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1.	 Introduction

Increased competition in the market of semitrailers forces 
manufacturers to design new solutions and use new materials. 
Analyzing the products of leading manufacturers of  semitrailers 
including products of Wielton S.A., we observe the tendency to 
use steel characterized by increased resistance to abrasion of easy 
weldable steels such as steel Hardox. The materials are also used 
to apply solutions to reduce the weight of the trailer. All these 
treatments aim to increase the technical objects lifetime.

Based on research realized by Wielton S.A. we can form a list 
of requirements for materials used for construction of semitrailers 
with particular emphasis on the requirements posed by the 
construction of tippers. Such materials must feature: a very high 
resistance to abrasion, the ability to transfer variable workloads, 
uniform properties throughout the cross-section of the element as 
well as susceptibility to create joints with use of standard welding 
techniques, and easy cold forming.

2.	 Characteristics of Domex steel

Domex cold forming steels are rolled in a thermomechanical 
process where the heating, rolling and cooling are carefully 
controlled. The chemical composition of the steel containing low 
levels of  carbon and manganese is precisely complemented by 
enriching ingredients such as niobium, titanium and vanadium. 

Due to its high mechanical properties and clean structure, the 
Domex steel is the best alternative for cold formed and welded 
products. Domex 700 MC steel with designation D and E meet 
and even exceed the requirements for steel S700 MC according 
to the standard EN-10149-2 [1]. Domex MC steel can be supplied 

as wide coil, split coil and cut sheet. The steels are applicable with 
rolled and pickled as well as oiled surface. Wide coil and sheet are 
available with milled or cut edge.

Extra high strength steels are used in structures such as 
truck chassis, cranes and excavators. In  these applications, 
high strength steel is used in order to reduce weight while 
simultaneously increase load capacity of the structure. These 
advantages, combined with good formability allow the reduction 
of total costs. Due to the low content of carbon, phosphorus 
and sulfur Domex 700 MC steel can be welded by all commonly 
used methods without requirement of preheating. A narrow heat-
affected zone is formed on the border of the weld. This zone 
is  characterized by slightly lower hardness. However, using the 
normal parameters and methods of  welding this zone is of no 
practical importance. Tested specimens taken across the weld 
can have the same minimum value of tensile strength, which also 
characterizes the welded material. If the load of the weld is not 
high, it can be used to add metal with a lower strength than the 
weld material. There are a large number of filler metals with the 
same or higher strength, which can be used for welding of Domex 
700 MC steel, while maintaining the same filler metal strength 
as welded material [2 and 3]. 

Advantages of using Domex steel:
•	 reduced weight of steel construction while maintaining loading 

capacity,
•	 very good weldability due to low alloy content; resistance to hot 

and hydrogen cracks,
•	 good bendability at small radii without risk of cracks,
•	 good formability facilitating press-forming,
•	 applicable for shear cutting and plasma cutting,
•	 smooth and straight edges after laser.
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Domex corrosion resistant steel can be used in products as e.g. 
containers where high strength and resistance to corrosion reduces 
the need for maintenance, prolongs life and simplifies production. 
The material also offers major benefits for industrial chimneys, 
both externally and in the flue gas passages, since the corrosion-
resistant steels can cope well with sulphurous environments. 
In addition to good resistance to corrosion, Domex corrosion 
resistant steel is also characterized by good formability, weldability 
and impact strength. It is produced in two strength levels and the 
guaranteed minimum yield strengths are 550 MPa and 700 MPa.

3.	 Mechanical properties of Domex 700 MC steel

Domex is a  micro-alloy steel with addition of niobium, 
titanium and vanadium, which allows for maintaining low level 
of carbon and manganese content. Advanced technological 
production processes guarantee the steels’ clean structure (Fig. 
1). The tested steel had a  martensitic structure, with clear 
needles arranged in cells [4 and 5]. Table 1 shows the chemical 
composition and mechanical properties of Domex 700 MC steel. 

4. 	 Impact test of Domex 700 MC steel

Construction elements are very often exposed to dynamic 
loads. For this reason, there is a  need to know the properties 

that characterize the behavior of the material in case of sudden 
changes in load. Mainly fatigue and impact tests are used to 
determining these properties. Impact tests allow exploring the 
impact toughness and, at the same time, they allow checking the 
quality of heat treatment, in regard to tendency of the material to 
aging and defining the resistance against to the brittle fracture. 
In practice, the most common is the Charpy impact test [6 and 7].

35

40

45

50

55

60

65

70

75

80

85

90

-80 -60 -40 -20 0 20 40 60 80 100

Im
p

ac
t 

en
er

g
y 

K
V

 [
J]

T emperature [°C ]

Fig. 2 Impact energy v/s temperature for Domex 700 MC steel

Chemical composition and mechanical properties of Domex 700 MC steel	 Table 1

Chemical composition max.  [in weight %]

C Si Mn P S Al Nb V Ti

0.12 0.10 2.10 0.025 0.010 0.015 0.09 0.20 0.015

Mechanical properties

Re [MPa] Rm [MPa] A5 [%]

700 750 - 950 12

    	

Fig. 1 Microstructure of the Domex 700 MC steel
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Impact tests were performed in order to assess behavior of the 
material under conditions leading to brittle fracture. Semitrailers 
are commonly working in a wide temperature range. In general, 
lower temperature increases the material tendency to brittle 
fracture and this is the reason why impact test were performed 
in temperature range from -70 °C up to + 100 °C with use of 24 
specimens. For testing at different temperatures, the specimens 
were immersed in a  cooling medium or heated in the oven for 

a  time necessary to obtain required temperature in the whole 
volume of the specimen. Standard specimens for Charpy impact 
test (a  length of 55 mm and a  square cross-section of 10 mm 
side length) were used. In the centre of specimens was made 
a V-shaped notch, with an angle of 45 °, a depth of 2 mm and the 
rounding radius of the bottom of 0.25 mm. The impact tests were 
done using the Standard Charpy impact equipment, swinging with 

a) b) c)

d) e) f) 

g) h) i) 

Fig. 3 Fracture morphology of the specimens broken at temperature:  
a) +100°C, b) +20°C, c) +15°C, d) +10°C, e)0°C, f) -10°C, g) -30°C, h) -50°C, i) -70°C
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a constant energy resource potential. The results obtained during 
the experiment are shown in Fig. 2.

5. 	Summary

The determination of the temperature effect on material 
properties, mainly the tendency to brittle fracture at low 
temperatures is very important for safety design of components 
working at temperatures below 0 °C. Impact tests greatly reflect 
the material behavior under different temperatures and after 
systematic analysis it is possible to find the threshold, where 
material rapidly loses its ductility. The results obtained for Domex 
700 MC steel show that the impact energy KV = 75 J obtained 
at the temperature of 20 °C drops down to KV = 38 J at the 
temperature of – 70 °C. Comparing the obtained results with the 
material data specified by the manufacturer can be said that in 
the temperature range from -20 °C to -40 °C were obtained higher 
values of impact energy than are listed in the material datasheet. 
Based on the fracture morphology (Fig. 3) it can be observed that 
with decreasing temperature, the fracture mechanism changes 
from ductile to quasi cleavage manner [8]. As the temperature 

decreases, the ratio between the ductile and brittle fracture 
changes and bigger part of the fracture surface is formed by brittle 
fracture.

Increase of production and optimization of operating costs 
is the main interest of every manufacturer. This is why they pay 
great attention to obtain the highest level of components durability 
and safety. In the search for new design solutions, there is a great 
requirement for new materials with higher mechanical properties 
than the conventional ones [9 and 10]. Later in research, the 
obtained steel characteristics will be the basis for determination of 
other material properties and specification of components which 
can be produced from this steel in WIELTON S.A semitrailers 
[11]. 
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