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Abstract. Hydrotechnical constructions in Klaipeda Seaport are constantly affected by the Baltic Sea
environment (humidity, temperature changes, freezing and thawing effects, etc.). Hydrotechnical concrete is
negatively affected by the Baltic Sea water, consisting of certain amounts of salts, highly repetitive moistening and
drying (sorption and desorption) processes. Hydrotechnical concrete is characterized by capillary porosity, which
is typical of Klaipeda Seaport hydrotechnical structures - quays, because they constantly rise in sea water at
different levels of the surface. The aim of the study was to determine the influence of mineral additives on the type
of gum, regulating sorbent parameters. The experimental results obtained will provide an opportunity to predict
the durability of hydraulic concrete according to its sorption characteristics and damage to corrosion.

Keywords: The Baltic Sea water, hydrotechnical structures, hydrotechnical concrete, active mineral additives,
durability.

Introduction

Baltic Sea water is affected by reinforced and investigates active mineral additives to be used to
concrete structures used in the seafront of Klaipeda  modify cement mixtures, making them resistant to the
Seaport (quays, piers), on the banks of the coastal impact of Baltic Sea water [2]. Demolition of
rivers and on the Curonian Spit. The current state of  concrete surfaces and corrosion of reinforcement,
these hydrotechnical structures shows that during  which occur due to the wetting of concrete with salt
their operation in Klaipeda Seaport the waters there  water in the Baltic Sea and temperature fluctuations,
are damaging, especially on the surface, and big are typical phenomena in reinforced concrete
money is spent on repairing the hydrotechnical  constructions of hydraulic structures in the Baltic Sea
engineering structures. This study explores the [14], [20]. The results of the research carried out can
conditions of exploitation of hydrotechnical be applied to the preparation and improvement of the
reinforced concrete structures under the influence of  regulatory standards for construction of reinforced
the Baltic Sea water, researching the effect of the  concrete structures in the Baltic Sea [12], [23], [27].
Baltic Sea water on the decomposition of concrete
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Fig. 1. KIalpéda Sééhdrt Hydroteghﬁi-cél EUiIdiAnéT—C‘onstituent Constructions, Corrosion of Hydrotechnical Concrete

Hydrotechnical concrete is a conglomerate typical of Klaipeda Seaport's hydrotechnical
structure material characterized by capillary porosity.  constructions - berths, piers, moles, because they are
The hydrophilic concrete capillary moistening constantly exposed to the Baltic Sea water, at
through pores is caused by the penetration of Baltic ~ different surface levels [10]. Due to the diffusion
Sea water into the capillaries by which it rises to the  process, sea water moves from the moist concrete
top of the reinforced concrete structure [13], [21], [3].  surface to a damp surface because of its specific
The height level that the Baltic Sea water is able to  chemical composition, causing certain corrosion
reach through capillaries depends on the diameter of  processes in the cement stone [14], [17], [25].
capillaries in the concrete. Capillary moistening is
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The aquatorium of Klaipeda Seaport, according to
its climatic conditions belongs to the western climate
region of Lithuania [9]. A steady rise in the ocean
level, changes in rainfall and stronger wind gusts
cause more and more extreme natural phenomena -
storms in the area of Klaipeda Seaport. Studies in the
territory of Lithuania on air temperature, rainfall, and

water level changes show that the climate has
changed since 1971 and it negatively affects the
hydraulic concrete. As the amount of precipitation
increases and the Baltic Sea level rises, the water
level in Klaipeda Seaport may rise to 0.5-1.0 m,
which will affect the hydraulic concrete used in
Klaipeda Seaport [8].

Fig. 2. Zones of operation of hydrotechnical concrete

Taking into account the deteriorating factors of
concrete during the operation period, three different
zones of operation of hydrotechnical concrete
presented in Figure 2 can be distinguished:

- the first one above water level in which the
concrete is not impregnated by the capillary
absorption of Baltic Sea water is classified as XS1,
XF2, XC2 environmental impact classes, where
hydrocarbon concrete carbonization occurs, the
corrosion of the reinforcement and the surface
degradation due to the freezing and thawing cycles;

- the second is in the zone of water level where
concrete is permanently dipped in sea water and
cyclically exposed to possible negative temperatures
(the surface being in the air) —thus classified as XS3,
XF4, XC4, XA2 environmental impact classes, in
which the hydrotechnical concrete must be resistant
to the freezing and thawing cycles together with salts,
have low conductivity to chlorides due to corrosion
of reinforcement, must be resistant to the
carbonization process and chemicals such as resistant
to chlorides, sulphates and other compounds in the
waters of the Baltic Sea;

- the third zone under water where the concrete is
continuously in the Baltic Sea and is chemically
exposed to the Baltic Sea water and corrosion of the
reinforcement due to the intensive chloride diffusion
processes in concrete is classified as XS2, XA2
environmental impact classes, in which the hydraulic
concrete is to be resistant to sulphate corrosion and
low conductivity for chlorides [6].

Hydrotechnical concrete is negatively affected by
the Baltic Sea water, which consists of certain
amounts of salts. It is also affected by repeated
moistening and drying (sorption) processes. The
effect of these factors is determined by the physical
and chemical concrete corrosion [17], [32].
Hydrotechnical concrete structures must be resistant
to the effects of moisture, penetration of sea water
into further layers of concrete and corrosion caused
by it. Hydrotechnical concrete, exploited by the
impact of the Baltic Sea water is subjected to one of

the most important types of corrosion - carbonisation,
which depends on CO; diffusion in concrete and CO;
reactivity with concrete hydration products. The main
factors determining the carbonisation rate are the
amount of binders in concrete, the ratio of water and
binder in concrete, the degree of the hydration of
cement, CO- and relative humidity in concrete [19],
[26], [27]

Mineral additives are used to modify concrete
composition by improving the technological
properties of the mixtures and the properties and
durability of hardened concrete. Mineral additives in
the concrete mix increase water impermeability and
resistance to aggressive environmental influences
[15], [16], [13]. Many sources of literature show that
granular blast furnace slag, which is required by the
European Standard LST EN 197-1, increase Portland
cement’s resistance to the effect of the marine
environment [5]. The studies of some authors discuss
the effect of coal ash on improving concrete
properties by optimizing the composition of concrete
by replacing the corresponding cement content with
coal ash [2], [8], [13], [21]. Scientists have found that
there is no optimum amount of ash that we can apply
to all concrete mixtures, depending not only on the
ash itself, but also on the composition and
requirements of cement stone and concrete.
Summarizing the results of some researchers, the
optimum amount of lacquer ash rises up to 25% [13].

Many scientific papers point to the positive
influence of SiO, micro dust as an active mineral
additive to concrete: it modifies the microstructure of
concrete, makes it more homogeneous, reduces the
number of large pores, reduces water vapour
permeability and increases the strength of concrete,
especially using plastics. Researchers have confirmed
that SiO, micro dust as an active mineral additive
increases the compressive strength and durability of
concrete, improves its microstructure, thereby
increasing the resistance of concrete to aggressive
environments [4].
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Used materials

Portland cement CEM 1 425N, slag Portland
cement - CEM 1l / A-S 425N, limestone Portland
cement - CEM Il / A-LL 425N and slag cement -
CEM 11l / B 32.5N were used in the research. In
assessing the properties of these Portland cements, it
has been observed that slag cement is less active
during the first days of curing. After analyzing the
composition of the cement, the amount of mineral
additives added to the composition is as follows:
Portland cement CEM | 42.5N - 0% slag amount,
clinker content from 95% to 100%, slag cement -
CEMI1/AS 425N is6to20% CEM 11/ A-LL 42.5N
contains from 6 to 20% of the amount of slag, the
amount of clinker from 80% to 94%, the addition of
blast furnace slag in slag cement CEM 111 / B (from
80 to 94%), the addition of blast furnace slag to slag
cement CEM 11l / B 32.5N is about 80% and the
limestone content is up to 20%. ([17]). Different
amounts of slag were chosen, or concrete with no
added mineral content has no strict requirements for
the composition of the cement: C3S and C3A + C/AF
quantities are not customizable, and the amount of
CsA in clinker can sometimes reach 8% or more. The
FLUXER GT3 superplasticizer was used, which was
modified by the new generation of polycarboxylate
and synthetic air-containing Adhesive Centrament
Air 202, 0/4 mm fraction sand, granite 2/8 and 11/16
fractional rubble, and modified for composition
modifications to water and / cement ratio, and in
several compositions the type and percentage of
cement was changed. Salt water corresponding to the
chemical composition of the Baltic Sea water was
used in the study.

Methodology of investigation
Concrete cubes (100 x 100 x 100 mm) were
formed for the investigation of water resistance of the

Hydro-technical

concrete
sample

Baltic Sea from the hydraulic concrete. After
hardening (28 days) of concrete, samples were cut in
half. Concrete samples were tested to measure the
viability of the samples in the presence of saline
solution in accordance with the chemical composition
of the Baltic Sea. The prepared samples of
hydrotechnical concrete were weighed on a scale,
placed in an oven, and dried at 100 ° C, after a day,
the samples were tested by immersing the samples
half-way in the solution, measuring the capillary
absorption for the first hour every 15 minutes, then
every 4h, 8h, then every one day, 2 days, 7 and 14
days. After 14 days of the test of concrete in a Baltic
Sea water solution, capillary immersed measurements
were taken, samples of hydrotechnical concrete were
completely immersed in a solution which corresponds
to the chemical composition of the Baltic Sea water
(all completely cut cubes) and washed for 2 days.
After 2 days of immersion of the concrete samples,
these samples were dipped in one side in the chemical
composition of the Baltic Sea water and the
methodology was repeated again from the beginning.
The results of the test were estimated to 0.01 g. The
results of the study are presented in Figures 4-15. The
capillary absorption of the solution of the chemical
composition of the Baltic Sea into the hydrothermal
concrete is calculated according to the formula given
in the standard:

W, = mq—ms

where:

W — water absorption of concrete sample, %;

mg — mass of the impregnated sample, kg;

m;s — initial sample mass,, kg;

The following equipment was used for testing:
weighing scales with a weighing accuracy of 0.1 g, a
plastic bath, a thermometer, a stopwatch, a cloth.

x 100; @)

Opan test vassal
/

%z Baltic Sea
water and salt
soluble

Fig. 3. Sorption Test Scheme
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TABLE 1
Components of hydrotechnical concrete used for research on the impact of granular blast furnace slag and rock formations

Mixture label BSO BS1 BS2 BS3 BS4 BL1

Slag,% 0 17 35 49 70 17*
CEM142.5N, kg 433 - 216 129 - -
CEMIIA/S425N - 433 - - - -

CEM II1I/B 32.5 N-H(SR) - - 216 303 433 -
CEMIIA/LL42.5N - - - - - 433

Granite rubble 2/8, kg 411 411 411 411 411 411

Granite chip 11/16, kg 615 615 615 615 615 615

Sand 0/4, kg 754 754 754 754 754 754

Water, kg 142 142 142 142 142 142
Plasticisers, kg 3.5 3.5 3.5 3.5 3.5 3.5

Airborne supplement, kg 0.26 0.26 0.26 0.26 | 0.26 0.26

V/C 0.33 0.33 0.33 0.33 0.33 0.33

V/R 0.33 0.33 0.33 0.33 0.33 0.33

17 * - was not slag, but limestone cement.

Six composites of the hydrotechnical concrete
mixture were formed, which are presented in Table 2.
The hydrotechnical concrete constituents were

formed with different three cements, which differ in
composition from the mineral additive, its percentage
and the amount of different cement.

TABLE 2
Hydrocarbon Structural hydrocarbon concrete used for research on the influence of coal combustion ash

Mixture label BV0 BV1 BV2 BV3 BV4
Ash, % 0 17 35 49 70

Cement CEM 142.5 N,kg 433 359 281 221 131
Mineral additive, (of ashes) kg 0 74 152 212 303
Granite rubble 2/8, kg 411 411 411 411 411
Granite chip 11/16, kg 615 615 615 615 615
Sand 0/4, kg 754 754 754 754 754
Water, kg 142 142 142 142 142
Plasticizers, kg 3.5 3.5 3.5 35 3.5

Airborne supplement, kg 0.26 0.26 0.26 0.26 0.26
VIC 0.33 0.40 0.51 0.64 1.08
V/R 0.33 0.33 0.33 0.33 0.33

Five compounds of the hydraulic concrete mix
were formulated, which are presented in Table 3.
These hydrotechnical concrete compounds were
formed with 2 different cements, which differ in
composition from the mineral additive, by its
percentage (0% and 17%). In addition, another
mineral additive was introduced: ash, its content
ranged from 0% to 70%, v/c ratio was maintained at

0.33, and all other parameters remained unchanged
from the initial composition of the concrete mix.
Different fillers were used to carry out the evaluation
of the filler, or forecasting in hydraulic concrete. It
has been determined that the properties of concrete
depend on the filler, its structure, which influence the
durability properties of concrete.

TABLE 3
The composition of hydrotechnical concrete used for investigations of SiO. micro dust

Mixture label BVSi BVSi BVSi BVSi BVSi

0 1 3 4 5
SiO2, % 0 2 4 6 7
Cement CEM 142.5 N, kg 433 359 345 338 330
Ash, % 17 17 17 17 17
SiO, kg 0 9 17 26 35
Granite rubble 2/8, kg 411 411 411 411 411
Granite chip 11/16, kg 615 615 615 615 615
Sand 0/4, kg 754 754 754 754 754
Water, kg 142 142 142 142 142
Plasticisers, kg 3.5 3.5 3.5 3.5 3.5
Airborne supplement, kg 0.26 0.26 0.26 0.26 0.26
VIC 0.33 0.33 0.33 0.33 0.33
VIR 0.33 0.33 0.33 0.33 0.33
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Results of the analysis

In Figure 4, the samples of hydrotechnical
concrete were formed with CEM | 42.5N, CEM Il A
/'S 42.5N and CEM 111 / B 32.5 N different types of
cements containing 0%, 17%, 70% granular blast
furnace slag additives. These samples with 0%, 17%,
and 70% granular blast furnace slag additives were
dipped in a saline solution corresponding to the
chemical composition of the Baltic Sea water, the

composition of which is given in Tables 1, 2 and 3.
The results of sorption in a saline solution of the
Baltic Sea with different granular blast furnace slag
additives carried out in accordance with the presented
method are presented in an impregnated condition
state, in a dried state and in a soaked state (4, 5 and
6).

- 0% slag

—a— 1T slag

—a— T slag

Botbtion, ¥

Duration, Days

Fig. 4. Testing results of sorption of oversized hydrotechnical concrete with different amounts of slag in cement

In Figure 4, samples were dipped half-way in the
water saline solution of the Baltic Sea and left in it for
7 days and the sorption parameters were measured
accordingly for 7 days. From Figure 4 it can be seen
that the absorption of concrete or solution drying
(sorption and desorption) intensively takes up to 14
days and the subsequent monitoring of these
processes did not show any changes, therefore further
sorption and desorption tests were carried out for up
to 14 days. Figure 4 shows the hydrotechnical
samples with different types of cements, different
amounts of granular blast furnace slag, after 28 days
of hardening. The obtained results showed that the

1,000

hydrotechnical concrete samples were composed of
CEM 1| type cement containing 0% granular blast
furnace slag, the sorption process was carried out, i.e.
the salinity of the salt solution increased to 0.5%.
Concrete samples with 17% granular blast furnace
slag, i.e. the speed of the CEM Il A/ S type cement
sorption process was equal to the rate of the
desorption process and the solution absorbed up to
0.2%.

Concrete samples with 70% granular blast furnace
slag, i.e. The CEM 11/ B type cement mortar is up to
-0.4%, which means the sample has dried over it.
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Fig. 5. Results of sorption tests of dried hydrotechnical concrete with different levels of blast furnace slag in cement

In Figure 5, the results of the solidification
sorption tests of dried, hydrotechnical concrete
samples with different amounts of blast furnace slag
after 28 days are presented. The non-slag-free

specimens absorbed most of the Baltic Sea water
saline solution and kept it in equilibrium after for
approximately one week. Cements with 17% and
70% blast furnace slag are characterized by lower
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sorption - with a 0% blast furnace slag additive up to
0.7% and from 70% to 0.58%. It can be concluded
that a higher amount of blast furnace slag reduces the
hydrophobic concrete sorption.

In Figure 6, the results of the hardening sorption
tests of impregnated hydrotechnical samples with
different amounts of blast furnace slag after 28 days
are presented. In this case, desorption processes

005

occur, i.e.evaporation of the salt solution from
concrete samples. In the non-slag cement, the lowest
desorption is observed, in the 17% blast furnace slag
containing cement, and 70% in the blast furnace slag
cement being the highest. The desorption processes in
concrete reduce the amount of water or salt solution
and increase its resistance to freezing and thawing
effects in wet conditions.

100 150

200 250 300 330

—B-0%slag —A-17%slag -@-70%slag

Sorblion, %

.

-0.3

Duration, h
Fig. 6. Results of sorption tests of impregnated hydrotechnical concrete with different amounts of slag in cement.

More detailed sorption tests were carried out with
0%, 17%, 35%, 49% and 70% granular blast furnace
slag content in cement constituents. Sorption tests

were also performed on samples of hydrotechnical
concrete in an oiled, impregnated and dried state; the
results of the tests are presented in Figures 7, 8 and 9.
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Fig. 7. Results of testing of air dried hydrotechnical concrete with different granular blast furnace slag, lime content in cement

The sorption test presented in Figure 7 shows that
samples of hydrocarbon concrete with a 17% slag
additive in cement have the lowest water absorption
of saline solution of the Baltic Sea. After increasing
the amount of granular blast furnace slag, water
absorption increases with 49% granular blast furnace

slag additive almost equal to water absorption without
granular blast furnace slag additives, but with 70%
granular blast furnace slag additive exceeds water
absorption in concrete without granular blast furnace
slag additives.
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Fig. 8. Results of tests of dried hydrotechnical concrete with different granular blast furnace slag, lime content in cement (sorption)

Figure 8 shows the results of hydrotechnical
concrete with different amounts of granular blast
furnace slag (0%, 17%, 35%, 49%, 70%) and lime
17% after 28 days of hardening sorption tests in a dry
state. The results, which are analogous to the results
found in the air dried state, show that the samples with
17% granular blast furnace slag have the lowest
sorption, while the maximum sorption is observed in

the samples without granular blast furnace slag
additives. Samples with a 17% clay additive have a
high sorption, which is almost equivalent to the
sorption of samples of 70% granular blast furnace
slag additives. The high sorption values of the
samples show a low resistance to freezing and
thawing of such concrete in a wet state.
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Fig. 9. Test results of impregnated hydrotechnical concrete with different granular blast furnace slag, lime content in cement (desorption)

The results of sorption of impregnated
hydrocarbon concrete samples and desorption test
results with different amounts of granular blast
furnace slag (0%, 17%, 35%, 49%, 70%) and 17% of
rock content after 28 days of hardening sorption and
desorption results are shown in Fig.9. From the

200

results presented in Figure 9, we can see that the
highest desorption is observed in concrete samples
with 70% granular blast furnace slag, which is
characterized by the highest sorption, and the lowest
desorption is observed in samples with the granular
blast furnace slag additive.
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Fig. 10. Results of the sorption tests for oversized hydrotechnical concrete with ash (0%, 17%, 35%, 49% and 70%)
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Figure 10 shows the results of testing
hydrotechnical concrete samples with different fly
ash (0%, 17%, 35%, 49% and 70%) after 28 days of
hardening sorption tests. As can be seen from the
results presented in Figure 10, the sorption of
concrete raises with the increase of the amount of the

fly ash, especially when it exceeds 17%. It can be
concluded that the volatile ash additive increases the
sorption of concrete, i.e. water absorption and thus
reduces the resistance of concrete to the effects of
freezing and thawing in a wet state.

——0%ash -m-17%ash

35%ash ——49%ash - T0%axh

Sorbation %

0,20

100 150

200 300 350
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Fig. 11. Results of the sorption tests of dried hydrotechnical concrete with ash (0%, 17%, 35%, 49% and 70%)

Fig. 11 shows the results of a similar sorption test
for dried hydrotechnical concrete samples with
different fly ash content that increases the amount of

concrete sorption by increasing the volumetric ash
content.
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Fig. 12. Results of tests of the impregnated hydrotechnical concrete with different ash content

Figure 12 shows the results of the absorption of
the impregnated hydrotechnical concrete with
different fly ash content (0%, 17%, 35%, 49% and
70%) in the impregnated state. The results of the

0,060

research show that the highest desorption is observed
in samples with 70% volatile ash content, while the
lowest desorption is the samples without fly ash.
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Fig. 13. Air-dried hydrotechnical concrete with 17% ash and different SiO2 test results
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Figure 13 shows the results of a 28-day
solidification ~ sorption test for air dried
hydrotechnical concrete with 17% volatile ash and
with different amounts of SiO, micro dusts (0%, 2%,
4%, 6%, and 7%). The results obtained in Figure 13
show that with an increase in SiO content of micro

dust up to 7% of the weight of the cement, the
concrete sorption value decreases steadily. By
changing the 7% cement SiO, micro-drops, the value
of sorption in concrete can be reduced from 0.05% to
0.08%, i.e., about 5 times.

3000

—#—17 % ash, 0% 3102

[ = 17%ash, 6% 5i02

2000

17% ash, 4% 5102

Sorbtion, ¥

1,000

100

Figure 14 shows that by increasing the amount of
SiO, microscopic materials in the cement, the
concrete sorption value decreases to 7%, and it

150

200

Duration, h

Fig. 14. Results of tests of the dried hydrotechnical concrete with 17% ash and different SiO, content

decreases by approximately 5 times in the 7% SiO,
micro dust.

17% ash, 4% 3i02

Sorhatio

Figure 15 shows the results of the sorption tests
for impregnated hydraulic concrete samples with a
17% volatile ash additive and with different amounts
of SiO, micro dusts (0%, 2%, 4%, 6% and 7%). It can
be seen from the results that the highest desorption of
hydrocarbon concrete samples is characterized by a
7% SiO, micro dust additive, and the lowest
desorption is typical of samples without the addition
of SiO2 micro dust.

Findings of the research

1. Visual inspection of hydrotechnical structures
in Klaipeda Seaport area showed that surface
decomposition of concrete is taking place, due to the
operational impact of the Baltic Sea water, the
processes of the Baltic Sea water sorption, which
cause concrete corrosion.

2. The amounts of salts present in the Baltic Sea
water, to which reinforced concrete constructions are

Duration, h

Fig. 15. Impregnated hydrotechnical concrete with 17% ash and different SiO; test results

exposed, affect the durability of the hydrotechnical
concrete.

3. The impact of the Baltic Sea water is best offset
by the addition of cement containing 17% to 70% and
5% SiO, micro dust.

4. Concrete with a slag additive from 17% to 49%,
replacing part of the cement, has a 43-53% lower
sorption. Concrete with a 17% slag cement substitute
absorbs at least the salt of the chemical composition
of the Baltic Sea, and absorbs 70% of the slag additive
similarly to cement without a mineral additive.

5. According to the concrete sorption - desorption
parameters, it is possible to determine the durability
of concrete during operation in the Baltic Sea
environment. The results of concrete sorption -
desorption and mass loss resistance to BJA - show
that the sorption rate of concrete used in such
environment should not exceed 0.8% after 2 weeks.
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