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EXPERIMENTAL STUDY OF ADHESION PROPERTIES 

BETWEEN SULFUR-BASED CONCRETE AND 

REINFORCEMENT 
 

The reliability and longevity of railway transport infrastructure largely depend 

on the durability of reinforced concrete structures. In particular, since railway 

sleepers constantly operate under high static and dynamic loads, improving the 

physical and mechanical properties of the concrete materials used in them is of great 

scientific and practical importance. In recent years, sulfur-based concrete, 

characterized by high chemical resistance, water resistance, fast hardening, and 

resistance to aggressive environments, has been gaining attention as a promising 

construction material [1-3]. 

At the same time, the adhesive properties of this material with steel 

reinforcement have not been sufficiently studied, especially in terms of its 

application in railway structures. The strength of the bond between concrete and 

reinforcement is considered one of the key factors determining the load-bearing 

capacity, crack resistance, and operational reliability of the structure. Therefore, 

improving the adhesion properties of sulfur-based concrete by modifying its 

composition is one of the most pressing scientific issues [4-5]. 

In this study, the bond strength of sulfur-based concretes of various 

compositions with reinforcement was experimentally evaluated, and the effect of 

polymer and fiber modifications on adhesion was determined. Based on the results 

obtained, the most optimal concrete composition for railway sleepers was 

recommended [6]. 
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Research methodology: Experimental tests were conducted to determine the 

bond strength between sulfur-based concrete and steel reinforcement. The 

experiments were organized using samples of sulfur concrete with three different 

compositions (SC-1, SC-2, and SC-3). SC-1 is made of ordinary sulfur concrete, 

SC-2 is made of 5% polymer additive, and SC-3 is made of 5% polymer and 2% 

fiber modified composition [7]. 

During the tests, periodic steel reinforcement with a diameter of 12 mm was 

used. The bond strength between the concrete and the reinforcement was determined 

using the Pull-out test method. At the same time, the length of reinforcement entry 

into the concrete was set at 60 mm (5d). Five samples were prepared for each 

composition and tested under laboratory conditions at a temperature of 20±2 °C. 

The load was gradually increased at a speed of 0.5 mm/min, and the maximum force 

and sliding values during the removal of the reinforcement were recorded [8-9]. 

Based on the experimental results obtained, the bond strength between concrete 

and reinforcement was calculated, and the adhesion properties of various 

compositions were compared. Based on the results, the most effective composition 

was identified, and the possibilities for its use in railway sleeper structures were 

evaluated [10]. 

1- table 

Experimental materials and composition 

Sample code Description Sulfur (%) Supplement 

SC-1 Conventional sulfur concrete 100 No 

SC-2 Modified 95 5% polymer 

SC-3 Fiber modification 93 5% polymer + 2% fiber 

 

During the tests, periodic profile reinforcement with a diameter of 12 mm was 

used. The bond strength was determined using the Pull-out test method. The length 

of the reinforcement's penetration into the concrete was taken as 5d = 60 mm. Five 

samples were tested for each composition. The tests were conducted at a temperature 

of 20±2°C and a loading rate of 0.5 mm/min. 

Research results: As a result of the conducted experimental tests, it was 

determined that the composition of sulfur-based concrete significantly affects the 

bond strength with the reinforcement. The obtained data showed that the bond 

strength in samples using polymer and fiber additives was higher than in 

conventional sulfur concrete. Specifically, samples with SC-3 composition 

exhibited the highest adhesion indicators and a decrease in slippage values. The 

research results are presented in Tables 2 and 3. 
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2-table 

Results of the connection between sulfur concrete and reinforcement 

Composition Average binding strength, τ (MPa) Slide (mm) 

 SC-1 8.07 0.43 

SC-2 9.96 0.38 

SC-3 11.22 0.32 

 

3-table 

Comparative analysis of bond strength 

Composition Average binding strength, τ (MPa) Growth 

 SC-1 8.07 - 

SC-2 9.96 +23.5 

SC-3 11.22 +39.5 

 

The results show that the addition of the polymer significantly improved 

bonding with the reinforcement. Fiber modification provided the highest result. The 

bond strength in SC-3 was almost 39% higher than in SC-1. The increase in bond 

strength is explained by the fact that the polymer compacts the concrete structure 

and limits the development of microcracks in the fibers. 

Analysis of the results: The mechanisms of destruction also differed depending 

on the composition. In the SC-1 samples, the sliding of reinforcement through the 

concrete was observed, indicating relatively low adhesion. A mixed failure 

mechanism was noted in the SC-2 composition. In the SC-3 samples, the failure 

occurred in the concrete itself. This circumstance confirms that the bond strength 

between the reinforcement and the concrete exceeds the internal strength of the 

concrete. When the minimum required bond strength for railway sleepers was taken 

as 10 MPa, the SC-1 did not meet this requirement. While SC-2 showed results close 

to the threshold value, the SC-3 composition fully met the requirements and 

demonstrated the highest performance reliability. 

Conclusion 

Based on the conducted experiments, the bonding properties of sulfur-based 

concrete with reinforcement were evaluated. The research results showed that 

polymer additives increase bond strength by an average of 23%, while fiber 

modification increases it by nearly 40%. The complex modified SC-3 composition 

achieved a binding strength of 11.22 MPa, fully meeting the regulatory requirements 

established for railway sleepers. This composition is recommended for use in 

railway transport structures due to its high adhesion, good deformation stability, and 

resistance to dynamic loads. 
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