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Abstract— The article discusses constructive and technological solutions for the repair and restoration of sewer collectors by the open method 

using polymer concrete. It is proposed to perform these works using pneumatic and inventory formwork. Two compositions of polymer concrete, 

their physical and mechanical properties, and technological features of their use are presented. The scheme of reinforcement of the vaulted part 

of the collector, which was destroyed as a result of gas corrosion, is determined. The sequence of repair and restoration works using polymer 

concrete is considered. 
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I. INTRODUCTION  

According to studies /1, 2, 3/, during the process of wastewater 

transportation, the vaulted part of the collectors is destroyed, 

while the tray part, which is usually constantly filled with 

wastewater, remains intact. Using the surviving tray part makes 

it possible to restore the collector with minimal material and 

labor costs. In this case, the tray part can be considered as the 

main supporting structure, for resting on it and connecting the 

new vault structure to it. One of the options for repairing and 

restoring the collector is to create a new vaulted part using 

polymer concrete reinforced with composite reinforcement. 

Effective in this case is the use of pneumatic formwork laid in 

the surviving tray and installation of inventory metal formwork 

on top of it. At the same time, space should be provided on top 

of the inventory formwork to fill the space between the self-

sealing polymer concrete formwork.  

Between 1960 and 1980, about 60% of sewerage networks 

were built in Ukraine, most of which are shallow (the bottom of 

the pipelines does not exceed 8 meters) with a diameter of 600-

1000 mm. However, since there is still no effective mechanism 

for monitoring the technical condition of sewer collectors, 

preventive and repair and restoration work is usually carried out 

in the event of emergencies. As a result, for example, in Kharkiv 

and the region, more than 70% of sewer pipelines are beyond 

the limit of depreciation and require repair work [1-4].  

The analysis of numerous studies shows that the vaulted part 

of the collector structure is primarily damaged due to the high 

concentration of hydrogen sulfide in the “above-water” space. 

While the tray part of the pipelines remains intact due to its 

constant contact with wastewater. It follows that it is advisable 

to consider the possibility of repairing and restoring sewer 

collectors using and incorporating the existing tray part into the 

operation. This will ensure long-term uninterrupted operation 

of engineering networks and provide reasonable cost-effective 

solutions for the work.   

Works [2, 5] consider several options for creating a new 

vaulted part by the open method. The tent method introduced in 

Hungary has been known for many years. When using this 

method, the roof part of the collector is subject to replacement 

[2]. In Kharkiv, the technology of installing a factory-made 

tubular reinforced polyethylene anchor structure in the 

preserved tray part with its subsequent concreting using 

specially designed formwork with concrete mixture was 

introduced [2, 5]. Currently, the replacement of destroyed 

collectors constructed of reinforced concrete pipes with 

polyethylene and fiberglass pipes is widely used.  

Paper [6] considers options for repairing and restoring 

sewer collectors using clinker bricks. To use clinker bricks, 

research was conducted to select bricks from the variety of 

bricks available in the construction markets of Ukraine. The 

corrosion resistance of the brick was determined experimentally 

in the university laboratory and by keeping it for a long time in 

a biocamera (a sewer shaft in a deep tunnel in which the 

concentration of hydrogen sulfide was several times higher than 

the regulatory maximum permissible concentration). The 

choice of a solution that could withstand gas corrosion was 

made experimentally. Brickwork was performed using 

pneumatic formwork [6].  For the first time in domestic 

practice, it was decided to carry out repair and restoration work 

on collectors by constructing a vaulted part using reinforced 

polymer concrete (Fig. 1) [7, 8]. 

 

 
Fig. 1. Scheme of collector repair and restoration using polymer concrete 

1 - existing tray part; 2 - existing reinforcing rods; 3 - pneumatic formwork; 4 

- composite reinforcement, 5 - inventory formwork; 6 - polymer concrete 
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Due to their high wear resistance and resistance to 

aggressive environments, polymer concretes are successfully 

used in the lining, restoration and repair of sewage network 

piping systems [9]. Polymer concretes based on furan and 

epoxy resins work well in systems of concrete and reinforced 

concrete pipelines of sewage networks, which are most resistant 

to biologically aggressive water environments of wastewater, 

aggressive effects of sulfuric acid aggression and gas corrosion 

under conditions of high concentrations of sulfur dioxide, 

carbon dioxide and ammonia [10-12]. For the experiment, two 

compositions of polymer concrete based on furan and epoxy 

resins, hardeners, mineral fillers, and aggregates were 

considered.  

The polymeric binder for furan polymer concrete is furan 

resin of the “SQG” series, which is used in the technological 

processes of manufacturing cold-hardening mineral-resin 

mixtures and cured with acid catalysts. For hardening, the acid 

catalyst of the GS series was chosen, which has a low viscosity 

and ensures the formation of a homogeneous mixture of liquid 

and solid components of the composition. The aggregates are 

quartz sand (fraction 0.5-2 mm) and crushed stone (three 

fractions from 5 to 40 mm), and the filler is andesite flour. The 

thickness of the polymer concrete layer is 100-200 mm. When 

laying furan polymer concrete, the ambient temperature should 

not be lower than 10-150C. In 30-40 minutes after laying, the 

temperature of the mixture rises by 25-400C and rapid 

hardening occurs (in 2-3 hours). Subsequently, polymer 

concrete gains strength. The average compressive strength of 

furan polymer concrete after 90 days of curing is 45-55 MPa, 

the maximum is up to 100 MPa.  

The basis of epoxy polymer concrete is ED-20 epoxy resin, 

which is hardened with an aliphatic amine curing agent, PEPA. 

The filler and aggregates are similar to the composition based 

on furan resin. Epoxy polymer concrete reaches its solid state 

in about 30-60 minutes. The physical and mechanical properties 

of epoxy hardened polymer concrete are as follows: density 

2200-2400 kg/m'; compressive strength 90-110 MPa; tensile 

strength 9-11 MPa; linear shrinkage during hardening 0.05-

0.08%; water absorption in 24 hours 0.01%; Martens heat 

resistance 1200C.  

As in the case of clinker bricks, the use of pneumatic 

formwork was proposed for the work and the use of polymer 

concrete. If in the previous case it was sufficient to create a new 

crypt, when using polymer concrete, it became necessary to 

develop an auxiliary side inventory formwork. This formwork 

is mounted on both sides of the pneumatic formwork in such a 

way that a closed circular profile of the new vaulted part is 

created during concreting.  

To conduct research, a fragment of the tray part of the 

collector with an internal diameter of 800 mm and a length of 

1000 mm was delivered to the laboratory of the Department of 

Reinforced Concrete and Stone Structures. In this case, it serves 

as a supporting structure for the creation of a new crypt on its 

basis. During the preliminary calculations of the bearing 

capacity of the new vault, a reinforcement scheme using 

composite fiberglass reinforcement was determined (Fig. 2). 

 

 
Fig.2. Scheme of reinforcement of the vaulted part of the collector with 

composite reinforcement: 

vault diameter 800 mm; length 1000 mm; transverse reinforcement d=8 mm; - 

pitch - 60 mm; longitudinal reinforcement d=8 mm; - 7 pcs. 

 

When polymer concrete is used to restore the collector, the 

following sequence of works is provided [7]: cleaning of the 

collector from the elements of the destroyed vault part; 

installation of pneumatic formwork in the preserved tray part; 

reinforcement of the collector vault, including the connection 

of new reinforcement with the reinforcement outlets of the 

preserved tray part; installation of inventory formwork on the 

sides of the pneumatic formwork; concreting the vault with 

polymer concrete; dismantling of pneumatic and inventory 

formwork after the concrete has reached the required strength.  

II. CONCLUSION 

The use of the preserved tray part of the corroded sewage 

collectors makes it possible to create a new vaulted part on their 

basis using polymer concrete reinforced with composite 

reinforcement. High efficiency is achieved by using pneumatic 

and inventory formwork. The developed technology of works 

with the use of polymer concrete has a 2...3 times lower cost 

compared to the use of polyethylene or fiberglass pipes for 

repair and restoration works, the diameter of which is smaller 

than the diameter of the collector to be restored. 
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