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Abstract: Solvay Sodi JSC, Devnya, Bulgaria, is the biggest calcinated soda production plant in Europe. It is built in 1974 and it works in 

three-shift production regime up to present days. The exploitation environment is highly influenced by numerous factors, acting corrosively 
on main reinforced concrete structures – active atmospheric processes (in continental type moderate climate), sea water born chloride-

aerosols, as well chemical attack caused by carbon dioxide and nitric acid, presented in the air in form of evaporation. The most reinforced 
concrete structures need urgent remedial measures to restore the load-bearing capacity of its components.  

The “light soda” silos are reinforced concrete facilities (cylindrical shells) which repair has to be executed during continuous production 
process.  The options for repair of these structures and restoration of their load bearing ability by specially designed innovative high-tech 

hybrid reinforced sprayed concrete, containing capillary crystalline admixture, are discussed in the report.  

It is well known that two basic methods of shotcrete exist - “dry” and “wet” ones. 
The report discusses the main advantages of the specially designed innovative hybrid fiber-reinforced “wet” shotcrete for thin repairing 

overlays, compared to industrially made “dry” one. By purposeful using of standard and direct physical test methods the basic long -term 
mechanical and structural characteristics of two composites are presented and discussed. The effectiveness of the proposed "wet" method is 

based to real possibilities to involve in concrete mix design different chemical innovative admixtures - ultra high range water reducing 
(HRWRA), shrinkage compensating (ShCA), internal crystallization one, etc. The mechanical properties of “wet” one dramatically exceeded 

respective ones of the “dry” one. The mechanical test results fully correspond to the respective long-term structural characteristics, obtained 
by using of X-Ray, DTA, SEM and BET-methods. 

It could be concluded that the innovative hybrid fiber-reinforced “wet” shotcrete is preferable for high-performance thin repairing overlays 

for structural strengthening of damaged concrete structures.  
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1. Introduction 

Currently, the SOLVAY SODI JSC light-weight soda silos "4" 

and "5" are used for temporary storage and subsequent production 
distribution. Serious corrosion damages are observed on the 

concrete surfaces, visible corroded areas of the steel-reinforcement, 
too. (Photo 1and 2). 

  

Photo 1 LIGHT SODA SILOS 
''4'' & ''5'' general view 

Photo 2 LIGHT SODA 

SILOS ''4'' & ''5'' typical concrete 
damages 

According SOLVAY SODI JSC preliminary experience such 
type of steel-reinforced concrete structures was repaired by dry 

ready mix, type "Torkret W81", MC Bauchemie, Germany (MC). 
The new method proposed was optimized to avoid some 

disadvantages of the MC - very expensive dry mixture, technical 
requirements for very thin shotcrete single layer (up to 2 cm), need 

for at least three layers to reach the design repairing thickness of 

about 6-7 cm, possible dusting during work, relatively large rate of 
rebound, etc.   

All mentioned above gave me enough reason to propose 

different type of repairing approach based on wet technology 
technical and technological basic advantages - high performance 

productivity (3-5 m3/h),  single layer thickness – up to 20 cm (all 
repairing concrete section deep will be executed in single stage!!!), 

rebound reduced (up to 15%),  possible to used special designed 

high-performance fiber-reinforced fine-grained sulfate-resistant 
sprayed concrete, strict control of concrete mix design (fresh 

concrete mixed at batching plant under control), possibilities to 
incorporate in concrete mix different type of fibers (control the 

shrinkage processes in different hydration stages and dramatically 
increases resistance to brittle fracture, increase the residual strength 

after the first crack strength of fatigue in long-term load and impact 

strength, which ensures the integrity of the concrete even in partial 
depletion of bearing capacity) and incorporated in concrete mix 

special deep crystallization admixtures (self-healing, water-proof 
concrete, 4G - impermeable concrete).  

 
Table 1: Wet-shotcreting mix design, type WS 

Ingredients 

 

Quantity, 

kg/m3 

 

Sulfate resistant Portland cement CEM I 42,5 SR5 550 

River sand, SILISTRA, "Polaris - 8", 0-4 mm 745 

Crashed washed sand, ESKANA, "Sini vir ", 0-4 
mm 

300 

Crashed stone, PATSTROY, Karnobat, 4-8 mm 505 

High water reducing admixture  
DYNAMON SX, MAPEI, Italy –  

0,6% of cement weight 

3,30 

PP fibersFM150, Propex Concrete Systems, USA 0,900 

PP fibers FM300, Propex Concrete Systems, USA 0,900 

КМС – thixotropic polymer modifier increasing 
mix compactness (water solution of 10% dry 
compound -conforming to a prescription) 

10,00 

Internal-crystallization chemical admixture 
KRYSTALINE Add +, Spain 

6,0 

Mixing water for dry aggregates ~190 

Consistency (regarding to slump test), cm S1 

 

The design for repair of steel-reinforced concrete structures was 

based on the principle of reasonable sufficiency, without providing 
for a change in the geometry of the existing sections of the building 

structure and partial or complete closure of the technological 
openings in the structure [1].  
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A special repair wet-shotcreting mix WS was designed for this 
purpose. The mix consists of polymer-modified hybrid fiber-

reinforced concrete (maximal size of large aggregate Dmax= 8 mm), 
thixotropic polymer modifier and internal-crystallizing chemical 

admixture (Table 1). 
 

2. Test procedures and analysis of results 

 Following the SOLVAY SODI JSC requirements before 
designing and site construction procedure starting, an approved test 

program was performed. The main purpose of the tests was to 

compare in parallel the basic technical characteristics of MC and 
WS shotcretes, established in real production conditions at different 

ages. 

The basic mechanical and structural results at 7- and 28 days of 
age, based on respective BDS EN standards, were already published 

[2]. 

Trying to confirm the WS shotcretes advantages the prolonged 
tests are additionally performed at 2 years of age. All specimens 

tested were alternatively seasoned under water and in lab-dry air 

conditions following the periodic of 1 month for both of them. This 
type of specimen’s aging is very reasonable trying to obtain 

sufficient differences between two types of concrete – MC (based 
on ordinary concrete based on some water reducing admixtures in 

dry form) and WS (based of special concrete with crystalline 
technology).  

 

Index tested 

 

Composition 

МС         WS 

Volume density (kg/m3), at: 
7 days 
28 days 

2 years 

 
2230 
2230 

2226 

 
2320 
2300 

2250 

Compressive strength (МРа), at: 
7 days 
28 days 
2 years 

 
34,00 
44,20 
45,70 

 
51,90 
60,10 
64,80 

Ultrasonic speed velocity (km/s), at: 

7 days 
28 days 
2 years 

 

4,202 
4,333 
4,356 

 

4,450 
4,509 
4,680 

Static modulus of elastic deformation 
(МРа), at: 
7 days 

28 days 
2 years 

 
 

24,00 

28,80 
29,00 

 
 

35,80 

37,20 
39.40 

Water penetration depth (mm), at: 
7 days 
28 days 
2 years 

 
44 
35 
33 

 
35 
20 
7 

Splitting tensile strength (МРа), at: 
7 days 
28 days 
2 years 

 
2,02 
3,18 
3,20 

 
2,39 
3,39 
3,56 

Frost resistance class  

(cycles passed), Сfr, at: 
28 days 

2 years 

 

 
(4)Сfr150 
(4) Сfr150 

 

 
(5) Сfr 200 
(6) Сfr 250 

 

Crystalline technology products function within the concrete to 
increase calcium silicate hydrate (C-S-H) in the concrete pores and 

capillary voids allowing for a better concrete hydration to the point 
of waterproofing the concrete through internal C-S-H growth.  

While a true crystalline technology does lower the w/c ratio, 
increase the strength, and lower the depth of water penetration as a 

natural part of the technology, it also goes a step further and offsets 

the problems that a simple HRWR/SP cannot resolve. Crystalline 
technology unique abilities not only include reducing shrinkage 

cracking, but also enhance the concrete’s natural hydration process 
giving it the unique ability to enhance the concrete’s natural ability 

to autogenously heal concrete cracks even years in the future. 

The summarized test results are presented in Table 2. 

Comparing the test result it is easy to state that, at 28-days and 2 
years, the WS-compressive strength increased with (7,8%), while 

that of MS increases by about (3,4%). It could be concluded that 
respective comparison between nominal values shows that, at 2 

years of age, WS concrete surpass MC one with around 42%. A 
similar pattern is observed in the comparisons of the tensile strength 

by splitting and the modulus of elastic deformations. 

The above applies with increasing importance with regard to 

water penetration depth and frost resistance - at 2 years of age WS 
water penetration depth is 7 mm, compared to 33 mm for MC 

concrete. All this explains the dramatically difference between two 
type of concrete concerning their frost resistance – 150 cycles for 

MC, and 250 cycles for WS. 

Trying to emphasizes the differences between MC and WS 
mixes a set of additional high-tech structural tests were performed 

by using direct physical methods: 

- X-ray diffraction (XRD); 
- Differential thermal analysis (DTA); 

- Low temperature gas adsorption (BET-method); 
- Scanning electronic microscopy (SEM). 

The structural tests visualization is given on Fig. 1-18 and 
Photos 3-6. 

  
Fig. 1 X-ray МС – 7 days Fig. 2 X-ray WS – 7 days 

  

  

Fig. 3 X-ray МС – 28 days 
Fig. 4 X-ray WS – 28 days 

 

  
Fig. 5 X-ray МС – 2 years Fig. 6 X-ray WS – 2 years 

 

  
Fig. 7 DTA MC - 7 days Fig. 8 DTA WS - 7 days 
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Fig. 9 DTA MC - 28 days Fig. 10 DTA WS - 28 days 

Fig. 11 DTA MC – 2 years Fig. 12 DTA WS – 2 years 
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Fig. 13 BET Total porosity at 7 

days of age 

Fig. 14 BET Pore diameter size 

distribution at 7 days of age 
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Fig. 15 BET Total porosity at 28 

days of age 

Fig. 16 BET Pore diameter size 

distribution at 28 days of age 
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Fig. 17 BET Total porosity at 2 

years of age 

Fig. 18 BET Pore diameter size 

distribution at 2 years of age 

The respective structural characteristics obtained by using 

professional complex analysis are given in Table 3. It is clear visible 

that basic WS hydrate products (C-S-H), leading to concrete 
strength-deformation characteristics increasing, dominated in 

comparison with MC ones. Concerning the pore structure 
parameters there are a lot of WS advantages – minor total porosity, 

minimal specific pore surface and mean pore diameter. All this 
explains the dominate mechanical characteristics (reported in Table 

2.) of proposed WS shotcrete. Something more, the SEM photos 
additionally prove, that the WS total structural density is clearly 

observed. 

PHOTO 2 SEM x7500,  

2 years - MC 

PHOTO 3 SEM x7500,  

2 years - WS 

PHOTO 4 SEM x 10000,  

2 years - MC 

PHOTO 5 SEM x10000,  

2 years – WS 

4. General conclusion

Taking into account 2 years of aging the analysis of the 
experimentally found physical-mechanical and structural 

characteristics of the analyzed mixes for shotcreting yields the 

following CONCLUSION: 
The physical-mechanical and structural characteristics of the 

proposed of the repair mix WS for "wet" shotcreteing significantly 
surpass those of mixes used for the repair of silos for heavy soda 

MC. 
Something more, the prolong time of ageing additionally 

emphasizes this well-grounded advantage.

References 

[1] Naidenov V., Tzv. Georgiev, Innovative design for repair of
corrected industrial reinforced concrete structures of light soda 

silos - SOLVAY SODI AD, DEVNYA, Proc. of International
Scientific Congress “Machines. Technologies. Materials”, 09-

12.09.2020, Varna, Year IV, Issue 2(17), ISSN 2535-0021
(PRINT), ISSN 2535-003X, (45-49)

[2] Naidenov V., An Innovative Approach for Repairing of
Corroded Reinforced Concrete Industrial Structures in

Aggressive Environment by High-tech Hybrid Reinforced

Sprayed Concrete with Capillary Crystalline Admixture,
“Machines, Technologies, Materials” (MTM), Year XIII, Issue

6/2019, ISSN PRINT 1313-0226, (259-262).

Acknowledgments 

The financial support of the National Science Fund of Ministry 

of Education and Science, Bulgaria, contract КП - 06 - H 27/7, 
2018, is gratefully acknowledged. 

INTERNATIONAL SCIENTIFIC JOURNAL "INNOVATIONS" WEB ISSN 2603-3771; PRINT ISSN 2603-3763

68 YEAR IX, ISSUE 2, P.P. 66-68 (2021)




