workers in the nursing homes (the assessments are given in 

the 10-point system) are as follows: 

1. How often do you lack time to provide the care the patient needs? – 7.1 

2. Do you ever have to deal with incompatible demands in your work? – 6.7 

3. Is your work in health care ever so demanding that you do not have energy to 

devote yourself to your family as you would like? – 6.1. 

 

The nurses are too tired to deal with their own families as they would want to; 

sometimes they have to deal with incompatible demands in their work. In every nursing 

home the nurses were interviewed at the absence of the employer. They could speak 

about the main important problems they have. 

According to the results from the self-reported questionnaires, Estonian nurses and 

caregivers in all investigated nursing homes did not consider their work as physically 

(usually the patients are lifted by two or more persons) demanding. Nurses and 

caregivers usually have high workloads because of staff shortage. For instance, the 

question ‘is the workday of 10 hours too long for you’, was answered such that time is 

flying so fast for themselves, because they are constantly occupied as the patients’ bells 

are ringing all the time. Most nurses in the capital were also dissatisfied with inflexible 

work schedule, shift work and low salary. Nurses in the rural area did not mentioned 

these facts, as the nursing home is one of the few possibilities to get work in these areas. 

Modern patients’ lifting equipment is available in most of the nursing homes 

(A, C, D). Arrangements connected with lifting of physically very weak persons take 

time and therefore lifting equipment is not always used by the nurses and caregivers. 

Professional training in this field from the side of the employers is needed. 

 

Comparisons with other studies in Estonia 

An extensive study including the risk assessment of the nurses was carried out by 

Kadanik (2012) in SA Läänemaa Haigla (hospital in the West of Estonia). The risk 

assessment covered the area of the psychological and physical risk factors and was 

connected with the employees’ job satisfaction. The subjects of the study were the risk 

factors of the nurses and caregivers arising from their psychosocial environment. Work 

overload, lack of tools and work organization were the most problematic issues of job 

satisfaction (Kadanik, 2012). The health of the nursing staff was influenced by the 

excessive workload, which was caused by the extremely intensive work (high work 

pace). The static posture, bad quality of tools and the lack of modern tools, as well as 

too short rest periods, were considered to be the most important factors that had a 

damaging effect on the nurses’ health. 

The authors suggest that the working conditions in the nursing homes have been 

improved during the last two years. More nurses should be employed as a prerequisite 

for the flexible working shifts adjusted to nurses’ and caregivers’ individual needs and 

their family demands. These activities, along with improving physical and psychosocial 

working conditions, could increase nurses’ and caregivers’ job satisfaction, wellbeing 

and work efficiency and would lead to increased quality of health care in the nursing 

homes. 
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The m. abductor pollicis brevis fatigue decreases the workability of the nurses and 

caregivers and increases the possibilities for developing the musculoskeletal disorders 

(MSDs). The changes in the EMG signal of m. abductor pollicis brevis give the data for 

prevention of MSDs to the medical doctors in the beginning stage. At present the MSDs 

are diagnosed only in the last stage of the disease, when the work is already disabled and 

very seldom it is possible to recover the workability of the muscles. 

 

CONCLUSIONS 

 

The measurements of the m. abductor pollicis brevis by electromyography showed 

that the muscles are tiring during the workday. The mean results in the EMG signal were: 

from 415.5 µV to 269.5 µV. The fatigue of m. abductor pollicis brevis developed from 

11.5% to 42.5%. 

The work of nurses and caregivers in the ageing people nursing homes is generally 

considered as physically demanding with a high risk for musculoskeletal disorders. The 

muscles are tiring and therefore the MSDs are possible. The other risk factors were as 

follows: work intensity, lack of time, social environment, social support, and 

psychological problems in the patient communication. Nurses and caregivers have high 

workloads because of the staff shortage. 

The results from the study revealed differences in the feeling and perception of 

psychological stress in different nursing homes in Estonia depending on the state of the 

building and equipment for the ageing people staying there and accordingly the working 

conditions of the nurses and the caregivers. 

Future research is needed to determine the fatigue in other muscles of the workers 

that are involved in the lifting process. 
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Abstract. The aim of the study is to investigate the office-workers’ working conditions in the 

ordinary and atrium-type buildings. The indoor climate conditions in the cold season in two type 

of university buildings are presented. The air temperature is on the good level in the both of the 

buildings. The rooms in the atrium-side of the building A are too tight and the ergonomics is not 

considered designing the workplaces in the office-rooms. In the auditoriums of the building B it 

is too noisy (over 70 dB(A)) during the breaks that prevents the rest and the communication 

between the workers and students. The air humidity is too low in both type of the buildings 

(< 30% in the cold season, when the rooms are central-heated). It is recommended to moisten the 

air in the rooms artificially. For the health risk assessment in the workrooms a flexible risk 

assessment model is used. The risk levels for the indoor climate factors are different in the two 

type of buildings. 

 

Key words: office-rooms, auditoriums, high schools, indoor climate. 

 

INTRODUCTION 

 

The main environmental issues today (Sundell, 2004) are outdoor air quality, 

energy use, and sustainable buildings, but not indoor air quality (IAQ). But, there is 

mounting evidence that exposure to IAQ is the cause of excessive morbidity and 

mortality. The main problem in developing countries with the indoor burning biomass 

for cooking and heating. The solution is a stove with the chimney. In developed regions, 

good ventilation, getting rid of ‘Dampness’ problems, an adequate testing of new 

materials would reduce morbidity and mortality.  

The financial problems are usually the determining factor for the educational 

institutions in the construction of new buildings or updating of the existing ones 

(Valancius et al., 2013; Pikas et al., 2014). The ergonomics in the work-rooms in the 

buildings is usually possible to assess after the building or building-update is completed 

(Tint et al., 2012; Stradina et al., 2014). 

The association between ventilation and health is rarely studied (Wargocki et al., 

2002). The scientific evidence indicates that ventilation rates (outdoor air) below 25 l s-1 

per person in commercial and institutional buildings are associated with an increased 

risk of Sick Building Syndrome (SBS), increased short-term sick leave, and reduced 

mailto:piia.tint@ttu.ee
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productivity (Wargocki et al., 2002). The conclusion from the European study (2002) 

was that the ventilation requirements in many existing guidelines and standards may be 

too low to protect occupants of offices, schools, from health and comfort problems and 

may not be optimal for human productivity. Higher ventilation rates can increase energy 

costs in relation to building operation, but it is also possible recover energy. The new 

energy recovery systems have been developed today (Valancius et al., 2013; Pikas et al., 

2014) and the new standards are also available in the European area (CSN-EN 15251; 

EN 12464-1 etc.). 

Winter indoor comfort and relative humidity: the colder the outdoor temperature is, 

the more heat must be added indoors for body comfort. However, the heat that is added, 

will cause a drying effect and lower the indoor relative humidity, unless an indoor 

moisture source is present. Degrees of comfort vary with age, activity, clothing, and 

body characteristics (Daisey et al., 2003). 

The health problems inside the modernized buildings (with tight windows, central 

heating) are dry and stuffy air in winter (Urbane, 2004a); if the mechanical ventilation 

is not installed or not-rightly installed, (it is blowing on the worker and therefore 

switched off by the workers). 

The arrangement of the lighting sources is always not correct from the standpoint 

of ergonomics (Urbane & Velicko, 2010). The lighting levels can be too low or too high 

for the task, so appropriate light levels depend on the visual task to be performed (Urbane 

& Velicko, 2010). Initial lighting power from all lamps decrease with age and with the 

effects of several factors. Recoverable light loss factors: area atmosphere (how dirty the 

space is); lamp burnout factor, lamp lumen depreciation, total light loss factor. 

Unrecoverable light loss factors are luminaire ambient temperature, voltage to luminaire 

etc. 

The aim of the study: to investigate the shortages of design of buildings from the 

side of workers’ safety, health and ergonomics and give the recommendations for the 

better solutions for arrangements of work- and study-places for people in the educational 

buildings. 

 

MATERIAL AND METHODS 
 

The study has been carried out during the cold season (outdoor air +5 to -10 °C) 

during the period Sept. 2014 – Jan. 2015. The workers and students work and study in 

different conditions (air temperature, humidity, velocity; the lighting or the workplaces, 

content of CO2 in small office-rooms, noise in the workrooms and auditoriums etc.) that 

have to be measured using the accredited determination methods and the risk analysis 

has to be carried out by the occupational hygienist or other specialist in the field of 

occupational health and safety. 

The existing risk assessment models (on the basis of BS 8800) contain the need to 

determine the probability of the occurrence and the severity of consequences of the 

influence of hazardous factors on workers. A flexible risk assessment method was 

worked out at Tallinn University of Technology, Chair of Work Environment and Safety 

(Reinhold et al., 2006). The four-step risk assessment model as the most suitable for 

office-rooms’ risks assessment is presented in Fig. 1. The model is originally worked out 

from two-step to six-step for industrial rooms (Reinhold & Tint, 2009). 
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The investigated rooms in the building A (Fig. 2) were the office-rooms (Fig. 3), 

auditoriums and corridors (Fig. 6) and in the building B (Fig. 4) the office-rooms (Fig. 5), 

auditoriums and hallways (Fig. 7). 

 

 

 

 

 

 

 

 

 
Figure 1. Four-step flexible risk assessment method. 

 

  
 

Figure 2. The atrium of university building A. 

 

Figure 3. The workroom in the building A. 

 

 

  
 

Figure 4. The university building B. 

 

Figure 5. The workroom in the building B. 

 

The measuring devices used in the investigation, were: multi-function instrument 

TESTO 435-2 for indoor air quality (temperature, humidity, velocity and CO2 content) 

measurements; light level metre TES 1332 for the measurement of lighting of 

workplaces; sound level metre TES 1358 for the noise measurements and the digital 

electrosmog analyser ME3030B for the measurements of non-ionizing electromagnetic 

fields. 
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Figure 6. The corridor in the building A. 

 

Figure 7. The hallway in the building B. 

 

The methods for the measurement and the exposure limits in the European Union 

area used in the current study are given in the following documents: 

 BS EN ISO 7726:2001. Ergonomics of the thermal environment. Instruments for 

measuring physical quantities. 

 CSN- EN 15251:2007. Indoor environmental input parameters for design and 

assessment of energy performance of buildings- addressing indoor air quality, 

thermal environment, lighting and acoustics. 

 EN 12464-1:2011. Light and lighting – Lighting of work places – Part 1: Indoor 

work places. 

 ISO 2631-1:1997. Mechanical vibration and shock – Evaluation of human exposure 

to whole-body vibration – Part 1- General requirements. 

 Directive 2004/40/EC of the European Parliament and of the Council of 29 April 

2004 on the minimum health and safety requirements regarding the exposure of 

workers to the risks arising from physical agents (electromagnetic fields) (18th 

individual Directive within the meaning of Article 16(1) of Directive 89/391/EEC). 

 ISO 9612:2009. Acoustics – Guidelines for the measurement and assessment of 

exposure to noise in a working environment. 

 ISO 1999:2013. Acoustics – Determination of occupational noise exposure and 

estimation of noise- induced hearing impairment. 

 

RESULTS 

 

The results of the measurements are given in the Table 1 and Table 2. 

The air temperature in the workrooms and in the auditoriums is on the good level 

(>20 °C) in both of the educational buildings (A & B). 

The ambient air in the rooms towards the atrium (building A) is not fresh even if 

the mechanical ventilation is working. It is not possible to switch on the mechanical 

ventilation as it blows on the worker. The original buildings (B) have advantages before 

the atrium-type (A), as the natural ventilation is possible as more suitable for the human 

being’s biological systems. 
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The air is too dry in the winter season (B), the system of artificial lighting usually 

not designed considering the ergonomic principles (B), the shortage of natural lighting 

in the rooms towards the atrium is very significant (A), the workrooms are too small and 

the demands of CSN-EN 15251 are not followed before the distribution of the rooms to 

the workers in the new buildings (A). The recommendations are given for prevention of 

similar shortages in the future and to improve the present situation in the workrooms in 

the part of discussion. 

The noise levels in the building B are over the norms determined for the office and 

educational rooms in CSN-EN 15251 (40-45 dB(A)) caused mainly by the 

organizational problems in the university B, not from the transport outside the  

building B. 

 
Table 1. The microclimate and lighting characteristics in the atrium-type building A 

Room type Indoor air 

temperature, 

°C;  

U1 = 0.6 °C 

Humidity, 

% 

U = 2.0% 

Air velocity, 

m s-2 

U = 0.01 m s-1 

CO2 content, 

ppm 

U = 10 ppm 

Noise, 

dB(A) 

U = ±1 dB 

Lighting,  

lx 

U = 5 lx 

Auditorium 20–23 25–27 0.01–0.39 550–810 55–60 350–510 

Office-room 

towards the 

atrium 

23–24 23–24 0.00–0.01 550–800 45–50 500–800 

Office-room 

with windows 

to the outside 

23–24 27–29 0.01–0.03 550–600 50–55 500–800 

Corridors 21–22 25–29 0.01–0.10 450–800 55–60 150–200 

U1 – uncertainty of the measurements 

 

 
Table 2. The microclimate and lighting characteristics in the educational building B (cold season) 

Room type Indoor air 

temperature, 

°C 

U1 = 0.6 °C 

Humidity, 

% 

U = 2.0% 

Electro- 

magnetic 

fields, nT 

U = 2% 

Air velocity, 

workplace, 

m s-1 

U = 0.01 m s-1 

Noise, 

dB(A) 

U = ±1 dB 

Lighting,  

lx 

U = 5 lx 

Auditorium 21–24 28–30 – 0.1 49–87 340–590 

Office-rooms 24–25  21–420 0.01–1.52 42–72 286–590 

Cashier/seller 20–23 27.1 850 0.01 55 350 
Hallway, 
learning space 

21–23 22–25 – 0.06–0.01 74–78 171–245 

Hallway 20–21 27–29 – 0.05–0.2 66–68 7–230 

U1 – uncertainty of the measurements 

 

The risk levels for the building A are determined by the model (Fig. 1) and taking 

into account the European Standards, the national legislation (National …, 2015) and the 

measurement results are presented in Fig. 8. 
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Figure 8. Assessment of work conditions using 4-step risk assessment model in building A. 

 

 

The risk levels are determined by the model (Fig.1) and taking into account the 

European Standards and the national legislation (Urbane, 2004b) and the measurement 

results in the building B are presented in Fig. 9. 
 

 

 

 

 

                                                                                    

 

 

 

 

Figure 9. Assessment of work conditions using 4-step risk assessment model in building B. 

 

The measurements show the differences in the health hazards level as the buildings 

are structurally different (ordinary (B) and atrium-type (A)). The measurement of CO2 

level in the building A and the measurement of non-ionizing electromagnetic fields in 

the building B were carried out at the request of the workers. The high content of CO2 

in the building A is caused by too small space (under 10m2 per worker) (Table 1). The 

need for measuring the non-ionizing magnetic fields in the building B proceeds from the 

equipment (cashier machines, copy-machines) as the workers near-by had some health 

complaints (headache, dry skin) (Table 2). 

DISCUSSION 

In the current work the comparison of the advantages and disadvantages of the 

working conditions in the ordinary and atrium-type office-buildings in Latvia  

(building B) and in Estonia (atrium-type building A) is presented. The new atrium-type 

building A gives heat savings in winter, but causes health problems for workers as the 

shortage of natural lighting (inside the atrium), non-sufficient ventilation (if the windows 

are closed type) etc. Installation of mechanical ventilation systems in the ordinary type 
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of buildings (B) has also to be very well thought-through, besides the problems in this 

area (ventilation) cannot always be foreseen in the stadium of repair-work design. 

The novelty of the study lies in the application of the flexible risk assessment 

method (worked out in Tallinn University of Technology, Department of Work 

Environment and Safety and which differs from the standard method based on BS8800) 

for determination of health risk levels in ordinary and atrium-type buildings. The 

building type determines a lot of unforeseen health disturbances for workers which come 

to light when the buildings are already in use. The demands on safety, health and 

ergonomics management in the workplaces are needed in the stadium of the building 

design. 

The flexible risk assessment method (in the graphic mode, Fig. 8) gives the 

possibility to look at a glance were the hazardous factors in the two investigated 

buildings in the assessment line are situated. In the building A, the noise and lighting 

level of buildings is accepted or justified, but not the air temperature nor CO2 content 

and air humidity. The workers also complained about monotonous work and caused by 

this hazards musculoskeletal disorders (MSDs). The rehabilitation and prevention 

possibilities (massage) on the employers’ expense are available in this building for the 

employees. 

Air temperature and lighting of workplaces is good in the building B (Fig. 9), the 

unjustified risks are low air humidity and the level of electromagnetic fields (< 850 nT). 

The last is not over the norms, but is better to decrease, as the workers do not feel good. 

Some rearrangements of the equipment and devices or partitions could help. The 

inadmissible risk for educational buildings is noise level (Fig. 9): 72–78 dB(A). The 

warning signs: ‘Keep silence, the others are learning’ etc. could help. 

The measurement results from the Table 1 and 2 can be placed into the model 

considering the exposure limits for occupational hazards in the office-rooms presented 

in the national resolutions and international standards. 

The buildings are constructed by the building regulations (Ehitusseadus, 2002; 

Buvniecibas likums, 2014). The ergonomics has to be taken into account already in the 

design stage of the building. The architects are not sufficiently educated in safety and 

health during their studies. Therefore, the health inconveniences occur only if the 

building is ready. Some of the shortages are possible to correct afterwords, but those 

connected with the construction type of the building (ordinary or atrium-type) have 

sometimes peculiarities what cannot be improved. 

The investigation of the work conditions and the design of workplaces in the 

modern buildings are very important in different countries (in cold and hot regions). The 

maintaining of good health of people, spending 60% of their life working inside needs 

scientific approaches. It is nowadays the problem for investigations in many countries 

(Finland, Malaysia, Czech, The Baltic States etc.). 

Current study is the attempt to improve the ergonomics of teaching staff and 

students’ workplaces in the educational buildings. Studies have shown that dry air has 

four main effects on the body: breathing of the dry air can cause respiratory disorders as 

asthma, bronchitis, sinusitis and nosebleeds; skin moisture evaporation can cause skin 

imitations and eye itching; irritating effects, such as static electricity which causes mild 

shocks when metal is touched; the ‘apparent temperature’ of the air is lower than what 

the thermometer indicates, and the body ‘feels’ colder. These problems can be reduced 

by simply increasing the indoor relative humidity. This can be done through use of 
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humidifiers, vaporizers, steam generators, sources such as large pans, or water containers 

made of porous ceramics (Waterborne, 2013). The lower the room temperature is, the 

easier the relative humidity can be brought to its desired level. 

Old times (Myhrvold et al., 1996) the CO2 concentrations were very high and there 

is a correlation between the disturbing health symptoms and ventilation rate or CO2 

concentration in schools. These investigations found a statistically significant partial 

correlation (one-way ANOVA, p < 0.001) between symptoms of headaches, dizziness, 

heavy headed, tiredness, difficulties concentrating, unpleasant odour, and high CO2 

concentrations (1,500–4,000 ppm). Health symptoms characterized as ‘irritations of the 

upper airways’ were also higher at higher CO2 concentrations (p=0.024). Organizational 

changes in the most companies are continuous and require flexible changes in work 

methods and workspaces (Kosonen & Tan, 2005). Nowadays, the carbon dioxide 

concentrations are high in the office-rooms if the windows cannot be opened or if there 

are more workplaces than allowed by the norms (< 10 m2 per person, CSN-EN 15252). 

The concentration of the carbon dioxide outdoors in towns is increased particularly in 

summer time if the frequency of car transportation is high. It also influences on the 

concentration of CO2 indoors and workers feel the air in the room not clean and fresh. 

Therefore and also due to the environmental issues, the worldwide demand is settled to 

decrease the CO2 pollution in the environmental air. 

If the noise level in the educational rooms is over the norm (40-45 dB(A)) due to 

the organizational problems in the university B, the means have to be taken to  minimize 

the noise level to such values that the students and the professors could rest and 

communicate during the breaks (Resolution, 2000; Resolution, 2002). 

The study-rooms and offices have to be naturally lighted during the light time 

(Resolution, 2000). Daylight in the offices improves sleep, physical activity and quality 

of life (Paul, 2014). The artificial lighting sources only help to gain the lighting level 

needed by the norms (EN- 12464-1:2011). Too strong lighting is also not permitted as it 

poses too great contrasts and tires eyes. 

The atrium-type buildings are low cost establishments, therefore they are rather 

popular in modern construction (Pikas et al., 2014). 

 

CONCLUSIONS 

 

The indoor air quality in two differently designed school-buildings (A-atrium-type 

building; B- common-used, ordinary building) is investigated. 

The results of the study show that the working and learning conditions depend on 

the building type, but also where this building is located. If it is located in a big town (A) 

and the ventilation is not properly designed (the ratio of the ‘clean’, coming from the 

outside and used air is not followed), the workers and the students health is in danger, 

the persons feel themselves drowsy and tired. 

The ventilation was not adequate in both of the buildings (A, B). The buildings 

without windows which can be opened, are not allowed for the office-work. 

It is suitable to use four-step risk assessment method for the risk assessment of the 

health hazards in the office-rooms. In the building A the inadmissible risk is too low air 

humidity (under 30%), not enough of natural lighting in the office-rooms, non-sufficient 

ventilation and fresh air shortage; in the university building B the inadmissible risk was 
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too high noise level (until 70 dB(A)) that resists the communication between the office 

workers and the shortages in the ventilation of the rooms. 
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