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Abstract: The technical design of ETEM factory (Sofia) requires the specialized conveyor stretching machine to be monolithic fitted by using
of system of steel anchor rods with a diameter of 30 and 40 mm and different lengths (600 -700 mm), which have to be grouted in pre-left
holes with a diameter of about 150 mm in steel-reinforced concrete foundation slab.
The technically determined anchoring depth determines the total thickness of the anchor layer within 700 -800 mm, reaching the "lower edge
of the steel support plate". The company's produced grouting compositions generally have significant limitations in terms of the maximum
allowable thickness of a single layer - usually up to 30-40 mm, which implies multi-stroke implementation to fill the entire anchoring depth.
Given the above, and mainly, taking into account the conditions of laying and the specifics of the operating mode of the facility, the
possibility to use concrete batching plant produced high-strength self-compacting fiber-reinforced concrete with compensated shrinkage (to
some degree of self-stressing) is estimated as an attractive alternative from a technical and financial point of view.
After the innovative mix design of that an innovative composition of concrete and its casting in real production conditions, specialized
laboratory tests were conducted to prove its strength-deformation characteristics - compressive strength, tensile strength in bending,
modulus of elastic deformation and shrinkage characteristics. The obtained results prove that the required high technical and technological
characteristics of the concrete mix and the hardened concrete are completely achieved precise for the specific application ca se.
Keywords: SHOTCRETE, "DRY" AND "WET" SHOTCRETE TECHNOLOGIES, SPECIALIZED CONSTRUCTION REPAIRING WORKS,
THIN CONCRETE STRENGTHENING OVERLAYS, INNOVATIVE CONCRETE MIX DESIGN, CONCRETE STRENGTH -DEFORMATION
CHARACTERISTICS, X-RAY, DTA, SEM AND BET-METHODS, SPECIALIZED CONSTRUCTION REPAIRING WORKS, THIN
CONCRETE STRENGTHENING OVERLAYS
The new technical solution proposed is based on the
development of a prescribed mix design of self-compacted highstrength shrinkage compensated dispersed-reinforced reinforced
concrete (ShC-SCC) in accordance of BDS EN 206:13 +A1:2016
Specification, properties, production and conformity (item 3.1.1.10)
and National Annex (NA):2017. Taking into account all specific
for self-compacted concrete (SCC) additional requirements (p.4.2.2
Classes for additional properties) the design compressive strength
has to be more than 60 MPa.
For the development of the prescribed mix design, conventional
(in the product range of batching plant HYDROBETON OOD,
Sofia) and innovative composite materials are proposed,
corresponding to the most modern world trends in construction
materials science - Table 1, 2 and 3; Fig. 1.

1. Introduction
The technical design of ETEM factory (Sofia) requires the
specialized conveyor stretching machine to be monolithic fitted by
using of system of steel anchor rods with a diameter of 30 and 40
mm and different lengths (600-700 mm), which have to be grouted
in pre-left holes with a diameter of about 150 mm in steelreinforced concrete foundation slab - Photo 1 and 2.

Table 1 Sieve curve of concrete aggregates
Photo 1

Photo 2

Quantity,
kg/m3

Materials
Portland cement CEM І 52,5 R – Devnya
Fly ash – Thermal power plant „Republika“
River sand, 0-4 mm, Quarry „НВ Mineral“
Crushed sand, 0-4 mm, Quarry „НВ Mineral
Crushed aggregate, 4-11,2 mm,
Quarry „НВ Mineral“
Crushed aggregate, 11,2-22,4 mm,
Quarry „НВ Mineral
HRWRA (PCE type) – Hyperplast PC 230 (Don
Construction Products, Bulgaria)
Retarding admixture – Flocrete R50
(Don Construction Products, Bulgaria)
Shrinkage Compensating Admixture KEPTONITE
(CONIX TRADE, Bulgaria)
Micro-PP fibres (monofilament type)
BEL-MIX 12-18 (Belgium)
Mixing water
Water-cement ratio

Given the above, and mainly, taking into account the conditions
of laying and the specifics of the operating mode of the facility, the
possibility to use concrete batching plant produced high-strength
self-compacting fiber-reinforced concrete with compensated
shrinkage (to some degree of self-stressing) is estimated as an
attractive alternative from a technical and financial point of view.
After the innovative mix design of that a composition of
concrete and its casting in real production conditions, specialized
laboratory tests were conducted to prove its strength-deformation
characteristics - compressive strength, tensile strength in bending,
modulus of elastic deformation and shrinkage characteristics. The
obtained results prove that the required high technical and
technological characteristics of the concrete mix and the hardened
concrete are completely achieved precise for the specific application
case.

2. Innovative technical solution
The technically determined anchoring depth determines the total
thickness of the anchor layer within 700-800 mm, reaching the
"lower edge of the steel support plate". The company's produced
grouting compositions generally have significant limitations in
terms of the maximum allowable thickness of a single layer usually up to 30-40 mm, which implies multi-stroke implementation
to fill the entire anchoring depth.

420
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305
746
218
5,04
1,05
15,00
0,500
164
≈0,38

Practically speaking, the use of concrete with compensated
drying shrinkage based on ordinary Portland cement and special
shrinkage compensating admixtures is a much more attractive
option - simply because the provision of special cements for each
case is inconvenience of different types. This is exactly the
approach used in the current research aimed at assessing the
effectiveness of shrinkage compensating chemical admixture
(KEPTONITE) applied in exactly the same concrete mix design

105

YEAR IX, ISSUE 3, P.P. 105-107 (2021)

INTERNATIONAL SCIENTIFIC JOURNAL "INNOVATIONS"

WEB ISSN 2603-3771; PRINT ISSN 2603-3763

made with the most commonly used different types of cement
produced by Bulgarian factories [1,2].

3. Fresh concrete production, transport, sitecasting and test sampling
The production of the developed composition of ShC-SCC is
organized and carried out on the basis in the "Iliyantsi" district of
HYDROBETON OOD, in full compliance with the regulatory
requirements and monitoring of the technical parameters of the
concrete mix., incl. consistency (spreading width over 450 mm) Photo 3.
The transport to the construction site is performed with concrete
trucks according to the standard procedure for ordinary concrete.
The unloading was carried out from the chute of the concrete truck
to the filling of the buckets with concrete mixture, which was
manually delivered to the place of laying (with preliminary
execution of the necessary formwork works) and laid without the
need for additional compacting procedures (Photos 4 and 5).
After laying the concrete, the exposed surface is tightly
wrapped in PE-stretch film to ensure normal hydration of the
concrete with moisture retention (Photo 6).

Photo 5

Photo 6

During the concrete casting, the necessary standard test
sampling was performed for laboratory establishment of the
technical parameters of the hardened concrete of different age in an
accredited testing laboratory

4. Lab testing and technical parameters
The planned test procedures were carried out in the
UNIVERSITY TESTING LABORATORY (USIL) of the
UNIVERSITY OF ARCHITECTURE, CONSTRUCTION AND
GEODESY, Sofia. The laboratory is accredited for this type of
testing
by
the
Executive
Agency
"BULGARIAN
ACCREDITATION SERVICE" at the Ministry of Economy and
has a valid accreditation certificate LI № 239/5.08.2018, valid until
20.08.2022.
The following tests were performed:

Table 2 Аll-in Curve of ShC-SCC

4.1. Volume density, compressive and bending tensile strength
The tests are performed in accordance of:
- BDS EN 12390-3:2019 Testing of hardened concrete.
- Part 3: Compressive strength of samples;
- BDS EN 12390-7:2019 Testing of hardened concrete.
- Part 7: Volume density of hardened concrete;
- BDS EN 12390-5:2019 Testing of hardened concrete.
- Part 5: Bending tensile strength of samples (Photos 7-9).
The test results are presented in Table 4.
Table 4 Volume density, compressive and bending tensile strength
Value at
2 days
7 days
28 days
2410
2400
2370
Volume density,
2400
2380
2360
kg/m3
2415
2380
2380
Mean: 2410
Mean: 2390
Mean: 2370
Meets the requirements for ordinary concrete, according to BDS EN 206:
2013 + A1: 2016 for ordinary concrete from 2000 to 2600 kg/m3
8,8
10,2
12,8
Bending tensile
8,3
10,8
11,7
strength, МРа
8,4
10,5
12,2
Mean: 8,50
Mean: 10,50
Mean: 12,20
Meets to declared values
49,1
67,8
83,4
Compressive
49,4
65,9
82,5
strength,
51,6
63,4
81,3
МPа
Mean: 50,90
Mean: 65,70
Mean: 82,40
Meets the requirements for concrete with compressive strength class
C50/60, according to BDS EN 206: 2013 + A1: 2016/NA: 2017, Annex
NA.B, for class C50/60, with 2-4 results, minimum - over 57.0 (0.95fck),
average - over 61 (fck +1)
Characteristic

Fig. 1 Аll-in Curve of ShC-SCC

4.2. Secant modulus of elastic deformations in compression
Table 5 Secant modulus of elastic deformations in compression
Characteristic

Photo 3

Value at 28 days

Secant modulus of elastic
38,7
deformations in
40,4
compression,
39,8
МРа
Mean: 39,70
According to BDS EN 1992-1-1: 2005 (Eurocode 2), Table 3.1, for
concrete class C50/60 a value of 37 GPa is accepted

Photo 4
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The tests are performed in accordance of BDS EN 1239013:2013Testing of hardened concrete. Part 13: Determination of
secant modulus of elastic deformations in compression (Photo 10).
The results are presented in Table 5.
4.3. Shrinkage
The tests are performed in accordance of BDS EN 1239016:2020 Testing of hardened concrete. Part 16. Shrinkage
determination (Photos 11 and 12; Fig. 2).
The results are presented in Table 6.
Table 6 Concrete shrinkage
Characteristic

Value at 28 days
0,039
0,039
0,034
Mean: +0,037 (expanding)
Out of norming

Concrete shrinkage, %

Fig 2. Free deformation of the concrete at 28 days of age

5. Conclusion
The test results obtained clearly confirm that the developed and
proposed prescribed mix design of self-compacted high-strength
shrinkage compensated fiber-reinforced concrete (ShC-SCC) in
accordance of BDS EN 206:13 +A1:2016 for grouting of anchor
groups of the above subject fully meets of all sets of requirements.
The technical solution proposed provides:
- high technical and technological characteristics of the fresh
and hardened concrete, specified for the specific application;
- possibility for factory production of the concrete composition
with included special additives;
- manageable delivery quantities, in accordance with the
technical possibilities for laying;
- reduced cost of the finished product - price of 1 m3 of readymix concrete delivered to the construction site, up to BGN
200/m3 (excluding VAT).

Photo 7 and 8 Bending tests
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Photo 11 and 12 Shrinkage
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