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Abstract. In this paper the images of steel microstructures (on elements taken from ribbed bars were 
rolled using QTB technology) have been presented. The observation has been carried out on two 
types of steel which are most commonly used for ribbed bars, 34GS, BSt500S and 16, 25 mm in 
diameters. The observations on the structure of materials have been performed on samples 
perpendicular and parallel to the rolling direction (after surface nital etching). The analysis of a 
macro- and microstructure gave the possibility to approximate the causes of non-conformity of 
finished products, as a major problem in ribbed bars production and processing. 

Introduction 
Together with emerging investments and building highways, modern construction shows a great 
demand, among others, for ribbed bars for concrete reinforcement. Constructions of these bars 
connected with concrete allow for significant savings of steel, aggregates, cement, wood and 
shortening of construction time [1]. Ribbed bars in reinforced concrete structures guarantee better 
adhesion of reinforcement to concrete due to a special shape in which humps (ribs) are applied to the 
round core. Recipients of the ribbed bars demand that they have high strength and ductility, corrosion 
resistance, good weldability and high fatigue strength [2, 3].  

Ribbed bars, like other metallurgical products, must meet relevant requirements resulting from 
standards and specified by customers in their orders. The following dimensions of ribbed bars are 
specified in the standards: nominal diameter and their permissible deviations, mass range of 1 m of a 
ribbed bar, core diameter, rib height, width and length of ribs longitudinal. For individual steel 
grades, their chemical composition is also defined. Requirements regarding mechanical properties, 
plasticity and weldability are also specified [4]. These properties are obtained due to their properly 
carried out production process [5-6]. 

The purpose of the article is to assess the structure of ribbed bars in terms of their production 
process. The samples for the analysis were obtained from one of the rolling mills in Poland. 

Experimental 
The strength and technological properties of steel are primarily related to its microstructure which 
depends on heat treatment. Due to physicochemical phenomena occurring while heating and cooling 
steel, it is possible to create the desired structural components, and thus, to give specific strength 
properties [7, 11]. 

To illustrate the diversity of the research material, a microstructure of selected steel grades was 
analyzed. The observation has been carried out on two types of steel which are most commonly used 
for ribbed bars, 34GS, BSt500S and 16, 25 mm in diameters. These bars were rolled with the use of 
QTB technology. 

The observations on the structure of materials have been performed on samples perpendicular and 
parallel to the rolling direction (after surface nital etching). The metallographic analysis was carried 
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out using an Axiovert 25 optical microscope cooperating with a Mavica MVC-FD87 digital camera 
from Sony. 

The size of ferrite grains was evaluated on the basis of the PN-EN ISO 643: 2005 standard [8] and 
determined by comparison of the scale model with a sample zoomed 100x. With the use of 
standardized scale models, the grain size standard was indicated, which in the best way approximated 
the size of the sample grain in the three analyzed areas of the sample. The average grain diameter �̅� 
was taken form Table C.1. and included in the standard in which for individual grain size numbers 
from the scale model, the average grain diameter �̅� [mm] corresponds to it. 

In case of the metallographic sections which are parallel to the rolling direction, a banded 
microstructure was evaluated according to the PN-63/H-04504 standard [9], i.e. on the basis of a 
comparison of the scale models with two worst structures found on a given microsection, separately 
in each of the bar thickness zones. 

Widmannstätten ferrite [10] was evaluated according to the PN–63/H–04504 standard [9] by 
comparison with the scale models in at least three fields of view from ten observed fields. 

Results 
Figure 1 presents the characteristics of the microstructure which occurs in the ribbed bars with a 
diameter of 16 mm from steel 34GS. 
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e) f) 

  
g) h) 

  
i) j) 

  
Fig. 1. Microstructure of the ribbed bar with a diameter of 16 mm from steel 34GS. After surface 

nital etching [4] 
a) in the middle of the bar, zoom 200x, parallel metallographic section; b) in the middle of the bar, 

zoom 500x, parallel metallographic section; c) in the middle of the bar, zoom 1000x, parallel 
metallographic section; d) near the surface of the bar, zoom 200x, parallel metallographic section; e) 
near the surface of the bar, zoom 500x, parallel metallographic section; f) near the surface of the bar, 
zoom 1000x, parallel metallographic section; g) near the surface of the bar, zoom 100x, 
perpendicular metallographic section, crack near the surface of the bar – inlet; h) near the surface of 
the bar, zoom 100x, perpendicular metallographic section – end of the crack; i) near the surface of 
the bar, zoom 500x perpendicular metallographic section – crack of the bar; j) near the surface of the 
bar, zoom 1000x, perpendicular metallographic section 
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In the sample made of steel 34GS, the presence of bainitic-martensitic structures is observed (Fig. 
1a-1g). In areas corresponding to the center of the bar thickness, the extent of the bainitic structure in 
the bainitic-martensitic structure has been noticed (Fig. 1c, 1j). 

In the ribbed bar made of steel 34GS, cracks occurred starting from the surface of the bar until the 
end of the crack almost in the middle, i.e. a depth of about 10 mm (Fig. 1g-1i). No decarburization at 
the crack surface (Fig. 1g-1i) and the nature of its course (Fig. 1i) allow for making a conclusion that 
it is a crack which occurred during cooling of the bar from the austenitizing temperature. The visible 
particles (Fig. 1g, 1i) are most likely pressed into the crack during the preparation of the 
metallographic section from the abrasive papers. The cracking in the sample is shown in Figure 2. 

 
Fig. 2. Crack of the ribbed bar with a diameter of 16 mm from steel 34GS. After surface nital 

etching. A photo of the whole sample [4] 
 
Figure 3 presents the characteristics of the microstructure which occurs in the ribbed bars with a 

diameter of 25 mm from steel BSt500S. 
a) b) 

  
c) d) 
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e) f) 

  
g) h) 

  
i) j) 

  
Fig. 3. Microstructure of the ribbed bar with a diameter of 25 mm from steel BSt500S. After 

surface nital etching [4] 
a) in the middle of the bar, zoom 100x, parallel metallographic section; b) near the surface of the 

bar, zoom 100x, parallel metallographic section; c) near the surface of the bar, zoom 500x parallel 
metallographic section; d) near the surface of the bar, zoom 1000x, parallel metallographic section; 
e) in the middle of the bar, zoom500x, parallel metallographic section; f) in the middle of the bar, 
zoom 1000x, parallel metallographic section; g) near the surface of the bar, zoom 100x, 
perpendicular metallographic section; h) near the surface of the bar, zoom 500x, perpendicular 
metallographic section; i) in the middle of the bar, zoom 100x, perpendicular metallographic section; 
j) in the middle of the bar, zoom 500x, perpendicular metallographic section 

In the sample made of steel BSt500S at a distance of about 5 mm from the surface, occurrence of 
bainitic structures and ferrite grains with carbide precipitates have been observed (Fig. 3b-3d). In the 
middle of the bar there is a ferritic-pearlitic structure (Fig. 3a) with locally occurring bainite areas 
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(Fig. 3e-3f). The ferrite grain size (Fig. 3a, 3i) was assigned to standards 8.5 and 9 of the scale 
models, which corresponds to the average grain diameter of d� = 0,0186 ÷ 0,0156 mm. The banded 
microstructure corresponded to model 0 on the A scale, which means no banding occurrence. The 
increase in the occurrence of Widmannstätten ferrite (Fig. 3i) corresponded to model 2 on the A 
scale. 

Summary 
On the basis of microstructure image observations, the effect of heat treatment and use of QTB 
technology on  the structure of 34GS, BSt500S steels which are most commonly used for ribbed wire 
has been determined. It has been noticed that after the production process, 34GS steel is 
characterized by a bainitic-martensitic structure, where in the areas corresponding to the center of the 
bar thickness, the bainitic structure in the bainitic-martensitic structure was found. On the other hand, 
BSt500S steel is characterized by a bainitic structure with the area of occurrence of ferrite grains 
with carbide precipitates, where in the areas corresponding to the center of the bar thickness, the 
ferritic-pearlitic structure with locally occurring bainite areas was found. The occurrence of 
Widmannstätten ferrite was also confirmed.  
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