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Anomauisn

L]a naykoea poboma npuceauena 6adciuoMy NUMAHHIO 3 PO3POOKU MEXHONOIYHUX PEKOMEHOAYil N0 BUKOHAHHIO
pobim 3 niOcuneHHs GyHoamenmie cnopyo XiMiuHOI NpPoMUCI080CMI, AKI BUKOHYIOMbCA V CmucHeHux ymosax. Ha
NpUKnaoil npoexkmy niocuneHHs yHoameHmis neyi nepsunHoco pugopminey amiaxy Ooecbko2o NPUNOpmMo8o2o 3800y
00TPYHMOBAHO He OOYINbHICMb BUKOPUCMAHHA 36UUAUHUX BAXCKUX OemoHie yepe3 GIOCYMHICMb MONCIUBOCTII
epexmugHo2o 6iOpyeanHsa cymiwi nio OHOM nedi. 3anpPonoHOBAHO BUKOPUCMAHHA CAMOYWIIbHIOY020 OemoHy O
MiHimizayii  eiocomka aw0cvkoi npayi. Onucano Mmemooonozito niobopy 006asox 6 OemoH, GKI0UAIYU
cynepnnacmugikamopu, Ona CMEOPeHHA OemOoHHOI cyMiwi 3 BUCOKOIO DYXIUGICMIO MA MAIUM 6000YeMeHMHUM
gioHowennam. Jlogedeno nepegazy 3anponoHo8aHo20 Memooy NiOCUNeHHA HAO KIACUYHUMU, 3 BUKOPUCMIAHHAM
8apmicHo20 pobomMuU306aH020 OCHAUJEHHS.

KirouoBi cjoBa: miAcCWIEHHS, CaMOYLIUIBHIOIOYMM O€TOH, MOHOJNITHA IUTMTa, CYHEepIUIacTH(IKATOPH,
MOJIIKapOOKCHIIATH, MIKPOKPEMHE3EM, T00aBKH.

Abstract

This scientific work is devoted to the important issue of the development of technological recommendations for the
performance of works on strengthening the foundations of chemical industry structures, which are performed in
compressed conditions. Using the example of the project to strengthen the foundations of the ammonia primary reforming
furnace of the Odesa Port Plant, have been substantiated the inexpediency of using ordinary heavy concrete due to the
lack of the possibility of effective vibration of the mixture under the bottom of the furnace. Have been offered the use of
self-compacting concrete to minimize the percentage of human labor. Have been described the methodology for the
selection of concrete additives, including superplasticizers, to create a concrete mixture with high mobility and a low
water-cement ratio. Have been proven the superiority of the proposed method of amplification over classical methods
using expensive robotic equipment.

Key words: reinforcement, self-compacting concrete, monolithic slab, superplasticizers, polycarboxylates,
microsilica, additives.

Introduction

The industrial development of the chemical industry of China and Ukraine is a key factor in the economic
growth of these countries and the whole world. China in the Asian region and Ukraine in Europe are
recognized leaders in chemical production. However, both countries have similar problems with energy
resources. China’s industry due to overpopulation and active dynamics of development and Ukrainian
industry due to a long economic crisis and military actions. Therefore, most enterprises of the chemical
industry are in conditions of energy "starvation" [1]. For both countries, the problem of greenhouse gases is
important and relevant, therefore measures aimed at reducing such emissions and saving material resources
are important and relevant. In connection with the significant wear and tear of the material fund of chemical
industry enterprises, an important and urgent task has arisen to develop rational methods of strengthening
worn-out building structures now [2].

A typical enterprise that suffers from a lack of energy resources is the Odesa Port Plant, located in the
Yuzhne city, Odesa region [1, 2]. Since the production facilities of the plant are built near the Black Sea, the



engineering and geological conditions of the enterprise site, in comparison with the conditions at the time of
construction, have significantly deteriorated due to the destructive effect of sea water. Accordingly, the
foundations of the enterprise's chemical units, especially those that have undergone modernization with an
increase in the beneficial effect on the foundations, need urgent strengthening.

Have been considered aggregates of primary reforming of ammonia, including the furnace of primary
reforming in scientific researches [1-2]. Numerical calculations of the finite-element model of the stress-
strain state of the structure, made by LIRA-SAPR software have established that the furnace will require
reinforcement of both the external supporting frame and the foundations. In [1], it was proposed to carry out
reinforcement by installing a monolithic slab, which would allow to perceive additional loads that arose
during the reconstruction, as well as to absorb the negative impact from loosening of the soil [1, 3].

However, due to the lack of space, the proposed reinforcement designs cannot be implemented using
classic concreting technologies due to the lack of free space under the bottom of the furnace. Therefore, an
important scientific task have been arisen to develop an effective technology for construction work in
cramped conditions for workers.

Main part of research

In order to fulfill the research task, have been analyzed at which stage of the construction and installation
works there is not enough free space. Have been found that there is enough space for the arrangement of
reinforcement outlets and reinforcing frames (fig. 1), but at the stage of concreting, the space is extremely
insufficient (fig. 2). Workers would have to operate in a lying position on special carts, which is very
inefficient and dangerous. Concrete vibration work proved to be problematic, especially in the areas adjacent
to the existing furnace columns, which are being reinforced.
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Figure 1 — The stage of installation of feinfoféiflg frames of the slab of reinforcement of the foundations of the furnace

Thus, when using classic reinforced concrete [4, 5], the performance of work according to the
reinforcement methodology specified in [1, 6] is problematic and extremely time-consuming, requiring the
use of additional non-standard equipment or robotic equipment. This significantly increases the cost of
construction work.

Therefore, have been offered the technology of concreting without the participation of workers (see fig. 2)
under the bottom of the furnace using self-compacting concrete (SCC). The self-compacting concrete mixture
is a very mobile rheological substance that is able to fill all cavities without the use of vibration energy and,
therefore, without the participation of workers.



Figure 2 — The stage of concreting the foundation slab is strengt ened without the use of vibration.

To create such a mixture, various superplasticizer and entraining additives are needed, the amount and
content of which depends on the design class of concrete compressive strength, the desired mobility and the
additive manufacturer.

Today, in Ukraine and all over the world, superplasticizers from the Swiss company Sika have become
the most widely used for the preparation of self-compacting concrete [7]. In China, domestic and foreign
production superplasticizers are used, mainly based on polycarboxylates. Superplasticizers make it possible
to reduce the water-cement ratio with maintaining high mobility of the mixture, which has a positive effect
on the strength of concrete stone.

Air-entraining additives allow for the inclusion of a larger number of air microbubbles in the reaction,
which has a positive effect on massive reinforced concrete structures, such as the massive reinforced concrete
monolithic reinforcement slab proposed in [1]. As an example Sika Mix Plus is a liquid additive for air
entrainment, stabilization and formation of small pores in the structure of construction mortars and concretes.
The content of this additive should be within 0.02 — 0.4% of the weight of cement according to the
manufacturer's recommendations (for this slab ~ 0,02%).

The additive is recommended in the production of construction mixtures. It helps to increase their
plasticity and ease of installation. Well preserves the consistency of construction mortars and the mobility of
the concrete mixture during long-term transportation or interruptions in work.

The amount of superplasticizer introduced into the concrete mixture is directly proportional to the amount
of cement and ranges from 0,2 to 3%. For self-compacting concrete, this additive is at the level of 1 - 1.5%
[7]. For this reinforcement foundation slab have been recommended, a concrete mix with a SikaViscocrete-
1020 SK additive content of 1.2%.

In addition, in conditions of a large area and thickness of the slab, have been recommended the use of
water-retaining additives, for example, microsilica. The Swiss company Sika recommends the use of
microsilica additives of the type SikaFume. The amount of this additive also depends on the mass of cement
and, according to the manufacturer's technological map, is 2 — 10%. The introduction of 2% microsilica
additive have been recommended for the specified reinforcement slab. The introduction of such an additive
significantly improves the density of the concrete structure after hardening, so the slab does not need
additional waterproofing.

Existing reinforced foundation structures have been recommended to be coated with adhesive additives
such as Sika BetonKontakt, which, in the future, will ensure a reliable connection of fresh concrete
reinforcement and old concrete.

Of course, the cost of the resulting concrete mixture is much (up to two times) higher than the cost of
classic heavy concrete. However, these overruns more than cover the costs of workers in an uncomfortable
semi-recumbent position, and the speed of construction and assembly work is significantly increased.



Acceleration of construction works allows the furnace construction to be put into operation earlier, which
will allow the enterprise to produce products and make a profit.

As an alternative to the proposed concreting method could be the technology of robotic delivery of
concrete mixture and robotic vibration. However, the cost of transportation and use of the specified equipment
far exceeds the increase in the cost of self-compacting concrete.

These recommendations were implemented during the reconstruction of the real furnace structure. All the
technological advantages of using self-compacting concrete have been confirmed (fig. 3). The general terms
of construction works were reduced by 1 month.

Figure 3 —The finished construction of foundation reinforcement.

Conclusions

Have been obtained an important scientific and practical result, as a result of this research which include
technological and materials aspects. This research combines the development of a rational technology for
performing work in compressed conditions with minimal use of low-efficiency human labor, the development
of recommendations for the use of self-compacting concrete in order to ensure reliable reinforcement of
structures where it is impossible to implement work operations and quality control of work performance. The
proposed formulation of the mobile concrete mixture and its additives produced by Swiss company Sika.

The effectiveness, reliability and workability of the developed recommendations were confirmed in
practice during the implementation of real works on strengthening the foundations of the primary ammonia
reforming furnace of the Odesa Port Plant.
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