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METALLOGRAPHIC TESTS AND STRENGTH OF THE MATERIAL OF CHAINS SNOW
Summary: Driver safety in winter conditions depends not only on the technical correctness of the transport vehicles, but also on winter equipment used. Snow chains, in addition to technically correct vehicles and tires, are one of the most important factors for driving safely on snowy roads. This paper presents a analysis of the quality of materials and anti-corrosion protection of snow chains that are frequently used in Bosnia and Herzegovina, Croatia and Serbia. For the purpose of analysis several tests were performed on tensioning the chains (at room temperature and at a temperature of -200C), hardness of the chains (Vickers method) as well as the test of the thickness of galvanized layer (metallographic method). All tests were performed in accordance with the relevant standards such as EN ISO 6507-1:2005; EN ISO 6892-1:2009; EN ISO 1461:200.
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1. INTRODUCTION
Safety and health of all road users represents a topic that has a very important role on the global level. In addition there is the fact that every day a variety of organizations around the world adopt new regulations when it comes to traffic safety, bring new acts and laws and so on. Agencies such as the AAA Foundation for Traffic Safety (founded in 1947), the World Road Association-PIARC (established in 1909), the Fédération Internationale de l'Automobile - FIA (founded 1904), and many others contribute to the rapid and successful development of the base for the adoption of legal directives in terms of traffic safety. The report of the Commission for Global Road Safety presents individual cases of successful countries such as Norway, Japan, Sweden, Australia, etc., in terms of the road safety. An example of good practice is certainly Vietnam, whose policies on the road safety in 2008 successfully reduced traffic accidents with the consequences of injuries by 12.2%, while the death consequences were reduced for 24.3% [1-5]. 

This work is divided into two parts. The first part will be related to the theoretical overview on the impact of snow in traffic accidents and factors affecting accidents during this period. The second part refers to the analysis of tire chains that are most common on the market of Bosnia and Herzegovina, the Republic of Serbia and the Republic of Croatia. The question proposed by the authors of this research was whether products, offered on the market, provide sufficient quality that allows traffic safety during their utilization. For the purposes of the chains’ analysis the authors tested a straining (at room temperature and at a temperature of -200C), hardness of the chains (Vickers-method), and the galvanized layer thickness by metallographic method.
2. THEORETICAL BACKGROUND
As the focus of the paper is directed on winter conditions, in the continuation of the research we will focus on the elements that are involved in that annual period. Since in winter period there are a significant number of accidents because of poor road conditions, it is important to note that in addition to the drivers, on more factor influence the number of accidents. Those are other road users - pedestrians. In their study Knoblauch, Pietrucha, & Nitzburg [6] conducted a survey in which it was included 7123 pedestrians. It was found that during the winter pedestrians are moving significantly slower than in other weather conditions, and particularly pedestrians whose age exceeds 65 years. Their speed of movement in winter conditions is amounted to 0.9m/s in ratio to other weather condition, when the average speed was 1.2 m /s, while the younger population speed was 1.5m/s, and during the winter 1.2m/s. Another factor affecting the traffic accidents are certainly the weather conditions. Hildebrand (2003) explored the visibility of signs in conditions of frost and snow. A very interesting study of other factors of snow on segments such as designing horizontal curves, the maximum rates of super elevation, etc., was issued by the Institute of Transportation Engineers - [7].

Literary review does not provide a significant number of works dealing with the topic of the influence of using snow chains on car accidents, as well as the theme of the quality of tire chains that are on the market. Also, in the review of the available information by the European Commission - the EU's road safety policy, we cannot find a specific directive that deals with the topic of quality of snow chains. Only in the Commission directive 94/78/EC it is noted that „the manufacturer shall certify that the vehicle is so designed that at least one type of snow chain can be used on at least one of the types of wheel and tire approved for the drive wheels of that type of vehicle“ [8]. Olszewski et al. [9] presented a numerical analysis of the stress distribution in the car when the tires are snow chains, and they did not deal with the quality of chains. The authors have defined the snow chains as „an optional equipment of the vehicle consisting of two sections covering the rim of the tire, connected by a series of chains or plates overlapping crosswise the tread“. Another definition of snow chains is given by the European Commission where the snow chains are as defined ‘snow traction device’. „Snow traction device means a snow chain or other equivalent device providing traction in snow, which shall be able to be mounted onto the vehicle's tire/wheel combination and which is not a snow tire, winter tire, all-season tire or any other tire by itself“ (Commission regulation (EU) No 1009/2010) [10]. Their primary function is to increase the traction of the vehicle in contact with the snowy or icy road. Topolnik et al. [11] in his study analyzed the likelihood of passing vehicles by applying the appropriate equations and graphs, but this paper also does not include weather conditions and any additional equipment like snow chains. Tominc & Šebjan [12] showed that environmental and external factors have a significant impact on fatal injuries in road traffic accidents.  According to them „traffic density and bed road conditions (wet and slippery road) lead to more cautious driving – individuals involved in an accident, where heavy traffic or wet and slippery road is the cause of accident, are approximately only half as likely to suffer from severe injuries as compared to those accidents where normal traffic density and dry road have been observed“. As previously mentioned, the authors of this research decided to explore the level of the quality of snow chains that are provided by producers, which are presented on the market.
3. METALLOGRAPHIC TESTS AND STRENGTH ANALYSIS

For the purpose of testing the hardness we used the device for testing by Vickers hardness test "VEB HPO-250" in accordance with EN ISO 6507-1:2005. Measuring the thickness of galvanized layer was carried out with the light microscope " Leitz Orthoplan ", while for the purposes of the straining testing at room temperature and on the temperature of -20°C, the authors used a mechanical testing machine "WPM ZDM 9/91" of the maximum force of 50 kN, in working range of 25 kN, in accordance with standard EN ISO 6892-1:2009. Measuring in the ambient of room temperature was carried out under controlled conditions at a temperature determined by the standard 23°C ± 5°C, while for the purpose of measuring a temperature from -20°C the liquid nitrogen is used. Measurements were performed for each chain, with the thickness of 9mm, 12mm, and 16mm. In order to obtain a more precise measurement, for each complementary chain there are carried out 10 measurements, and for the final information the mean value of the rupture was taken. To protect the discretion of the manufacturer, whose chains were used in the analysis, snow chains in the analysis will be labeled with "RS" – a manufacturer of snow chains is the company in the Asian region. Table 1 provides an overview of the surveyed value of breaking force in the [N], and measured hardness of the snow chains. 

Tabela 1. Mean value of the breaking force and hardness of the snow chains, for n=10 measurements for each chain (source: the author)
	Chain type
	thickness
	Breaking force at
(23°C ± 5°C)
	Breaking force at     

 (-20oC)
	Hardness - HV30

	
	
	No. of measure-ments
	mean value (N)
	No. of measure-ments
	mean value (N)
	No. of measure-ments
	mean value

	A
	9 mm
	10
	3498
	10
	4773
	10
	217

	
	12 mm
	
	6245
	
	6932
	
	466

	
	16 mm
	
	15042
	
	11935
	
	415


Figures 1a and 1b show the surface galvanized layer. The thickness of this layer ranges from 0.002 to 0.02 mm (2 to 20 µm). Figure 1b presents variations of the thickness of galvanized layer. 
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Fig.1a i 1b Galvanized (zinc-coating) layer of the chains (thickness 9 mm) 
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Fig. 2 Galvanized (zinc-coating) layer of the chains (thickness 12 mm)
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Fig. 3a i 3b Galvanized (zinc-coating) layer of the chains (thickness 16 mm) 
Measured values of the galvanized (zinc-coating) layer of the chains of the thickness of 9mm (figure 1) ranges from 0,002 to 0,02 mm (2 do 20 µm), in case of the thickness of 12mm (figure 3) ranges from 0,006 to 0,009 mm (6 do 9 µm), and in case of chains with the thickness of 16mm (figure 4) it ranges from 0,012 to 0,025 mm (12 do 25 µm), which is significantly less than the value proposed by Standard EN ISO 1461:2009. This standard proposes the thickness of the layer (for chains from > 3mm to ≤ 6mm) of 55 µm do 70 µm. Also, on several samples there were evident variations in the thickness of the galvanized layer (figure 1b and 3a). These variations (unevenness) in the thickness of the galvanized (zinc-coating) layer are probably related to the poor quality of the process of zinc coating or low quality of the preparation of material before zinc coating process. 
4. CONCLUSION
The analysis of the tightening of the chains at the room temperature and at a temperature of -20°C pointed that there is an inconsistency in the thickness of the individual chains. For the chains of 9mm thickness it can be concluded that the chains at room temperature having an average value of tensile strength of 3498 N and at temperatures below 4773 N, which is a good ration and preferred values for the operating conditions. Chains with the thickness of 12 mm at room temperature having an average value of tensile strength of 6245 N and at temperatures below 6932 N which is a good, but not so great ratio of differences of the values for the operating conditions. Also, these chains have twice higher hardness compared to chains of 9mm thickness. 16mm chains at room temperature having an average value of the tensile strength of 15042 N at the lower temperatures 11935 N which represents a very unfavorable ratio and values of operating conditions. In other words, chains of 16 mm thickness have a significantly lower exploitation value, and lower hardness in relation to the chains of 12mm thickness. The study found significantly lower values than those recommended by the standard EN ISO 1461:2009, which recommended zinc-coating thickness for elements of a thickness from > 3mm to 6mm ≤ of 55 µm do 70 µm. Also, some samples were found to have unevenness in the thickness of the coated layer.

During the analysis of new snow chain it has been noted that on some chains there is the presence of corrosion, which the maximum measured thickness is 0.2 mm (200 µm). The presence of corrosion is probably the result of poor thickness of galvanized layer which is not in accordance with the standards SRPS EN ISO 1461:2005, identical to EN ISO 1461:2009 and which is prescribed by the Institute for Standardization of Serbia. Also, there have been observed unevenness in the thickness of the zinc coating layer which indicates a low-grade galvanizing or poor preparation of the material before the process of galvanization. The corrosion would certainly have a more aggressive development on the chains and the quality of galvanized layer in real conditions (the influence of water – snow, salt on the roads). 

Based on the above mentioned, it is concluded that the quality of snow chains which are the most common on the market is quite questionable. As a continuation of the research authors will provide a comparative analysis with other snow chains that are present on the market of Bosnia and Herzegovina, Serbia and other countries in the region.
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